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EXECUTIVE SUMMARY 
  
While the Kapiti Coast has been subject to open coast erosion assessments in the past, these 

have essentially been regional assessments in that they covered large areas at a relatively low 

level of detail. Given the extent of residential development along the coast and the potential 

for future development, together with the dire consequence of property loss associated with 

erosion plus the uncertainties associated with as climate change, the Kapiti Coast District 

Council (KCDC) commissioned a more detailed (localized) assessment.  In particular the 

erosion hazard line methodology should be robust and defendable, use industry best 

practices, use a time-span of at least 50 yrs, and incorporate all available information. 

 

In addition, where the coast is protected by structures or management practices, an erosion 

assessment for the simulated natural coast was also required. Calculating erosion hazard lines 

for the corresponding simulated natural coast/inlet enables the effect that management has 

had on coastal processes and morphological behaviour to be identified and the consequences 

of not committing to existing management for the next 50 to 100 years to be defined.  While 

it is not anticipated that these structures will cease to be maintained, or that other 

management practices be discontinued, informed decisions will be able to be made on both 

the continuance of present structures and practices, and also on their future extension. 

 

For practical reasons the Kapiti Coast Erosion Hazard Assessment was divided into three 

parts with Part 1 covering the open coast (Open Coast Erosion Hazard Assessment), Part 2 

covering the inlets (Inlet Erosion Hazard Assessment) and Part 3 consisting of the data-base, 

(referred to as the Coastal Erosion Hazard Data-Base, or simply as the Data-Base), which 

includes all raw and processed data, along with computation details for the various hazard 

components used in the assessments.   

 

The present report comprises Part 1: Open Coast Erosion Hazard Assessment, and assesses 

the erosion hazard from the southern end of Paekakariki Beach to the KCDCôs northern 

boundary with Horowhenua District Council, a distance of approximately 38 km.  Part 1, 

while originally completed in February 2007, was subsequently updated to incorporate a 

range of new data becoming available later in the 2007. In particular; high resolution colour 

vertical aerial photographs of the entire Kapiti coastline, and a district-wide beach profile 

survey.  In addition, the latest information pertaining to climate change and sea-level rise 

from the International Panel on Climate Change (IPCC) was released in 2007. The Kapiti 

Coast Erosion Hazard Assessment now incorporates this information and is thus fully up-to-

date.   

 

The erosion hazard assessments use an empirically-based approach which quantifies the 

predicted cross-shore erosion hazard distance by summing several components. In particular, 

these components consist of:  
 

¶ longer-term historical shoreline change which is derived by statistical analysis of up 

to 135 years of data (depending on location);  
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¶ shorter ïterm shoreline change which is also defined with respect to the historical 

shoreline record;  
 

¶ retreat associated with anticipated acceleration in  sea-level rise from global 

warming, which is derived via a shoreline adjustment model that utilized the 

substantial beach profile data-set held by the KCDC;  
 

¶ retreat of a dune scarp (formed by undercut by storm waves) to achieve a stable 

slope, which is based on a slope stability model that utilized the KCDCôs 3-

dimensional LIDAR (Light Detecting and Ranging) data, and finally  
  

¶ a combined uncertainty term which provides an acceptable safety margin. In addition 

to using the highest quality raw data that was available, the assessment utilized the 

most recent developments in image processing, data abstraction and statistical 

analysis, thereby ensuring robust and defendable output. 

 

Along the southern coast, the erosion assessment was carried out for the following three 

seawall scenarios:  

¶ seawalls hold, where the seawalls successfully maintain integrity and remain fully 

functional;  
 

¶ seawalls repair, where the seawalls fail locally but are quickly repaired; and  
 

¶ seawall removal, where widespread failure occurs and the remnants are then removed.   

 

It is also noted that a more detailed assessment was carried out for south Paekakariki 

(Appendix A), because of its documented history of erosion, previous erosion hazard 

response (13 homes were removed in the early 1980s), and it contains a rare section of 

natural shoreline.   

