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EXECUTIVE SUMMARY

The final section of this repofBection 6 Summary and Conclusionsas been
structued and writterso as tasuffice as thé&xecutive Smmary
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1.0 BACKGROUND

1.1 Terms of Reference

In November 2010Coastal Systems Ltd (CSwjas contated by Mrs Jenny Krzanich

of Happy Jacks Road, Mahanga, with reganefmesentinghe community group

Mahanga E TUMET) as a coastal hazard witnessiforthcoming Envionment Court
appeal against a recent decision by the H
Wairoa District Council (WDC) to grant subdivision consents to WiiBaMexted and

Malherbe for Lots 1 and 2 DP28759 at Mahanga Be&dures 1.1 is a lot@n map

of Mahanga Beach and the proposed subdivjsiod Figure 1.2 showsazardplanning

details

A site visit was carried out on 18 January, 200He propose subdivisionis located on

the (western) side of an inlet connecting the Mahanga (Wa)tStream with the ocean.

In general inlets comprise one of, if ibe, most dynamiand hazard prone parts of
coastal systems. This inlet seemed to be no exceptitnboundingtopography and

low elevation makinghe sitevulnerable to tsunami and sto inundation, andrésh

scarping on the western baand a spit on the eastern side indigapossible erosion
issues. At that stage it appeared an errormay lameen made by the cou
decisions to permit such a subdivisiamd | considered weada professionatthical

duty toat least investigate the extent/severity of potential hazards. After an exploratory
study it became clear to us that the site wasqueetly vulnerable to tsunami, storm
inundation and extensive systematic erosion duthe mandatorassessment periad

at least 100 yrandthatsuch hazards presented a serious risk to personal safety and
property. CLS were subsequendpgaged by ME to (1) prepare &ll and detailed

coastal hazard assessmé&@) compare ouresults vith past assessmerits this area,

(3) assess the earlier studies against requirements of the New Zealand Coastal Policy
Statement (NZCP3010) which became operatalron 3December 201Q4) assess

the viability of hazard risk mitigation measures, afidcomment on hazambning

1.2 Past assessments and hazard zoning

Several coastal hazard assessments have been carried out for the area in question
between 2002nd 2008 as part of subdivision consent applications. Quantitative details
from these asessments are provided later in Sections 4 and 5. The following is based

on Gibb 2002, 2005, 2007, 2008, Tonkin and Taylor 2004 and 2008, HBRC 2007
(HBRCEP HearingReort 500 series Coast al Hazar ds)
evidence dated 22-2012 evidence.
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Figure 1.1 Location maps for Mahanga Beach and proposed subdivision

The first hazard assessment was carried olirbjeremy Gibb in 200f®r Mahanga
Beach Ltd. as part of a subdivision (PukentivB, Lot 7) application to the Wairoa
District Council (WDC). The shoreline analysis sleal all of Mahanga Beach to be

accreting.
I n 2004, Tonkin
Mahanga as part

(HBRC). A regional assessment isassessm n t

and

Tayl or

Ltd

(T&T' 04)

soefs s nmehneti rf o“rr etghi eo nHaa Wk ea’ ss

based

on

“spatiall

component values and is necessarily conservative. That assessment was based on
estimating several components typically usedriandation and erosion assessments

(see summary Tables 4.2 and 5.3 in the present refott) e

T&T' 04

the longterm erosion result from Gibb 2002, i.e. all of Mahanga Beach is accreting.

T&T’ 04

produced

t hree

host being lthsetl onthe sum wfi t h

all erosion components excluding the shoreline respora®ijiected sedevel rise
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(SLR); they recommended +muilding seaward of this line. The adjacent landward
area potentially affected by SLR response and inundation P9 Allowed only
temporary/removable buildings with clearly defined design criti#ria.noted that
closer to the inlet, i.e. the area of the proposed subdivision, their hazard lines were
offset landward, apparently as a precautionary measure in reoaght inlets

typically have unstable shorelines.

