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Following the October 2013 local body 

election, the Kapiti Coast residentôs group 

CRU dominated the council and had the 

words ñThis report cannot be relied uponò 

printed on CSL hazard assessments. This 

was essentially motivated by self interest 

(fear of property value loss).  CSL reports 

use current best practice, are peer 

reviewed and are fit for purpose.   

The hazard lines depicted in Appendix I 

identify areas potentially exposed to 

erosion hazard based on a conservative 

(high-level) assessment procedure. A site-

specific assessment should be carried out 

to refine the hazard likelihood and risk if 

development is considered within any 

such area. This approach is consistent 

with the original council brief and also 

with current (2017) Ministry for the 

Environment coastal hazard guidance.     

                                                   CSL 2020 

http://www.coastalsystems.co.nz/


 

EXECUTIVE SUMMARY 
 
This report updates the 2008 Erosion Hazard Assessment which was a comprehensive 

erosion analysis covering the entire 38 kms of sandy coast and (12) inlets administered by 

the Kapiti Coast District Council (KCDC).  The 2008 Assessment considered three 50 yr 

open coast scenarios (seawalls hold, seawalls fail and are repaired, and seawalls are 

removed) and two 50 yr inlet scenarios (inlets managed and unmanaged (natural). The 

2008 Erosion Hazard Assessment used a best practice empirically-based approach which 

quantifies the predicted cross-shore erosion hazard distance by summing several 

components whose values were statistically derived. The hazard components consist of:  
 

¶ longer-term shoreline change;  
 

¶ shorter-term shoreline fluctuations; 
 

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

global warming;  
 

¶ shoreline retreat to achieve a stable slope following dune erosion, and  
 

¶ combined uncertainty which provides a safety margin.  
 

The 2008 reportôs findings, however, were not implemented into the KCDC District Plan, 

as the guiding statue for management of the New Zealand coast (the New Zealand Coastal 

Policy Statement 1994 [NZCPS 1994]) was, at that time, in the advanced stages of a 

comprehensive review (begun in 2003) and the possibility existed that the revised Policy 

Statement could include materials that would affect the hazard assessment and and/or its 

District Plan application.   
 

In December 2010 the New Zealand Coastal Policy Statement (NZCPS 2010) became 

operative. In March, 2011, CSL were instructed to update the 2008 Erosion Hazard 

Assessment in keeping with directives in the NZCPS 2010 and also taking into account 

other guidelines, e.g. the MfE guidelines on climate change, and information which had 

become available during the interim, e.g. Marine Parade Revetment investigation, and 

wave modelling and longshore sediment transport (littoral drift) values for the Kapiti 

Coast.  In addition, the consultants assisting the council with planning implementation 

requested further materials be included in the Updated Assessment.   
 

The 10 point Terms of Reference for this Update Assessment are set out in Section 1 with 

the primary directives being: 
 

(i) To define open coastal erosion prediction lines (CEPLs) for periods of 50 yrs and 

(at least) 100 yrs, with the 50 yr option to include lines for both managed1 and  

unmanaged2 scenarios (1 and 2), while the 100 yr option only addressing the 

unmanaged scenario (3), and 

 

1. Managed refers to the maintenance and repair (if damaged) of community seawalls. 

    Note private protection structures are not included within this assessment. 

 2. Unmanaged refers to removal of seawalls where they do exist. 
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(ii)  To define inlet erosion prediction lines (IEPLs) for periods of 50 yrs and (at least) 

100 yrs with both options including both managed and unmanaged scenarios.   
 
 

The same erosion prediction models for the open coast and the inlets used for the 2008 

Erosion Assessment were used in this Update Assessment.  

 

Open coast erosion output presented within this Update report consists of erosion 

component values derived for the 75 measurement sites (Figure 2.1, Appendix B) along the 

Kapiti Coast (values in Appendix D1-3), with the resulting CEPLs being provided to the 

council as electronic line files. The results are briefly described as follows:   

 

The open coast 50 yr managed predicted erosion distances from the reference shoreline 

(approximately the present shoreline) range between 25.6 and 120 m (mean = 44.2 m) with 

the highest erosion values being along the northern QEII coast and lowest values 

corresponding to the seawalled sections of Paekakariki and Raumati coast and along the 

northern coast between Te Horo Beach and the Otaki Rivermouth.  The only values which 

differ from the 2008 Assessment are along the north Raumati-south Paraparaumu coastline 

(2008 = 20.4 to 53.4 m c.f. 2012 = 19.9 to 47.7 m). 

 

The open coast 50 yr unmanaged predicted erosion distances from the reference shoreline 

range between 25.6 and 72.2 m (mean= 45.6 m) with the highest erosion values being 

along the South Raumati coast and around the foreland, and the lowest values being along 

the north coast and in particular between Te Horo Beach and the Otaki Rivermouth. Once 

again the only values which differ from the 2008 Assessment are along the north Raumati-

south Paraparaumu coastline (2008 = 32.9 to 73.9 m c.f. 2012 = 31.9 to 47.2 m). 

 

The open coast 100 yr  unmanaged predicted erosion distances from the reference 

shoreline range between 39.4 and 129.7 m (mean= 85.8 m) with the highest values being 

along the South Raumati coast and foreland, and the lowest values between Te Horo and 

the Otaki Rivermouth. 

 

Inlet erosion output presented within this report consist of sections (4.4.2 to 4.4.14) 

describing and summarizing the physical characteristics and depicting erosion prediction 

line derivation for each inlet, plus a summary figure (Figures 4.3 to 4.15).  In each inletôs 

summary figure the IEPLs are depicted merging with the open coast CEPLs with these 

lines also being provided as electronic files. 

 

The inlets vary dramatically in their dimensions, behaviour, management regime and 

predicted erosion.  Overall, inlets north of the foreland were larger than south coast inlets 

(5.4 to 71 ha c.f. 0.6 to 5.5 ha).  Predicted erosion lines are similarly further landward for 

northern inlets than southern, for example for managed inlets under the 50 yr scenarios, the 

northern inlet prediction lines ranged between 33 to 120 m landward of the adjacent open 

coast compared with 10 to 88 m for south coast inlets with the numbers of affected 
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properties following the same pattern (up to 26 per inlet in the north compared with 12 in 

the south. 

 

The erosion hazard assessment process used is a generic approach due to the extensive 

spatial coverage coupled with available time and funding.  However, using a generic 

method where there is such a range of types of open coast, types of inlets and variation in 

management regime, inevitably leads to some apparently inconsistent results. For example, 

at the managed southern Otaki Inlet, the predicted erosion line is landward of the natural 

inlet erosion line due to stopbank alignment influencing the more recent inlet 

configuration.  Alternatively, some results may be over-estimated due the application of 

representative component values between measurement points. For example, along parts of 

the south coast large spatial variation in dune height between measurement points occur so 

an upper value was selected and applied throughout the sector in the interests of 

precautionarity (required by statute). Such issues can be resolved, and prediction lines thus 

further refined, when and where necessary, using more localized site-specific assessments 

as these are carried out with greater detail (and at greater cost). 

 

An erosion hazard assessment such as this is a detailed scientific study which predicts 

potential hazard (magnitude and probability) over different prediction periods. By contrast, 

erosion management is a process whereby the science-based erosion predictions are 

transformed into hazard management zones for inclusion within the District Plan.  This 

conversion process is presently being undertaken by the KCDC planning staff who also 

factor in a range of other matters including the requirements of statues, regulations and 

planning provisions, recognizing that different types of development carry different risk 

levels and the need to provide for reasonable use of existing property, and recognizing the 

future needs of the community and including adequate public consultation. 

 

Finally, it is noted that the CSL erosion hazard assessments have been peer reviewed, 

either in part or in full, by several experts (see Acknowledgements), and reviewer Dr Mike 

Shepherdôs overview comments on the present Update Assessment are included as the final 

appendix (H).  
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1.0 INTRODUCTION 
 

The Kapiti Coast Erosion Hazard Assessment was completed by Coastal Systems Ltd  

(CSL) in April 2008 for the Kapiti Coast District Council (KCDC). The report comprised 

Part 1: Open Coast, Part 2: Inlets, and Part 3: Data-Base, each being contained within a 

separate volume.  However, the reportôs findings were not incorporated into the District 

Plan as the guiding statue for management of the New Zealand coast (the New Zealand 

Coastal Policy Statement 1994 [NZCPS 1994]) was in the advanced stages of a 

comprehensive review (begun in 2003) and the possibility existed that the final document 

could include changes that would affect the assessment itself and its application.  In 

December 2010 the New Zealand Coastal Policy Statement became operative. In March, 

2011, CSL were instructed to update the 2008 Erosion Hazard Assessment, for both the 

open coast and the 12 inlets, in keeping with changes in the NZCPS and also taking into 

account other guidelines and information which had become available in the interim.     

