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Executive summary 
The protection of Tauranga Harbour is a high priority for Bay of Plenty Regional Council 
(BoPRC), and terrestrially-derived sediment is adversely affecting existing harbour values. 
BoPRC has previously received advice on sediment loads and the spatial distribution of 
hillslope sediment source areas from the catchments draining to Tauranga Harbour. In this 
project, BoPRC contracted NIWA to investigate river bank sediment sources to Tauranga 
Harbour. BoPRC selected the Kopurererua Stream as a pilot study catchment. The first 
stage of this project involved identifying suitable methods for determining the relative 
contribution of stream banks as sediment sources. After reviewing the Stage I report BoPRC 
decided to proceed in Stage II with a two pronged monitoring approach within the 
Kopurererua catchment: 

1) determine the contribution of bank sediment to the river system by radionuclide 
sediment tracing, and 

2) on-the-ground-surveying of bank erosion sites using RTK GPS in conjunction with 
suspended sediment concentration (SSC) monitoring near the catchment outlet. 

BoPRC also required that Stage II of this project provide information (in the form of a 
literature review) on the effectiveness of previous catchment interventions (primarily from 
New Zealand) which were aimed at reducing sediment delivery from river banks. 

Because of the general global dearth of bank erosion research, the literature review only 
revealed a small number of relevant studies. All the known New Zealand studies were 
included and supplemented by a few key international ones. Most of these studies quantified 
either the effect of riparian planting (grass and trees) and/or riparian fencing on stream bank 
erosion or downstream suspended sediment yields. The review found that: 

� most of the studies attribute the exclusion of livestock from riparian areas as a 
reason for the measured improvements or differences 

� only one of the studies (where grass was planted on bare banks) specifically 
stated that riparian planting resulted in a reduction in bank erosion or sediment 
yield 

� because of the dominance of different erosion processes in different parts of a 
catchment, reach specific solutions to bank erosion need to be considered. 

The sediment radionuclide tracing component found that the two primary sediment sources 
of interest (hillslope and stream bank) could be well differentiated using the nuclear bomb-
derived fallout radionuclide Caesium-137 (137Cs) and the ratio between the two rock derived 
radionuclides, Radium-228 (228Ra) and Radium 226 (226Ra).  The contribution of these two 
sources to three catchment end sediment deposits (within the tidal reaches of the river) were 
determined using a numerical mixing model.  The model predicted high contributions of 
stream bank erosion, ranging from 95 to 99%. The mixing model was able to closely predict 
the 137Cs concentrations and 228Ra-226Ra ratios of the end of catchment deposits (i.e., high 
goodness of fit). This provides confidence that the model’s optimisation of the contribution of 
stream bank and hillslope sources is robust.  Although the mixing model results are robust in 
terms of model goodness of fit, all sediment source tracing approaches have inherent 
uncertainties (e.g., sampling and measurement related) that mean that the results are best 
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used as a general indication of the relative contribution of different sources. Furthermore, 
because of the potential for multiple subsurface soil sources in the Kopurererua catchment 
(i.e., bank erosion, mass movement and bare earth from urban development), this method is 
likely to provide an upper limit of the contribution of sediment from bank erosion. 

One of the initial goals of this project was to carry out on-the-ground surveys of the river 
channel that could be contributing sediment through bank erosion using  Real Time 
Kinematic (RTK) GPS. However, during a catchment reconnaissance visit it became clear 
that a comprehensive GPS survey would be logistically very difficult (mainly due to physical 
access issues and limited satellite coverage) and would, therefore, not provide the intended 
results. NIWA recommended to BoPRC that the GPS survey not be carried out. Even though 
the GPS survey was not carried out, the reconnaissance visit involved a detailed field 
inspection of bank erosion, which was useful in establishing the extent of bank erosion in the 
middle reaches of the Kopurererua catchment and highlighted reaches where the erosion is 
particularly severe.  The field inspection of bank erosion found that: 

• Large amounts of sediment are being delivered from the upper reaches of both the 
Tautau and Kopurererua Streams, as evidenced by large sheets of sand on the bed 
of the Tautau Stream and very turbid water and silty deposits on the bed of the 
Kopurererua at the upstream end of the inspected reach. The difference in size grade 
of sediment from the two streams is noticeable, with the finer Kopurererua sediment 
making a greater contribution to turbidity below their confluence. 

• Bank erosion is certainly a source of sediment along the inspected middle reaches of 
the Kopurererua catchment. Erosion is particularly severe along the more sinuous 
reaches of the Kopurererua Stream, and much of the channel is choked with 
overgrown vegetation, which is placing increased pressure on the banks.  

• The lower reaches of the Kopurererua are relatively straight and stable. The banks 
are well vegetated and erosion is very minor along these reaches. 

A further approach that may help further differentiate sediment sources is the establishment 
of a strategic suspended sediment concentration (SSC) monitoring programme. We have 
inferred that mass wasting of valley walls dominates in the upper reaches and bank erosion 
dominates in the middle reaches.  Therefore the establishment of monitoring stations on the 
two main tributaries (draining the upper reaches) will enable (in combination with currently 
established SH29 site) the relative contribution of two important subsurface sources to be 
assessed. 
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1 Introduction 
In Tauranga Harbour, as with many estuaries around New Zealand, the issue of increased 
fine sediment input associated with human activities on the adjacent land is an area of 
concern. The effects of fine sediment in estuaries and harbours are significant. Fine 
sediment has a wide range of effects once deposited, including shoaling or infilling and 
smothering of benthic organisms (Thrush et al. 2003). Increased sedimentation within 
estuaries may also lead to the proliferation of mangroves in areas where they historically 
have been absent. For various reasons, such spread of mangroves is seen as undesirable 
by some communities. Other than these depositional effects, an obvious feature of fine 
suspended sediment is the cloudiness (‘turbidity’) induced in water by light scattering that 
reduces visual clarity (Davies-Colley et al. 2003). Reduced visual clarity can severely 
constrain the ‘visual habitat’ of predators such as fish and birds of fish. As well as reducing 
visual range, suspended particulate matter (SPM) also reduces light penetration into waters. 
Reduced light exposure reduces photosynthesis and vigour of benthic plants, such as sea 
grasses (Davies-Colley et al. 2003) – sometimes causing or contributing to catastrophic 
collapses of these communities (Burkholder et al. 2007). Recreational uses are also severely 
impacted by reduced visual clarity in sediment-laden water – which is both aesthetically 
unappealing and may mask submerged hazards such as trash and snags that could be 
avoided in clearer water (Davies-Colley et al. 2003).  

BoPRC has previously received advice on sediment loads and the spatial distribution of 
hillslope sediment source areas of the catchments draining to Tauranga Harbour (i.e., Elliott 
et al. 2009). This advice was based on GLEAMS modelling. GLEAMS determines the 
amount of sediment derived from hillslopes of different land use. However, it does not include 
processes such as bank erosion and mass movement. Accordingly, BoPRC require 
information on the importance of bank erosion as a source of sediment to the streams 
draining to Tauranga Harbour. The Kopurererua Stream catchment was selected as a pilot 
catchment in which methods for determining the contribution of river bank erosion could be 
assessed and tested. 

The project was divided into two stages: 

1) Stage I was to develop a methodology for determining the contribution of bank 
erosion to the overall stream sediment load into Tauranga Harbour from the 
Kopurererua Stream catchment. The recommended method needed to be generic so 
that it could be applied to other sub-catchments draining to Tauranga Harbour. 
Advice was also sought on appropriate methods for determining the effectiveness of 
catchment interventions (e.g., riparian planting) and tools for reducing the sediment 
loads sourced from bank erosion to Tauranga Harbour. 

2) Stage II consists of carrying out an assessment of the river bank sediment sources 
within the Kopurererua Stream catchment using the preferred method identified in 
Stage I, and assessing the potential to reduce sediment loads by riparian and river 
management policies. 

NIWA carried out Stage I of this project and completed a report outlining our 
recommendations (see Hughes et al. 2013). In brief the Stage I report recommended the 
following: 
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1) Quantifying the relative contribution of bank erosion sources by on-the-ground-
surveying of bank erosion sites using RTK GPS in conjunction with suspended 
sediment concentration (SSC) monitoring near the catchment outlet. 

2) Quantifying the contribution of bank erosion (upper limit) to the catchment outlet by 
sediment source tracing, specifically by radionuclide (e.g., 137Cs, 210Pbex and 226Ra) 
analysis. 

3) With regards to assessing the effectiveness of catchment interventions, long-term 
flow and SSC monitoring, at or near the catchment outlet, was recommended. 
Ground surveying (by RTK GPS) was also recommended as an alternative approach 
should the flow/SSC monitoring approach be deemed unsuitable  The ground 
mapping survey approach would provide the benchmark to which the effectiveness of 
future interventions are assessed after a number of years of surveying. 
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2 Project brief 
After reviewing the Stage I report and after further discussions between NIWA and BoPRC 
staff, BoPRC decided to proceed with a two pronged monitoring approach within the 
Kopurererua Stream catchment: 

1) Tracing the source of fluvially transported sediment by radionuclide analysis. 

2) On-the-ground-surveying of bank erosion sites using RTK GPS in conjunction with 
suspended sediment concentration (SSC) monitoring near the catchment outlet. 

For radionuclide analysis it was highlighted in the Stage I report that, because of the potential 
for multiple subsurface soil sources (i.e., bank erosion, mass movement and bare earth from 
urban development), this method is likely to provide an upper limit of the contribution of 
sediment from bank erosion. However, a benefit of this approach is that if there should be 
good agreement between the two methods within the Kopurererua Stream catchment (i.e., 
the ground survey method shows a similar contribution of bank erosion to the fallout 
radionuclide method) then we can have confidence that bank erosion is the main subsurface 
source and the fallout radionuclide method could be applied with confidence more widely 
throughout the Tauranga Harbour catchments. 

On 26 and 27 March 2014, a catchment reconnaissance visit was carried out with the aim of 
determining suitable reaches for a RTK GPS survey. During this visit it was concluded that a 
comprehensive GPS survey would be very difficult, mainly due to challenging access in 
many parts and the difficulty in determining the top of bank locations due to thick, weedy 
vegetation. Consequently, during a telephone conference on 14 April with BoPRC staff, we 
recommended that the GPS survey not be carried out. The project brief was amended (as 
agreed in email communications) to reflect this change. Despite the unsuitability of much of 
the river channels for on-the-ground surveying, much information was garnered in terms of 
the river bank form and potential for erosion and this will be outlined in this report. An 
alternative approach for determining the relative contribution of bank erosion is also outlined. 

The Bay Of Plenty Regional Council also required information on the effectiveness of 
previous catchment interventions (primarily from New Zealand) which were aimed at 
reducing sediment delivery from river banks. This information will be presented in the form of 
a review of the key publications from New Zealand. As indicated in the project proposal, our 
knowledge of this area of research suggests that very little such research has been 
undertaken in New Zealand. Accordingly, we will also highlight some key studies from 
overseas catchments that use intervention approaches suitable to New Zealand conditions. 

  



 

12 The importance of bank erosion as a source of suspended sediment within the Kopurererua 

 

3 Catchment intervention measures aimed at reducing 
bank erosion 

3.1 Introduction 
River bank erosion is a natural river process and as argued by Florsheim et al. (2008) it can 
in fact be a desirable attribute as it encourages riparian vegetation succession and creates 
dynamic habitats that are critical for aquatic and riparian flora and fauna. Human-induced 
catchment disturbance has, however, probably resulted in increased rates of bank erosion in 
many New Zealand catchments. Such disturbance may have included: i) changes in 
catchment hydrology due to the clearance of natural land cover and resultant response of 
channels to new flow regimes, ii) direct channel modification (e.g., channel straightening) and 
resulting increased stream power (due to increased channel slope), iii) introduction of large, 
heavy mammals to catchments and their unrestricted access to many waterways. 