Il n 2005, Dr Gidbspgacirfiied” omdasat dlsihazard
owners in the vicinity of the proposed subdivision (Lots 1 and 2), and concluded
structures would likely be sulgjeto material damage by erosion and inundatidhe

100 yr erosion hazard line withinglproperty (Gibb 2005, Fig 6) plotted close to the
T&T 04 | ine.

In 2007 Dr Gibb was commissioned by the owners to apply his 2005 assessment to an
alternative hazardsk management zonationn particular, the longerm ersion

component was excludedfn the nebuild zone. This approach reduced the proposed

T & T’ 0-Buildrdistance some 66%, from 42 m to 14 m (assessment values
summarized in Table 5.3 of the presesygort), this resulting from the 2005 site

specific assessment having a stiertn valueof 9 mcompared ta & T ' 4

conservative value of 42 m, and the Gibb N@ERO longterm erosion values (0.22

m/yr in Gibb 2005 and 0.12 m/yr in Gibb 2007, see Se&id}) was delegated to the
adjacent landward lower hazard risk zone where building regelmitted. This

treatment of longerm erosion is surprising, but was subsequently adopted by the
HBRC and later by the Wairoa District Council (WDC) and the cuimanard zoning

is depicted in Figure.2. The secondary hazard management zone (CHZ#jsed on

the combined effect of lortgrm erosion and the response to SLR (plus inundation
criteria) and permits building as restricted discretionary activitielse pfoposed
subdivision application was approved by a joint council hearing decisidOm \&ith

a condition that required the building of a seawall to protect against possible systematic
erosion. This condition is also surprising given that the therabpeiNZCPS 1994,

Policy 3.4.5 required anyew subdivisionto be so located d@e avoid the need for
protection works.

1.3 Coastal hazards and their assessment

Coastal hazards consist of erosion, inundation and landslide and these are driven by
tides,tsunami, storm surge, waves, currents, sediment supply ahevseéahange.

The seawat dip of the alternating mudstone/sandstone layers of sedimentary rock
making up the coastal ranges, facilitates slope failure, and it is shown in Section 2 that
theMahanga coastal environment was formed by a catastrophic slope failure (the
Mahanga Land&le) some 800 yrs ago. The hillslope immediately south of the landside
could produce landslides in line with the Mahanga Beach settlement. However, basal
protectionfrom wave action by depositional material from the Mahanga Landslide,
along with lagoonnifill (the present wetland), greatly reduce the likelihood of such an
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| DATA SOURCE: Cadastral & Topographic information frof
Copydgm Reserved Coastal Hazard Zones are derived f
| haz its by the HB Regional Council.
LIMITATlONS AND COPYRIGHT: This map may not be r¢g
| or transmitted to any other party, in any form or by any mq
; ? without the written permission of the copyright holder.
s+ | DISCLAIMER: The Hawke's Bay Regional Council cannof
¥ that the accuracy of aerial imagery, cadastral and
| topographic information shown on this map is 100% accu

Legend

——— Coastal Hazard Zone 1 (July08)
- - = = Coastal Hazard Zone 2 (July08)
[ Coastal Hazard Zone 3 (July08)

Proposed subdivision
Criginal building sites

Modified building sites

Figure 1.2 Hawke’s Bay Regional Council (HBRC) coastal hazard zones in
the vicinity of the proposed subdivision. Coastal hazard zone 1 (CHZ 1) covers
land subject to erosion from short-term shoreline fluctuations and dune instabil-
ity hazard. Building is not permitted. CHZ 2 covers land potentially at risk of
erosion up to 2100 form long-term shoreline change and retreat associated with
sea-level rise. CHZ 2 permits building as restricted discretionary activity. CHZ
3 covers areas potentially at risk from sea water inundation in a 1 in 50 yr event.
Sources: compiled from materials from the HBRC and the Applicant.
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event within the current assessment period, althqugdicted SLR and coastal erosion
beyond the assessment period may change this situaimastal hazards assessed in
the present investigation will be restricted to tsunami inundation, storm inundation and
erosion.