 

The final cross-shore erosion hazard distances (CEHDs) are depicted in Fig 9, and are 

summarized as follows: 

¶ Along the southern coast (south of the Kapiti Boating Club at Paraparaumu Beach) the 

erosion hazard values differ quite dramatically for the three seawall scenarios. Under 

the seawalls hold scenario, the hazard distance equals zero next to the walls, while in 

non-seawalled areas some 49 ï 120 m erosion may occur (depending on the site);  

 

¶ Under the seawall repair scenario, the erosion hazard distances behind the failed 

sections of seawall at Paekakariki and Raumati range between 21 and 36 m 

(depending on the site). In the non-seawalled areas the hazard distances are the same 

as for the seawalls hold scenario; 

 

¶ Under the seawall removal scenario, erosion hazard distances within the seawalled 

areas increase from 21 to 36 m up to 33 to 74 m, while in the non-seawalled areas 

they lower from 49 -120 m down to 36 - 61 m. 
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¶ North of the Kapiti Boating Club the seawall scenarios do not apply. The erosion 

hazard distance is greatest around the foreland (44 to 64 m) with values ranging 

between 26 to 44 m further north.  

 

Based on these CEHDs, erosion hazard lines were derived along the entire open coast and 

high resolution images depicting these lines are available from the KCDC office. Three 

examples of these hazard lines overlying 2007 aerial photographs are given in Figs 10, 11 

and 12.  There is a choice of hazard line along the southern coast related to the future seawall 

scenario the council decides upon.  In particular, there is the hold, repair or remove scenarios 

along the official seawalled areas at mid/north Paekakariki and south Raumati, plus a 

decision on how to handle the private seawalls which give partial shoreline protection at 

south Paekakariki and north Raumati (see Figs 10 and 11). 

 

Finally it is noted that this erosion assessment has been carried out at the local level ï this 

being the most detailed level usually undertaken by local government. Property owners still 

have the option of commissioning yet more detailed site-specific assessments and these may 

further refine the hazard lines defined in the present report. 
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1    INTRODUCTION 
 

1.1    Background and terms of reference 
 
In June 2005, Coastal Systems Ltd was commissioned to re-assess the erosion hazard along 

the open coast administered by the Kapiti Coast District Council (KCDC), and this was later 

expanded to include the coastal inlets (see Fig 1).  The Kapiti Coast Erosion Hazard 

Assessment comprises Part 1 which covers erosion on the open coast, Part 2 which covers 

erosion at inlets, and Part 3 which contains the data-base. The Coastal Erosion Hazard Data-

Base (referred to more simply as the Data-Base) contains the extensive sets of shoreline data 

used in the assessment, together with computation details of the various hazard components 

for each of the 68 coastal measurement sites used in the studies. The present report contains 

Part 1, the Open Coast Erosion Hazard Assessment. Note that while Part 1 was completed in 

February 2007, it was subsequently decided to update the assessment to incorporate a range 

of new data becoming available later in the 2007. In particular; high resolution colour vertical 

aerial photographs of the entire Kapiti coastline (this had not been done before), and a 

comprehensive district-wide beach profile survey.  In addition, the latest information 

pertaining to climate change and sea-level rise from the International Panel on Climate 

Change (IPCC) was also expected in 2007. The Kapiti Coast Erosion Hazard Assessment 

now incorporates this information and is thus fully up-to-date.   

 

The Kapiti Coast has been subject of several erosion assessments in the past; for example the 

generalized empirically-based assessment of Gibb (1978) and later the predominantly 

process-based, but still generalized, assessment of Lumsden (2003).  Both these erosion 

assessments related to the open coast, and no previous assessment had been carried out for 

the 12 inlets. In addition, the previous assessments were regional assessments in that they 

covered large areas at a relatively low level of detail. However, given the extent of residential 

development along the coast and the potential for future development, the council required 

more local (detailed) assessments to be carried out.  The brief for the present open coast 

erosion study consisted of the following: 
 

i) Erosion hazard lines should be derived using a robust and defendable approach  

and use of industry best practice; 
 

ii)  The assessment should apply for at least  a 50 yr time span or planning horizon1; 
 

iii)  The assessment should be carried out at the local level2 in urban areas and 

incorporate all available archival information. A lower level of assessment was 

acceptable for rural areas;   
 

iv) Where coastal protections structures (seawalls and revetments) occur, an erosion 

hazard assessment for the simulated natural coast3 should also be carried out. 

 

1.  The planning horizon refers to the period of time for which the hazard zoning applies. While 50 or 

100 yrs are often used by hazard assessors, there is no RMA requirement other than to require plan 

reviews every 10 yrs. This situation reflects the uncertainty involved in extrapolating rates of 
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change into the future for an arbitrary period. Hazard zones should thus be viewed as 

indicating the degree and spatial extent of risk during the assigned period rather than 

providing certainty. While inordinate zone widths could be used to ensure hazard avoidance, 

such an approach is often not acceptable in developed areas. As a compromise, this hazard 

assessment uses a conservative approach when deriving the component values and these are 

then applied over a 50 year prediction period.  The resulting hazard widths are thus expected 

to apply for well in excess 50 yrs. 

