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Summary 

Project and client 

• Waikato Regional Council (WRC) contracted Manaaki Whenua – Landcare Research (MWLR) 

to model erosion and suspended sediment loads in four catchments from the Catchment 

Environmental Monitoring (CEM) programme using the newly developed LiDAR-based 

version of the SedNetNZ model. The CEM catchments include the Kaniwhaniwha (100 km2), 

Karapiro (67 km2), Matahuru (110 km2), and the Moakurarua (200 km2). 

• The project involved generating a new digital stream network from a 5 m digital elevation 

model (DEM) for each catchment and developing a high-resolution landslide susceptibility 

model to predict shallow landslide erosion. These layers were used in SedNetNZ to model 

contemporary suspended sediment loads for CEM catchments as well as future erosion 

mitigation scenarios.  

• The project also assessed the load reductions required to meet National Policy Statement 

for Freshwater Management (NPS-FM 2020) targets. 

Note: An economic analysis was included in the project, which evaluated the cost-effectiveness 

of erosion mitigation works in achieving visual water clarity targets defined by the National 

Objectives Framework (NOF) for suspended fine sediment. This analysis was not included in this 

abridged version of the report for release. 

Objectives  

The project had the following objectives:  

• update the contemporary suspended sediment loads for CEM catchments using the 

LiDAR-based version of the SedNetNZ model 

• model future erosion mitigation scenarios, including bush retirement/afforestation, 

space-planted trees, and riparian retirement under two implementation scenarios 

• assess load reductions required to meet NPS-FM (2020) attribute bands and the 

national bottom line (NBL) for suspended fine sediment at monitoring sites. 

Methods 

LiDAR-based SedNetNZ model description  

• A digital stream network was generated for each catchment from a sink-filled 5 m DEM 

using a flow direction and accumulation algorithm with a 5 ha channel initiation threshold.  

• The SedNetNZ sub-models were adapted to incorporate LiDAR-derived DEMs, including:  

− integration of a high-resolution landslide susceptibility layer into the shallow 

landslide erosion sub-model 

− full implementation of the Revised Universal Soil Loss Equation (RUSLE) using 

LiDAR-derived topographic inputs in the surface erosion sub-model 

− implementation of a data-driven riverbank erosion sub-model. 

− redefining overbank sediment deposition areas using the LiDAR-based 5 m DEM.  
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Erosion mitigation scenarios 

• The contemporary baseline uses recent land cover (LCDBv5, 2018), soil conservation works, 

and estimated riparian fencing based on the CEM riparian surveys. The surface erosion sub-

model now incorporates stock density data to represent the effect of livestock treading on 

soil erodibility.  

• Two future erosion mitigation scenarios were modelled using a ‘ranked-watershed’ 

approach applied within each catchment, targeting 20% to 100% of pastoral land based on 

slope thresholds.  

− Mitigation scenario 1 (M1) included retirement and afforestation of pastoral land 

on slopes ≥ 35° and space-planted trees on slopes ≥ 26° and < 35°.  

− Mitigation scenario 2 (M2) included retirement and afforestation of pastoral land 

on slopes ≥ 30° and space-planted trees on slopes ≥ 26° and < 30°.  

− Riparian stock-exclusion fencing was applied to both scenarios based on Regional 

Plan Change 1 rules (Waikato Regional Council 2020).1    

Reductions for NPS-FM visual clarity attribute bands 

• Proportional and absolute load reductions required to meet NPS-FM 2020 attribute bands 

and the NBL for the state of the environment (SOE) monitoring sites for each CEM 

catchment were assessed for the contemporary and future mitigation scenarios.  

Results 

CEM catchment SedNetNZ erosion and sediment loads 

• The LiDAR-based SedNetNZ model estimated net suspended sediment load delivered to 

the catchment outlet amounted to 33.4 kt yr–1, 14.4 kt yr–1, 13.2 kt yr–1, and 6.6 kt yr–1 for 

Moakurarua, Matahuru, Kaniwhaniwha, and Karapiro, respectively. 

• Over a multi-decadal timescale, shallow landslides contribute an estimated 81% of the 

suspended sediment load in Matahuru, 56% in Kaniwhaniwha, 54% in Karapiro, and 42% in 

Moakurarua. Surface erosion accounts for 14%–46% across the CEM catchments, while 

riverbank erosion contributes 6%–13%. 

Erosion mitigation scenario erosion and sediment loads 

• Under the M1 scenario, total erosion load decreases by 8%–14% relative to the 

contemporary baseline with 20% implementation across the CEM catchments. A slightly 

larger reduction of 9%–16% is observed under the M2 scenario. Full implementation results 

in reductions of 21%–41% under M1 and 23%–45% under M2. 

• The Matahuru catchment shows the largest proportional reductions, with total erosion 

under full implementation decreasing by 41% and 45% under the M1 and M2 scenarios, 

respectively. The Kaniwhaniwha shows reductions of 24% and 26% and Moakurarua shows 

reductions of 24% and 28% under M1 and M2, respectively. The Karapiro has the smallest 

reductions of 21% and 23% under M1 and M2, respectively. In terms of absolute reductions, 

 

1 See: Waikato Regional Council (WRC) 2020. Proposed Waikato Regional Plan Change 1: Waikato and Waipā River 

Catchments (Decisions Version). Waikato Regional Council Policy Series 2020/02. www.waikatoregion.govt.nz. 

(accessed September 2024). 

http://www.waikatoregion.govt.nz/
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Moakurarua has the largest total load reductions of 8.5 and 9.6 kt yr–1, under M1 and M2, 

respectively. 

• Under individual erosion mitigation scenarios, Matahuru has the largest reductions from 

afforestation and bush retirement (16% under M1, and 32% under M2), followed by 

Moakurarua (12% under M1 and 20% under M2), and Kaniwhaniwha (11% under M1 and 

18% under M2). Karapiro shows the smallest reductions (7% under M1 and 14% under M2). 

• Space-planted trees also provide substantial sediment load reductions, particularly in 

Matahuru (24% under M1 and 12% under M2) and Kaniwhaniwha (17% under M1 and 12% 

under M2). Moakurarua (12% under M1 and 7% under M2) and Karapiro (12% under M1 

and 7% under M2) show more moderate reductions. 

• Riparian stock-exclusion fencing has the smallest proportional sediment load reductions, 

with the highest reductions occurring in Kaniwhaniwha (7%), followed by Moakurarua (5%), 

Matahuru (4%) and Karapiro (4%). 

Reductions in sediment loads for NPS-FM visual clarity attribute bands 

• All SOE sites for the contemporary baseline require reductions to achieve the NBL, with 

required reductions of 62% for Matahuru, 55% for Kaniwhaniwha, 51% for Karapiro, and 

36% for Moakurarua. Achieving the B and A attribute bands requires reductions ranging 

from 47%–72% and 56%–78%, respectively. 

• After applying the M1 and M2 scenarios, further load reductions are required to achieve the 

NBL. Under full implementation, achieving the NBL still requires reductions of 32%–36% for 

Matahuru, 37%–39% for Kaniwhaniwha, 38%–40% for Karapiro, and 12%–15% for 

Moakurarua. At full implementation, neither M1 nor M2 achieves the NBL at any of the SOE 

sites. 

• A similar pattern is observed for B and A attribute bands. Achieving attribute band A 

requires further reductions of 61%–63% for Matahuru, 57%–58% for Kaniwhaniwha, 58%–

59% for Karapiro, and 39%–42% for Moakurarua at full implementation. 

Conclusions 

• The LiDAR-based SedNetNZ model estimated net suspended sediment load delivered to 

the CEM catchment outlets ranged from 6.6 kt yr–1 to 33.4 kt yr–1. Shallow landslides are the 

dominant sediment source, followed by surface and riverbank erosion. 

• Erosion mitigation scenarios showed that implementing erosion control works could reduce 

total sediment loads by 21%–45% under M1, and 23%–45% under M2. Despite these 

reductions, none of the mitigation scenarios achieved the NPS-FM (2020) NBL at any of the 

SOE sites. At full implementation of M1 and M2, further reductions between 12% and 40% 

would still be needed to meet the NBL across the CEM catchments. 

• Modelled suspended sediment loads are generally consistent with suspended sediment 

concentration (SSC)- discharge (Q) rating curve estimates of load from the river monitoring 

sites, as well as with previous region-wide SedNetNZ modelling (Vale & Smith 2024)2, albeit 

 

2 See: Vale S, Smith H 2024. Application of SedNetNZ in the Waikato region to support NPS-FM 2020 

implementation. Manaaki Whenua – Landcare Research Contract Report LC4432, prepared for Waikato Regional 

Council. 
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slightly lower; except for Kaniwhaniwha, where the load is marginally higher. These 

differences reflect variations in modelled soil conservation works, such as riparian fencing, 

and changes in erosion process representation within the LiDAR-based erosion process sub-

models. 

• Compared to previous region-wide SedNetNZ modelling, there is a general decrease in the 

relative contribution of shallow landslides, accompanied by an increase in surface and 

riverbank erosion across all CEM catchments. Absolute sediment loads from shallow 

landslides remain similar in Kaniwhaniwha and Matahuru, with larger reductions in Karapiro 

and Moakurarua using the higher-resolution data. Surface erosion contributions have 

approximately doubled in Kaniwhaniwha, Karapiro, and Matahuru. Riverbank erosion loads 

have approximately doubled across all CEM catchments, largely due to an increase in the 

length of the modelled LiDAR DEM-derived digital stream network.  

• The benefits of using higher resolution LiDAR-derived DEMs in erosion and sediment load 

modelling include: a) improved model parameterisation and predictive performance due to 

the more accurate representation of topography (e.g. slope angles, curvature); b) better 

representation of the stream network (e.g. channel sinuosity, channel slope, bank height); c) 

the ability to provide higher resolution raster layers for selected erosion processes, namely 

shallow landslide, and surface erosion. 
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1 Introduction 

Waikato Regional Council (WRC) contracted Manaaki Whenua – Landcare Research to model 

erosion and suspended sediment loads using the newly developed LiDAR-based version of the 

SedNetNZ model in four catchments from the Catchment Environmental Monitoring (CEM) 

programme in the Waikato region. The CEM catchments include the Kaniwhaniwha (107 km2), 

Karapiro (84 km2), Matahuru (114 km2), and the Moakurarua (228 km2) (Figure 1).  

1.1 Objectives 

The project had the following objectives:  

• update the contemporary suspended sediment loads for CEM catchments using the 

LiDAR-based version of the SedNetNZ model 

• model future erosion mitigation scenarios, including bush retirement/afforestation, space-

planted trees, and riparian retirement under two implementation scenarios 

• assess load reductions required to meet National Policy Statement for Freshwater 

Management (NPS-FM 2020) attribute bands and the national bottom line (NBL) for 

suspended fine sediment at monitoring sites 

Note: An economic analysis was included in the project, which evaluated the cost-effectiveness of 

erosion mitigation works in achieving visual water clarity targets defined by the National Objectives 

Framework (NOF) for suspended fine sediment. This analysis was not included in this abridged 

version of the report for release. 

2 Background 

2.1 SedNetNZ 

The SedNetNZ sediment budget model represents the range of erosion processes that occur in 

New Zealand. These include shallow landslide, earthflow, gully, surface erosion (sheet/rill), and 

riverbank erosion (Dymond et al. 2016; Smith, Spiekermann et al. 2019). In the non-LiDAR based 

version of SedNetNZ, hillslope erosion processes are computed using the national 15 m digital 

elevation model (DEM) derived from contour data. Bank erosion is estimated for each segment of 

the digital stream network developed for the River Environment Classification v2 (REC2). The 

sediment loads from these processes are combined and routed through the digital stream network 

while accounting for losses due to floodplain deposition and trapping in lakes to estimate the 

mean annual suspended sediment load for each REC2 subwatershed (area draining to a segment in 

the digital steam network) within the catchment. 

SedNetNZ modelling for the Waikato region (Vale & Smith 2024) was recently completed using the 

latest non-LiDAR based version of the SedNetNZ model to provide consistent, region-wide model 

outputs to replace previous SedNetNZ modelling completed between 2013 and 2017 (Palmer et al. 

2013, 2015; Betts, Spiekermann et al. 2017). The latest non-LiDAR version of the model included 

significant updates compared to the version previously applied in the region. These improvements 
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included an enhanced bank erosion model that incorporated riparian woody vegetation, channel 

sinuosity, and bank erodibility (Smith et al. 2019, 2020); improved representation of surface runoff-

contributing areas and spatially variable soil erodibility for surface erosion (Neverman et al. 2021); 

integration of lake sediment trapping in stream network routing (Neverman et al. 2021); and 

refined estimation of floodplain deposition to better reflect upstream sediment loads (Vale et al. 

2021).  

 

Figure 1. Current CEM catchments for the LiDAR-based SedNetNZ modelling: Kaniwhaniwha, Karapiro, 

Matahuru, and the Moakurarua. 

The SedNetNZ modelling by Vale & Smith (2024) for the Waikato region represented recent land 

cover and erosion mitigations, as well as a range of future erosion mitigation and climate change 

scenarios. Additionally, backward-looking scenarios were developed to represent past land cover 

and riparian fencing based on the 2002, 2007, 2012, and 2017 regional riparian surveys. Sediment 

load reductions required to meet NPS-FM 2020 (Ministry for the Environment 2022) attribute 
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bands and the national bottom line (NBL) for suspended fine sediment (visual clarity) were also 

assessed for the baseline and future mitigation scenarios, with and without the effects of climate 

change.  

2.2 LiDAR-based SedNetNZ 

The LiDAR-based version of SedNetNZ includes changes to the shallow landslide, riverbank, and 

surface erosion sub-models, as well as in the representation of sediment entering floodplain 

storage (Smith et al. 2024). The earthflow and gully erosion sub-models have not changed. 

Benefits of using higher resolution LiDAR-derived DEMs in erosion and sediment load modelling 

may include: a) improved model parameterisation and predictive performance due to the more 

accurate representation of topography (e.g. slope angle, curvature); b) better representation of the 

stream network (e.g. channel sinuosity, channel slope, bank height); c) the ability to provide higher 

resolution raster layers for selected erosion processes (Smith et al. 2024). 

Specific changes in the LiDAR-based SedNetNZ compared to the current non-LiDAR SedNetNZ 

model include:  

1 replacing the national 15 m DEM based on contours with a LiDAR-derived 5 m DEM for use in 

erosion process modelling.  

2 generating new digital stream network and subwatershed layers using the LiDAR-derived 5 m 

DEM. 

3 upgrading the rainfall-induced shallow landslide erosion sub-model based on high-resolution, 

data-driven landslide susceptibility modelling to provide improved assessment of the spatial 

patterns in shallow landslide erosion based on the underpinning susceptibility model.  

4 upgrading the riverbank erosion sub-model based on data-driven modelling that draws on an 

expanded dataset of channel planform change (increased from 77 to over 800 km of mapped 

channels) for use in model training.  

5 upgrading the surface erosion sub-model with the Revised Universal Soil Loss Equation 

(RUSLE) based on the LiDAR-derived DEM with rainfall erosivity computed from interpolated 

mean annual rainfall grids, while slope and runoff-contributing areas are computed from the 

LiDAR-derived DEM. 

6 replacing the previous representation of floodplains based on New Zealand Land Resource 

Inventory (NZLRI) mapping at 1:63,360 scale. The extent of floodplain alongside channels 

where flows may go overbank and deposit sediment is now determined from the LiDAR-based 

5 m DEM.   
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3 Methods 

3.1 LiDAR pre-processing for erosion modelling  

The 2021 LiDAR dataset for the Waikato region was obtained from LINZ in July 2024 (Land 

Information New Zealand 2021), clipped to the four CEM catchment extents and resampled to a 

5 m DEM for use in erosion modelling.  

3.1.1 Digital stream network 

Digital stream network and subwatershed layers were produced for use in the erosion and 

sediment load modelling in each CEM catchment. The network was generated from the sink-filled 

DEM using a D8 flow direction and accumulation algorithm and a 5 ha channel initiation threshold. 

The D8 algorithm models the flow direction from a cell to its steepest downslope neighbour. Each 

segment within the digital network for each CEM catchment has a corresponding subwatershed 

draining to the segment.   

The digital stream networks were used to apply the bank erosion sub-model. Therefore, the 

networks needed to approximate the physical extent of stream channels where fluvial scour may 

occur as flow is concentrated within banks (i.e. excludes zero order, un-channelised drainage lines). 

We compared the 5 ha network with networks derived using 1 ha and 10 ha initiation thresholds 

using high-resolution aerial imagery and hillshade layers in each catchment to identify channels. 

