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EXECUTIVE SUMMARY

This report updates tH#O08Erosion Hazard Assessment which was a comprehensive
erosion analysis covering the entirek38s of @ndy coast and (12) inlets administered by
theKapiti Coast District Council (KCDC).The 2008 Asessment considered three 50 yr
open coast scenarios (seawalls hold, seawalls fail and are repaired, and seawalls are
removed) and two 50 yr inlet scenariaddts managed and unmanagedtural). The

2008 Erosion Hazard Assessmaged abest practicempirically-basedapproach which
guantifies the predicted creshore erosion hazard distance by summing several
componentsvhose valuesverestatistically deried. The hazard components consist of:

1 longerterm shoreline change;
shorterterm shoreline fluctuations

1 shorelineretreat associated with anticipated acceleration inlesehrise from
global warming

1 shoreline retreat to achieve a stable skatiewing dune erosion, and

1 combined uncertaintywhich provides @afety margin.

The 2008 reportds findings, however,, wer e
as the guiding statue for management of the New Zealand coast (the New Zealand Coasta
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 anitsand/
District Plan application.

In December 2010 the New Zealand CoastéiciP&tatement (NZCPS 2010) beca
operative. In March, 2011, CSL were instructed to update the 2008 Erosion Hazard
Assessment in keeping with directives in the NZCPS 201@landaking 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 (littart) galues for the Kapiti

Coast. In addition, the consultants assisting the council with planning implementation
requestedurther materials be included the Updated Assessment.

The 10 point Terms of Referenf this Update Assessment are setiniBection 1 with
the primary directives being:

0] 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 mahaged
unmanagetiscenarios (1 and 2), while th60 yr option only addressing the
unmanaged scenario (3), and

1. Managedrefers to the maintenance and repair (if damagedymimunityseawalls.
Note private protection struetres are not included within thessessment.
2. Unmanagedefers to remoa of seawalls where they do exist.
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(i) 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 coddha idets usedor 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 Bhalong
Kapiti Coast (values in Appendix EQ), with the resulting CEPLs being provided to the
council as electronic line files. The results are briefly described as follows:

The open coadiO yr managedpredicted erosion distancem thereferenceshoréine
(approximately the present shorelimapge between 25.6 and 120 m (mean = 44.2 m) with
the higheserosionvalues being along the northern QEII coast and lowest values
corresponding to the seawalled sections of Paekakariki and Raumati coalstraytide
northern coagbetween Te Hor@eachand the Otaki Rivermouth. The only values which
differ from the 2008 Assessment are along the north Ratsmath Paraparaumu coastline
(2008 = 20.4 t0 53.4 m c.f. 2012 = 19.9 to 47.7 m).

The open coad®iO yr unmanagedpredicted erosion distances frahereferenceshoreline
range betweef5.6 and 72.2 m (mean= 45.6 m) with the highest erosion values being
along the South Raumatbast and around the forelamahd the lowest values being along
the north cost andin particularbetween Te HorBeachand the Otaki Rivermouth. Once
again the only values which differ from the 2008 Assessraeealong the north Raumati
south Paraparaumu coastline (2008 = 32.9 to 73.9 m c.f. 2012 = 31.9 to 47.2 m).

The open coadt00 yr unmanagedpredicted erosiodistances 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, plussammary figur¢Figures 4.3t04.15). lemc h i nl et 06 s
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, managememieragd

predicted erosion. Ovailt, inlets north of the foreland werarger than south coast inlets

(5.4 to 71hac.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 inletstivthumbers of affected
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properties following the same pattern (up to 26 per inlet in the north compared with 12
the south.

The erosion hazard assessment@ss useds ageneric approactiue to the extensive
spatialcoverage coupled withvailable time and funding. However, using a generic
method where there is such a range of types of open coast, typkstéid variation in
manageent regime, inevitably leads someapparently inconsistem¢sults For example,
atthe managed southern Otaki Inldéte predicted erosion linelendward of the atural
inlet erosiorline due to stopbank alignment influeng the more recent inlet
configuration. Alternatively, some results may be eestimated due the application of
representative component values between measurement points. For eaonglparts of
the south coadarge spatial viaation in dune heighbetween measurement poiotscurso
an upper value waselected 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 necessasyng more localized sigpecific assessments
as these are carried out with greater detail (and at greater cost).

An erosion hazard assessment such as this is a detailed scientifievstallyredicts
potential hazard (magnitude and probabildygr dfferent prediction period8y contrast,
erosion management is a proceserebythe sciencébasederosion predictionare
transformednto hazard management zones for inclusion within the Distrét. PThis
conversion process is presently being un#teridby the KCDC planning staffho also
factor ina range of other matters includitige requiremesstof statues, regulatiorend
planning provisionsrecognizing that different types of development carry different risk
levels and the need to provide feasonable use of exing 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 severakperts (see Acknowledgements), apdiewerDr Mike

Shepherdds overview comment s «lodedastefipal e s en

appendix (H)
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1.0 INTRODUCTION

The Kapiti Coast Erosion Hazard Assessment was ladetpby Coastal Systems Ltd
(CSL) in April 2008 for the KapitCoast District Council (KCDC). The report comprised
Part 1: Open Coast, Part 2: Inlets, and Part 3:-Bat®, each being contained within a
separate vol ume. H o weeen@ incorpdrakee into teeDwstrict 6 s
Plan as the guiding stat 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 possibttitgted that the final document
could include changes that wdwffect the assessment itself and its application. In
December 2010 the New ZeathCoastal Policy Statement betoperative. In March,
2011, CSL were instructed to update the 2008 Erosemattl Assessment, for both the
open coast and the 12 inletskeeping 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 Ersion Hazard Assessment (hereafter referred to &0tz Updée
Assessmentshould incorporate the following:

1. Relevant requirements of tiNew Zealand Coastal Policy Statement
NZCPS 201@hereafter referred to as the NZCPS 2010);

fi

2. Relevant requirementontainedheM ni stry f or 2088 Envi

publication Local Government Guidance Manual on Coastal Hazards and
Climate Changé€hereafer referred to as th@uidance Manual 2008)

3. Any other relevant research or management reports carried out since
completion of the 2008 Erosion Hazard Assessments.

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

(a) A prediction period of 50 years. For open coast areas with
icommtdniptryot ecti on structures
will be repared 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 arehdable.

(se

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 ihteémechai
by government agencies thereafter. Other structueededined as private and their effects have
not been incorporated within this assessment.
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In June 2011, the draft &ion Hazard Update report conginig revised hazard lines,
updated hazd component values and hazard lines was forwarded to colieke
materials were then used by the Waikh&sed consultancy ti@cus Resource
Management Groufo provide a framework (rather than specific wording) for planning
provisions with which KCI@ staff could incorporate the CSL hazard assessment outputs
into the District Planwhich is beingeviewed The Focus Group required additional
hazard informationo beincluded within the final Updated Erosion Hazard Assessment
(2012 Update Assessment).