 

2 It should be noted that while a local erosion hazard assessment is applicable to longshore 

reaches as small as a few hundred metres, this should not be confused with a site-specific 

erosion hazard assessment which contains the greatest level of detail and is carried out for 

individual properties usually at the property owners expense.   

 

3 While removal of these shoreline protection structures is not an anticipated management 

strategy, it has been included to help quantify the effect the walls have on coastal processes 

and shoreline behaviour, thereby enabling informed decisions to be made on both their 

continuance and their future extension. 
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1.2    Environmental setting  
 
Physical and cultural aspects of the study area have been described in earlier work (e.g. Gibb, 

1978; Holland and Holland, 1985; Lumsden, 2003).  Briefly, the northern section of coast 

(Waikanae to beyond Otaki) tends to consist of wide, accreting sandy beaches backed by 

dunes and isolated settlements.  The exception being the mixed sand-gravel beaches and lack 

of foredune to the south of the Otaki River;  The central region (Paraparaumu) consists of an 

accreting cuspate foreland with sandy beaches backed by dunes and concentrated settlement. 

The southern sections of coast (Raumati to Paekakariki) have narrower beaches which, in 

their natural state, have erosive tendencies, and they are backed by higher sand dunes. With 

the exception of Queen Elizabeth II Regional Park and a small area at south Paekakariki, this 

southern coast has been densely settled.  

 

The coastal environment is also characterized by a range of engineering structures. These 

structures were established over the past 50 yrs to control shoreline erosion, and they 

continue to influence coastal processes.  In particular, the structures consist of guidewalls and 

groynes to control river/stream mouths (e.g. Waikanae River, and the Wharemauku Stream), 

and seawalls along the Raumati and Paekakariki coasts to control shoreline erosion. Initial 

seawall construction followed a series of highly erosive storms in the mid 1950s (Donnelley, 

1959). However, by the time of the infamous September 1976 storm, much of this initial 

seawall was in poor repair and widespread erosion occurred (Gibb and Wilshere, 1976; 

McHugh, 1981). More robust walls were then built between Marine Gardens and QEII, and 

along The Parade at Paekakariki. Subsequently, rock toe-protection was, and still is, being 

added.  Lumsden (2003) estimated that the remaining life of these walls to be 10 to 15 yrs.  

Privately constructed walls of varying quality and longshore extent occur in Raumati, to the 

north of Marine Gardens, and also in south Paekakariki.   

 

1.3    Approach   
 
An empirically-based methodology was adopted as this approach is widely used in New 

Zealand for coastal erosion hazard assessment and is considered to be industry best-practice 

(Auckland Regional Council, 2000; Dahm and Monro, 2002).  In addition, the assessment 

utilized the most recent developments in image processing, data abstraction and statistical 

analysis, thereby ensuring robust and defendable output. 

 

The assessment uses the following formula to derive cross-shore erosion hazard distances 

(CEHD): 
 

CEHD =  LT + ST + SLR + DS +CU      (1) 
 
 

Where: 

LT =  longer-term historic shoreline change.  

This component was derived for a 50 yr period using statistical analysis of shorelines 

derived from cadastral maps and aerial photographs;  
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4.  This assumes upgrading to adequate engineering standard (see Lumsden, 2003). 

ST =  Shorter-term shoreline fluctuation. 

This component was to be derived using statistical analysis of the historic shoreline 

data;   

 

SLR =  Shoreline retreat associated with sea-level rise (SLR) induced by global 

warming. 

This component was derived for a 50 yr period based on the shoreline response model 

deemed to be most appropriate for the Kapiti Coast, and using the most recent SLR 

estimates; 

 

 DS = Dune stability.   

This component accounts for scarp retreat to achieve a stable slope following storm 

erosion of the foredune; 

 

CU = Combined uncertainty 

This refers to the safety margin derived by combining the measurement error which 

is the combined errors (usually random) associated with the other four components, 

together with a range of other factors (precautionary measures used in post-

component processing) which serve to increase the overall safety margin. These other 

factors which were quantifiable were included in the combined uncertainty (CU) 

value used in equation 1.  

 

The open coast erosion hazard assessment incorporates the following three future scenarios 

for the existing seawalls:  

 

(i) Seawalls hold.  Walls maintain their integrity and successfully function for the 

duration of the prediction period;  

  

(ii)  Seawalls are repaired.  Localized wall failures occur at some time during the 

prediction period but are quickly repaired, and  

 

(iii)  Seawalls are removed.  Widespread wall failure occurs with remnants removed. 