While underestimation and overestimation of the channel extent occurs in places, the 5 ha network 

was considered to provide the best overall approximation of the physical channel network. A 

potential LiDAR-based approach to detecting channel head locations was not applied because of 

the size of incipient channels. These are likely to sit below the minimum vertical accuracy (e.g. non-

vegetated areas ≤ 0.2 m at a 95% confidence interval) for the LiDAR point cloud (Land Information 

New Zealand 2021), while vertical accuracy will be further reduced for areas under woody 

vegetation cover. 

We manually refined the 5 ha digital network in each catchment to correct major errors in channel 

planform arising from the presence of infrastructure (e.g. bridges, culverts etc.) that prevent the 

digital network from following the natural drainage line. We also revised parts of the network that 

occurred in very low-relief areas with extensive modified drainage. In these cases, the algorithm 

was unable to produce a representative network, so we manually digitised the network from aerial 

imagery. 

Differences in channel network length between the LiDAR DEM-derived network and the REC2 

digital network reflect both differences in channel initiation thresholds and channel sinuosity 

(Table 1). The LiDAR DEM-derived networks provide a better representation of the sinuous 

planform of channels compared to the REC2 network (Figure 2).  
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Table 1. Comparison of total refined length of the stream network based on REC2 and LiDAR-derived 

5 m DEM for each CEM catchment 

CEM catchment Digital stream network length (km) 

REC2 LiDAR 5 m DEM 5 ha 

Kaniwhaniwha 210 439 

Karapiro 144 316 

Matahuru 172 412 

Moakurarua 363 762 

 

Figure 2. Example of the new LiDAR DEM-derived digital network (blue) compared to the previous 

REC2 digital network (red), showing improved planform accuracy and stream representation.  

3.1.2 Shallow landslide susceptibility  

The LiDAR-based version of SedNetNZ integrates high-resolution landslide susceptibility with the 

shallow landslide erosion sub-model to estimate landslide-derived sediment loads (described in 

Section 3.2.1). This development requires spatial prediction of shallow landslide susceptibility using 

a statistical susceptibility model (Smith et al. 2024). In this section, we describe the approach to 

modelling rainfall-induced shallow landslide susceptibility using the LiDAR-derived DEMs in the 

four CEM catchments. Landslide susceptibility modelling involved: a) assembling a data set 
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comprising landslides located in areas with LiDAR coverage; b) applying a logistic regression model 

and evaluating model performance; c) predicting landslide susceptibility at 5 m resolution in each 

catchment. 

The data set available for susceptibility modelling in the present study comprises shallow landslides 

(over n = 123,000) assembled from mapping areas in the Hawke’s Bay, Gisborne, Greater 

Wellington, and Waikato regions that overlap with existing LiDAR coverages (Table 2). This 

combined data set exceeds that previously used in Smith et al. (2024) with the addition of landslide 

data from the Waikato region. Non-landslide locations were randomly selected from within these 

landslide mapping areas to produce a balanced sample comprising equal numbers of landslide and 

non-landslide points for statistical modelling (Smith et al. 2021). 

Binary logistic regression (BLR) was used to classify landslide and non-landslide locations. This type 

of regression requires spatial data corresponding to landslide/non-landslide locations for variables 

that may influence susceptibility. The analysis draws on spatial data sets for elevation (5 m LiDAR-

derived DEM), land cover (LCDB) and rock type (NZ Land Resources Inventory; Newsome et al. 

2008). Slope angle (continuous variable), aspect (categorical variable with 8 classes), profile 

(categorical: convex, concave, planar) and planform curvature (categorical: convergent, divergent, 

planar) were also derived from the DEM. These input variables were selected for use in statistical 

modelling because: a) there is a potential physical basis for how each variable may influence 

landslide susceptibility (Smith et al. 2021); b) model inputs can be derived for all areas. 

Table 2. Summary information for the landslide mapping areas with LiDAR coverage contributing data 

to the shallow landslide data set used for susceptibility modelling in the CEM catchments 

Location Study area 

(km2) 

Period Number of 

landslides 

Imagery sources 

(resolution) 

Data source 

Southern Hawke’s 

Bay 

175 Event (2011) 27,170 Orthorectified aerial 

photography and 

Worldview-2 (0.4 m) 

Smith et al. (2021) 

Northern Hawke’s 

Bay and Gisborne 

3,162 Multi-event 

(2022) 

45,879 Orthorectified aerial 

photography (0.3 m) and 

Pleiades (0.5 m) 

Betts et al. (2023) 

Wairarapa, Greater 

Wellington 

843 Multi-event 

(2005-10) 

43,069 Orthorectified aerial 

photography (0.4 m) 

Spiekermann et al. 

(2021) 

Wairamarama, 

Waikato 

178 Event (2017) 7,704 Pleiades-1A and GeoEye-1 

(0.5 m) 

Smith et al. (2021) 

Binary logistic regression has been widely applied internationally for landslide susceptibility analysis 

(Reichenback et al. 2018). This regression is a type of generalised linear model (GLM) that uses a 

logistic function with a binary dependent variable (landslide presence/absence). It relates the 

probability (P) of landslide presence (Y = 1) to the spatial explanatory variables (x1, x2,…xn) where 𝛽0, 

𝛽1, 𝛽2…𝛽𝑛 are fitted constants (Equation 1):  

𝑃(𝑌 = 1) =  
1

1 +  𝑒−(𝛽0+𝛽1𝑥1+𝛽2𝑥2… 𝛽𝑛𝑥𝑛)
(1) 
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Model predictive performance was assessed using k-fold cross-validation. The data set comprising 

landslide and non-landslide locations was randomly shuffled and then split into k = 5 folds, where 

k – 1 folds were used for model training and each remaining fold (20% of the data) was used once 

for testing. Sensitivity to the location of non-landslide points was also tested by repeating the 

randomised placement of absence points five times. The procedure was repeated to produce a 

total of 100 data partitions for model fitting and testing.  

Model classification performance (i.e. landslide versus non-landslide) was evaluated using receiver 

operating characteristic (ROC) curves and calculation of the area under curve (AUC) based on the 

100 iterations. ROC curves and AUC values are widely used in the landside susceptibility literature 

to assess model performance (Reichenbach et al. 2018). The ROC curves plot the true positive rate 

(𝑇𝑃𝑅 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
) versus the false positive rate (𝐹𝑃𝑅 =

𝐹𝑃

𝑇𝑁 + 𝐹𝑃
) to give an indication of sensitivity 

(probability of detection) versus 1 – specificity (where specificity refers to the true negative rate) 

(Conoscenti et al. 2016). An AUC value of 0.5 corresponds to performance no better than a random 

guess, while a value of 1 indicates perfect classification. Model performance is generally considered 

‘fair’ above 0.7, ‘good’ between 0.8-0.9, and ‘excellent’ above 0.9 (Carter et al. 2016). In the present 

version, the BLR model achieved a median AUC of 0.9 in cross-validation. 

The fitted BLR model was used to produce spatial predictions of shallow landslide susceptibility at 

5 m resolution. This involved applying the model in each catchment with the set of explanatory 

variables as raster inputs to predict shallow landslide susceptibility, which is expressed as a spatial 

probability (range 0-1). These landslide susceptibility predictions were used in the shallow landslide 

erosion sub-model that forms part of the LiDAR-based SedNetNZ (see Section 3.2.1). 

3.2 LiDAR-based SedNetNZ model description 

SedNetNZ computes a mean annual suspended sediment budget for the subwatershed draining to 

each segment in the LiDAR DEM-derived digital stream network. Each sediment budget comprises 

erosion process (i.e. surface, shallow landslide, gully, earthflow, and riverbank) sediment loads 

delivered to the stream segment minus any sediment entering floodplain storage (see Fig. 2 in 

Dymond et al. 2016). The resulting net suspended sediment load is then routed to the next 

downstream segment and through the network to the catchment outlet, while accounting for 

deposition in lakes. 

Predictions of mean annual surface and shallow landslide erosion using the LiDAR DEM–based sub-

models were produced on a 5 m grid, while bank erosion was estimated for each stream segment 

in the digital network. Net suspended sediment loads and sediment yields are computed for each 

subwatershed draining to a digital stream segment for each CEM catchment. 

3.2.1 Shallow landslide sub-model 

Shallow landslides are considered the most common form of erosion in New Zealand hill country 

(Basher 2013; Eyles 1983; Phillips et al. 2021). Shallow landslides are typically < 2 m deep and 

individual source areas (scars) are generally small (median size 50–100 m2) (Betts, Basher et al. 

2017; Smith et al. 2021). Landslide-triggering storm events occur episodically and thus the 

contribution of shallow landslides to suspended sediment loads will exhibit significant inter-annual 

variation. For this reason, SedNetNZ averages across a multi-decadal period to estimate the longer-
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term contribution of shallow landslides to mean annual suspended sediment loads rather than 

attempting to estimate the contribution for any given year. 

In previous applications of SedNetNZ, the mass of soil eroded by shallow landslides and delivered 

to the stream network per square kilometre per year (𝐸𝐿) was estimated by: 

𝐸𝐿 =  𝜌 𝑆𝐷𝑅 𝑑𝑙𝑓(𝑠) (2) 

where 𝜌 is the bulk density of soil (t m–3), 𝑆𝐷𝑅 is the sediment delivery ratio, 𝑑𝑙 is the mean depth 

of landslide failure (m), and 𝑓(𝑠) is the expected area of landslide scars per square kilometre per 

year at slope angle 𝑠 (m2 km–2 yr–1) for terrain under grass cover. 

In the non-LiDAR based version of the model, shallow landslide erosion was estimated for those 

erosion terrains3 (Dymond et al. 2010) identified as being susceptible to landslide erosion; 𝜌 is set 

to 1.5 t m–3 (Dymond et al. 2016); 𝑆𝐷𝑅 values are typically 0.5 in hill country and 0.1 in hard rock 

mountain areas (Dymond et al. 2016); 𝑑𝑙 is set to 1 m (Page et al. 1994; Reid & Page 2002; Betts, 

Basher, et al. 2017; Phillips et al. 2021); and 𝑓(𝑠) is determined from previous calibration of 

SedNetNZ using multi-temporal landslide mapping data from historical aerial imagery spanning 

approximately 70 years for study areas in the Manawatū catchment (Dymond et al. 2016; Betts, 

Basher et al. 2017). The difference in 𝑆𝐷𝑅 between hill country and hard rock mountain areas 

reflects the tendency for landslides in mountains to contain a larger proportion of rock (Dymond et 

al. 2016). 

Permanent woody cover is estimated to reduce shallow landslide erosion by 90% compared with 

pasture (Basher 2013; Dymond et al. 2016; Phillips et al. 2020; Smith et al. 2023), while an estimated 

80% reduction was applied for exotic plantations over multiple rotations (first applied in Vale et al. 

2021). The lower reduction estimated for plantation versus permanent forest recognises the 

effectiveness of forest cover for reducing shallow landslides (Marden 2012; Smith et al. 2023) for 

much of the rotation while acknowledging the period spanning several years between harvest and 

canopy closure of the replanted crop during which there is an increase in susceptibility to shallow 

landslide erosion (Phillips et al. 2018, 2024). 

Upgraded shallow landslide sub-model 

In the LiDAR-based version of SedNetNZ, the spatial predictions of shallow landslide susceptibility 

(described in Section 3.1.2) are used as an input to the shallow landslide erosion sub-model. This 

new approach replaces the erosion terrains layer with higher resolution (5 m) information based on 

statistical landslide susceptibility modelling.  

The upgraded shallow landslide erosion sub-model draws on the same multi-temporal landslide 

mapping data from study areas in the Manawatū catchment (Dymond et al. 2016). However, we 

now relate the landslide-eroded area to slope (i.e. 𝑓(𝑠)) using photogrammetrically derived 2 m 

DEMs (in the absence of LiDAR) from the Manawatū study areas that span soft and hard rock areas 

 

3 An erosion terrain is a land type with a distinct combination of erosion processes and rates leading to characteristic 

sediment generation and yields. Erosion terrains were derived from New Zealand Land Resource Inventory data and are 

based on combinations of rock type/parent material, topography, rainfall, and erosion process type and severity. 
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(Betts, Basher et al. 2017). These DEMs were resampled to 5 m for consistency with the Waikato 

5 m DEM. These revised landslide-eroded area versus slope relationships (Figure 3b) replace the 

single landslide-slope relationship originally based on the national 15 m DEM (Dymond et al. 2016; 

(Figure 3a). We derived the soft rock landslide-slope relationship using data from landslide 

mapping of hill country areas under mostly grass cover (Betts, Basher et al. 2017). The hard rock 

relationship was based on landslide mapping data for greywacke ranges under woody vegetation 

(Fuller et al. 2016). Therefore, the lower landslide eroded area per 1° slope bin for hard rock terrain 

in (Figure 3b reflects the influence of both woody cover and rock type on landslide erosion. 

 

Figure 3. Plots of landslide eroded area (expressed as a percentage of each slope bin) per 1-degree 

slope bin for: a) national 15 m DEM (previous SedNetNZ model; Dymond et al. 2016); b) 5 m DEM for 

soft rock under grass (black circles) and hard rock under woody vegetation (blue circles) terrain based 

on multitemporal polygon mapping (70-year interval) of shallow landslide erosion in the Manawatū 

catchment. (Source: Reproduced from Smith et al. 2024.) 

The sediment load from shallow landslide erosion is distributed across the landscape based on the 

spatial probabilities from the modelled landslide susceptibility. The 2018 land cover from LCDB v5.0 

was reclassified into woody cover on hard rock areas and grass cover on non-hard rock terrain. This 

reclassified cover layer is used to predict landslide susceptibility, and the resulting susceptibility 

layer forms the basis for applying the landslide-slope relationships across the catchments. This was 

achieved using a ‘percentile matching’ approach whereby percentiles derived from the pixel-based 

spatial probabilities from the susceptibility layer were separately matched to the equivalent slope 

percentiles in 1-degree increments (bins) for the woody cover on hard rock and grass on non-hard 

rock domains (Smith et al. 2024). This enabled the landslide-eroded area per 1-degree slope bin 

(i.e. 𝑓(𝑠)) to be distributed spatially at 5 m resolution for each domain. 

Given the difference in the reference vegetation cover (grass versus woody) for the rock type-based 

landslide calibration data (Figure 3), the reduction in landslide erosion by 80% (exotic plantation) or 
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90% (permanent woody cover) was only applied on non-hard rock terrain where woody vegetation 

was present. In contrast, landslide erosion was increased by an inverse proportion (i.e. 10-fold) in 

those hard rock areas under non-woody vegetation to represent the higher rates of landslide 

erosion that generally occur in the absence of woody cover. 

To prevent small amounts of landslide erosion from occurring on very low slope land, a slope 

threshold of 6 degrees was applied below which landslide erosion was deemed negligible. This 

threshold corresponds to an approximate susceptibility value of 0.01, representing the land least 

susceptible to instability. Landslide susceptibility was not modelled for LCDB-mapped urban areas 

due to insufficient data, thus landslide erosion was not estimated for these areas. 

3.2.2 Surface erosion sub-model 

In the application of the non-LiDAR version of SedNetNZ to the Waikato region (Vale & Smith, 

2024), surface erosion (i.e. sheet and rill erosion from raindrop impacts and overland flow) was 

represented by the New Zealand Universal Soil Loss Equation (NZUSLE; Dymond et al. 2010): 

𝐸𝑆 = 𝑎𝑃2𝐾𝐿𝑆𝐶 (3) 

where 𝐸𝑆 denotes surface erosion in t km–2 yr–1; 𝑎 is a constant (t km–2 yr–1 mm–2) calibrated against 

measurements (Dymond et al. 2010) with a value of 1.2 × 10–3; 𝑃 is mean annual rainfall (mm); 𝐾 is 

the soil erodibility factor (dimensionless); 𝐿 is the slope length factor; 𝑆 is the slope steepness 

factor; and 𝐶 represents the impact of vegetation cover (dimensionless) (1.0 for bare ground, 0.01 

for pasture, and 0.005 for forest and scrub). 

We used a revised representation of surface erosion processes, following Smith, Herzig et al. (2019), 

which replaced the slope length and slope steepness factors. The uniform slope length factor (𝐿) of 

the NZUSLE (Dymond et al. 2010) was replaced with a factor that better represented the effect of 

topography on the size of convergent upslope areas contributing overland flow and surface 

erosion, as described by Desmet and Govers (1996):  

𝐿 =  
(𝐴 +  𝐷2)𝑚+1 −  𝐴𝑚+1

𝐷𝑚+2  × 𝑥𝑚  ×  22.13𝑚
(4) 

where 𝐿 is the slope length factor for a given raster cell (pixel), 𝐴 is the upstream catchment area 

(m2) at the cell inlet, 𝐷 is the raster cell width (m), 𝑚 is the slope length exponent, and 𝑥 = sin 

𝑎+cos 𝑎, with α being the slope aspect. 