The methods used to assess codstahrds have been developed over the past 30 years
as scientific understanding of coagiadcesses developed and as methods of data
acquisition and analysis improved. Hazard assessments consist of defining several
components and then appropriately commgrtheir assigned values such that the result
applies to a designated assessment panddstorm magnitude. While there has
evolved general agreement over the main@guhbponents to be assessed, the
techniques for their assessment can varied consiggml. ARC 2000) depending on

the type of coastal environment and the qualificationksexperience of the

practitioner. Over the last few years there has been an increase in official guidance and
in December 2010 the revised New Zealand Coastal Pstatgment became

operative and this contained a dedicated policy (24) on matters thltionee

considered when carrying out a coastal hazard assessment. While this will bring a
welcome consistency to hazard assessment, it should be noted thatastlleqoough
assessments already accommodated the matters raised in the NZCSP 2010.

As well as practitioners determining the extent of erosion over the assessment period,
and the level of inundation from an event of a particular (critical) magnitudezaad

is only a hazard if the event actually negatively affects persons or properarcH
sensitivity analyses (HSA) have often been a first step in the hazard assessment
process, whereby areas likely to suffer systematic erosion or inundation ared whe
there will be consequence (personal safety/property impacts) are generally identified
and these then undergo subseqpeiatritized assessment. This raises the issue of
hazard “risk” which is the combination of
ercsion) and the consequences of impact, and the NZCPS 2010 gives particular
attention to tis concept, especially with regard to hazard management (Policies 25 and
27), such that new development in hazaradne areas musivoid increasing the risk

1.4 New Zealand Coastal Policy Statement 2010, Policy 24.

Policy 24consists of two sentenceBhe first sentence requires areas of the NZ coastal
environmenpotentially affectedh y coast al hazarYds fi¢imel ud
identified, giving priority of aeas of high risk of being affected. This is in keeping with

the EHS approach outlined ihe previous paragraph. Inclusion of tsunami as an

inundation driver is significant as while tsunami had often been described in New

Zealand assessments it had notnbeeluded in the output due to the lack of definitive
information (as was the case hretearlier Mahanga assessments). Note that further
directive now requiring the inclusion of tsunami in assessments is provided in Policy

24 (d)
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The second sente@celates to assessing the extent of erosion or inundation over a
prediction periodofa | e a s t Thit i8 &notlyer sgymificant directive as the only
previous timespan guide was the (indirect) 50 yrs specified in the Building Act
Guidelines, althogh use of 100 yrs was often used in local government hazard
assessments, especially wheubdivision was involvedCase lawdocumented in MFE
(2008khows the Environment Couras, especially more recentgenerally required

100 year timeframe@ssessne period or prediction period)However, there is no
directive as to the critical inuation event (magnitude/frequency) and this is discussed
below in Section 1.5.

The second sentence goes on to8istattersan assessmenttis have regard towith

the 8" relating to climate change and fasubpointsthe first of which requires
resssessment of the previous seven matters in term of climate change effects. This
direct inclusion of climate change and the detail with which is to be incorporated is
clear indication that associated hazards cannot be assigned lesser significanael in haza
zoning as has occurred in the past with local government, including the 2008 HBRC
zoning at Mahanga. These 8 matters are now described and implications noted.

Policy 24a Have regard to the physical drivers and processes that cause coastal change
including sealevel rise.

This essentially requires the practitioner to compile a conceptualagebatogical

model (as quantitative as possible), that will explagnghst morphological behaviour

of the coast in the area of interest and indicate futumege. Policy 24a is a matter of
fundamental importance and some of the subsequent matters in the list relate to the
provision of information to define the geomorptgical system. The Gibb reports
broadly defind the very largescale, very longerm gstem, but failed to accurately
identify the more localized smaller scale system operating at estiale of + 100 to

150 yrs in the vicinity of the subdivision, atids has significant implications for the
hazard assessment.