 

Terms of Reference: March 2011 
   

The Updated Erosion Hazard Assessment (hereafter referred to as the 2012 Update 

Assessment) should incorporate the following: 
 

1. Relevant requirements of the New Zealand Coastal Policy Statement 

NZCPS 2010 (hereafter referred to as the NZCPS 2010); 
 

2. Relevant requirements contained the Ministry for the Environmentôs 2008 

publication: Local Government Guidance Manual on Coastal Hazards and 

Climate Change (hereafter referred to as the Guidance Manual 2008); 
 

3. Any other relevant research or management reports carried out since 

completion of the 2008 Erosion Hazard Assessments. 
   

4. Hazard lines are to be identified for the following two scenarios: 

(a) A prediction period of 50 years. For open coast areas with 

ñcommunity1ò protection structures (seawalls), these structures 

will be repaired if storm damaged. For inlets, channel management 

will continue, and 
 

(b) A prediction period of 100 years. For the open coast, protection 

structures will not be included within the assessment. For inlets, 

channel management will continue.    
  

      5.  The derived hazard lines should be scientifically robust and defendable. 

 

 

1.  Community structures are defined as those designed and constructed by government agencies. 

In most cases these were constructed following the 1976 erosion event and have been maintained 

by government agencies thereafter.  Other structures are defined as private and their effects have 

not been incorporated within this assessment.    
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In June 2011, the draft Erosion Hazard Update report comprising revised hazard lines, 

updated hazard component values and hazard lines was forwarded to council.  These 

materials were then used by the Waikato-based consultancy the Focus Resource 

Management Group to provide a framework (rather than specific wording) for planning 

provisions with which KCDC staff could incorporate the CSL hazard assessment outputs 

into the District Plan, which is being reviewed.  The Focus Group required additional 

hazard information to be included within the final Updated Erosion Hazard Assessment 

(2012 Update Assessment). 

 

Terms of Reference: April 2012 
 

6) Profile extrapolation to check present estimates of ñcatch-upò erosion; 
 

7) Mapping of the 100 yr natural inlet erosion line; 
 

8) Inclusion of the 50 yr unmanaged (seawalls removed) open coast erosion 

hazard line, and the corresponding 50 yr unmanaged (natural) inlet erosion 

hazard line, and 
 

9) Include geomorphological evidence in the vicinity of inlets which indicates the 

potential for greater erosion than presently assessed.  

 

In addition , KCDC staff subsequently required:  

 

10) Change the terminology for the modelled 50 and 100 yr erosion lines from 

Coastal Erosion Hazard Distances (CEHDs) to Coastal Erosion Prediction 

Distances (CEPDs),  and Coastal Erosion Hazard Lines (CEHLs) to Coastal 

Erosion Prediction Lines (CEPLs).   

 

Note that the distances here refer to the cross-shore distance erosion is predicted 

to reach (from a pre-defined reference point) while the lines occur in the alongshore 

direction and join the erosion points which the distances define.    

 

This terminology change was to help distinguish between the CSL modelled  

erosion lines and the hazard management lines that will be incorporated within the 

District Plan as the latter may incorporate other factors such as reserve strips.  

 

The 2012 Update Assessment will include a range of base material from the 2008 

Assessment so the reader will more easily be able to follow the assessment process. 

However, the 2008 Assessment is a comprehensive report and technical readers should 

refer to it for more detailed explanation/justification of the hazard assessment procedures 

used by Coastal Systems Ltd.   

 

The 2012 Update Assessment begins (Section 2) by summarizing relevant recent official 

guidance and statutory changes.  In addition, relevant material contained in the recent CSL 
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2010 report ñMarine Parade Revetment Erosion Update Assessment and Management 

Programmeò are described.  The open coast erosion analysis is described in Section 3 and 

the inlet erosion analysis is described in Section 4.  Section 5 describes the Data Base 

which is being fully revised. A range of practitioners have provided comment or review on 

the assessments, either in part or in full, and these experts are listed in the 

Acknowledgements.  In addition, Dr Mike Shepherd, one of New Zealandôs most 

experienced coastal scientists, reviewed the final report and his overview comments have 

been included as the final appendix (H).  
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2.0  NEW INFORMATION 
 
 
2.1   Guidance Manual 2008  
 
2.1.1 Introduction 
 

In 2004, the Resource Management Act 1991 was amended to require the effects of climate 

change to be taken into account in managing the use, development and protection of 

natural and physical resources.  In that same year the Ministry of the Environment released 

version 1 of its Coastal Hazards and Climate Change (MfE, 2004) to support local 

government decision-making regarding resource management.  The second version was 

released in July 2008 (here referred to as the Guidance Manual 2008) and incorporates the 

findings of the Intergovernmental Panel on Climate Change released in 2007 (IPCC, 2007). 

The Guidance Manual 2008 provides additional information on the key effects of climate 

change on coastal hazards as well as making several recommendations (p5) on how to 

incorporate these effects within longer-term decision-making.  

 

The Guidance Manual 2008 stresses that climate change will not introduce any new types 

of coastal hazard but will affect some existing hazards by modifying hazard drivers such as 

sea-level rise (SLR), tides, storm surge, waves, and sediment supply, with these drivers 

combining to affect erosion and inundation (p22, 28). While potential sea-level rise and 

direct impacts are relatively well understood, implications for the other hazard drivers are 

less so and the manual provides pragmatic guidance (p ix), or indicative guidance (p 28), in 

these situations.  The climate change-induced effects relevant to coastal erosion are 

summarized below. How they impact upon, or are dealt with in, the present (2012) Update 

Assessment have been underlined. 

 

2.1.2 Sea-level rise 
 

The IPCC (2007) predicted sea-level rise for the periods 1980-2000 to 2090-2100 would  

be 18 to 59 cm.  The IPCC (2007) authors also added an additional 10 to 20 cm to the 

upper limit of 59 cm to allow for uncertainties in ice-sheet stability. MfEôs  2008 Guidance 

Manual (Table 2.3, p20) recommends the 2060 - 2069 (50 yrs) base value for sea-level rise 

(SLR) at 0.31 m, with consequences of an additional 0.22 m being considered.  For a 

prediction period 2100 - 2109 (100 yrs), the base value should be 0.7 m with consequences 

of an additional 0.3 m being considered. However, SLR datum is the 1980-1999 average, 

whereas the present (2012) Update Assessment uses 2008 so 0.05 m is subtracted. The 

actual values used for the present Update Assessment are described below in Section 3.1.3.  

 

2.1.3 Coastal Erosion 
  
The Guidance Manual 2008 specifically describes the erosion drivers and how they can be 

qualitatively affected by climate change within different coastal environments (p32-38).  In 

general, expected increases in water level, along with increases in wave height and 

storminess will have, in some areas, the potential to increase the spatial extent and 

temporal frequency of shoreline wave attack, and thus an increase in erosion potential.  
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However, the manual also notes that on western coasts (thus including the Kapiti Coast), 

an increase in sediment supply may also occur as climate change is expected to increase 

both the episodic and mean annual supply of sediment via rivers and streams (p26). In 

addition, on western coasts an increase in coastal cliff erosion may further increase the 

littoral sediment input, the inference being that these changes in sediment supply may 

retard erosion.  Until more quantitative guidance is available as to the effects of climate 

change on erosional processes, the present (2012) Update Assessment incorporates such 

uncertainty within the margins of error. 
 

The Guidance Manual 2008 (p38) considered the following methods appropriate for use in 

an erosion assessment:  

¶ Identification of erosion rates using an empirical approach based on analysis of 

multi-decadal shoreline data-sets; 

¶ Determination of future acceleration in erosion using a profile-based shoreline 

translation model, and 

¶ Inclusion of a robust incorporation of uncertainties within the assessment. 

 

Such methods were used CSLôs earlier (2008) erosion hazard assessment and the same 

methods used in the present Update Assessment. 

 

 

2.2 New Zealand Coastal Policy Statement 2010     
 

The 1994 New Zealand Coastal Policy Statement (NZCPS, 1994) is a mandatory guide on 

interpreting the Resource Management Act 1991 as it relates to management of the New 

Zealand coastal environment.  The first revision of the Statement began in 2003 with a 

proposed version being released in May, 2008 and the final revised version becoming 

operative in December 2010.  Relevant polices relating to erosion hazard assessments are 

now described, along with how they impact upon, or are dealt with in, the present (2012) 

Update Assessment.  

 

Policy 24 relates to the identification of coastal hazards. Of specific relevance to the 

present (2012) Update Assessment are the following matters (which are not necessarily 

mutually exclusive).  

 

1)  Hazard risk shall be assessed over at least a 100 yr timeframe.   