The slope length exponent, 𝑚, was calculated based on the rill to inter-rill ratio, 𝛽, and the slope 

gradient, 𝜃 (Foster et al. 1977; McCool et al. 1989, cited in Renard 1997):  

β =  
sin 𝜃

0.896⁄

3 × (sin 𝜃)0.8 +  0.56
(5) 

𝑚 =  
β

1 +  β
(6) 

We also applied a revised slope factor, 𝑆, which is calculated according to a threshold in slope 

gradient 𝑠𝑝 (%) (Renard 1997): 
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𝑆 =  {
10.8 × sin 𝜃 + 0.03    𝑤𝑖𝑡ℎ 𝑠𝑝 < 9%
16.8 ×  sin 𝜃 − 0.5      𝑤𝑖𝑡ℎ 𝑠𝑝 ≥ 9%

(7) 

Furthermore, we applied a revised, spatially variable 𝐾 factor in the NZUSLE developed in 

Neverman et al. (2021) to better represent the spatial variability of soil erodibility, using the 

Fundamental Soil Layers (FSL) to represent soil parameters. We adapted the 𝐾 factor equations in 

Wang et al. 2001 and Yang et al. 2018 to the NZUSLE:  

𝐾 =  
2.1(12 −  𝑂𝑀)𝑀1.1410−4  +  3.25(𝑆𝑆 −  2)  +  2.5(𝑃𝑃 −  3)

7.59  ×  10
(8) 

where 𝑂𝑀 is the soil organic matter content, 𝑀 is the particle size parameter, 𝑆𝑆 is the soil structure 

code, and 𝑃𝑃 is the soil profile permeability code. We used six 𝑃𝑃 classes, adapted from Rosewell 

& Loch 2002. The soil structure code was set at 𝑆𝑆 = 2 because the FSL has insufficient data on soil 

structure to relate to the SS classes used for calculating 𝐾. We found the magnitude of 𝐾 was not 

sensitive to the choice of 𝑆𝑆 class value. 𝑀 was calculated as a function of the proportion of silt and 

clay:  

𝑀 = 𝑆𝑖𝑙𝑡(100 − 𝐶𝑙𝑎𝑦) (9) 

where 𝑆𝑖𝑙𝑡 and 𝐶𝑙𝑎𝑦 are the percentage of silt and clay in the soil, respectively. 

𝑆𝑖𝑙𝑡 was limited to a range of 15%–70%, and 𝑂𝑀 was capped at 4% to fit the nomograph of 

Wischmeier et al. (1971) used to derive Equation 6 for organic soils. Where there was no FSL 

information available to calculate a spatially varying 𝐾 factor, a uniform value of 0.25 was used 

(Dymond et al. 2010). 

Implementation of RUSLE using the LIDAR-derived DEM 

In the LiDAR-based version of SedNetNZ, we replaced the NZUSLE with RUSLE (Renard et al. 1997) 

to better reflect the influence of rainfall erosivity on surface erosion. RUSLE and the earlier 

Universal Soil Loss Equation (USLE) (Wischmeier & Smith 1978) are empirical models developed 

using an extensive erosion data set obtained from plot measurements on predominantly 

agricultural land (Renard et al. 1997). The USLE/RUSLE was originally developed in the United 

States and has since been widely applied globally, including in New Zealand using the national 15 

m DEM (Donovan 2022). 

Most terms in the revised version of the NZUSLE described above are the same as those used in 

RUSLE, except the term representing the influence of rainfall on surface erosion rates. To fully 

implement RUSLE within the LiDAR-based version of SedNetNZ, we replaced 𝑎𝑃2 in Equation 3 

with a spatial input for rainfall erosivity (Smith et al. 2024). We also excluded channel areas based 

on the new digital stream network from surface erosion estimates. 

Rainfall erosivity (𝑅) refers to the power of rainfall available to drive erosion at the soil surface 

(Nearing et al. 2017). The spatial distribution in annual rainfall erosivity was previously estimated 

across New Zealand by Klik et al. (2015) using high-temporal-resolution (10-min interval) rainfall 

data from 35 stations to calculate the product of total kinetic energy and maximum 30-min rainfall 

intensity for all rainstorms over the years of record (Klik et al. 2015). Regression analysis was used 

to derive climatic region-specific relationships between the estimates of rainfall erosivity and 
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annual precipitation (Klik et al. 2015). We used the regional relationships described in Klik et al. 

(2015) to estimate rainfall erosivity across the Waikato CEM catchments. 

We have replaced the previous 𝑎𝑃2 term, which was computed using the Land Environments of 

New Zealand (LENZ)–based estimate of mean annual rainfall (1950–1980) (Leathwick et al. 2003), 

with rainfall erosivity derived using the more recent estimate of mean annual rainfall for the period 

1981-2010 that was produced for the Ministry for the Environment. 

Stocking density–adjusted 𝐾factor 

The effect of livestock treading and grazing on surface erosion was incorporated into the LiDAR-

based version of SedNetNZ through an adjustment to the surface erodibility factor (𝐾 factor in 

Equation 3), using the approach of Donovan and Monaghan (2021). This approach represents soil 

damage due to livestock activity via changes in soil permeability (𝛥𝑃𝑡𝑟) and structure (𝛥𝑆𝑡𝑟), which 

are components of the K-factor. The changes in permeability and structure were parameterised 

based on grazing intensity, soil moisture, clay content, and soil susceptibility to compaction and 

pugging according to the following equations:  

𝛥𝑃𝑡𝑟 =  1 + (𝑝 − (𝑝 (1 − 0.05 (ℎ𝑑0.5))𝑒−0.5 𝑖𝜔𝑐)) (10) 

𝛥𝑆𝑡𝑟 =  1 + (𝑝 − (𝑝 (1 − 0.05 (ℎ𝑑{0.5}))𝑒−0.5 𝑖𝜔𝑝)) (11) 

where 𝛥𝑃𝑡𝑟 and 𝛥𝑆𝑡𝑟 reflect the ‘soil damage’ represented via the soil permeability (𝑃𝑃) and 

structural vulnerability (𝑆𝑆) parameters in the RUSLE K-factor (Equation 3); 𝑝 is normalised average 

stock hoof pressure (kPa/kPa) with values of 0.38 for sheep, and 0.7 for cattle (Fig. 2A in Donovan 

& Monaghan 2021); ℎ reflects the grazing history (successive years), set to a constant 6 years, the 

longest reported by Donovan and Monaghan 2021 (see their Fig. 2B); 𝑑 is the grazing duration, 

expressed as the fraction of time across the season (0-1, unitless). A value of 𝑑 =1 was applied, 

reflecting consistent seasonal grazing practices; 𝑖 is grazing intensity (relative stock unit, RSU m–2) 

as derived from Equation (12), and 𝜔𝑐 and 𝜔𝑝 are soil susceptibility factors for compaction and 

pugging, respectively (Equations 13 & 14).  

We assumed a value of 𝑑 =1 based on Donovan and Monaghan (2021), reflecting consistent 

grazing durations at the seasonal timescale, which align with typical pasture management practices 

in New Zealand. This has some justification given the age of the underlying AgriBase® data is at 

least 3 years old, and both land use changes and the average lifespan of a farm typically occur over 

much longer time frames. Moreover, soil damage appears to be relatively insensitive to variations 

in ℎ, particularly at higher grazing intensities (Donovan & Monaghan 2021). 

Donovan and Monaghan (2021) describe grazing intensity (𝑖) as a function of grazing density (𝑔, 

head/ha) and a relative stock unit (RSU) constant (𝑐). While Donovan and Monaghan (2021) provide 

typical RSU constants (𝑐), they emphasise locally informed values are preferred to refine RSU values 

for specific stock types. For the four CEM catchments, WRC provided local stock unit densities 

(SUD) derived from AgriBase® stock numbers and these are substituted for (𝑔𝑐) in Equation 12.  

𝑖 =
𝑔𝑐

10,000
=

𝑆𝑈𝐷

10,000
(12) 
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Compaction susceptibility (𝜔𝑐) and pugging susceptibility (𝜔𝑝) were modelled according to the 

following equations:  

𝜔𝑐 =  −0.003 𝜙(75𝜎 −  20(𝜙 +  1))
2

+  8𝜙 +  2 (13) 

𝜔𝑝 =  1 − 𝑒−500𝜙(𝑚𝑎𝑥(0, 𝜎3− 0.25𝜙))
2

(14) 

where, (𝜙) is the clay content (0–1) from the FSL clay value in Equation 9; and 𝜎 is the soil water 

content (SWC). In the absence of high-resolution spatial data, Donovan and Monaghan (2021; their 

Fig. 2D) estimated seasonal averages for SWC using data from New Zealand soil measurements 

(Curran-Cournane et al. 2011; Laurenson et al. 2016). We used the mean of these seasonal averages 

to derive an annual estimate (𝜎 = 0.325).  

3.2.3 Riverbank erosion sub-model 

The total mass of material eroded from riverbanks each year was modelled as a function of bank 

height, reach length, and bank migration rate (Dymond et al. 2016):  

𝐵𝑗 = 𝜌𝑀𝑗𝐻𝑗𝐿𝑗 (15) 

where Bj is the total eroded mass for the 𝑗th stream segment (t yr–1), ρ is the bulk density of the 

bank material (t m–3), 𝑀𝑗 is the bank migration rate (m yr–1), 𝐻𝑗 is the mean bank height (m) and 𝐿𝑗 

is the length (m) of the 𝑗th stream segment. 

The predicted mass of material eroded from riverbanks represents the gross contribution of 

sediment supplied to the river channel per year. This does not account for redeposition and 

storage of eroded bank material on banks, within the channel bed or the lateral accretion of 

material on bars with channel migration. Hence, net bank erosion in SedNetNZ was previously 

estimated as one-fifth of gross bank erosion, based on reach-scale sediment budgets comparing 

bank erosion and accretion (De Rose & Basher 2011). 

In earlier applications of SedNetNZ, bank migration rate was predicted using a simple empirical 

relationship between mean annual flood and bank migration rate (Dymond et al. 2016). This earlier 

version was replaced by an improved sub-model to better represent the spatial variability in factors 

influencing bank migration (Smith, Spiekermann et al. 2019). Factors in this sub-model included 

mean annual flood (MAF), channel slope, channel sinuosity, soil texture-based erodibility, valley 

confinement, riparian woody vegetation, and bank protection works (Smith Spiekermann et al. 

2019). The application of this improved sub-model in the Waikato region was described by Vale & 

Smith (2024). 

Subsequently, a new data-driven riverbank erosion sub-model was developed by Smith et al. 

(2024). This sub-model focused on improving estimates of: a) bank migration rates; b) bank heights 

that are required to convert bank migration rate to gross bank erosion; and c) storage of eroded 

bank material within channels to estimate the net contribution of bank erosion to sediment loads. 

The new sub-model was based on an expanded data set of reach-averaged lateral bank migration 

rates (m yr–1) obtained by mapping channel planform change from repeated aerial imagery across 

the Hawke’s Bay and Greater Wellington regions. This mapping increased the length of channel 

with data available for model training from 77 to over 800 km (Smith et al. 2024). 
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Bank migration rates 

Previously Smith et al. (2024) compared the predictive performance of four sub-models to estimate 

bank migration rates using inputs derived from LiDAR DEMs. Of the four tested, the random forest 

(RF) model produced the least error (i.e. root mean square error [RMSE] and mean absolute error 

[MAE], both expressed in units of m yr–1) in model fitting (RMSE = 0.15, MAE = 0.06) and prediction 

(RMSE = 0.31, MAE = 0.14) using the expanded bank migration data set. The RF also outperformed 

the bank erosion sub-model previously applied in the Waikato region (Smith et al. 2024). Therefore, 

the fitted RF model was applied to predict reach-averaged bank migration rates for stream 

segments in the digital networks of the four CEM catchments. 

For use in the RF sub-model, MAF was estimated across the LiDAR DEM-derived digital stream 

network in each catchment using a fitted power function (𝑀𝐴𝐹 = 26𝑞0.61; R2 = 0.97; n = 35) 

between modelled mean annual discharge (q) and MAF measured at river gauging stations in the 

Waikato region (Vale & Smith 2024). Mean annual discharge for each link in the REC2 digital 

network was previously estimated by Woods et al. (2006) and Elliott et al. (2016) using an empirical 

water balance model. These estimates of discharge (m3 s–1) were converted to runoff (mm yr–1) and 

used to re-compute mean annual discharge for the LiDAR DEM-derived digital network based on 

the upstream contributing area of each stream segment. Channel slope, channel sinuosity and 

valley confinement were computed using the 5 ha digital stream network and the 5 m LiDAR DEM. 

Soil textured-based erodibility was estimated from soil textural classes compiled from the 

Fundamental Soil Layers (Newsome et al. 2008; Vale & Smith 2024). 

The proportion of riparian woody vegetation per digital stream segment was estimated using a 

canopy height model (CHM) obtained by differencing the LiDAR-derived 1 m digital surface model 

(DSM) and DEM with a minimum height of 2 m to represent established woody vegetation. The 

higher resolution CHM replaced a classified map of 2002 woody vegetation cover derived from 

Landsat TM at 15 m resolution (Dymond & Shepherd 2004) that was previously used in the region-

wide modelling (Vale & Smith 2024). 

Bank height 

Estimates of reach-average bank height are needed to predict the suspended sediment 

contribution from riverbank erosion (Equation 15). In earlier applications of SedNetNZ, mean bank 

height (𝐻𝑗) for each stream segment was estimated from a simple regional relationship with mean 

annual discharge (Dymond et al. 2016). This produced a bank height that increased downstream 

with discharge, and did not account for reach-to-reach variations in bank height that reflected local 

river channel form. In the upgraded sub-model, we estimate bank heights directly from a LiDAR-

derived 1 m DEM. The new approach estimated bank heights from transects located 

perpendicularly to the digital stream network at 50 m intervals. The width of transects varied per 

stream segment as a function of mean discharge and the inverse of mean lateral slope (as a proxy 

for valley confinement) to approximate variations in bankfull width (Smith et al. 2024). 

This approach for estimating bank heights showed significant improvement compared to the 

previous approach based on mean annual discharge when assessed using manual point-based 

height measurements averaged at the reach scale. For example, the coefficient of determination 

(R2) relative to the 1:1 line increased from 0.40 to 0.66 for estimates of mean bank height based on 
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mean annual discharge versus the LiDAR based approach, respectively, for streams in the Hawke’s 

Bay region (Smith et al. 2024). 

Net bank erosion 

Estimating the net contribution of bank erosion to suspended sediment loads requires information 

on the redeposition and storage of eroded bank material on banks, within the channel bed; or on 

the lateral accretion of material on bars with channel migration. Such information is not widely 

available. In early applications of SedNetNZ, net bank erosion was estimated at one-fifth of gross 

bank erosion – based on results from a detailed empirical study using repeated aerial photography 

and LiDAR surveys in the Waipaoa River catchment (De Rose & Basher 2011). 

Subsequently, net bank erosion was estimated from extensive channel planform mapping in the 

Hawke’s Bay region for comparison with the previous Waipaoa-based estimate (Smith et al. 2024). 

Planform mapping identified areas of both erosion and accretion within channels for each digital 

stream segment which were converted to mean annual rates of reach-average lateral erosion or 

accretion (m yr–1). Average erosion and accretion volumes per segment per year were then 

approximated using the average of the maximum and minimum mapped bank heights per transect, 

respectively. This planform mapping analysis assumed that, for laterally migrating channels, the 

outer eroding bank is typically higher than the opposite accreting bank. In practice, bank heights 

may vary between erosion and accretion zones, while some reaches may experience erosion or 

accretion along both banks. Nonetheless, this assumption provided a first-order approximation for 

estimating net bank erosion based on a significantly larger data set (805 km of channel length) for 

comparison with the previous estimate based on 44 km of mapped channel length in the Waipaoa 

catchment. 

Net bank erosion as a proportion of gross bank erosion was estimated at 0.28 based on the 

channel planform and bank height mapping data from Hawke’s Bay (Smith et al. 2024). This is 

comparable to the 0.20 estimate used in previous SedNetNZ modelling. While both estimates are 

subject to considerable uncertainty, their consistency suggests that these values may provide a 

reasonable approximation for determining net bank erosion in the absence of repeated LiDAR 

surveys. 

