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Executive summary 
Introduction and background to this assessment 

The low lying coastal plain and narrow beach system between Miranda and Matingarahi (the 
Wharekawa coast) make farmland and coastal infrastructure vulnerable to, and at risk from, coastal 
hazards and notably inundation from the sea and coastal erosion. There is also the threat of tsunami 
from both distant and local sources. Coastal hazards are expected to worsen with climate change 
and projected sea level rise. This report provides an assessment of coastal drivers and hazards in 
respect to the coastal geomorphology in order to inform a community strategy so that discussions 
and adaptive planning options are based on a common understanding of coastal processes. This 
assessment is a component of the wider Wharekawa Coast 2120 initiative aimed at developing a 
long-term strategy for the sustainable management of the Wharekawa coast. It is one of a suite of 
reports that address: Coastal processes (this report); River flooding of the Hauarahi Stream; Land 
Stability; Social impact assessment for Wharekawa; Wharekawa Coast 2120 risk assessment. 

This assessment is timely because the knowledge base has improved considerably since the review 
of coastal processes and hazards and their management by Tonkin & Taylor in 2010.  The last decade 
has seen: detailed topographic mapping of the coastal plain by LiDAR, re-mapping shoreline change, 
surveys of vertical land movement, numerical modelling of currents and circulation, wave climate 
and tsunami events, analysis of the occurrence of extreme water levels and development of the 
Waikato Regional Hazards Portal and Coastal Inundation Tool. These studies, along with lessons 
learned from recent storm events have improved knowledge and understanding of coastal 
processes, by both technical experts and communities, will better inform decision making and 
options for the management of coastal processes and drivers of coastal hazards. This assessment is 
also timely in light of guidance produced by MFE in 2017 for local government on how to adapt to 
coastal hazard risks from climate change and sea level rise.   

Coastal setting and hazard drivers 

The 22 km stretch of coast between Matingarahi and Miranda (the Wharekawa coast), is an east-
facing shoreline in the southern Firth of Thames. North of Wharekawa the coastal plain is narrow, 
the steep beaches comprised of pebbles and cobbles with little shell material and with a narrow 
intertidal zone. Between Wharekawa and Kaiaua the coastal plain widens to about 0.5 km and 
beaches are less steep and mixed sand and gravel with a wider intertidal zone. To the south in the 
vicinity of Miranda the geomorphology is characterised by a wide (c. 1.8 km) low-lying coastal plain, 
fronted by a very narrow strip of wetlands and mixed sand-gravel beaches with low storm berms. 
Seawards of the beach there are extensive muddy intertidal flats that extend more than 2 km 
offshore. Significant geomorphological features of the plain are the chenier ridges which are shelly, 
low, shore parallel chenier ridges lying atop muddy sediment. At several places along the coast 
rivers, streams and farm drains emerge on the beach building small deltas. 

The coastal plain is formed from a sequence of (relict) chenier beach ridges representing successive 
positions of an advancing shoreline. The chenier ridges have built seawards in the last 6,000 years in 
response to several factors including: an overall fall in sea level of some 2 m between 4,000 and 
1,000 years ago, an episodic supply of sediment and in accommodation space provided by an 
embayed shoreline. The plain built seaward from the former coastal cliffs and high ground to the 
west prograding some 1.8 km at its widest point and at a rapid rate (average of about 4.5 m/yr). This 
process has resulted in an overall straightening and north south re-alignment of the once irregular 
shoreline. Today formative processes are very different and far less conducive to coastal 
progradation. The shoreline is straighter and there is less accommodation space for sediments to 
accumulate in shelter from wave attack. Furthermore, sea level is no longer falling and is predicted 
to rise in the future accompanying climate change. The coast is in a state of dynamic equilibrium 
north of Kaiaua and oscillating forward and back, and in a state of dynamic equilibrium of perhaps 



 

4 
 

retreating north of Miranda. Shoreline stability is very dependent on a continued supply of sand and 
gravel from the rivers and shell material from the tidal flats offshore. 

The beaches on the Wharekawa coast are mixed sand gravel beaches that vary from rocky, steep, 
cobble and boulder systems with narrow intertidal areas in the north at Waharau to shelly, less 
steep, gravel/sand systems with very wide intertidal areas in the south near Miranda. The beaches 
receive sufficient wave energy during storms, to build-up a low gravelly beach ridge barrier above 
high water level, fronted by steep, shelly/gravelly high tide beach, with low gradient sand flats 
extending offshore from the base of the high tide beach. The beach ridge barrier is narrow, rises to 
about 0.5 to 1.0 m above MHWS, and contains only a small volume of sediment. It is easily 
overtopped by high water levels and waves in storms and provides little volume of sediment to 
buffer against the effects of coastal erosion. Rivers and streams build small deltas that protrude 
offshore. Delta survival/longevity at decadal time scales is very dependent on sediment supply. If 
supply is cut off (e.g., through catchment activities, gravel extraction, dredging channels, building 
groynes updrift), then the deltas will erode.  

The nature, scale and frequency of occurrence of coastal hazards varies with coastal setting and the 
drivers of coastal processes. The drivers are water levels, rivers, currents, waves, wind and sediment 
transport and supply, at longer time scales vertical land movement (movement up and down 
changes the level of the shore relative to the sea) and climate change and associated sea level rise. 

Water levels play an important role in determining coastal hazards by allowing overtopping of 
coastal barriers, controlling the distance water travels inland over low topography, controlling the 
amount of wave energy reaching the backshore and beach ridge barrier and causing erosion during 
storms, and by controlling the mean shoreline position on longer time scales. Storm tides (a 
combination of the astronomical tides, storm surge and the monthly mean sea level variation) can 
elevate the water level above the predicted tide and ‘pile it up’ against the coastline across a region 
causing coastal flooding from the sea. The largest storm tides are generally associated with a spring 
tide. Waves can produce additional short term increases in water level during events due to the 
processes of wave setup and runup. Wave setup and runup has not been calculated for the 
Wharekawa coast. Longer-term sea-level rise in New Zealand based on analysis of tide gauge records 
has averaged 1.8 ± 0.1 mm/yr. There is no long-term tide gauge record for the Firth of Thames but 
Auckland, the closest gauge, shows a rate of sea level rise of 1.6 ± 0.1 mm/yr. Climate change is 
predicted to accelerate this rate of sea level rise into the future. 

Although not specifically addressed in the report runoff from rivers and streams during heavy rainfall 
can exacerbate flooding during coastal inundation events. Sea water flooding up rivers and drains 
prevents the escape of flood waters to the sea and causes water levels to rise to higher levels and 
further inland and the land remains inundated for longer periods of time.  

Tidal and wind driven currents are very weak and play little role in beach processes. However, they 
serve to transport fine sediments (mud and very fine sand) that occur on the intertidal flats and 
shallow subtidal areas. The most common winds are light with speeds ranging between 0 and 10 m/s 
and accounting for 93% of the record. Strong winds from the north that generate large waves are 
rare. The wave climate of the Wharekawa coast is characterised by a most commonly occurring 
regime of small, short period, low energy waves. This is  punctuated by infrequent occurrences of 
higher energy wave conditions from: 1) long-period waves that propagate into the southern Firth 
from the outer Hauraki Gulf and 2) more commonly occurring shorter period waves that are 
generated along the large fetch coincident with the prevailing northerly wind direction. 

Gravel and sand sized material comes primarily from rivers and streams to the north of Kaiaua. Shell 
is an important source of sediment for the gravel ridges and chenier plain formation and is primarily 
derived from the wide intertidal flats of the southern Firth. Mud derives from rivers in the south. 
While the quantities and rates of sediment transport are unknown the overall rate is small and 
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transport intermittent because for most of the time waves are small. Low sediment storage in the 
beaches means that there is only a small buffer against storm events.  

Vertical land movement (subsidence of the land) increases the threat of coastal inundation. There 
has been vertical land displacement associated with the Kerepehi Fault of 1.6 m in four events and 
having an average recurrence interval of about 2,500 years (the down thrust side of the Fault is on 
the west and Kaiaua side of the fault). Long-term (up to 125,000 years ago) vertical tectonic 
movement on the west side of the Firth of Thames shows a slow rise of c. 0 to 1 mm/yr. However, 
given uncertainties in these numbers, it is assumed that vertical land movement in the Wharekawa 
coast to be essentially zero. 

A variety of structures have been used to prevent coastal erosion. These include rock walls, wooden 
groynes, dumped concrete and concrete pipes. These structures are in various states of disrepair. 
Some are of questionable effectiveness and may in fact detrimental to coastal processes and be 
contributing to the erosion rather than preventing it.  

MFE guidance issued in 2017, based on the Intergovernmental Panel on Climate Change (IPCC) 2014 
report, projects a global sea-level rise by 2120 of about 0.5 and 1.4 metres (above the 1995 level) 
depending on the amount of future greenhouse gas emissions. Over a shorter time frame up to 
2060, the IPCC projects a narrower range of sea-level rise of 0.3 to 0.5 metres. Storm tides will also 
provide for temporary increases in ocean and estuary water levels (over and above the level of 
predicted tides) caused by storm conditions that last from hours to days. There are also predictions 
for storms to occur more frequently. 

Coastal hazards 

Past events have highlighted the fact that the Wharekawa coast and its settlements and associated 
infrastructure, coastal road and power supply lifelines, boat launching facilities and farmland are 
vulnerable to and at risk from coastal hazards, most notably widespread coastal inundation from the 
sea and more locally coastal erosion. Coastal hazards have arguably been exacerbated through the 
modification of coastal processes by human activities such as gravel extraction, stream diversion and 
channelisation, stream mouth clearance, bunding of farmland and poorly engineered structures to 
combat shoreline erosion. The threats and risk to assets from coastal inundation and erosion are 
predicted to ‘ramp up’ in both magnitude and frequency with projected climate change and 
associated sea level rise. 

Coastal inundation is a major threat to the Wharekawa coast. The coastal plain is at or below mean 
sea level and begins to flood either directly or indirectly from the sea when the sea level reaches 
about 2.0 m (MVD-53).  Furthermore, the low and narrow coastal barrier ridge provides little 
protection against overtopping by the sea.  the sea. Under the status quo inundation events will, as 
they have in the past, continue to threaten infrastructure (housing, businesses), agriculture (grass 
die-off and soil salinity in paddocks), lifelines (roading, power supply, water supply and septic 
systems), the local economy (business continuance) and public safety. Coastal flooding events will be 
the largest and most extensive when storm tides coincide with king tides and when these conditions 
are maintained for several days. Flooding can be further exacerbated during heavy rainfall that is 
commonly associated with storms causing rivers to back up retarding drainage to the sea. While 
large events are rare, the coastal plain is so low in places that any one of those events occurring 
alone can cause lesser amounts of inundation.  

Coastal erosion is less of a hazard for the Wharekawa coast than coastal inundation. However, the 
low gravel ridge barrier, unlike large dunes on a sandy coast, provides little buffer against erosion as 
it contains only a small volume of sediment and receives only a meagre (but unquantified) supply of 
sand and gravel. The coast is in a state of dynamic equilibrium north of Kaiaua and oscillating 
forward and back, and in a state of dynamic equilibrium of perhaps retreating north of Miranda. The 
stability of the beach ridge barriers and delta sand bodies are threatened by rising sea level and an 
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increased frequency of storm events that are predicted to accompany climate change. Higher sea 
levels will bring breaking waves closer to the high tide beach and ridge system more frequently and 
exacerbate coastal erosion.  

The Hauraki Gulf has experienced at least 11 tsunami and one meteorological tsunami since 1840. 
While most of these were small events, 4 had amplitudes up to 2 m. Modelling of both distantly and 
locally generated tsunami tends to suggest that tsunami hazard in the Firth of Thames is relatively 
low. However major earthquakes could occur on the Kerepehi Fault (including the offshore 
segments) once every 1,000 years, equivalent to a 1% probability of occurrence in 10 years. If this 
generated a tsunami there will be little warning other than the associated shaking associated with 
the earthquake.  

Coastal hazard threats will be exacerbated by rising sea level accompanying climate change which 
could add 0.3 to 0.5 metres to global sea levels by 2060 and 0.5 to 1.4 metres by 2120. A 
consequence of sea level rise is that a long-term rise in sea level dramatically increases the 
frequency of occurrence of coastal inundation events and events of a magnitude that is uncommon 
today will be more common in the future. Storm tides will also provide for temporary increases in 
ocean and estuary water levels (over and above the level of predicted tides) caused by storm 
conditions that last from hours to days. Such a rise in mean sea level would have a very significant 
impact on coastal inundation, increasing both the frequency and severity of flooding. Sea level rise 
accompanying climate change will bring water levels and waves closer to the shore resulting in 
rollback of the beach ridge system and overall shoreline retreat. Coastal erosion may be offset to 
some degree by increased sediment supply from catchment and cliff line erosion that will occur with 
increased storminess. We do not know how the supply of sediment (including shell) to the coast will 
alter with climate change, although an increase in the magnitude and frequency of storm events 
could increase catchment erosion and sediment supply to the coast. However, at long time scales 
(50 to 100 years) coastal inundation is predicted to flood the low lying coastal plain and likely to 
completely dominate over coastal erosion. Vertical land movement is effectively zero so the rise in 
sea level will not be offset by the gradual uplift of the land.  

These projections pose a dire warning for the Wharekawa coast which is already suffering significant 
inundation during storm events at current sea levels. While there is uncertainty in regard to these 
predictions, a precautionary approach would seem to be warranted given the present scientific 
consensus of opinion on the effects of climate change. Tsunami occurrence will not be affected by 
climate change, although higher long-term sea levels associated with climate change will allow 
coastal inundation to propagate further landward. 

Strategies to mitigate coastal hazards and inform adaptive planning 

Various strategies to mitigate the effect of coastal hazards are described along with further work 
that could be undertaken to improve knowledge of coastal processes. These include predicting 
hazard events, monitoring and predicting forcing processes, specific recommendations for mitigating 
the effects of coastal inundation, coastal erosion and tsunami, documenting hazard events and 
potential input from communities in by way of citizen science projects.  

 

 

Note: This draft report has yet to undergo external peer review. It has been provided as a 
background paper to inform Wharekawa Coast 2120 Community Workshops, Technical Advisory 
Group, Joint Working Party and Community Advisory Panel activities.   
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1. Introduction 

The 22 km stretch of coast between Matingarahi and Miranda (the Wharekawa coast) is an east-

facing shoreline in the southern Firth of Thames (Figure 1-1). North of Wharekawa the coastal plain 

is narrow, steep beaches comprised of pebbles and cobbles with little shell material and there is a 

narrow intertidal zone (Figure 1-2). Between Wharekawa and Kaiaua the coastal plain widens to 

about 0.5 km and beaches are less steep, comprised and mixed sand and gravel and with a wider 

intertidal zone. To the south in the vicinity of Miranda the geomorphology is characterised by a wide 

(c. 1.8 km) low-lying coastal plain, fronted by a very narrow strip of wetlands and mixed sand-gravel 

beaches with low storm berms (Figure 1-2). Seawards of the beach there are extensive muddy/sandy 

intertidal flats that extend more than 2 km offshore. Significant geomorphological features of the 

plain are the chenier ridges which are shelly, low, shore parallel chenier ridges lying atop muddy 

sediment. At several places along the coast rivers, streams and farm drains emerge on the beach 

building small deltas. Sediment supply to the coast is by way of sand and gravel from streams and 

rivers in the north, shell from the intertidal areas and mud from the large rivers in the southern 

Firth. Waves transport sediments in a predominantly southerly direction along the shoreline. 