Failure and removal are assumed to occur earlier in the prediction period. 

 

 

Note that the associated seawall management programmes for these three scenarios could be: 

(i) Optimum wall maintenance, strengthening and/or replacement as necessary4; 
 

(ii)  Moderate wall maintenance with repair given óworks priorityô where failure occurs, 

and 
 

(iii)  No wall maintenance with removal of remnants upon failure. 
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Note that each of the 68 coastal measurement sites (Fig 1) had its reference point coded 

with a distance-based name, with distance being relative to a datum at Fishermanôs 

Restaurant. Furthermore, the code is prefixed with either C or X, with data from the former 

sites being used for determining Component values and the later to sites where eXtra data 

were collected for more detailed assessment.  The precise survey co-ordinates for each 

coastal measurement siteôs reference point are given in the Data-Base.   

 

In addition, for cross-referencing purposes, the location of any transects used in beach profile 

surveys which are in the vicinity of each coastal measurement site, are included in the Data-

Base worksheet for that site.  In the past, cross-shore beach profiles have been surveyed by 

several government agencies: the Kapiti Borough Council, the Manawatu Catchment Board, 

the Ministry of Works and Development, the Greater Wellington Regional Council and 

Horizons Regional Council.   

 

Erosion hazard component values and resulting CEHDs are graphically depicted in Figs 5 to 

9, with longshore distance on the horizontal axis such that 0 km corresponds to the 

Fishermanôs Restaurant datum (given in section 2.3 of the Data-Base) at the Paekakariki 

Coast-SH1 intersection in the southern, and 38.1 km corresponds to the KCDC/Horowhenua 

District Council boundary in the north.  The actual component values and CEHDs are 

tabulated in Appendix B and their derivation is detailed in the Data-Base.    

 

1.4 South Paekakariki Study 
 
The south Paekakariki coast has been subjected to significant episodes of erosion during the 

mid 1950s  (Donnelley, 1959) and mid to late 1970s (Gibb and Wilshere, 1976; Gibb, 1978; 

Gibb and De Pledge, 1980) with 13 homes subsequently being removed from Ames Street in 

the early 1980s.  The central and northern sections of the Paekakariki coast have continuous 

and substantial seawall protection. By contrast, the southernmost 1 km has a variety of 

protection with the central 300 to 600 m remaining in its natural state. Given the shoreline 

variation (natural and partially seawalled), the erosional history and the previous hazard 

response for this area, a detailed geomorphological study was carried out to provide 

additional information for use in the open coast erosion hazard assessment. The study, 

entitled Shoreline Change at South Paekakariki: 1894 ï 2007, is included as Appendix A. 

 

1.5 Reviews 
 

This hazard assessment report was peer reviewed by Dr Mike Shepherd (coastal 

geomorphologist, Massey University) and Mr John Lumden (coastal engineering consultant). 

Written correspondence with these reviewers, including reconciliation of critical comment, is 

compiled in Coastal Systems Ltd (2007) which is available from the KCDC.  The peer 

review compilation also contains comment relating to specific aspects of the hazard 

assessment was received from practitioners who have had direct involvement with coastal 

process or management investigations on the Kapiti Coast over the past 30 years: Dr Jeremy 

Gibb (coastal management consultant), Professor Bob Kirk and Dr Martin Single (coastal 
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geomorphologists, University of Canterbury), and Mr Richard Reinen-Hamill, Senior 

Coastal Engineer with Tonkin and Taylor Ltd. 

 

It is noted that these communications resulted in the inclusion of Appendices A and C which 

provide an in depth review and assessment of shoreline change along the southern Kapiti 

Coast. Professor Kirk and Dr Singlesô comments on prediction periods and sea-level response 

modelling resulted in the inclusion of Footnote 1, and parts of Appendix D.   Mr Reinen-

Hamill, Senior Coastal Engineer with Tonkin and Taylor Ltd., provided useful comment on 

dune stability (Section 5), and this resulted in the inclusion of Appendix E.  In addition, the 

statistical techniques used in the shoreline modelling were scrutinized by Dr S Ganesalingam 

from the Department of Mathematics and Statistics at Massey University. 

 

1.6 Report outline 
 
This report consists of separate Sections (2-5) describing the four hazard components (long-

term change, short-term change, retreat from accelerated sea-level rise and dune stability) 

and derivation of their values under each of the three seawall scenarios.  Relevant 

measurement errors and other uncertainties are considered within each of these 4 sections.  