Terms of Reference April 2012
6) Profile extrapolationtochéc pr esent es-tpmaéeeresbbdbniica
7) Mapping of the 100 yr natural inletrosion line

8) Inclusionofthe 50 yr unmanaged (seawalls removed) open @vasion
hazard lineandthe correponding50 yrunmanagedr(atural) inlet erosion
hazard lineand

9) Include ggcomorphological evidendg the vicinity of inlets which indicatelse
potential forgreatererosion than presently assessed.

In addition, KCDC staff subsequently required:

10)Charge theterminology for the modelled 50 and 100 yr erodinasfrom
Coastal Erosion Hazar®istances (CEHB) to Castal Erosion Prediction
DistanceqCEPDs), andCoastal Erosion Hazardihes(CEHLS) to Coastal
Erosion Prediction Lines (CEPLs

Note that thedistanceshere refer to the croshore distance erosias predicted
to reach (from a prdefined reference pointyhile thelinesoccur in the alongshore
direction and join the erosion pointdichthe distances define.

This terminology changeas to help distinguish between the CSL modelled
erosion line 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 incdua range of base material froine 2008
Assessment so the readvill more easilybe able to follow the assessment process.
However, the 2008 Assessment is a comprehengpeeti@nd technical readers should
refer to it for more detadld explanation/jusfication of the hazard assessment procedures
used by Coastal Syems Ltd.

The 2012Update Assessmehegins (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 fAMarine Par ade RendManagement Er os i c
Programmeo are described. The open coast
the inlet erosion analysis is described in SectioSdction 5 describes the Data Base

which is being fully revisedA range of practitioners have ptided comment or review on

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

Acknowl edgement s. I n addition, Dr Mi ke Sh
expeiencedcoastal scientists, reviewed the final report andheviewcommens have
beenincludal as the final appendix {H

COASTAL Report Title: Kapiti Coast Erosion Hazard Assessmep012 Update
SYST EMS Reference No 20128CRep Version: Final Status Open
-+ & 7 <% Client: Kapiti Coast District Council Date: 8" August, 2012



10
2.0 NEW INFORMATION

2.1 Guidance Manual 2008

2.1.1 Introduction

In 2004 ,the ResourceManagenentAct 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 Enviraefeaséd
version 1 of it€Coagdal Hazards and Climate Chang®IfE, 2004) to support local
government decisiomaking regarding resource managem The second version was
released in July 2008 (here referreda®s theGuidance Manual 20Q&ndincorporates the
findings ofthe Intergoernmental Panel on Climate Change released in 2007 (IPCC, 2007)
The Guidance Manual 20@8ovides additional information on the key effects of climate
change on coastal hazaswell as makingeveral recommendatios5) on how to
incorporate these eftts withinlongerterm decisiormaking

The Guidance Manu&l008stresses that climate change will not introduce any new types

of coastal hazard but will affect some existing hazards by modifying hazard drivers such as
sealevel rise (SLR), tides, storsurge, waves, and sediment supply, with these drivers
combinirg to affect erosion and inundation (p22, 28). While potentialeses rise and

direct impacts are relatively well understood, implications for the other hazard drivers are
less so and the maal provides pragmatiguidancgp ix), or indicativeguidancep 28),in

these situations. The climate chafigguced effects relevant to coastal erosion are
summarized belowHow they impactupon, or are dealt with in, thresent (2012)pdate
Assessmet havebeenunderlined.

2.1.2 Sedevel rise

The IPCC (200ypredicted setevel rise for the periods 19800 to 2092100 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 founcertainties ince-sheet stability. MfE6 22008 Guidance
Manud (Table 2.3, p20) recommends the 20&D69 (50 yrshasevalue for sedevel rise
(SLR) at 0.3Im, with consequences of an additional 0.22 m being consideredh F
prediction period 21002109(100 ys), the base value should be th#vith consequeres

of an additional 0.3 m being considerétbwever, SLR datum is the 198999 average,
whereas the present (2012) Update Assessment uses@00E m is subtractedhe

actual values usedaif the present Update Assessment are described below in Sett®n

2.1.3 Coastal Erosion

The Guidance Manu&008specifically describes the erosidrivers and how they cére
gualitatively affected by climate change within different coastal enments (p338). In
general, expected increases in waterllealeng with increases in wave height and
storminess will haven some areashe potential to increase the spatial extent and
temporal frequency of shoreline waattack, and thus an increas erosion potential.
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However, the manual also notes that@sterncoasts (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 sedimamivers and streams (p26). In
addition, on western coasts iagrease in coastal cliff erosion maytherincrease the

littoral sediment inputfieinference being that these changes in sediment supply may
retard erosion. Until more quantitative guidans available as to the effects of climate
change on erosiohprocesses, the present (20L)date Assessment incorporasesh
uncertainty within the margins of error.

The Guidance Manu&008(p38) considered the following methods appropriate foliruse
an erosion assessment:
1 Identification of erosion ratassing an empirical approach based on analysis of
multi-decadal shoreline datsets;
1 Determination ofuture acceleratiom erosionusing a profilebased shoreline
translation model, and
1 Inclusionof arobust incorporatin of uncertaintiewithin the assessme

Such methods were used CSLOs -eaadtheisaene (2008
methods used in the present Update Assessment

2.2 New Zealand Coastal Policy Statement 2010

The 1994 New Zealad Coastal Policy Statement (NZCPS, 1994) is adatomy guide on
interpretingthe Resource Management Act 1991 as it relates to management of the New
Zealand coastal environmerithe first revision of the Statement begar2003with a
propased version being released in May, 2008 and theravaded ersion becoming
operativein December 2010Relevant polices relating to erosion hazard assessments are
now describegdalong with how they impaatpon, or are dealt with in, thpresent (2012)
Update Assessment

Policy 24relates to thédentification d coastal hazardsOf specific relevance to the
presen{2012) Update Asessment are the followingatters \hich are not necessarily
mutually exclusivi

1) Hazard risk shall be assesseckoat least a 100 yr timeframe
This is being accommodatedtime 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 Erdsn Assessment describes the re@ogeomorphology (landfornend 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 202 Update) uses methods appropriate to the differing geomorpésloThe 2012
Update Assessment providesange oadditional process information

b) Regard for short and lonterm natural shoreline fluctuations

The 2008 Assessment (and the 2012 Updigénes these behavioural modes using
shoreline data abstract from survey plans and vertical aerial photographs by modern
analytical photogrammetric methods and analysed using rigorous statistical methods.