Some overseas studies have estimated that up to 90% of a catchment’s sediment yield is 
derived from channel sources (e.g., Wasson et al. 1998). Although, bank erosion has been 
identified as important in many New Zealand catchments there has been very little research 
carried out to date (Watson and Basher 2006) and even less research on quantifying the 
effectiveness of catchment intervention measures aimed at reducing bank erosion. 

The catchment intervention measures available to catchment managers to try to reduced 
sediment derived from bank erosion are relatively limited. Such intervention measures 
can be divided into ‘hard’ engineering (e.g., rock gabion, rip rap etc.,) and ‘soft’ 
catchment management (e.g., stock exclusion, riparian planting etc.,) solutions. Hard 
engineering solutions can be very effective when designed properly and are not 
undermined by channel bed incision. Sediment derived from bank erosion in engineered 
reaches can be reduced to nothing or negligible amounts. Such solutions do, however, 
tend to have high construction costs and they are unlikely to be suitable (or desirable) as 
a catchment-wide solution. 

In recent decades there has been a tendency to use soft catchment management solutions 
to address bank erosion issues. There is often an assumption that planting riparian areas 
and/or excluding grazing animals will result in significant benefits (i.e., reduced erosion 
rates). This assumption is based off the observation from both New Zealand (e.g., Collier and 
Quinn 2003) and overseas (e.g., Beeson and Doyle 1995; Stott 1997) that bank erosion rates 
are lower in forested streams than pasture streams. This may be the case for streams that 
are in a state of dynamic equilibrium (i.e., are relatively stable and are not responding to 
some disturbance). The reality is that catchment interventions are a form of ‘disturbance’. 
The effects of interventions aimed at reducing bank erosion will largely be catchment and 
scale dependent. The implications of this are that the processes acting on a river bank need 
to be appreciated before any rehabilitation is undertaken. Previous research has shown that 
there tends to be a spatial zonation of erosion processes in catchments (e.g., Lawler 1995; 
Abernethy and Rutherfurd 1998). This research suggests the following: 

1. In headwater streams where stream power is low and bank heights are small 
bank preparatory processes (also known as sub-aerial processes; e.g., drying 
of banks, freeze-thaw, micro-rill development and stock trampling) dominate. 
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2. In the mid-reaches of a catchment stream power increases and fluvial 
entrainment (e.g., scour) dominates. 

3. In the lower reaches of catchments where bank heights are high (relative to the 
rest of the catchment) mass-failure mechanisms (e.g., bank slumping) 
dominate. 

While all three processes (preparatory, fluvial entrainment and mass failure) can occur 
throughout a catchment, it is the relative importance as an erosion source that changes with 
catchment scale (Figure 3-1). This has important implications for bank rehabilitation as the 
method used needs to be considered on a reach by reach basis, depending on what 
processes dominate. For example, in the lower reaches of a catchment (where mass failure 
mechanisms are likely to of most importance) removal of stock from riparian areas and or the 
planting of small shrubs, flax and grass is unlikely to significantly affect the amount of 
sediment being contributed from these reaches. This does mean that such interventions will 
have no positive effect, but rather they are unlikely to have much impact on reducing 
sediment derived from the dominant erosion process. In these reaches where mass failure 
dominates an intervention measure that provides some structural support to the banks (such 
as the planting of large tree species) is likely to be a more appropriate. However, even when 
large tree species (with extensive root systems) are used it is unlikely that such an 
intervention will have a measurable effect for a number of years. This is because it is not until 
trees have had time to grow and develop deep root systems is such planting able to provide 
effective protection against erosion (Abernethy and Rutherfurd 1998).  

 

Figure 3-1: Conceptual model of downstream change in bank erosion process groups.   The 
overlapping dominance domains indicate the role of process combinations in affecting bank retreat 
and sediment delivery to streams (Source: Lawler, 1995). 

Also related to the issue of scale is the potential impact of planting riparian vegetation within 
headwater streams that have been used for pastoral-based land uses. Research from both 
New Zealand (e.g., Davies-Colley 1997; Chappell and Brierley 2013) and overseas (e.g., 
Murgatroyd and Ternan 1983; Trimble 1997; McBride et al. 2010) indicate that in low order 
(i.e., headwater) streams, the planting of riparian vegetation (once established) can actually 
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result in channel widening and hence increased sediment input. These studies attributed the 
channel widening process to: i) the suppression of grassy and understory vegetation on the 
banks and within channels with a closed canopy (Murgatroyd and Ternan, 1983; Davies-
Colley1997); and, ii) local scouring from large woody debris (LWD) (Murgatroyd and Ternan 
1983; Trimble 1997). While both of these factors may play a role, they are unlikely to have an 
immediate effect as: i) it takes some years before riparian vegetation is large enough to 
effectively shade out the groundcover vegetation, and ii) a significant volume of LWD will 
only be available for deposition in streams after a number of decades of growth. 

The suppression of groundcover vegetation is particularly important in headwater streams as 
it is likely to result in an increased susceptibility to the preparatory processes described 
above (which are likely to be the most effective erosion process). In a long-term monitoring 
study from the Whatawhata Research Station in the Waikato region Hughes et al. (2012) 
attributed the continued dominance of near-channel sources to this phenomenon eight years 
after extensive riparian vegetation planting. 

A study by Parkyn et al. (2005) used knowledge of the difference in widths of forested and 
pasture streams to estimate that channel widening in response to planting streams in the 
Auckland region with riparian vegetation could result in the release a total of 940 tonnes per 
km of river length. They predicted that, due to the increasing importance of ground cover 
suppression by canopy shading and the introduction of LWD to the river system, bank 
erosion would peak 25 years after planting (Figure 3-2). They also argued that bank erosion 
rates would eventually decline (below pre-riparian planting levels) as the river channel 
reached a new forest shaded morphology. 

 

Figure 3-2: Predicted effect on sediment yield of planting riparian vegetation and stock 
exclusion on pasture streams in the Auckland Region. From Parkyn et al. (2005). 
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3.2 New Zealand studies that report the effectiveness intervention 
measures aimed at reducing bank erosion 

As identified in a recent Landcare Research report (Watson and Basher 2006) bank erosion 
studies in New Zealand are rare and there is little information on the contribution of bank 
erosion to river sediment yields. This lack of quantitative research also includes studies that 
quantify the effects of catchment intervention measures on bank erosion. The lack of such 
studies is likely to be due to the long time periods that bank erosion studies need to be 
carried out over if they are to be meaningful. The required study length would be even 
greater if a stream reach of interest was to be assessed for erosion rates before any 
intervention measures were put in place (i.e., a ‘before and after’ research design). Another 
issue with measuring bank erosion rates is the problem of accurately representing the nature 
of erosion for a whole river system from measurements from a few channel locations. There 
are, however, a handful of relevant New Zealand studies and these are summarised below. 

A study by Parkyn et al. (2003) sought to assess the effectiveness of riparian buffers on, 
amongst other things, stream bank stability. Nine streams in the Waikato Region were 
assessed, each had a fenced and planted riparian reach downstream of an unfenced and 
actively grazed reach. The fenced sites had been retired from grazing for between 2 and 24 
years. The authors used the Pfankuch method to assess stream bank stability. The Pfankuch 
method is a qualitative assessment approach that evaluates mass wasting potential, 
erodibility of bank and bed materials, channel capacity and evidence of excessive erosion 
and/or deposition (Pfankuch 1975). Scores are assigned to individual assessment 
components and depending on the total score (Pfankuch index) for a reach, a rating of 
‘good’, ‘fair’ or ‘poor’ is assigned. Parkyn et al. (2003) found that only three of the nine study 
streams had better ratings in the buffered reaches than the non-buffered reaches. The 
authors did not, however, present any specific explanations for this limited improvement in 
bank stability. They did, however, generally suggest that some benefits of such stream 
rehabilitation may only be observable over the long-term (decades to centuries). 

In a similar research design to the Parkyn et al. (2003) study, Williamson et al. (1992) used 
the semi-quantitative approach of Platts et al. (1983) to determine the difference in channel 
form and bank stability between grazed and retired reaches from five streams in the 
Southland region. Unlike the Parkyn et al. (2003) study, the reaches that were retired from 
grazing were not planted or fenced. Channel characteristics, such as width, degree of 
undercut, bank angle, vegetation overhang, and erosion extent were measured on two 
occasions within the grazed and retired reaches. The authors did not find any evidence that 
grazed stream banks were more susceptible to erosion than retired stream banks, except 
when intensive grazing occurred on wet riparian soils adjacent to small streams (< 2 m wide). 
This research found that the dominant erosion process (in the wider streams) was channel 
undercut and this was largely unaffected by grazing of stream banks. These findings are a 
good example of the spatial zonation of the erosion processes that can occur throughout a 
catchment (as outlined in Section 3.1). That is, because preparatory processes are the 
dominant form of bank erosion in headwater streams (where stream power is low and bank 
heights are low), livestock access has the greatest relative impact in these reaches. 
Therefore, stock exclusion from the smaller headwater streams is likely to be much more 
effective (with regards to reducing stream bank erosion) than in the mid to lower reaches. 
Williamson et al. (1992) suggested that stream bank erosion in the reaches experiencing 
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undercut may have been reduced if the grazing retirement was complemented with riparian 
tree planting. 

In the only ‘before and after’ type study known to us from New Zealand Williamson et al. 
(1996) measured the proportion of eroding stream bank from a 14.3 km reach of the 
Ngongataha Stream in the Rotorua Lakes area on two occasions. In this study areas of 
active erosion (as evidenced by undercutting, bank collapse and recently exposed bare soil) 
were visually estimated in 1976 and again in 1989. Widespread riparian planting and fencing 
took place in the catchment between 1982 and 1988. This study was slightly compromised 
by the fact that the growth of riparian vegetation (in particular blackberry) made it difficult to 
assess the stream banks in the same way on both occasions. The authors did, however, 
account for this by only looking for large differences in stream bank stability in the 
comparison of the two survey results. The 1975 survey showed that ~30% of the stream 
banks in the study reach were actively eroding while this had reduced to ~4% in 1989. Using 
historical flow records they also estimated that this resulted in an approximately 85% 
reduction in sediment yield from the catchment. The authors attributed this reduction in 
stream bank erosion and sediment yield to the removal of livestock from riparian areas and 
the ability of riparian buffers to trap hillslope-derived sediment. 

As there are only a small number of studies that directly measure the effects of catchment 
interventions at reducing bank erosion it is also worth considering the findings of some New 
Zealand studies that infer changes in rates of bank erosion (e.g., changes in suspended 
sediment yields) after catchment interventions. One of such a study by Hughes et al. (2012) 
estimated the annual suspended sediment loads (from a long-term turbidity record) for a 12 
year period from a catchment within the Whatawhata Research Station. For the first two 
years of this study the catchment was used exclusively for unrestricted livestock grazing. 
During the third year an integrated catchment management plan was implemented whereby 
a number of catchment interventions were implemented, most significant of which were the 
exclusion of livestock from riparian areas, planting eroding headwater streams with poplar 
trees and the planting of extensive riparian areas with indigenous vegetation. Despite these 
catchment interventions this study failed to show any significant difference between mean 
specific sediment yields of the pre- and post-intervention periods. The authors attributed this 
to the limited pre-intervention dataset (two years) and the high natural inter-annual variability 
in sediment yields. This study hypothesised that while the exclusion of cattle from riparian 
areas may have reduced sediment from trampling of stream banks, stream banks may be 
beginning to widen (and hence input sediment) due to the shading of protective groundcover 
vegetation by a riparian canopy. 

