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EXECUTIVE SUMMARY

While the Kapiti Coast has been subject to open coast erosion asdssartien past, these

have essentially beeagional assessmernitsthat they covered large areas at a relatively low
level of detail. Given the extent of residential development along the coast and the potential
for future development, together with theedconsequence of property loss associated with
erosion plughe uncertaintieassociated witls climate change, the Kapiti Coast District
Council (KCDC)commissione more detaileddcalized assessment. In particular the
erosion hazard linmethodobgy shouldbe robust and defendahlese industry best
practicespsea timespan ofat least50yrs, andincorporate all availablenformation.

In addition, wherehte coast is protected Isyructures omanagemenpractices, an erosion
assessment for tlegmulated natural coast was also required. Calculating erosion hazard lines
for the corresponding simulated natural coast/inlet enables the effect that management has
had on coastal processes and morphological behaviour to be identified and the coesequenc
of not committing to existing management for the next 50 to £&3 yo be defined. While

it is not anticipated that these structures will cease to be maintairtbat other

management practices be disttoned, informed decisions witle able to bmade on both

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

For practical reasons tlkapiti Coast Erosion Hazard Assessmemas divided into three
parts with Part 1 covering the open co&pén Coast Erosion &ard AssessmenPart 2
covering the inletslflet Erosion Hazard Assessmeahd Part 3 consisting of the ddtase,
(referred to as th€oastal Erosion Hazard DatBase or simply as th®ata-Basg, which
includes all raw and processed datang with computation detailgor the various hazard
components used in the assessments.

The present report comprisart 1: Open Coast Erosion Hazard Assessmantlas®sses

the erosion hazard fromhe sout hern end of Paekakari ki
boundary with Horowhenua Birict Council,a distance of approximately 38 krRart1,

while originally completedn February 200,Avas subsequentlypdatel to incorporate

range of new datbeconing availablelater in the 2007In particular; high resotion colour
vertical aerial photographs tife entire Kapiti oastline and adistrictwide beach profile

survey. In addition, the latest information pertaining to climate change aihevstase

from the International Panel on Climate Change (IP®@&sreleasedn 2007 The Kapiti

Coast Erosion Hazard Assessmeat incorporates this information amglthus fully upto-

date.

The erosiorhazardassessments use ampirically-basedapproach which quantifies the
predictedcrossshore erosiomazard disince by summing several componeihtsparticulay
thesecomponents consist of:

1 longerterm historical shoreline changehich is derived by statistical analysis of up
to 135 years of data (depending on location);
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1 shorteri term shoreline changehich isalso defined with respect to the historical
shoreline record;

1 retreat associated witanticipatedacceleraton in sealevel rise fronglobal
warming whichis derived via a shoreline adjustment matthelt utilized the
substantial beach profile dasatheld by the KCDC;

1 retreat ofa dune sarp (formed by undercut by storm waves)achievea stable
slope whichisbasedoa sl ope stability mo3el that
dimensionaLIDAR (Light Detectingand Rangingylata, andinally

1 acombineduncertaintytermwhich provides an acceptable safety martyiraddition
to using the highest quality raw data that was available, the assessment utilized the
most recent developments in image processing, data abstraction and statistical
analysis, therebgnsuring robust and defendable output.

Along the southern coast, the erosion assessment was carriedtbatffitowing three
seawall scenarios:
1 seawallshold, where the seawalls successfully maintain integrity and remain fully
functional,

1 seawallsrepair, where the seawalls fail locally but are quickly repaired; and

1 seawallremonal, where widespread failure occurs and the remnants are then removed

It is also noted that a more detailed assessment was carried out for south Paekakariki
(AppendixA), because of its documented history of erosion, previous erosion hazard
response (13 homes were removed in the early 1980sit, @nttainsa rare section of
natural shoreline.

The finalcrossshoreerosionhazad distance$CEHDSs) aredepicted in g 9, andare
summarized as follows:

1 Along the southern coast (south of the Kapiti Boating Club at Paraparaumu Beach) the
erosionhazard valuediffer quite dramatically for the three seawall scenarios. Under
theseawalls holdscenario, the hazard distarepials zero next to the walls, while
nonseawalled areamome49i 120 merosionmayoccur(depending on the site)

1 Under theseawallrepair scenario, therosionhazard distancdsehind the failed
sections of seawall at Paekakariki and Raunagigebetween 21 and 3@
(depending on the siteln the norseawalled areas the hazard distances are the same
as for theseawalls holdscenario

9 Under theseawallremozal scenario, erosiohazard distancesithin theseawalled
areas increaseom 21 to 36 m pto 33 to 74 m, while in theron-seawalled areas
they lower from49-120 mdownto 36- 61 m
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1 North of the Kapiti Boting Club the seawall scenarios do not applyeerosion
hazarddistance igreatest around the foreland (44 tbrg) with values rangig
betweer26 to 44m further north