Suspended sediment loads from bank erosion 

The RF sub-model was fitted 100 times (mean R2 = 0.87) using all available bank migration data 

and the resulting mean predicted bank migration rate per stream segment was used in each CEM 

catchment. We then combined these mean predictions of bank migration rates with the LiDAR-

based estimates of mean bank height per stream segment, and the revised estimate of net bank 

erosion to estimate mean annual net suspended sediment load from bank erosion per stream 

segment in each catchment.  
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3.2.4 Sediment routing and floodplain storage 

SedNetNZ estimates the mean annual suspended sediment load delivered by each erosion process 

to the digital stream network. This sediment is then routed through the network to the coast. 

Previously, sediment deposited on floodplains was assumed to spread evenly across the floodplain 

for each major river catchment (Dymond et al. 2016). However, in the latest application of 

SedNetNZ to the Waikato region (Vale & Smith 2024), a revised floodplain deposition algorithm 

was applied to estimate the amount of sediment entering floodplain storage along the stream 

network based on upstream loads rather than averaging the load deposited on floodplains across 

major catchments (Vale et al. 2021). 

In the revised algorithm, the mass of sediment (t yr–1) entering floodplain storage in the 𝑖th 

subwatershed (𝐹𝑖) is calculated as:  

𝐹𝑖 = 𝑝𝑆𝑡

𝐿𝑖𝑎𝑐𝑐𝑆𝑖
2

∑ 𝐿𝑖𝑎𝑐𝑐𝑆𝑖
2

(16) 

where 𝑝 is the proportion of the sediment load generated by hillslope erosion per lake or sea-

draining catchment that is deposited on floodplains in the catchment, set to 5% based on previous 

SedNetNZ parameterisation carried out in the Manawatū (Dymond et al. 2016), 𝑆𝑡 is the total 

sediment load (t yr–1) generated by hillslope erosion per lake or sea-draining catchment, 𝐿𝑖 is the 

segment length (m) on floodplain in the 𝑖th subwatershed, and 𝑎𝑐𝑐𝑆𝑖 is the total accumulated 

(upstream) sediment load from hillslope erosion (t yr–1) in the 𝑖th subwatershed. 

Previous applications of the non-LiDAR based version of SedNetNZ used the NZLRI to define the 

spatial extent of floodplains. The NZLRI was mapped at a scale of 1:63,360 and may not capture 

smaller areas of floodplain. In the present work, we use the LiDAR-derived 5 m DEMs for the 

Waikato CEM catchments to identify the extent of floodplains along the digital stream network. We 

did not seek to model the area of floodplain inundated by the largest flood on record. Instead, we 

represented the length of channel where flows may go overbank and deposit sediment on 

floodplains on average over a multi-decadal period (i.e. 𝐿𝑖 in Equation 16). Therefore, we defined 

floodplains as areas of low slope land adjacent to the active channel which may be inundated by 

the average annual maximum flow.  

Smith et al. (2024) estimated the depth of the average annual maximum flow across stream orders 

(1–8) using the annual maximum flow from 77 water level gauges in Hawke’s Bay, with a mean 

record length of 27 years. Based on this analysis, the estimated maximum floodplain height above 

the channel ranged from 1–5 m depending on the stream order. These values were used to identify 

subwatersheds where sediment may enter floodplain storage. We applied the same criteria to 

determine the floodplain extent in the Waikato CEM catchments, using height above nearest 

drainage (HAND) to identify floodplain. The stream bed and banks were excluded from the 

floodplain extent using a 7.5 m buffer either side of the streamlines (i.e. for a total width of 3 

pixels), and a slope threshold of 5 degrees. 

To account for sediment trapping through lakes, we applied a lake-specific sediment passing factor 

(𝑆𝑃𝐹) to the net sediment load at the end of a subwatershed draining to a lake. We calculated 𝑆𝑃𝐹 

using an adaptation of Gill’s (1979) approximation of Brune’s (1953) trap efficiency (the inverse of 

passing factor) curve for medium sediment:  
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𝑆𝑃𝐹 = 1 − 
𝑉

𝐼⁄

1.02(𝑉
𝐼⁄ ) + 0.012

(17) 

where 𝑉 is the lake volume, and 𝐼 is the annual inflow to the lake. 

3.3 Model simulations 

3.3.1 Scenario overview 

Contemporary baseline 

The contemporary baseline scenario (C2023) represents recent land cover (LCDB v5, 2018) and 

erosion mitigations (soil conservation works) completed to date based on data provided by WRC. 

We use data from the CEM catchment riparian surveys (survey dates range from 2020 to 2024) to 

estimate the proportional extent of riparian fencing for each segment in the digital stream network 

derived from the LiDAR-based 5 m DEM, and include existing riparian retirement from spatial data 

provided by WRC. Existing soil conservation works on hillslopes (including indigenous retirement, 

protection production plantings, and space-planted trees) are represented using the spatial data 

supplied by WRC. We also include the stock density data supplied by WRC derived from AgriBase® 

in the surface erosion sub-model to represent the effect of livestock treading on soil erodibility.  

Future erosion mitigation scenarios 

The mitigation scenarios quantify the effect of future erosion mitigations on suspended sediment 

loads in each of the four CEM catchments. The scenarios represent erosion mitigations as fully 

implemented and fully matured. After discussion with WRC we agreed to implement two scenarios. 

Mitigation scenario 1 (M1): 

• Retirement and afforestation: pastoral land on slopes ≥ 35° are retired and transitioned to 

permanent woody vegetation cover (native or exotic), based on the LiDAR-derived 5 m DEM. 

• Space-planted trees: pastoral land on slopes ≥ 26° and < 35° remains in production with 

implementation of space-planted trees. 

• Riparian stock-exclusion fencing: stock-exclusion fencing and setback distances are defined 

according to the rules described in Regional Plan Change 1 (Waikato Regional Council [WRC] 

2020).  

Mitigation scenario 2 (M2): 

• Retirement and afforestation: pastoral land on slopes ≥ 30° are retired and transitioned to 

permanent woody vegetation cover (native or exotic), based on the LiDAR-derived 5 m DEM. 

• Space-planted trees: pastoral land on slopes ≥ 26° and < 30° remains in production with 

implementation of space-planted trees. 

• Riparian stock-exclusion fencing: stock-exclusion fencing and setback distances are defined 

according to the rules described in Regional Plan Change 1 (WRC 2020).  
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For Mitigation scenarios 1 and 2, we ranked subwatersheds from highest to lowest based on the 

proportion of pastoral land with slopes ≥ 35° or ≥ 30° (depending on the scenario) in each 

catchment and sequentially targeted 20%, 30%, 40%, 50% and 100% of these areas for conversion 

to permanent woody cover. In parallel, we applied the same approach for slopes ≥ 26° to < 35° or 

< 30° (depending on the scenario), and sequentially target 20%, 30%, 40%, 50% and 100% of these 

areas for conversion to space-planted trees. 

We also ran model simulations to assess the effect of the full implementation of each erosion 

mitigation type when applied individually for both Mitigation scenarios 1 and 2. These scenarios 

and their names are summarised in Table 3. A summary of the estimated area of works and length 

of fencing is provided in Table 4. 

Table 3. Summary of mitigation scenarios and their names 

 Scenario description 

(% implementation)  

Mitigation 

scenario 1 

(M1) 

Mitigation 

scenario 2 

(M2) 

Combined 

mitigation 

scenarios 

% of pastoral area with slope threshold  

(≥ 35°/≥ 30° for permanent woody cover;  

≥ 26° to ≥ 35°/≥ 30° for space-planted trees) 

20%  M1_20 M2_20 

30%  M1_30 M2_30 

40%  M1_40 M2_40 

50%  M1_50 M2_50 

100% M1_100 M2_100 

Individual 

mitigation 

types* 

Retirement and afforestation 100% M1_aff M2_aff 

Space-planted trees 100% M1_spa M2_spa 

Riparian stock-exclusion fencing 100% M1_rip M2_rip 

*Individual mitigation types are fully implemented 

Table 4. Summary of the area or length of erosion mitigation works applied under each scenario 

CEM catchment Scenario 

Retirement and 

Afforestation  

(ha) 

Space-planted 

Trees 

(ha) 

Riparian stock-exclusion 

fencing 

(km, % of network) 

Kaniwhaniwha 
M1 137 444 

38 (9%) 
M2 321 260 

Karapiro 
M1 76 362 

56 (18%) 
M2 200 238 

Matahuru 
M1 470 1,118 

142 (34%) 
M2 1,005 583 

Moakurarua 
M1 676 1,641 

112 (15%) 
M2 1,451 866 

 



 

- 19 - 

3.3.2 Estimating sediment load reductions from mitigation works 

Reduction in hillslope erosion from mitigation works 

The reduction in sediment load from hillslope erosion processes is determined by the change in 

land cover related to the mitigation work in each scenario. The total reduction is determined by the 

effectiveness and maturity of each type of erosion mitigation. Effectiveness represents the capacity 

of the erosion mitigation to reduce sediment load once fully mature and is specific to each 

mitigation, while the maturity represents the proportion of time passed relative to the age at which 

a mitigation may be considered fully mature and thus fully effective. Maturity rates are outlined in 

Table 5 and based on values used in previous work (e.g. Douglas et al. 2008; Manderson et al. 2011; 

McIvor et al. 2011; Basher et al. 2018). The effectiveness and maturity values used in our modelling 

are simplified representations based on published data and assume that mitigation works are fully 

implemented and fully effective. These assumptions may tend to represent best-case outcomes, as 

the literature reports a wide range of effectiveness values for different erosion control works, and 

real-world performance can vary considerably. 

Past, present, and future erosion mitigation works, and the related changes to land cover, are 

represented in the model. Spatial data on the past and present erosion mitigation works were 

supplied by WRC in the form of soil conservation data for the four CEM catchments. This provided 

information on the spatial extent, type, and year of implementation of soil conservation works. The 

types of soil conservation work were matched to the erosion mitigation types represented in the 

model (Table 5), and the year of implementation and rate of maturity were used to determine the 

maturity of the works for the contemporary baseline. In the future mitigation scenarios, works are 

represented as fully matured. 

Conversion to permanent woody cover has an effectiveness value of 90% for mass movement 

erosion based on published data (Phillips et al 2020; Dymond et al. 2006; Page et al. 1999; Pain & 

Stephens 1990; Bergin et al. 1993, 1995; Phillips et al. 1990; Marden & Rowan 1993; Marden et al 

1991). Space-planted trees and gully tree planting have a value of 70% based on data from Hawley 

and Dymond (1988), and consistent with Douglas et al. (2009, 2013; McIvor et al. (2015), although 

the various studies report varying effectiveness (see model limitations). The effectiveness of 

afforestation and bush retirement in reducing surface erosion (Table 5) was derived from the 

change in 𝐶 in equation 3 based on the conversion of pasture to forest/scrub. Space-planted trees 

and gully tree planting do not typically achieve canopy closure, and therefore reductions from 

these mitigations were not applied to surface erosion. Riparian retirement was applied to mitigate 

bank erosion with a reduction of 80% attributable to riparian fencing and stock-exclusion (Dymond 

et al. 2016; Phillips et al 2020), although we recognize that published studies report a range of 

effectiveness values (see discussion in section 4.4 on model limitations).    
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Table 5. Summary of maturity and effectiveness of the erosion mitigation works on pasture used in 

the modelling  

Erosion mitigation Years to 

fully mature 

Annual 

maturity rate 

Effectiveness Soil conservation asset 

type from WRC data 

Conversion to woody cover 

(afforestation/ bush 

retirement) 

10 10% 90% (mass movement) 

50% (surficial) 

‘Indigenous Retirement’, 

‘Protection Production 

Plantings’ 

Space-planted trees 15 6.66% 70% (mass movement) ‘Space Planting’ 

Riparian retirement 2 50% 80% (bank erosion) ‘Riparian Retirement’, 

‘Stream Bank Erosion 

Control Plantings’ 

*Maturity and effectiveness rate are derived and summarised from Basher et al. 2018, Douglas et al. 2008; McIvor et al. 

2011 

Reduction in hillslope sediment delivery to streams from surface erosion 

A sediment passing factor, the inverse of trapping efficiency, was calculated for the riparian buffer 

of the 𝑗th stream segment (𝑃𝐹𝐹𝑗
) following Zhang et al. (2010): 

𝑃𝐹𝐹𝑗
= 1 −

𝑘(1 −  𝑒−𝑏𝑤)

100
(18) 

where 𝑘 and 𝑏 are fitted parameters equal to 90.9 and 0.446, respectively (Zhang et al. 2010), and 𝑤 

is the buffer width. We estimated a mean buffer width for each digital stream segment based on 

the proportion of land class and the corresponding buffer width intersecting with the segment. The 

proportion of fencing in each stream segment, and the mean buffer width was determined using 

data from the WRC CEM riparian survey (described in next paragraph) Riparian fencing was applied 

to the future scenarios based on Schedule C of the Proposed Waikato Regional Plan Change 1 

(WRC, 2020).  

The reduction in sediment load delivered from surface erosion due to fencing and stock-exclusion 

from riparian retirement in a reach (𝑆𝐹𝑗
) is a function of the proportion of the reach fenced (𝐹𝑅𝑗) 

and the buffer passing factor: 

𝑆𝐹𝑗
= 𝐸𝑆𝑗  × (1 − 𝐹𝑅𝑗𝑃𝐹𝐹𝑗

) (19) 

where 𝐸𝑆𝑗 is the load from surface erosion for the 𝑗th reach per subwatershed. 

Reduction in bank erosion 

The reduced sediment load from bank erosion due to fencing and stock-exclusion (𝐵𝐹𝑗
) was 

calculated as:  

𝐵𝐹𝑗
= 𝐵𝑗  ×  (1 − 0.8𝐹𝑅𝑗) (20) 

where 𝐵𝑗 is the net suspended sediment load from bank erosion without the effect of fences 

reducing erosion. A sediment load reduction of 80% from bank erosion may be attributable to 
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riparian fencing and stock-exclusion (Dymond et al. 2016; Phillips et al. 2020). This reflects the 

effect of reduced stock trampling and foraging on banks (Trimble 1994), as well as the potential for 

riparian woody vegetation to become better established in the absence of livestock over the longer 

term. The estimated 80% reduction assumes the buffer strip is no longer grazed and sufficient time 

has elapsed for banks to recover from previous trampling impacts, and for woody vegetation to 

become established and increase bank stability (see discussion in Section 4.4.2).  

Riparian fencing estimates 

The proportion of riparian fencing was estimated using CEM catchment riparian survey data 

provided by the WRC. Previously, region-wide riparian survey data from 2002, 2007, 2012, and 

2017 – established to monitor changes in fencing and vegetation on selected pastoral sites across 

the Waikato region (Norris et al. 2020), was used in the region-wide SedNetNZ modelling (Vale & 

Smith 2024). 

For the present application, CEM catchment-specific riparian surveys conducted between 2020 and 

2024 were provided by WRC for the four CEM catchments (Norris & Norris 2021; Norris 2022; 

Norris et al. 2023). The CEM surveys are largely the same as the regional riparian characteristics 

surveys, employing a stratified random sampling design to represent variations in land use and 

stream order. Each survey site spanned a 500 m stretch of waterway, with visual assessments 

conducted on both banks to evaluate various parameters, including fencing and buffer width 

(Norris & Norris 2021). 

A similar approach to that used by Vale & Smith (2024) was applied in the present study to 

estimate the proportion of riparian fencing and buffer widths per stream segment, with 

adjustments reflecting differences in sample size and spatial characteristics from the CEM survey 

data. Survey data from the four CEM catchments were combined, and site data processed to derive 

fencing proportions and mean buffer widths for each site. These proportions and widths were then 

summarised by stream order (1 to ≥6) and land use/farm type (i.e. drystock or dairy) to enable 

spatial application across the digital stream network (Table 6). 