This is being accommodated in the Update Assessment by using both 50 and 100 year 

prediction period scenarios. 

 

a)  Have regard for the physical drivers and processes which cause coastal change 

including SLR. 

The 2008 Erosion Assessment describes the regionôs geomorphology (landforms and their 

formative processes), with emphasis on inlets as these are particularly dynamic coastal 

landforms and a magnet for residential settlement/development. The 2008 Assessment (and 
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the 2012 Update) uses methods appropriate to the differing geomorphologies.  The 2012 

Update Assessment provides a range of additional process information.  

 

b) Regard for short and long-term natural shoreline fluctuations 

The 2008 Assessment (and the 2012 Update) defines these behavioural modes using 

shoreline data abstracted from survey plans and vertical aerial photographs by modern 

analytical photogrammetric methods and analysed using rigorous statistical methods. 

 

c) Geomorphological character   

See (a) above. 

 

f) Influences that humans have had, or are having, on the coast. 

The Kapiti Coast has been, and is being, subject to process modification by a variety of 

shoreline and inlet structures and other management practices. The 2008 Erosion 

Assessment and the present (2012) Update Assessment consider scenarios involving the 

open coastôs seawalls, inlet control structures and other management practices. The open 

coast structures to be considered in the present (2012) Update Assessment are described in 

Appendix A and their environmental effects from a hazard assessment perspective are 

quantified therein and in Section 3. Inlet structures and their past and future environmental 

effects are described for each inlet in Section 4.4 below.  

 

h) The effect of climate change on the above and on sediment dynamics 

In addition to assessment of the effect of rising sea level on erosion along the Kapiti Coast, 

this policy also requires the wider effects of climate change must now also be considered, 

e.g. a changes in storm behaviour and hence in erosion rates. The Guidance Manual 2008 

provides indicative guidance only as these effects are generally not well understood. As 

noted above, this uncertainty has been addressed in terms of increasing the safety margin - 

this being consistent with the Precautionary Approach contained in Policy 3 of the NZCPS 

2010.  

 

And taking into account national guidance and the best available information on the likely 

effects of climate change on the region or district. 

The 2012 Update Assessment has taken such information into account. 
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2.3  Marine Parade Revetment environmental impact investigation 
 

2.3.1 Expanded shoreline data-base 
 
The Marine Parade Revetment (MPR) environmental-impact investigation was reported in 

CSL (2010).  That study incorporated a detailed shoreline analysis of the north Raumati - 

south Paraparaumu coast using samples from 1942, 1952, 1956, 1965, 1973, 1980, 1985, 

1992, 1998, 2001, 2005, 2007 and 2010 derived from vertical aerial photographs. By 

comparison, for some sites as few as five shorelines were used in the 2008 Assessment, so 

a higher level of behavioural accuracy was provided by reanalyzing using the additional 

data from the MPR study. This new information was particularly significant as the 2008 

Erosion Hazard Assessment found the north Raumati-south Paraparaumu coast, i.e. 

Wharemauku Stream (10.0 km from Fishermanôs Table Restaurant) and the Tikotu Stream 

(12.6 km) to be the stretch of Kapiti Coast with the most ñtenuous stabilityò.  The 

expanded data-set and its analysis to locate the 50 and 100 yr erosion prediction lines are 

detailed in the Data-Base spreadsheets (see Section 5).  In addition, while the 2008 

assessment used 8 measurement sites (C10.29, C10.40, C10.64, C11.17, C11.42, C11.64, 

C12.12 and C12.50), an additional two critically located sites were used in the present 

Update Assessment (C10.91 and C11.88), with a further 6 intermediate sites (X10.53, 

X11.07, X11.76, X11.88, X12.01 and X12.31) used to more accurately define between-site 

variation.  Note that the full set of measurement sites are illustrated in Figure 2.1, and the 

measurement reference points and survey co-ordinates are set out in Appendix B. 

  

Shore-parallel protection structure (SPPS) end-effects 
 

The primary objective of the MPR environmental impact assessment was to define the 

extent of possible revetment-associated erosion alongshore from the structure ends (end-

effect erosion).  Such erosion is common and results from the structure affecting wave 

processes; this typically results in the formation of an embayment extending alongshore 

from the terminus of the structure (see Figure 2.2).     

 

The MPR study used a variety of methods to assess end-effects including measurements 

from other SPPS/embayments on the south Kapiti Coast, and used these as well as data 

reported from other coastal sites to define several empirical relationships for predicting 

embayment dimensions.  The MPR study results were used in the present (2012) Update 

Assessment to define standardized end-embayment dimensions.  A summary of the 

equations and their application to each community SPPS are given in Appendix A.  Note 

that existing structures not included in Appendix A are defined as private structures rather 

than community structures.   
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2.4  Wave modelling for the Kapiti Coast 
 

Numerical nearshore wave modelling for the Kapiti Coast was carried out by MetOceans 

Solutions Ltd in 2010 a 12 yr hindcast deepwater wave data set provided by the National 

Oceanic and Atmospheric Administration (NOAA). CSL used the resulting wave output to 

model longshore sediment transport for the Kapiti Coast (Appendix G), and this was used 

in Section 3.1.3. 

 

It is noted that in 2011, wave measuring instruments were deployed along the Kapiti Coast 

and in early 2012 higher resolution wind field data became available. MetOceans are now 

in the process of calibrating their numerical wave model; however, the revised data had not 

been received in time for using in this 2012 updated erosion assessment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2   Typical embayment form adjacent to SPPS.  Dimensional terms are used to 

                    define empirical relationships in text. Not to scale. 
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3.0  OPEN COAST EROSION HAZARD ANALYSIS  

 

3.1   Methods  
 

The underlying approach used for the 2008 Open Coast Erosion Assessment (and for the 

present (2012) Update Assessment) is defined by equation 1. The equation components 

and derivation procedures are briefly described below; however, the reader is referred to 

the 2008 Erosion Hazard Assessment (Part 1) for a more detailed description.    

 

    CEPD =  LT + ST + RSLR + DS +CU      (1) 

 

Where CEPD = coastal erosion prediction distance, LT = longer-term shoreline change, ST =  

shorter-term shoreline fluctuation,  RSLR = shoreline retreat associated with sea-level rise (SLR), 

DS= dune stability, and CU = combined uncertainty. 

 

3.1.1 Longer-term shoreline change (LT) 
 

Longer-term shoreline change refers to any overall trend apparent in historical data, with 

such behaviour being caused by factors such as larger-scale climate and geological 

processes.  In the CSL assessments, the LT component is derived by linear regression 

analysis of historical shorelines taken primarily from vertical aerial photos where the 

vegetation-front is used as the shoreline indicator. Along those sections of the Raumati and 

Paekakariki Coasts characterized by seawalls, which were first established in the mid 

1950s, the limited aerial-based shoreline data set was supplemented with shorelines 

derived from cadastral survey maps.  The shoreline indicator on the survey maps was 

usually the high water mark at the time of the survey and this is usually several metres 

seaward of the vegetation-front. The matter of shoreline indicators and implications for the 

analysis and assessment is described and discussed in greater detail in the 2008 Erosion 

Assessment Part 1, Section 2.2. 

 

The modelling includes procedures for dealing with nonlinear shoreline behaviour.  The 

basic model is represented by equation (2).  

 

               Y = a + bX + e                                (2) 
    

Where Y is the dependent variable (shoreline location), X is the independent variable (time), a is 

the intercept on the Y-axis, b is the slope coefficient (rate of shoreline change) and e is the fitting 

error. 

 

The rate of change (b) is multiplied by the prediction period (50 or 100 yrs) to provide a 

shoreline retreat or advance value for use in equation 1.  Note that alongshore smoothing 

was carried out to derive the 95% confidence band over adjacent transects where similar 

cross-shore shoreline behaviour was apparent, thus preserving alongshore trends. Note that 

this alongshore processing procedure was also used when deriving the other component 

values.  Where positive rates occur, LT is set at zero, this being a precautionary measure 
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used by the industry in recognition of the uncertainly inherent in predicting sustained 

seaward shoreline migration over prolonged periods of time where the underlying process 

is not well understood.  

 

The method for calculating the seawalls repair and seawalls remove LT values is 

described in detail in the 2008 Assessment, Part 3 (Data-Base)  Briefly, linear modelling 

was carried out on data from each transect to produce rates of change for an earlier period 

(1870s to early 1950s) and also for a later period (1940s to 2007) with the earlier period 

selected to precede the coastal structures while the later set contained the full aerial-based 

record, thus maximizing potential accuracy. It was from the later set that rates for non-

seawalled sections of coast were derived, while the earlier set provided underlying rates of 

change for the seawalled sections of coast (all occur along the south coast).  In addition, 

when extrapolating 50 or 100 yrs into the future at seawalled sites under the seawalls 

removed-scenario, an allowance had to be made for ~50 yrs of erosion which the seawalls 

had prevented. This allowance was estimated using the earlier period rate and this 

additional erosion was referred to as catch-up erosion.  