Based onlieseCEHDs erosion hazard lines were derivaddngthe entire open coaanhd
high resolution images depicting these lines are available from the KCDC dtficze
examples of these hazard lines overlyin@728erial photographare given irFigs 10, 11
and 12. Thereis a choice ohazard linealong the southern coastiated tahe future seawall
scenario the council decides upolm particular, there is theld, repair or removecenaris
along theofficial seawalled areast midhorth Paekakariki and south Raumptiys a
decision on how ttandle the private seawalls which gpetial shoreline protection at
south Paekakariki and north Raumati (see Figs 10 and 11).

Finally it is noted that this erosi@ssessment has been carried out abtted leveli this

being the most detailed level usually undertaken by local government. Property owners still
have the option of commissioniygt more detailedite-specificassessmesand these may
further refirethe hazard lines defined in the present report.
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1 INTRODUCTION

1.1 Background and terms of reference

In June 2005, Coastal Systems Ltd was commissionedassess the erosion hazard along
theopen coasadnministered by thdapiti Coast District Council{CDC), andthis was later
expanded to include the coastal inletsefig 1). TheKapiti Coast Erosion Hazard
AssessmentomprisedPart 1 which covers erosion on tlopen coastPart 2which covers
erosionat inlets, andPart 3which containghe database TheCoastal Erosion Hazard Data
Base(referred to more simply as tibmta-Basg containsthe extensive sets of shoreline data
used in the assessment, together witmputation details dhe various hazdrcomponents
for each of the 68oastal measurement sitesed in the studie3he presentaport contains
Part 1,theOpen CoasErosion Hazard Assessmehlote that viile Part 1 was completed in
February 2007t was subsequently decided to update tilsessnent tincorporate a range
of new datébeconing availablelater in the 2007In particular; high resolution colour vertical
aerial photographs dfe entire Kapiti oastline this had not beedonebefore), and a
comprehensivdistrict-wide beach profe survey. In addition, the latest information
pertaining to climate change and deeel rise from the International Panel on Climate
Change (IPCEwasalso expected in 200TheKapiti Coast Erosion Hazard Assessment
now incorporates this informatioméis thus fully upto-date.

The Kapiti Coast has been subject of several erosion assessments in the past; for example the
generalied empiricallybased assessmaritGibb (1978) and later thmedominantly

processhased, but still generalized, assessneé Lumsden 2003). Both theseeroson

assessments relatedth@ open coasand no previous assessmbat been carried oftar

the 12 inletsIn addition, the previous assessments weg@nal assessmeritsthat they
coveredarge areas at a reladily low level of detail. However, given the extent of residential
development along the coast and the potential for future development, the council required
morelocal (detailed)assessments be carried out. The brief for the presepen coast
erosionstudy consted of the following

i) Erosion hazard lines should be derived usingbaist and defendablpproach
and useof industrybest practice

i) The assessment should apply foleast a 5@r time span oplanning horizot

iii) The assessment shoudd carried out at thiecal levef in urban areas and
incorporate all available archival informatioh lower level of assessment was
acceptable for rural areas

iv) Wherecoastal protections structures (seawalls and revetments) ancengsion
hazardas®ssment for theimulated natural coasshould also be carried out

1. Theplanning horizorrefers to the period of time for whiche hazard zoning applies. Wh8é or
100 yrs are often used by hazard assessors, there is no RMA requirement otioereitpaine plan
reviews every 10 yrs. This situation reflects the uncertainty involved in extrapolating rates of
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water courses and stream mouths, seawalls and other locations referred to in the text have been marked. References across the top of map locate coastal

Figure 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 areas,
measurement sites with the prefix C referring to sites used to provide data for determining erosion hazard Component values,

o

references beginning with

the prefix X referring to sites used to provide eXtra data for more detailed hazard assessment or for modelling the 2008 reference shoreline used for locat-
ing hazard lines, and the subsequent numbers refer to each site’s longshore distance (km) from the datum at the southem end of Paekakariki Beach.
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change into the future for an arbitrary period. Hazard zones should thus be viewed as
indicating he degree and spatial extentrisk during the assigned pedaather than
providing certaing. While inordinate zone widths could be used to ensure hazard avoidance,
such an approach is often not acceptable in developed areas. As a compronhigeathis
assessmentses a conservative approach when deriving the component values and these are
then applied over a 50 ye@arediction period The resulting hazardidths arehusexpected
to apply forwell in excess 50ng.