¢) Geomorphological character
See §) above

f) Influences that humans have had, or are having, on thstco

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 tipeesent (2012) Update Assessment consider scenarios invdieing t

open coastodos seawalls, inlet control struc
coast structures to be considered in the present (2012) Update Assessment are described in
Appendix Aand their environmental effects from a hazard assessmenegigrsare

guantified therein and in Section 3. Inlet structures and their past and future environmental
effects are descrdal for each inlet in Section 4b&low.

h) The effect of climate eimge on tk above and on sediment dynamics

In additionto assesment of the effect of rising sével 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 laefiour and hence ierosion rates. The Guidance Mah2008
provides indicative guidance only as these effects are generally not well understood. As
noted abovethis uncertainty has been addressed in terms of increasing the safety-margin
this being constent with the Precautionary Approach contained in PolicytBeoNZCPS
2010.

Andtaking into account national guidance and the best available information on the likely
effectsof climate change on the region district.
The2012Update Assessmehastaken such information into account.
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2.3 Marine Parade Revetment environmental impact investigation

2.3.1 Expanded shoreline datdase

The Marine Parade Revetment (MPR) environmeint@lact investigation was reported in

CSL (2010). That stly incorporated a detailed shoreline analysis of the north Raum

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 somsites as few as five shorelines were used in the 2008 Agsdssm

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 Haard Assessment found the north Raureatith Paraparaumu coaisé.
Wharemauku Stream ( 1 UableRedtanrant) and the Tikots Streamma n 0
(12.6 km) to be the stretch ofyoKapiTthie Coas
expanded dataetand its analysito locate the 50 and 100 yr erosion predictinas are

detailedin theDataBasespreadsheets (see Section B) addition, while the 2008

assessment used 8 measurement sites (C10.29, C10.40, C10.64, C11.17, C11.42, C11.64,
C12.12 and €2.50), an additional two critically located sites were usedearpresent

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 bediteeen
variation Note that the full set of measurement sites are illustratégjure 2.1, and the
measurement reference points and survegrdmates are set out Appendix B.

Shore-parallel protection structure (SPPS) endeffects

The primary objective of the MP&vironmental impact assessment was to define the
extent of pssible revetmerassociated erosion alongshore from the structure ends (end
effect erosion). Such erosion is common and results from the structure affecting wave
processes; this typically rdsuin 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 assessféeuts including measurements

from other SPPS/embayments on the south Kapiti Caastised these as well as data
reported from other coastal sitiesdefine several empirical relationships for predicting
embayment dimensions. The MPR study results were used in the present (2012) Update
Assessment to define standardized-emtbayment diansions A summary of the

eguations and their application tachcommunitySPPSare givenn Appendix A. Note

that existing structures not included in Appendix A are defined as private structures rather
than community structures.
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Figure 2.1 Map of the coastal area administered by the Kapiti Coast District Council which is referred to as the “Kapiti Coast’ in this report. Urban ar-

eas, water courses and stream mouths, seawalls and other locations referred to in the text have been marked. References across the top of map locate

[ERN
S

ning with the prefix X referring to sites used to provide eXtra data for more detailed hazard intermediate assessment, and the subsequent numbers refer to

coastal measurement sites with the prefix C referring to sites used to provide data for determining erosion hazard Component values, references begin-
each site’s longshore distance (km) from the datum at the southern end of Paekakariki Beach.
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Length of erosion (Ls) Length of structure (Ls) |

»i »
P

Shore-parallel pro-
tection structure
(SPPS)

Depth of erosion (De)

Figure 2.2 Typical embayment form adjacent$®PS. Dimensional terms areedgo
define empirical relatinships in text. Not to scale.

2.4 Wave modelling for the Kapiti Coast

Numerical nearshore wave modelling for the Kapiti Coast was carried out by NMetOce
Solutions Ltd in 2010 a 12 yiindcast deepwater wave dattprovided by théNational
Oceanic and Atmospheric Administration (NOAA). CSledshe resulting wave output to
model longshore sediment transport for the Kapiti Cospendix G), and this was used
in Section 3.1.3.

It is noted thatn 2011, wave measuring instrumentsrev deployed along the Kapiti Coast

and in early 2012 highergelution 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 uginn this2012 ypdatel erosion assesent
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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. Th@eaqoaiponents

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

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

CEPD = LT + ST +RSLR + DS +CU (2)

WhereCEPD = coastal eson prediction distancé&,T = longerterm shoreline change, ST
shorterterm shorelindluctuation RSLR =shoreline retreat associated with de®el rise (SLR),
DS=dune stability, and CU sombined uncertainty.

3.1.1 Longer-term shoreline change (LT)

Longerterm shoreline change refers to any overall trend appiarérgtorical data, with

such behaviour being caused by factors such as {acgés climate and geological

processes. Inthe CSL assessments, the LT component is derived by linear regression
analysis of historical shorelines taken primarily from veltasial photos where the
vegetationfront is used as the shoreline indicator. Along those sections of the Raumati and
Paekakariki Coasts characterized by seawalls, which were first estalsighednid

1950s, the limited aeriddased shoreline data sess 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 usuadisabmetres

seaward of the vegetatidront. The matter of shreline 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 prodares for dealing with nonlinear shoreline behavidtie
bast model is represented by equati@

Y=a+bX+e (2)

Where Y is the dependent variable (shoreline location), X is the independehtevétitae),a is
the intercept on the -éxis,b is the slope cefficient (rate of shoreline change) amis the fitting
error.

The rate of chang@) is multiplied by the prediction period (50 or 100 yrs) to provide a
shoreline retreat or advance valoe @ise in equation 1. Note that alongshore smoothing
was carred out to derive the 95% confidence band over adjacent transects where similar
crossshore shoreline behaviour was apparent, thus preserving alongshoreNiadbat

this alongshore procasg procedure was also used when deriving the other component
values. Where positive rates occur, LT is set at zero, this being a precautionary measure

COASTAL Report Title: Kapiti Coast Erosion Hazard Assessmep012 Update
SYSTEMS Reference No 20128CRep Version: Final Status Open
S Client: Kapiti Coast District Council Date: 8" August, 2012



17

used by the industry in recognition of the uncertainly inherent in predicting sustained
seaward shoraie migration over prolonged periods of time where the under|yiacess
is not well understood.

The method for calculating tleeawalls repaimandseawalls removeT values is

described in detail in the 2008 Assessment, Part 3 {Bada) Brieflylinear modelling

was carried out on data from each transegirodice rates of change for aarlier period
(1870s to edy 1950s)andalso for dater period(1940s to 200)/with the earlier period
selected to precedke coastalstructures while the lateescontained the full aeriddased
record, thus maximizing patéal 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 adstqall occur along the south coast). In addition,
when extraolating 50 or 100 yrs into the future at seawallegsaunder the seawalls
removedscenarioan allowancéiad to be made for ~50 yrs of erosion which the seawalls
had prevented. This allowamevas estimated using the earlier period rate and this
additioral erosion was referred to eatchup erosion

The low number of shoreline samples in the earlier periodstasaincreased the

uncertainty in the regression results. Further problemsthgtiearlier period data resulted

from incompatibility betweethe 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 photebased shorelines frorhé end of the earlier period deatat using the more

landward bcated vegetatiofront. The resulting systematic error between the two types of
indicator caused an ovestimate of erosion rates and an underestimate of accretion rates.
While this is qualiatively acceptable in coastal hazard assessment given theeraguoi to

adopt a precautionary approach (NZCPS 2012, Policy 3), the quantitative uncertainty
caused the Focus Groupo6s reviewer (of the
profile extramlation analysis (see Terms of Reference 6) on the groundsithatay

provide some independent justification for the values being used from the early period
regression analysighe profile analysis is set out Appendix Cand the results support

the arlier period regressiebased methodology.