 

The low number of shoreline samples in the earlier period data-sets increased the 

uncertainty in the regression results.  Further problems with the earlier period data resulted 

from incompatibility between the initial sample(s) consisting of shorelines taken from the 

survey plans which, as noted earlier, used the high water line as shoreline indicator, and the 

aerial photo-based shorelines from the end of the earlier period data-set using the more 

landward located vegetation-front. The resulting systematic error between the two types of 

indicator caused an over-estimate of erosion rates and an underestimate of accretion rates. 

While this is qualitatively acceptable in coastal hazard assessment given the requirement to 

adopt a precautionary approach (NZCPS 2012, Policy 3), the quantitative uncertainty 

caused the Focus Groupôs reviewer (of the 2011 draft Update Assessment) to request a 

profile extrapolation analysis (see Terms of Reference 6) on the grounds that this may 

provide some independent justification for the values being used from the early period 

regression analysis. The profile analysis is set out in Appendix C and the results support 

the earlier period regression-based methodology. 

 

3.1.2 Shorter-term shoreline fluctuation (ST) 
 

Shorter-term shoreline change refers to cross-shore fluctuations (up to 30 yrs) which can be 

caused by the superposition of significant storms, medium-term climate cycles or sediment 

variation (associated with littoral change, river input and rivermouth dynamics).  

Quantifying ST is also based on regression analysis. In particular, the fitting error (e in 

equation 2) is used to derive the cross-shore fluctuation distance = 3* SEE  (standard error 

of estimate) which encompasses 99% of the population value.  
 

3.1.3 RSLR =  Shoreline retreat associated with sea-level rise (SLR) 
 

The 2008 Erosion Hazard Assessment defined the shoreline effect of sea-level rise (SLR) 

associated with global warming using the best available predictions of SRL (NIWA, 2000), 

and a shoreline response model (equation 3) adapted from Komar et al., 1999.  
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    R = S/tan b       (3) 
 

Where R is the profile shift (retreat) in the landward direction, S is the predicted rise in sea level 

and tan b is the average inter-tidal slope. 

 

As indicated earlier, since completing the 2008 Assessment, there has been additional 

official guidance pertaining to coastal effects of climate change.  The 2008 Erosion Hazard 

Assessment used a SLR value of 0.3 m for the 50 yr prediction period based on the NIWA 

(2000) recommendation.   The 2008 Guidance Manual recommends a base value of 0.26 

for a 50 yr prediction period (see Section 2.1.2). The 2008 Guidance Manual also 

recommends that the consequences of an additional 0.22 m be considered.  As the SPPSs 

will be operating under the 50 yr scenario, and as relatively minor SLR occurs within the 

next 50 yrs (compared with the predicted subsequent increments), a value of 0.3 will be 

used for this scenario, i.e. the same value as used in the 2008 Erosion Hazard Assessment.  

 

For the 100+ yr scenario, the 2008 Guidance Manual recommends a base value of 0.65 

with consequences of an additional 0.3 m needs to be considered.  A value of 0.9 m per 

100 yrs is considered appropriate.  

 

Regarding which model to use to ascertain shoreline response to climate change, the 2008 

Guidance Manual simply states that a profile-based shoreline translation model should be 

used. As described in the 2008 Assessment, there are a range of models available and in 

that assessment a model adapted from Komar et al., 1999, was used.  This model translates 

the profile landward along the line of the average beach slope a distance proportional to the 

rise in sea-level.     

The most commonly used model in erosion hazard assessment is the Brunn Rule (Bruun, 

1983) which translates the profile between the offshore limit of sediment transport (closure 

depth) to the crest of the foredune by that amount required to fit the predicted SLR.  

However, as described in the 2008 Erosion Hazard Assessment (Part 1, Appendix C), the 

Brunn Rule has several limitations including the range in methods available to estimate 

closure depth and their output varying by a factor of 3, no offshore or onshore sediment 

loss, no alongshore flux in sediment transport, no variations in sediment properties across 

the profile and no profile control by hard structures such as substrate geology, adjacent 

headlands or engineered structures.  However, longshore sediment transport modelling for 

the Kapiti Coast (Appendix G) shows substantial alongshore variation both in terms of 

magnitude and direction, so this Bruun Rule assumption is not met. Bruun Rule predictions 

for specific sites have varied from measured rates by factors of 2 to 5 (both over- and 

under-prediction) with greatest variation occurring where the assumptions are least 

fulfilled (Everts, 1985; Zhang et al., 2004).  As in the 2008 Assessment, the 2012 Update 

uses the Komar-based model as it offers greater certainty for assessing the shoreline 

response to SLR along the Kapiti Coast.  
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3.1.4 Dune stability (DS)   
 

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

of the foredune.  The model used to determine retreat of the scarp top (equation 4) is based 

on the slope replacement theory for non-cohesive materials (Clark and Small, 1982).  
 

                      STR = h/2(tan  ́ )       (4)   
  

Where STR is the landward distance the scarp-top must retreat to achieve dune stability (DS in 

equation 1), h is the height of the escarpment and  ́is stable slope angle (34 degrees).  

 

3.1.5   Combined uncertainty (CU)  
 

This component relates to the safety margin derived by combining measurement errors 

associated with the other four components. The method of determining the combined 

measurement error value is defined by equation 5 which is referred to as the root mean 

square or root sum of squares method and used when the individual terms are independent.  

When error terms are dependent they are simply added together. These procedures are 

based on variance addition which is described in statistical texts such as Larsen and Marx 

(1986).  It is also noted that when determining the error term for individual components, 

and the components themselves comprise several error terms, the same rules of 

combination apply.  

 
          ).........( 22

1 EnECE ++=                                              (5) 
 

where CE = combined error (shoreward directed), E1 = first error term, and En = nth error term.    

 

In addition, a range of other factors (precautionary measures used in data processing) serve 

to increase the overall safety margin and some of these other factors were quantifiable and 

incorporated when determining the error terms (E1 to En). These other factors were 

described in detail in the 2008 Erosion Hazard Assessment and include:  

 

¶ weighting in the LT shoreline analysis to emphasize more recent erosion,  

 

¶ setting positive LT values to zero,  

 

¶ selecting the 95%  LT and ST values over several adjacent sampling sites (where 

similar geomorphology/shoreline behaviour occurs),   

 

¶ not subtracting the New Zealand average regional historical SLR of 1.7 mm/yr, or the 

relative vertical movement resulting from local tectonic adjustment, which is 

estimated to be average 0.4 to 0.5 mm/yr of uplift in the Kapiti area, from the 

global value given in the Guidance Manual,  

  

¶ selection of the maximum dune height per sector, together with the minimum 

stability angle when determining DS, and 
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¶ basing each componentôs representative measurement error value on the 95% 

confidence interval of values from all alongshore measurement sites.  

 

These other factors are particularly important in compensating for the uncertainty 

surrounding climate change. The reader will recall from Section 2 above, that the Guidance 

Manual 2008 and NZCPS 2010 also required consideration of other aspects of climate 

change including wind and wave regime changes yet minimal guidance was provided on 

how to quantify such effects.   

 

 

3.2    Component values  
 

The erosion assessment  

model for the open coast (equation 1) was used to process data obtained for 61 Coastal 

measurement sites and 14 eXtra sites along the 38 km long Kapiti Coast (see Figure 2.1, 

and Appendix B).  The extra sites were to provide more detail for locations where 

shoreline behaviour was unclear or tenuous.  This section derives component values for 

LT, ST, RSLR, DS and CU at each site.  

 

3.2.1 Longer-term shoreline change (LT) 
 

With the exception of the north Raumati-south Paraparaumu coast (see below), no 

additional shorelines were incorporated into the 2012 Update Assessment,. 

 

The 2008 Erosion Hazard Assessment identified the following three sections of open coast 

in which shoreline longer-term erosion was unclear: 
  

1) South Paekakariki was investigated in greater detail and this study was included 

in the 2008 Assessment, Part 1, Appendix A and the result for long-term erosion of 

0.075 to 0.25 m/yr was incorporated into the assessment.  It is noteworthy that this 

1 km section of coast presented particular problems for the Ministry of Works and 

Development in the late 1970s and early 1980s. During that time an episode of 

extensive erosion resulted in 13 houses being removed along what is now the Ames 

Street Reserve as they were ñin immanent danger of collapsing onto the beachò 

(Gibb and Depledge, 1980).  However, that episode of erosion ended and she 

shoreline has been relatively stable thereafter. The concrete foundations of the 13 

homes are still visible in the reserve and serve as a reminder for the need of 

ongoing monitoring and improved understanding of processes operating along the 

Kapiti Coast.  