2 It should be noted that whilelacal erosion hazard assessménapplicable to longshore
reaches as small as a few hundred metres, this should not be confusesitetipecific
erosion hazard assessmaevitich contains the greatest level of detail and is carried out for
individual proprtiesusually athe property ownersxpense

3 While removal of these shoreline protection structusesot an anticipated management
strategy, it has been included to help quantify the effect the walls have on coastal processes
and shoreline behaviotthereby enablingnformed decisions to be made on both their
continuance and their future extension.
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1.2 Environmental setting

Physical and cultural aspects of the study area have been described in earlier work (e.g. Gibb,
1978;Holland and Holland, 198 Lumsden, 2003)Briefly, the northern section of coast
(Waikanae tdeyondOtaki) tends to consigif wide, accreting sandy beaches backed by

dunes and isolated settlemeniie exception being the mixed sagcvel beaches andck

of foredune to the south of the OtakiM@r; The central region (Paraparaumu) consists of an
accreting cuspate foreland with sandy beaches backed by dunes and concentrated settlement.
The southern sections of coast (Raumati to Paekakariki) hawsveatreaches which, in

their naturaktate, have erosive tendencies, dreytare backaby higher sand dunes.itV

the exception of Queen Elizabeth 1l Regional Rarét a small area at south Paekakatiks

southern coast hdeen densely settled.

Thecoastal environmens also characterized by a ramgfeengineering structures. These
structures were established over the past 50 yrs to cehtidlineerosion, andhey
continue to influenceoastal processes. In particular, the structures cofgsiaewalls and
groynes to contraiiver/stream mouths (e.g. Waikanae River, and the Wharemauku Stream),
and seawalls along the Raumati and Paekakariki ctwastitrol shoreline erosioinitial
seavall construction followed series of highlgrosive sorms in the midl950s(Donnelley,
1959) However by thetime of the infamouSeptember 1978torm much of thisnitial
seawallwasin poor repair and widespread erosion occurred (Gibb and Wilshere, 1976;
McHugh, 1981)More robust wallsvere then builbetween Marine Gardermsd QEIIl, and
along The Parade at Paekakari8ubsequently,ack toeprotectionwas, and still isbeing
added.Lumsden (2003) estimatedaththe remaining life of these walte be 10 to 15 yrs.
Privately constructedalls of vaying quality and longshore extent occur in Raumatthe
north of Marine Gardenand also in south Paekakariki

1.3 Approach

An empiricallybasednethodologyas adopted as thigproach is widely used New

Zealand for coastarosion hazard assamentand is consideretb be industy bestpractice
(Auckland Regional Council, 2000; Dahm and Monro, 2002). In addition, the assessment
utilized the most recent developments in image processing, data abstraction and statistical
analysis, thereby ensuog robust and defendable output.

The assessmeunses the following formula tderive cossshoreerosion hazard distances
(CEHD):

CEHD = LT + ST+ SLR + DS +CU (2)

Where:

LT = longerterm historic shoreline change.

This component was derivéar a 50 yr periodising statistical analysis shorelines
derived fromcadastral maps and aerial photographs;
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ST= Shorterterm shoreline fluctuation.
This component was to be derived gsstatistical analysis of the historic shoreline
data;

SLR= Shoreline retreat associated with sdavel rise (SLR) induced by global
warming.

This component waderived for a 50 yr periobdased on the shoreline response model
deemed to be most appriate forthe Kapiti Coastand using the most recent SLR
estimats;

DS = Dunestability.
This component accounfisr scarpretreat to achieve a stable slope following storm
erosion of the foredune

CU = Combined uncertainty

Thisrefers to the safety margderived by combiiing themeasurement errawhich
is the combined errors (usually randomassociaté with the other four components,
together with a range aofther factorqprecautionary measures used in post
component processing) which serve to increase the overall safety nTdrggaother
factorswhich werequantifiable wereincluded in the combined uncertair{tgU)
valueusd in equation 1.

Theopen coaserosion hazard assessment incorporates the following three future scenarios
for the existing seawalls:

0) Seawalls hold Walls maintain their integrity ansliccessfully functioffor the
duration of the prediction period,;

(i) Seawalls are epaired. Localized wall failure occurat some time during the
prediction periodut are quickly repaired, and

(i)  Seawalls areremoved. Widespreadvall failure occurs withhemnants removed.
Failure and removal are assumed to occur earlier iprédiction period

Note that he associated seawall management programmes for these three scenarios could be:
0] Optimum wall maintenance, strengthening and/or replacement as ngtessar

(i) Moderate wall maintenance withpairg i v e n 6 w o where faijure bcoursi t y 6
and

(i) No wall maintenance with removal of remnants upon failure.