 

Figure 1-1. Location map showing todays shoreline and the position of the palaeo-shoreline (blue 
line) prior to the development of the chenier plain. 
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Figure 1-2. Narrow steep pebble and cobble beach in the north at Waharau (left) and the wide flat 
mixed sand gravel beach in the south near Rays Rest (right). 

The low lying coastal plain and narrow beach system make farmland and coastal infrastructure 

vulnerable to, and at risk from, coastal hazards and notably inundation from the sea and coastal 

erosion. There is also the threat of tsunami from both distant and local sources. There are small 

settlements of Kaiaua, Whakatiwai and Waihihi Bay. Housing, commercial premises and boat 

launching facilities are located close to the sea. Lifeline infrastructure including the main road (East 

Coast Road), bridges and power supply run close to the coast. In the south near the Pukorukoru 

Miranda Shorebird Centre the wetlands and chenier shell banks have RAMSAR status.  

In the past, and most recently in January 2018, storm events have resulted in widespread flooding 

and salt burn of farmland, road closures and damage to buildings in the townships (Figure 1-3). 

Coastal protection structures in various states of disrepair are testimony to efforts to combat coastal 

erosion (Figure 1-4). Although beyond the scope of this report there are also hazards due to: 1) 

small-scale landslips that threaten East Coast Road in the north, 2) flooding of the land following 

rainfall events and 3) potential salinization of ground water and soils associated with a rise in sea 

level.   

   

Figure 1-3. Aftermath of the January 2018 storm event showing flooding from the sea at Kaiaua 
township and overwash debris on East Coast road. 
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Figure 1-4. Various structures on the shoreline near Kaiaua to combat coastal erosion. 

Wharekawa Coast 2120 is a project aimed at developing a long-term community strategy for the 

sustainable management of the Wharekawa coast. Its goal is to provide the community and other 

key stakeholders with information on key hazards, assets, values and how to best manage risk and 

uncertainty over the short, medium and long term. The strategy will provide a platform that can be 

regularly reviewed to ensure the most up to date information is assessed and management options 

are updated 

This report is a component of Wharekawa Coast 2120. It provides an updated assessment of coastal 

drivers and hazards in respect to the coastal geomorphology and to inform a community strategy in 

order that discussions and adaptive planning options are based on a common understanding of 

coastal processes and drivers. It is based on reviews of previous studies and new information, site 

visits, the authors experience in coastal processes and discussions council staff. The report: 

 Provides a current understanding of coastal processes and drivers for the Wharekawa coast. 

 Provides an assessment of coastal hazards. 

 Provides an assessment of projected climate change on the processes and drivers of coastal 

hazards based on the MfE Guidance (2017). 

 Considers whether planning and responses, for the short-, medium- and long-term 

management of coastal processes and drivers of coastal hazards, can be improved in light of 

our improved understanding of coastal processes, hazard events and climate change. 

 Considers what additional information or studies need to be undertaken to improve decision 

making around coastal management. 

This report does not provide specific advice on solutions to issues at specific sites – these will be 

addressed in a subsequent phase of Wharekawa Coast 2120.       
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To understand the impacts of climate change and natural hazards in the Wharekawa Coast 2120 

project area, the following suite of reports have been compiled: 

 Coastal processes, drivers and hazards (coastal inundation, coastal erosion and tsunami) and 

climate change effects (this report) 

 River flooding of the Hauarahi Stream 

 Land stability 

 Social impact assessment for Wharekawa 

 Wharekawa Coast 2120 risk assessment 
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2. Background 

This assessment is timely. The last comprehensive review of coastal processes and hazards and their 

management was undertaken by Tonkin & Taylor in 2010.  Since that time various surveys and 

studies and lessons learned from recent storm events have provided improved knowledge and 

understanding, for both technical experts and communities, which will better inform decision 

making and options for the management of coastal processes and drivers of coastal hazards. It is 

also timely in light of guidance produced by MFE in 2017 for local government on how to adapt to 

coastal hazard risk from climate change and sea level rise.   

The most recent review of coastal processes and hazards for the Wharekawa coast is described in 

two reports by Tonkin & Taylor in 2010. They prepared a Coastal Compartment Management Plan 

(CCMP) based on work by Franklin District Council, Environment Waikato and the Auckland Regional 

Council. The purpose of the plan was to identify values associated with the coastline and highlight 

issues and actions relevant to future management (Tonkin & Taylor 2010a). Tonkin & Taylor also 

prepared a technical report describing coastal processes and mechanisms that occur along the coast 

based on readily available published literature, aerial photo analysis and a site inspection (Tonkin & 

Taylor 2010b).  It focussed on coastal hazards and management options to serve as an information 

base for development of the CCMP.    

Since the Tonkin & Taylor reports numerous studies and surveys have added considerably to the 

knowledge base. These include: 

 Detailed topographic mapping of the coastal plain and surrounds using LiDAR (Light 

Detection and Ranging) in 2015.  

 Google Earth imagery of the Wharekawa coast from 2003 to 2019. 

 Remapping of shoreline change and rates of erosion using historical cadastral survey data 

(1885 to 1925) and aerial photography (1944 to 2017) (currently underway by WRC). 

 A reappraisal of the mode of evolution of the chenier ridges and development of the coastal 

plain (Dougherty and Dickson 2012). 

 Surveys of vertical land movement (Denys 2016, Swales et al. 2016). 

 Estimates of suspended sediment yields from rivers (Hicks et al. 2011). 

 An additional 9 years of water level record from the Tararau tide gauge in the southern Firth 

of Thames. 

 Modelling currents and circulation in the Firth of Thames (Zeldis et al. 2015; Haughey 2017).  

 Wave climate data in the form of modelled hindcast wave data extracted from MetOcean 

View    https://app.metoceanview.com/hindcast/ 
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 Surveys of mangrove forest evolution and intertidal sedimentation in the southern Firth 

(Swales et al. 2016; Haughey 2017; Hunt 2019).  

 Modelling tsunami of near- and far-field origin (Borrero 2018). 

 Analysis of the occurrence of extreme water levels (Stephens et al. 2015; Stephens 2018). 

 Descriptions and analysis of recent storm events and notably the 5 January 2018 event 

(Craig and O’Shaughnessy 2018).   

 A “soft launch” of the Waikato Regional Hazards Portal that has been developed to improve 

access to hazard information, and to help the public, local authorities and others make 

informed decisions about their exposure to natural hazards.   

https://waikatoregion.maps.arcgis.com/apps/MapSeries/index.html?appid=f2b48398f93146

e8a5cf0aa3fddce92c    (Coastal tabs). 

 Development of the WRC Coastal Inundation Tool that provides an interactive online tool for 

assessing the effect of sea-level rise on coastal-storm inundation for the Wharekawa coast.   

https://coastalinundation.waikatoregion.govt.nz/  

 Guidance produced by MFE in 2017 for local government on how to adapt to coastal hazard 

risks from climate change  http://www.mfe.govt.nz/climate-change/technical-

guidance/guidance-local-government-preparing-climate-change   
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3. Coastal setting and hazard drivers 

The nature, scale and frequency of occurrence of coastal hazards varies with coastal setting and the 

drivers of coastal processes and hazards. The drivers are water levels, rivers, currents, waves, wind 

and sediment transport and supply, at longer time scales vertical land movement (which changes the 

level of the coastal plain and beach relative to the sea level) and climate change and associated sea 

level rise. Having a knowledge and understanding of the scale and frequency of these drivers in a 

particular geomorphic situation is paramount to making informed and evidenced-based decisions on 

interventions, mitigations, engineering solutions and adaptive planning options to address coastal 

hazards.  

3.1 Geomorphology 

The 22 km long Wharekawa coast between Matingarahi and Miranda and is characterised by a 

diverse coastal geomorphology. The key features are the low-lying coastal plain, fronted by mixed 

sand gravel beaches with low storm berms and, in places, by a narrow strip of wetlands. The north 

south aligned coast has small promontories in the form of headlands and deltas and harder 

substrate that divide the coast into coastal compartments1. Stream and farm drains emerge on the 

shore in places. Seawards of the beach, particularly in the south, there are extensive muddy/sandy 

intertidal flats extending offshore. 

The coastal plain 

Low-lying coastal plains front the hinterland hills and an ancient marine cliff line cut in a Pleistocene 

terrace about 15-25 m high. In the south the plain is about 1.8 km wide at Miranda (Figure 1-1). It 

narrows to the north being c. 0.7 km wide south of Kaiaua, 0.6 km wide between Kaiaua and 

Whakatiwai and 0.4 km wide near Wharekawa and reduces to a narrow coastal strip at Waihihi Bay. 

Coastal cliffs back the beach north of Waharau.  Much of the coastal plain, now drained and 

converted to farmland, is at or below mean sea level. It begins to flood either directly or indirectly 

from the sea when the sea level reaches about 2.0 m (MVD-53).   

 
1 A coastal compartment is an area in which coastal processes, and their effects on the geology of the coast, 
are broadly homogeneous. The compartment boundary is usually a feature such as a headland or river mouth 
which effectively divides the compartment and its processes from its neighbour. The compartment boundaries 
act as natural barriers to sediment transport, enabling the area between boundaries to be treated as a semi-
closed system with quantifiable sediment sources and sinks. 
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The beach barrier plain is formed from a sequence of (relict) chenier beach ridges representing 

successive positions of an advancing shoreline (Figures 3-1 and 3-2). The 13 sets of chenier ridges are 

a significant geomorphological feature on the Wharekawa coastal plain (Figure 3-2).   

  

Figure 3-1. Chenier ridges north of Miranda show clearly as the white colour at the shoreline. The 
left image shows the wetland behind the white shell bank and a chenier developing in the intertidal 
area (left image) that is making its way to the shore. 

 

Figure 3-2. The 13 chenier ridges of the Wharekawa coast (source: Woodroffe et al. 1983). 
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The ridges are accretionary progradational features consisting two or more long, low-lying (typically 

up to 3 m high and 40 to 400 m wide), parallel to sub parallel ridges comprised of shelly gravely 

sand. This plain is a site of global significance for understanding chenier evolution. Chenier formation 

has been described by Schofield (1960), Woodroffe et al. (1983) and Dougherty and Dickson (2012). 

Schofield (1960) and Woodroffe et al. (1983) evoked origins of sea level oscillations for individual 

cheniers and transgression of the modern chenier respectively. Woodroffe et al. (1983) described 

their development as beginning as sand bars developing on the intertidal foreshore, that migrate 

landward under the influence of wave action to form a base on which the shell material accumulates 

to form cheniers. In the lee of the shell ridges muds accumulate forming embayed flats that can be 

colonised by salt marsh and mangroves. Chenier ridge growth is accelerated by wave overtopping in 

storm events, causing sand and shell to be overwashed and deposited on the landward side of the 

ridge. The sediment source is both longshore transport (sand and gravel fed by rivers/streams and 

shoreline erosion) and shell material transported from the intertidal flats offshore.  More recent 

work by Dougherty and Dickson (2012) reported that chenier development is strongly influenced by 

episodic sediment supply, although other factors such as the magnitude and frequency of storm 

events, sea-level fluctuations, climate oscillations, longshore currents and tidal inlet dynamics are 

also important (Dougherty and Dickson 2012. They hypothesised that storms, and perhaps with 

waves arriving at a high angle to the shore, provided conditions for the initial formation of cheniers 

and by a process where shell material initially accumulates over sand bars advancing toward the 

shore (Figure 3-1). The landward movement of a chenier presumably ceases when a further sand bar 

and incipient chenier develop to seaward of it. The older ridge then becomes stranded on the plain 

and its former foreshore becomes an embayed tidal flat with the new ridge seaward of it. 

Importantly, development of the ridges was aided by an overall fall in sea level during the latter part 

of the Holocene. In the North Island the early-Holocene sea-level highstand commenced about 8,100 

to 7,240 cal yr BP when present relative sea-level was obtained (Clement et al. 2016). From this 

point it rose to more than 2.0 m higher than at present. Sea-level fell from about 2 m above its 

present level sea level some 4,000 years BP to its present level 1,000 years BP. The fall in sea level 

forced rapid progradation of the ridges and influenced the spacing of sequential ridges (Dougherty 

and Dickson 2012). All 13 cheniers in the Miranda plain initially transgressed, producing similar 

resultant spit morphologies, but the evolution of the more recent ridges (numbers 1–5) differed 

from older ridges (numbers 6–13) in that transgression occurred over embayed tidal-flat sediments, 

while the older cheniers stabilized on foreshore mudflat. 

Woodroffe et al. (1983) dated chenier ridge 13 which lies against the ancient coastal cliffs at the 

widest part of the plain and some 1.8 km from shore at 3900 ± 90 yrs BP. This suggests that here the 
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chenier plain has built seawards at a very rapid rate (net rate of c. 4.5 m/yr). As mentioned 

previously the development of the chenier plain is strongly influenced by intermittent sediment 

supply, storms and sea-level fall. The Miranda cheniers are fed by a supply of shell material from the 

extensive tidal flats offshore. Continued chenier development is very dependent on the continuing 

supply of shell material.  Chenier development in the future will also be influenced by climate 

change which may increase the magnitude and frequency of storm events and be accompanied by a 

rise in sea level.  

The beach system 

Beach systems consist of wave deposited sediment and extend from the upper limit of wave runup 

or swash to seawards over the intertidal area to the sand bars in the nearshore surf zone2.  The 

beach morphology refers to the shape of the beach, intertidal area and surf zone. Beaches are 

comprised of sediment deposited by waves. The beach morphology reflects the interplay of waves of 

a certain type, length and direction and the type of sediment that is available and whether its size is 

cobble, gravel (rock and shell), sand or mud or some combination thereof. Other structures on the 

shore such as river and stream mouths, deltas, headlands and reefs offshore also play a role in 

shaping the beach morphology. Beach type encapsulates the prevailing morphology (the modal or 

most frequently occurring state) of a beach, including the wave and current conditions, the extent of 

the nearshore zone, the width and shape of the surf zone and bars and troughs, and the dry or 

subaerial beach. Beach types can be classified according to their morphology based on their modal 

state (Short 1999).  