 

2) North Paraparaumu has undergone slow erosion (0.3 m/yr) since the 1960s with 

accretion occurring prior to this; such behavour appear to be linked with Waikanae 

Inlet dynamics.  As explained in the 2008 Asssessment (Part 1), where such non-

linear behavour is demonstrated and not fully understood, the precautionary 

approach is to use the more recent (erosional) trend. However, it is noted that a 

detailed study of sediment dynamics around the Kapiti foreland is presently 
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underway and an increased understanding of shoreline behavour along the north 

Paraparaumu coast could result in a different long-term rate of change applying to 

the erosion hazard assessment. 

 

3) South Paraparaumu-North Raumati is the section of coast where the overall 

accretional behaviour to the north changes to the typically erosional behaviour to 

the south.  As such, the shoreline behaviour defined in the 2008 Assessment was 

somewhat erratic and contrasts between early and later periods which indicated a 

more detailed assessment could be helpful. The 2010 MRP study provided up to 9 

additional shoreline samples (n = 13) and 8 additional measurement sites (n = 16).  

The effect on hazard parameters is now assessed   

 

Several of the resulting time-series are plotted in the 2010 MPR report (Figure 7B) and 

all plotted in the 2012 Updated Data-Base.  The aerial photo-based linear regression 

results for slope (rate) and dispersion (SEE) about the mean, together with the derived 

LT and ST values are shown in Table 3.1.   Of note are the positive rates generally 

decreasing from north to south and SEE reducing to the south and to a lesser extent to 

the north. These results are consistent with this reach of coast being the transition 

between accretion and erosion.  In Table 3.1, LT was thus set to zero for all sites, and 

the 3*SEE values smoothed in the longshore direction to give ST values.  The final sets 

of LT and ST values (plus all other component values) are listed  in Appendix D for the 

various prediction and management scenarios.   

 

The 50 yr managed LT results listed in Appendix D (Scenario 1) range between 0 and 

75 m, with the zero values occurring either where seawalls exist or where positive 

(accretionary) rates occur (NB these were set to zero, see Section 3.1.1).  The higher  

 

    

 

 

 

Site Period Rate LT SEE SEE 3* ST 

C10.29 1942-2010 0.01 0 2.5 7.5 7.1 

X10.53 1942-2010 0.03 0 1.4 4.2 11.0 

C10.61 1942-2010 0.11 0 1.5 4.5 12.0 

X10.91 1942-2010 0.25 0 4.5 13.5 17.0 

X11.07 1942-2005 0.28 0 7.0 21.0 20.0 

C11.17 1942-2005 0.21 0 5.3 15.9 21.0 

C11.41 1942-2005 0.23 0 6.7 20.1 22.0 

C11.64 1942-2005 0.30 0 7.2 21.6 22.0 

X11.76 1942-2010 0.16 0 7.8 23.4 22.2 

X11.88 1942-2010 0.15 0 6.8 20.4 22.0 

X12.01 1942-2010 0.25 0 4.3 12.9 21.0 

C12.12 1942-2010 0.30 0 2.1 6.3 20.0 

X12.31 1942-2010 0.52 0 5.8 17.4 19.5 

C12.5 1942-2010 0.57 0 6.0 18.0 18.0 

Table 3.1   Shoreline linear regression analysis and hazard parameter 

derivation along the south Paraparaumu and north Raumati open coast 

including   eXtra sites and additional shoreline samples. 
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retreat values occur along the QEII coast and range from 14.5 m at the Paekakariki end to 

75 m at the South Raumati end. As discussed in Appendix C, this systematic increase may 

be associated with medium-term sediment variation or the effect of the substantial seawalls 

fronting the South Raumati coast and to a lesser extent the north Paekakariki coast. 

Moderate values (10-12.5 m) occur at south Paekakariki and a spike (15 m) at north 

Paraparaumu.  Compared with the 2008 Assessmentôs values (Part 1, Appendix B2), there 

are two areas where different LT values occurred: at south Paekakariki some increases 

associated with not accounting for the private seawalls, and along the north Raumati coast 

some decreases following analysis of the improved data-set. 

 

The 50 yr unmanaged LT results listed in Appendix D (Scenario 2) range between 0 and 25 

m. Zeros occur where progradation is expected and, with the exception of north 

Paraparaumu, this regions stretches north from the Wharemauku inlet. The largest erosion 

values occur along the South Raumati coast where the catch-up values are greatest. 

Moderate values (5 to 12.5 m) occur along QEII and mid-north Paekakariki, and a spike 

(15 m) occurs at north Paraparaumu.  Compared with the 2008 Assessmentôs values (Part 

1, Appendix B3), the values are the same with the exception of the Marine Parade 

Revetment area in north Raumati-south Paraparaumu where analysis of the improved data-

set enabled the previous long-term erosion values to be removed.  

 

The 100 yr unmanaged LT results listed in Appendix D (Scenario 3) range between 0 and 

50 m and have the same alongshore pattern as the 50 yr scenario with zeros occurring 

where progradation is expected and the largest erosion values occur along the South 

Raumati coast.  NB this scenario was not included I the 2008 Assessment. 

     

3.2.2 Shorter-term shoreline change (ST) 
 

With the exception of the reassessed north Raumati-south Paraparaumu-north Raumati 

coast (Table 3.1), the ST values listed in Appendix D remained unchanged from the 2008 

Assessment.  These values range between 7.1 and 36.0 m (mean = 15 m ) with the highest 

values occurring around the foreland where substantial change occurs.   These values apply 

to both the 50 and 100 yr scenarios.  

 

3.2.3   Shoreline retreat associated with sea-level rise (RSLR) 
 

The shoreline retreat associated with SLR remains unchanged (from the 2008 Assessment) 

for the 50 yr scenarios and the values are listed in Appendix D.  Values range between 0 

and 21.4 m (mean = 11.6 m), with zeros corresponding to sites with protection structures 

and higher values occurring where beach slopes are lowest (around the foreland).  For the 

100 yr scenario, RSLR values range between 14.5 and 64.3 m (mean = 44.3 m), with lower 

values where beaches are steeper, i.e. south Paekakariki and south of the Otaki 

Rivermouth. 

 

 

Note data for central sites truncated in 2005 as MPR influence effective thereafter. 

SEE refers to standard error of estimate - a measure of dispersion (NB Section 3.1.2).   
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3.2.4  Dunes scarps adjustment (DS) 
 

The same DS values from the 2008 erosion assessment apply in the 2012 Updated 

Assessment and apply for both the 50 and 100 yr scenarios.  While dune topography may 

vary with differing prediction periods, the values used in the 2008 assessments are spatially 

robust, with extensive areas of dune being incorporated when deriving representative 

values. Values range between 5.2 and 18.8 m (mean 4.9 m) with higher values 

corresponding to areas of higher dune relief along the south Kapiti Coast. 

 

3.2.5   Combined uncertainty (CU) 
 

The 2008 Erosion Assessmentôs 50  yr measurement errors apply to the 2012 Updateôs 50 

yr managed scenario, i.e. LT = 3.7, ST = 2.6, RSLR = 1.6 and DS = 2.3.  However, LT and 

RSLR uncertainty values increase for the 100 yr scenario such that LT = 7.4 m and RSLR 

= 4.8 m. 

 

Combining the 50 yr independent terms using equation 5 gives a combined value of 5.3.  

For natural open coasts, a representative value of 6 m was used to compute the CEHD 

values in equation 1. However, where shore-parallel protection structures (SPPSs) exist, 

LT = RSLR = 0 so CU = 3.5.  But an additional 5 m was added to allow for extra scour 

potential associated with bed lowering in front of the structure due to long-term erosion. 

For SPPS areas a representative value of 9 m was used in equation 1. 

 

Applying equation 5 to the 100 yr scenario measurement error data gives a combined value 

of 9.5 m. A representative value of 10 m was adopted for the entire coast as this scenario 

assumes no protection structures exist.   

 

 

 

3.3    Erosion predictions 
 
3.3.1 Coastal Erosion Prediction Distances (CEPDs) 
 

The location of open coast erosion hazard lines are determined by first combining the 

hazard component values to give coastal erosion prediction distances (CEPDs) and then 

relating these distances to ground positions via a measurement origin referred to as a 

reference shoreline.  The most robust approach to locating a reference shoreline, when 

hazard components have been derived using regression modelling, is to set the time 

variable to the year of interest and run the model.  For the 2008 Assessment, the year of 

interest was 2008. For the 2012 Update this was not changed as at most the difference in 

not re-running the model using 2012 as the year of interest would be 1 m.  With the 

exception of some sites along the revised (expanded data-set) north Raumati-south 

Paraparaumu coast, the 2012 Update Assessment reference shoreline values are the same 

as those used in the 2008.  The 2012 Update values are listed in Appendix B, and the 
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derivation of the reference shoreline from the measurement reference point at each transect 

is given in the Data Base.  