3.1.2 Shorter-term shordine fluctuation (ST)

Shorterterm shoreline change refers to crsbsre fluctuations (up to 30 yrs) which damn
caused by the superposition of significant storms, medéarm climate cyclesr sediment
variation (associated with littoral change, riugput and rivermouth dynamics).
Quantifying ST is also based on regression analysis. In particular, the fittingearror (
equation 2) is used to derive the crabgre fluctuation distaxe =3* SEE (standard error
of estimate) which encompasses 99%hefpopulation value.

3.1.3 RSLR = Shoreline retreat associated with sekevel rise (SLR)

The 2008 Erosion Hazard Assessment defined the shoreline effectle¥skase (SLR)
associated withlgbal warming using the best available predictions of SRL (NJ\2@00),
and a shoreline response model (equation 3) adapted from Komar et al., 1999.
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R = Sltarb 3)

Where R is the profile shift (retreat) in the landward direction, S is the predicted rise in sea level
and tarb(is the average intdidal slope.

As indicated earlier, since completing the 2008 Assessment, there has been additional
official guidancepertaining 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) recommendationThe 2008 Guidance Manuacommenda base value of 0.26

for a 50 yrprediction period (seBection 2.1.2). The 2008 Guidance Manaigb
recommendshat theconsequences of an additional 0.22 m be consideretheASPPSs

will be operating under the 50 yr scenario, and as relatively rSicieroccurs within the

next 50 yrqcompared with theredicted subsequent incremégngsvalue of 0.3 will be

used forthis scenario, i.e. the isee value as used in the 2008 Erosion Hazard Assessment

For thelQ0+ yr scenario, the 2008 Guidance Mantelommends a base value of%.6
with consequences of an additional 0.8@eds to beonsidered.A value of 0.9 m per
100 yrs is considered appropriate.

Regarding which model to use to ascertain shoreline response to climate tha2963
Guidance Manual simplstateghata profilebased shoreline translation mogebuld 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 lired the average beach slope a distance proportional to the
rise in sedevel.

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 transportréclosu
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 availalsignmate

closure depth and their outpudrying 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 asratdsgieology, adjacent
headlands or engéered structures. Howevlngshoresedimentransporimodellingfor

the Kapiti CoastAppendix G showssubstantial alongshore variatiboth in terms of
magnitude and direction, $bis Bruun Rule assumptionm®t met. Bruun Rule predictions

for specific sites have varied from measured rates by factors of 2 to 5 (bothammyer
underprediction) with greatest variation occurring where the assumptions are least
fulfilled (Everts, 1985; Zhang et al., 2004). Adhee 2008 Assessment, the 2012 Update
uses the Komabased 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 stalddf@llogving storm erosion
of the foredune The model used to determine retreat of the scarp top (equation 4) is based
on theslope replacement theofgr non-cohesivematerials Clark and Small, 1982).

STR = h/2(tan” ) (4)

Where STR is the landward distance the stappmust retreat to achieve dune stability (DS in
equation 1), h is the height of the escarpment argistable slope angle (34 degrees).

3.1.5 Combined uncertainty (CU)

This component relate® the safetynargin derived by combiningieasurement errer
associated with the othésur componentsThe 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 methodws®t 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). Itis also noted thathen determining the error term for individual components,

and the components themselves comprgaveral error terms, the same rules of

combination apply.

CE=(EZ+......... +En?) (5)

where CE = comibed error (shoreward directed), Efirst error term, and En Zrerror term.

In addition, arange ofother factorgprecautionaryneasures used in data processsagye
to increase the overall safety mgar and some of thes¢her factorswere quatifiable and
incorporated when determining the error terist¢ En. Theseother factos were
described in detail in the 2008 Erosion Hazass@ssment and include:

1 weighting in the LT shoreline analysis to emphasize more recent erosion,
1 setting posive LT values to zero,

1 selecting the 95%_T and ST values over several adjacent sampling sites (where
similar geomorphologghoreline behaviousccurs),

1 not subtractinghe New Zealand average regional historical SLR of 1.7 mm/yr, or the
relative \ertical movement resulting from local tectonic adjustiwhich is
estimated to be average 0.4 to 0.5 mm/yr of uplift in the Kapit| &n@a the
global value given in the Guidance Manual,

1 selection of the maximum dune height per sector, togethethatminimum
stablity angle when determining DS, and
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fbasinge ac h ¢ o mp o n e ndnieasuremen errers/aar thea96% v
confidence interval ofalues from all alongshore measurement sites.

Theseother factorsare particularly important in corepsatingor the uncertainty
surrourding climate changelhe reader will recall from Sectiornebove, that the Guidance
Manual 2008 and NZCPS 20460 requird consideration of other aspects of climate
change including wind and wavegime changes yet mimal 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 38rgrKlapiti 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 Longerterm shoreline change (LT)

With the exception of the northallmatisouth Paraparaumu coast (see below), no
additional shorelines were incorporated into the 2012 Update Assessment,.

The 2008 Erosion Hazard Assessment identified the following three seatiopen coast
in which shoreline longeterm erosion was unclear:

1) South Paekakariki was investigated in greater detail and this study was included
in the 2008 Assessment, PartAppendix A and theesultfor longterm erosion of
0.075 to 0.25 m/yr wascorporated into thassessmentt 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 198asing that timean episode of
extensive erosion resulted in 18useseing remove@long what is now the res
Street Reservas t hey were Ain i mmanent danger
(Gibb and Depledge, 1980However thatepisodeof erosionendedandshe
shoreline has been relatively stable thereatftee. corretefoundatiors of the 13
homesare still visible in the resenandserveasareminderfor theneed of
ongoingmonitoling and improvedinderstanding gbrocessesperatingalong the
Kapiti Coast

2) North Paraparaumu has undergone slow erosil3 m/yp since the 1960s with
accretion occurring prior to thisuchbehavoumlappeato belinked withWaikanae
Inlet dynamics.As explained in the 2008 Asssessmétar( 1), where such non
linear behavour is demonstrated and not fully understood, the prewaytio
approach is to use the more recent (erosional) tidomever, it is noted that a
detailed study of sediment dynamics around the Kapiti foreland is presently
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underway and an increasedderstanding of shoreline belwar along the north
Paraparaumu ceaicould result in a different lortgrm rate of change applying to
the erosion hazard assessment.