The beaches on the Wharekawa coast can be generally classified as tide-dominated. Tide-dominated 

beaches form in areas of high tide range and lower waves. They occur when the tide range is 

between 10 and 15 times the average wave height and the wave height is very low. These beaches 

receive sufficient wave energy, often during storms, to build-up a low gravelly beach ridge barrier 

above high water level, fronted by steep, shelly/gravelly high tide beach, with low gradient sand flats 

extending offshore from the base of the high tide beach. The beaches can be classified into three 

sub types (Figure 3-3):  

 Reflective + ridged sand flat beaches have a moderate to steep, narrow, high tide beach, 

with shore parallel, sinuous, low amplitude, evenly spaced sand ridges extending out across 

the inter- to sub-tidal sand flats. The beach is composed of sand and gravelly sand. The 

beach is only active at high tide. The ridges (sometimes called multiple bars) are active and 

formed during infrequent periods of higher waves acting across the intertidal ridged zone.  

 
2 The surf zone is the area of white water in which waves break. 
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 Reflective + sand flats beaches have a small, narrow, steep (3-10°), high-tide beach 

composed of coarse sand, fronted by flat featureless sand flats up to several hundred meters 

wide composed of finer sand. There are no waves at a reflective + sand flat beach unless 

strong onshore winds are blowing. At high tide there is deep water off the beach. At low tide 

the tidal currents may parallel the low tide shoreline and it’s a long distance from dry beach 

to the low tide level. 

 Beach + tidal/sand mud flats beaches have a narrow reflective high-tide beach composed of 

coarse sediments, fronted by wide (100's to several 1000's of metres), low gradient (<1°) 

mud flats with tidal drainage channels. Mangroves or other vegetation may grow in the 

upper intertidal zone. These beaches occur in sheltered environments where there is a 

source of mud nearby and where waves are insufficient to remove muds. They are similar to 

the reflective + tidal sand flats, with mud, rather than sand, occupying the intertidal 

zone. Usually calm conditions at the shore, but a low wind chop prevails during strong 

onshore winds. It's a long distance to the low tide shore where deep tidal channels and 

currents may prevail.  

   

Figure 3-3. Beach types Reflective + ridged sand flat (left), Reflective + sand flats (middle) and Beach 
+ tidal/sand mud flats (right). (Source: NIWA website).  

On the Wharekawa coast a beach ridge barrier occurs at the top of the beach all along the shoreline. 

The barrier forms a low (about 0.5 to 1.0 m above MHWS), essentially continuous mound or ridge of 

beach material on the backshore of a beach. The ridge is built by wave runup in storms. Wave runup 

(swash) carries gravel and cobbles (including shell material) up the beach face where it is deposited 

above the high tide mark. Seawater then percolates through the coarse material meaning the 

retreating water (backwash) has less energy than the runup. This leaves the coarse material 

stranded at the top of the ridge. This builds the beach ridge higher. The end result is a ridge a series 

of subparallel ridges. The highest and furthest landward ridge (also called a storm berm) being built 

by very large wave events. Very large waves combined with high water levels accompanying storm 

surge can completely overwash the ridge carrying coarse material to the landward side of the ridge 

where the sediment is deposited as wave overwash lobes (Figure 3-4). The ridges are generally 
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composed of coarse sandy, pebbly, cobble and/or shelly material, although the size and composition 

of the material varies markedly from north to south along the shore. In the north at Waharau cobble 

and pebble size rock material dominates with a small amount of shell (mostly oyster). At Wharekawa 

the ridge is primarily gravel size rock fragments. In the south at Miranda the ridge is primarily shell 

(mostly cockle) material. The composition of sediment on the beaches changes locally where 

streams inject their sediment to the shoreline. The total volume of sediment stored in the beach 

ridge barrier is small. 

   

   

Figure 3-4. Differences in beach type along the Wharekawa coast showing the steep pebble and 
cobble beach in the north at Matingarahi (upper left image) and the shelly gravelly sands south of 
Kaiaua (upper right image). The lower left image shows the low beach ridge with wave overwash 
lobes extending into the wetland behind. The lower right image shows muddy sands that extend 
offshore from the beach in the south. 

On the coast south of Wharekawa the beach type generally takes the form of Reflective + sand flats. 

But there is variation both spatially and temporarily. The intertidal flats narrow to the north from 

Miranda where they are about 2.2 km wide, to 1.4 km wide at Kaiaua, to 0.5 km at Whakatiwai and 

to only a few 10’s of metres at Matingarahi. The tidal flats are generally muddy sands, flat and 

featureless offshore from Miranda where the beach barrier is backed in places by a narrow strip of 
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mangrove dominated wetlands typical of the Beach + tidal/sand mud flats morphology. This 

situation can change as described by Liefting (1998 p13) who observed that during Cyclone Drena in 

1997 mud was stripped/winnowed from the flats and low amplitude bedforms built in sandy 

sediment appeared. Some 6 months after the event Liefting observed that suspended sediment was 

deposited to form a muddy veneer over the sandy flats. That is to say the beach type transitioned 

from Beach + tidal/sand mud flats to Reflective + sand flats and back to Beach + tidal/sand mud flats 

post Drena. North of Kaiaua and further away from the mud input from rivers in the southern Firth 

the intertidal fats are sandier and the beaches fit the types Reflective + sand flats beaches and 

Reflective + ridged sand flat.  

Rivers and streams (and farm drains) emerge at the shoreline in several places where they build 

small deltas comprised of sand and gravel sized material. Deltas (Figure 3-5) are built by waves but 

fed by sediment that comes from both the rivers/streams, sediment being transported south along 

the coast and from the offshore area (mostly shell material). Deltas build seaward where sediment 

supply overwhelms the capacity of waves and currents to transport material away. Delta 

survival/longevity at decadal time scales is dependent on a delicate balance of sediment supply and 

wave action. Because deltas protrude offshore incoming wave energy is focussed on them. If 

sediment supply is cut off (e.g., through catchment activities, gravel extraction, dredging channels, 

building groynes updrift), then the deltas will erode. The sensitivity of deltas poses a potential 

hazard for communities built on these features. 

 

Figure 3-5. Delta built at the mouth of the Whakatiwai Stream.   



 

20 
 

Some 2 km south of Kaiaua consolidated muddy sediments with mangroves on top form a raised 

bank that protrudes seaward over a 1 km long section of coast. The mangroves at the seaward edge 

are dying as shelly beach ridge material is washed landwards. Woodroffe et al. (1983) describe a 

similar burial of mangroves that occurred at the northern end of the modern chenier at Miranda and 

how an area of salt marsh was entirely buried during the two years of their study.  

   

Figure 3-6.  A muddy bank with mangroves on top south of Kaiaua. The mangroves at the seaward 
edge are dying as shelly beach ridge material rolls back as the coast erodes. 

3.2 Water levels  

Water levels play an important role in determining coastal hazards by allowing overtopping of 

coastal barriers, controlling the distance water travels inland over low topography, controlling the 

amount of wave energy reaching the backshore and beach ridge barrier and causing erosion during 

storms, and by controlling the mean shoreline position on longer time scales.  

The key determinants of water level are: 

 Astronomical tides 

 Barometric and wind effects, that are generally referred to as storm surge 

 Wave setup and run-up in storm events 

 Medium term fluctuations, including El Niño–Southern Oscillation (ENSO) and Interdecadal 

Pacific Oscillation (IPO) effects 

 Long-term changes in sea level due to climate change 

The components of increased water levels during a storm event are illustrated in Figure 3-7. 

 

 

 



 

21 
 

 

Figure 3-7. Components causing increased water levels along the coast during a storm event. 
(Source: Stephens 2019) 

Astronomical tide 

The astronomical tide is the tidal characteristics which occur due to gravitational effects, primarily 

from the Earth, Sun and Moon, without any atmospheric influences. Spring tides occur when the sun 

and moon are in alignment, as is the case with a new or full moon, their combined gravitational pull 

results in exceptionally high and low tides (a large tidal range). “King Tide” is commonly used term 

for the highest tides that occur over the course of the year and that eventuate when a new or full 

moon occurs at the same time as the moon is at its closest to the earth (in its perigee). Neap tides 

occur when the sun and the moon are at right angles to each other and pull in opposite directions 

resulting in lower high tides and higher low tides than usual (a small tidal range).  

Tides in the Firth of Thames are semi-diurnal. It is a mesotidal system3 (Dyer 1997) having a mean 

spring range of 3.3 m and a mean neap range of 2.1 m (LINZ 2017). Tidal statistics for Rocky Point 

and Tararu are presented in Table 3-1.   

Note that all vertical elevations quoted in this report are relative to MVD-53 unless otherwise stated. 

 

 
3  Mesotidal systems have a tide range of 2 to 4 m. 
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Table 3-1. Tide statistics from Rocky Point and Tararu tide gauge. The Rocky Point data are based on 
the average predicted values over the 18.6-year tidal cycle (LINZ 2017). The levels in terms of MVD-
53 (Moturiki Vertical Datum-1953) were derived by adjusting the Rocky Point Chart Datum values to 
MSL = zero and then adding 0.18 m sourced from Stephens et al. (2015) from the Tararu tide gauge 
analysis. The Tararau tide gauge values are derived from an analysis of the Tararu tide gauge records 
(Stephens et al. 2015). It is assumed that these values are representative of the Wharekawa study 
area. 

Tide state Rocky Point 

Level Chart Datum (m) 

Rocky Point 

Level MVD-53 (m) 

Tararu 

Level MVD-53 (m) 

Maximum high water NA NA 2.10 

MHWS 3.8 1.75 NA 

MHWN 3.2 1.18 NA 

Minimum high water NA NA 0.91 

MSL 2.2 0.18 0.18 

MLWN 1.1 -0.92 NA 

MLWS 0.5 -1.52 NA 

 

Storm surge 

Storm surge is a temporary increase in sea level induced by winds and barometric pressure 

associated with weather systems. Its effect is to elevate the water level above the predicted tide 

across a region. A decrease in atmospheric pressure causes the water to rise (approximately 1 cm 

water level for every 1hPa drop in pressure) and is the so-called Inverted Barometer effect. Onshore 

winds ‘push’ water from deep water and ‘pile it up’ against the coastline. Storm surge excludes 

nearshore effects of storm waves such as wave setup and wave run-up at the shoreline.   

Storm tides 

Storm tides are a combination of the astronomical tides, storm surge and the monthly mean sea 

level variation (mean sea level anomaly). The largest storm tides will occur when they coincide with 

a spring high tide. 

Table 3-2 shows the astronomical tide and storm tide water levels for the Firth of Thames at 

Miranda, Tararu tide gauge and Kaiaua. The storm tide ranges for each location are representative 

only, but are derived from storm-tide analysis of water levels recorded by WRC tide gauges 

(Stephens 2019). For each tide gauge, storm surge levels were calculated from the difference 

between the tide value and storm tide value.  The lower storm surge value is the difference between 
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the MHWS10 tide value (MHWS–10 = mean high water spring height exceeded by 10% of all tides) 

and the 39% AEP storm tide value (which represents a “biannual” event). The upper storm surge 

value is the difference between the maximum high tide value and the maximum storm tide value. As 

the largest component of a storm tide is the astronomical tide, which varies around the Waikato 

region in a known way, the storm surge component derived from the nearest tide gauge was added 

to the tide at each location. The lower storm tide value is the lower storm-surge value added to the 

MHWS value at each location.  The upper storm tide value is the upper storm surge value added to 

the maximum high tide value at each location. The lower and upper storm-surge components for 

each tide gauge, which were added to the tide values of the representative areas are shown in Table 

3-2. 

Table 3-2. Astronomical tide and storm tide water levels for Firth of Thames at Miranda, Tararu tide 
gauge and Kaiaua (levels are in terms of MVD-53). (Source: Coastal Inundation Tool Guide). Note 
that the Tararu tide gauge recorded a maximum water level elevation 2.982 m MVD-53 in the 
January 2018 storm event – this level lies between the upper and lower storm tide levels. 

 

Wave setup and runup 

Waves can produce additional short term increases in water level during events due to the processes 

of wave setup and runup.  

Wave setup is the increase in mean still water sea level at the coast resulting from the release of 

wave energy in the surf zone as waves break. Wave runup is defined as the maximum vertical extent 

of sporadic wave ‘up rush’ or flowing water (‘green water’) on a beach or structure above the still 

water or storm tide level, and thus constitutes only a short-term upper-bound fluctuation in water 

level compared with wave setup (MFE 2017). 

Wave setup and runup has not been calculated for the Wharekawa coast. 
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Rivers 

Although not specifically addressed in the report runoff from rivers and streams during heavy rainfall 

can exacerbate flooding during coastal inundation events. Sea water flowing landwards up rivers and 

drains prevents the escape of flood waters to the sea and causes water levels to rise to higher levels 

and further inland and the land remains inundated for longer periods of time.  

3.3 Long term sea levels 

Global or eustatic sea level refers to the sea level change in the volume of Earth’s oceans. It is not a 

physical level as such but instead represents the sea level if all the water in the oceans were 

contained in a single basin. Differences of eustatic sea level are caused by: 

 Changes in total ocean water mass, for instance, by ice sheet melt and runoff, particularly 

the large ice sheets like Greenland.  

 Density changes of the water, for instance, by thermal expansion, an important driver of 

which is a rise in greenhouse gases such as carbon dioxide, methane and ozone. 

 Changes in the size of the ocean basin, for instance, by tectonic seafloor spreading or by 

sedimentation. 

The first two are markedly affected by climate change. 

Longer-term sea-level rise in New Zealand based on analysis of tide gauge records has averaged 1.8 

± 0.1 mm/yr. There is no long-term gauge records and rate for the Firth of Thames but Auckland, the 

closest gauge, shows a rate of 1.6 ± 0.1 mm/yr. (Bell and Hannah 2012; Hannah 2016, MFE 2017). 

Climate change is predicted to accelerate this rate of sea level rise into the future. 

3.4 Currents and circulation 

Currents and wider scale circulation in the Firth result from forcing by the tides and wind. While 

currents play little role in beach processes, they do serve to transport fine sediment (mud and very 

fine sand) that occurs on the intertidal flats and in the shallow subtidal areas. Currents and 

circulation patterns have been studied by measurement and modelling and reported in Proctor and 

Grieg (1989), Liefting (1998), Stephens (2003), Zeldis et al. (2015), Green and Zeldis (2015) and 

Haughey (2017).  

Modelling by Stephens (2003) showed that tides dominated the instantaneous flow field in the Firth 

of Thames, with strongest flows in the outer Firth reaching 0.2 and 0.4 m/s during neap and spring 

tides respectively (Figure 3-8). Tidal flows were very weak less than 0.05 m/s in the shallow southern 

Firth. Modelling of time-average currents (or residual currents) to show long-term water migration 

trends revealed that the Earth’s rotation (Coriolis force) deflected currents to the left, causing flood 
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tides (incoming) to be stronger on the eastern side of the Firth near Wilsons Bay and ebb (outgoing) 

tides to be stronger on the western side.  