 

The CEPDs for the 50 yr managed and unmanaged hazard assessment scenarios, and the 

100 yr unmanaged hazard assessment scenarios are listed in the data summary sheets 

(Appendix D, Scenarios 1 to 3 respectively).  The CEPDs for the 50 yr managed scenario 

(1), which includes the influence of the existing community SPPSs, ranges between 25.6 

and 120 m (mean = 44.2 m) with the highest values being along the northern QEII coast 

and lowest values corresponding to the seawalled sections of Paekakariki and Raumati 

coast and also between Te Horo and the Otaki Rivermouth.  The only values which differ 

from the 2008 Assessment are generally reduced values along the north Raumati-south 

Paraparaumu coastline (2008: 20.4 to 53.4 m c.f. 2012: 19.9 to 47.7 m). 

 

The CEPDs for the 50 yr unmanaged scenario (2), for which all existing structures are 

removed, ranges between 25.6 and 72.2 m (mean= 45.6 m) with the highest values being 

along the South Raumati coast and around the foreland,  and the lowest values being along 

the north coast and in particular between the Mangaone and Otaki Inlets. Once again the 

only values which differ from the 2008 Assessment are generally reduced values along the 

north Raumati-south Paraparaumu coastline (2008: 32.9 to 73.9 m c.f. 2012: 31.9 to 47.2 

m). 

 

The CEPDs for the 100 yr unmanaged scenario (3), for which all structures are removed, 

ranges between 39.4 and 129.7 m (mean= 85.8 m) with the highest values being along the 

South Raumati coast and foreland, and the lowest values between Te Horo and the Otaki 

Rivermouth. 

 

3.3.2 Coastal Erosion Prediction Lines (CEPLs) 
 

Once the CEPDs have been spatially located landward of the reference shoreline, these 

points are joined to define the coastal erosion prediction line (CEPL) with additional effort 

to preserve alongshore curvatures not discernable in the measurement set.  While a plot of 

the CEPLs has not been included in the 2012 Update report, the lines have been provided 

to the KCDC as vector files for use in aerial photo overlays as required.   
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4.0 INLET EROSION HAZARD ANALYSIS 
 
4.1  Methods  
 

Inlets, arguably, are the most dynamic of coastal geomorphological systems, driven by the 

interactions between marine and fluvial processes. Sand-dominated inlets are typically 

characterized by frequent channel migration and changes in bar and spit morphology which 

often result in considerable shoreline change both within and between inlets.   Inlets often 

offer shelter, food resources and picturesque settings, making them favoured sites for 

indigenous and colonial settlement and more lately holiday and retirement developments. 

This pattern has been accompanied by ever increasing hazard risk from increasing property 

density coupled with anthropogenically-induced coastal process change. A schematic 

diagram and associated terminology of a typical Kapiti Coast inlet is shown in Figure 4.1   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The open coast erosion assessment model (equation 1) required modification to account for 

inlet morphological behaviour and the 2008 Assessment (Part 2) used a variation (equation 

6) to predict inlet (cross-shore) erosion hazard distances (IEPD). 

  

               IEPD = IMC ï (LT + RSLR + DS + CU)                                      (6) 
 

Where IMC = inlet migration curve, LT = longer-term shoreline change, RSLR = retreat of the 

shoreline associated with sea-level rise (SLR), DS= dune stability, and CU = combined uncertainty. 

 

Figure 4.1   Morphology and terminology of a typical inlet on the Kapiti Coast 
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The bracketed terms in equation 6 are the same as defined for the open coast (Section 3.1), 

while the inlet migration curve (IMC) replaces the open coast ST component.  In 

particular, this is the curve fitted to the landwardmost locations of the inlet (aerial photo-

based) shoreline migration envelop (see Figure 4.2).  The IMC differs for managed and 

natural inlets with the managed IMC being derived from that subset of shorelines 

corresponding to time inlet management practices had occurred and the natural IMC being 

derived from the subset of shorelines for the time prior to management.   

 

Inlet management consists of structures such as guide walls and earth bunds and mouth 

cuts (channel excavations) to constrain longshore channel migration.  In some cases, 

partitioning of the inlet shoreline data-set resulted in one sub-set being too short to 

confidently define the inletôs associated shoreline characteristics so all the shorelines were 

used and a single IMC thus defined which likely contained a bias toward the larger sub-set.   

 

While such partitioned data sets were usually ñbroadly suitableò to represent 50 yrs of inlet 

behaviour, they are usually too short to confidently represent 100+yr shoreline behaviour, 

and such extrapolation must be done with caution.  The complexity of coastal processes 

and morphological behaviour must be understood and this requirement is now clearly 

stated in general terms in the NZCPS 2010, Policy 24 (a) and (c).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2   Conceptual illustration of derivation of inlet migration curve (IMC), inlet 

erosion prediction (hazard) line and relationship to the open coast erosion hazard line. 
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The 2008 Assessment provided a geomorphological description of each of the 12 inlets.  

The present 2012 Update Assessment provides additional information including catchment 

characteristics (area, discharge) and inlet dimensions. In addition, earlier shorelines based 

on geomorphic signatures (see Appendix E) have been identified to indicate the potential 

for greater erosion than expected using the inlet erosion prediction model (equation 6). 

This is important as the aerial photo-based shoreline data-set used to derive parameter 

values in equation 6 was usually inadequate for extrapolating out to 100+yrs.  The various 

characteristics for each of the 12 inlets are described below in sub-sections (4.4.2 to 4.4.13) 

and marked on an aerial photos (Appendix F, Figures F4.3 to F4.14) contained therein. 

 

 

4.2 Component values  
 

Values for the component terms LT, RSLR, DS and their respective CU error terms are 

taken directly from the open coast measurement site closest to the inlet and are listed for 

each inlet in Sections 4.4.2 to 4.4.13.   

 

No additional inlet shorelines have been included in the 2012 Update Assessment. The 

shoreline envelopes for each inlet are depicted in Figures 4.3 to 4.14. Note that for quick 

reference, the superimposed shorelines for each inlet have been included as Appendix F.  

 

The IMC measurement error is 3.6 m, compared with the ST error which is 2.6 m. 

However, weighting the IMC to the location of maximum shoreward incursions of the 

envelope (see Figure 4.2) provides an unquantified margin of safety.  

 

Combining the 50 yr independent inlet error terms using equation 5 results in a combined 

value of 5.9 m, and the 100 yr combination gives a value of 9.8 m, so representative values 

of 6 m and 10 m respectively were used for all inlets.   

 

 

4.3 Erosion prediction 
 

The location of the inlet erosion prediction lines (IEPLs) were determined graphically by 

offsetting the distance LT + RSLR + DS + DS landward of, and perpendicular to, the IMC. 

This procedure is conceptually illustrated in Figure 4.2.   Note that while the IMCs for the 

various inlets are unchanged from the 2008 Assessment, the location of the 50 yr inlet 

erosion hazard lines required some adjustment to account for occasional change to the 

other terms in equation 6, i.e. LT, RSLR, DS and CU.  

 

When determining the final location of the IEPLs, particular attention was also paid to the 

inlet throat geometry during the retreat process as this controls the channel orientation and 

inlet configuration offset. So an inlet with, for example, a northerly offset could have a 

southerly offset after 100 yrs of erosion and the IEPLs had to account for this situation.    
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The IEPLs were merged with the relevant open coast CEPLs. For example, if the adjacent 

coast was managed (had seawalls), then the managed IEPL was merged with this line. In 

the vicinity of the inlet throat, where existing infrastructure exists, managed inlet erosion 

curves were merged with this control. In the 50 yr natural inlet and 100 yr managed inlet 

scenarios, similar landward merging with infrastructure applied.   However, where no 

artificial controls exist, these IEPLs were merged with the existing channel by reproducing 

naturally occurring inlet throats.  In the 100 yr natural inlet scenario, it was assumed no 

structures exist for all inlets.  

 

It is also noted that if only a single IMC was defined, then this was merged with both both 

managed and unmanaged IEPLs thereby defining managed and natural IEPLs, albeit not as 

pronounced as had managed and natural IMCs been used.   

 

The resulting IEPLs for each inlet are illustrated in Figures 4.4.2 to 4.4.13.  