4. This assumes upgrading to adequate engineering stajseéardumsden, 2003).
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Note that ach of the 68 coastal mmaement sites (Fig 1) had reference point coded
with a dstance-based name, with distance being relativedoat um at Fi sher mano
Restaurant~urthermorethe code is prefixed with either C or With data from the former
sitesbeing used for determininQomponent values and the later to sites wieXitea data
were collected for more detailed assessmélitie precisewvey ceordinatedor each
coastal measurement sit@eference point are given in tbata-Base

In addition,for crossreferencing purposes, the location of any transects used in beach profile
surveys which are in the vicinity of each coastal measurement site, are include®atdhe
Baseworksheet for that siteln the pastcrossshore beach profiles have been surveyed by
several government agenciéise Kapiti Borough Council, the Manawatat€hment Board,

the Ministry of Works and Developmetihe Greater Wellington Regional Council and
Horizons Regional Council.

Erosion hazard component valwaegl resulting CEHDare graphicallydepicted in Figs 5 to
9, with longshore distance on the frantal axissuch thaD km corresponds to the

Fi s her man ddaturR(gigeh ia sectionr2 3 of tlmta-Basg at thePaekakariki
CoastSHL1 intersection in the southeiand 381 km corresponds to the KCDC/Horowhenua
District Council boundary in theonth. The actual component values and CEHDs are
tabulated in Appendix B and their derivation is detailed irth&-Base

1.4 South Paekakariki Study

The south Paekakariki coast has been subjected to significant episodes of erosion during the
mid 1950s(Donnelley, 1959) and mid to late 1970s (Gibb and Wilshere, 1976; Gibb, 1978;
Gibb and De Pledge, 1980) with 13 homes subsequently being removed from Ames Street in
the early 1980s. The central and northern sections of the Paekakariki coast haveusontinuo
and substantial seawall protection. By contrast, the southerdnkashas a variety of

protection with the central 300 to 600 m remaining in its natural &aten the shoreline

variation (natural and partially seawalled), the erosional historytengrévious hazard

response for this area, a detailed geomorphological study was carried out to provide
additional information for use in the open coast erosion hazard assesBneestiidy,
entitledShoreline Change at South Paekakariki: 18®D07, is included as Appendix A.

1.5 Reviews

Thishazard assessmarfport was peer reviewed by Dr Mike Shepherd (coastal
geomorphologist, Massey University) and Mr John Lumden (coastal engineering consultant).
Written correspondence with thereviewers, includingeconciliation of critical comment, is
compiled inCoastal Systems Ltd (2007) which is available from the KCDIe peer

review compilation also contaim®mment relating to specific aspects of the hazard
assessment was received frpractitionersvho havehad direct involvement with coastal
process or management investigations on the Kapiti Coast oveagh&@yearddr Jeremy

Gibb (coastal management consultant), Professor Bob Kirk and Dr Martin Single (coastal
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geomorphologists, University of Canterbyrgind Mr RichardReinenHamill, Senior
Coastal Engineer with Tonkin and Taylor Ltd

It is noted that thessommunicationsesulted in the inclusion of Appendices A and C which

provide an in depth revieand assessment of shoreline change along the soughpiti

Coast Professor Kir k aonpredibtion pSriods grnd ses/é respanseme nt s
modellingresulted irthe inclusion of Footnote, And pés of Appendix D. MiReinen

Hamill, Senior Coastal Engineer with Tonkin and Taylor .| .ftovided useful comment on

dune stability (Section 5and this resuéid in theinclusion of Appendix E.In addition, the

statistical techniques used in the shoreline modelliege scrutinized by Dr S Ganesalingam

from the Department of Mathematics and Statisat Massey University.

1.6 Report outline

This reprt consists of separaBectiors (25) describing the fouhazard componesflong
term change, sheterm change, retreat from acceleratedlsgal rise and dune stability)
and derivation of their vaks undereach of the three seawall scenari®elevant
measuremergrrorsand other uncertaintieseconsidered within each of these 4 sections.
The combined component valughich give rise to therossshoreerosion hazard distances
(CEHDs)are desched inSection6. Sectior’ describeshe subsequerderivation ofthe
coastakerosionhazard linegor erosion seback lineslandgivesseveralllustrative examples
(Figs 10 to 12). inally, Section8 discussea range obther matters related to the
assessment
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2 LONGER-TERM SHORELINE CHANGE

2.1 Introduction

Longerterm shoreline change refersaeeralltrends apparent in the 50 to 150 yrs of
historical data availde for the New Zealandcoast. However caution is required wém
trends are notinearas prediction becomes less certain acdresevative modelling
approach needs to be used. At Kapiti tr@eeseveral instances of such behayiaad in
most cases thegppeato correlate with human activity such as devegetaitd
revegetation, urban delopment, andoastalnanagement

2.2 Sources of longer-term shoreline data

The primary data source for both the lontggm and shorteterm sloreline analysis was
verticalaerial photographskor the Kapiti Coasthese potosdate fromthe early 1940and

were sampledt approximately 5 to 10 yr intervaRBhotographs were obtained from the

KCDC archive or purchased from aerial surveybrsaaddition,shorelinedata already

obtained from aerial phot@ndpublished inthe Coastal Resource Map Seriegre used
Theseplanimetric maps were produced by the Photogrammetric Branch of the Department of
Lands and Survey in the 1980s for the National Water and Soil Conservation Organisation
(NWASCO) using analogue stereograpachiniques.