A study by Wilcock et al. (2013) examined the results of applying best management practices 
(BMPs) in five dairying catchments throughout various parts of New Zealand. The five 
catchments were monitored for periods of between 7 and 16 years. BMPs included riparian 
planting and stock exclusion. They attributed reductions in SS concentrations (of between 4 
and 11% per year) to the removal of livestock from streams and riparian areas. The authors 
also stated that reduced bank erosion contributed to reduced SS concentrations after the 
implementation of the best management practices. However, no qualitative or quantitative 
data were presented to support this assertion. 
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Another study (Collins et al. 2013) looked at a number of water quality parameters in four 
stream reaches that had riparian buffers directly downstream of non-buffered reaches within 
the Lake Ellesmere catchment. Livestock were excluded from both the buffered and non-
buffered (control) sites. They found that nephelometric turbidity was marginally (but 
significantly) lower in buffered reaches than non-buffered reaches. The authors attributed this 
to the interception of hillslope derived sediment by the buffers. Although equally as feasible, 
the authors did not consider the potential of the riparian vegetation at reducing sediment 
supply (and hence a source of increased turbidity) directly from stream banks. 

Although not directly related to bank erosion, per se, it also worth noting the results of a 
riparian pasture retirement study carried out in the Waikato region (Smith 1989). In this study 
runoff collectors were positioned within both grazed and retired riparian areas (near river 
banks) so that runoff from the adjacent hillslopes was collected. The author found that the SS 
concentrations of runoff through the retired riparian sites were ~90% lower than from grazed 
sites. Hence, as noted with the Williamson et al. (1996) study, riparian buffers have the 
added benefit of being able to reduce sediment delivery from hillslopes as well as from 
stream banks. 

3.3 A selection of international studies that report the 
effectiveness of bank intervention measures 

Because of the general lack of New Zealand-based bank erosion studies it is worthwhile to 
present the outcomes of some international studies that have assessed the effectiveness of 
catchment interventions aimed at reducing bank erosion. As with the New Zealand studies, 
there are also few international studies to draw upon. The studies described below were 
selected on the basis that the approaches applied may also be suitable within New Zealand 
catchments. 

Arguably one of the most important studies to have quantified the effects of catchment 
interventions is a 10 year ‘before and ‘after’ study carried out in a 6 km2 agricultural 
catchment in south-western Western Australia (McKergow et al. 2003). For the first six years 
of the study the entire catchment was grazed with unrestricted access to the stream. A ~2 km 
reach was then fenced and planted with eucalypt trees and managed independently of the 
surrounding farm. After the improved riparian management, SS concentrations during events 
declined significantly with event mean concentrations dropping from 147 to 10 mg/l and the 
catchment sediment yield dropping from over 100 kg/ha/y to less than 10 kg/ha/y. The 
authors argued (on the basis of catchment observations) that the decreased sediment was 
due to reduced bank erosion and increased channel stability. The reduction in bank erosion 
and increased bank stability was attributed to the removal of cattle from the riparian areas. 

In another Australian study, Prosser et al. (2000) measured bank erosion within a headwater 
stream/canal over a three year period in the Central Highlands of Tasmania. Bank erosion on 
four reaches was measured by erosion pins and a groundprofiler device. Two reaches were 
in their natural bare form while the other two were rehabilitated by sowing grass seed on a 
layer of biodegradable matting. Over the study period the bare banks eroded at 
approximately 13 mm/y while no net erosion was measured from the rehabilitated reaches. 
The authors attributed the effectiveness of the grass cover to its ability to protect the banks 
from preparatory processes (mainly freeze/thaw processes in winter and desiccation in 
summer), the dominant form of erosion in this headwater stream. 
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A study from the south-west of England (Collins et al. 2010) used a sediment fingerprinting 
approach (using radionuclide and geochemical tracers) to determine the relative contribution 
of bank sediment to the interstitial sediment within trout/salmon spawning gravels of six 
rivers. This study carried out sediment fingerprinting on two occasions, once in 1999-2000 
and again in 2008-2009, after an extensive riparian fencing programme was implemented. 
Prior to the fencing programme cattle had unrestricted access to the streams and bank 
erosion was considered to be a significant source of catchment sediment. This study found 
that the amount of stream bank-derived interstitial sediment declined at all six river sites. This 
was attributed to the decrease in damage to the stream banks caused by cattle trampling. 
The authors cautioned, however, that the results may have been adversely affected by some 
methodological limitations, including the collection of a small number of source samples and 
the carrying out of sampling by different personnel on the two sampling occasions. 

3.4 Summary and conclusions 
In summary, the review of New Zealand and some international studies that have attempted 
to quantify the effectiveness of catchment interventions has shown that in most cases the 
intervention measures appear to have been effective (as defined by an observable reduction 
in bank erosion or decreased suspended sediment concentration/yield) to some degree 
(Table 3-1). The studies reviewed here were carried out in a variety of geographical locations 
where factors such as geology, soil type, climate, and land use history are likely to vary 
considerable. Furthermore, the methods used to quantify changes or differences in erosion 
rates and suspended sediment yields varied considerably. Therefore an assessment of 
which specific approach is ‘best’ is not feasible. Importantly, however, most of the studies 
attribute the exclusion of livestock from riparian areas as a reason for the measured 
improvements or differences. The importance of livestock (in particular cattle) as an erosive 
mechanism in catchments is well appreciated (Trimble and Mendel 1995). Furthermore, 
because of the high connectivity between stream banks and streams the prevention of 
physical damage in these areas is likely to be effective. 

Table 3-1: A summary of the findings of the bank erosion studies reviewed in this report.  

Study 
 

Intervention measure(s) Reduction in bank erosion or 
SS yield 

Parkyn et al. (2003) Planted and fenced riparian buffers Limited (yes 3 out of 9 sites) 

Williamson et al. (1992) 

 

Fenced buffers No for large streams; yes for 
small channels 

Williamson et al. (1996) Planted and fenced riparian buffers Yes 

Hughes et al. (2012) Planted and fenced riparian buffers No 

Wilcock et al. (2013) Planted and fenced riparian buffers Yes 

Collins et al. (2013) Planted and fenced riparian buffers Yes 

Smith (1989) Fenced grass riparian buffers Yes (from hillslope sources) 

McKergow et al. (2003). Planted and fenced riparian buffers Yes 

Prosser et al. (2000) Seeding bare banks with grass Yes 

Collins et al. (2010) Riparian fencing Yes  
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While the benefits of livestock removal from riparian areas may be clear, the effects of 
riparian planting (another popular catchment intervention measure) on stream bank erosion 
are more equivocal. Only one of the studies (Prosser et al. (2000); where grass was planted 
on bare banks) specifically stated that riparian planting resulted in a reduction in bank 
erosion or sediment yield. This does not mean it does not have an effect, but rather it was its 
effect was probably not so easily observed as the obvious difference between grazed and 
un-grazed stream banks. The benefit of riparian plantings on stream bank stability 
(particularly where mass wasting dominates) are likely to only be observable in the long-
term, after the root systems of large trees have developed and start providing structural 
support. Some previous research suggests that the planting of riparian vegetation in 
headwater streams (and the subsequent shading of stream banks) can in fact result in 
channel widening (and hence a release of sediment). Accordingly, it is feasible that the 
retention of a grassed riparian areas (management to avoid weed growth may be required) 
may be an effective approach is some circumstances due the ability of grass to both protect 
banks of low order streams from preparatory processes and provide an effective buffer from 
sediment derived from adjacent hillslopes. The implications of this are that a ‘one size fits all’ 
approach to the application of intervention measures in a catchment is unlikely to be 
appropriate or effective. 

  



 

20 The importance of bank erosion as a source of suspended sediment within the Kopurererua 

 

4 The relative importance of bank erosion as a sediment 
source within the Kopurererua Stream catchment 

4.1 Determining erosion sources using the radionuclide tracing 
method 

Radionuclide tracing has been used to determine the relative contribution of different erosion 
processes in catchments (e.g., He and Owens 1995). The method involves characterising 
potential sources of erosion (e.g., cultivated land, uncultivated pasture, and channels) on the 
basis of their radionuclide (e.g., 137Cs, 226Ra, 228Ra and excess Lead-210 (210Pbex)) 
concentrations. The relative contribution of these sources are determined using a numerical 
mixing model to ‘un-mix’ their contribution to catchment end suspended sediment samples 
(i.e., flood samples) or downstream sediment deposits (e.g., river bed) (Walling 2005). 

This sediment tracing method is dependent on the documented observation that the 
concentration of some radionuclides (such as 137Cs, 210Pbex and 7Be) varies significantly with 
soil depth (Figure 4-1) (He and Owens 1995). Caesium-137 (half-life 30.2 years), 210Pbex 
(half-life 22.3 years) and 7Be (half-life 53 days) are all fallout radionuclides that on deposition 
bind closely with sediment particles. Caesium-137 is a product of atmospheric nuclear testing 
that occurred from the 1950s to 1970s. 210Pbex is a naturally occurring radionuclide that is 
generated by the decay of Radon-222 (222Rn) in the atmosphere. Beryllium-7 is also a 
naturally occurring radionuclide (of cosmogenic origin) although its short half-life (the time 
required for half of the unstable, radioactive atoms to undergo radioactive decay) means that 
it is of limited application in such sediment tracing applications. At undisturbed sites 137Cs, 
210Pbex and 7Be are concentrated in the top 10 cm of soil, while at cultivated sites they are 
mixed to ploughing depth, and accordingly are found in lower concentrations (He and Owens 
1995). Sediment derived from river banks (which are predominantly comprised of sediment 
deeper than 10 cm) generally have very low or undetectable levels of fallout radionuclides 
(Wallbrink and Murray 1993). 

Radium-226 and 228Ra may also be used for identifying catchment sediment sources 
(Wallbrink et al. 2003). Unlike 137Cs, 210Pbex and 7Be which are derived from atmospheric 
fallout, 226Ra and 228Ra are products of the Uranium-Thorium decay series and are present in 
all rocks/soils. 

 

Figure 4-1: Generalised soil distributions of 7Be, 210Pbex and 137Cs.   The solid line represents 
absolute concentrations, and the dotted line is the integral of absolute concentrations with depth. From 
(Olley et al. (2001)). 
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4.2 Kopurererua Stream catchment study design 

4.2.1 Sediment sampling programme 
Based on previous international research, radionuclide tracing is able to reliably distinguish 
three main sources: 

i. surface erosion from uncultivated land 

ii. surface erosion from cultivated (cropped) land, and 

iii. subsurface erosion (e.g., bank erosion, mass movement). 

Within the Kopurererua Stream catchment, cropping is an insignificant land use with it only 
comprising 0.2% of the catchment area according to the New Zealand Landcover Database 
v3.0 (LCDB3) (Table 4-1). Furthermore, analysis of satellite images showed that at least 
some of the land classed as cropping land was occupied by greenhouses. Mass movement 
may be an important process (particularly during large intense rainfall events). However 
helicopter aerial reconnaissance revealed that any currently active slips are on steep, 
inaccessible valley walls, therefore no samples were therefore obtained from mass 
movement sites. Accordingly, source samples were only obtained from: 

i) uncultivated hillslopes, and 

ii) river channel banks. 

Table 4-1: Extent of generalised land cover types within the Kopurererua Stream catchment.    
Data derived from the LCDB3 database. 