The criteria reflect the main variables informing the survey design (e.g. land use and stream order) 

and account for factors influencing spatial variation in riparian fencing, while maintaining adequate 

sample sizes for each stream order and farm type combination (n ≥ 6, except for one group; most 

sample sizes ranged between 10 and 30). Additionally, a CEM-specific weighting (based on the 

average fencing proportion or buffer width for each CEM) was applied to account for differences in 

fencing extent across the CEM catchments, beyond land use and stream order.  
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Table 6. Summary of estimated fencing proportions at different catchments for the digital stream 

network based on CEM riparian surveys 

Stream 

order 

Farm type Estimated fencing proportions Mean buffer width (m) 

Kaniwhaniwha Karapiro Matahuru Moakurarua Kaniwhaniwha Karapiro Matahuru Moakurarua 

1 Dairy 89% 71% 66% 88%  2.5   3.6   1.8   2.9  

Drystock 33% 38% 18% 26%  3.8   4.8   1.5   2.6  

2 Dairy 87% 69% 64% 85%  2.6   3.7   1.9   3.1  

Drystock 36% 42% 20% 28%  2.8   3.6   1.1   2.0  

3 Dairy 97% 90% 84% 97%  1.6   2.3   1.2   1.9  

Drystock 35% 40% 19% 27%  2.8   3.5   1.1   1.9  

4 Dairy 93% 86% 80% 93%  3.7   5.3   2.7   4.4  

Drystock 51% 59% 28% 40%  4.0   5.0   1.5   2.8  

5 Dairy 90% 72% 67% 89%  4.6   6.7   3.4   5.5  

Drystock 89% 100% 48% 70%  6.3   7.9   2.4   4.4  

≥6 Dairy 100% 80% 75% 99%  5.3   7.6   3.8   6.3  

Drystock 96% 96% 58% 84%  7.9   10.0   3.0   5.5  

 

Land use associated with the digital stream network segments was determined using AgriBase® 

spatial data provided by the WRC, in combination with LCDB v5, to exclude areas unsuitable for 

riparian fencing (e.g. indigenous forest areas). Riparian fencing estimates were not applied to small 

headwater tributaries (stream order = 1) outside the 15° low-slope area (described below) and 

classified as ‘narrow’ streams under the Sustainable Dairying Water Accord's definition of ‘Accord 

streams’ (Dairy Environment Leadership Group 2013). The ‘Accord streams’, determined for the 

REC2 network, were mapped onto the LiDAR-based digital stream network. These streams are 

defined as being wider than 1 m, deeper than 30 cm, and having permanent flow. Stream widths 

were estimated using mean annual flow data for each REC2 segment (Booker & Hicks 2013; 

Semadeni-Davies & Elliott 2016; Whitehead & Booker 2020).  

Riparian fencing was applied to the future scenarios based on Schedule C of the Proposed Waikato 

Regional Plan Change 1 (WRC 2020). This specifies that farmed cattle, horses, deer, and pigs are to 

be excluded from water bodies on land with a slope of up to 15°; or, with a slope over 15° where 

any paddock adjoining the water body have stock unit numbers exceeding 18 per grazed hectare 

at any time. Future fencing was not applied to stream segments with a stream order = 1 and 

classified as ‘narrow’ streams under the Sustainable Dairying Water Accord's definition of ‘Accord 

streams’.  

Slope was derived from the LiDAR-based 5 m DEM and stock unit numbers based on AgriBase® 

provided by WRC. The slope layer was processed to improve the continuity of low-slope areas and 

ensure suitable alignment with the digital stream network and stock unit density layer. Processing 

included applying a majority filter, boundary cleaning, and removing small areas below a minimum 

area threshold of 400 m² (20 m × 20 m). Subsequently, a 10 m buffer was applied around the 

digital stream network to capture stream segments with adjacent low-slope paddock areas.  
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New riparian fencing was implemented with a setback distance of 3 m from water bodies and 1 m 

from drains, except for drains <2 m, reflecting Regional Plan Change 1 requirements. However, 

other catchment initiatives may specify different setbacks (e.g. 5 m setbacks under incentivised 

management programmes) which were not considered here. Due to the absence of high-resolution 

spatial data or explicit drain designations in the digital stream network, we applied a 3 m setback 

distance to all new riparian fencing, except for stream segments with a stream order ≥ 2 classified 

as ‘narrow’ streams under the Sustainable Dairying Water Accord's definition of ‘Accord streams’, 

where a 1 m setback is applied. Stream segments with a stream order of 1 did not have fencing 

applied. 

3.4 Reductions for NPS-FM visual clarity attribute bands 

To assess the improvement in attribute state under future scenarios, we used the approach 

developed by Hicks et al. (2019) to estimate the proportional change in mean annual suspended 

sediment load required to achieve an improved attribute state. This approach is recommended by 

the Ministry for the Environment in their guidance for implementing the NPS-FM 2020 sediment 

requirements (Ministry for the Environment 2022), and directly informed development of the 

suspended fine sediment attribute for the NPS-FM 2020 (see Hicks & Shankar 2020). 

Following Hicks et al. (2019) and Ministry for the Environment (2022), the proportional change in 

mean annual suspended sediment load required to achieve a target attribute state was calculated 

as a function of the ratio between the current state visual clarity (visual clarity for each scenario) 

and the target visual clarity, using Equation 21 at the SOE site: 

𝑃𝑅𝑣 = 1 − (𝑉𝑜/𝑉𝑏)1/𝑎 (21) 

where 𝑃𝑅𝑣 is the minimum proportional change in mean annual suspended sediment load required 

to achieve the target visual clarity, 𝑉𝑜 is the target visual clarity for each attribute band (Table 7), 

and 𝑉𝑏 is the current state median visual clarity. We follow the recommendation of the Ministry for 

the Environment (2022) and assume 𝑎 in Equation 21 takes the national average reported by Hicks 

et al. (2019) of -0.76.  

The baseline attribute state was determined using the median visual clarity calculated from the 

most recent 60 visual clarity observations for each SOE site in the CEM catchments, provided by 

WRC (Table 8). Median visual clarity requires monthly observations over a minimum record length 

of 5 years (60 samples). Only the SOE site in the Moakurarua does not reach this threshold (n = 51), 

but as it was very close, the analysis was still undertaken.  

To assess the minimum proportional change in suspended sediment load required to improve the 

attribute band, we used the lower-bound visual clarity for each band (Table 7) for 𝑉𝑜; the upper-

bound was used to assess the minimum change in load required for a decline in state from a 

higher band.   
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Table 7. Attribute bands and numerical attribute states for suspended fine sediment 

Attribute band and description 

Numerical attribute state by suspended 

sediment class  

(visual clarity [m]) 

 1 2 3 4 

A 

Minimal impact of suspended sediment on instream biota.  

Ecological communities are similar to those observed in natural reference 

conditions. 

≥1.78 ≥0.93 ≥2.95 ≥1.38 

B 

Low to moderate impact of suspended sediment on instream biota. 

Abundance of sensitive fish species may be reduced. 

<1.78 

and 

≥1.55 

<0.93 

and 

≥0.76 

<2.95 

and 

≥2.57 

<1.38 

and 

≥1.17 

C 

Moderate to high impact of suspended sediment on instream biota. 

Sensitive fish species may be lost. 

<1.55 

and 

>1.34 

<0.76 

and 

>0.61 

<2.57 

and 

>2.22 

<1.17 

and 

>0.98 

National bottom line (NBL) 1.34 0.61 2.22 0.98 

D 

High impact of suspended sediment on instream biota. 

Ecological communities are significantly altered, and sensitive fish and 

macroinvertebrate species are lost or at high risk of being lost. 

<1.34 <0.61 <2.22 <0.98 

Source: Reproduced from Table 8 in the NPS-FM 2020 (Ministry for the Environment 2020). 

The attribute band thresholds for suspended fine sediment are determined by the ‘sediment class’ 

associated with each REC2 segment (Table 8). The sediment class of a given segment is determined 

by the climate, topography, and geological classification (as defined in the REC2) of upstream 

segments predominantly contributing flow to a given segment. We used the layer denoting 

suspended sediment class for the REC2 digital stream network produced by Hicks and Shankar 

(2020)4 to identify the sediment class of the segment associated with each SOE monitoring site. 

This was then mapped onto the stream segments from the LiDAR-based digital stream network 

(Figure 4).   

 

4 Available from the Ministry for the Environment data portal at https://data.mfe.govt.nz/layer/103687-hydrological-

modelling-to-support-proposed-sediment-attribute-impact-testing-2020/ 
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Table 8. Summary details for SOE monitoring sites with measured median visual clarity (CLAR, m) 

derived from black disc measurements  

CEM 

catchment 
Site name Site ID 

REC2 

nzsegment ID 

Date range 

used 
n 

Sediment 

class 

Median 

CLAR 

Base 

state 

Kaniwhaniwha 
Kaniwhaniwha Stm at 

Wright Rd 
222_16 3068190 

Aug-2016 – 

Aug-2023 
60 1 0.74 D 

Karapiro 

Karapiro Stm at 

Hickey Rd Bridge – 

Cambridge 

230_5 3070130 
Sep-2018 – 

Jun-2024 
60 1 0.79 D 

Matahuru 

Matahuru Stm at 

Waiterimu Road 

Below Confluence 

516_5 3053073 
Dec-2010 – 

May-2016 
60 2 0.29 D 

Moakurarua 
Moakurarua Stm at 

Warratah Farm Bridge 
553_12 3081452 

Sep-2018 – 

Jun-2024 
51 1 0.94 D 
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Figure 4. NPS-FM 2020 suspended sediment classes for CEM catchments, and the location of SOE 

monitoring sites. 
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4 Results 

4.1 LiDAR-based SedNetNZ erosion and sediment load model for the CEM 

catchments 

This section provides an overview of the outputs from the upgraded shallow landslide, surface and 

riverbank erosion sub-models under contemporary baseline conditions, then considers the 

catchment suspended sediment budgets for both the contemporary baseline and future mitigation 

scenarios. The CEM catchment layers associated with the LiDAR-based version of SedNetNZ that 

accompany the present report are summarised in Appendix 1. 

4.1.1 Shallow landslide erosion 

Shallow landslide erosion may be expressed as the mean annual sediment yield from shallow 

landslides delivered to the stream network. This representation of shallow landslide erosion does 

not imply landslide erosion occurs every year but instead averages on an annual basis the sediment 

load generated by discrete landslide-triggering events that occur over multi-decadal intervals. This 

approach allows for the construction of sediment budgets where the contributions from each 

erosion process may be expressed in the same units: either as suspended sediment loads (t yr–1) or 

net sediment yields (t km–2 yr–1). 

The spatial patterns in mean annual net sediment yields (per pixel) from shallow landslides are 

shown in Figure 5 for the four CEM catchments. These pixel-based yields form the basis for 

computing the shallow landslide sediment load contribution for each subwatershed in the digital 

stream network. The highest net sediment yields (> 1,000 t km–2 yr–1) from shallow landslide 

erosion occur most extensively on soft rock pastoral hill country, particularly in the eastern 

Matahuru catchment, and less extensively in the central areas of the Kaniwhaniwha and a limited 

area in the eastern Moakurarua. In contrast, the forested hard rock terrain has significantly lower 

net sediment yields (< 25 t km–2 yr–1) from landslide erosion, which reflects the lower susceptibility 

of this terrain to the occurrence of landslides (Figure 5). 

The mean annual net sediment load delivered to the stream network from shallow landslide 

erosion amounted to 14.6 kt yr–1, 12.2 kt yr–1, 7.8 kt yr–1, and 3.7 kt yr–1 for Moakurarua, Matahuru, 

Kaniwhaniwha, and Karapiro, respectively, using the upgraded shallow landslide sub-model with 

the LiDAR-derived DEM. 
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Figure 5. Mean annual net sediment yield (t km–2 yr–1) from shallow landslide erosion delivered to the 

stream network based on 2018 land cover from LCDB v5.0 and existing soil conservation works, 

displayed over the underlying hillshade layer. 
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4.1.2 Surface erosion 

Mean annual net sediment yields from surface erosion (sheet and rill erosion) delivered to the 

stream network are shown in Figure 6. The spatial pattern in surface erosion reflects spatial 

variations in the RUSLE factors. Higher rainfall erosivity tends to occur over elevated terrain due to 

orographic effects that produce higher rainfall. Soil erodibility increases where surface soils have 

lower organic matter and higher silt content. Steep and convergent terrain concentrates surface 

runoff that may increase erosion, while vegetation cover has a critical role in protecting the soil 

surface from raindrop impact and increasing surface roughness that reduces overland flow 

velocities. 

Within the four CEM catchments, the highest surface erosion rates (>1,000 t km–2 yr–1) tend to 

occur in hilly and mountainous areas with higher rainfall and steep, convergent terrain (Figure 6). 

Within these areas, those locations lacking vegetation cover or where soils tend to have higher silt 

content exhibit higher surface erosion rates. Notably, the western Moakurarua hill country exhibits 

particularly high surface erosion. The mean annual net sediment load delivered to the stream 

network from surface erosion amounted to 16.2 kt yr–1, 3.4 kt yr–1, 2.7 kt yr–1, and 2.1 kt yr–1 for 

Moakurarua, Kaniwhaniwha, Karapiro, and Matahuru, respectively, using the RUSLE sub-model with 

the LiDAR-derived DEM.  

A new stocking density-adjusted 𝐾 factor was introduced into the surface erosion sub-model to 

account for the effects of livestock treading and grazing on surface erosion. Incorporating this 

adjustment increased sediment load contributions from surface erosion by 2%–3% in Moakurarua, 

Karapiro, and Kaniwhaniwha, and by 10% in Matahuru, though the overall impact on catchment-

wide erosion loads from all processes combined was small (0.8%–1.2%). The effect was most 

pronounced in areas with high stock densities, particularly on lower-slope pastoral land. 
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Figure 6. Mean annual net sediment yield (t km–2 yr–1) from surface erosion delivered to the stream 

network based on 2018 land cover from LCDB v5.0 and existing soil conservation works, displayed 

over the underlying hillshade layer. The sediment yields account for sediment trapping by riparian 

buffers, which is determined for each subwatershed and applied across all pixels within the 

subwatershed. 
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4.1.3 Riverbank erosion 

The mean annual net sediment load from bank erosion equated to 3.8 kt yr–1, 1.8 kt yr–1, 0.85 kt yr–

1, and 0.50 kt yr–1 for Moakurarua, Kaniwhaniwha, Matahuru, and Karapiro, respectively. This total 

net load compares with 1.6 kt yr–1, 0.70 kt yr–1, 0.33 kt yr–1, and 0.22 kt yr–1, respectively, based on 

the previous region wide SedNetNZ estimates from Vale & Smith (2024). Most of this increase in 

sediment load contribution from bank erosion was attributable to the increase in the length of the 

digital stream network (Table 1). This increase in network length largely reflects the improved 

representation of channel sinuosity based on the LiDAR-derived DEM as well as the difference in 

channel initiation threshold compared to the REC2 digital network (Figure 2). Figure 7 shows the 

spatial pattern in predicted reach-averaged mean annual net sediment yields from bank erosion for 

the CEM catchments.  
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Figure 7. Predicted reach-averaged mean annual net bank sediment yield (t m–1 yr–1) per stream 

segment length for each segment in the LiDAR DEM-derived digital network. 
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4.1.4 Catchment suspended sediment budgets 

Contemporary baseline (C2023) 

Mean annual erosion loads, and net suspended sediment load delivered to the catchment outlet, as 

well as the erosion process contributions to suspended sediment loads in the LiDAR-based 

SedNetNZ sediment budgets are summarised for each CEM catchment in Table 9. Erosion load 

refers to the mean annual sediment load delivered to a stream segment from all erosion processes 

occurring in a subwatershed. 

Figure 8 shows the mean annual net suspended sediment load per subwatershed, which is the load 

that accumulates downstream while accounting for losses of sediment into long-term storage in 

lakes and on floodplains. The net suspended sediment load delivered to the catchment outlet 

amounted to 33.4 kt yr–1, 14.4 kt yr–1, 13.2 kt yr–1, and 6.6 kt yr–1 for Moakurarua, Matahuru, 

Kaniwhaniwha, and Karapiro, respectively. Over a multi-decadal timescale, shallow landslides 

contribute an estimated 81% of the suspended sediment load in Matahuru, 56% in Kaniwhaniwha, 

54% in Karapiro, and 42% in Moakurarua. Surface erosion accounts for 14%–46% across the CEM 

catchments, while riverbank erosion contributes 6%–13%. 

Figure 9 shows the spatial pattern in mean annual net sediment yields (t km–2 yr–1) per 

subwatershed across each CEM catchment. The sediment yield was calculated as the sum of net 

sediment loads from each erosion process present within each subwatershed divided by the 

subwatershed area. This does not account for downstream storage of sediment in lakes and on 

floodplains. The largest sediment yields typically occur in areas of pastoral hill country on erodible, 

soft rock terrain as well as along sections of eroding river channel. Lower sediment yields occur in 

areas with woody vegetation cover or low slope. In a few cases, high yields (t km–2 yr–1) occur in 

subwatersheds with relatively low total erosion loads (t yr–1) due to the very small areas of these 

subwatersheds (< 0.005 km2). 