The vegetaon-front was used as the shoreline indicafiis is commorpractice when

using aerial photokecause of theelatively clear demarcatioin addition, his vegetation
line is a particularly suitable shoreline indicator for hdzasessment becauseaipidly
retreats under thelevated water levels and high wavesnaijor erosive events but recovers
muchmoreslowly. The effects of storm erosion are thus preserved few years, thereby
avoiding the need for more regular syweGround inspectionf dune morphologgalong
with stereoscopic inspection of aerial phatogjive 3D visionpwere also used also used to
helpidentify previous shorelines

Prior to the advent of aerial photography, the main source of shorelinis fiata cadastral
maps whichmay depict a variety of shoreline indicators including the foredo@@r more
commonly, the high water mark at the time of the suri#®wever,high water marks are
influenced by marine conditionand these conditions carsué in its location varying over
several metres, thereby introducing a random error into the basaldition,high tide lines
areinvariablyseveral metres seaward of the dune vegetation line, and this introduces an
unresolvable systematic error wheambining cadastral and aerbased shorelines.
However, the seaward offset of the (earlier) cadastral data results in aestweation of
shoreline erosion and this, fortuitougbypvides a safety margin for any subsequently
derived hazard distanceFor the present exercise, cadastral shorelimeszonly obtained
from the NWASCO ©astalResource Mps.

Shoreline data contained in earlier reports such as Gibb (1978) and Holland and Holland
(1985) were not used becausalificulty identifying reference measurement points
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addition, several errors were identifigtbted inSection2.4.2 and Appendix C); these
were possibly related imanual techniquesf data abstraction compared with the more
accurategeorectificationbasedorocedurs (see bow).

2.3 Processing and analysis of longer-term data

To compare shoreline logans from different yeard WASCO mays and aerial photogragh
werebd g€ @ c t ,ii.d. trapstbidnetb a common spatial scale and standard magrdimate
systemi in this case the &lv Zealand Map Grid (NZMG). r@ssshore transects used in
previous studies were then locatelaccurately as possiple and addi ti onal 0i n
points were assigned to provideore comprehensive coveratpeoughouthe study arealn
urban areas or along sections of coast with greater morphological change, transects were
spaced only a few hdned metres apanvhereasn rural areas or along coastal reaches with
little variation,the spacing increaseshd was often iexcess ofl km. In all, 68 sites were

used for measuring various types of coastal informationHige#), with thepreciseco-
ordinates of theeferencepoints(measurement origins) being recordedPart 3 DataBase)

to facilitate future updates. Note tHat the partially seawalled sectianof coast,

assessments were madedeverakeawalked and norseawalled location® demonstrate
differences. For examplenorth ofMarine Gardens in Raumati, ti@cations without walls
(C10.29 andC10.6) were used along Witthe interveningeawalllocated at Tainui Street
(C10.40Q. Thisresultedn a marked fluctuatiom the longterm output graph (Fig 5An
theerosionhazard(crossshore) distance output graph (Fig 9), along in the (longshore)
erosionhazard line (FidLO).

For each transect, the distance from the landward reference point to each shoreline was
measured and recorded. This resulted in ~9 aleaiséd data points and 1 or 2 earlier
cadastrabaseddata points per transect, ab&00 data points in total These data wereéh
loaded onto a spreadsheetdmalyss. An example of a shoreline history (tirseries) graph
for north Waikanae Beach is depicted in Figure RAte that the distance datum is the first
measured shoreline, this being to simptig shoreline modelling procedure described
below.

In the past,dnger-term shoreline gnds haveftenbeenidentifiedusing thed e #paih t 6

method in which the@et changés dividedby the overall time intervallts appeal lies with its
computationakimplicity, andin situations where shoreline behaviour is linear, i.e. the rate of
change is constardnd the engbointslie close orthetrend,thisapproach provides a
satsfactorymeans of defining the loAgrm trend’ should one be present. Howevier,

many situations the end points do not lie on the trend and shoreline behaviour is better
described udiarsgeddérdeqpreagsimobrdel | ingd. This t e
data using a 0l east sqguar e tsobdatapoints. Suohe whi ch i
regressiorbased modelling is increasingly being used in hazard assessment and will be used

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

dependent variable (shoreline location), X is thejpethdent variable (timegis the
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Figure 2 Example of shoreline change at North Waikanae (transect 18.85). A linear
regression model (straight red line) has been fitted to the time-series in A to depict the
longer-term trend of progradation (seaward advance). Differences between the mod-
elled (straight line) and observed values (crosses) in A, are plotted in B. These differ-
ences (called residuals) are used to determine the shorter-term shoreline fluctuation.
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intercept on the Yaxis,b is the slope coefficient (rate of shoreline change)easdhe
fitting error.

