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Executive Summary

The Mokihinui Community Consultation Group (MCCG) was established in September 2007 as a means to convey information between key people and the community and Meridian project staff. 
The group requested that NIWA’s “Shoreline Change” report be peer reviewed by an independent expert. ASR Ltd’s Managing Director was asked to undertake the review, as provided in this document.
The reviewer concludes that the model and the assumptions adopted by Hicks et al. are not appropriate and that their modelling is not providing insight into the likely rates of erosion.

The amount of erosion and new shape of the entrance can be effectively forecast using computer models of a greater complexity than that adopted by Hicks et al. In the absence of such modelling, it is prudent to assume in accordance with Hicks et al. that substantial erosion is likely.
Mitigation may include re-location of dwellings or outright purchase of the land by an appropriate body. The determination of market rates and intrinsic value to the owners is often difficult to achieve once a property is under threat of erosion. 

With respect to monitoring, Hicks et al recommend an aerial photograph every 5 years and an annual survey of the shoreline. It would be appropriate to use local people for more regular beach surveys and beach photographs. The cost of such work is usually small and the volume of data greatly increases. 

Given the scale and importance of the project, aerial photographs should be taken annually. Surveys of the river bed and shoreline over the last 1000 m before the sea should be done annually to provide an early warning of problems if the bed level begins to lower. In low wave conditions, the surveys could extend onto the ocean river delta using jet-ski survey techniques.

A response hierarchy (subject to various erosion levels) needs to be established which will be reactive to the survey findings if erosion is identified. It will be essential for the hierarchy to be defined before dam construction. 

The apparent natural “erosion” at the entrance is likely to be simply cyclic and not long term. Many river entrances go through long slow cycles in shoreline position in response to sediment transfers across the entrance, weather cycles and wave climate decadal variations. Thus, the changes to the entrance shape (called “erosion” by Hicks et al.) should not confound the decision making as the gross reduction in sediment load down the river is a very long term effect, which should greatly over-ride the cyclic changes that may be occurring naturally around the river entrance.

1 Brief
A peer review was requested by Meridian Energy Ltd and Mokihinui Community Consultation Group (MCCG). This group was established in September 2007 as a means to convey information between key people and the community and Meridian project staff. The group requested that NIWA’s shoreline change report be peer reviewed by an independent expert. The document examined was:

· “Mokihinui River Proposed Hydropower Scheme: Shoreline Change around the Mokihinui River mouth” by Murray Hicks, Mark Dickson and Richard Gorman. NIWA Client Report: CHC2007-136. November, 2007.
As background, the following additional report was considered, but not reviewed.
· Mokihinui River Proposed Hydropower Scheme: Sediment Report, by Murray Hicks, Helen Rouse, Jon Tunnicliffe and Jeremy Walsh. NIWA Client Report: CHC2007-117. November 2007

The brief provided by Meridian Energy and MCCG stipulates that the review should focus on the effects of coastal erosion, both naturally occurring and as a result of MHP on the Mokihinui township and the land immediately north of the Mokihinui River mouth.

Specific questions to be addressed are:

· Have the authors used the appropriate methodology for the shoreline evolution model? (Chapters 1 and 3 of the report)

· Are their assumptions appropriate? (Chapter 4)

· Are their predictions of coastal erosion rates reasonable/conservative/excessive? (Chapter 5)

· Is the proposed monitoring and mitigation appropriate (Chapter 6).

The MCCG is particularly interested in the likely extent and the timeframes of coastal erosion as a result of MHP.

2 The proposed scheme
Meridian Energy is currently investigating a hydro development, the Mokihinui Hydro Proposal (MHP) which involves construction of a dam and associated infrastructure on the Mokihinui River. The MHP will result in changes to the flow regime and blocking of natural sediment movement down the river. 

2.1.1 Key conclusions of Hicks et al.

Predictions of total sediment load reaching the coast from the river were made by Hicks et al. (2007). They found that the total load was around 450,000 tonnes/year with the bulk of this consisting of suspended sediment. The supply of beach grade river sediment (fine sand and coarser grades) to the estuary and coast would reduce by 94% due to sediment entrapment in the reservoir. 
Hicks et al. (2007) suggested that the gravel supply would also be blocked and recommended that gravel extraction operations on the river be halted after the dam was commissioned.

With the dam in place, the flow regime would also be more controlled but the total volumes coming down the river would be essentially unaltered. Flows from the river in flood are very large and exceed 2000 m3s-1 at times.