Table 9. Summary of mean annual erosion load, mean annual net sediment load, and erosion process 

load contribution estimated for the contemporary baseline (C2023) for each CEM catchment using the 

LiDAR-based SedNetNZ model 

CEM 

catchment 

Erosion load 

delivered to the 

stream network 

(kt yr–1) 

Mean annual net 

sediment load 

delivered to end of 

catchment 

(kt yr–1) 

Erosion load delivered to the stream network from 

each process a (kt yr–1, %) 

Shallow 

landslide erosion 

Earthflow 

erosion 

Surface 

erosion 

Riverbank 

erosion 

Kaniwhaniwha 13.8 13.2 
7.8 

56% 

0.8 

6% 

3.4 

25% 

1.8 

13% 

Karapiro 6.9 6.6 
3.7 

54% 

- 

0% 

2.7 

39% 

0.5 

7% 

Matahuru 15.1 14.4 
12.2 

81% 

- 

0% 

2.1 

14% 

0.9 

6% 

Moakurarua 34.9 33.4 
14.6 

42% 

0.4 

1% 

16.2 

46% 

3.8 

11% 

a Gully-associated erosion loads, such as from gully erosion processes observed in the lower Karapiro, are captured by the 

surface and shallow landslide loads. 
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Figure 8. Mean annual net suspended sediment load (t yr–1) accumulated downstream for the 

contemporary baseline (C2023) based on 2018 land cover from LCDB v5.0 and existing soil 

conservation works displayed for subwatersheds over the underlying hillshade layer. 
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Figure 9. Mean annual net sediment yield (t km–2 y–1) per subwatershed for the contemporary baseline 

(C2023) based on 2018 land cover from LCDB v5.0 and existing soil conservation works displayed over 

the underlying hillshade layer. 
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Combined mitigation scenarios 

The future erosion mitigation scenarios used a ‘ranked-watershed’ approach to represent the 

implementation of erosion mitigation works (either afforestation/bush retirement or space-planted 

trees) on 20% to 100% of pastoral land based on slope thresholds (see Section 3.3.1). Erosion loads 

for each CEM catchment are presented in Table 10, and mean annual net sediment yields  

(t km–2 yr–1) are shown in Figure 10 for the full implementation of the M1 scenario. Figure 11 and 

Figure 12 show the reductions in mean annual net sediment yield for 20%, 50%, and 100% 

implementation of the M1 scenarios.  

Under the M1 scenario with 20% implementation, total erosion load decreases by 8%–14% relative 

to the contemporary baseline across all CEM catchments. A slightly larger reduction of 9%–16% is 

observed under the M2 scenario. With 50% implementation, erosion reductions increase to 13%–

25% under M1 and 16%–29% under M2. Full implementation results in reductions of 21%–41% 

under M1 and of 23%–45% under M2 (Table 10).  

The Matahuru experiences the largest proportional reductions, with 20% implementation 

decreasing total erosion by 14% and 16% under the M1 and M2 scenarios, respectively. These 

reductions increase to 41% and 45% under full implementation.  

Table 10. Erosion loads (kt yr–1) for each CEM catchment modelled under future erosion mitigation 

scenarios and showing % of implementation. M1 – M1 scenario (upper rows); M2 – M2 scenario (lower 

rows). 

CEM 

(C2023: kt yr–1) 

Erosion load per mitigation scenario and % 

implementation 

(kt yr–1) 

Difference from contemporary baseline 

(C2023) (kt yr–1, %) 

 20% 30% 40% 50% 100% 20% 30% 40% 50% 100% 

Kaniwhaniwha 

(13.8) 

M1 12.4 12.0 11.8 11.5 10.5 
−1.4 

−10% 

−1.8 

−13% 

−2.0 

−15% 

−2.3 

−17% 

−3.3 

−24% 

M2 12.2 11.8 11.6 11.3 10.2 
−1.6 

−11% 

−2.0 

−14% 

−2.2 

−15.9% 

−2.5 

−18% 

−3.6 

−26% 

Karapiro 

(6.9) 

M1 6.4 6.2 6.1 6.0 5.5 
−0.6 

−8% 

−0.7 

−10% 

−0.8 

−12% 

−0.9 

−13% 

−1.4 

−21% 

M2 6.3 6.2 6.0 5.9 5.3 
−0.6 

−9% 

−0.8 

−11% 

−0.9 

−13% 

−1.1 

−16% 

−1.6 

−23% 

Matahuru 

(15.1) 

M1 13.0 12.5 12.0 11.4 8.9 
−2.1 

−14% 

−2.7 

−18% 

−3.2 

−21% 

−3.8 

−25% 

−6.2 

−41% 

M2 12.7 12.1 11.5 10.8 8.3 
−2.4 

−16% 

−3.0 

−20% 

−3.6 

−24% 

−4.3 

−29% 

−6.9 

−45% 

Moakurarua 

(34.9) 

M1 31.7 30.9 30.3 29.6 26.4 
−3.2 

−9% 

−4.0 

−12% 

−4.6 

−13% 

−5.3 

−15% 

−8.5 

−24% 

M2 31.2 30.4 29.5 28.6 25.3 
−3.8 

−11% 

−4.5 

−13% 

−5.4 

−16% 

−6.3 

−18% 

−9.6 

−28% 
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The Kaniwhaniwha and Moakurarua show similar reductions in erosion load. For 20% 

implementation, reductions are 10% and 11% in Kaniwhaniwha and 9% and 11% in Moakurarua 

under M1 and M2, respectively. With full implementation, reductions increase to 24% and 26% in 

Kaniwhaniwha and 24% and 28% in Moakurarua, under M1 and M2, respectively. Moakurarua 

shows the largest total load reductions of 8.5 and 9.6 kt yr–1 at full implementation under M1 and 

M2, respectively. This reflects the larger catchment size and sediment load in this catchment.  

The smallest proportional reductions occur in the Karapiro, with 20% implementation producing 

decreases of 8% and 9% under M1 and M2, increasing to 21% and 23% under full implementation. 

Karapiro, the smallest CEM catchment, has the smallest total load reductions of 1.4 and 1.6 kt yr–1 

being achieved at full implementation under M1 and M2, respectively (Table 10).   
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Figure 10. Mean annual net sediment yield (t km–2 y–1) per subwatershed for full implementation of 

the M1 scenario using the LiDAR-based digital network displayed over the underlying hillshade layer. 
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Figure 11. Reduction in mean annual net sediment yield (t km−2 yr–1) for Matahuru and Kaniwhaniwha relative to contemporary baseline (2023) modelled 

for the M1 erosion mitigation scenario at 20%, 50% and 100% implementation (labelled as M1_20, M1_50, and M1_100). 



 

- 40 - 

 

Figure 12. Reduction in mean annual net sediment yield (t km−2 yr–1) for Karapiro and Moakurarua relative to contemporary baseline (2023) modelled for 

the M1 erosion mitigation scenario at 20%, 50% and 100% implementation (labelled as M1_20, M1_50, and M1_100). 
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Individual mitigation scenarios 

Under individual erosion mitigation scenarios, space-planted trees would achieve the largest 

proportional sediment reductions under the M1 scenario, while afforestation and bush retirement 

provide the greatest reductions under M2, across all CEM catchments (Table 11). This reflects the 

greater extent of space-planted trees relative to afforestation and bush retirement in M1, whereas 

in M2, the extent of afforestation and bush retirement is larger than space-planted trees. 

The largest sediment load reductions from afforestation and bush retirement occur in Matahuru, 

decreasing by 16% and 32% under M1 and M2, respectively. Moakurarua shows reductions of 12% 

under M1 and 20% under M2, while Kaniwhaniwha sees reductions of 11% and 18% under M1 and 

M2, respectively. Karapiro shows the smallest reductions of 7% under M1 and 14% under M2 

(Table 11). 

Sediment load reductions from space-planted trees are largest in Matahuru (24% under M1 and 

12% under M2) and Kaniwhaniwha (17% under M1 and 12% under M2). In Moakurarua, reductions 

are more moderate (12% under M1 and 7% under M2), while Karapiro sees smaller reductions (12% 

under M1 and 7% under M2). Riparian stock-exclusion fencing produced the smallest load 

reductions of the three mitigation types, with the largest reduction occurring in Kaniwhaniwha (7%) 

and Moakurarua (5%), followed by Matahuru (4%) and Karapiro (4%) (Table 11). 

Table 11. Mean annual erosion loads (kt yr–1) modelled for individual erosion mitigation types for 

each CEM catchment. M1 – M1 scenario (upper rows); M2 – M2 scenario (lower rows). 

CEM 

(C2023: kt yr–1) 

Mean annual erosion load for each individual 

mitigation type 

(kt yr–1) 

Difference from contemporary baseline 

(C2023) (kt yr–1, %) 

 

Afforestation 

& bush 

retirement 

Space-planted 

trees 

Riparian 

fencing 

Afforestation 

& bush 

retirement 

Space-planted 

trees 

Riparian 

fencing 

Kaniwhaniwha 

(13.8) 

M1 12.4 11.4 12.9 
−1.4 

−10% 

−2.4 

−17% 

−0.9 

−7% 

M2 11.3 12.2 12.9 
−2.5 

−18% 

−1.6 

−12% 

−0.9 

−7% 

Karapiro 

(6.9) 

M1 6.4 6.1 6.6 
−0.5 

−7% 

−0.8 

−12% 

−0.3 

−4% 

M2 5.9 6.5 6.6 
−1.0 

−14% 

−0.5 

−7% 

−0.3 

−4% 

Matahuru 

(15.1) 

M1 12.7 11.5 14.5 
−2.4 

−16% 

−3.6 

−24% 

−0.6 

−4% 

M2 10.3 13.3 14.5 
−4.8 

−32% 

−1.8 

−12% 

−0.6 

−4% 

Moakurarua 

(34.9) 

M1 30.9 30.8 33.1 
−4.1 

−12% 

−4.1 

−12% 

−1.9 

−5% 

M2 27.9 32.7 33.1 
−7.0 

−20% 

−2.3 

−7% 

−1.9 

−5% 
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4.2 Sediment load reductions required to meet NPS-FM visual clarity attribute 

bands 

Suspended sediment load reductions required to achieve the NPS-FM 2020 suspended fine 

sediment attribute bands were modelled to determine proportional reductions at SOE sites within 

the CEM catchments for both the contemporary baseline (C2023) and future mitigation scenarios. 

Baseline attribute states for each SOE site were determined using the median measured visual 

clarity based on data provided by WRC (see Section 3.4). Table 12 shows the proportional 

reductions (%) in suspended sediment load required to achieve the NPS-FM attribute bands and 

the NBL at each SOE site for the contemporary baseline. Table 13 and Table 14 show the 

proportional reductions in load that are still required after implementing the future combined and 

individual mitigation scenarios, respectively. 

All SOE sites have a D attribute band base state and require reductions in sediment load to achieve 

the NBL for the contemporary baseline. Required reductions are 62% for Matahuru, 55% for 

Kaniwhaniwha, 51% for Karapiro, and 36% for Moakurarua. Achieving the B and A attribute bands 

would require reductions ranging from 47%–72% and 56%–78%, respectively (Table 12).  

Table 12. Proportional reductions (%) in suspended sediment load required to achieve NPS-FM (2020) 

attribute bands (B and A) and the NBL (band C) at SOE monitoring sites under the contemporary 

baseline 

Site name Site ID 

Base 

attribute 

state 

Contemporary baseline (C2023) 

C (NBL) 

% 

B 

% 

A 

% 

Kaniwhaniwha Stm at Wright Rd  222_16 D 55% 63% 69% 

Karapiro Stm at Hickey Rd Bridge – Cambridge 230_5 D 51% 59% 66% 

Matahuru Stm at Waiterimu Road Below Confluence 516_5 D 62% 72% 78% 

Moakurarua Stm at Warratah Farm Bridge 553_12 D 36% 47% 56% 

 

Both M1 and M2 scenarios show similar reductions in load are still required after scenario 

implementation to achieve the NBL and A and B attribute bands, although M2 needs slightly lower 

reductions. Under these scenarios and at 20% implementation, achieving the NBL requires further 

reductions in load of 55%–56% for Matahuru, 48% for Kaniwhaniwha, 46%–47% for Karapiro, and 

28%–30% for Moakurarua. With full implementation, required reductions decrease to 32%–36% for 

Matahuru, 37%–39% for Kaniwhaniwha, 38%–40% for Karapiro, and 12%–15% for Moakurarua. At 

full implementation, neither M1 nor M2 scenarios achieve the NBL at any SOE site (Table 13). 

There is a similar pattern for reductions in load required to achieve B and A attribute bands. 

Achieving attribute band A at 20% implementation requires reductions of 74%–75% for Matahuru, 

64%–65% for Kaniwhaniwha, 63% for Karapiro, and 51%–52% for Moakurarua. With full 

implementation, required reductions decrease to 61%–63% for Matahuru, 57–58% for 

Kaniwhaniwha, 58%–59% for Karapiro, and 39%–42% for Moakurarua (Table 14).
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Table 13. Proportional reductions (%) in suspended sediment load still required to achieve NPS-FM (2020) attribute bands (C, B or A) and the NBL at SOE 

monitoring sites following implementation of the combined erosion mitigation scenarios (M1 and M2) which includes all mitigation types. 

Scenario Site name Site ID 

Base 

attribute 

state 

Proportional reductions (%) in load still required for each mitigation scenario and 

implementation state 

20% 30% 40% 50% 100% 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

Mitigation 

scenario 1 

(M1) 

Kaniwhaniwha Stm at Wright Rd 222_16 D 48% 57% 65% 47% 56% 64% 46% 55% 63% 45% 54% 62% 39% 50% 58% 

Karapiro Stm at Hickey Rd Bridge – Cambridge 230_5 D 47% 56% 63% 46% 55% 63% 45% 55% 62% 44% 54% 62% 40% 50% 59% 

Matahuru Stm at Waiterimu Road Below 

Confluence 
516_5 D 56% 67% 75% 54% 66% 74% 53% 65% 73% 50% 63% 71% 36% 52% 63% 

Moakurarua Stm at Warratah Farm Bridge 553_12 D 30% 42% 52% 28% 40% 50% 26% 39% 49% 24% 38% 48% 15% 30% 42% 

Mitigation 

scenario 2 

(M2) 

Kaniwhaniwha Stm at Wright Rd 222_16 D 48% 57% 64% 46% 55% 63% 45% 55% 62% 44% 53% 61% 37% 48% 57% 

Karapiro Stm at Hickey Rd Bridge – Cambridge 230_5 D 46% 56% 63% 45% 55% 62% 45% 54% 62% 43% 53% 61% 38% 49% 58% 

Matahuru Stm at Waiterimu Road Below 

Confluence 
516_5 D 55% 67% 74% 53% 65% 73% 51% 63% 72% 48% 61% 70% 32% 49% 61% 

Moakurarua Stm at Warratah Farm Bridge 553_12 D 28% 41% 51% 27% 39% 50% 24% 38% 48% 22% 36% 46% 12% 27% 39% 
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Table 14. Proportional reductions (%) in suspended sediment load still required to achieve NPS-FM (2020) attribute bands (C, B or A) and the NBL at SOE 

monitoring sites following implementation of individual erosion mitigation types under M1 and M2 scenarios for each CEM catchment 

Scenario Site name Site 

Base 

attribute 

state 

Proportional reductions (%) in load still required for each 

individual mitigation type, scenario and implementation state 

Afforestation & bush  

retirement 

Space-planted  

trees 

Riparian fencing 

and planting 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

C 

(NBL) 

% 

B 

% 

A 

% 

Mitigation 

scenario 1 

(M1) 

Kaniwhaniwha Stm at Wright Rd 222_16 D 49% 58% 65% 44% 54% 62% 51% 59% 66% 

Karapiro Stm at Hickey Rd Bridge – Cambridge 230_5 D 48% 57% 64% 44% 54% 62% 48% 57% 64% 

Matahuru Stm at Waiterimu Road Below Confluence 516_5 D 55% 67% 74% 51% 63% 72% 61% 71% 78% 

Moakurarua Stm at Warratah Farm Bridge 553_12 D 27% 40% 50% 28% 41% 50% 32% 44% 54% 

Mitigation 

scenario 2 

(M2) 

Kaniwhaniwha Stm at Wright Rd 222_16 D 44% 54% 62% 48% 57% 64% 51% 59% 66% 

Karapiro Stm at Hickey Rd Bridge – Cambridge 230_5 D 44% 54% 62% 47% 56% 64% 48% 57% 64% 

Matahuru Stm at Waiterimu Road Below Confluence 516_5 D 45% 59% 68% 57% 68% 76% 61% 71% 78% 

Moakurarua Stm at Warratah Farm Bridge 553_12 D 20% 34% 45% 32% 44% 53% 32% 44% 54% 
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4.3 Model evaluation and limitations 

4.3.1 SedNetNZ model evaluation 

SedNetNZ is designed to predict spatial patterns in erosion and suspended sediment load on a 

mean annual basis for periods spanning several decades. It is difficult to quantify model 

performance over such time scales other than through comparison with measurements of 

suspended sediment loads, which has been the main form of SedNetNZ model evaluation (Basher 

et al. 2018). Longer-term suspended sediment load data are often unavailable. However, rivers have 

been monitored in the Waikato region and the resulting suspended sediment concentration (SSC) 

and discharge (Q) data used to estimate mean annual suspended sediment loads via SSC-Q rating 

curve methods (e.g. Hicks et al. 2019). River monitoring sites are located in the lower reaches of the 

CEM catchments. Flow and sediment sampling monitoring periods span 8–18 years, except for in 

Karapiro, which has only 1 year of data (Table 15). While the monitoring sites are in the lower 

reaches of the CEM catchments, they are not end-of-catchment loads and exclude some 

contributions from erosion occurring downstream from the sites. 