 

Figure 3-8. Peak instantaneous depth-averaged tidal currents in the Firth (neap 2 March 2000) and 
spring (22 March 2000). Contour scale is in m/s. (Source: Figure 14 in Stephens 2003).  

Wind stress on the water surface adds to and modifies flows. The modelling by Stephens (2003) 

showed that wind is of secondary importance to the instantaneous currents but has a dominant 

influence on time-averaged (residual) currents. When winds approach from the ENE, surface 

currents are pushed southwest with a time-averaged clockwise circulation in the lower Firth, and 

deep currents returned toward the north. When winds approach from the WSW, surface currents 

are pushed northeast with a time averaged anticlockwise circulation in the lower Firth, and deep 

currents returned toward the southwest.  For example, during the calibrated March 2000 simulation 

(Figure 3-9) the wind helped push stronger surface currents out of the Firth and draw bottom 

currents faster than would have occurred during calm conditions. River flows also contributed to 

push surface currents out of the Firth, but their contribution was minor in comparison to tide and 

wind. Variable winds in the absence of stratification contributed to high variability of time-averaged 
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currents during September 1999 (Figure 3-10).  Overall residual currents in the southern Firth and off 

the Wharekawa coast are weak and of the order of several cm/sec. 

 

Figure 3.9. Time-average currents during the March 2000 calibration simulation, using tide, wind, 
river and temperature inputs. Plots are for horizontal layers, 0-2 m and 18-20 m below mean sea 
level. (Source: Figure 17 in Stephens 2003). 

 

Figure 3.10. Time-average currents during the September 1999 calibration simulation, using tide, 
wind, river and temperature inputs. Plots are for horizontal layers, 0-2 m and 18-20 m below mean 
sea level. (Source: Figure 18 in Stevens 2003). 
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3.5 Winds 

Winds are important in that they drive the waves and set up wider circulation patterns in the Firth. 

Hunt (2016) reported that wind conditions measured at the Tararu tide gauge between 2003-2015 

showed that the most common wind speeds range between 0 and 10 m/s and account for 93% of 

the record (Figure 3-11).  The majority of winds have speeds of less than 6 m/s accounting for 70% of 

the record.  The most common wind direction is from the north (345 - 15˚) accounting for 15.5% of 

the record and the north northwest (315 - 345˚) accounting for 13.4% of the record.  Within these 

common directions, the most frequent wind speeds are in the 0 – 6 m/s bin (18.5% of the record) 

and the 6 – 10 m/s bin (8.2% of the record).  Wind from these directions have a maximum fetch of 

~100 km terminating at the area around Little Barrier and Great Barrier Islands.  When the wind is 

blowing from the edges of these northerly sectors (345˚ and 15˚) the fetch is shorter and measures 

~25 km. Strong winds blowing from this sector are rare - winds exceeding 12 m/sec (23 Knots or 43  

km/hr) occur only for 0.0007% of the time. 

 

Figure 3-11. Wind rose summarising the wind record at Tararu tide gauge between 1st January 2003 
and 1st January 2015. Wind speeds are m/sec. (Source: Figure 17 in Hunt 2016). 

3.6 Waves 

In the absence of nearshore wave data, wave data based on the MOV Hauraki hindcast statistics for 

the period 1979-2014 was extracted from MetOcean View at a location about 3.6 km offshore from 

Kaiaua where the water depth was -5 m LAT (LINZ 2017).  The data describe a most commonly 
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occurring regime of small, short period, low energy waves, punctuated by infrequent occurrences of 

taller and longer period waves from the north to northeast sectors. Wave energy from the north will 

decrease to the south along the coast due to shallower water and sheltering effects. 

The most common waves have a small peak period (Tp) with waves between about 1 and 4 s 

accounting for 46.8% of the record (Figure 3-12). These waves have small significant wave heights 

(Hs) ranging from 0 to 0.9 m (Figure 3-13).  Most of these waves have a Tp of 1-3 s and range in 

height from 0 to 0.4 m. accounting for 31.0% of the record (Figure 3-14). The majority of these 

waves come from the north accounting for 72% of the record. These short period small waves are 

probably generated by local winds blowing a short distance across the Firth.  There is another group 

of waves with Tp of 4 to 7 s with Hs ranging from 0 to 1.4 m that that make up about 23.5% of the 

record (Figure 3-14). These waves of longer fetch are probably result from strong northerly winds 

blowing down the Firth. There are less commonly occurring waves of 9 to 14 Tp and of 0 to 0.4 m Hs 

that make up about 19.6% of the record. The longer period suggests that these waves represent 

swell that propagates into the Firth after generation over a large fetch in the outer Hauraki Gulf. 

 

Figure 3-12.  Distribution of wave events from the MetOcean View hindcast model plotted as the 
percentage occurrence of Tp and Hs. The data was extracted at 37.108 175.339E. (Source: MetOcean 
View). 
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Figure 3-13. Wave rose showing distribution of wave events from the MetOcean View hindcast 
model plotted as the percentage occurrence of Tp and the associated wave direction. The data was 
extracted at 37.108 175.339E. (Source: MetOcean View). 

 

Figure 3-14. Distribution of wave events from the MetOcean View hindcast model plotted as the 
percentage occurrence of Hs and the associated wave direction Tp.  The data was extracted at 
37.108 175.339E. (Source: MetOcean View). 

Overall, the wind record and wave hindcast data indicate that the prevailing low energy wave 

climate is infrequently exposed to both occasional long-period waves that propagate into the Firth 

from the outer Hauraki Gulf and more commonly occurring shorter period waves that are generated 

along the large fetch coincident with the prevailing northerly wind direction.  
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3.7 Sediment sources and transport 

Sediment on the shore comprises a wide range of grainsize ranging from cobbles, gravel, sand and 

mud. The larger size fractions are made up mainly rock fragments and some shell material. The 

primary sediment sources are streams and rivers, cliff erosion and shell from the intertidal and 

nearshore.  

Cobble, pebble and gravel size material is derived from the rivers and streams that drain the Hunua 

Ranges and discharge onto the western coast. The southernmost supply to the coast comes from the 

Whakatiwai River. Far lesser amounts of coarse sediment come from erosion of coastal cliffs north of 

Wharekawa. Shell material is made up of oyster and mussel shells (predominant in the north), oval 

trough shell, pipi and cockle (predominant in the south). The greatest volume of shell is derived from 

the wide intertidal flats of the southern Firth that provide a vast area (about 8,500 hectares) for 

shellfish to grow and feeding grounds for flocks of migratory wading birds. The shell is a major and 

an essential source of sediment for the gravel ridges and chenier plain formation.  

Sand sized material is largely broken-down rock and soil delivered by the rivers and streams and 

shell material from the sea. 

Mud sized material is primarily derived from the rivers in the south of the Firth (Waitakaruru, Piako 

and Waihou) that collectively drain a very large catchment.  The Waihou and Piako Rivers account 

for 96% of the 3,600 km2 land catchment (Swales et al. 2016). These rivers deliver an estimated 

160,000 t/yr and 30,000 t/yr respectively of suspended sediment to the Firth (Hicks et al. 2011). 

Peak sediment inputs from these rivers coincided with timber extraction, gold mining and land 

conversion to farming by European settlers in the late mid to late 1800s (Swales et al. 2016). 

3.8 Shoreline change 

Shoreline change is a complex process where coastal and river/stream mouth dynamics, waves and 

currents wind and tides and sediment supply and locally human modifications all play a role and 

interact over different time scales. Pre-existing conditions also play a role and the extent of erosion 

can depend of preceding conditions as much as the size of the storm event (Figure 3-15). For these 

reasons Ramsay et al. (2012) make the point that quantifying how the shoreline will change under an 

event and how the patterns and rate of change may be influenced by climate change is extremely 

difficult. In particular there are considerable uncertainties in the assessment of coastal erosion, 

particularly for planning periods of greater than 50 years and which involve choosing appropriate 

scenarios of projected sea level rise associated with climate change. 
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Figure 3-15. Basic components of a coastal erosion hazard assessment relevant to the estimation of 
future areas potentially at risk from shoreline change as input to defining development setback 
zones.  (Source: Ramsay et al. 2012). 

Sediment transport is driven by waves and tidal and wind driven currents. Transport of sand and 

coarser (gravel, pebbles and cobbles) sediment along the shore is driven primarily by wave driven 

longshore currents in the surf zone. On the Wharekawa coast transport is primarily to the south 

reflecting the northerly origin and direction of travel of the larger waves. There is strong evidence 

for net overall north to south sediment transport as seen in:  

 Decreasing grain size of rock material to the south. 

 Southerly drift of gravel from the streams in the north. 

 Hooks in the planform shape of the chenier shell banks. 

 The planform of infilling at drains and creek mouths. 

 The planform shape of the stream deltas. 

 Build-up of littoral sediment on the north (updrift) side of groynes. 

Evidence for the supply of sediment from the intertidal area can be seen on aerial photographs. 

Google Earth images show crescentic shaped bars in the intertidal area south of Kaiaua, presumably 

comprised of sand and shell material, that appears to be moving toward the shore and in places 

welding to the high tide beach (Figure 3-16). It is unknown what volumes of material that this adds 

to the beach system, or what wave conditions are most conducive to this process. However, it does 
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indicate that in the past several decades that the nearshore seabed is continuing to provide sand 

and shell to build the beach and ridge system. 

   

Figure 3-16. Google Earth images (24 January 2010 left and 6 November 2018 right) showing 
crescentic shaped bars (white colour) migrating across the intertidal area south of Kaiaua. The bars 
eventually weld to the high tide beach. 

While the quantities and rates of sediment transport along- and cross-shore are unknown the overall 

rate is very probably small, event driven and transport intermittent because there are long periods 

of calm and large waves from the north are rare. There is only a small nett accumulation of sediment 

in the beach and beach ridge systems. Low sediment storage in the beach system. means that there 

is only a small buffer against storm events. This is very different to sandy beaches on some coasts 

where tall sand dunes provide a considerable sand volume to buffer against erosion (and coastal 

inundation) events. 

Fine sediment is transported by waves, tidal and wind driven currents in the nearshore-offshore 

area. It settles on the intertidal flats in calm periods. High wave energy associated with storm events 

have been observed to strip fine sediment from the tidal flats leaving behind coarser sandy and 

shelly material (Liefting 1998). Once in suspension the mud can be transported and redistributed 

around the Firth. 

Rates of shoreline change (erosion and accretion) over decadal scales are described in section 4.3. 
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3.9 Vertical land movement 

Subsidence of the land increases the threat of coastal inundation. 

Vertical land movement (VLM) (uplift and subsidence) over long time scale has been reported for the 

southern Firth of Thames by Chick et al. (2001) who used geophysical data to estimate vertical 

displacement of at least 4 m on the Kerapehi Fault over the last 6500 years. This fault strikes NE-SW 

down the centre of the Firth. De Lange and Lowe (1990) described vertical land movement scales in 

the Firth based on displacement associated with the Kerepehi Fault using dating of tephra layers 

preserved in freshwater-marsh sediments. They estimated a total vertical displacement of 1.6 m in 4 

events and having an average recurrence interval of c. 2,500 years.  The downthrust side of the Fault 

is on the west and Kaiaua side of the fault. 

Beavan and Litchfield (2012) have assessed vertical land movement (VLM) (uplift and subsidence) 

around New Zealand’s coastline using geological methods for long term (up to 125,000 years) rates 

and geodetic methods for present day short term (c.10 year) rates. They reported that the long-term 

vertical tectonic movement on the west side of the Firth of Thames (Figure A-1 and Table A.1, 

Number 14) is rising very slowly by c. 0 to 1 mm/yr. The south part of the Firth of Thames continues 

to subside by c. 1 mm/yr. More recent static GPS measurements of land elevation changes have 

been made over 10 campaigns in the southern Firth of Thames (Swales et al. 2016). They found that 

the subsidence rate at Tararu tide gauge is 3.6 mm/yr, and c. 7.7 to 9.4 mm/yr in the muddy 

intertidal and mangrove forest of the central southern Firth. At their base station reference site 9 km 

to the SW of the mangrove forest on greywacke bedrock there was a relatively small subsidence 

trend of 1.6 mm/yr. GNS and Land Information New Zealand are continuing to make measurements 

of VLM in the region. 

For the purpose of this study, given the uncertainties of the methodologies, we assume that vertical 

land movement in the Wharekawa coast to be essentially zero. 

3.10 Human influences on coastal processes 

Human modification the coastal plain and shoreline has changed the landscape and coastal 

processes to some degree at least locally. Some examples are:  

 Large changes associated with the conversion of much of the coastal plain to farmland 

(Figure 3-17). This has seen drainage and reclamation of wetland areas, changes to ground 

water levels, diversion of stream channels and bunding around paddocks that redirects flood 

waters. 
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 East coast Road forms an embankment along the back of the modern beach and barrier 

system has altered the drainage system but at the same time for a partial barrier to coastal 

inundation.  

 Reclamation and drainage of wetland areas and diversion of stream channels associated 

with the development of communities at Kaiaua (Figure 3-17), Whakatiwai and Waihihi Bay 

which are built on delta features at the mouth of streams.  

 Channel diversion, dredging and reclamation of wetland area for boat marina and entrance 

channel and parking facilities at the Kaiaua (Figure 3-18). 

 Along the Wharekawa coast a variety of structures have been used to prevent coastal 

erosion. These include rock walls, wooden groynes, dumped concrete, and concrete pipes 

(Figures 1-4 and 3-19). These structures are in various states of disrepair. Some are of 

questionable effectiveness and may in fact detrimental to coastal processes and be 

contributing to the erosion rather than preventing it.  

 Gravel is currently mined at Stevenson Quarry at Wharekawa. The mining takes place behind 

the active beach. In the past the beach was mined depriving beaches to the south of 

sediment.  

 Sand and gravel and shell material is excavated to clear stream and drain mouths along the 

shore. The excavated material is dumped on either side of the channel (Figure 3-20).  

 

Figure 3-17. Kaiaua settlement and farmland on the low-lying coastal plains. 
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Figure 3-18. Kaiaua marina and entrance channel.  
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Figure 3-19. Various coastal protection measures along the Wharekawa coast. 

 

   

Figure 3-20. Sand and gravel cleared from a stream mouth and piled on the north (updrift) and south 
(downdrift) sides of the channel. 