3) South ParaparaumuNorth 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 shagline samples (n = 13) and 8 additional measurement sites (n = 16).
The effect on hazard parameters is now assessed

Several of the resulting tirgeries are plotted in the 2010 MPR report (Figure 7B) and
all plotted in the 2012 Updated DaBase. Theerial photebased 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 redutortge south and to a lesser extent to

the norh. Theseaesultsareconsistent with this reach of coast being the transition
between accretion and erosidn. Table 3.1 T was thus set to zero foll gites, and
the3*SEEvalues smoothed in the longsh direction to give ST valued.he final sets

of LT and STvalues (plus all other component values)lested inAppendix Dfor the
various prediction and management scenarios.

The 50 yr managed LT results listed in Appendix D (Scenaniarije betwen 0 and
75 m with the zero values occurring eithehere seawallexist or where positive
(accretionary) rates occ(iXB these were set to zermeeSection 3.1.1). The higher

Table 3.1 Shoreline inear regression analysis and hazaarameter
derivationalong the south Paraparaumu and north Raumati open co.
including eXtra sitesand adlitiond shoreline samples

Site Period Rate LT SEE SEE 3* | ST

C10.29 | 1942-2010 0.01 0 25 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 45 12.0
X10.91 | 1942-2010 0.25 0 45 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
Cl11.64 | 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
Cl12.5 1942-2010 0.57 0 6.0 18.0 18.0
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Note data for central sitégincated in 2005 as MPR influenetfectivethereafter
retr SEE refers tetandard error oestimate- a measure of dispersion (NB Section 3.1.2). kakariki end to

75 m at the South Raumati e discusseth Appendix C, this systematic increase may
be associated with ediumterm sediment variation éhe effect of the substaat seawalls
fronting the South Raumati coast and to a lesser extent the north Paekakariki coast.
Moderate values (102.5 m) occur at south Paekakariki and a spike (15 m) at north
Paraparaumu. Comparedth the 2008 Assessménsgalues (Part 1, AppendB&2), there
are two areas where different LT values occurred: at south Paekakemni&iincreases
associated with not accounting toe privateseawalls andalong the north Raumati coast
some decreasésllowing analysis of the improved daszt.

The 50yr unmanaged.T results listed in Appendix DScenario 2range 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
valuesoccur along the South Raumati coast where the agichalues are greatest

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

(15 m) occurs at north Paraparaumu. Comparedthétl2008 Assessméngalues (Part

1, Appertix B3), the values are the same with the exception of the Marine Parade
Revetment area in north Raumsatiuth Paraparaumu where analysis of the improved data
set enabled the previous loetgym erosion values to be removed.

The 100 yrunmanaged.T resuls listed in Appendix D§cenario 3range 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 scerawas not included | the 2008 Assessment.

3.2.2 Shorter-term shoreline change (ST)

With the exception of the reassessed north Rausoath Paraparaurmorth 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 withealevel rise (RSLR)

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

for the 50 yr scenarios and the values are listed in Appendix D. \falugs between O

and 21.4 m (mean = 11.6 m), with zeros correspondiniget® 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. soe#taRariki and south of the Otaki

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

3.2.5 Combined uncertainty (CU)

The 2008 Erosion Assessmentds 50 yr measu
yr managed scenario, i.e. LT = 3.7, ST = 2.6, RSLR = 1.6 and D& sHdwever, LT and

RSLR uncertainty values increase for the 100 yr scenario such that LT = 7.4 m and RSLR
=4.8m.

Combiningthe 50 yrindependent termssingequationb gives a combined value of 5.3.
For natural open coasts, a representative valéamwivas used to compute the CEHD
values in equation 1. However, where shpaeallel 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 frohttee structure due to lorgrm erosion.

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

Applying equation 5 to the 100 yr scenan@asurement error data giveesombined value
of 9.5 m. A representative value of 10 m was adoptethfoentire 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 componévalues to giveoastal erosion prediction distanc€SEPDs) and then
relating these distances to ground positions via a measurement origin referred to as a
reference shorelineThe most robust approach to locating a reference shqneliea

hazard compnents 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 (expandeesdgtaorth Raumasouth
Paraparaumu coast, the 2012 Update Assessment reference shoreline values are the same
as thoseised in the 2008. The 2012 Update values are listed in Appendix B, and the
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derivation of the reference shoreline from theasuremeneferencepoint at eachransect
is given in the Data Base.

The CEPDdor the50 yr managed and unmanaged hazard assegscenarios, and the

100 yr unmanaged hazard assessment scenarios are listed in the data summary sheets
(Appendix D, Scenarios 1 to 3 respectivelfhe CEPDs for the 50 ymanagedcenario

(1), which includs the influence of the existing community B®s, rangebetween 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 Rivermdu#h only values which differ
from the 2008 Assessment are generally reduced values along the north Raumati
Paraparaumu coastline (2008: 20.4 to 53.4 m c.f. 2012: 19.9 to 47.7 m).

The CEPDdor the50 yr unmanaged scano (2) for whichall existing sructuresare

removed ranges betwee?b.6and 72.2 m (mean= 45.6 m) with the highest values being
along the South Raumati coast and around the forelandthelmvest valuebeingalong

the north coast and in particular betwéte®m Mangaone and Otakiléts Once again the

only values which differ from the 2008 Assessment are generally reduced values along the
north Raumatsouth 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 scen@iofor which all structuresare 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 CEPDBavebeen spatially located landward of the reference shoreline, these
points argoined to define theoastal erosion prediction ling€CEPL) with additionakffort
to preserve alongshore curvatures not discernable in the measuremefthde a plot of
the CEPLs has not been included in the 2012 Upeatart, the lines have been provided
to the KCDC as vectdiles for use in aerial photo overlays as required.
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4.0 INLET EROSION HAZARD ANALYSIS

4.1 Methods

Inlets,argudly, are the most dynamaf coastal geomorphological systems, driven by the
interactions between marine and fluvial processes.-8anmdnated inlets are typically
characterizedby 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 seftingking them favoured sites for

indigenous and colonial settlement and more lately holiday and retirementpuiaeak.

This pattern has been accompanied by ever increasing hazard risk from increasing property
density coupled with anthropogenicallyduced coastal process change. A schematic

diagram and associated terminology of a typical Kapiti Coast inlet isrsimokigure 4.1

Open coast
shoreline

Inlet
shoreline
Inlet axis ,
"/ :
Flood plain
Inlet throat

Figure 4.1 Morphology aml terminology ofatypical inleton the Kapiti Coast

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 predictinlet (crossshore)erosion hazardistances @EPD).