The combined component values which give rise to the cross-shore erosion hazard distances 

(CEHDs) are described in Section 6.  Section 7 describes the subsequent derivation of the 

coastal erosion hazard lines (or erosion set-back lines) and gives several illustrative examples 

(Figs 10 to 12). Finally, Section 8 discusses a range of other matters related to the 

assessment. 
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2     LONGER-TERM SHORELINE CHANGE 
 
2.1   Introduction 
 
Longer-term shoreline change refers to overall trends apparent in the 50 to 150 yrs of 

historical data available for the New Zealand coast.  However, caution is required when 

trends are non-linear as prediction becomes less certain and a conservative modelling 

approach needs to be used.  At Kapiti there are several instances of such behaviour, and in 

most cases they appear to correlate with human activity such as devegetation and 

revegetation, urban development, and coastal management.  

 

2.2    Sources of longer-term shoreline data  
 
The primary data source for both the longer-term and shorter-term shoreline analysis was 

vertical aerial photographs.  For the Kapiti Coast, these photos date from the early 1940s and 

were sampled at approximately 5 to 10 yr intervals. Photographs were obtained from the 

KCDC archive or purchased from aerial surveyors. In addition, shoreline data already 

obtained from aerial photos and published in the Coastal Resource Map Series were used.  

These planimetric maps were produced by the Photogrammetric Branch of the Department of 

Lands and Survey in the 1980s for the National Water and Soil Conservation Organisation 

(NWASCO) using analogue stereographic techniques.   

 

The vegetation-front was used as the shoreline indicator. This is common practice when 

using aerial photos because of the relatively clear demarcation. In addition, this vegetation 

line is a particularly suitable shoreline indicator for hazard assessment because it rapidly 

retreats under the elevated water levels and high waves of major erosive events but recovers 

much more slowly. The effects of storm erosion are thus preserved for a few years, thereby 

avoiding the need for more regular surveys.  Ground inspection of dune morphology along 

with stereoscopic inspection of aerial photos to give 3D vision, were also used also used to 

help identify previous shorelines.   

 

Prior to the advent of aerial photography, the main source of shoreline data is from cadastral 

maps which may depict a variety of shoreline indicators including the foredune-toe or more 

commonly, the high water mark at the time of the survey. However, high water marks are 

influenced by marine conditions, and these conditions can result in its location varying over 

several metres, thereby introducing a random error into the data.  In addition, high tide lines 

are invariably several metres seaward of the dune vegetation line, and this introduces an 

unresolvable systematic error when combining cadastral and aerial-based shorelines.  

However, the seaward offset of the (earlier) cadastral data results in an over-estimation of 

shoreline erosion and this, fortuitously, provides a safety margin for any subsequently 

derived hazard distance.   For the present exercise, cadastral shorelines  were only obtained 

from the NWASCO Coastal Resource Maps.   

 

Shoreline data contained in earlier reports such as Gibb (1978) and Holland and Holland 

(1985) were not used because of difficulty identifying reference measurement points.  In 
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addition, several errors were identified (noted in Section 2.4.2 and Appendix C); these 

were possibly related to manual techniques of data abstraction compared with the more 

accurate geo-rectification-based procedures (see below).  

 

2.3    Processing and analysis of longer-term data  
To compare shoreline locations from different years, NWASCO maps and aerial photographs 

were ógeo-rectifiedô, i.e. transformed to a common spatial scale and standard map co-ordinate 

system ï in this case the New Zealand Map Grid (NZMG).  Cross-shore transects used in 

previous studies were then located as accurately as possible, and additional óinfillô reference 

points were assigned to provide more comprehensive coverage throughout the study area.  In 

urban areas or along sections of coast with greater morphological change, transects were 

spaced only a few hundred metres apart, whereas in rural areas or along coastal reaches with 

little variation, the spacing increased and was often in excess of 1 km.  In all, 68 sites were 

used for measuring various types of coastal information (see Fig 1), with the precise co-

ordinates of the reference points (measurement origins) being recorded in Part 3 (Data-Base) 

to facilitate future updates.  Note that for the partially seawalled sections of coast, 

assessments were made for several seawalled and non-seawalled locations to demonstrate 

differences. For example, north of Marine Gardens in Raumati, two locations without walls 

(C10.29, and C10.61) were used along with the intervening seawall located at Tainui Street 

(C10.40).  This resulted in a marked fluctuation in the long-term output graph (Fig 5A), in 

the erosion hazard (cross-shore) distance output graph (Fig 9), along in the (longshore) 

erosion hazard line (Fig 10).   