Policy 24b Have regard teshortterm and longierm natural dynamic fluctuations of
erosion and accretion

Longerterm (LT) and shorteterm (ST) shoreline behaviour comprise two important
compnents in conventional coastal erosion hazard assessments, the others being
retreat assoated with sedevel rise (RSLR), dune erosion scarp stability adjustment
(DS) and a combined uncertainty estimate (CU)). Identification of erosion/accretion
pattens also plays an important role in quantitatively defining the morphodynamic
system. Howver, to provide reliable assessment at the now mandatoryrl00
prediction period requires obtaining and analyzing the longest possible historical data,
preferably vell in excess of 100 yrs.
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Dr Gi bb’s previous assess @28nBysonttast,¢ghd dat a
present assessment extends the-base back to 1899 and also included more

intermediate samples. The previous assessments also tendedessusmriprehensive
methods of timeseries analysis. Some significantly contrasting amahgsults were

obtained

Policy 24cHave regard to the geomorphological character

This essentially refers to understanding the land forms and their formative pspcesse

and provides primary information for defining the geomorphological systems. Also

included in most hazard assessments is as allowance for post erosion adjustment of the
steep dune scarp to a stable slope. While this parameter can be significant &here th
foredunes are several metres high, it was relatively insignificant in the Mahanga
assesments with T&T" 04 ignoring it altoget!

Policy 24d Have regard to potential sources, inundation pathways and overland extent

This relates to all forms of seard driven inundation (including tsunami) and how the
pulse or wave behaves as it propi@g landward. This matter requires an

understanding of wave type (including tsunami) and wave climate, extreme value
analysis, and marine and terrestrial wave tramstion across marine and terrestrial

relief. The earlier assessments relied on histbgeidence (which is important but

limited), earlier and somewhat less sophisticated wave data, and minimal consideration
of pathways and propagation behaviour.

Policy 24e Have regard to the cumulative effects of-tmeel rise, storm surge and wave
height under storm conditions

This relates to the storairiven inundation componentsalevel rise (SLR), storm
surge (SS), and wave processes of runup (RU) angog&U). Note thatin addition,
storm inundation is affected by tide, lower frequencylseal cycles (seasonal, El
Nino/La Nina, and the IntdPacific Oscillation), with catchment rwoff and the factors
noted above in Policy 24d having additional effed#ost importantly, Policy 24e
refers to their combination and this is a critical coaesation. Unlike the erosion
hazard components which are simply added together, storm comporagnbe inter
related so care must be taken not to @stimate theicombined effect. To achieve
this, extensive data sets and specific statistical analysagquired. These are matters
of fundamental importance in storm inundation assessment and are considered further
in Section 1.5 below. As the required data setg ey recently begun to become
available, the earlier assessments were not able torede such detail so used more
conservative approaches and necessarily arrived at higher inundation values.

Policy 24f Have regard to the influences humans have twaare having on the coast.
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Shoreline behaviour can be affected by anthropogeniataiwhich can control
hydrodynamics and sediment supply. Such activities include coastal protection and
rivermouth control structures, river controls such as daangeécale pioneer

clearance of hinterland, and more recent land catchment stabilinatrkn The latter

may influence sediment supply to the Mahanga coast and require the use of the longest
possible shoreline data sets coupled with appropriately precant uncertainty

values. As noted earlier, the existing assessments used substahteky records

than the present assessment.

Policy 24g Have regard to th extent and permanence of bstluctures

The assessment also needsdnsider the ééct existing structurekaveon erosion and
inundationprocessand how this situation ay change in the future. The limited
present buildings on the site are considered ineffectual in influencing erasional
inundation processes. However, a seawalhigigegral part of the subdivision proposal
and this will have significant environmentalpacts not considered in previous
assessments (Gibb, 2006ardno2008). In addition, the solid platforms planned for
the proposed dwellings can be expected to aiffemdation by channeling and
redirecting flows, increasing local flow velocities angonnding inundation, and
these situations were not addressed in previous assessments.

Policy 24h Haveregard to the effects of climate change on:
)] matters a to g atwve,
i) storm frequency, intensity and surges, and
i) coastal sediment dynamics

The original P94 New Zealand Coastal Policy Statement (NZCPS 1994) only required
thatthe possibility of sea level rise on coastal hazards needed to be recadiotiey

3.4.2 and.4.4), and consequently Local Government often relegated climate change
effectsa low priority in hazard assessment and/or implementation into hazard zones (as
appears to have been the case at MahaN@aSection 1.2). However, over the past

10 yrs orso, scientific understanding of climate science and coastal impacts have

greatly increas# (e.g. IPCC 2007, MFE 2008, RSNZ 2010, Shand and Manning 2010),
and NZCPS 2010, Policy 24 a, e and h make it clear that such effects must be accorded
fundamental imprtance in hazard assessment and implementation.