Land cover Area (ha) % of catchment area 

Forest 3467 44.6 

Pasture 3082 39.7 

Cropping 19 0.2 

Other (mainly urban) 1216 15.7 

Total 7766 100.0 

 

The main aim of this exercise is to determine the importance of bank erosion sources. 
However, this approach also has the potential to assess the relative contribution of hillslopes 
with different vegetation cover (e.g., grazed pasture and forested land). Pasture hillslopes 
generally experience sheetwash and rill erosion at a faster rate than from forested hillslopes, 
therefore (although not always observable) radionuclides levels can be more depleted on 
pasture hillslopes than on forested hillslopes. Hence, there may be sufficient differentiation 
between the radionuclide concentrations of forest-derived sediment and pasture-derived 
sediment to consider them as separate sources. Accordingly samples were both collected 
from pasture land and from forested land. If it is not possible to statistically differentiate these 
two sources they will be amalgamated into one broad hillslope erosion class. 

We carried out sampling of both sediment sources and sediment deposits over 13 and 14 
March 2014. Due to the catchment topography and the limited access to large parts of the 
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catchment (including the river channel itself) the geographic spread of the sample points is 
relatively restricted (Figure 4-2). However, we do not see this as problematic because: 

i. the river bank samples were collected from the middle reaches of the catchment 
where there is extensive evidence of bank erosion and a previous aerial 
reconnaissance suggests is likely to be the largest contributor of bank-derived 
sediment, and 

ii. soil fallout radionuclide concentrations are largely dependent on rainfall (and 
latitudinal position for 137Cs) and hence are unlikely to vary much over a 
catchment as small as the Kopurererua Stream. 

At each pasture (n = 6) and forest (n = 4) source sample site, sampling focused on colluvial 
toeslopes that were preferably adjacent to the river channel (Figure 4-3). Sediment from 
colluvial toeslopes best represents sediment that has been mobilised from hillslopes and is in 
the process of being transported to the river network. At each of the sampling location 5-6 
sub-samples were collected from the top 10 cm of soil (the depth to which sheetwash and rill 
erosion processes may occur) within the same vicinity (Figure 4-5). These sub-samples were 
combined into one composite sample (~2-3 kg). This sampling strategy ensured that any 
potential (local scale) variability in soil radionuclide concentrations did not result in 
unrepresentative samples. Channel source sediment samples were obtained directly from 
exposed river banks (Figure 4-5). Each bank erosion source site (n = 9) was composed of 5-
6 sub-samples collected at a range of depths over the exposed bank. 

Because of the short timeframe of this study downstream sediment deposit samples (for 
determining the relative proportion of the different catchment sources) were collected from 
the top 5 cm of the stream bed in the lower reaches and from the Waikareao Estuary near 
where the Kopurererua Stream discharges (Figure 4-6). Three sediment deposit locations 
were sampled and at each site 5-6 sub-samples were taken from: i) upstream of where the 
Waihi Road bridge crosses the Kopurererua Stream (END1), ii) at the point where the stream 
discharges to the Waikareao Estuary (END2), and iii) approximately 150 m beyond the 
mouth of the stream in the Waikareao Estuary (END3) (Figure 4-7). All three sampling sites 
were within zone of tidal influence in the stream. 

Most previous applications of sediment tracing have determined the relative importance of 
different catchment sediment sources from suspended sediment samples obtained from 
flood events (e.g., Collins et al. 1997; Russell et al. 2001), although river bed sediments have 
also been used successfully (e.g., Olley and Caitcheon 2000; Hughes et al. 2009). Relying 
on suspended sediment samples from flow events would have been a high-risk strategy due 
to this study being carried out during the driest part of the year. A number of limitations of the 
bed sampling approach need to be highlighted. Firstly, the analysis of river bed (or estuary) 
sediments provides information on the provenance of sediment from the most recent flow or 
series of flows. Secondly, river bed sediment is likely to be representative of sources in the 
latter part of a flood and this material may not necessarily be representative of the sources 
throughout the entire flood event. Lastly, there is also the possibility that river bed sediment 
may be influenced by the input of sediment derived from channel sources with high 
connectivity during smaller flow events. Many of these limitations can be overcome by 
ensuring river bed or estuary samples are obtained from a number of locations and include 
sediment from a range of depths.  
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Figure 4-2: Kopurererua Stream catchment sediment source tracing sampling locations.  
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Figure 4-3: Sediment source sampling from a pasture colluvial toeslope location.  

 

 

Figure 4-4: Sub-sample location from a pasture colluvial toeslope site.  Note that the turf was 
cleared away to allow access to the soil layer. 
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Figure 4-5: Example of an exposed river bank sampled to represent sediment derived from 
bank erosion sources.  
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Figure 4-6: Sediment sampling from the lower reaches of the Kopurererua Stream where it 
enters the Waikareao Estuary.  

 

Figure 4-7: Catchment end sediment deposit sampling sites.  
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4.2.2 Laboratory analysis 
In the laboratory all samples were broken up and thoroughly mixed. Sub-samples of around 
300-400 g were then placed into glass beakers. Water was added to the beakers and the 
samples were mixed and allowed to sit for at least 24 hours. Samples were then wet-sieved 
to obtain the < 63µm fraction (silt and clay). As carried out many previous radionuclide 
tracing studies, the < 63µm fraction was used because: 

i) finer particles have a high specific surface area, and therefore have the highest 
radionuclide concentrations. Because the low level of some radionuclides, and the 
errors associated with measuring low concentration samples, a better signal to 
noise ratio is achieved 

ii) it is fine particles that have the greatest impact in terms of downstream effects 

iii) most catchment suspended sediment monitoring programmes also measure this 
size range (although this is dependent on what laboratory measurement of 
suspended sediment concentration is being used). 

Each sample was then split into 10 equal sub-samples using a Dekaport cone splitter. One-
tenth was analysed for grain size distribution and mean specific surface area by NIWA’s 
Ankersmid LFC-101 laser particle size analyser. This will allow a particle size correction 
factor (ratio of sediment sample specific surface area to mean specific area of each source 
type) to be applied to the source samples. Another one tenth sub-sample was analysed for 
organic matter content by ashing the sample at 450 ˚C for 48 hours. The remaining 8/10ths 
of each sample were oven dried at 60 ˚C and then sent to Institute of Environmental Science 
and Research Ltd (ESR) for radionuclide assay by gamma spectrometry.  

4.2.3 Determining the relative contribution of sources by a numerical mixing 
model 

In this project a numerical mixing model similar to that described by Hughes et al. (2009) was 
used to predict the relative contribution of each of the sources to the river bed or estuary 
deposit samples. In the mixing model individual sample concentrations are denoted by Ci,j,k,, 
where: 

− i = source index (i = 1, …, I; I = 2 sources in this study (i.e., stream banks and all 
combined hillslope sources)  

− j = sample number index (j = 1, …, J; J = the number of samples for each source 
type), and, 

− k = the number of constituent concentrations of each sample (k = 1, …, K; K = 2 or 3 
for this study (i.e., 137Cs and 210Pbex or 137Cs, 210Pbex and 226Ra). 

For each iteration (l) and for each source (i), j is systematically selected and Ci,j,k,l is used to 
calculate source-weighted composite concentrations: 

∑
=

=
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lkjiilk CC

1
,,,, ρ̂   (1) 
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Where l = 1, …, n (the number of possible source sample combinations) and iρ̂  is the 

proportion contributed from each erosion source. The relative contribution of each erosion 

source, iρ̂  must meet the following constraints: 

i) 1ˆ0 ≤≤ iρ  (i.e., contributions from each source must lie within the range 0 to 1) and 

ii) ∑
=

=
I

i
i

1

1ρ̂  (i.e., the sum of the contributions from all sources must equal 1). 

For each radionuclide tracer the average concentration of C is calculated over n (the number 
of possible source sample combinations) iterations using: 

nCC
n

l
lkk ∑

=

=
1

,  (2) 

The best estimate of the relative contribution ( iρ̂ ) of each erosion source will be determined 

by minimising the sum of squares of the deviations of the concentration calculated in Equation 
2 from the measured radionuclide tracer concentration of the deposit (Cd): 
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In plain terms, the mixing model outputs an optimised estimate of the relative contribution of 
each erosion source to each sampled downstream end-member (river bed or estuary 
deposit) sample. A measure of the uncertainty can be provided by assessing the goodness-
of-fit of the optimised mixing model outputs. Mixing model goodness-of-fit can be assessed 
by determining the relative difference between the predicted and measured concentrations of 
each radionuclide tracer. 

Before running the mixing model a particle size correction factor is applied to the source 
data. This is because due to particle size sorting during fluvial transport the source and end 
of catchment deposits are not directly comparable. In order to calculate the particle size 
correction factor, specific surface area (m2/g) is used to characterise particle size 
composition. The higher the specific surface area of a sample the more fine particles are 
present. Specific surface area has been demonstrated to exert a strong influence on 
radionuclide concentrations. In this study, the correction factor was based on the ratio of the 
specific surface area of each end of catchment sample to the corresponding mean value for 
each individual source type. 

4.3 Results 

4.3.1 Source differentiation 
The 137Cs concentrations versus 210Pbex concentrations for each of the sediment source 
categories are presented in Figure 4-8. These two radionuclides have been used widely in 
previous sediment source tracing studies. Visual investigation of Figure 4-8 shows that these 
two radionuclides provide differentiation between most source groupings. Also, as expected, 
the fallout radionuclide concentrations are highest in the hillslope samples (surface sediment) 
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and lowest in the stream bank samples (mostly subsurface sediment). As indicated by the 
cross symbol in Figure 4-8 there is, however, an anomalous sample point in the forest 
category. We consider this sample to be an outlier and is probably due to the sampling 
location being a disturbed forest site (e.g., earthworks or landslide affected site). Review of 
the raw data presented in Table A-1 also shows that the organic matter content and grain 
size distribution data (as indicated by it specific surface area) are anomalous (i.e., 
considerably different from all others in either the forest or pasture categories). Accordingly 
this sample will be removed from any further analysis. 

Also of note is the similarity of the 137Cs and 210Pbex concentrations for pasture and forest 
sources. Using the Kruskall-Wallis statistical test (a non-parametric ANOVA) we failed to 
detect any significant difference between the 137Cs concentrations (p = 0.071) or the 210Pbex 
concentrations (p = 0.796) between the forest and pasture sources. Given, the land use may 
have changed at these sites in the last few decades this finding is not unexpected. 
Accordingly the two categories have been merged into one hillslope category. 

Another point of note is the relatively high ratio of 210Pbex to 137Cs in the catchment-end 
deposit samples (Table A-1) (this is also illustrated by the high 210Pbe concentrations in 
Figure 4-8). This has been described in some previous sediment tracing studies (e.g., 
Wallbrink et al. 1998; Wallbrink et al. 2002) as the direct addition of 210Pbex to sediment in the 
river channel. In this case, because the Kopurererua catchment is small and residence times 
of sediment in the stream channel are likely to be short, the additional 210Pbex is likely to be 
the result of direct addition while in the estuary (Figure 4-8). This additional 210Pbex in the 
catchment end deposits means that 210Pbex is unsuitable as a property for determining 
sediment sources. Excess Lead-210 is the only radionuclide that would experience this 
phenomenon as it is continuously deposited from the atmosphere. Caesium-137, while also 
being a fallout radionuclide, is associated with atmospheric nuclear testing and fallout 
effectively ended by the early 1980s (Walling and He 1997). Other radionuclides used in 
source tracing, such as 226Ra and 228Ra, are products of the Uranium-Thorium decay series 
and are present in all rocks/soils (i.e., they do not fallout from the atmosphere). 
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Figure 4-8: 137Cs concentrations versus 210Pbex concentrations for sediment source and 
catchment end deposit samples.  