 

For each transect, the distance from the landward reference point to each shoreline was 

measured and recorded. This resulted in ~9 aerial-based data points and 1 or 2 earlier 

cadastral-based data points per transect, about 600 data points in total.   These data were then 

loaded onto a spreadsheet for analysis.  An example of a shoreline history (time-series) graph 

for north Waikanae Beach is depicted in Figure 2A. Note that the distance datum is the first 

measured shoreline, this being to simplify the shoreline modelling procedure described 

below.  

 

In the past, longer-term shoreline trends have often been identified using the óend-pointô 

method in which the net change is divided by the overall time interval.  Its appeal lies with its 

computational simplicity, and in situations where shoreline behaviour is linear, i.e. the rate of 

change is constant, and the end-points lie close on the trend, this approach provides a 

satisfactory means of defining the long-term trend ï should one be present. However, in 

many situations the end points do not lie on the trend and shoreline behaviour is better 

described using óregression-based linear modellingô. This technique fits a straight line to the 

data using a óleast squaresô routine which incorporates the full set of data-points. Such 

regression-based modelling is increasingly being used in hazard assessment and will be used 

in the present analysis.   The linear model is represented by equation 2 where Y is the 

dependent variable (shoreline location), X is the independent variable (time), a is the  
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intercept on the Y-axis, b is the slope coefficient (rate of shoreline change) and e is the 

fitting error. 

   Y = a + bX + e                   (2) 

 

The model output provides values for the rate of shoreline change and the fitting error which 

relates to the short-term change (Sections 3).  In addition, statistics are available to provide a 

measure of the significance of the slope (F-ratio) and the  reliability of the slope (the standard 

error of b) and these are considered later in the uncertainty Section (2.5).   

 

Parameters are also available to describe the strength of the association (correlation 

coefficient), and the proportion of variance explained in the correlation of the two variables 

(coefficient of determination). These terms and concepts are described in statistical text 

books such as Shaw and Wheeler (1985), or manuals for statistical software such as 

Wilkinson, (1996).  The correlation coefficient, together with the magnitude of the fitting 

error, indicate a changing trend, and non-linear regression procedures should be considered.  

Note, if the data-set contains only two points, then the output from linear regression will be 

the same as from end-point analysis.   

 

A linear regression model has been fitted to the data-points in Fig 2A to define the long-term 

trend; in this case the shoreline is migrating seaward at an average rate of 0.42 m/yr. These 

data points clearly fluctuate about the fitted line. In this case, it can be seen that the end-point 

approach would yield a similar rate.  

 

Linear modelling was carried out on data from each transect using the following time 

periods: the entire record (1870s to 2007); the earlier period (1870s to early 1950s); and 

the later  period (1940s to 2007).  Note that the earlier period was selected to precede coastal 

management, while the latter period was selected to include all available aerial photographs 

because of the accuracy and consistency of the associated shoreline data. There is a temporal 

overlap of about 10 years between the two data-sets.   

 

Linear modelling was found to provide a relatively poor fit to data where medium-term 

change (say 10 to 50 yr patterns) were evident. In particular: 
  

¶ Between the foreland apex and the Waikanae Rivermouth longer-term shoreline 

advance has been replaced with more stationary behaviour (see dashed line in Fig 

3A); 
 

¶ On the southeast side of the foreland a significant increase in the accretional rate has 

occurred (see dashed line in Fig 3B); 

 

¶ Along the southern section of Marine Parade the accretional trend has changed to 

erosion (see dashed line in Fig 3C), and  

 

¶  The erosional trend at QEII Park has increased (see dashed line in Fig 3D).  
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While non-linear models provide a better fit for such data, they may also lead to increased 

inaccuracy when used for predictive purposes.  This situation occurs when the underlying 

processes responsible for the change in behaviour are uncertain, so future behaviour will also 

be uncertain and the non-linear pattern may change once again.  In such circumstances, 

researchers (Fesnter et al., 1993) recommend non-linear models only be used to identify 

critical trend-change, and weighted linear models then be applied to post-change data. This  

approach has been adapted for use in the present study.  Such weighted  linear modelling 

techniques have been applied to the four examples in Fig 3 and are represented by the bold 

lines on these graphs. For completeness, in each case a linear model has also been fitted to 

the entire record (dashed line).  