In particular, Policy 24h, subpoint @)jrects the assessor to address climate effects
with respect to the previous 7 matters (a to g). Itis noted that matters (ii) and (iii)
appear to have been includied emphasis as in a thorough assessment they would
already be covered when addressinlgmint (i).

Previous assessments incorporated SLR into erosion and inundation calculations, based
on the official guidance at those times. However, there was naleoaison of further
impacts of climate change on hazard drivers.
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Information -base. Policy 24 finishes with a clause that assessmentwdske into
account national guidance and the best available informatdiothe likely effects of
climate change There has been a considerable increase in available information over
the past few yearas can be appreciated when perusing the Reference Section of the
current report.

1.5 Inundation terminology and definitions

Inundation assessments must be baseaihoevent of a prdefined magnitude and this

is described in terms of the return peradhe annual excedence probability (AEP).

Thereturn periodefers to the average length of time in which an event of a particular

size will occur. The AEP refete the probability of an event which exceeds a

particular magnitude, occurring in any givyear), with each approximating the

reciprocal of the other. So a 100 yr return period event refers to an event that occurs, on
average, once in 100 yrs. The AEP igglent is an event a 1% or 0.01 probability of

occurring in any particular year. Of ase this assumes no systematic change occurs

in the driver’s future climate, and all ov

What return period to use for coadtalzard assessments? A critical return period has

not been directly stated in the NZCP&LO or other guidance. The only NZ legal

directive is the Building Act 2002 (Building Regulations 1992, Schedule 1 Building

Code clause E1.3.2) that surface wateell&wom a 50 yr return period evesihall not

enter buil dings. T &fhat€fore caundls hishe &dopfed &IMB ) n
yr return period for housing and new subdivision. However, the NZCPS 2010 Policy

24 and Policy 25 u saffectedhbg coasalhakzards gveradeadt e nt i
100 years”, and t hylewvlikelihabd af coastalhazardhimpgactso n |y
can be ignored by decision makers. Therefore, larger events (for example, a 200 yr

return period event with a 40% chanceooturring within the next 100 years, such as
examined in the tsunami inundation assessimgmaragraph 3.2 below) warrant

serious consideration by decision makers. In the present assessment, a 100 yr return
period is used with an indication of the 5Ceyent/impact included. However, in view

of the comment above, these could be viewed aseatwative (undersized) extreme

events relevant for a 100+ yr assessment period.

Other important terms/concepts are:

1 Theplanning horizon or prediction period or assment periodhis being the
length of time the hazard assessment is required to Bpzad(y equivalent to the
design life of the type of allowable structure), and

1 Therecurrence intervalwhich is the likelihood that an event of a particular size
will occur within the stipulated planning horizon.
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To illustrate these concepts by exden@a 50 yr return period event, which is

equivalent to a 0.02 or 2% AEP, has a 86% chance of occurring within the mandatory
minimum 100 yr hazard assessment periBg.contrast, a 100 yr return period event
(0.01 or 1% AEP) has a 63% chance of occumwitgin the 100 yr planning horizon, a
200 yr return period event has a 40% chance of occurrence, a 500 yr return period
event has and 18% chance, and a 1000 ymrgieniod event has a 10 % chance of
occurrence.

Deriving component values is not sgatforward and until the recent advent of

extended data sets, component values were based on observation with maximum values
over a typical period of 50 to 100 yrseftbeing used. In addition, combining

component values requires consideration of tredihkod of their combined

occurrence or joint probability as if the variables are independent, e.g. tide and storm
surge, then arithmetical addition of their indivitlualues result in a significant
overestimation. These situations are considered in setad in Section 4 and

Appendix A.

1.6 Report Structure and Review

Section Aescribed th&eomorphological Systerthis being of fundamental

importance in coastaazard assessments dhis is now cleam the NZCPS010.