Table 15. Comparison of SSC-Q rating curve estimates of mean annual suspended sediment load 

versus LiDAR-based SedNetNZ model predictions 

River monitoring 

site name 

Catchment 

area  

(km2) 

Flow 

measurement 

period 

Sediment 

sampling 

period 

WRC SSC-Q  

sediment 

loadsa 

(kt yr−1) 

Previous 

regionwide non-

LiDAR SedNetNZ 

(Vale & Smith, 

2024) (kt yr−1) 

CEM catchment 

LiDAR-based 

SedNetNZ 

(present report) 

(kt yr−1) 

Kaniwhaniwha at  

Wright Rd 

(222_16) 

103 2015 – 2024 2016 – 2024 9.9 10.0 11.4 

Karapiro at Horotiu  

Rd Bridge (SH1) 

(230_41) 

82 2023-2024 2023-2024 7.6 10.0 6.5 

Matahuru at Myjers 

(516_22) 
83 2006 – 2024 2006 – 2024 17.4 14.3 13.8 

Moakurarua at  

Warratah Farm Br 

(553_12) 

206 2015 – 2024 2015 – 2024 36.9 40.6 30.8 

aSSC-Q rating curve estimates incorporate TSS-SSC corrections to refine sediment load estimates, except for Matahuru, 

where uncorrected values are reported due to an insufficient number of samples to establish a reliable correction.  

While caution is needed when comparing the SSC-Q estimated loads with model predictions that 

are based on a multi-decadal timescale, there is general agreement between modelled loads and 

rating curve estimates (Table 15). This comparison is indicative only, given the limited number of 

sites we had for comparing model predictions with estimates, and the inherent limitations of rating 

curve-based estimates (Asselman 2000; Vercruysse et al. 2017) – particularly related to the 

monitoring period they represent. Suspended sediment and flow data extend back to 2006 in 

Matahuru, 2015 in Kaniwhaniwha and Moakurarua, and 2023 in Karapiro. Longer records may 

reflect land cover and erosion control works (e.g. tree planting) that differ from the contemporary 

baseline state modelled. This is especially relevant for soil conservation efforts and riparian fencing 
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incorporated into the model based on the most recent data that may reduce sediment loads 

compared to historical estimates from river monitoring.  

However, rating curve-based estimates that span multi-decadal periods have an averaging effect, 

which is important when comparing with SedNetNZ load predictions. In contrast, shorter records 

(e.g. Karapiro) are more likely to be influenced by the specific rainfall, river flow, and sediment 

transport conditions observed during those intervals. For instance, short monitoring intervals may 

not capture the impact of landslide-triggering events that occur episodically and contribute 

significant quantities of sediment to the stream network.  

Comparison with previous modelling 

The LiDAR-based SedNetNZ load estimates are generally similar to previous region-wide modelling 

(Vale & Smith 2024) albeit slightly lower at all river monitoring sites except in Kaniwhaniwha, where 

the loads are marginally higher (Table 15). These differences reflect differences in the extent of 

modelled soil conservation works, such as riparian fencing mentioned above. Thay also reflect 

inherent variations in erosion process representation (and resulting erosion process loads) within 

the LiDAR DEM-based sub-models, where more substantial changes to individual erosion process 

loads are observed.  

Evaluating modelled erosion process contributions to sediment loads is challenging as we lack data 

to apportion sediment loads from gauged river monitoring sites to individual erosion processes 

averaged over multi-decadal timescales. The LiDAR-based SedNetNZ modelling shows differences 

in process contributions compared to previous region-wide modelling, with variations observed 

across all CEM catchments. In general, there is a decrease in the relative contribution of shallow 

landslides and an increase in surface and riverbank erosion contribution (Table 16). However, these 

shifts do not always correspond to significant changes in absolute sediment loads. 

The contribution of shallow landslides to the sediment load decreases to 81% in Matahuru, 56% in 

Kaniwhaniwha, 54% in Karapiro, and 42% in Moakurarua, compared to 93%, 71%, 85%, and 65%, 

respectively, in the previous region-wide modelling (Table 16). Despite this reduction in relative 

contribution, the absolute shallow landslide sediment loads remain relatively similar in 

Kaniwhaniwha (7.8 vs 7.9 kt yr⁻¹) and Matahuru (12.2 vs 15.2 kt yr⁻¹). In contrast, Karapiro (3.7 vs. 8.5 

kt yr⁻¹) and Moakurarua (14.6 vs. 28.0 kt yr⁻¹) show larger reductions (Table 16). Regardless of these 

changes, shallow landslides remain the dominant source of sediment across the CEM catchments, 

except for the Moakurarua where the contribution from shallow landslides (42%) is now marginally 

lower than from surface erosion (46%).  

Surface erosion increases to between 14% and 46% across the CEMs, compared to 5%–30% in the 

previous modelling. This corresponds to an approximate doubling of surface erosion loads in 

Kaniwhaniwha, Karapiro, and Matahuru, with loads increasing from 0.8–1.8 kt yr⁻¹ to 2.1–3.4 kt yr⁻¹. 

In Moakurarua, the increase is smaller, with surface erosion now contributing 16.2 kt yr⁻¹, compared 

to 12.8 kt yr⁻¹ previously. Similarly, riverbank erosion also increases, now contributing 6%–13% 

across the CEM catchments, compared to 2%–6% in the previous modelling which is mostly 

attributed to the increase in the length of the digital stream network (Table 1). This results in an 

approximately twofold increase in riverbank erosion loads, with values rising to 0.5–3.8 kt yr⁻¹, 

compared to 0.2–1.6 kt yr⁻¹ in earlier estimates (Table 16).  
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Table 16. Comparison of erosion process loads between the LiDAR-based SedNetNZ and the previous 

region-wide non-LiDAR SedNetNZ results for each CEM catchment 

 
Total erosion load delivered to the stream network from each process a  

(kt yr–1, %) 

 
LiDAR-based SedNetNZ 

(present report) 

Previous regionwide non-LiDAR SedNetNZ 

(Vale & Smith 2024) 

CEM 

catchment 

Shallow 

landslide 

erosion 

Earthflow 

erosion 

Surface 

erosion 

Riverbank 

erosion 

Shallow 

landslide 

erosion 

Earthflow 

erosion 

Surface 

erosion 

Riverbank 

erosion 

Kaniwhaniwha 
7.8 

56% 

0.8 

6% 

3.4 

25% 

1.8 

13% 

7.9 

71% 

0.8 

7% 

1.8 

16% 

0.7 

6% 

Karapiro 
3.7 

54% 

- 

0% 

2.7 

39% 

0.5 

7% 

8.5 

85% 

- 

0% 

1.2 

12% 

0.2 

2% 

Matahuru 
12.2 

81% 

- 

0% 

2.1 

14% 

0.9 

6% 

15.2 

93% 

- 

0% 

0.8 

5% 

0.3 

2% 

Moakurarua 
14.6 

42% 

0.4 

1% 

16.2 

46% 

3.8 

11% 

28.0 

65% 

0.4 

1% 

12.8 

30% 

1.6 

4% 

a Gully-associated sediment loads, such as from gully processes observed in the lower Karapiro, are captured by the 

surface and shallow landslide loads. 

The LiDAR-based SedNetNZ modelling provides a more refined representation of erosion 

processes compared to previous region-wide modelling. Differences in estimated process 

contributions are primarily driven by the higher-resolution LiDAR-derived terrain data, which 

improves the representation of topographic controls on erosion, as well as improvements in the 

sub-models that adopt data-driven approaches using recently expanded data sets for model 

calibration. The observed decrease in the relative contribution of shallow landslides and the 

corresponding increase in surface and riverbank erosion reflect improvements in how these erosion 

processes are captured, particularly in relation to the spatial variability within individual catchments, 

which is more challenging to represent using the lower resolution terrain data that underpins the 

non-LiDAR regional-scale modelling. 

At a subwatershed scale, erosion processes exhibit greater variability, especially in lowland areas, 

where riverbank erosion can be an important sediment source. The LiDAR-based approach better 

represents finer-scale variations, improving the ability to distinguish between erosion processes 

that may be underestimated or overgeneralised in region-wide assessments. This increased spatial 

precision strengthens the model’s capacity to represent contemporary sediment budgets and 

supports its application in targeting erosion mitigations for improved sediment management. 

We outline some specific limitations in terms of each modelling component below. Model outputs 

should be interpreted in the context of these limitations. 

4.3.2 Model limitations 

Limited empirical data presents an ongoing challenge in modelling erosion processes, particularly 

across New Zealand's diverse erosion terrains. This scarcity of data means model parameterisation 

must draw from the available data in combination with expert judgment when developing 

representations of erosion processes and mitigation effectiveness. While the LiDAR-based 
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SedNetNZ model offers significant improvements in erosion process representation, certain 

limitations remain due to data constraints and inherent modelling assumptions. 

Erosion process representation 

The surface erosion component of the LiDAR-based model was updated to improve representation 

of slope length and steepness to better represent the effect of topography on the size of 

convergent upslope areas contributing overland flow and surface erosion, following Smith, Herzig 

et al. (2019). One of the primary limitations in the surface erosion component continue to relate to 

the calculation of the 𝐶 and 𝐾 factors in RUSLE, and the availability of high-resolution input data. 

Further acquisition of higher-resolution soils data for the Waikato region, such as S-map, may 

improve estimates of surface erosion in future. 

We introduced a new stocking density-adjusted 𝐾 factor into the surface erosion sub-model to 

account for the effects of livestock treading and grazing on surface erosion. This approach required 

several parameters, including grazing intensity and stock type, soil moisture, clay content, soil 

susceptibility, and grazing history and duration (Donovan & Monaghan 2021). Many of these 

parameters exhibit both inter-annual variability and longer-term changes in response to land use 

and farming practices. However, due to the absence of suitable spatial or long-term data, we had 

to make assumptions for use in a multi-decadal sediment budget model. As a result, our model 

does not capture the inter-annual variability that is likely to occur.  

Evaluating model performance over the multi-decadal timescale is challenging. However, Donovan 

& Monaghan (2021) reported good agreement between modelled and measured rates of soil loss 

at both catchment and farm scales, providing a useful basis for assessing the sensitivity of the 

adjustment to specific parameters. Based on the relationship curves in Figure 2 of Donovan & 

Monaghan (2021), soil damage appears to be most sensitive to stock type, grazing intensity, and 

clay content. We used local stock unit densities provided by WRC, derived from AgriBase®, to 

determine stock type and grazing density. While these data are temporally static, they offer the 

best available spatial representation at the catchment scale. In contrast, data for soil moisture, 

grazing history, and duration were unavailable, so we relied on approximated values from Donovan 

& Monaghan (2021). However, soil damage appears to be less sensitive to these parameters. 

Comparing adjusted and non-adjusted surface erosion loads shows that incorporating the stocking 

density-adjusted 𝐾 factor increases the surface erosion load by 2%–3% in Moakurarua, Karapiro, 

and Kaniwhaniwha, and by 10% in Matahuru. The overall impact on modelled catchment loads is 

therefore limited (0.8%–1.2% of total erosion load across the CEM catchments), although may be 

significant in specific subwatersheds. This is because the highest stock densities – and therefore the 

most significant soil damage – tend to occur on lower-slope pastoral land, where surface erosion 

sediment yields are relatively low compared to steeper hill country.  

Shallow landslides are initiated by storm events over a triggering threshold. This means the 

landslide load in any given year can vary significantly from the mean annual landslide load. This 

inter-annual variability in landslide occurrence is not represented in SedNetNZ. Instead, the storm-

triggered shallow landslide contribution to the sediment load is averaged over a multi-decadal 

timescale as described in Section 3.2.1.   
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Landslide depth was approximated to a constant 1 m; however, actual depths can vary significantly. 

For example, Phillips et al. (2021) reported typical depths of up to 2 m, while Page et al. (1994) 

observed scar depths ranging from 0.13 to 3.9 m, with an average of 0.89 m. Betts et al. (2017) 

reported depths in various materials, including weakly indurated sandstone (0.2–1.6 m; mean 0.69 

± 0.05 m), moderately indurated sandstone (0.3–1.4 m; mean 0.74 ± 0.05 m), and mudstone (0.3–

3.0 m; mean 1.01 ± 0.07 m). Although informative, these data are limited, and we currently lack 

sufficient data to adequately represent this spatial variation in landslide depths within the model. 

Earthflow and gully erosion are represented in SedNetNZ using a spatial averaging approach based 

on the estimated presence and spatial extent of these erosion features in the Erosion Terrains layer 

(Dymond et al. 2016), which has not changed in the LiDAR-based version of SedNetNZ. While this 

allows for region-wide representation, it introduces uncertainties at the subwatershed level and it is 

possible that earthflow and gully erosion may be represented in subwatersheds that do not contain 

these features or may not be represented where they are present, especially when using the higher 

resolution digital stream subwatershed layer derived from the 5 m DEM. Given their limited spatial 

extent, aerial imagery was previously used in the region-wide modelling (Vale & Smith 2024) to 

evaluate selected catchments. Adjustments were then made to the Erosion Terrain layers if there 

was limited evidence of significant active gully erosion at the resolution of the Erosion Terrain 

features, as well as with a comparison of modelled sediment loads with load estimates derived 

from SSC-Q rating curves.  

This Erosion Terrain layer was used for the CEM catchments resulting in a very limited 

representation of earthflows and no mapped presence of gullies. While this means that gully-

associated sediment loads are not explicitly modelled, such as those in the lower Karapiro, 

sediment load contributions are captured via representation of the surface and shallow landslide 

erosion processes occurring within these areas. This approach enables better representation of the 

spatial patterns in sediment loads at higher resolution than can be achieved using the Erosion 

Terrains, as can be seen in the modelled shallow landslide and surface erosion yields for Karapiro in 

Figure 5 and Figure 6.  

Riverbank erosion modelling in SedNetNZ was improved through use of a much larger data set on 

bank migration rates for model calibration and LiDAR-derived estimates of bank height, which 

replaces earlier reliance on a simple regional discharge-bank height relationship. Access to high-

resolution spatial data on riparian woody vegetation remains a key requirement for modelling bank 

erosion. For this reason, riparian woody vegetation cover is now derived directly from the LiDAR 

data at 1 m resolution, replacing use of the lower resolution (15 m) ‘EcoSat Woody’ layer (Dymond 

& Shepherd 2004). The LCDB is unsuitable for representing narrow strips of riparian vegetation due 

to its minimum mapping unit of 1 ha.  

Erosion mitigation effectiveness  

The reduction in sediment load from hillslope erosion processes is determined by the change in 

land cover related to each type of mitigation in each scenario. Effectiveness represents the capacity 

of an erosion mitigation to reduce sediment load once fully mature and is specific to each 

mitigation type. The effectiveness values we used in our modelling were based on simplifications of 

published data and assumed full effectiveness of mitigations once fully mature. However, a 

considerable range of effectiveness values for different erosion mitigations are reported in the 
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literature and real-world effectiveness can vary significantly. A comprehensive summary of erosion 

mitigation effectiveness is provided by Phillips et al. (2020).  

We used an effectiveness value of 90% for the reduction of mass movement erosion following the 

conversion from pasture to permanent woody cover. This represents the reduction typically 

observed in New Zealand studies (Phillips et al. 2020). However, studies have reported ranges 

between 35% and 91%, with most indicating a 70%-90% reduction in landsliding under closed-

canopy vegetation (such as indigenous forest, pines older than 8 years, or scrub) compared to 

pasture (e.g. DL Hicks 1989, 1990, 1991; Pain & Stephens 1990; Phillips et al. 1990; Marden et al. 

1991; Bergin et al. 1993, 1995; Marden & Rowan 1993; Fransen & Brownlie 1995; Hancox & Wright 

2005; Smith et al. 2023). 

For the effectiveness of space-planted trees, we adopted a value of 70% based on data from 

Hawley and Dymond (1988) but supported more broadly by published studies. Most empirical data 

on the performance of space-planted trees for erosion control are based on individual or small 

groups of trees rather than hillslope-scale performance. Reported values range from 22% to 95% in 

various New Zealand studies (Phillips et al. 2020). The large range reflects the high dependence on 

successful establishment of the trees and subsequent maintenance to ensure their survival and 

effectiveness (see Marden & Phillips 2013). When plantings are adequately spaced (10 m) and well 

maintained, published reductions in shallow landsliding range from 70% to 95% (e.g. Hawley & 

Dymond 1988; Douglas et al. 2009, 2013; McIvor et al. 2015). 