3.11 Climate change and sea level rise 

Climate change refers to a change in the state of the climate that can be identified (e.g., by using 

statistical tests) by changes or trends in the mean and/or the variability of its properties, and that 

persists for an extended period, typically decades to centuries. Climate change includes natural 

internal climate processes or external climate forcings such as variations in solar cycles, volcanic 

eruptions and persistent anthropogenic changes in the composition of the atmosphere or in land use 

(Source: MFE website and adapted from IPCC 2013a, annex III).  
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A climate projection is the simulated response of the climate system to a scenario of future emission 

or concentration of greenhouse gases and aerosols, generally derived using climate models. Climate 

projections are distinguished from climate predictions by their dependence on the emission–

concentration–radiative–forcing scenario used, which is in turn based on narrative that also has 

assumptions, such as, future socio-economic, technological developments or land-use change that 

may or may not be realised (Source: MFE website and adapted from IPCC, 2013a, annex III). 

Climate change is predicted to accelerate this rate of sea level rise into the future. The MFE (2017) 

guideline recommends the use of four sea level rise scenarios to cover a range of possible sea-level 

futures. These are based on the IPCC report (IPCC, 2013) (Figure 3-21). Three of the scenarios 

(RCP2.6, RCP4.5, RCP8.5) are derived from the median projections of global sea-level rise for the 

RCPs presented by the IPCC in its Fifth Assessment Report (IPCC, 2013). The fourth scenario, 

NZRCP8.5H+ is at the upper end of the ‘likely range’ (83rd percentile) of SLR projections based on 

RCP8.5. This higher scenario is representative of a situation where more rapid rates of SLR could 

occur early next century due to dynamic ice sheet processes and instability thresholds that were not 

fully quantified in the IPCC AR5 projections (MfE 2017). These projects have been extended to 2120, 

to meet the minimum requirement of assessing risk over at least 100 years, as required by the 

NZCPS 2010. The graph shows a further extension to 2150, using the rates of rise from Kopp et al 

(2014), to provide a longer view over 130 years (shown as a gap in Figure 3-21 between the two sets 

of projections). It is also a reminder that sea level will keep rising after 100 years, irrespective of 

actual future greenhouse gas emissions (MFE 2017). 

 

Figure 3-21. Four scenarios of New Zealand-wide regional sea-level rise projections with extensions 
to 2150 based on Kopp et al (2014). (Source Figure 27 in MFE 2017). 
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MFE guidance issued in 20174, based on the Intergovernmental Panel on Climate Change (IPCC) 2014 

report, projects that global sea-level rise by 2120 will be between around 0.5 metres and 1.4 metres 

above the 1995 level, depending on the amount of future greenhouse gas emissions. Over a shorter 

time frame up to 2060, there is less uncertainty in the projections, and the IPCC projects a narrower 

range of sea-level rise of 0.3 to 0.5 metres. Storm tides will also provide for temporary increases in 

ocean and estuary water levels (over and above the level of predicted tides) caused by storm 

conditions that last from hours to days.  

What happens going forward of course depends on how our understanding of climate systems and 

sea level response changes, on improvements made to the predictive models and whether emission 

targets are met. However, the most recent work described in the IPCC Special Report on the Ocean 

and Cryosphere in a Changing Climate, released in September 2019 revises sea level rise projections 

upwards with changes at 2100 being: RCP8.5 M up by 10 cm, RCP4.5 M up by 3 cm and RCP2.6 M up 

by 1 cm (refer to Figure 3-21). 

These projections pose a dire warning for the Wharekawa coast which is already suffering significant 

inundation during storm events at current sea levels. Such a rise in mean sea level would have a very 

significant impact on coastal flooding, increasing both the frequency and severity of flooding.  Sea 

level rise will also bring waves closer to the beach enhancing beach erosion. Furthermore, sea level 

rise is also not conducive to chenier plain progradation (because a primary driver of plain 

progradation was sea level fall). While there is uncertainty in regard to these predictions, a 

precautionary approach would seem to be warranted given the present scientific consensus of 

opinion on the effects of climate change.  

Climate change and sea-level rise will influence sediment transport, which in turn will affect the 

shape and orientation of beaches. The change will vary with different types of coastal 

geomorphology that varies along the Wharekawa coast (Figure 3-22). While the response of the 

mixed sand and gravel beaches of the Wharekawa coast to the rising sea level, increase in wave 

height, or increase in the frequency or magnitude of extreme storms is difficult to predict, MFE 

(2017) describes two possible responses that are known to occur. Where there is a wide gravel 

beach or barrier that is supplied with a lot of sediment (e.g., in the north at Waharua Bay), the 

barrier is likely to retreat slightly and increase in height (see Figure 3-22, 2a). Gravel barriers get 

rolled or pushed back (retreat landward) during wave overtopping regardless of how much sediment 

is supplied to them. Where the gravel barrier system has a net deficit in sediment supply, the barrier 

 
4 http://www.mfe.govt.nz/climate-change/technical-guidance/guidance-local-government-preparing-climate-
change 
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will experience an increased rate of retreat, or there may even be a washout and breakdown of the 

gravel ridge (see Figure 3-22, 2b). At this point in time, while there is evidence on the Wharekawa 

coast of barrier washover and retreat in places, there is no evidence for major washout and break 

through occurring. However, Future sea level rise or increases in wave energy will accelerate an any 

erosional trend. The potential for catastrophic barrier breakdown can be exacerbated where human 

effects reduce the sediment supply to the ridge system. 

 

Figure 3-22.  Generalised impacts of sea-level rise on different types of coastal morphology. (Source: 
Figure 32 in MFE 2017). 
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4. Coastal hazards 

Past events have highlighted the fact that the Wharekawa coast and its settlements and associated 

infrastructure, coastal road and power supply lifelines, boat launching facilities and farmland are 

vulnerable to and at risk from coastal hazards, most notably widespread coastal inundation from the 

sea and more locally coastal erosion. Flooding in the vicinity of Kaiaua and Whakatiwai is further 

exacerbated by the presence of the Hauarahi and Whakatiwai Streams. There is also the potential 

threat of tsunami from distant, regional and local sources. Although beyond the scope of this report 

there are also small-scale landslips following heavy rain that threaten coastal roads in the north that 

may become more frequent and ground water in the coastal plains may become more saline 

affecting agriculture. 

Coastal hazards can be exacerbated through the modification of coastal processes by human 

activities such as gravel extraction, stream channelisation, stream mouth clearance, bunding of 

farmland and poorly engineered structures to combat shoreline erosion. The threats and risk to 

assets from coastal inundation and erosion are predicted to ‘ramp up’ in both magnitude and 

frequency with projected climate change and associated sea level rise.  

4.1 Coastal inundation 

Coastal inundation occurs when the sea floods over low lying coastal land. It results from:  

 Coastal storm surge that causes sea level to rise in response to falling barometric pressure 

and strong winds which pile water up against the coast and, when combined with high tides 

(especially higher perigean spring (king) tides), produce higher than normal sea levels and 

storm tides. 

 Wave set-up associated with breaking waves causing the average sea level to rise in the surf 

zone which combined with storm tides allows waves to propagate inland.  

 Mean sea level variations due to seasonal, El Niño / La Niña and multi-decade cycles 

increasing the sea level in any month by up to 0.15 to 0.25 m around New Zealand.  

 Long-term average sea level is rising due to climate change, meaning more frequent 

exceedances of coastal inundation and wave damage. 

Coastal inundation can result from anyone or some combination of the above factors. It is also 

associated with tsunami events. 

4.1.1 Historical coastal inundation events 

Historical coastal inundation events highlight the vulnerability of the Wharekawa coast to coastal 

inundation and the threats that it poses. These are described in Appendix A and summarised below.  
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 The 4 May 1938 storm produced one of the biggest flooding events that have occurred in 

the Firth of Thames in recorded history. At this time a king tide coincided with a storm tide 

producing water elevation to about 3 m (MVD-53). In the absence of significant flood 

protection works some 35,000 ha (350 km2) of land was flooded and some 1,600 ha (16 km2) 

of farmland was covered with water up to a depth of 0.5 to 1.2 m. While stock losses were 

comparatively light, farm residences were flooded and damaged. The cost of repairing the 

stopbank was large. The estimated return period of the event was 100 years (1% AEP).  

 Cyclone Drena (10-12 January 1997) was a powerful tropical cyclone that produced strong 

sustained northerly winds in the Hauraki Gulf that coincided with a drop in atmospheric 

pressure, a high tide and large swell in the Gulf. It resulted in flooding/inundation within the 

low-lying areas of Miranda, along portions of the East Coast Road and at Kaiaua. Beach front 

properties along the Kaiaua foreshore were also inundated due to wave run up caused by 

the wind and already high tide.  

 Cyclone Debbie (March 2017) produced heavy rain associated with an ex-tropical cyclone 

resulting in widespread river flooding in the Kaiaua area and slips closing sections of East 

Coast Road. 

 Cyclone Cook (April 2017) produced heavy rainfall resulting in the Waharau Bridge on East 

Coast Road over Waihopuhopu Stream being closed to all traffic because the bridge 

abutments were eroded by the flooding stream making it unsafe for vehicles. 

 The January 2018 event is one of the biggest on record. It resulted from a low-pressure 

system centred over the Waikato District, coinciding with king tides and strong northerly 

winds blowing down the Gulf producing significant storm tides (Craig and O’Shaughnessy 

2018). Heavy rain also affected the Waikato region. Maximum water level recorded at 

Tararu gauge reached 2.982 m MVD-53 (2.864 m TVD-52). Annual return and exceedance 

show that the tides levels were less than a 0.5% annual exceedance probability (AEP) for the 

Tararu gauge (equal to a greater than 1-in-200-year event). The event saw damage to East 

Coast Road and many streets in Kaiaua under water after the high tide. There was 13 

uninhabitable and 72 moderately damaged houses along the Kaiaua/Miranda coast. Lifelines 

were also damaged with road closures, power disruption and damage to septic tank systems 

observed around the Firth of Thames coast. Post event mapping of satellite imagery showed 

some 648 hectares of rural area, mostly farmland and coastal foreshore, were inundated. At 

least 3 farms had severe pasture and crop damage from sea water flooding fields, an 

additional 15 farms had varying amounts of pasture and crop damage.  An estimate of the 

inundation extent is shown on the Waikato Regional Hazards Portal (Coastal Hazards tab).   
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4.1.2 Future potential for coastal inundation events 

An estimate of the levels that various features and assets along the Wharekawa coast would be 

flooded by the sea in an inundation event was made using the WRC Coastal Inundation Tool (Figure 

4-1). 

 

Figure 4-1.  Screenshot image from the Coastal Inundation Tool showing the extent of flooding on 
the Wharekawa coast and south Firth when the water level reaches 2.2 m (MVD-53) which is 0.4 m 
above MHWS and the level the water will reach for a lower storm tide under present day sea level 
conditions. The tool shows:  1) Connected inundation (blue shaded areas), which represent areas 
where water could directly (or via waterways) flow to the sea for a chosen water level and 2) 
Disconnected inundation (green areas), which represent areas that are at or below a chosen water 
level, but may have no direct flow path to the sea.  Disconnected areas may still be affected by 
coastal inundation in some way, e.g., via groundwater. The yellow lines in the lower Firth and the 
stopbanks. The sidebar shows water levels under present day conditions and for future predicted 
sea level rise of 0.5 m and 1.0 m. 

This interactive online tool uses a static or ‘bathtub’ hydrodynamic modelling of coastal inundation 

that essentially transfers the coastal water level inland until that land elevation is reached. It does 

not include the dynamic or transient effects of waves wave set up and runup or storm tide flooding 

of land which increases the water levels. The model floods a topography determined from LiDAR 

imagery sourced from the LINZ Data Service as a 1 m by 1 m DEM (digital elevation model). The tool 

operates in increments of 20 cm (vertically) which therefore defines the maximum resolution of the 

mapping5. While the results from flooding mapping using this methodology are approximate and 

 
5 There is a full description of the tool in the online user guide at:  
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need to be confirmed with ground surveys and more detailed analysis of the LiDAR topographic 

data, they nevertheless illustrate the vulnerability of various features and assets to coastal 

inundation. Note that all vertical elevations quoted are relative to MVD-53 unless otherwise stated. 

East Coast Road 

East Coast Road is generally quite a bit higher than the surrounding land area for most of its length.  

It begins to flood in the vicinity of Miranda and Wharekawa when the water level reaches about 2.0 

m (MVD-53) at those locations (Table 4-1 and Figure 4-2). At Kaiaua village the road is completely 

inundated at 2.8 m (MVD-53) except for the high point at the bridge. The remainder of the road 

south of Wharekawa begins to flood at about 2.4 m and the road becomes completely inundated at 

3.2 m. These levels are significant when compared to predicted tide levels that raise sea levels at 

times of MHWS (to 1.8 m), the maximum astronomical tide (to 2.1 m), and the minimum and 

maximum storm tide water levels (to 2.2 and 3.2 m respectively). For instance, the road will be 

flooded in the vicinity of Miranda and Wharekawa under the maximum astronomical tide alone and 

East Coast Road will be flooded along its entire length between Miranda and Wharekawa under the 

maximum storm tide.  

Table 4-1. Water levels (MVD-53) at which Coastal Inundation Tool predicts flooding of East Coast 
Road. Note that the tool maps in vertical increments of 0.2 m. 

Location along East 

Coast Road 

No inundation 

(m) 

Begins to flood 

(m) 

Completely inundated 

(m) 

Northern settlement 

Waihihi Bay? 

4.8 >4.8 >4.8 

Southern settlement 

Waiwhenua 

3.4 3.6 4.0 

Wharekawa 1.8 2.0 2.6 

Whakatiwai 2.4 2.6 in south 4.4 

Kaiaua 2.2 2.4 2.8 

Landfill site 2.2 2.4 3.0 

Shorebird 2.2 2.4 3.2 

 
http://waikatoregion.govt.nz/services/regional-services/regional-hazards-and-emergency-
management/coastal-hazards/coastal-flooding/coastal-inundation-tool 
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Miranda village 1.6 2.0 2.6 

 

Figure 4-2.  Screenshot image from the Coastal Inundation Tool showing the extent of flooding of 
when the water level reaches 2.4 m (MVD-53) and how the road in the vicinity of Miranda is flooded 
while East Coast Road (thin grey line) is mostly above the water level.  

Settlements at Kaiaua and Whakatiwai 

At Kaiaua inundation begins in the southern part of the town at when the water level reaches 2.4 m, 

and the town becomes completely inundated at 3.2 m (Figure 4-3).  While the southern part of the 

Kaiaua village lies at only about 2.0 m elevation it is protected from coastal inundation by the higher 

ground between the shoreline and the town. At Whakatiwai inundation begins in the southern part 

of the town at 2.4 m, and the town becomes almost completely inundated at 3.8 m. At Waiwhenua 

flooding begins across the front at 2.6 m of the settlement at 2.6 m and the town becomes almost 

completely inundated at 3.0 m. At Waihihi Bay the there is no inundation at 2 m, inundation begins 

across the front of the settlement at a couple of places at 2.2 m, and the settlement becomes almost 

completely inundated at 3.6 m, particularly in the north when the seaward end of the road is also 

inundated. 
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Figure 4-3.  Screenshot image from the Coastal Inundation Tool showing how settlements at Kaiaua 
and Whakatiwai begin to flood when the water level reaches 2.4 m (MVD-53).  