The definition of this syem is based on: published geological and geomorphological
information; information provided by the HBRC including 2005 LIDAR from which a
detailed Digital Terrain Moel (DTM) was constructed; results from the present
assessment, for example the shoredinalysis in Section 5; and lastly some material
provided by colleagues at Massey University who carried out extensive research during
the late 19804990s. Section 3assesses the tsunami inundation hazard, and its impact
across the proposed subdivisignliustrated using the LIDA®ased DTM.Section 4
assesses the storm inundation hazard and its impact is also illustrated with the LIDAR
based DTMSection Sassessethe erosion hazard using over 100 yrs of historical
shorelines, and both linear and finearregression analysis. With the aid of the

DTM, a realistic future evolution of the Mahanga Inlet could be predicted and its
impact on the proposed subdivisiatesdentified. The erosion components values are
set out for comparison with earliersessment values in a comparison table (5.3). The
feasibility of hazard risk mitigation is considered at the end of each of the assessment
sections.

To achieve the wst thorough review possible, each section of the report was
considered by a different getitionerwith specialist knowledgef current hazard
assessmertechniques andssociated atters related to that particular section.
Reviewetr sommens weresubsguentlyincorporated within the repotd maximize
accuracy and ensure best availablehméblogy.
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Mr Mike Jacobsonreviewedparts of Sections 1, 3, 4 andégarding the

interpretation and application of coastal hazard policies from the NZCPS 1994 and
NZCPS 2010. Mr Jacobson [BSc, BE] is a coastal manageroesitiltantandhas been
working in the field of coastal hazard management for the past 24 wediraeswith

the Department of Conservation, the Kapiti Coast District Council and as a private
consutant. He is presently commissioned by the Department of Conservation to
prepare guidanceotes on the coastal hazard policies in the New Zealand Coastal
Policy Statement 2010. That work is part of deliveringAvabed guidance notes on
the NZCPS 2010 to pmote implementation of that national policy statement by local
government and others,psar t of t he Department of Cons
Implementation Plan.

Dr Mike Shepherd reviewedSection 2 and part SectioraS pertains to the
Geomorphological Sstem. Dr ShepherdPhD] was a geomorphology lecturer and
researcher at Massey Univerdity 33 yrs (now etired) andspecialized in coastal
evolution. Dr Shepherd has undertaken coastal research throughout New Zealand and
Australia and spent several ygam the late 1980s and 1990s superviioth under
graduate and pogfraduate studenésearch projecisn the MahigPeninsula ®mbola

Professor James GoffeviewedSection 3 Tsunami Inundation Assessment).

Professor GoffPhD] is presetly Directorof the AustraliaPacific Tsunami Research

Centre and Natural Hazards Research Laboratomiyersity of New South Wales.

Earlier appointments being with GNS (Senior Scientist), DOC (Principal Regional

Scientist) and NIWA (Group ManageBrofessor Goff vised the Mahanga site in

2007 as part of NIWA's geneHaWwkessn8B8my he
Regional Council.

Mr James Carley reviewedSection 4Storm Inundation Assessment). Mr Carley
[Master of Engineering Science] isSanior Project Engireg at the Water Research
Laboratory, University of New South Wal&Sydney For the pasRO yrs Mr Carley has
undertakerhazard asessment and structure design includingfelsled analytical,
numerical and physical modelling, sitesthroughout Austradi, the South Pacific,
SouthEast Asia and the Middle East. He has authored more thAva@f Research
Laboratory reports, many of which involved developing guidance for coastal
practitioners.

Mr Jim Dahm reviewedSection 5Erosion Assessment). Mr Dal{MSc] is

Principal Director of Eco Nomos Ltch consultancy sialiang in coastal hzard
assessment and management. Mr Dahm has over 30 yrs experience in applied coastal
science and managemaewith previous appintments inclding the Ministry of Work

and Development and EnvironmeWaikato. For 22 yrs he has carried oaastal

hazard asessments and Mr Dahm also runs hazard education courses in association
with NIWA and a range of other organizations
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2.0 THE GEOMORPHOLOGICAL SYSTEM

There ismore uncertainty with respect to future coastal behaviour near the proposed
subdivision lhan elsewhere at Mahia.