Y=at+tbhX+e 2

The model output provideglues for the rate of shoreline change and the fitting error which
relates to the sheterm change (Sections 3). In addition, statistics are available to provide a
measure of the significance of the slopadfo) and the reliability of the slope (teandard
error of b) and these are considered later in the uncertainty Section (2.5).

Parameters are also available to describe the strength of the association (correlation
coefficient), and the proportion of variance explained in the correlatiore bivthvariables
(coefficient of determination). These terms and concepts are described in statistical text
books such as Shaw and Wheeler (1985), or manuals for statistical software such as
Wilkinson, (1996). The correlation coefficient, together withrttegnitude of the fitting
error, indicate a changirigend andnon-linear regression procedursisould be considered
Note, f the dataset contain®nly two points, then the output from linear regresswihbe
thesame as from enrploint analysis.

A linear regression odel has been fitted to the egtoints in Fig 2A to define the lorgrm
trend; in this case the shoreline is migrating seaward at an average rate of 0.Zhes&r.
datapointsclearlyfluctuate about thétted line. In this case it can be seen th#tte endpoint
approach woulgield a similar rate.

Linear modellingvas carriecbut on data from each transesing the following time

periods: theentire record (1870s to 200){ theearlier period (1870s to early1950); and

thelater period (1940sto 2007). Note that the earlier period was selected to precede coastal
management, while the latter period was selected to include all available aerial photographs
because of thecauracy and consistency of the associateateline datalhere is a temporal
overlap of about 10 years between the two-data.

Linear modelling was found to provide a relatively poor fit to edtare mediurrterm
change gay10 to 50 yr patterns) were evident. In particular

1 Between the foreland apex ati Waikanae Rivermouth longesrm shoreline
advance has been replaced with more stationary behaviouta@eed line irfrig
3A);

1 On the southeast side of the foreland a significant increase in the accretional rate has
occurred (sedashed line irfrig 3B);

1 Along the southern section of Marine Parade the accretional trend has changed to
erosion (seélashed line ifrig 3C), and

1 The erosional trend at QEII Park has increaseddaskeed line irrig 3D).

COASTAL Report Title: Kapiti CoastErosion Hazard AssessmerRart 1 Open Coast
Reference No 200802 Version: final Status Open
SYSTEMS Client: Kapiti Coast District Council Date: March, 2008



19
Transect 13.44

B.

Transect 14.20

A.

2000
2000

1980
1980

1960
1960

1940
1940

1920
1920

1900
1900

T
i L1
1880
Transect 6.57

150

C _ _ n ] m
g & ® ° 3
(W) uo1RIIY () uotsorg ) (W) uonRIeoy (w) uo1soI
[ T T T T _ T T T T _ T T T T _ T T T T T T T T _ T T T T T T T T _ T T T T E m
- ~
= —
i -
r =
3 | m |
- g &
L 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 ] k2 T 1 1 1 1 _ 1 1 1 1 1 1 1 1 _ 1 1 1 1 ] i m
g 8 ° 7 g 8 ° § 8
(W) uoneooy (w) uorsosg C. (W) uoneooy (w) uorsosg _

Date: March, 2008

Status Open

Version: final

Report Title: Kapiti CoastErosion Hazard AssessmerRart T Open Coast
Client: Kapiti Coast District Council

Reference No 200802

Figure 3 Examples of non-linear shoreline behaviour. A is at Paraparaumu between the
foreland apex and Waikanae River, B is at Paraparaumu to the south of apex, C is at Rau-

mati North to the south of Marine Parade and D is at the Raumati end of QEIL
The bold dashed lines depict linear models fitted to the entire record, while the shorter bold

lines depict weighted linear models applied to more recent data (as explained in the text).
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While nortlinear models provide a better fit for such data, they mayledsbto increased
inaccuracy when used for predictive purposes. This situation occurs when the underlying
processes responsible for the change in behaviour are uncertaityredehsiour will also

be uncertain and the ndimear pattern may change oragain. In such circumstances,
researchers (Fesnter et al., 1993) recommendimear models only be used to identify

critical trendchange, and weighted linear models then be apmipdstchange data. This
approach has been adapted for isthe present study. Suwaleightedlinear modelling
techniques have been applied to the four examples in Fig 3 and are represented by the bold
lines on these graphs. For completeness, in eaeha linear moddlas also been fitted to

the entire recor@dashed line)