IEPD = IMC1 (LT + RSLR + DS + CU) (6)

WherelMC = inlet migration curvel. T = longerterm shorelie changeRSLR =retreat of the
shorelineassociated with sdavel rise (SLR), DS=dune stability, and CU sombined uncertainty.
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The bracketed terms in equation 6 are the same as defined for the open coast (Section 3.1),
while theinlet migration curvgIMC) replaces the open co&t component. In

particular, this iste 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 ttime inlet management practices had occurred and the natural IMC being
derived from the subset of shorelines for the time prior to management.

Inlet managemertonsists obtructures such agiide walls an@arthbunds andmouth
cuts(channel excavatits) to constraitongshore channel migratiodn some cases,

partitioning of the inlet shoreline daset resulted in one stdet being too short to
confidently define the inletds associated
used and aingle IMC thus defined which likely contained a bias toward the largesesub

Whilesuchparti oned dat a set s suitable®® represanad0 yryofifldt r o a d
behaviourthey are usually too short to confidently represent 100+yr shereéihaviour,

and such extrapolatiamust be done with cautiorThe complexity of coastal processes

and morphological behaviour must be understood and this requiresnmenyt clearly

stated in general terms in the NZCPS 2010, Policy 24 (a) and (c).
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Figure 4.2 Conceptual ilistration of derivation of inlet migration curve (IMC), inlet
erosion prediction (hazartihe 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 infornmatioding catchment
characteristics (area, discharge) and inlet dimensiongldii@an, earlier shorelinebased

on geomorphic signatures (s&ppendix E)have been identified to indicatiee potential

for greatererosion tharexpectedising the inlet erosion prediction model (equatipn 6

This is important as the aerial phdiasedshoreline datsetused to derive parameter
values in equation wasusually inadequate faxtrapolatng out to 100+yrs The various
characteristics for each of the 12 inlets are described below-sestibns (4.4.2 to 4.4.13)
and marked on an aeriah@os (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 closist itdet and are listed ifo
each inlet in 8ctions 4.4.2 to 4.4.13.

No additional inlet shorelines have been included in the 2012 Update Assessment. The
shoreline envelogs for each inlet are depicted in Figures 4.3 to 4.14. Note that for quick
reference, the superimposed shioes for each inlet have been included\apendix F

The IMC measurement err 3.6 m, compared with tH&T error which is2.6 m.
However, weighting the IMC to the locati@f maximumshoreward incursionsf the
envelopegsee Figure 4.2) providan wnquantified margin of safety.

Combining the 50 yr independent inegtorterms using equation 5 resultsartombined
value of 5.9 m, and the 100 yr combination gisaslue 0.8 m so representative values
of 6 m and 10 m respectively were useddibinlets.

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 pdipgar to, the IMC.
This procelure is conceptually illustrated Figure 4.2. Note that whillbe 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, ileT, RSLR, DS and CU.

When determining the final location of the IEPLSs, particular attentioralgagaid to the
inlet throat geometry during the retreat @sg as this controls the channel orientation and
inlet configuration offsetSo an inlet with, &r 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 seasjathen the managed IEPL was merged with this line.

the vicinity of the inlet throatwhere existing infrastructure existeanaged inlet erosion
curvesweremergeal with this controlln the 50 yr natural inleand 100 yr managed inlet
scenarios, simdr 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. the 100 yr natural inletcenarigit was assumed no
structures existor all inlets.

It is also noted that if only a single IMCaw defined, then this was mergeith both both
managed and unmanaged IEPLs thereby defining managed and natural IEPLSs, albeit not as
pronounced as had managed and natural IMCs bgeed.

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 sectionsnd 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 aeilglsed shoreles and envel@), catchment size andean
annualflood flow at the mouth (these tweharacteristics being provided by SKM,

hydrological modelling consultants to the KCDC). Summary figures (Figures 4.3 to 4.14)
depict the aerighhotoderivedshoreline envelopand inlet management control structures.
The managememegimesaresummarized 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 thtext. The resulting inlet IEPLs are plotted on the summary figure and
shown merging with the relevant open coast CEPLs. Findings from the sholiefine
investigation (Appendix E) are also described and plotted in the summary figures and any
otherinfluences 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 hasmaximum area of ~6.8 ha and alongshore length up to ~600
m basednthe aerial photograph record. Theaohel typically has a northerly offset, the
catchment area is 400 ha (4 Rrandthemean annual flood flow is 1.9%s. The open

coast shoreline beyond the inlet is undergoing-@mm progradation at 0.6 m/yr.

As described in the 2008 Inlet Assenentthe much larger Waikawa Streawhich

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 influenbhas been incorporated withihre erosion
hazard assessment as the KCD@ttaral 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 phdtased shorelines have been overlaid in Appendix F,
FigureF1, and the shoreline dynamics are described in the 2008 Hazard Assessment.

The Waiorongorai Inlet itselfis not subject to channel management. However, to limit
southward channel migration the Waikawa channel is controlled by rock groynes and
occasionbchannel realignment by mouth cutting. It is thus relevant to consider both the
managed and natural \IKawa inlet when assessing tesion hazardorthof 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
manag@ment #&ectsthe southWaiorongomalnlet.

The 50 yr and 100 yr erosion projection lines on both sides of the inlet were derived by
adjusting the inlet migratioourve (IMC) landward by 27.3 m (LT =0, RSLR =18 m, DS
=3.3m,CU=6m) and 63.3m (LT =0, RSLR=50m, DS=3.3m,CU=10m)
respectively, these being the sum of relevant components from the closest coastal
measurement site (C3®b, see Appendi®). 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 g the present channel
offset and inlet configuration will be maintained.

The earlier shorelines depicted in Figure lie3vithin 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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Waiorongomai Inlet

50 yr managed IEPL

50 yr natural IEPL
100 yr managed IEPL
100 yr natural IEPL

Shoreline envelope from
aerial photos 1942-2007

Earlier shoreline from sur-
vey plan

Early shoreline from LIDAR
& aerial stereo analysis

Figure 4.3 Summary of Waiorongomai Inlet’s past shorelines and inlet erosion prediction
lines (IEPLs) for 50 and 100 yr assessment periods. The bulbous nature of shoreline and
hazard prediction lines to the north are influenced by the Waikawa Inlet some 1.6 km to the
north.
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4.4.3 Waitohu Inlet

The Waitohunlet has a maximum area of ~34 ha atghgshore lengtbp to 1400m,
baseduponthe aerial photograph record. The channel typically has a northerly. Gifeet
Wai t o hu c8chmentara®#s00 ha 46 km?), andthemean annual flood flow is
31m3¥s. The adjaent coast is prograding at 0.72 m/yr to the northGaB8 m/yr to the
south

Past shorelines arerivedhazard characteristics are summarized in Figure 4.4. For
reference the full set of aerial phdtase shorelines have been overlamdAppendix F,
FigureF, and the shoreline dynamics are describater?008 Hazard Assessment.