Comment by eviewerDr Mike Shepherd

2.1 Introduction

A geomorphological systeis here defined to compriseetipresent landform(s), associated
energysediment processes and pathways, the evolutionary sequences to attain this state,
and thus indicative directions of future diga. This section provides the conceptual
overview of the system with supplementary suppaterial contained in the following
sections.

2.2 Geological setting

The largescale landscape tiis region is a product afiteractiors between théacific

and Australiantectonicplates with the former sliding beneath the latt€his proces$ias
resulted in distinctjeomorphic expressigsrextendingrom the Hikurangi Trough some 20
km east of the Mahia Peninsula at(Coesmrsd t o
Lewis, 1981) Between these extremes are a seri¢israstfaultsgiving rise to

topographic highsanticlineg andinterveninglows (syncline$ which become oldeand

more pronounced from east to west.

During the last onaillion years theseabed immediately east of the Mahia Peninsula has
been uplifting to form thenost recenanticline, thd_achlan RidgéMazengartet al,

2000, andthis has resulted in incremental uplift of the peninsula itself and the formation
of a series marinerreces along iteasernand nortlern coasts witlassociated fluvial
terraces within streawalleys(Berryman, 1993)Uplift rates diminish from east to west

(see Section 2.3)Note fluvial terraces are important as their evidence of relatively recent
uplift often endures whereas marine terraces adongroding coast will likely have been
destoyed.

Growth of the Lachlan Ridge appears to have been associated with the development of the
adjacent (westward) Mahia Syncline (stratagraphic low), causing ttegdXINESSW

aligned axis to translate some 5 km to the northwest (Ota et al., 198@) itMisesome 0.5

km seaward of Mahanga Beach settlement. The syncline logaies the Mahanga area a
tectonic disposition to subsidand this is supported by theducing uplift rate across the
northern side of the Mahia Peninsula (2.5 mm/yr to Oyf)yénd the lack of terraces on

the adjacent mainland coast and within river and stream valleys (LIDAR inspection, this
study). Berryman et al(2008)shows this aea as having a subsidence rate ranging

between 0 and 0.1 m/100 yrs. As such subsidenepisodic, prediction gdotential
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future subsidence has not been incorporateldis assessmentt is noted several million
years agdhe syncline was located alidd km further offshoréSE)with the same
orientation as the current axis. At thatdithe Mahanga area may hagperienced uplift
associateavith the anticlines further west.

2.3 Holocene Geomorphology

During the current warm period (~10 ka)aetd to as the Holocersealevel reached its
present level at6;500BP (after risingsome 120 m over the preceding 20 ka). At this time
Mahia Peninsular was an island separated from the mainland layt &sine5 km wide.
Dateable volcaniairfall deposits on ancierfboreduneshow that by ~5,000 yrs BP a sgnd
foreland had started to ®ndfrom the mainland in the vicinity of the Kopauwhara Stream.
This foreland was fed by littoral drift arriving from southwest (Hawke Bay), the northern
mainland cost (Mahanga and beyond), and also the sediment from the Kopauwhara
stream, so by ~3300yBP it had extended some 2 km toward the peninsula. By ~1800
yrs BP the santlased foreland had joined with the peninsular to fotom#olo,with the

final connedbn likely associated with the dramatic Taupo Eruption which occurred about
that time The 5 km long tombolo contired to grow in size and is nowk& across at the
peninsular end and 6 km wide at the mainland. This landform is the largest of its type in
New Zealand and is registered in the New Zealand Geopreservation Inventory
(www.geomarine.org.nz/NZGl/

Mahanga is located where the northmeast shoreline of the tombolo jeinhe mainland

and the geeral geomorphology of this area is depicted in Figure 1.1 (reproducedifrom
Gibb' 2005initial hazard assessment report for the proposed subdiyidibis map
shows an “early shoreline” whi6arhhigihhsh@e acc om
paralel sand escarpment some 250 to 400 m landward of the present beach. Such an
extensiveercsional shorelinéndicates aseveresediment deficitvhich may have been

caused by the decline and eventual cessation of sediment flows from Hawkes Bay
associated witthe development of the tombolo. The-t®a&l maximum which occurred
between 1100 ant?00 BP in association with the Medieval Warm Period (Grindsted et
al., 2009), which is known to have affected New Zealand (Boswijk et al,. 2006), may also
have conttbuted to this early erosional shoreline . The present predictions-leEvetaise
could lead to a significant increase in mass failure along the langsice New Zealand

East Coast, with an increased risk of burial and local tsunami.