 

 

4.4   Individual inlet summaries 
 

4.4.1 Introduction  
 

This section addresses each inlet in turn, describing the various updated materials alluded 

to in previous sections and also reproducing some of the 2008 Assessment material to 

provide continuity for the reader. Each inlet will be described in terms of its size and 

geometry (based on the aerial-based shorelines and envelope), catchment size and mean 

annual flood flow at the mouth (these two characteristics being provided by SKM, 

hydrological modelling consultants to the KCDC).  Summary figures (Figures 4.3 to 4.14) 

depict the aerial photo-derived shoreline envelope and inlet management control structures. 

The management regimes are summarized within the inlet texts; however, more 

comprehensive descriptions are contained in the 2008 Assessment, Part 2, Section 3.  The 

updated component values (LT, RSLR, DS and CU) for adjacent open coast measurement 

sites are listed in the text.  The resulting inlet IEPLs are plotted on the summary figure and 

shown merging with the relevant open coast CEPLs.   Findings from the earlier shoreline 

investigation (Appendix E) are also described and plotted in the summary figures and any 

other influences in determining IEPLs such as change in inlet offset are noted in the text.  
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4.4.2 Waiorongomai Inlet 
      

The Waiorongomai Inlet has a maximum area of ~6.8 ha and alongshore length up to ~600 

m based on the aerial photograph record. The channel typically has a northerly offset, the 

catchment area is 400 ha (4 km2) and the mean annual flood flow is 1.9 m3/s.    The open 

coast shoreline beyond the inlet is undergoing long-term progradation at 0.6 m/yr.     

 

As described in the 2008 Inlet Assessment, the much larger Waikawa Stream, which 

presently has its outlet some 1.6 km to the north, has in the past flowed south to merge 

with the Waiorongomai inlet and this influence has been incorporated within the erosion 

hazard assessment as the KCDC territorial boundary is ~600 m north of the present 

Waiorongomai outlet.   

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.3.  For 

reference the full set of aerial photo-based shorelines have been overlaid in Appendix F, 

Figure F1, and the shoreline dynamics are described in the 2008 Hazard Assessment.   

 

The Waiorongomai Inlet itself is not subject to channel management. However, to limit 

southward channel migration the Waikawa channel is controlled by rock groynes and 

occasional channel realignment by mouth cutting.   It is thus relevant to consider both the 

managed and natural Waikawa inlet when assessing the erosion hazard north of the 

Waiorongomai Stream.  In particular, the 1942 to 1965 shorelines comprise the natural 

inlet set, while the 1972 to 2007 shorelines make up the managed inlet set. By contrast, no 

management affects the south Waiorongomai Inlet. 

 

The 50 yr  and 100 yr erosion projection lines on both sides of the inlet were derived by 

adjusting the inlet migration curve (IMC) landward by 27.3 m (LT = 0, RSLR = 18 m,  DS 

= 3.3 m, CU = 6 m)  and 63.3 m (LT = 0, RSLR = 50 m,  DS = 3.3 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site (C36-86, see Appendix D). The updated inlet erosion prediction lines 

(IEPLs) are illustrated in the summary figure. 

 

As evident in Figure 4.3, the channel orientation as it enters the inlet will not change under 

both the 50 and 100 yr erosion prediction scenarios, so it is likely the present channel 

offset and inlet configuration will be maintained.  

 

The earlier shorelines depicted in Figure 4.3 lie within the 100 yr natural IEPL. While this 

provides some confidence in the 100 yr erosion estimates it is noted that severe dune 

instability and parabolic development in the recent past have obscured much of the earlier 

shoreline record.    
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4.4.3 Waitohu Inlet  
 

The Waitohu Inlet has a maximum area of ~34 ha and alongshore length up to 1400 m, 

based upon the aerial photograph record. The channel typically has a northerly offset. The 

Waitohu Streamôs catchment area is 4600 ha (46 km2 ), and the mean annual flood flow is 

31 m3/s.   The adjacent coast is prograding at 0.72 m/yr to the north and 0.55 m/yr to the 

south.  

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.4.  For 

reference the full set of aerial photo-based shorelines have been overlaid in Appendix F, 

Figure F, and the shoreline dynamics are described in the 2008 Hazard Assessment.   

 

Inlet management consists of several guide walls (marked in Figure 4.4) controlling the 

channel alignment as the stream enters the inlet, together with occasional ñmouth cuttingò, 

i.e. channelisation by excavation/bund formation using heavy earthmoving equipment as 

detailed in the 2008 assessment. 

 

The natural inlet shorelines comprise the 1942 to 1966 samples, together with all other 

shorelines on the northern side of the inlet, as these were not affected by management 

practices.  The managed inlet shorelines comprise the 1973 to 2007 samples.   

 

On the southern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 25.3 m (LT = 0, RSLR = 16.8 m,  

DS = 2.6 m, CU = 6 m)  and 62.6 m (LT = 0, RSLR = 50 m,  DS = 32.6 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site (C33-8, see Appendix D). On the northern side of the inlet the 50 and 

100 yr erosion projection lines were derived by adjusting the inlet migration curve (IMC) 

landward by 26.0 m (LT = 0, RSLR = 16.7 m,  DS = 3.3 m, CU = 6 m)  and 63.3 m (LT = 

0, RSLR = 50 m,  DS = 3.3 m , CU = 10 m) respectively, these being the sum of relevant 

components from the closest coastal measurement site (C35-54, see Appendix D). The 

updated inlet erosion prediction lines (IEPLs) are illustrated in Figure 4.4. 

 

As evident in Figure 4.4, the channel orientation as it enters the inlet will not change under 

both the 50 and 100 yr erosion prediction scenarios, so it is likely the present channel 

offset and inlet configuration will be maintained.  

 

The earlier shorelines depicted in Figure 4.4 indicate erosion has occurred in the vicinity 

and landward of the 100 yr natural IEPL, in particular closer to the throat, thus suggesting 

the predictions may be conservative. 
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4.4.4 Otaki Inlet  

The natural (pre-1950s) Otaki  Inlet has a maximum area of 41 ha and alongshore length 

up to 1500 m, although the very early shorelines suggest the inlet could have an area up to 

48 ha and length up to 2200 m.  By contrast the managed inlet (discussed below) is 

adjusting toward an area of some 24 ha and alongshore length of 800 m.  The Otaki Riverôs 

catchment area is 34,900 ha (349 km2), and the mean annual flood flow is 1115 m3/s, 

making it the largest fluvial system on the Kapiti Coast.  It also contrasts with the other 

rivers and streams by being a gravel-dominated braided system right to the mouth.  In its 

natural state the channels migrated laterally between river banks which were up to 900 m 

apart and the river affected up to 2400 m of coast.  The Otaki Inlet dynamics interact with 

the Rangiuru Stream which joins the Otaki River slightly upstream of the mouth.  Long-

term open coast shoreline progradation is 0.55 m/yr to the north and 0.4 m/yr to the south. 

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.5. For 

reference the full set of aerial photo-based shorelines have been overlayed in Appendix F, 

Figure F, and the shoreline dynamics are described in the 2008 Hazard Assessment.   

 

The inlet dynamics have been constrained by stopbanks constructed, in the main, in the late 

1940s (details in the 2008 Hazard Assessment, volume 2) and the realignment gave the 

channel a slight southward offset. By contrast the pre-managed inlet had no offset although 

the very early shorelines (see Figure 4.5) suggest both north and south offsets may have 

occurred.   Contemporary river management techniques for minimizing erosion of the inlet 

shorelines comprise river training works which maintain the channel within its preferred 

alignment, and mouth cuts. Stopbank and inlet management has resulted in much of the pre 

1950s northern inlet infilling and a tendency for erosion along the southern inlet shoreline. 

 

The natural shorelines used for analysis are those obtained from the 1939 and 1946 aerial 

photos. The managed shorelines were obtained from the 1957 to 2007 aerial photos. 

 

On the southern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 11.7 m (LT = 0, RSLR = 4.8 m,  DS 

= 0.9 m, CU = 6 m)  and 24.4 m  (LT = 0, RSLR = 14.5 m,  DS = 0.9 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site C30.16  (see Appendix D).  These updated inlet erosion prediction lines 

(IEPLs) are illustrated in Figure 4.5.  Note that the natural erosion prediction line lies 

seaward of the managed prediction line due to the stopbank induced channel offset 

affecting the managed shoreline data-set. 

 

On the northern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 18.5 m (LT = 0, RSLR = 11.1 m,  

DS = 1.4 m, CU = 6 m)  and 44.7 m (LT = 0, RSLR = 33.3 m,  DS = 1.4 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site C32-54 (see Appendix D). These updated inlet erosion prediction  lines 

(IEPLs) are illustrated in Figure 4.5. 
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As evident in Figure 4.5, channel orientation as it enters the inlet may take on a more 

shore-normal orientation under the 100 yr natural scenario and the 100 yr IEPL 

configuration accounts for this possibility.   