Inlet management consists of several guide walls (markEidjume 4.4) controlling the
channel alignment as the stream enters the
i.e. channelisation by excavation/bund forimatusing heavy earthmoving equipment as

detailed in the 2008 assessment.

The natural inlet shorelines comprise the 1942 to 1966 samples, togethaill witier
shorelines on the northern side of the irstthese were not affected by management
practces. The managed inlet shorelines comprise the 1973 tosa@iiles.

On the sothern side of the inleht 50and DO yr erosion projection linasere derived by
adjusting the inlet migration curve (IMC) landward by 25.3 m (LT =0, RSLR = 16.8 m,
DS=26m,CU=6m) and 62.6 m (LT =0, RSLR=50m, DS =32.6 m, CU =10 m)
respectively, these being the sum of relevant components from the closest coastal
measurement site (C38 see Appendix d On the northern side of thilet the 50and

100 yr erosion projection linegvere derived by adjusting the inlet migration curve (IMC)
landward by 26.0 m (LT =0, RSLR=16.7m, DS=3.3m,CU=6m) and 63.3 m (LT =
0, RSLR =50 m, DS =3.3 m, CU =10 m) respectively, these being the sum of relevant
commnents from the closest coastal measurement site§&3ee Appendix P The

updated inlet erosion predictidimes (IEPLs) ardlustratedin 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.

Theearlier shorelines depicted in Figure 4.4 indicate erosion has occurred in the vicinity
and landvard of the 100 iynatural IEPLjn particular closer to the throat, thus suggesting
the predictions may be conservative.
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Figure 4.4 Waitohu Inlet’s past historical shorelines and inlet erosion prediction lines
(IEPLs) for 50 and 100 yr assessment periods. The erosive effects from the marked engi-
neering structures have been accounted for in the managed inlet scenarios.
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4.4.4 Otaki Inlet

Thenatural (prel950s)Otaki Inlet has a maximum area4df haand alongshore length

up to 190 m, although theery early shorelinesuggest the inlet could have an area up to
48 ha and length up to 2200 By contrast the managed inlet (discussed below) is
adjusting toward an area of some 24ahd alongshore length of 800 MiheOtakiRi v er 0 s
catchment area is 34,900 ha (34%krandthemean annual flood flow is 1115%s,

making it the largest fluviadystem on the Kapiti Coagdt. also contrasts with the other
rivers andstreams by being graveldominated braided system right teetmouth In its
natural state the channels migrated latefadtyveen river banks which weug to900 m

apart and the river affected up to 2400 m of co@ke Otaki Inlet dynamics interact with
theRangiuru Streanwhich joins the Otaki River slightlypstream of the mouth.ong-

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

Past shorelines arterivedhazard characteristicseasummarized ifigure 4.5. For
reference the full set of aerial phdtasel shoelines have been overlaygdAppendix F,
FigureF, and the shoreline dynamics are described in the 2008 Hazard Assessment.

Theinlet dynamics have been constrad by stopbanksonstructed, in the main, in the late
1940s (details in the 2008 Hazard Assment, volume 2) and the realiggmhgave the

channel a slight southwaalfset. By contrast the pmaareged inlet had no offset although

the very early shorelingsee Figure 4.59uggest both north and south offsets may have
occurred Contemporaryiver management techniquésr minimizing erogon of the inlet
shorelines comprise river training wonkkich maintain the channel within its preferred
alignment, and mouth cutStopbank and inlet management has resulted in much of the pre
1950s northermiet infilling and a tendency farosionalongthe southern inlet shoreline

The natural shorelines used for analysis are those obtained from the 1939 and 1946 aerial
phaos.The managed shorelines were obtained from 8% 10 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
=09m,CU=6m) and24.4m (LT=0,RSLR=145m, DS=09m,CU310m
respectively, these being the sum of relevant components from the closstst

measurement sit€30.16 (seeAppendix D. Theseupdated inlet erosion predictidimes
(IEPLSs)are illustrated in igure4.5. Note that the naturarosion predictiofinelies

seaward of the managed prediction lihe to the stdpank induced channel offset

affecting the managed shoreline da&d.

On the northern side of the inlet the 50 af@ ¥r erosion projection linesere derived by
adjusting the inlet migratioaurve (IMC) landward by 18.5 m (LT =0, RSLR =11.1 m,
DS=14m,CU=6m) and44.7 m (LT=0,RSLR=33.3m, DS=1.4m,CU =10 m)
respectively, these being the sum of relevant components from thstdoastal
measurement sit€3254 (see Appent D). Theseupdated inlet erosion prediction lines
(IEPLs)are illustrated in igure4.5.
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As evident in Figure 4.5, channel orientation as it enters the inlet may take on a more
shorenormal orientation under the 100 yr natural scenario and the 1&Pr |
configuration accounts for this possibility.

Earlier shorelinegFigure 4.5) depicteth the vicinty of the IEPLs indicate thahe 100 yr
predictions may be underestimatdd addition very early shorelinesouth of the river

infer asystematiclly 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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Otaki Inlet H ff o N

50 yr managed IEPL
s | 50 yr natural IEPL
| | 00 yr managed [EPL
=100 yr natural IEPL

Shoreline envelope from aerial
photos: 1939-2007.

Earlier shoreline from survey

& plans: 1879 sth, 1897 nth.
Earlier shorelines from LIDAR
& aerial photo stereo analysis
- Engineering control structures
50 m 150 m 250m 350m 450 m

Figure 4.5 Otaki Inlet’s previous shoreline locations and inlet erosion prediction lines (IEPLs)
for 50 and 100 yr assessment periods. The erosive effects from marked engineering structures
have been incorporated within the managed inlet assessment scenarios.
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4.45 Mangaone Inlet

The Mangaone Inlet has a maximum are&.dhaand alongshore length up to 780 The
catchment area is 5,000 ha (50%nand the mean annual flood flois 29 nt/s. Tre
Mangaone stream carries fine sediment while the inlet and adjacent beaches are gravel
dominated (supplied by the OtdRiver). This inlet has a small southerly offset, although
earlier shoreline evidence shows it may have previoushanadtherly offet. The bng

term open coast shoreline progradation is about 0.4an/gach side of the inlet.

Past shorelines arterivedhazard characteristics are summarized in FigureFr6
reference the full set of aerial phdtasel shorelines have been ovédlan Apperdix F,
FigureF4 and the shoreline dynamics are described in the 2008 Hazard Assessment.

The aeral photo record for the Mangaone Indsiows no evidence of inlet management in
terms of channel diversion, bank protection or guide walls. Hewewre recently,

stream mouth cutting has been carried out to prevent lateral migration of the channel.
Given the apparent lack of significant managethpgactices in the past anadreore recent
trend toward shoreline stability, it was consideretitabe 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 inlemigration curve (IMC) landward b§9.0 m(LT =0, SLR =12.5m, DS
=0.5mand CU=é1)and48.0m (LT =0, RSLR=37.5mMS=0.5m, CU =10 m)
respectively, these being the sum of relevant components from the closest coastal
measurement site C26.58 (see Appendix THese updated inlet erosion prediction lines
(IEPLS) are illustraté in Figure 46.