 

 
 
2.4     Longer-term results 
 

2.4.1    Rates of change and discussion 
 

The longer-term rates of change for the earlier period (1870s to 1950s), and the later period  

(1940s to 2008), are depicted in Fig 4A and 4B respectively. Note that the later period results 

were derived using data from non-seawalled areas and interpolated across seawalled areas, 

while the southernmost values were derived from the South Paekakariki Study (Appendix A). 

 

While the rates for the entire record were computed, they have not been included in the 

analysis as their trends were qualitatively similar to the later data-sets, with the exception of 

the areas represented by Figs 3A-D, and the later aerial-based data record provides for greater 

accuracy and predictive precision because of the single data source (vegetation line from 

aerial photos) and the larger number of data-points within each record. 

 

The average rate of retreat along the Paekakariki-Raumati coast to Marine Gardens for the 

earlier period (Fig 4A) was -0.15 m/yr (-0.25 to -0.004  m/yr). Given that these rates may be 

exaggerated by the inclusion of tide-based shorelines from cadastral maps, and affected by 

lack of intermediate data-points, the pre-urban shoreline appears to have been relatively 

stable. Further north, from Marine Gardens to the south side of the foreland apex, the rate of 

shoreline change varied between -0.3 to +0.4 m/yr, before increasing up to +1.8 m/yr 

between the apex and the Waikanae River.  With only one exception at Waikanae Beach  

(-0.16 m/yr) the shoreline north of Waikanae was accretional with rates as high as 1.2 m per 

yr (average 0.46 m/yr).   

 

Results for the later period are depicted in Fig 4B.  Rates derived from linear regression 

modelling are depicted by the green solid line and rates derived by weighted regression are 

depicted by the black dashed line. As noted earlier, the weighted regression technique was 

used for locations where a change in trend is evident.  
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The later period results (green solid line), show erosion south of C10-29 (approx Marine 

Gardens) with maximum erosion rates toward the northern end of QEII Park. Accretion 

occurs along the coast north of C10-29 with maximum value of 1.51 m/yr at the foreland 

apex.   By contrast with the earlier period data (Fig 4A), the rate then decreases toward zero 

between the apex and the Waikanae Rivermouth.   Possible reasons for this dramatic change 

in shoreline behaviour focus on inlet management and are discussed in Part 2: Inlet Erosion 

Hazard Assessment.  Along the northern coast entirely positive rates occur with the average 

value being 0.42 m/yr, approximately the same as for the earlier period data. However, the 

longshore variability is less for the later period data and this is probably related to regressing 

over a greater number of data points.  

 

The results in Fig 4B based on the weighted linear model (dashed line), identify locations 

where a more recent (medium-term) change in trend has occurred. NB time-series examples 

from these locations were depicted in Fig 3. The erosion rates have increased along the entire 

QEII coastline and this is likely to have been caused by seawall end-effects. Seawalls modify 

the hydrodynamic conditions and cause erosion both on the beach to seaward.  Localized 

erosion also occurs at/beyond the ends of the wall, especially on the downdrift side if a coast 

is subject to significant longshore current.  Erosion is also evident north of the Raumati 

seawalls and this extends at least as far as C11-64 (Rua Street) on Marine Parade. Such 

medium-term erosion may be related to end effects from the Raumati seawalls to the south. 

However, it is probably more likely to be associated with variation in sediment supply; this 

may be either a localized variation moving shore-normally, or the longshore propogation of a 

sand wave.  Indeed, the weighted regression analysis (Fig 4B) emphasizes a more recent 

accretional trend south of the foreland apex, and this behaviour may be linked with the 

medium-term pattern of shoreline change north of the Raumati seawalls. 

 

Between the foreland apex and the Waikanae River the weighted modelling shows the 

approximate stability (0.07 m/yr) from the general regression model being replaced by 

erosion (-0.28 m/yr).  This change results from the substantial recession experienced between 

the late 1990s - early 2000 (see Fig 3A and relevant time-series in the Data-Base). Again, 

reasons from this change in shoreline behaviour are considered in the Inlet Erosion Hazard 

Assessment.   

 

 These atypical shoreline behaviours to each side of the foreland, may be related.  Lumsden 

(1996) and Gibb (2002) have and speculated that eroded sediment from north of the apex is 

the source of sediment accumulating to the south. Sediment volume calculations by Gibb 

(2002) gave some support to such a hypothesis. However, it is likely that a portion of this 

eroded sediment was used to infill  part of the Waikanae Estuary (see Inlet Erosion Hazard 

Assessment).  In addition the time-series (see Data-Base) do not support a continuously 

migrating sand wave, the typical process by which sediment waves move along open coasts.  