2.4 Longer-term results

2.4.1 Rates of change and discussion

The longetterm rates of change for tearlier period (1870s t0195Gs), and thdater period
(1940s to 2008, are depicted in Fig 4A and 4B respectively. Note thatates periodresults
weredeived using datdérom nonseawallechreasand interpolated across seawalled areas,
while thesouthernmost valuegere derived from the South Paekakariki Study (AppeAdlix

While the rates for thentire recordwere computed, they have not been incluidetie

analysis asheir trends were qualitatively similar to tlager datasets with the excefon of

the areas represented Bigs 3A-D, and helater aerialbbased dtarecord provides for greater
accuracy and predictive precision because of the single data source (vegetation line from
aerial photos) and the larger number of gadants withineach record.

The average rate of retreat along the PaekakBakimati cost to Marine Gardens for the

earlier period(Fig 4A) was-0.15 m/yr (0.25 t0-0.004 m/yr). Given that these rates may be
exaggeated by the inclusion dfde-based shorelindsom cadastral mapsnd affected by

lack of intermediate datpoints, the prairrban shoreline appears to have been relatively

stable. Further north, from Marine Gardens to the south side of the foreland apex, the rate of
shoreline change varied betweér3 to +0.4 m/yr, before increasing up to +1.8 m/yr

between the apex and the \W&mae River. With only one exception at Waikanae Beach

(-0.16 m/yr) the shoreline north of Waikanae was accretional with rates as high as 1.2 m per
yr (average 0.46 m/yr).

Results for théater periodare depicted in Fig 4B. Rates derived from limegression
modelling are depicted by the green solid line and rates derived by weighted regression are
depicted by the black dashed line. As noted earlier, the weighted regression technique was
used for locations where a change in trend is evident.
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A.  Earlier record (1874 to 1950s)
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Figure 4 Longer-term rates of shoreline change for the early (pre-seawall) period
(1870s to 1950s), are depicted in A. Rates for the later (aerial photo) period (1940s to
2007) are depicted in B, with the dashed line identifying those areas with more recent
trend change. Details of the modelling procedures are given in the text. Discontinuities
relate to areas affected by river and stream mouths (A and B), or seawalls (B). The long-
shore distances on the horizontal axis stretch from Packakariki on the left to beyond
Otaki on the right. While suburb and settlement names, along with horizontal bars repre-
senting seawalls or rock revetments, have been marked on the lower graph (B), they also

apply to the upper graph (A).
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Thelater periodresults(green solid line), showrosion south o€10-29 (approx Marine
Gardens) with maximum erosion ratesvard the northern end of QEII Pakccretion
occurs along theoast north of C1:29 with maximumvalue of1.51 m/yr at the foreland
apex. By contrast with thearlier perioddata(Fig 4A), the ratehen decreasd¢oward zero
between the apex and the Waikanae Rivermoutrbssible reasons for this dramatic change
in shoreline behaviour fos on inlet management and are discuss&him?2: Inlet Erosion
Hazard Assessmenflong the northern coast entirgbpsitive rate®ccur with the average
value beind).42mlyr, approximatelythe same as for thearlier perioddata. However, the
longshae variability is less for théater perioddata and thiss probably related to regressing
over a greater number of data points.

The results in Fig 4B based on tleighted linear modddashed ling)identify locations
where a more recefinediumterm)change in trend has occurréB time-series examples
from these locations were depicted in Fig Be erosion rates have increasdémhg the entire
QEII coastlineand this is likely to have been caused by seasvateffects Seawalls modify
the hydrodyamic conditions and cause erogiboth on the beach to seaward. Localized
erosion also occurs at/beyond the ends of the wall, especially on the downdrift side if a coast
is subject to significant longshore curretirosion is also evidenbrth of the Ramati
seawallsand this extends at least as facCd4-64 (Rua Stre¢ton Marine Parade. Such
mediumtermerosion may be related end effectérom the Raumatiseawalé to the south.
However, it is probably more likely to be associated with variatioedmeent supply; this
may be either a localized variation moving shooemally, or the longshore propogation of a
sandwave Indeed, thaveighted regression analygiBig 4B) emphasize a more recent
accretionalrtend south of the foreland apex, and tiekaviour may be linked with the
mediumterm pattern of shoreline change north of the Raumati seawalls.

Between thdorelandapex and the Waikanae Rivée weighted modelling shows the
approximate stability (0.07 m/yr) from the general regression nimetej replaced by

erosion {0.28m/yr). This changeesults from thesubstarl recession experienced between
the late 1990searly 200Q(seeFig 3A andrelevanttime-series inthe Data-Basg. Again,
reasons from thishange irshoreline behawur are cosidered in thénlet Erosion Hazard
Assessment.