Beach ridge barrier 

The level at which the beach ridge barrier is overtopped in an inundation event is a little more 

difficult to determine because of the irregular ground levels and limitations of resolution with the 

Coastal Inundation Tool. However, it would appear that the barrier will be overtopped in places 

where it is only 1.6 m MVD-53 and will be inundated along its entire length when water levels reach 

2.6 m MVD-53 (Table 4-2). This means that the barrier will be overtopped in places by MHWS (1.8 m) 

and the maximum astronomical tide (2.1 m) alone, and will be overtopped along its length under the 

larger storm tides (the minimum and maximum storm tides are 2.2 and 3.2 m respectively) offering 

little protection for the lower lying terrain landward.  
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Table 4-2. Water levels (MVD-53) at which Coastal Inundation Tool maps flooding of the beach 
barrier. Note that the tool maps in vertical increments of 0.2 m. 

Location along beach 

barrier 

No inundation 

(m) 

Begins to flood 

(m) 

Completely inundated 

(m) 

Northern settlement 

Waihihi Bay? 

1.8 2.0 4.2 

Southern settlement 

Waiwhenua 

1.8 2.0 2.6 

Wharekawa south 

Stevenson’s 

1.8 2.0 2.8 

Whakatiwai 1.8 2.2 3.0 

Kaiaua 1.8 2.2 2.8 

Landfill site 1.8 2.0 3.0 

Shorebird 1.8 2.2 3.0 

Miranda village    

 

Coastal plain 

The coastal plain landwards of the beach ridge barrier is very low-lying. Average ground levels in the 

vicinity of Miranda typically range from 1.5 to 2.4 m (Tararu Vertical Datum1952). There are 

extensive areas less than RL 1.7 m (some with elevations down to 1.3 m in places), which is well 

below maximum tide levels of MHWS (1.8 m) and the maximum astronomical tide (2.1 m).  

Elevations can exceed RL 2.7 to 2.9 m on some of the higher chenier ridges. The coastal plain north 

of Miranda begins to flood when the water level reaches 2.0 m (MVD-53) (Figure 4-4). Very serious 

flooding would occur with any events with water levels of RL 3 m or greater6 which will occur during 

the larger storm tides (the minimum and maximum storm tides are 2.2 m and 3.2 m respectively). 

These water level estimates and historical events clearly demonstrate that the Wharekawa coastal 

plains are highly vulnerable to coastal inundation because they are low-lying and get little protection 

from the low coastal barrier ridge.  

 
6 Note that while the coastal inundation tool estimates that coastal flooding will occur with any events with 
water levels of RL 3 m or greater, the coastal plain was observed to flood in places at < 3m RL (TVD) in the 
January 2018 event. 
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Figure 4-4.  Screenshot image from the Coastal Inundation Tool showing how coastal plain north of 
Miranda begins to flood when the water level reaches 2.0 m (MVD-53).  

In the past coastal inundation events on the Wharekawa coast have seen: 

 Seawater overtopping coastal barriers. 

 Farmland being flooded by the sea, grazing land temporarily lost and pasture damage for up 

to a year from salt burn. 

 Buildings and septic tank facilities being flooded and damaged. 

 Lifeline facilities such as roads and power temporarily cut-off and damaged.  

 Stormwater and drainage networks being overwhelmed and the performance of these 

systems being compromised by a backup of flow due to increased sea level or the 

progressive failure of gravity drainage networks. 

 Seawater flowing up rivers and streams and backing-up drainage exacerbating flooding and 

damaging bridge abutments.  

 Inundation of the land via streams, drains, beach access points and boat ramps. 
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Coastal inundation will be greatest when king tides, storm tides and large waves coincide and 

particularly when these conditions are maintained for several days (rather than hours during a single 

high tide). Although, anyone of these events occurring alone can cause lesser amounts of 

inundation. Inundation events producing extensive flooding of the coastal plains, while high impact, 

occur infrequently on the Wharekawa coast because: 

 Very high water levels require a number of meteorological/oceanographic conditions to 

coincide. 

 The wind forcing must come from a narrow northerly sector. 

 The large tidal range (mean spring and neap ranges are 3.3 m and 2.1 m respectively) in the 

southern Firth means that the storm tide component (and seasonal or longer-term sea level 

rise) is a lesser proportion of the tide range. As a consequence, whether storm tide high 

water levels coincide with low or high tide will have a significant bearing on the degree of 

inundation. 

 The southern Wharekawa coast is protected from wave runup to some degree by the wide 

shallow intertidal flats. At low tide wave breaking is well offshore from the beach. At high 

tide the shallow depth offshore causes large waves to break and energy expenditure 

offshore rather than on the upper beach and barrier ridge.  

4.1.3 Effects of climate change and sea level rise 

Climate change is predicted to cause rising sea levels and an increase in the frequency of occurrence 

and intensification of future storms. Therefore, coastal inundation will be both more frequent and 

widespread relative to the present day. The land will be inundated to a greater extent inland and to 

a greater depth. 

Predicted sea level rise of 0.3 to 0.5 metres above the 1995 level by 2060 and 0.5 to 1.4 metres by 

2120 would considerably aggravate coastal flooding on the Wharekawa coast. This rise in sea level 

would lift the highest astronomical tides to elevations of RL 2.3 to 2.6 m (Table 3-2) and well above 

the elevation of much of the Miranda plains. Relatively frequent events similar in scale to Cyclone 

Drena would result in very severe flooding. Higher sea levels also mean that the foreshore barrier 

ridge will be more frequently overtopped/breached allowing waves to propagate onto the plains 

behind significantly aggravating flooding. The overtopping could be offset to some degree because 

the elevation of the beach and most seaward ridge could build up with sea level rise (providing there 

is sufficient sediment supply). However, the very narrow beach barrier ridge along the coast is 

unlikely to provide significant protection to the existing low-lying areas further landward that will 

not be raised, and extensive flooding will readily occur once the ridge has been overtopped or 



 

49 
 

breached by the sea. Because the existing vulnerability will be significantly increased with sea level 

rise, considerable caution should be exercised before any intensification of development in the low-

lying plains. Given the severity of wave over-topping, development should also be set well back from 

the coast. 

A poorly understood consequence of sea level rise is that a long-term rise in sea level dramatically 

increases the frequency7 of occurrence of inundation events8. This increase in frequency of storm 

tides has been calculated for the Wharekawa coast by Stephens (2019) based on the 1998–2017 sea 

level record from the Tararu gauge. Figure 4-5 illustrates how SLR will increase the frequency of 

storm-tides that are not often exceeded at present-day MSL. For instance, MHWS109 under present-

day sea-level conditions will occur for about 6% of the time, but similar water levels will occur for 

60% and 98% when sea level reaches 0.5 m and 1.0 m above present day levels. Figure 4-6 shows 

similar information to Figure 4-5, but the percent exceedance has been converted to the number of 

sea-level events occurring within a 10-year monitoring period. The graph shows the likelihood of 

storm tides reaching the levels they did in 5 January 2018 and 4 May 1938 (when storm-tides 

reached a similar elevation with both having an AEP of around 0.3% at 1998– 2017 MSL). Figure 4-6 

shows that if mean sea level stayed as it was from 1998 to 2017, then if we observed for a 10-year 

period, there is only a very small chance we would see a storm-tide reach the 1938/2018 levels. 

With a 0.3 m relative sea level rise by 2050 we expect the events of 1938/2018 size to occur once 

every 30 years. With a 0.5 m relative sea level rise by 2070 we expect the events of 1938/2018 size 

to occur three times per year. With a 1.0 m relative sea level rise by 2120 we expect the events of 

1938/2018 size to occur weekly. 

The bottom line is that sea level rise will dramatically increase the frequency of occurrence of coastal 

inundation events. Events that are rare today will be increasingly common in the future. 

 

 
7 Frequency - The number or rate of occurrences of hazard events, usually for a given time period (Ministry of 
Civil Defence and Emergency Management, pers. comm.). 
8 Event - Occurrence or change of a particular set of circumstances. Can be one or more occurrences and can 
have several causes (AS/NZS ISO 31000:2009 Risk management standard). 
9 MHWS10 is the mean high water spring tide exceeded 10 percent of the time. It is often used as a practical 
high tide level for infrastructure design works, and also for estimating extreme high (e.g. the 100-year Average 
Recurrence Interval) storm tides. 
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Figure 4-5. Storm-tide exceedance curve at Tararu, demonstrating the effects of sea-level rise. The 
plotted sea-level elevations are the 15-minute-averaged storm-tide elevations at the time of high 
tide. The sea level elevations include the 1998–2017 MSL, which was 0.05 m relative to TVD–52 
(Table 2-1). Tidal high-water marks are shown on the rightmost vertical axis (e.g., MHWPS is Mean 
High Water Perigean-Spring mark and MHWS10 is the Mean High Water Spring tide exceeded 10 
percent of the time. (Source: Stephens 2019) 
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Figure 4-6. Expected number of storm-tide events within a 10-year monitoring period at Tararu tide 
gauge, including change with sea-level rise. The plotted sea-level elevations are the 15-minute-
averaged storm-tide elevations at the time of high tide and do not include infragravity wave effects. 
The sea-level elevations include the 1998–2017 MSL, which was 0.05 m relative to TVD–52. The blue 
circles mark the maximum storm tide still-water level at Tararu on 5 January 2018 of 2.62 m TVD–52. 
(Source Stephens 2019). 

4.2 Coastal erosion 

Coastal erosion is a natural process and the loss of land and sediment along the coastline due to the 

action of waves, currents, tides, wind-driven water or other impacts of storms.  Longer term retreat 

of the coast typically takes place as short-term cycles of erosion and accretion and back and forth 

movement of the shoreline, but with a nett retreat overall.  

4.2.1 Shoreline change 

Tonkin and Taylor (2010) made an assessment of shoreline change for the Wharekawa coast. They 

used georeferenced aerial photographs from 1944, 1960, 1980 and 2002 to digitise the shoreline in 

GIS and then analyse the shoreline changes.  The shoreline was defined as the seaward edge of 

vegetation. A linear regression model was used to average the rate of change between shoreline 
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periods.  The T&T (2010) report presents maps (Figures 2 to 6 in Appendix A) that show shoreline 

fluctuations along the coast for seven coastal cells or compartments. The results are summarised in 

Table 4-3 for each of the compartments showing the measured net shoreline change and the overall 

interpreted change.  

Table 4-3.  Net rates of shoreline erosion and accretion determined for coastal compartments on the 
shoreline between Matingarahi and Miranda (Source: Tonkin &Taylor 2010). 

Area 
number 

(T&T 
2010) 

Location and 
approximate length of 

shoreline  

(km) 

Measured net change 

1944 to 2002 

(m/yr) 

Overall interpreted change 
considering error margin 

(m/yr) 

7 South of Matingarahi 

(1.4 km) 

Accretion +0.39 to -0.40 m/yr 
erosion 

Little or no shoreline movement. 

6 Auwharewhare to 
Matingarahi Pt 

(2.8 km) 

Accretion +0.39 to -0.40 m/yr 
erosion 

Little or no shoreline movement. 

5 Whakatiwai to 
Stevenson’s Quarry to 
Auwharewhare 

(7.2 km) 

Accretion +0.39 to -0.40 m/yr 
erosion. Places of accretion 
(+0.99 to +0.40) at and north of 
Stevenson’s Quarry 

Little or no shoreline movement 
south of quarry. Some accretion 
north of quarry in vicinity stream 
mouths. 

4 Whakatiwai delta 

(1 km) 

Accretion +0.39 to -0.4 m/yr 
erosion with erosion (-0.41 to -
1.00 m/yr) and accretion (0.99 to 
0.40 m/yr) in places 

Little or no shoreline movement with 
localised erosion and accretion 
perhaps reflecting effects of wave 
refraction/attenuation by intertidal 
banks. 

3 North of Kaiaua  

(1.2 km) 

Mostly +0.39 accretion to – 0.40 
m/yr erosion with localised 
patches of accretion (+0.99 to 
+0.40 m/yr) in the south 

Mostly little or no shoreline 
movement with localised erosion 
and accretion in the very south at 
shoreline promontory.  

2 Kaiaua 

(1.5 km) 

Mostly accretion +0.39 to -0.4 
m/yr with localised accretion 
(0.99 to 1.49 m/yr) north of the 
river mouth and localised erosion 
(-0.41 to -1.0 m/yr) south of the 
river mouth. 

Little or no shoreline movement with 
localised shoreline retreat occurring 
between 1944 and 1980.  From 1980 
to 2002 the shoreline has stabilised.  
Net Accretion to the north and 
erosion to the south of the river 
mouth perhaps reflects effects of 
wave refraction at river mouth bars 
and parking lot reclamation 
promontory. 

1 Miranda to Kaiaua 

(8.6 km) 

Erosion (-0.4 to 2.73 m/yr) along 
the northern 2.5 km (south of 
Kaiaua). Erosion (0 to +2.5 m/yr) 
along the south 4.5 km (north of 
Miranda).  

Greatest change along this shore is 
erosion in northern 2.5 km. 
Accretion in southern 4.5 km reflects 
input from a stream and the 
development of the modern chenier 
ridge and is evidence of net 
southerly transport. Little or no 
shoreline movement in between 
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The overall interpreted change takes account of errors in absolute shoreline location due to the 

techniques involved with georeferencing aerial photos, identification of shoreline features and 

digitising errors. It was estimated that each shoreline may be located about 3 m landward or 

seaward of the digitised line.  That is to say when comparing between two shorelines the cumulative 

error may be in the order of about 6 m. T&T recommended that when addressing rates of retreat, 

errors range between 0.4 and 0.1 m/year. Therefore, rates of change between -0.4 to +0.4 m/year 

can be regarded as areas of little or no shoreline movement. 

North of Kaiaua there are no overall trends in shoreline erosion and accretion along the coast. 

However, there are likely to be small scale and dynamic (short term) changes in the shape of the 

shoreline at small promontories and river and stream deltas.  T&T (2010) observed that within the 

Kaiaua township, localised shoreline retreat along c. 150 m length of coast occurred between 1944 

and 1980.  From 1980 to 2002 the shoreline stabilised. They noted that the section of shoreline that 

shows the greatest amount of change occurs south of Kaiaua where erosion along c. 2.5 km is 

occurring at between c. 0.4 to 2.73 m/year. The high erosion rate occurred along an exposed landfill 

that has now been removed. Accretion is occurring over a 4.5 km length of coast in south reflecting 

input from a stream and the development of the modern chenier ridge and reflects net southerly 

directed sediment transport.  