On the northern side of the inlet the 50 af@ ¥r erosion projection linesere derived by
adjusting the inlet migration curve (IMC) landward by 15.6 m (LT =0, RSLR =8.8 m, DS
=0.8m,CU=6m) and 37.3 m (LT =0, RSLR =26.5d% = 0.8 m, CU =10 m)
respectively, these being the sum of relevant components from the closest coastal
measurement site C27.63 (Fggpendix D). Thesepdated inlet erosion predictidimes
(IEPLs) are illustrated in Figure 4.6.

As evident in Figure 4, channel orientation as it enters the inlet may take on a more
shorenormal 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.

Theearier 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 magidre
estimated
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Figure 4.6 Mangaone Inlet previous shoreline locations and inlet erosion prediction lines
(IEPLs) for 50 and 100 yr assessment periods.
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4.4 5 Hadfield Inlet

The Halfield Inlet has a maximum area@aB haandalongshore length up 80 m. The
catchment area is 1,100 ha (11%kmand the mean annual flood discharge is*mThe
inlet has a southerly offset, although earlier shoreline evidence #hawwsmay
previouslyhavehad a northerly offset. Lorgrm open coast shoreline progradation is
0.44 m/yron the south coast and 0.51 on the north coast.

Past shorelines arterivedhazard characteristics are summarized in FigureRdr7
reference the full set @ferial photebasel shorelines have been overlmdAppendix F,
FigureF5 and the shoreline dynamics are described in the 2008 Hazard Assessment.

The aeral photo record for the Hadfield Inlshows no evidence of inlet management in
terms of channelidersion, bank protection or guide walls. Howegwapre recently,

stream mouth cuttingas been carried out to conttateral migration of the channel.

Given he apparent lack ahanagemet practices in the past anadreore recent trend

toward shorelinetability, it wasnot necessary to carry out a managed inlet assessment.

On the southern side of the inlet the 50 and 10€rgsion projection lines were derived by
adjusting the inlet migration curve (IMC) landward by 28.1 m (LT =0, SLR = 18.8 m and
DS=3.3mand CU=6m)and 69.6 m (LT =0, RSLR=56.3m, DS=3.3m, CU =10 m)
respectively, these being the sum of relevant compofremtsthe closest coastal
measurement sit€22.06 (seeAppendixD). These updated inlet erosion prediction lines
(IEPLs) are illustrated in Figure.

On the northern side of the inlet the 50 af@ r erosion projection lines wederived by
adjusting the inlet migrain curve (IMC) landward by 25.6 m (LT = 0, RSLRLZ7 m,
DS=19m,CU=6 mand 64.8n (LT=0,RSLR=529m, DS=1®,CU=10m)
respectively, these being the sum of relevant components from the closest coastal
measurement sit€23.5 (see Appendix D)These updated inlerosion predictiotines
(IEPLS) are illustrated in Figuek7.

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

The earlier shorelines depicted in Figure lieZvithin 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 recenthaast obscured much of the
earlier shoreline record.
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Hadfield Inlet

50 yr natural IEPL

100 yr natural IEPL

Shoreline envelope from
aerial photos 1948-2007

1879 _| Earlier shoreline from
survey plan
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LIDAR and aerial photo
stereo analysis

Figure 4.7 Hadfield Inlet’s previous shoreline locations and inlet erosion prediction lines
(IEPLs) for 50 and 100 yr assessment periods.
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4.4.7 Waimeha Inlet

The Waimeha Inlet has a maximum area offta&ndalongshore length up t®6 m
baseduponthe aerial photograph record. The channgidslly has a northerly offset, the
catchment area is 1900 ha (19%randthemean annual flood flow of 13%s. The
adjacent coast is prograding at 0.4 m/yr to the north and 0.34 m/yr to the south.

Past shorelines arterivedhazard characteristiegge summarized in Figure 4 Bor
reference the full set of aerial phdtasedshorelines have been overladAppendix
FigureF6, and the shoreline dynamics are described in the 2008 Hazard Assessment.

In early colonal times the Waimeha Stredhowed into the Waikanae River but its flow
had greatly reduced by the laté™@ntury. In 1921 the presestteam outlet was
artificially openedalthough very early shorelines indicate the Waimeha had previously
had its outlet in this area (see Figur)4Forfurther detailon the early Waimeha see
Section 3.7 Waikanae Inlet, and also tB808 Inlet Assessment, Volume 2).

Manawatu Catchment Board reports note that temporary structuresiaxitedvicinity of
the Waimeha Inleprior to the mid1980s; however, these are not evident in the earlier
aerial photo record with the first observadyne appearing the 1988 photo. There is
now amouth cutting regime to limit the extentlateral migration. The increased
management over the last few ddes justifies the division of shorelines into an natural
and maaged 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 &80 yr erosia projection linesvere derived

by adjusting the inlet migration curve (IMC) landward by 23.6 m (LT =0, RSLR =15 m,
DS=26m,CU=6m) and 57.6 m (LT=0, RSLR=45m, DS=2.6 m, CU =10 m)
respectively, these being the sum of relevant compserienh the closest coastal
measuremergite (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) landwdrg 23.0 m (LT = 0, RSLR = 15 mdS
=2mCU=6m) and57.0m (LT=0,RSLR=45m, DS=2m, CU =10 m)
respectively, these being the sum of relevant components from the closest coastal
measurement site (C18.&ge Appendix D)The umlated inlet erosion predictidimes

(IEPLs) are illustated in the summary figure.

As evident in Figure 4.8, the channel orientation as it enters the inleemilin offset to
the northunder both the 50 and 100 yr erosion prediction scenarios, so it is likely the
present channel offset and inlet configimatwill be maintained.

The lack of relevant earlier shorelines in Figuregh&s someconfidence to théEPLSs.
However, ashis inlet was subjected to natural processesifity 50 yrs before
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managenent constraints occurred, may not have achievetkipotential configuration
dimensions To tes$ this hypothesis, the set of irlet lengths werdinearly regressed
(equation 7) and nonlinearly regressed (equatiae@essed against the corresponding
catchment areas (equation Note Otaki was exchled as itvas classed as awitlier,
possibly reflecting its braidegiavel bedand gradient contrasts with the other inleffe
association were statistically significant (r = 0.855 and 0.888 respec)iagigt the
residuas for the Waimeha werd8 mand-6.5 m respectivelyindicatingthat it was
neaing its equilibrium configuration prior tthe onset ofnanagemenpractices

Li = 9.748/c + 432.9 (7)
Li = 1.33Ac®5+ 118 (8)

Where L = inlet length and A= catchment area
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