Theseatypical shoreline behaviours to each sidehefforeland, may be relatedumsden
(1996 andGibb 2002 haveand speculated that eroded sediment from north of the apex is
the source of sedimeatcumulating to the south. Sediment volume calculations by Gibb
(2002) gave some support to such a hypothesis. Howeiglikely that a portion of this
eroded sediment was uskdinfill part of the Waikanae Estuafseelnlet Erosion Hazard
Assessmé) In addition the timeserieg(seeData-Base)do not support a continuously
migrating sand wavehe typicalprocesdy which sedimernwavesmove along open coasts
The hypothesized transfer of sediment around the apex, and on toward the Kapiti Boating
Cluband Marine Paradevould therefore require an alterivatsediment transport
mechanismpossbly involving nearshore processes compared to (idaf) beach
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processes Further research would be required to explain the sediment dynamics in the
vicinity of the foreland apex.

2.4.2 Comparison with earlier studies

Gibb (1978) and Holland and Holland (198&)ve publishetbroadlycomparativdong-term
shoreline migration rates. The Gibb/Hollandentified 0.16 to 1.71 m/yr of longéerm
accretionalong the Waikanae to Otaki coast. Ttwsnpares with 0.23 to 0.5#/yr from the
more comprehensive present study. Around the forelan@ibieHollandsstudies
identified accretional rates of 0.09 to 2.54 m/yr. An updated-teng shoreline assessnien
by Gibb (2002) about the foreland apex area, found letayer accretional rates had
decreased to between 0.9 and 1.1 nTiese rates compare wit0.28 to 1.8n/yr used for
predictions in the present study, witle negative value reflecting the trnhange from
accretion toware@rosional since the 196(Fig 3A) . Immediately to the wesf the Raumati
seawal$, the GibbMollandsstudies found rates of approximat@lyp m/yr. This compares
with -0.78 to -0.06 m/yrin the present stydagain refleang the more recent erosional
change Ratedor QEIlI ranged betweei®.26 and).46 m/yr for the earlier studies c41.48
to -0.28 m/yrin the present studyGibb (1978) reported rates 60.72 to-0.03m/yr at
Paekakariki, compared with.26 to-0.15 m/yr for theearly periodand-0.16 to-0.05 m/yr
for thelaterperiodas deri ved i n the present assessment
(Appendix A).

The differences imatesbetweenhe present studgnd the Gibb/Hollands studiesither
reflect themore recent influence odeawall end effectandother forms of coastal
managemerdas noted abover elseto less sophisticated motiag proceduresr
measurement erram the GiblBHollandsstudies. For examplethe substantially higher
Paekakarikvalue n Gibb (1978)was a consequence of using an inappropriate shoreline
indicator as explained in Appendix C.

2.4.3 Predicting longer-term change

The rates of change shown in Figs 3 and 4, provide the basis for pretiiotrigrm
shoreline chngefor the three seawall scenaridsigure 5A depictpredicted longerm
change under th@alls holdand thewalls are repairedscenariogor a 50 yr prediction
period, while Fig 5B shows the predicted change undewndtis are removedcenario.Note
that the recently constructed roctevetment along sghernmost (approx) 500 m bfarine
Parade has been incorporated into this assessment.

Details of the computation procedsage provided in th®ata-Base Important
considerations are briefly set out below.

Long-term shoreline change faralls hold and walls repaiscenarios was based on tater
periodrates, while for the southern coésputh of C1117), which is affected by seawalls,
theearlier periodrates were used.
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Of particular note is thdor all areas subject to positive (seawaldshoreline trend, the

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

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

The maximum(95%) erosional rates of shoreline charuyer several transects Wwisimilar
characteristicsvas selected to represent that reach. apmoachelps to compensater
any bias introduced by possible undampling.

For theseawallecareasthewall remowal outputincluded 50 ys of catchup erosionwith
this factor resultingn up to 12.5additional metres of erosiorlso note thatn areas with
seawallsthe longterm shoreline change feeawalls hold= 0, as it is fomwalls repair
scenariaasin the Etter case its assumed that failedalls will be reestablished ithe same
location

Note that all predictions fromboutmidway along Marine Parade to Otaki are the same
regardless of seawall scenario.

It is possible that the substantial erosiordmted to occuunder thewalls hold/repair
scenariosn areas adjacent to the present seavgalth ast QEIl Park(up to 75 m)may be
overestimated because it is unclear whether or not the increased erosion ratesndue to

effectswill continue. Itis possible that after initial adjustment to changes in wave, current
and sediment transport patterrezession rates may reduce as the system tends toward a new

equilibrium. However, for hazard prediction purposes it is assumed that the éxgdtierg
rates will continue.
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