Investigation of some of the other radionuclides measured indicated that the ratio of 228Ra to 
226Ra is also able to visually differentiate between sources (Figure 4-9). This visual 
differentiation is confirmed by the Kruskall-Wallis test. We detected significant differences 
between the 137Cs concentrations (p = 0.001) and 228Ra/226Ra (p = 0.001) between the 
hillslope and stream bank sources. 
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Figure 4-9: 137Cs concentrations versus the ratio of 228Ra to 226Ra for sediment source and 
catchment end deposit samples. .Note, the forest and pasture samples have been amalgamated 
into the hillslope category and the forest outlier point has been removed. 

Having two sediment source categories that have two independent properties whose values 
are significantly different and catchment end deposit samples that lay within the range the 
sediment source category samples gives us confidence that: 

i) the samples were collected from representative sites (with exception of the forest 
outlier which was removed) 

ii) the two source groupings encapsulate the major sediment source types within the 
catchment, and 

iii) the data can be reliably used in a numerical mixing model to estimate the relative 
contribution of the two sources. 

4.3.2 Numerical mixing model results 
The results in Table 4-2 show that the mixing model predicts stream banks to be by far the 
most important sediment source with predictions for the three end of catchment deposit 
samples ranging from 95% to 99%. The high goodness of fit (between 91.3% to 99.8%) 
indicate that the mixing model is able to accurately predict the measured 137Cs and 
228Ra/226Ra values in the catchment end deposits for each model run. This provides 
confidence that the model’s optimisation of the contribution of stream bank and hillslope 
sources is robust. 
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Table 4-2: Estimates of the contribution of the two sediment sources (hillslope and stream 
bank) to the catchment end deposit samples.  The goodness of fit is a measure of how well the 
numerical mixing model predicts each of the catchment end deposit sediment property values (0% = 
poor fit, 100% = perfect fit). 

Catchment end 
deposit 

Stream bank 
contribution (%) 

Hillslope 
contribution (%) 

137Cs Goodness 
of fit (%) 

228Ra/226Ra 
Goodness of fit (%) 

END1 95 5 99.8 98.1 

END2 99 1 91.3 97.9 

END3 98 2 99.8 97.2 

 

4.4 Discussion 
Our data show that the two sampled erosion sources within the Kopurererua Stream 
catchment (hillsope and stream bank) can be satisfactorily differentiated by both 137Cs 
concentration and the ratio of 228Ra to 226Ra. The mixing model predicted very high levels of 
input from stream bank erosion (95-99%) to all three end of catchment sampling locations. 
The robustness of the model’s outputs are illustrated by its ability to accurately predict the 
measured 137Cs and 228Ra/226Ra values in the catchment end deposits for each model run 
(i.e., high goodness of fit). 

Although the mixing model results are robust in terms of model goodness of fit, all sediment 
source tracing approaches have inherent uncertainties (e.g., sampling and measurement 
related) that mean that the results are best used as a general indication of the relative 
contribution of different sources. In this case we have only attempted to differentiate two key 
sources and the difference in the predicted contribution of the two sources is large. As 
explained in recent research by Nosrati et al. (2014), as more potential sources are added to 
a mixing model the uncertainty in the contribution of any one source increases as more 
parameters result in larger variance. We therefore have confidence that our results are 
reliable. Even without relying on the results of the mixing model if we were to look at the 
results using a ‘first principles’ approach we can see that the 137Cs and 228Ra/226Ra 
signatures of the catchment end samples are basically indistinguishable from the signatures 
of the stream bank samples (Figure 4-9). This clearly illustrates the dominance of stream 
bank sources within the catchment. 

It is important to note, however, that while we have separated our erosion source types into 
two categories: i) stream bank (mainly subsurface derived sediment), and ii) hillslope (mainly 
surface (< 10 cm depth) derived sediment) it is likely that there are multiple potential 
subsurface sources in the Kopurererua catchment (i.e., bank erosion, mass movement and 
bare earth from extensive urban development). There is at least one active slip within the 
catchment that was observed during a helicopter reconnaissance flight. Due to the steepness 
of the terrain and high connectivity with the valley floor this slip (and others that may occur 
during extreme rainfall events) it is likely to be releasing sediment into the stream during 
rainfall events. Extensive bare earth associated with urban development was also noted 
during the helicopter reconnaissance flight. Although this development is largely protected 
with sediment detention ponds, there may be times when the capacity of these ponds is 
exceeded and fine sediment is discharged into the stream network. Indeed, some anecdotal 
reports from landowners in the catchment suggest that this does in fact happen. The 
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radionuclide ‘fingerprints’ of these various potential subsurface sources are likely to be 
indistinguishable due to the identical radionuclide ‘fingerprints’ of subsurface derived 
sediment. Accordingly, the radionuclide sediment tracing method is likely to provide an upper 
limit of the contribution of sediment from bank erosion. 

This study has predicted a very high contribution of stream bank derived sediment. This may 
suggest that the other subsurface sources mentioned above are in fact important contributors 
of sediment. These results are, however, consistent with findings from previous similar 
studies. The only other known similar study from New Zealand (McDowell and Wilcock 2007) 
used 137Cs and total phosphorus concentrations and organic content to differentiate 
subsurface and surface sources. In that study all downstream suspended sediment samples 
had 137Cs concentrations that were either the same as, or lower than stream bank sediment 
137Cs concentrations. Although the relative contribution of different sources differed by 
season, that study found that between 23 and 100% of the sediment was derived from 
stream banks during winter and spring flow events. Numerous radionuclide tracing studies 
have, however, been carried out overseas, particularly in Australia. These studies (from a 
variety of geographical locations) have also shown that subsurface-derived sediment can be 
by far the most important source of sediment in some catchments (Table 4-3). 

Table 4-3: The contribution of subsurface erosion reported in a selection of Australian 
radionuclide sediment tracing studies.  

Study Subsurface sediment 
contribution (%) 

Location 

Caitcheon et al. (2012) >90% Northern Territory and Queensland 

Hughes et al. (2009) 30-82% Queensland 

Olley et al. (2013) 84% Queensland 

Wallbrink et al. (1998) >80% New South Wales 

Wasson et al. (2002) 80% Western Australia 

Wasson et al. (2010) 89-97% Northern Territory 

 

4.5 Conclusions 
In summary, the sediment tracing show that stream bank erosion is an important source of 
sediment within the Kopurererua catchment. Other subsurface sources (e.g., mass 
movement and bare earth during urban development) are also likely to be important as well. 
It is not possible to quantify the relative contribution of each subsurface source, however, our 
observations throughout the catchment suggest that bank erosion is an important process 
(particularly in the middle reaches) and due to its high connectivity with the stream network it 
is likely to be the most important source of subsurface-derived sediment. 
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5 Kopurererua Stream bank erosion field survey 

5.1 Initial goals and change in approach 
One of the initial goals of this project was to carry out on-the-ground surveys of the river 
channel that could be contributing sediment through bank erosion using a Real Time 
Kinematic (RTK) GPS. The intention was to accurately (to centimetre accuracy) survey 
stream position and bank height by taking measurements along the top of each bank and 
also surveying cross sections at regular intervals. Repeating such surveys (after flood events 
or at set intervals) would provide information on bank retreat rates and approximate volumes 
of sediment eroding from the stream banks. This could be compared with suspended 
sediment yields monitored at the lower end of the catchment to establish what proportion of 
the yield was sourced from bank erosion. 

On 26 and 27 March 2014 a catchment reconnaissance visit was carried out with the aim of 
determining the suitable reaches for RTK GPS surveying. During this visit it was concluded 
that a comprehensive GPS survey would be very difficult and would be unlikely to provide the 
intended results. The difficulty in conducting the survey is based around the limited access to 
the channel, both in terms of road access and the presence of dense blackberry, gorse and 
‘cutty grass’ (Carex spp) along much of the reach. Dense bank vegetation along much of the 
reach would also limit satellite coverage, making surveying very patchy. Large trees growing 
in the channel and deep pools would also limit potential locations for cross sections required 
to establish average bank heights along the reach. In locations where surveying would be 
possible, it was also considered that defining the ‘top of bank’ would be difficult (due to 
vegetation and curving, slumped banks). These issues, along with the prediction that 
surveying would be very patchy, would introduce significant uncertainty when repeating 
surveys in order to calculate volumes of change.  

NIWA recommended to BoPRC staff during a telephone conference on 14 April that the GPS 
survey not be carried out for the reasons outlined above and that BoPRC’s money may be 
better spent installing additional suspended sediment monitoring stations to help determine 
the key sources of sediment coming from this catchment. Even though the GPS survey will 
not be carried out, the field inspection of bank erosion was useful in establishing the extent of 
bank erosion in the middle reaches of the Kopurererua catchment and highlighted reaches 
where the erosion is particularly severe. This information is presented below. 

5.2 Results from the bank erosion field inspection 
The bank erosion field inspection was carried out on the 26th and 27th March 2014 by NIWA 
staff Jo Hoyle and Jochen Bind. The inspection included a section of the Tautau Stream as 
this is a major tributary of the Kopurererua Stream and has potential to be a major contributor 
of sediment. The inspection was carried out on foot and covered the length of the Tautau 
Stream from as far upstream on the Mather property as it was possible to walk, down to the 
confluence of the Tautau Stream with the Kopurererua Stream. In terms of the Kopurererua, 
the inspection covered the length of the Kopurererua from as far upstream on the Mather 
property as it was possible to walk, down to the State Highway 36 roundabout. Figure 5-1 
shows the reach covered and notes the location of key photographs in this report. 
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Figure 5-1: Map of the reach inspected for bank erosion.  

During the field inspection 181 photographs were taken, documenting the state of the banks 
and other notable features such as stock access and excessive instream vegetation. All of 
these photographs will be supplied electronically to BoPRC along with two .kmz files that 
allow the location of photos to be displayed on Google Earth. A photo log is also provided in 

Confluence of Tautau and 
Kopurererua Streams 

Upstream extent of 
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Upstream extent of 
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Appendix A. Key photographs are presented in Figures 5-2 to 5-43 below as these help 
illustrate the current state of bank erosion along the reaches in question. The photographs 
presented below for each stream are in sequential order from upstream to downstream. 

5.2.1 Tautau Stream 
The upstream end of the Tautau Stream on Mathers' property comprises long pools and has 
many large boulders and logs on the bed, with sections of bedrock further upstream. This 
section is essentially pinned by hillslopes on both banks, is well vegetated (Figure 5-2) and 
relatively stable. The water was running clear on the day of the inspection.  

Just downstream, the valley widens slightly and there are small pockets of floodplain. There 
are no actively eroding banks at this location. The banks are soft and sandy (rather than 
silty), and there is evidence of previous erosion and slumping that has revegetated. 
Vegetation is also growing on sandy bars in the bed (Figure 5-3 and Figure 5-4). 

Further downstream, the valley widens a little more and there is some erosion occurring on 
the outside of bends (Figure 5-5). This is more severe and recent on the right bank, with the 
left bank being in closer proximity to the hillslope toe. Banks are 2-3 m high along this reach. 

As the Tautau continues downstream it moves towards a hillslope on the right bank, and the 
subsequent tendency is for patches of erosion to occur on the left bank at the outside of 
bends (Figures 5-6 to 5-8). Banks remain up to 3 m high. It is clear throughout this property 
that the landowner is keen to keep vegetation ‘controlled’, as the floodplains are regularly 
mowed by tractor, and there are sections where bank vegetation appears to have been killed 
(either sprayed or slashed) (Figure 5-9). This has exposed the sediment on the banks, 
making it more susceptible to erosion. 

Further downstream, the Tautau Stream flows through a pine forest. The stream is wider and 
shallower along this reach and has a gravel bed, with sand being actively transported over 
the gravel (Figure 5-10). The bed sediment is light, in both weight and colour, and appears to 
contain pumice. The banks are relatively well vegetated through this reach, and the stream 
banks appear stable.  