The Waikato Regional Council are currently contracting further analysis of shoreline change to 

extend the 1944 to 2002 record of shoreline change. Analysis of cadastral surveys will provide record 

from 1885 to 1925. Analysis of more recent aerial imagery will extend the record from 2002 to 2017.  

Preliminary results from the cadastral mapping suggest that the shoreline north of Miranda has 

retreated some distance since 1885. There is a need to reconcile the datasets from cadastral surveys 

(1885 to 1925) and the aerial surveys (1944-2017) particularly for the area north of Miranda where 

the more recent aerial images indicate the shoreline is now dynamically stable. Whether the 

difference between the cadastral vs aerial surveys represents real shoreline change in different time 

periods or differences in exactly what shoreline features were surveyed (e.g., top of beach ridge vs 

MHWS or MHWM or the shoreline of an outer shell bank) needs to be determined and the changes 

explained in the context of coastal processes. 

4.2.2 Coastal erosion processes 

The Wharekawa coast we see today has built seawards over the last 5,000 years or so at a rapid rate. 

It has built seawards some 1.8 km at its widest point and at an average rate of about 4.5 m/yr. The 

expansion of the chenier plain was strongly influenced by the formative processes of storms, fuelled 

by episodic sediment supply of sand and shell and responding to an overall fall in sea level of some 2 
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m between 4,000 and 1,000 years ago. Progradation was also aided by there being adequate 

accommodation space for sediments to accumulate in sheltered embayments on the palaeo 

shoreline. During this phase the beaches probably looked much like they do today having low beach 

barrier backed by wetlands in places. The overall consequence of coastal progradation has been 

building seawards of the coastal plain from the former coastal cliffs and high ground to the west and 

an overall straightening and north south re-alignment of the once irregular shoreline.  

Today the formative processes are very different. The shoreline is straighter and so there is less 

accommodation space for sediments to accumulate in the shelter from wave attack. Sediment 

supply of sand and rock has been altered in historical times by catchment development and to 

varying degrees by activities such as sediment mining, dredging of stream mouths, coastal 

protection works and reclamations. While the supply of shell is adequate for chenier building, we do 

not know whether it is at the rates that it was earlier times. Importantly sea level is no longer falling, 

it is rising slowly, and the prediction is that the rate of rise will increase into the future with climate 

change.  

Today the coast is in a state of dynamic equilibrium north of Kaiaua and oscillating forward and back, 

retreating immediately south of Kaiaua and in dynamic equilibrium/or perhaps retreating north of 

Miranda. For most of the time the coast sees small low energy waves.  Under these conditions there 

is little sediment transport and coastal change. During small wave events wave uprush at high tides 

carries gravel and builds the shelly barrier ridge taller.  Under larger storms and higher water levels 

and bigger waves the barrier ridge is overwashed by waves transporting gravel landward and 

widening the barrier. Overwash and landward retreat of the ridge will be greatest when storm tides 

coincide with high tide, king tides and big waves.  

The important point here is that conditions on the Wharekawa coast are no longer conducive to 

coastal progradation but rather to dynamic equilibrium or erosion. Furthermore, the low coastal 

ridge system provides little buffer against erosion as it contains only a small volume of sediment and 

receives only a meagre (but unquantified) supply of sand and gravel. A consequence of this is that to 

mitigate coastal erosion by a means consistent with natural processes it is critical to maintain 

sediment supplies to the Wharekawa coast, namely the sands and gravels fed by streams and rivers 

in the north and shell material from the intertidal areas. 

4.2.3 Effects of climate change and sea level rise 

Importantly barrier retreat will be exacerbated by accompanying climate change. Rising sea level 

could add 0.3 to 0.5 metres above the 1995 level by 2060 and 0.5 to 1.4 metres by 2120, along with 

an increased frequency of storm events. This will bring breaking waves closer to the high tide beach 



 

55 
 

and ridge system more frequently. At longer time scales of 50 to 100 years coastal inundation is 

predicted to flood the low lying coastal plain and likely to completely dominate over coastal erosion. 

4.3 Tsunami 

Tsunami generated by earthquakes and underwater landslides have the potential to inundate large 

areas of low-lying coastal plains. They are a threat to people and can damage property and 'lifeline' 

services such as water, power, telecommunication and transportation networks (roads, bridges, 

ports).  

The Hauraki Gulf has experienced at least 11 tsunami and one meteorological tsunami since 1840 

(Chick and de Lange 1999). While most of these were small events, 4 had amplitudes up to 2 m 

Moreover, modelling suggested that the Firth of Thames amplifies distantly generated tsunami wave 

heights by about 50% of their amplitude in the outer Hauraki Gulf, so they will be more hazardous in 

the Firth (Chick and de Lange 1999). However, their modelling of both distantly and locally 

generated tsunami tends to suggest that tsunami hazard in the Firth of Thames is low (Chick 1999; 

Chick and de Lange 1999). 

4.3.1 Modelling the tsunami threat 

Borrero (2018) made an assessment of tsunami effects resulting from local, regional and distant 

source earthquakes along the coast of the Firth of Thames10. Numerical modelling was used to 

determine the extreme tsunami scenarios in an effort to define likely maximum credible events for 

the purposes of planning evacuation routes and increasing public awareness. For the local faulting 

ruptures on the offshore segments of the Kerepehi Fault as described by Chick (1999) and Chick et 

al. (2001) were considered. For the regional source tsunami, a source on the southern segments of 

the Tonga Kermadec Trench was used. The effect from distant source tsunamis was assessed by 

simulating the propagation and local inundation from three extreme tsunami events originating in 

South America. These were the 1868 event from northern Chile, the 1960 event from southern Chile 

and a hypothetical event based on the 1960 source model positioned offshore of central Peru. The 

modelling showed that: 

 Distant source scenarios produced insignificant levels of inundation but could cause 

potentially strong and long-lasting tsunami induced currents which would be particularly 

hazardous for maritime activities in the area including but not limited to recreational boating 

and commercial fishing or aquaculture.   

 
10 Note that WRC have contracted further work in this area that may change the results reported here. 
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 Regional sources scenarios produced more inundation than the distant source events, it was 

still relatively minor in the Firth compared to sites on the eastern shores of the Coromandel 

Peninsula. As with the distant source scenarios the tsunami induced currents were shown to 

be potentially hazardous with maximum modelled speeds in excess of 10 knots in the outer 

Gulf Colville area.   

 Local sources produced the greatest degree of inundation. The greatest degree of 

inundation was produced by the largest of the local source scenarios. This was the ‘D2’ 

scenario represented by a rupture on the northern extent of the Kerepehi Fault with 8.5 m 

of co-seismic slip on a 16 km long fault plane extending south-eastward from the eastern 

end of Waiheke Island (Figures 4-7, 4-8 and 4-9). These tsunamis caused appreciable and 

potentially damaging inundation at all the sites considered, although the degree of 

inundation was strongly influenced by the tide level assumed during the simulation. For 

cases run at mean sea level (MSL) the tsunami inundation generally did not rise above the 

high-water shoreline. This is because at mean sea levels, there are extensive intertidal areas 

exposed and the inundation from the tsunami just covered these intertidal zones. At mean 

high water spring (MHWS) water levels the results were markedly different with inundation 

extending across public reserves and through some near shore settlements and 

neighbourhoods. Modelled flow depths from these scenarios however were generally less 

than 1.5 m.  

The modelling (Borrero 2018) suggests that the overall tsunami hazard at sites in the Firth of Thames 

is relatively low. This is in line with the conclusions of Chick et al. (2001) who highlight the long 

recurrence interval for maximum credible events of 2,500 to 9,000 years on the local source 

scenarios. Persaud et al. (2015) however state that major earthquakes could occur on the Kerepehi 

Fault (including the offshore segments) once every 1,000 years, equivalent to a 1% probability of 

occurrence in 10 years.  

4.3.2 Effects of climate change and sea level rise 

Tsunami occurrence will not be affected by climate change, however higher long-term sea levels 

associated with climate change will allow the tsunami to propagate further landward. 
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Figure 4-7. Modelled maximum tsunami heights across the 200 m resolution local propagation grid 
for sources D2. Source Borrero 2018). 

 

 

Figure 4-8. Modelled tsunami inundation at Miranda from Source D2 at MSL (left) MHWS (right). 
(Source: Borrero 2018). 
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Figure 4-9. Inundation at Whakatiwai from Source D2 at MSL (left) MHWS (right). (Source: Borrero 
2018). 
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5. Strategies to mitigate coastal hazards and inform adaptive planning 

This section describes various strategies to mitigate the effect of coastal hazards and suggests areas 

where further work could be undertaken to improve knowledge of coastal processes and inform 

adaptive planning and decision making. In just the last decade there have been advances in 

technology and knowledge that have allowed us to better record and understand processes on the 

Wharekawa coast. It is therefore reasonable to expect even greater advances will be made in the 

next decade review of our knowledge base and options for mitigating coastal hazards and adaptive 

planning will be necessary again at that time. 

5.1 Predicting hazard events 

Today warnings of extreme weather events are becoming increasingly available from various 

sources. The public has access to weather (wind, rain, waves, tides) forecasts via numerous online 

weather sources including social networks and use them to plan recreational pursuits (e.g., boating, 

fishing and surfing). Councils and the MetService provide warnings based on a more sophisticated 

analysis of combinations of physical forcings (i.e., predicted tide state and level, wind strength and 

direction and waves conditions) and consideration of the risk to lifelines, property and public safety. 

Together these help in immediate response, planning responses and to mitigate risk and damage.  

Warnings of storm tides and the potential for coastal inundation events can be gained from sources 

such as the ‘NIWA storm-tide red alerts’ 11. The exact scale and timing of inundation events is 

difficult to forecast, particularly when multiple drivers coincide.  Multi-hazard events occur for 

instance when rainfall and river flooding coincide with a coastal inundation exacerbating flooding of 

the land. Coastal erosion events are more difficult to forecast as the scale of erosion not only 

depends on the physical forcings but also on the antecedent conditions (i.e., whether the shoreline 

is an accretionary of erosional state) as much as the size of the event.  

Tsunami warnings depend on the source of the tsunami and initially based on earthquake 

parameters.  For a local source tsunami which could arrive in minutes, there is no time for official 

warnings so the public need to be able to recognise the natural warning signs and act quickly if 

required. The key warnings are: 1) Feeling a strong earthquake that makes it hard to stand up, or a 

weak rolling earthquake that lasts a minute or more, 2) Seeing a sudden rise or fall in sea level and 3) 

Hearing loud and unusual noises from the sea. The most appropriate response to tsunami is to move 

immediately to the nearest high ground, or as far inland as possible.  

 
11  https://niwa.co.nz/natural-hazards/physical-hazards-affecting-coastal-margins-and-the-continental-
shelf/Storm-tide-red-alert-days-2020 
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Official warnings are only possible for distant source (more than three hours' warning time) and 

regional source (between one- and three-hours travel time from New Zealand) tsunami. Official 

warnings are issued by the Ministry of Civil Defence & Emergency Management. 

In future forecast warnings for coastal inundation will be improved by frequency analysis of the key 

physical drivers of events. Warnings for coastal erosion can be improved by mapping and monitoring 

erosion hot spots to identify where erosion is most likely. Warnings for tsunami include improved 

signage and warning systems need to be regularly tested. While such systems are now in place to 

some extent, their effectiveness does rely on public awareness/education and community 

engagement in drills such as New Zealand ShakeOut our national earthquake drill.  

5.2 Coastal inundation 

Coastal inundation is undoubtedly the biggest and most widespread risk to assets and personal 

safety on the Wharekawa coast. Being able to predict the return frequencies and magnitude of 

water levels and inundation and flooding events is imperative for future long-term planning to 

assess risk and undertake cost benefit analysis of possible mitigation options. It will for example:  

 Help determine what parts/how often the main road and beach barrier will be 

overtopped/flooded and impassable and for how long. 

 Provide engineers with information of where/whether to raise the levels of the road and 

strengthen bridge abutments. 

 Serve to identify pathways of inundation events under various scenarios and identify escape 

route options. 

 Determine whether it is worthwhile building up the beach ridge in places or install flood 

gates. 

 Determine whether some houses be moved back or relocated or raised above storm levels 

or left to suffer the risk of inundation. 

 Provide data to allow modelling to determine the knock-on effects of bunding farmland.  

Coastal inundation issues could be addressed by the following: 

 The low dune ridge system provides little protection against overtopping in surge and 

flooding events. It is critical to maintain the sediment supply (sand, gravel, and shell) that 

feeds the beach and gravel ridge system.  Surveys of the crest height along the ridge will 

indicated where overtopping and flow paths will occur and places where it may be necessary 

to build up the level of the ridge with gravel and sand. 
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 Probabilistic modelling of water levels to determine the frequency and magnitude of 

extreme water levels should be reviewed as information and modelling methodologies 

improve.  

 Modelling inundation by the sea using a hydraulic model (rather than bathtub approach) 

that takes account of ground roughness and loss of wave energy as water flows cross the 

land would provide a more accurate picture of the inundation threat. Maps generated by 

this work can be used to inform designing protection for assets and evacuation plans. 

 Bridge abutments need to be checked to ensure they are robust enough to standing high 

current flows associated with inundation from the sea. 

5.3 Coastal erosion 

Coastal erosion is a lesser and more local threat than inundation for the Wharekawa coast because it 

is confined to the coastal margin, does not necessarily occur in places where it threatens assets and 

presents a lesser risk to public safety.  Coastal erosion is difficult to predict as the extent of erosion 

can depend of preceding conditions as much as the size of the event. There are also considerable 

uncertainties for planning periods of greater than 50 years which involve choosing appropriate 

scenarios of projected sea level rise associated with climate change. Furthermore, at long time scales 

coastal inundation is predicted to flood the low lying coastal plain and likely to completely dominate 

over coastal erosion. The methods used to combat erosion along the Wharekawa coast will need to 

vary with location because the beach and sediment type varies along the shore. 

Coastal erosion issues could be addressed by the following: 

 It is critical to maintain the sediment supply (sand, gravel, and shell and mud) that feeds the 

beach and gravel ridge system because the system contains only a very small volume of 

material to buffer against erosion. This can be achieved though: 1) catchment management, 

2) not allowing gravel extraction in the active coastal zone, 3) placing sediment from drain 

and stream mouth clearance on the downdrift side (southern) side of the waterway to 

facilitate littoral transport and nourishment of beaches to the south, 4) maintaining a 

healthy ecosystem offshore so that shell production continues, and 5) returning sediment 

washed inland by waves during large storms to the beach system rather than using it as fill 

for purposes inland. 

 Existing coastal protection structures along the shore need to be inventoried and assessed 

for their condition and effectiveness and as to whether or not they mitigate or inhibit coastal 

processes. Ineffective structures need to be removed. New hard structures or soft 

protection such as beach nourishment need to be considered where appropriate. If groynes 
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are used, they need to be backfilled at the times of construction to prevent downdrift 

erosion. Sea walls or revetments should have beach sediment placed in front and be built up 

above high tide level.  