The hypothesized transfer of sediment around the apex, and on toward the Kapiti Boating 

Club and Marine Parade, would therefore require an alternative sediment transport 

mechanism, possibly involving nearshore processes compared to (inter-tidal) beach 
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processes.   Further research would be required to explain the sediment dynamics in the 

vicinity of the foreland apex. 

 

2.4.2   Comparison with earlier studies 
 

Gibb (1978) and Holland and Holland (1985) have published broadly comparative long-term 

shoreline migration rates. The Gibb/Hollands identified 0.16 to 1.71 m/yr of longer-term 

accretion along the Waikanae to Otaki coast.  This compares with 0.23 to 0.57 m/yr from the 

more comprehensive present study.  Around the foreland, the Gibb/Hollands studies 

identified accretional rates of 0.09 to 2.54 m/yr. An updated long-term shoreline assessment 

by Gibb (2002) about the foreland apex area, found longer-term accretional rates had 

decreased to between 0.9 and 1.1 m/yr. These rates compare with  -0.28 to 1.8 m/yr used for 

predictions in the present study, with the negative value reflecting the trend change from 

accretion toward erosional since the 1960s (Fig 3A) . Immediately to the west of the Raumati 

seawalls, the Gibb/Hollands studies found rates of approximately 0.5 m/yr. This compares 

with -0.78 to -0.06 m/yr in the present study, again reflecting the more recent erosional 

change.  Rates for QEII ranged between -0.26 and 0.46 m/yr for the earlier studies c.f.  -1.48 

to -0.28 m/yr in the present study.  Gibb (1978) reported rates of  -0.72 to -0.03 m/yr at 

Paekakariki, compared with -0.26 to -0.15 m/yr for the early period and -0.16 to -0.05 m/yr 

for the later period  as derived in the present assessmentôs South Paekakariki Study 

(Appendix A). 

 

The differences in rates between the present study and the Gibb/Hollands studies, either 

reflect the more recent influence of seawall end effects and other forms of coastal 

management as noted above, or else to less sophisticated modelling procedures or 

measurement error in the Gibb/Hollands studies.  For example, the substantially higher 

Paekakariki value in Gibb (1978) was a consequence of using an inappropriate shoreline 

indicator as explained in Appendix C.   

 

2.4.3  Predicting longer-term change 
 

The rates of change shown in Figs 3 and 4, provide the basis for predicting long-term 

shoreline change for the three seawall scenarios. Figure 5A depicts predicted long-term 

change under the walls hold and the walls are repaired scenarios for a 50 yr prediction 

period, while Fig 5B shows the predicted change under the walls are removed scenario.  Note 

that the recently constructed rock revetment along southernmost (approx) 500 m of Marine 

Parade has been incorporated into this assessment.   

 

Details of the computation procedures are provided in the Data-Base. Important 

considerations are briefly set out below. 

 

Long-term shoreline change for walls hold and walls repair scenarios was based on the later 

period rates, while for the southern coast (south of C11-17), which is affected by seawalls, 

the earlier period rates were used.  
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Of particular note is that for all areas subject to a positive (seaward) shoreline trend, the 

rate was set to zero. This approach is common when assessing hazards for accreting coasts as 

it removes the assumption of continued accretion, provides an increased safety margin.   

 

The maximum (95%) erosional rates of shoreline change over several transects with similar 

characteristics was selected to represent that reach. This approach helps to compensate for 

any bias introduced by possible under-sampling. 

 

For the seawalled areas, the wall removal output included 50 yrs of catch-up erosion with 

this factor resulting in up to 12.5 additional metres of erosion.  Also note that in areas with 

seawalls, the long-term shoreline change for seawalls hold = 0, as it is for walls repair 

scenario as in the latter case it is assumed that failed walls will be re-established in the same 

location.  

 

Note that all predictions from about midway along Marine Parade to Otaki are the same 

regardless of seawall scenario. 

 

It is possible that the substantial erosion predicted to occur under the walls hold/repair 

scenarios in areas adjacent to the present seawalls such as at QEII Park (up to 75 m), may be 

over-estimated because it is unclear whether or not the increased erosion rates due to end-

effects will continue.  It is possible that after initial adjustment to changes in wave, current 

and sediment transport patterns, recession rates may reduce as the system tends toward a new 

equilibrium.  However, for hazard prediction purposes it is assumed that the higher existing 

rates will continue.    
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