Downstream of the pine forest, the Tautau Stream emerges onto the Milner property. The 
stream along this reach is significantly narrower (wetted channel < 2 m wide), with lower 
banks (~1 m) that are rounded and are well covered in grass, though grazed by stock (Figure 
5-11). The stream in this reach flows between narrow floodplain pockets and looks relatively 
stable. While this reach is not actively eroding, there is clearly a source of sediment being 
delivered from upstream as large sheets of sand overtopping gravel can be seen in the bed 
of the stream (Figure 5-12). 

Not far downstream, the Tautau Stream meets the Kopurererua Stream. The difference in 
suspended sediment was very obvious at this confluence on the day of our visit, with the 
Tautau flowing clear and the Kopurererua being very turbid (Figure 5-13). Water levels in the 
Kopurererua had recently been at least 0.3 m higher at this site, as evidenced by a silty high 
water mark along much of the stream. Water levels may have still been dropping at the time 
of the inspection, and suspended sediment loads may also have been higher than they 
typically are at low flows. Having said this, Jason Mathers (upstream landowner) explained 
that it is typical for the Kopurererua Stream to flow ‘dirtier’ than the Tautau Stream. 
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Figure 5-2: View of Tautau Stream looking upstream at the upstream (southern) end of the 
Mathers property.   Photo P1070136. 

 

 

Figure 5-3: Looking downstream along the Tautau Stream from the upstream end of the Mather 
property.   Photo P1070139. 
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Figure 5-4: Looking downstream along the Tautau Stream showing slumped banks that have 
revegetated. More active bank erosion is apparent in the distance.   Photo P1070144. 

 

Figure 5-5: Bank erosion on the right bank of the Tautau Stream on the Mather property.   
Photo P1070154. 
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Figure 5-6: Looking downstream along the Tautau Stream showing bank erosion on the left 
bank.   Photo P1070159. 

 

Figure 5-7: Bank erosion on the outside of a bend in Tautau Stream, with sandy deposits on 
the inside bend.   Photo P1070162. 
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Figure 5-8: Vertical eroding bank on the Tautau Stream, with vegetated blocks of slumped 
material at the base.   Photo P1070165. 

 

Figure 5-9: A section of bank on the Tautau Stream that appears to have been either sprayed 
or slashed to kill grass on the bank.   Photo P1070170. 
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Figure 5-10: The Tautau Stream flows through a section of pine forest and is relatively wide but 
stable throughout this reach.   Photo P1070173. 

 

Figure 5-11: The Tautau Stream on the Milner property, downstream of the pine forest.   Photo 
P1070175. 
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Figure 5-12: A sheet of sand moving over the gravel bed of the Tautau Stream.   Photo 
P1070177. 

 

Figure 5-13: The confluence of the Tautau and Kopurererua Streams, with the Tautau (to right) 
running clear and the Kopurererua (to left) turbid.   Photo P1070178. 
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5.2.2 Kopurererua Stream 
Upstream of the Mather property, the Kopurererua Stream flows through forest and is 
bounded on both banks by steep hillslopes. Where the stream emerges from the forest on 
the Mather property, the water is turbid, indicating a source of sediment further upstream. It 
is difficult to tell the nature of this source, but the helicopter reconnaissance conducted in 
December 2013 revealed a number of slips on the valley walls in the steep headwaters (e.g., 
Figure 5-14). These slips are likely to be contributing sediment but it is difficult to know what 
proportion of the sediment load is coming from this source without more detailed suspended 
sediment monitoring (see Section 5.3). 

Where the Kopurererua emerges from the forest on the Mather property, it is pinned by a 
hillslope on the left bank and has pockets of floodplain on the right bank. The left bank is well 
vegetated (often shaded by tall trees providing poor satellite coverage) and is relatively 
stable, whereas the right bank is often vertical with patches of active erosion. The banks in 
this reach were approximately 1 m high, as measured above water surface on the day of 
inspection. Water depth was hard to estimate due to water turbidity. The water level had 
recently been approximately 0.5 m higher along this reach, as evidenced by silty high water 
marks (Figure 5-15), and there were deposits of silt at the base of banks and insides of 
bends (Figure 5-16). 

Further downstream, the Kopurererua flows between hillslopes through a section where the 
stream is difficult to access due to vegetation and steep banks. Views into the channel from 
further up the hillslope suggested that the channel is fairly stable through this reach but with 
sections of slumping. 

Downstream of the hillslope-pinned reach, the valley opens out and for a while the stream 
remains pinned on the left bank by a hillslope, with a floodplain pocket on the right bank. The 
banks along this reach are just under 1m high and actively eroding on both sides (Figure 
5-17). This erosion is exacerbated by trees growing into the stream particularly from the left 
bank. There is evidence that the stream has recently spilled its banks and deposited silt 
across the floodplain. 

Further downstream, the valley opens out more with floodplain on both banks. The banks are 
vertical on both sides, providing evidence of past erosion, but they are currently well covered 
in grass (Figure 5-18). The left bank is fenced along this reach. 

Moving even further downstream, the channel becomes much more sinuous, and the 
adjacent floodplain is relatively boggy and covered in wetland grasses. The channel through 
this reach is choked with large trees growing in the channel (Figure 5-19). These trees were 
probably growing on the banks at one point but have encroached into the channel causing 
considerable blockage and increasing pressure on the banks. In some cases the stream has 
eroded around the trees, leaving them growing on islands in the channel (Figure 5-20). 

Continuing downstream, the channel becomes less sinuous but is blocked even further with 
very bushy instream vegetation (rather than trees as found upstream). Bank erosion is 
particularly bad along this reach (Figure 5-21 and Figure 5-22). The water surface is sitting 
just below the top of the bank, higher than it is either upstream or downstream, which is likely 
the result of the degree of blockage along this reach (e.g., Figure 5-23). This blockage 
continues downstream for some distance before the channel opens up just upstream of the 
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Tautau confluence (Figure 5-24). There is evidence of past slumps here but they are 
revegetating. 

 

Figure 5-14: Valley wall erosion in the headwaters of the Kopurererua Stream.  

 

Figure 5-15: Silty high water mark and silt deposit at the base of the left bank of the 
Kopurererua Stream on the Mather property.   Photo P1070213. 
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Figure 5-16: Silt deposit on the inside of a bend, looking downstream on the Kopurererua 
Stream.   Photo P1070214. 

 

Figure 5-17:  Vertical and eroding right bank of the Kopurererua Stream.   Photo P1070208. 
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Figure 5-18: Looking downstream along the Kopurererua Stream, showing vertical but well 
vegetated banks.   Photo P1070204. 

 

Figure 5-19: Looking downstream in the Kopurererua Stream, showing very large trees growing 
in the channel.   Photo P1070201. 
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Figure 5-20: Looking downstream in the Kopurererua Stream, showing a section where erosion 
around trees has left an island in the channel.   Photo P1070196. 

 

Figure 5-21: A section of particularly severe bank erosion in the Kopurereua Stream caused by 
instream blockage.   Photo P1070190. 
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Figure 5-22: Looking upstream in the Kopurererua Stream, showing bank erosion caused by 
instream blockage.   Photo P1070189. 

 

Figure 5-23: View of dense bushy vegetation blocking the Kopurererua Stream.   Photo 
P1070181. 
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Figure 5-24: Section of the Kopurererua Stream looking downstream towards the Tautau 
Stream confluence.   Photo P1070180. 

Immediately downstream of the Tautau confluence, between the Milner and Eastman 
properties, the right bank is very boggy and covered in extremely dense flax, blackberry and 
cutty grass (Carex spp), making it impossible to get to the channel, let alone inspect bank 
erosion. This short reach had to be bypassed, and the inspection was resumed by walking 
upstream from the Dunstan property to the upstream end of the Eastman property (Figure 
5-1and Figure 5-25). 

The reach of the Kopurererua Stream running through the Eastman property is extremely 
sinuous (Figure 5-26), and reaches of this nature are particularly prone to erosion as the 
channel struggles to find a more direct route downstream. The upper part of this reach has 
dense blackberry on the right bank with patches of raw, eroding bank (Figure 5-27). Further 
downstream the blackberry is replaced with large trees growing in the channel and there are 
slumping banks (Figure 5-28). The banks are unfenced throughout this reach, and there is 
evidence of stock access on the left bank (Figure 5-29). The growth of large trees in the 
channel continues for some distance downstream (Figure 5-30), with ongoing patches of 
slumping. One slump is of particular note due to its size. The slumping block of floodplain at 
this site is big enough to have large Ponga trees growing on it and has just started to slip into 
the channel, as evidenced by a large crack forming on the stream side of the fence (Figure 
5-31 and Figure 5-32. 

Further downstream, trees within the channel become less common and the channel tends 
instead to have thick blackberry growing on the banks (Figure 5-33). Patches with less 
blackberry that are not fenced show evidence of stock trampling the banks (Figure 5-34 and 
Figure 5-36). Even where there is fencing, the slumping continues (Figure 5-35), and efforts 
to keep these sections fenced are clearly not always successful (Figure 5-37). 

Tautau Stream confluence 
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Figure 5-25: Looking upstream along the Kopurererua at the upstream (southern) end of the 
Eastman property.   Photo P1070226. 

  

Figure 5-26: View of the Kopurererua Stream from a hill on the Eastman property, showing the 
sinuous nature of the stream through this reach.   Photo P1070222. 

 

Very dense flax, cutty grass and 
blackberry along this bank 
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Figure 5-27:  Looking downstream along the Kopurererua, showing patches of erosion 
(foreground) and dense blackberry on the banks.   Photo P1070228. 

 

Figure 5-28:  Bank slumping under the trees in the Kopurererua Stream.   Photo P1070229. 
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Figure 5-29: Large trees growing in the Kopurererua Stream, with stock access on the left 
bank.   Photo P1070238. 

 

Figure 5-30: Photo showing the size of the trees growing in the Kopurererua Stream.   Photo 
P1070249. 
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Figure 5-31: A very large slump starting on the right bank of the Kopurererua Stream.   The 
photograph is taken looking downstream, with the channel out of view, off the left of the photo. Photo 
P1070254. 

 

Figure 5-32: Cattle fenced out of the large slump on the Kopurererua Stream.   The photograph is 
taken looking upstream, with the channel out of view, off the right of the photo. Photo P1070256. 
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Figure 5-33: Thick blackberry growing on both banks of the Kopurererua Stream.   Photo 
P1070257. 

 

Figure 5-34: Evidence of stock trampling the left bank of the Kopurererua Stream.   Photo 
P1070258. 
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Figure 5-35: More slumping on the Kopurererua Stream.   Photo P1070267. 

 

Figure 5-36: Further evidence of stock access on the left bank of the Kopurererua Stream.   
Photo P1070268. 

 



 

56 The importance of bank erosion as a source of suspended sediment within the Kopurererua 

 

 

Figure 5-37: Slumping left bank of the Kopurererua Stream, with fence hanging in the water.   
Photo P1070275. 

As the Kopurererua Stream leaves the Eastman property it passes through a section of 
forestry and is again very difficult to access. This section had to be bypassed, and the 
inspection resumed on the Dunstan property. From this point downstream, the stream is 
considerably straighter, and along the length of kiwifruit orchard on the Dunstan property the 
right bank is hemmed with a shelter belt of poplars and shade cloth. This reach is reasonably 
stable with well vegetated banks, however, there is one point where a slump is starting 
behind the poplars (Figure 5-38) and evidence of other smaller slumps (Figure 5-39).  

At one point on the Dunstan property, the stream gradient suddenly increases and the water 
flows much faster (Figure 5-40). This may be evidence of nick-point erosion where the bed is 
incising as a result of channel shortening downstream. A resident informed us that such 
channel shortening has been carried out but the location of the shortening wasn’t apparent 
during the inspection.  