 Proposals for new structures/facilities along the shoreline (e.g., cycle trails) need to be 

considered in the context of coastal processes and whether their placement might 

compromise future hazard protection measures. 

 Beach push-ups (scraping sand from the lower beach and pushing it to the upper beach) may 

be a viable option to rebuild eroded sections of the coast against short term (dynamic) 

erosion. 

 Sources of sediment (gravel, sand and shell) for beach nourishment need to be identified 

(e.g., sediment from farmland drain clearance) and stockpiled for use in erosion events. This 

could be supported by research on the supply and transport of sediment from the 

catchment and nearshore sources and how this might be affected by climate change and sea 

level rise in the future.   

 Surveys of shoreline position, using LiDAR or drones supplemented with ground control, 

provide valuable information on coastal erosion and accretion processes and identify hot 

spots where management action is needed. Such surveys need to be repeated and 

reanalysed at least every 5 to 10 years.  It would also be advantageous to undertake some 

more targeted surveys in key places such as: 1) surveys of the beach ridge height to identify 

low points where flooding from the sea can enter, 2) beach profiles could be used to 

determine the volume of material in the beach ridge system and to demonstrate just how 

small a buffer that represents and 3) before and after surveys of stream mouth dredging 

volumes (e.g., by drone surveys) will provide estimates of longshore transport of sediment. 

 There is a need to reconcile the datasets from cadastral surveys (1885 to 1925) and the 

aerial surveys (1944-2017) particularly for the area south of Kaiaua where the cadastral 

surveys indicate a period of substantial coastal erosion while the more recent aerials 

indicate the shoreline is stable.  

 A risk-based approach to assessing and manging the coastal erosion hazard should be 

considered. The NZCPS advocates this approach with both the likelihood and consequence 

of hazard occurrence requiring consideration, suggesting consideration of areas both ‘likely’ 

to be affected by hazard and areas ‘potentially’ affected by hazard. A stochastic forecast 

approach involves combining standard approaches for defining coastal erosion hazard zones 

by addition of component parameters over a selected timeframe. The resulting distribution 

is a probabilistic forecast of potential hazard zone width over a selected timeframe.  The 
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stochastic forecast approach addresses the issue of uncertainty inherent in individual 

components due to an imprecise understanding of the natural processes and due to 

alongshore variability. It allows the effect of these uncertainties to be explored 

simultaneously providing estimates of the combined hazard extent (i.e., the central 

tendency) and information on potential ranges and upper limit values. This contrasts with 

deterministic models where the combination of individual conservative parameters with 

additional factors for uncertainty often result in very conservative products and limited 

understanding of potential initial uncertainty range.   

5.4 Tsunami 

Given the low probability of occurrence of tsunami it is probably not worth taking actions such as 

raising roads or raising/strengthening buildings to accommodate the inundation.  

Tsunami issues could be addressed by the following: 

 Any work to raise floor levels of buildings and the level of roads to mitigate the effects of 

coastal inundation will also serve to offset the effects of the tsunami to some degree, 

depending on the size of the tsunami and the state of the tide when the tsunami arrives. 

 The risk to human safety is best addressed through preparing tsunami evacuation plans and 

warning systems. Guidance for these are given in documents such as “The Tsunami 

Evacuation Zones: Director’s Guideline for Civil Defence Emergency Management (Ministry 

of Civil Defence and Emergency Management, 2016) that outlines modelling approaches for 

deriving tsunami evacuation plans and maps. The community already has a tsunami 

evacuation plan and warning system in place. 

5.5 Multi-hazard assessment 

Consideration should be given learnings that are possible from the analysis of multi-hazards events.  

What are the chances of two or more types of events (e.g., inundation, river flooding and coastal 

erosion) occurring at the same time and how might the effects be different?  Will the effects of any 

of those individual hazards be ramped up or will they cancel out to some degree?  Can one kind of 

event alter the antecedent conditions of another kind event?   

5.6 Mangroves – a potential means of hazard mitigation? 

The use of mangroves as a form of mitigation against natural hazards such as storms, tsunamis and 

coastal erosion has been widely reported (e.g., McIvor et al. 2012, Spalding et al. 2014). Wide stands 

of mangrove forest have reported to slow down and limit the extent of inundation from the sea 

during surge events and tsunami and also provide some protection against coastal erosion. It is 
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possible that mangroves, which are now rapidly expanding in the southern Firth (Swales et al. 2016), 

offer some degree of protection to the coast. Farmers in the southern Firth reported significant 

wave attenuation by the mangroves during Cyclone Drena suggesting that they probably increased 

the level of protection provided by the stop banks (Dahm and Munro 2002 p89). A recent study by 

Haughey (2017) in the southern Firth indicated that the presence of mangroves influences the tidal 

wave dynamics by reducing current velocity and tidal amplitude across the intertidal flats. South of 

Kaiaua consolidated muddy sediments with mangroves on top form a raised bank that protrudes 

seaward over a 1 km long section of coast is evidence that this substrate is more resistant to erosion 

than the neighbouring shoreline. Whether this is to do with the mangrove forest slowing 

down/taking the energy out of surge events or due to the resistance to erosion provided by the 

more clayey substrate and soil binding effects of mangrove root structure is unknown. Questions 

arise such as: Can mangroves reduce waves and storm surges? How will they influence the forces of 

a tsunami? Do they actually contribute to stabilizing coasts and build-up of soils? Can they keep up 

with sea level rise?  

On the Wharekawa coast the band of mangroves behind the beach ridge (up to 80 m wide) may be 

too narrow to have much of an effect in reducing inundation. In any case it is worthwhile to better 

understand the potential value of mangroves for coastal defence on the Wharekawa coast even if it 

only demonstrates there is some value in maintaining (as opposed to clearing) the mangroves along 

the coastal fringe as a means of coastal defence. Studies of mangroves in the southern Firth (e.g., 

Swales et al. 2016, Haughey 2017)) provide a starting point for this work.  

5.7 Monitoring and predicting forcing processes 

Monitoring tide levels in the Firth should continue. Not only do these records provide useful real 

time data and a record of storm events, they can also be used to calibrate numerical models and for 

extreme event predictions. These data become increasingly valuable as the length of the record 

increases providing extreme data and enabling the signals of longer term forcings such as El Nino, La 

Nina and ENSO to be observed and factored into forecasts.  

Wave set up and runup need to be calculated for the Wharekawa coast so that they can be fed into 

model predictions. 

5.8 Documenting coastal hazard events 

Documentation of hazard events along with post-event debriefing and analysis of the spatial extent, 

location and cost of damage provides invaluable information to inform public consultation and 

future planning. Documentation will serve to refresh the memories of those who experienced the 

event first-hand and serve as a warning to new residents (and managers) in the area.  
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In future every effort should be made to document important hazard events. Reports should 

document personal stories and observations by communities, secure images from the event, record 

post event aerial and ground surveys and of event parameters and frequency of occurrence. 

Descriptions and analysis of the 5 January 2018 inundation event reported by Craig and 

O’Shaughnessy (2018) provide a good example of what’s required. 

5.9 Input from citizen science 

There is scope for input from citizen science. A portal could be setup where the public could input 

measurements or photographic images of the shoreline taken at specific positions images (e.g., 

CoastSnap12). Over time this provides a record of spatial and temporal changes in coastal processes. 

Images taken following events are most valuable. It is important that the portals provide feedback in 

the form of graphs for instance so that the users can see trends in the information collected. Such 

portals provide a venue for community engagement and encourage ownership of issues by the 

community.  

 

  

 
12  CoastSnap is a new community beach monitoring system designed to capture and measure our dynamic 
coastline. People use their mobile device in CoastSnap photo cradles, to capture a valuable record of the beach 
state, and share it via social media or email. 
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Appendix A – Historical storm events 

Descriptions of historical storm events highlight the vulnerability of the Miranda coast to coastal 

inundation and coastal erosion.  

4 May 1938 

A severe storm coincided with a king tide producing one of the biggest events that have occurred in 

the Firth of Thames in recorded history. The water level was a metre higher than a normal high tide, 

and the combination of wave set up and tidal surge took the total water elevation to about 3 m 

(MVD-53). Extensive land was flooded. The whole area north of the highway running from 

Waitakaruru, through Pipiroa and Kopuarahi, to the Hauraki bridge at Orongo was inundated. The 

water extended inland to Ngatea, 7.5 km from the coast. Some 35,000 ha (350 km2) was flooded. 

About 4,000 acres (16.19 km2) of farmland was covered with water up to a depth of between 0.5 to 

1.2 m). Stock losses were comparatively light, but farm residences were invaded by the flood and 

considerable damage resulted. Property damage ran into thousands of pounds. The cost of repairing 

the stopbank was large.  The estimated return period of the event was 100 years.  

Cyclone Drena 

Tropical Cyclone Drena (January 1997) was a powerful tropical cyclone that began in the Pacific by 

Vanuatu and after transitioning into an extratropical cyclone it brought impact to New Zealand. It 

produced strong sustained northerly winds in the Hauraki Gulf which were measured at up to 160 

km/h, that coincided with a drop in atmospheric pressure and high tide. In Thames, 3.6 m (12 ft) 

swells were measured. It resulted in flooding/inundation within the low-lying areas of Miranda along 

portions of the East Coast Road and Kaiaua. Beach front properties along the Kaiaua foreshore were 

also inundated due to wave run up caused by the wind and already high tide. On the eastern coast of 

the Firth opposite Miranda at Moanatairi about 140 people were evacuated at Moanatairi while 

residents from 20 homes were evacuated at Moanatairi, Te Puru, and Waiomu. A total of 44 homes 

were flooded and subsequently damaged; 33 of which had soaked carpets and ruined walls and 

furniture.  

Cyclone Debbie 

On 8 March 2017 heavy rain associated with ex-tropical Cyclone Debbie resulted in widespread 

flooding in the Kaiaua area. The East Coast Road north of Kaiaua School was closed due to a slip. 

Around 10 houses were flooded. There was also a slip on a section of East Coast Road located in the 

Auckland District, which closed the road north of Waharau. 
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Cyclone Cook 

In April 2017 the heavy rainfall associated with ex-tropical Cyclone Cook resulted in the Waharau 

Bridge on East Coast Road over Waihopuhopu Stream being closed to all traffic because the bridge 

abutments were eroded by the flooding stream, making it unsafe for vehicles. 

January 2018 event 

This event is well documented by Craig and O’Shaughnessy (2018). It resulted from a low-pressure 

system centred over the Waikato District at the same time that king tides were due (Figure A-1). 

Pressure at Tararu fell to 97.2 hPa leading to a ‘inverse barometer effect’ resulting in a sea level rise 

of 1 cm for every 1 hPa decrease in pressure. Strong north-westerly winds reaching blew over a 

significant wind fetch down the Firth of Thames producing storm and setup and high-water levels at 

the shore. The high wind velocities (to 60 km/hr) meant that high wave heights added to the already 

heightened tide and runup overtopped the coastal barriers. Heavy rain also affected the Waikato 

region. Analysis of rainfall data from the Mangatangi site gauge close to the Wharekawa coast gave 

the event a frequency of 10-5% annual exceedance probability (AEP) or 10- to 20-year annual return 

interval (ARI).  

 

Figure A-1. Satellite and isobar map at 10:00 hours on 5 January 2018. Note the narrow spacing 
between isobars indicating severe winds and the trough converging on the western side of the Firth 
of Thames. (Source: Craig and O’Shaughnessy 2018). 
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The most significant tides and impacts in the Waikato region occurred on the on Kaiaua/Miranda 

coast and on the morning of Friday 5 January 2018 when the largest king tide was forecast, strong 

northerly winds were blowing down the gulf and the low-pressure system was directly over the 

region. The Tararu tide gauge in the Firth of Thames recorded a maximum water level elevation 

(including infragravity wave effects) of 2.864 m TVD-52 (2.982 m MVD-53) at 0918 hours on 5 

January. Stephens (2019) calculated that maximum storm tide still-water level to be 2.62 m TVD-52 

(2.74 m MVD-53) after applying a 15-minute running-average and after accounting for vertical land 

movement at the gauge location. The maximum water level in the southern Firth at the outer fringe 

of the mangrove forest was about 0.4 m higher that that recorded at the Tararu gauge Stephens 

(2019). 

Annual return and exceedance probabilities have been statistically calculated for tide gauges around 

the Waikato using Monte Carlo simulations (Liefting 2016; Stephens et al. 2015). These show that 

the tide levels were less than a 0.5% annual exceedance probability (AEP) in frequency for the Tararu 

gauge (equal to a greater than 1-in-200-year event).  

Comparison with previous events show that this storm was ‘right up there’ with the biggest on 

record. The May 1938 tidal storm that was caused by a significant low-pressure event and higher 

than average astronomical tides. While it is not known what height this event would have been 

recorded at if the Tararu tide gauge was in operation in 1938, based on observations and elevations 

of surveyed debris lines, it is possible that the January 2018 event was of a similar size to the May 

1938 event. In terms of events that have been recorded between 1999 and 2014 the January 2018 

event has higher tidal levels. Compared to the top 20 events, the January 2018 event is 0.435 m 

greater than the next highest for Tararu. That event was the July 1995 event where the peak of the 

storm surge occurred precisely at the time of high tide (Figure 11, page 5, Goring, 1995). Moreover, 

the high tide was also a perigean tide, with one of the highest predicted tides for 1995 (1.895 m) 

(Dahm and Munro 2002).  

The 2018 event saw damage to East Coast Road and many streets in Kaiaua under water after the 

high tide on Friday morning (Figure A-2). Settlements along State Highway 25 between Tararu and 

Manaia were the worst affected. Multiple properties were damaged including one uninhabitable 

home and 9 with moderate damage on the western coast (Thames Coast) of the Coromandel 

Peninsula. There was 13 uninhabitable and 72 moderately damaged houses along the 

Kaiaua/Miranda coast. Lifelines were also damaged with road closures, power disruption and 

damage to septic tank systems observed around the Firth of Thames coast. Post event mapping of 

satellite imagery showed rural area, mostly farmland and coastal foreshore, inundated estimated to 

be 648 hectares in area (Figure A-3). Surveys of debris/burnt pasture lines caused by inundation 
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from the event varied in average elevation from RL 1.2 m on the southern Kaiaua/Miranda Coast. 

Inspections of rural properties revealed at least 3 farms with severe pasture and crop damage from 

sea water flooding fields. The remaining 15 farms inspected had varying amounts of pasture and 

crop damage. 

 

   

Figure A-2. Aftermath of the January 2018 storm event showing flooding from the sea at Kaiaua 
township and overwash debris on East Coast road. 

 

 

Figure A-3. Surveyed inundation levels for Kaiaua (south of Te Puaeharui Stream). (Source: Craig and 
O’Shaughnessy 2018). 