 

Earlier shorelines (Figure 4.5) depicted in the vicinity of the IEPLs indicate that the 100 yr 

predictions may be underestimated.  In addition, very early shorelines south of the river 

infer a systematically prograding coastal plain, while on the northern side of  river flood 

plain processes (in conjunction with the Rangiuru Stream) predominate landward of the 

300 to 500 m wide coastal dune system characterized by parabolic development.  
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4.4.5   Mangaone Inlet  
 

The Mangaone Inlet has a maximum area of 5.4 ha and alongshore length up to 750 m. The 

catchment area is 5,000 ha (50 km2), and the mean annual flood flow is 29 m3/s.  The 

Mangaone stream carries fine sediment while the inlet and adjacent beaches are gravel 

dominated (supplied by the Otaki River).  This inlet has a small southerly offset, although 

earlier shoreline evidence shows it may have previously had a northerly offset.  The long-

term open coast shoreline progradation is about 0.4 m/yr on each side of the inlet. 

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.6. For 

reference the full set of aerial photo-based shorelines have been overlaid in Appendix F, 

Figure F4 and the shoreline dynamics are described in the 2008 Hazard Assessment.   

 

The aerial photo record for the Mangaone Inlet shows no evidence of inlet management in 

terms of channel diversion, bank protection or guide walls. However, more recently, 

stream mouth cutting has been carried out to prevent lateral migration of the channel.  

Given the apparent lack of significant management practices in the past and a more recent 

trend toward shoreline stability, it was considered not to be necessary to carry out a 

managed inlet assessment. 

   

On the southern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 19.0 m (LT = 0, SLR = 12.5 m, DS 

= 0.5 m and CU = 6 m) and 48.0 m (LT = 0, RSLR = 37.5 m, DS = 0.5 m, CU = 10 m)  

respectively, these being the sum of relevant components from the closest coastal 

measurement site C26.58  (see Appendix D).  These updated inlet erosion prediction  lines 

(IEPLs) are illustrated in Figure 4.6.   

 

On the northern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 15.6 m (LT = 0, RSLR = 8.8 m,  DS 

= 0.8 m, CU = 6 m)  and 37.3 m (LT = 0, RSLR = 26.5 m,  DS = 0.8 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site C27.63 (see Appendix D). These updated inlet erosion prediction lines 

(IEPLs) are illustrated in Figure 4.6. 

 

As evident in Figure 4.6, channel orientation as it enters the inlet may take on a more 

shore-normal or even northerly offset under the 100 yr scenario, so the 100 yr IEPL 

configuration on the northern side of the inlet was adjusted to incorporate this possibility.    

 

The earlier shorelines depicted in Figure 4.6 indicate erosion has occurred in the vicinity 

and landward of the 100 yr natural IEPL, thus suggesting the predictions may be under-

estimated.   
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4.4.5 Hadfield Inlet  
   

The Hadfield Inlet has a maximum area of 7.3 ha and alongshore length up to 800 m. The 

catchment area is 1,100 ha (11 km2), and the mean annual flood discharge is 8 m3/s.  The 

inlet has a southerly offset, although earlier shoreline evidence shows that it may 

previously have had a northerly offset.  Long-term open coast shoreline progradation is 

0.44 m/yr on the south coast and 0.51 on the north coast. 

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.7. For 

reference the full set of aerial photo-based shorelines have been overlaid in Appendix F, 

Figure F5 and the shoreline dynamics are described in the 2008 Hazard Assessment.    

 

The aerial photo record for the Hadfield Inlet shows no evidence of inlet management in 

terms of channel diversion, bank protection or guide walls. However, more recently, 

stream mouth cutting has been carried out to control lateral migration of the channel.  

Given the apparent lack of management practices in the past and a more recent trend 

toward shoreline stability, it was not necessary to carry out a managed inlet assessment. 

 

On the southern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 28.1 m (LT = 0, SLR = 18.8 m and  

DS = 3.3 m and CU = 6 m) and 69.6 m (LT = 0, RSLR = 56.3 m,  DS = 3.3 m, CU = 10 m)  

respectively, these being the sum of relevant components from the closest coastal 

measurement site C22.06  (see Appendix D).  These updated inlet erosion prediction  lines  

(IEPLs) are illustrated in Figure 4.7.   

 

On the northern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 25.6 m (LT = 0, RSLR = 17.7 m, 

DS = 1.9 m, CU = 6 m) and 64.8 m (LT = 0, RSLR = 52.9 m,  DS = 1.9 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site C23.5 (see Appendix D). These updated inlet erosion prediction lines 

(IEPLs) are illustrated in Figure 4.7. 

 

As evident in Figure 4.7, channel orientation as it enters the inlet may take on a more 

shore-normal or even northerly offset under the 100 yr scenario, so the 100 yr IEPL 

configuration on the northern side of the inlet was adjusted to incorporate this possibility.    

 

The earlier shorelines depicted in Figure 4.7 lie within the 100 yr natural IEPL. While this 

provides some confidence in the 100 yr natural erosion estimates it is noted that severe 

dune instability and parabolic development in the recent past have obscured much of the 

earlier shoreline record.    
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4.4.7  Waimeha Inlet  

 

The Waimeha Inlet has a maximum area of 8.8 ha and alongshore length up to 600 m, 

based upon the aerial photograph record. The channel typically has a northerly offset, the 

catchment area is 1900 ha (19 km2 ), and the mean annual flood flow of 13 m3/s.   The 

adjacent coast is prograding at 0.4 m/yr to the north and 0.34 m/yr to the south.  

 

Past shorelines and derived hazard characteristics are summarized in Figure 4.8. For 

reference the full set of aerial photo-based shorelines have been overlaid in Appendix F, 

Figure F6, and the shoreline dynamics are described in the 2008 Hazard Assessment.   

 

In early colonial times the Waimeha Stream flowed into the Waikanae River but its flow 

had greatly reduced by the late 19th century.  In 1921 the present stream outlet was 

artificially opened, although very early shorelines indicate the Waimeha had previously 

had its outlet in this area (see Figure 4.8). For further detail on the early Waimeha see 

Section 3.7 ï Waikanae Inlet, and  also the 2008 Inlet Assessment, Volume 2).   

 

Manawatu Catchment Board reports note that temporary structures exited in the vicinity of 

the Waimeha Inlet prior to the mid-1980s; however, these are not evident in the earlier 

aerial photo record with the first observed groyne appearing in the 1988 photo. There is 

now a mouth cutting regime to limit the extent of lateral migration. The increased 

management over the last few decades justifies the division of shorelines into an natural 

and managed sets with the natural set comprising the 1942 to 1966 shorelines, and the 

managed set containing the 1973 to 2007 shorelines. 

 

 On the southern side of the inlet the 50 and 100 yr erosion projection lines were derived 

by adjusting the inlet migration curve (IMC) landward by 23.6 m (LT = 0, RSLR = 15 m,  

DS = 2.6 m, CU = 6 m)  and 57.6 m (LT = 0,  RSLR = 45 m,  DS = 2.6 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site (C17.88, see Appendix D). 

  

On the northern side of the inlet the 50 and 100 yr erosion projection lines were derived by 

adjusting the inlet migration curve (IMC) landward by 23.0 m (LT = 0, RSLR = 15 m, DS 

= 2 m, CU = 6 m)  and 57.0 m (LT = 0, RSLR = 45 m,  DS = 2 m , CU = 10 m) 

respectively, these being the sum of relevant components from the closest coastal 

measurement site (C18.85, see Appendix D). The updated inlet erosion prediction lines 

(IEPLs) are illustrated in the summary figure. 

 

As evident in Figure 4.8, the channel orientation as it enters the inlet will remain offset to 

the north under both the 50 and 100 yr erosion prediction scenarios, so it is likely the 

present channel offset and inlet configuration will be maintained.  

 

The lack of relevant earlier shorelines in Figure 4.8 gives some confidence to the IEPLs. 

However, as this inlet was subjected to natural processes for only 50 yrs before 
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management constraints occurred, it may not have achieved its potential configuration 

dimensions.  To test this hypothesis, the set of 11 inlet lengths were linearly regressed 

(equation 7) and nonlinearly regressed (equation 8) regressed against the corresponding 

catchment areas (equation 7).  Note Otaki was excluded as it was classed as an outlier, 

possibly reflecting its braided gravel bed and gradient contrasts with the other inlets.  The 

associations were statistically significant (r = 0.855 and 0.888 respectively) and the 

residuals for the Waimeha were -18 m and -6.5 m respectively, indicating that it was 

nearing its equilibrium configuration prior to the onset of management practices.  

 

Li = 9.748Ac + 432.9                                                            (7) 

 

Li = 1.33Ac 0.5 + 118                                                             (8) 

 

Where Li = inlet length and Ac = catchment area 
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