Not far downstream, the velocity slows and the channel continues much as before, with 
occasional slumping (Figure 5-41) but otherwise being reasonably stable and well vegetated. 
A cow was found in the stream along this reach (so obviously not fenced out). The landowner 
was notified as it was not clear how the cow would get back out of the channel on its own 
(Figure 5-42). 

Downstream of the kiwifruit orchard, all the way to the Lakes development and SH36 
roundabout, the channel is relatively straight, bounded with dense vegetation (particularly 
blackberry), and appears very stable (Figure 5-43).  
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Figure 5-38: View of a slump starting behind the poplar shelter belt on the Dunstan property.   
Crack indicated with red line. Photo P1070277. 

 

Figure 5-39: Occasional slumping looking downstream along the Kopurererua, but banks well 
vegetated.   Photo P1070285. 
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Figure 5-40: Section of increased bed gradient on the Kopurererua Stream, perhaps indicating 
nick-point caused by upstream-migrating bed erosion.   Photo P1070292. 

 

Figure 5-41: Occasional slumping on the left bank of the Kopurererua Stream.   Photo 
P1070296. 
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Figure 5-42: Looking downstream on the Kopurererua Stream, showing banks well covered in 
blackberry and a cow in the stream.   Photo P1070311. 

 

Figure 5-43: Kopurererua Stream near the SH36 roundabout.   Photo P1070316. 
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5.2.3 Summary of inspection 
The inspection of the Kopurererua and Tautau Streams revealed a number of key points as 
follows: 

• There are considerable sediment loads being delivered from the upper reaches of 
both the Tautau and Kopurererua Streams, as evidenced by large sheets of sand on 
the bed of the Tautau Stream and very turbid water and silty deposits on the bed of 
the Kopurererua at the upstream end of the inspected reach. The proportion of the 
sediment reaching Tauranga Harbour that comes from these headwater sources is 
unknown at this stage (see Section 5.3 below). The difference in size grade of 
sediment from the two streams is noticeable, with the finer Kopurererua sediment 
making a greater contribution to turbidity below their confluence. 

• Bank erosion is certainly a source of sediment along the inspected middle reaches of 
the Kopurererua catchment. Erosion is particularly severe along the more sinuous 
reaches of the Kopurererua Stream, and much of the channel is choked with 
overgrown vegetation which is placing increased pressure on the banks. The situation 
would be improved if the vegetation in the channel was removed and the banks 
planted with suitable riparian vegetation, however, this would be a significant 
undertaking. 

• The lower reaches of the Kopurererua are relatively straight and stable. The banks 
are well vegetated and erosion is very minor along these reaches. 

5.3 Recommendation for further monitoring 
If BoPRC wishes to determine what proportion of the sediment load in the Kopurererua 
catchment is coming from bank erosion versus mass wasting of valley walls (both sub-
surface sources), then we suggest this could be established using a strategic suspended 
sediment concentration (SSC) monitoring programme and sediment budgeting. BoPRC 
currently monitors SSC and water discharge at the lower end of the Kopurererua catchment, 
and this provides information on the total sediment load coming from the Kopurererua 
catchment. By adding two more SSC and discharge monitoring sites, one on the Tautau 
Stream and one on the Kopurererua above the monitored bank erosion, it should be possible 
to apportion sediment loads from different parts of the catchment.  

Inserting a SSC and discharge monitoring site on the Tautau Stream just upstream of its 
confluence with the Kopurererua Stream would provide information on total sediment loads 
from the Tautau Stream. As bank erosion is fairly minor on the Tautau Stream along the 
reach inspected, the majority of the sediment load captured by this monitoring site would be 
taken as coming from the valley walls upstream. 

Inserting a SSC and discharge monitoring site on the Kopurererua Stream at the upper end 
of the inspected reach on the Mathers property would provide information on sediment loads 
coming from the valley walls in the upper reaches of the Kopurererua. 

Subtracting the suspended sediment loads at the two additional monitoring sites from the 
loads at the bottom end of the Kopurererua catchment would provide the load coming from 
bank erosion on the Kopurererua Stream. 
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Appendix A Sediment source tracing laboratory results 

Table A-1: Gamma spectrometry, loss on ignition (LOI) and specific surface area (SSA) raw data for the sediment source and catchment end 
samples from the Kopurererua Stream catchment.  

SampIe 
ID 

Type LOI 
(%) 

SSA 
(m2/g 

Cs-137 
(Bq/kg) 

Cs-137 
error 

(Bq/kg) 

Pb-210 
(Bq/kg) 

Pb-210 
error 

(Bq/kg) 

Pb-210ex 
(Bq/kg) 

Ra-226 
(Bq/kg) 

Ra-226 
error 

(Bq/kg 

Ra-228 
(Bq/kg) 

Ra-228 
error 

(Bq/kg) 

Ra-228 - 
Ra-226 

ratio 

Pb210ex 
- Cs137 

ratio 

B1 Stream bank 5.6 0.3061 1.4 -1.4 43.2 7.1 -6.4 49.6 3.9 60.8 5.1 1.23 -4.57 

B2 Stream bank 5.4 0.2953 1.4 -1.4 48.8 7.9 3.2 45.6 3.7 58.6 4.7 1.29 2.29 

B3 Stream bank 6.4 0.2810 0.88 0.45 48.5 8.1 0.6 47.9 3.4 55.3 4.5 1.15 0.68 

B4 Stream bank 9.5 0.3055 0.6 0.4 49.1 8.6 3.3 45.8 3.6 51.9 4.5 1.13 5.50 

B5 Stream bank 5.5 0.3058 1.3 -1.3 45.7 7.6 1.1 44.6 4.7 60.6 4.9 1.36 0.85 

B6 Stream bank 7.3 0.3143 1.15 0.54 53.4 8.1 7.1 46.3 3.3 55.1 4.5 1.19 6.17 

B7 Stream bank 4.9 0.2918 1.2 -1.2 37.7 7.4 -7.7 45.4 4.2 60.5 6.5 1.33 -6.42 

B8 Stream bank 6.7 0.2975 0.72 0.45 48.3 8.7 0.1 48.2 3.7 59.5 5 1.23 0.14 

B10 Stream bank 5.6 0.2649 1.28 0.5 46.9 6.9 2.7 44.2 3.5 56.3 4.6 1.27 2.11 

F1 Hillslope (forest) 19.3 0.3243 7.9 1.2 55.5 8.4 12.7 42.8 3.5 45.8 4 1.07 1.61 

F2 Hillslope (forest) 8.5 0.3764 1.58 0.52 42.6 7.9 -4.5 47.1 4.2 67.5 6.7 1.43 -2.85 

F3 Hillslope (forest) 27.5 0.3165 6.1 1 55.9 8.8 26.6 29.3 2.7 30.7 3.3 1.05 4.36 

P5 Hillslope (forest) 26.0 0.3043 7 1.1 52.5 8.2 17.1 35.4 2.7 32.6 3.3 0.92 2.44 

P1 Hillslope (pasture) 25.0 0.3015 6.59 0.98 63.3 9.7 28.7 34.6 3.3 32.2 4 0.93 4.36 

P2 Hillslope (pasture) 19.7 0.3252 3.43 0.68 78.2 9.3 23 55.2 4.1 34.1 3.3 0.62 6.71 

P3 Hillslope (pasture) 29.3 0.3117 6.33 0.92 65.7 8.6 25.5 40.2 2.9 31.8 3.1 0.79 4.03 

P4 Hillslope (pasture) 27.9 0.3300 5.83 0.96 50.3 7.9 6.8 43.5 3.1 35.4 3.4 0.81 1.17 

P6 Hillslope (pasture) 22.0 0.3243 4.8 0.83 67.5 9.8 19.2 48.3 4.4 40.2 3.8 0.83 4.00 

P7 Hillslope (pasture) 23.5 0.3096 3.66 0.71 64.9 9.9 16 48.9 4 37.9 3.9 0.78 4.37 

END1 Catchment end 5.3 0.2921 1.3 -1.3 56.6 8.3 30.6 26 2.4 32.5 3.3 1.25 23.54 

END2 Catchment end 6.9 0.3205 1.1 -1.1 50.5 8.5 27.2 23.3 2.4 29.6 3.7 1.27 24.73 

END3 Catchment end 6.2 0.2964 1.2 -1.2 60.1 9.3 37.6 22.5 2.1 28.6 3.2 1.27 31.33 
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Appendix B Photograph log from bank erosion inspection 

Table B-1: Photo log from the field inspection of bank erosion.   Photographs highlighted in 
yellow are those included in this report. 

  Photo 
Number 

Stream River 
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Notes 
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P1070136 Tautau Both Top end of the Tautau. No raw banks 
but evidence of old erosion/previous 
erosion. Photos taken from left bank. 

P1070137 Tautau 

P1070138 Tautau 

P1070139 Tautau 

P1070140 Tautau 

P1070141 Tautau 

P1070142 Tautau L Slump. 

P1070143 Tautau  Looking u/s from the slump. 

P1070144 Tautau  Looking d/s from the slump. 

P1070145 Tautau L 20m long vertical bank, slumped blocks 
at the base, photo looking u/s. 

P1070146 Tautau R Vertical bank, vegetated at base but 
exposed at the top. 

P1070147 Tautau Both Small nibble/slump right bank with 
vegetated block at base, and view of 
erosion on both banks further d/s. 

P1070148 Tautau Both Looking downstream at erosion on both 
banks. 

P1070149 Tautau L Gullying of bare bank adjacent to 
vehicle track. 

P1070150 Tautau L Looking u/s at left bank erosion. 

P1070151 Tautau R Vertical bank, evidence of fresh erosion 
at base. P1070152 Tautau 

P1070153 Tautau 

P1070154 Tautau 

P1070155 Tautau R Vertical bank, bare at top, approx 40m 
downstream of previous site. 

P1070156 Tautau R Slump. 

P1070157 Tautau L Looking u/s. Banks bare at top but well 
vegetated at base. 

P1070158 Tautau R Looking d/s, evidence of old slump but 
well vegetated. 

P1070159 Tautau L Looking d/s, raw bank ~10m long. 

P1070160 Tautau L Looking vertically down at raw bank. 

P1070161 Tautau L A big slump that has revegetated with 
erosion at d/s end. 

P1070162 Tautau L Raw bank at d/s end of revegetated 
slump. 

P1070163 Tautau L Looking back u/s at revegetated slump. 
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  Photo 
Number 

Stream River 
bank 

Notes 

P1070164 Tautau L Looking d/s, generally stable but some 
raw patches on left bank. 

P1070165 Tautau L ~20 m long vertical bank with patches 
of active erosion at the base. 

P1070166 Tautau R Active erosion at base of bank. 

P1070167 Tautau R Strange bare section - looks like 
material has been pushed off the bank 
or vegetation on slump has been 
slashed. 

P1070168 Tautau L Early signs of a slump behind poplars 
at top of bank. 

P1070169 Tautau R Another strange section that looks like 
it has been slashed. 

P1070170 Tautau R More slashing - or potentially grass on 
banks has been sprayed? Bank 
material exposed. 

P1070171 Tautau Both Stream enters pine forest. 

P1070172 Tautau Both Stream beneath the trees. Banks well 
vegetated. P1070173 Tautau 

P1070174 Tautau Both Downstream of pine forest, looking u/s/ 
and d/s respectively. Much lower, 
rounded grassed banks. P1070175 Tautau 

P1070176 Tautau L Slumped or 'stock terraced' bank but 
well vegetated. 

P1070177 Tautau Bed Thick sheet of sand being transported 
over gravel bed. 