The question to be addressed in their later report was whether the drop in sediment supply to the coast would result in shoreline erosion at the river entrance. 
The shoreline at the Mokihinui River mouth is arcuate as a result of sediment infilling in the valley containing the river between two headlands (Figure 1a). The entrance has distinctive sand banks to the immediate north and south of the main entrance channel (Figures 1 and 2). Like all natural river entrances on “soft” (sandy) shorelines, it has moved around and changed shape during the period of recorded river history (Hicks et al. 2007).

Currently, the southern shoreline is apparently eroding and Hicks et al. state that with sea level rise the rate of erosion could be as much as 1.4-1.5 m/yr. They conclude that even without the hydro dam, parts of the Mokihinui settlement are at risk, but the MHP would exacerbate the erosion.
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Figure 1. Mokihinui River entrance.

3 Reviewer’s conclusions
The physical setting determines the choice of numerical model that should be adopted for predictions. It is evident that the site is influenced by two key factors:

· River flows with corresponding sediment discharges
· Wave conditions
Consequently, it is necessary to include both of these factors in the numerical models if they are anticipated to produce good quality results. 
Specifically, Hicks et al have adopted a 1-line model which only treats wave-driven longshore transport. It does not treat the river dynamics, although the authors attempt to include the river by introducing a river flux of sand to the appropriate model cell. 
The inappropriateness of the model is shown by their calibration diagram (Figure 4.4). In that, the model creates a highly linear (“ruler straight”) shoreline while the natural shoreline substantially bulges out near the entrance to the river and has an overall arcuate shape between the headlands (Figures 1 and 2).
It would be expected that the simple 1-line model would not be able to reproduce that shape and it is therefore not an appropriate model to use.

The authors state that the model looks to be ok to the south of the entrance but not to the north. However, the model-predicted shoreline is landward of the natural shoreline position in the south by around 100 m in places, which is of the same order as their predictions of shoreline erosion, i.e. the model error is of the same order as the predictions of erosion. This is unsatisfactory and caused by the selection of a very simple model by the authors.
In their simulation of 150 years of shoreline evolution, the predicted shoreline shape is still “ruler straight” (Figure 4.5) and not suitable for making assessments of the likely impact of the proposed dam on the river entrance.

Consequently, the reviewer concludes that their assumptions are not appropriate and their predicted coastal erosion rates are not providing insight into the likely rates of erosion. A more sophisticated model would be needed to make that prediction.

Figure 3 shows a selection of nearby river entrances. Each has its own characteristics which are primarily governed by:

· Sediment discharge

· Water discharge

· Flood hydrograph

· Proximity of headlands

· Longshore transport

Being nearby, they experience similar wave climates but they are all quite different in shape. The lesson to be learned is that changing the sediment discharge would be expected to change the shape of the entrance in a way that may lead to erosion of local property. 

The amount of erosion and new shape of the entrance can be effectively forecast using computer models of a greater complexity than that adopted by Hicks et al.
4 
Mitigation and monitoring

With respect to mitigation, the authors suggest that structures may not be suitable for prevention of coastal erosion. Their recommendation is that an integrated plan be developed, but the content and likely measures to be in that plan are not precisely outlined. They suggest expendable structures (it is not clear what an expendable structure consists of) or landward retreat (i.e. the properties are lost).

The decision to lose property is usually not taken lightly and cannot be seen as being in the mitigation category. Mitigation may include re-location of dwellings or outright purchase of the land by an appropriate body. The determination of market rates and intrinsic value to the owners is often difficult to achieve once a property is under threat of erosion. 

With respect to monitoring, Hicks et al recommend an aerial photograph every 5 years and an annual survey of the shoreline.

It would be appropriate to use local people for more regular beach surveys and beach photographs. The cost of such work is usually small and the volume of data greatly increases. 

Given the scale and importance of the project, aerial photographs should be taken annually. Surveys of the river bed and its shoreline over the last 1000 m before the sea should be done annually to provide an early warning of problems if the bed level begins to lower. In low wave conditions, the surveys could extend onto the ocean river delta using jet-ski survey techniques.

A response hierarchy (subject to various erosion levels) needs to be established which will be reactive to the survey findings if erosion is identified. It will be essential for the hierarchy to be defined before dam construction. 

The apparent natural “erosion” at the entrance is likely to be simply cyclic and not long term. Many river entrances go through long slow cycles in shoreline position in response to sediment transfers across the entrance, weather cycles and wave climate decadal variations. Thus, the changes to the entrance shape (called “erosion” by Hicks et al.) should not confound the decision making as the gross reduction in sediment load down the river is a very long term effect, which should greatly over-ride the cyclic changes that may be occurring naturally around the river entrance.
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Figure 2. The arcuate shoreline and the bulge in the coast at the river entrance.
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Figure 3. Nearby river entrances


