Determining the most appropriate effectiveness value for reductions in stream bank erosion arising 

from riparian fencing and stock-exclusion is challenging because of the limited studies available, 

with stream bank erosion one of the least understood erosion processes in New Zealand (Basher 

2013). Bank erosion varies with stream order and scale (e.g. headwaters, lower reaches) and can 

occur through various processes, such as mass failure, stock trampling, and fluvial entrainment 

(Hughes 2016), making the impact of riparian management on bank erosion highly variable. Our 

effectiveness value falls within the 30%–90% range from published and unpublished sources 

(Owens et al. 1996; Williamson et al. 1996; Line et al. 2000; Meals & Hopkins 2002; McKergow et al. 

2003, 2007; Monaghan & Quinn 2010; Phillips et al. 2020). 

Riparian fencing estimate 

The estimation of riparian fencing across the CEM catchments was derived from survey data 

provided by WRC from the CEM catchment riparian surveys conducted between 2020 and 2023. 

Relying on these surveys to estimate fencing extents introduces uncertainties, particularly when 

mapped onto the digital stream network. These uncertainties primarily stem from: a) limitations 

inherent in the survey data, including potential sample and observer biases and variability in data 

consistency across the catchments; and b) challenges in ensuring the spatial representativeness of 

average fencing estimates and their alignment with the digital stream network. 

The WRC surveys employ a stratified sampling approach, creating distinct sub-groups to capture a 

range of variables, including land-use type, and stream order. A challenge arises in translating site-

based fencing data to the catchment-wide digital stream network. Applying farm-type and stream-

order-based average fencing proportions to represent catchment patterns introduces potential 

inaccuracies at specific stream segments. Also, while site surveys can determine farm types at 

specific locations, mapping these onto the digital stream network using AgriBase® farm 
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classifications provides only a coarse approximation of land use over time, potentially missing more 

varied land uses within farm type classifications. 

Determining accurate fencing proportions is also complicated by the precision of the digital stream 

network. The digital network's sensitivity to the drainage area threshold for the initiation of first-

order streams means its alignment with actual stream networks can vary across terrains. As a result, 

some first-order streams in the digital network may be perennial, ephemeral, or non-existent. We 

have addressed this issue by implementing a new digital stream network derived from the LiDAR 

5 m DEM using a 5 ha initiation threshold. While some over- and underestimation of channel 

extent persists, the updated network represents a significant improvement in capturing the extent 

and planform of the actual stream network compared to the previous REC2 digital stream network. 

Any overestimation of the contemporary riparian fencing extent limits the length of the remaining 

stream network available for further fencing and, consequently, the modelled future reduction in 

sediment load from additional riparian fencing. This limitation also affects the potential 

improvements in visual clarity and the ability to achieve NPS-FM 2020 attribute bands and the NBL. 

In contrast, underestimation of the contemporary fencing extent, will lead to potential 

overestimation of the levels of load reduction and clarity improvement achieved with future 

fencing. 

Reductions required to meet visual clarity attribute bands   

We estimated mean annual suspended sediment load reductions to achieve visual clarity and 

suspended fine sediment objectives using equations developed by Hicks et al. (2019) from 

simplifications in the relationships reported by Dymond et al. (2017). A key assumption for 

calculating required load reductions to meet objectives is that the relationship between suspended 

sediment load and the flow frequency distribution remain constant at a site. In reality, this 

relationship may change due to changes in catchment hydrology, leading to changes in the 

relationship between a given flow and suspended sediment load (Hicks et al. 2019).  

Because data are not presently available to predict these changes, we have assumed that the 

associated relationships remain constant. This assumption is particularly important when modelling 

changes in visual clarity under different scenarios. Because these scenarios may significantly change 

the land cover and catchment hydrology, the relationship between visual clarity and sediment load 

may differ at an SOE site compared with the contemporary baseline (C2023).  

We estimated the required load reductions using empirical models fitted to a national data set. This 

should result in the models being fitted to a wide range of catchment variables and therefore 

representing the variability across Waikato CEM catchments. Although sites from Waikato were 

used in the national data set (see Hicks et al. 2019), this approach may lead to under- or 

overestimation of required reductions at any one location.  
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5 Conclusions 

This report describes work undertaken to model erosion and suspended sediment loads using the 

newly developed LiDAR-based version of SedNetNZ in four Waikato CEM catchments. The model 

predicted net suspended sediment load delivered to the catchment outlets, with estimates of 33.4 

kt yr–1, 14.4 kt yr–1, 13.2 kt yr–1, and 6.6 kt yr–1 for Moakurarua, Matahuru, Kaniwhaniwha, and 

Karapiro, respectively, under contemporary conditions. Shallow landslides were mostly identified as 

the dominant sediment source, contributing 42%–81% of the load, while surface erosion accounted 

for 14%–46%, and riverbank erosion for 6%–13% across the catchments 

Erosion mitigation scenarios (M1 and M2) comprising a combination of afforestation/bush 

retirement, spaced tree planting, and riparian fencing could reduce net sediment loads by 21%–

45% under M1 and 23%–45% under M2. The Matahuru catchment showed the largest proportional 

reductions (of 41%–45%), while Moakurarua exhibited the greatest absolute reductions, with 

decreases of up to 9.6 kt yr⁻¹ under M2. Matahuru achieved the largest reductions from 

afforestation and bush retirement (16% under M1, 32% under M2), while Karapiro showed the 

smallest reductions (7% under M1, 14% under M2). Riparian fencing had the lowest proportional 

impact on sediment loads across all catchments.  

Despite these reductions, none of the fully implemented mitigation scenarios achieved the NPS-FM 

(2020) NBL at any of the SOE sites. At full implementation of M1 and M2, further reductions of 

between 12% and 40% would still be needed to meet the NBL across the CEM catchments, with 

greater reductions (between 39% and 63%) required to achieve the A attribute band. 

Modelled suspended sediment loads are generally consistent with SSC-Q rating curve estimates of 

loads from river monitoring sites, as well as with previous region-wide modelling, albeit being 

slightly lower; the exception is Kaniwhaniwha, where the load is marginally higher. These 

differences reflect variations in modelled soil conservation works, such as riparian fencing, and 

inherent changes in erosion process representation within the new erosion process sub-models. 

Compared to previous region-wide modelling, there is a general decrease in the relative 

contribution of shallow landslides, accompanied by an increase in surface and riverbank erosion 

across all CEM catchments. While absolute sediment loads from shallow landslides remain similar in 

Kaniwhaniwha and Matahuru, larger reductions are seen in Karapiro and Moakurarua. Surface 

erosion contributions have approximately doubled in Kaniwhaniwha, Karapiro, and Matahuru, while 

riverbank erosion loads have approximately doubled for all CEM catchments, largely due to an 

increase in the length of the modelled digital stream network. These variations reflect differences in 

modelled soil conservation works and improvements in process representation enabled by higher-

resolution LiDAR data.   
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Appendix 1  

Table A1.1. Summary of layers associated with the LiDAR-based version of SedNetNZ supplied with the present report 

Folder name Layer name Description 

Watershed_layers Kaniwhaniwha_streamlines_v1.0.shp 

Karapiro_streamlines_v1.0.shp 

Matahuru_streamlines_v1.0.shp 

Moakurarua_streamlines_v1.0.shp 

Digital streamlines representing the drainage network with a 5-ha upstream area threshold for 

channel initiation. 

• CATCHMENT – CEM catchment name 

• HydroID – unique identifier of each subwatershed 

• NextDownID – HydroID of the next downstream subwatershed 

• LengthKM – streamline length in km 

• StrOrd – Stream order (1 – 8) 

Watershed_layers Kaniwhaniwha_subwatershed_v1.0.shp 

Karapiro_subwatershed_v1.0.shp 

Matahuru_subwatershed_v1.0.shp 

Moakurarua_subwatershed_v1.0.shp 

Subwatersheds draining to segments within the digital stream network. 

• CATCHMENT – CEM catchment name 

• HydroID – unique identifier of each subwatershed 

• NextDownID – HydroID of the next downstream subwatershed 

• AreaKM2 – subwatershed area in km2 

Modelled_layers 

 

 

 

 

 

 

 

 

 

 

 

Kaniwhaniwha_C2023_LiDAR_SedNetNZ_v1.0.shp 

Karapiro_C2023_LiDAR_SedNetNZ_v1.0.shp 

Matahuru_C2023_LiDAR_SedNetNZ_v1.0.shp 

Moakurarua_C2023_LiDAR_SedNetNZ_v1.0.shp 

 

 

 

 

 

 

 

LiDAR-based SedNetNZ suspended sediment budget for each subwatershed in the CEM 

catchments based on 2018 land cover from LCDB v5.0 and existing soil conservation works 

(C2023).  

The shapefile contains the following fields: 

• HydroID – unique identifier of each subwatershed 

• NextDownID – HydroID of the next downstream subwatershed 

• AreaKM2 – subwatershed area in km2 

• LandslYld – mean annual suspended sediment yield (t km–2 yr–1) from shallow landslides 

delivered to the stream segment within a subwatershed 

• SurfaceYld – mean annual suspended sediment yield (t km–2 yr–1) from surface erosion 

delivered to the stream segment within a subwatershed 
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Folder name Layer name Description 

Modelled_layers 

(Cont.) 

 

Kaniwhaniwha_C2023_LiDAR_SedNetNZ_v1.0.shp 

Karapiro_C2023_LiDAR_SedNetNZ_v1.0.shp 

Matahuru_C2023_LiDAR_SedNetNZ_v1.0.shp 

Moakurarua_C2023_LiDAR_SedNetNZ_v1.0.shp 

(Cont.) 

 

• EarthflYld – mean annual suspended sediment yield (t km–2 yr–1) from earthflow erosion 

delivered to the stream segment within a subwatershed 

• GullyYld – mean annual suspended sediment yield (t km–2 yr–1) from gully erosion delivered 

to the stream segment within a subwatershed 

• RivBankYld – mean annual suspended sediment yield (t km–2 yr–1) from net riverbank erosion 

delivered to the stream segment within a subwatershed 

• TotalSedYld – total mean annual suspended sediment yield (t km–2 yr–1) delivered to the 

stream segment from all erosion processes present within a subwatershed  

• AccNetLoad – net suspended sediment load that accumulates downstream while accounting 

for losses of sediment into long-term storage in lakes and on floodplains (t yr–1) 

Modelled_layers Kaniwhaniwha_XX_SedYld_LiDAR_SedNetNZ_v1.0.shp 

Karapiro_XX_SedYld_LiDAR_SedNetNZ_v1.0.shp 

Matahuru_XX_SedYld_LiDAR_SedNetNZ_v1.0.shp 

Moakurarua_XX_SedYld_LiDAR_SedNetNZ_v1.0.shp 

 

XX = 

• M1 or M2 

LiDAR-based SedNetNZ total mean annual suspended sediment yield (t km–2 yr–1) for each 

subwatershed in the CEM catchments based on the erosion mitigation scenarios (M1 and M2).  

The shapefile contains the following fields: 

• HydroID – unique identifier of each subwatershed 

• AreaKM2 – subwatershed area in km2 

• XX_XX_XXX – total mean annual suspended sediment yield (t km–2 yr–1) delivered to the 

stream segment from all erosion processes present within a subwatershed for the respective 

scenario 

• M1_20_yld, M1_30_yld, M1_40_yld, M1_50_yld, M1_100_yld,  

M1_aff_yld, M1_spa_yld, M1_rip_yld 

• M2_20_yld, M2_30_yld, M2_40_yld, M2_50_yld, M2_100_yld, 

M2_aff_yld, M2_spa_yld, M2_rip_yld  

• Rank_M1 – ranked subwatershed for size of load reduction for M1 scenario 

• Rank_M2 – ranked subwatershed for size of load reduction for M2 scenario 
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Folder name Layer name Description 

Modelled_layers Kaniwhaniwha_XX_NetLd_LiDAR_SedNetNZ_v1.0.shp 

Karapiro_XX_NetLd_LiDAR_SedNetNZ_v1.0.shp 

Matahuru_XX_NetLd_LiDAR_SedNetNZ_v1.0.shp 

Moakurarua_XX_NetLd_LiDAR_SedNetNZ_v1.0.shp 

XX =  

• M1 or M2 

LiDAR-based SedNetNZ mean annual net suspended sediment load (t yr–1) that accumulates 

downstream for each subwatershed in the CEM catchments based on the erosion mitigation 

scenarios (M1 and M2). 

The shapefile contains the following fields: 

• HydroID – unique identifier of each subwatershed 

• AreaKM2 – subwatershed area in km2 

• XX_XX_XXX – mean annual net suspended sediment load that accumulates downstream 

while accounting for losses of sediment into long-term storage in lakes and on floodplains 

for each respective scenario (t yr–1) 

• M1_20_nld, M1_30_nld, M1_40_nld, M1_50_nld, M1_100_nld,  

M1_aff_nld, M1_spa_nld, M1_rip_nld 

• M2_20_nld, M2_30_nld, M2_40_nld, M2_50_nld, M2_100_nld, 

M2_aff_nld, M2_spa_nld, M2_rip_nld 

• Rank_M1 – ranked subwatershed for size of load reduction for M1 scenario 

• Rank_M2 – ranked subwatershed for size of load reduction for M2 scenario 

Shallow_landslide Kaniwhaniwha_XXX_ShallowLandslideErosion_v1.0.tif 

Karapiro_XXX_ShallowLandslideErosion_v1.0.tif 

Matahuru_XXX_ShallowLandslideErosion_v1.0.tif 

Moakurarua_XXX_ShallowLandslideErosion_v1.0.tif 

XXX =  

• C2023 

• M1 

• M2 

Raster layer (5 m grid) of mean annual suspended sediment yield (t km–2 yr–1) from rainfall-

induced shallow landslide erosion delivered to the stream network for contemporary baseline 

(C2023) and full implementation of each erosion mitigation scenario (M1 and M2).  

 

For sediment budgeting, the sediment yield from shallow landslide erosion is derived by 

averaging across all pixels within a subwatershed. 
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Folder name Layer name Description 

Surface_erosion Kaniwhaniwha_XXX_SurfaceErosion_v1.0.tif 

Karapiro_XXX_SurfaceErosion_v1.0.tif 

Matahuru_XXX_SurfaceErosion_v1.0.tif 

Moakurarua_XXX_SurfaceErosion_v1.0.tif 

XXX =  

• C2023 

• M1 

• M2 

 

Raster layer (5 m grid) of mean annual suspended sediment yield (t km–2 yr–1) from surface 

erosion delivered to the stream for contemporary baseline (C2023) and full implementation of 

each erosion mitigation scenario (M1 and M2).  

At the pixel scale, very high sediment yields from surface erosion occur when expressed per km2 

in some cases due to the combination of high erosion rates and the small pixel size (1 pixel = 25 

m2). For sediment budgeting, the sediment yield from surficial erosion is derived by averaging 

across all pixels within a subwatershed.  

The sediment yields account for sediment trapping by riparian buffers, which is determined for 

each subwatershed and applied across all pixels within the subwatershed. 

Visual_clarity SOE_C2023_proportional_reductions_v1.0.shp 

SOE_M1_proportional_reductions_v1.0.shp 

SOE_M2_proportional_reductions_v1.0.shp 

SOE_C2023_proportional_reductions_v1.0.shp 

SOE_M1_sediment_load_reductions_v1.0.shp 

SOE_M2_sediment_load_reductions_v1.0.shp 

Modelled reductions in suspended sediment loads for contemporary baseline and erosion 

mitigation scenarios required to achieve each NPSFM (2020) attribute band and NBL for 

suspended fine sediment. Provided as proportional reductions and load reductions (t yr–1) 

• Site_name – Name of SOE monitoring site 

• Site_ID – Site ID of SOE monitoring site 

• HydroID – unique identifier of each subwatershed 

• SedClass – Suspended sediment class (1-4) based on REC segments (Hicks & Shankar 

(2020)) 

• CLAR – Estimated baseline visual clarity for each SOE site (based on data provided) 

• base_stat – Estimated base state (based on data provided) 

• NBL_XX, B_XX, A_XX - Proportional reductions to achieve NPS-FM (2020) for band A, B and 

NBL (C). Suffixes refer to respective scenarios.  

• C2023  

• M1_20, M1_30, M1_40, M1_50, M1_100, M1_aff, M1_spa, M1_rip 

• M2_20, M2_30, M2_40, M2_50, M2_100, M2_aff, M2_spa, M2_rip 
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