P1070178 Tautau/Kopurererua Confluence Clear water from the Tautau meeting 
very turbid water from the Kopurererua 

P1070179 Tautau/Kopurererua Confluence Evidence of recent fresh in the 
Kopurererua - dirty high water mark 
~50 cm above water surface. 
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P1070180 Kopurererua R Looking d/s. Vertical right bank with 
past slump but not active. 

P1070181 Kopurererua Both Channel choked with vegetation. 

P1070182 Kopurererua R Channel choked with trees and active 
bank erosion around the outside of the 
trees. P1070183 Kopurererua 

P1070184 Kopurererua R Slumpy low banks - may be due to 
stock access. 

P1070185 Kopurererua R Very low banks (~0.3m) actively 
eroding over long lengths. 

P1070186 Kopurererua R Trees growing in channel, raw right 
bank, left bank well vegetated. 

P1070187 Kopurererua R Looking vertically down at a recently 
slumped bank, muddy blocks at base 
of channel. 

P1070188 Kopurererua R Clear view of actively eroding bank 
behind vegetation. P1070189 Kopurererua 

P1070190 Kopurererua 



 

70 The importance of bank erosion as a source of suspended sediment within the Kopurererua 

 

  Photo 
Number 

Stream River 
bank 

Notes 

P1070191 Kopurererua  Looking towards potential base station 
set up (if GPS surveying is required). 

P1070192 Kopurererua L Ditch/drain joining the Kopurererua on 
left bank. 

P1070193 Kopurererua  Tree covered island in the middle of the 
channel - was probably on the bank at 
one stage. 

P1070194 Kopurererua L Bank erosion 

P1070195 Kopurererua Both Looking u/s, clear that water has 
recently (2 days prior) spilled over the 
banks here. 

P1070196 Kopurererua  Another tree covered island in the 
middle of the channel. 

P1070197 Kopurererua L Bank erosion 

P1070198 Kopurererua R Fern covered banks with patches of 
bank erosion. 

P1070199 Kopurererua  Another tree covered island in the 
middle of the channel. This u/s of 
swampy cutty grass section where 
channel was inaccessible. 

P1070200 Kopurererua R Undercut banks but seems relatively 
stable. P1070201 Kopurererua 

P1070202 Kopurererua R Looking u/s. Undercut bank but well 
grassed. 

P1070203 Kopurererua Both 90 degree S bend. Looking d/s. There 
is a tributary joining the right bank just 
u/s of this photo. 

P1070204 Kopurererua R Looking d/s towards farmer pulling 
willow out of the channel. 

P1070205 Kopurererua L Erosion fenced off and revegetating. 

P1070206 Kopurererua R Looking u/s along undercut banks. 
Banks are getting quickly higher in this 
reach. 

P1070207 Kopurererua  Looking downstream at area of 
floodplain where there is evidence of 
water spilling banks and depositing 
sediment. 

P1070208 Kopurererua R Overhanging bank. 

P1070209 Kopurererua  Looking from the edge of a hillslope 
down on a tight meandering section of 
channel - can't get down to the channel 
here but it looks very similar to further 
d/s. 

P1070210 Kopurererua Both Standing on a pine tree across the 
river, looking d/s then u/s respectively. 
Banks well vegetated. P1070211 Kopurererua 

P1070212 Kopurererua R Looking d/s at bank erosion on outside 
of bend. 

P1070213 Kopurererua L Silty deposit at base of bank. 

P1070214 Kopurererua R Silty point bar on inside of bend. 

P1070215 Kopurererua R Old bank erosion. Bank material much 
lighter in colour here - getting into 
hillslope material rather than brown 
silty floodplain material. 
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  Photo 
Number 

Stream River 
bank 

Notes 

P1070216 Kopurererua  Looking u/s at top of reach on Jason 
Mathers' property. 
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P1070217 Kopurererua Both Looking upstream then downstream 
along blackberry lined section of 
channel - no erosion evident. 

P1070218 Kopurererua 

P1070219 Kopurererua Both Looking upstream then downstream 
along blackberry lined section of 
channel - no erosion evident. P1070220 Kopurererua 

P1070221 Kopurererua Both Looking upstream along blackberry 
lined section of channel - no erosion 
evident. 

  P1070222 Kopurererua Both Looking down on highly sinuous reach 
upstream of forest block near kiwifruit 
orchard.   P1070223 Kopurererua 
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P1070224 Kopurererua Both Looking upstream then downstream 
just downstream of blackberry/cutty 
grass jungle - no erosion evident. P1070225 Kopurererua 

P1070226 Kopurererua R Looking u/s, old erosion on right bank, 
undercut section. 

P1070227 Kopurererua R Photo of fine sediment deposit at base 
of bank. 

P1070228 Kopurererua R Looking d/s at blackberry at top of 
bank, erosion in foreground. 

P1070229 Kopurererua R Looking u/s then downstream, stream 
has eroded around tree leaving island 
in centre of channel. Channel very wide 
here. 

P1070230 Kopurererua 

P1070231 Kopurererua R Slump and vertical bank. Side channel 
coming in on right at this location. 

P1070232 Kopurererua R Vertical bank but well grassed. Old 
erosion. 

P1070233 Kopurererua R Old slump. Blocks at base well 
grassed. Right bank is fenced but left 
bank isn't. Banks too steep and 
covered in blackberry for stock access 
to channel. Left bank looks stable. 

P1070234 Kopurererua R Looking d/s at slump and then u/s at 
vertical bank. P1070235 Kopurererua 

P1070236 Kopurererua L Left bank at same location as above. 
Looks pretty stable - left is inside of 
bend. 

P1070237 Kopurererua L Just d/s. Evidence of stock access. 

P1070238 Kopurererua 

P1070239 Kopurererua Both Looking d/s at tress growing within the 
channel. 

P1070240 Kopurererua R Looking d/s at slump under fence, 
vertical bank d/s. P1070241 Kopurererua 

P1070242 Kopurererua R Looking u/s at same slump under fence 

P1070243 Kopurererua L Bank bare at the top but vegetated at 
base. Not active erosion but 
vulnerable. 

P1070244 Kopurererua L Stock access 

P1070245 Kopurererua R Undercut bank - views u/s then d/s 
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  Photo 
Number 

Stream River 
bank 

Notes 

P1070246 Kopurererua 

P1070247 Kopurererua R Active slumping - survey staff will not 
be long enough to measure bank 
heights 

P1070248 Kopurererua R Looking u/s at actively eroding bank 

P1070249 Kopurererua R View from 10m back from RB showing 
size of trees growing in the channel. 

P1070250 Kopurererua R Slump covered in cutty grass 

P1070251 Kopurererua R Very tight meander bend - river flowing 
from left to right. 

P1070252 Kopurererua L Slump on outside of bend (centre of 
shot in distance) 

P1070253 Kopurererua R Erosion outside of bend (RB) 
submerged bar visible on inside of 
bend 

P1070254 Kopurererua R Very big slump starting on RB. Ponga 
trees growing on slipping block P1070255 Kopurererua 

P1070256 Kopurererua 

P1070257 Kopurererua Both Blackberry cover on both banks 

P1070258 Kopurererua L Unfenced left bank - evidence of stock 
access and erosion 

P1070259 Kopurererua R Slump on RB 

P1070260 Kopurererua 

P1070261 Kopurererua R Looking u/s. Widespread slumping but 
base blocks well vegetated. 

P1070262 Kopurererua R One of the slumps mentioned above 

P1070263 Kopurererua R Looking d/s bank ok. 

P1070264 Kopurererua R Slumping vertical bank 

P1070265 Kopurererua L Vertical sparsely vegetated bank 

P1070266 Kopurererua R Looking u/s, slump starting paddock 
side of fence 

P1070267 Kopurererua R Big slump 

P1070268 Kopurererua L Evidence of stock access. 

P1070269 Kopurererua R Slump, hard to see clearly in photo 

P1070270 Kopurererua R slumped block 

P1070271 Kopurererua L Top of bank sparsely vegetated 

P1070272 Kopurererua 

Back through the forest - continue d/s from kiwifruit orchard 

P
ho

to
s 

ta
ke

n 
w

al
ki

ng
 d

/s
 

fr
om

 k
iw

ifr
ui

t o
rc

ha
rd

 to
 

La
ke

s 
de

ve
lo

pm
en

t 

P1070273 Kopurererua L Stock trampled top of bank 

P1070274 Kopurererua L raw bank just u/s of previous site 

P1070275 Kopurererua L Old slump, collapsed fence hanging at 
base. Sand & mud on inside of bend. 

P1070276 Kopurererua Both Looking u/s, banks ok 

P1070277 Kopurererua R Start of slump behind poplars - 1m in 
front of Jo's feet 
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  Photo 
Number 

Stream River 
bank 

Notes 

P1070278 Kopurererua R River is immediately behind poplars 
(but hard to view) top of bank is 
orchard side of poplars 

P1070279 Kopurererua Both u/s and then d/s shots, banks ok 

P1070280 Kopurererua 

P1070281 Kopurererua R View of poplar fencing, looking d/s 

P1070282 Kopurererua L Trying to look through mesh at erosion 
on LB. 

P1070283 Kopurererua L Raw top of bank, vegetated slump at 
base. 

P1070284 Kopurererua Both Looking d/s, relatively straight and 
stable & well vegetated. 

P1070285 Kopurererua R Vertical bank, vegetated slump at base 

P1070286 Kopurererua R Old vegetated slump 

P1070287 Kopurererua R Old slump 

P1070288 Kopurererua L Looking d/s at erosion on outside of 
bend (in distance) 

P1070289 Kopurererua L Confluence of narrow drain 

P1070290 Kopurererua L Old scalloped bank - well vegetated 

P1070291 Kopurererua L Unvegetated patch - potentially stock 
damage 

P1070292 Kopurererua  Sudden change in gradient and stream 
velocity - potentially a nick point 
working u/s maybe as a result of d/s 
channel shortening? 

P1070293 Kopurererua Side 
channel 

Standing water in side channel - may 
be a tributary but if linked to main 
stream, culvert is buried. 

P1070294 Kopurererua Both D/s then u/s view of the channel, banks 
ok, velocity has slowed P1070295 Kopurererua 

P1070296 Kopurererua L Looking d/s, a few nibbles of erosion at 
base of bank. 

P1070297 Kopurererua L Some undercutting, outside bend. 

P1070298 Kopurererua L Slumps 

P1070299 Kopurererua 

P1070300 Kopurererua Both Looking u/s. Banks not too bad but 
some old slumps 

P1070301 Kopurererua L Active erosion of raw bank. Cows d/s 
but fencing here. 

P1070302 Kopurererua Both u/s & d/s shots 

P1070303 Kopurererua 

P1070304 Kopurererua L Fencing ends - cow in stream but not 
sure how it got in the channel (or how it 
will get out) 

P1070305 Kopurererua Both U/s then d/s shots - blackberry dense - 
banks look stable. P1070306 Kopurererua 

P1070307 Kopurererua Both Looking d/s, banks look stable 

P1070308 Kopurererua R Sign warning of buried gas line 

P1070309 Kopurererua R Digger has scraped blackberry into the 
channel - not clear why. P1070310 Kopurererua 
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  Photo 
Number 

Stream River 
bank 

Notes 

Finish at Lakes development, where we covered the previous day. Then head back u/s. 
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P1070311 Kopurererua Both Cow in stream - called property owner 
in case it can’t get out. 

P1070312 Kopurererua  Un-grassed battered bank at Lakes 
development  

P1070313 Kopurererua  Looking downstream - impenetrable 
vegetation - can't get to stream. 

P1070314 Kopurererua L Access to channel at small gap in 
blackberry, just u/s of roundabout that 
the channel flows under. Banks stable. P1070315 Kopurererua 

P1070316 Kopurererua 

 