Gibb (20@) notes that landward of the escarpmeand dunes occur somel8.5 m above
MSL and thesare 34 m higher than more recently formed dunes closer to the shoreline
He interprets this aseingevidencefor ongoing tectonic uplift which conflicts with my
ealier argument for subsidence/stability. While variation in dune height can be indicative
of tectonic effects, such evidence requires a esbsse profile displaying a series of
increasing crest heights (for uplift) or decreasing heights (for subsidémcelg out the

many other dune height controls which include variatios@adiment supy; shoreline
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behaviour, or climate chang#luencing the wind regime, wave regime or
temperature/rainfall (vegetativegime
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Figure 2.1 Map of geomorphological features thie wider Mahanga argaeparedy

Dr Jeremy Gibb (2005. The proposed subdivision i
" is the northe

“Hol ocene Coast al Pl ain
Mahia Peninsula to the mainland some 2000 yrs ago. The Mahanga landslide occurre
yrs ago, | ikely when the “early

abait 8 0

subsequent seaward progradation of the shordbnmifig the outer barrier in thdiagram)
and depicted erosion dfe landslide is indicative of a laegcale geomorphologitaystem
working toward achieving state of equilibrium The current focus of adjustment is in the

vicinity of the Mahanga Inlet.
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Accompanying the development a sedimentdeficiti ven “ear |l ya®horel i
been significant cliff erosion of the hillside where the tombolo joined the mainland, and it
appears that was theloss of basal support that lead to the catapth i ¢ “ Mahanga

Lands | i de &l depictedarkiguiex 1 Gibb (2002) provides amge of evidence

to argue that th landslideoccurred some 800 yrs ago and would have originally extended

some 200 m further seaward he | ands | i desupwafddr@mntagowernt e xt €
depositional lobe near sea level to the back scarp that reactiep tighe 270 m high

hillside (slope distance ~700 m and width 450 m). The depositional lobe would have been
some 700 to 800 m wide and 2.5 km around its seawargin#tris noted that the

hillslopes immediately north and south of the landslide alao &®sion scars and

depositional features indicative of mass failure, indicating the high susceptibility of this

coast to such events.

The | ands | i daéfamedahpmonedly tandscapa With (pressure) ridges,

lakes and shoreline recesses. Tmelslide material is colluvium, a weak mixture of fine
sediments and sandstone boulddtss relatively easily eroded by wave action which has
resulted in the dif and boulder beach topography evident todake entire lobe is

eroding and thus thdiif and fronting boulder beach are retreating landward. At the
southern end of the |l andslide’s coast al ma
landwardtwar d t he t ombol o’ s eastern ocean beac

Analysisof histaa i cal aeri al photos indicates the t
was the seaard adjustment of the shoreliferming a barriebeach that partially

impounced terrestrial runoff to form a lagotxetween the landslide and advancing beach
This isa typical coastal sequence following rapid shoreline prog@daiVindblown

sand accumulataabon the stable prograded be&ctiorm dunes, while ongoing channel
migration and bank erosion within the inlet (typical inlet behaviour) ensured minimal dune
developmeripreservatioroccurredadjacent to the inlealthough early aerial photo

analysis indicates it was dune migration that causedhhnnel dogleg some 35anove

the ford. The landwarkhgoon would have progressiveifilled to becomea

marshwetland and ultimatelthe low lying drained land evident today (~2 m above MSL).
The inlet, that area where fresh and marine processes interact, will have rediizeds

the lagoon reduced in size and its throat is approximately in the locatioof the ford.

2.4 Present and Future Geomorphology

The recemtawHBRG’' Bay siviyyMSL, 2dli) shaws &ahanga has a
“moder at e” o0 c ewatmmeansigmificandwave @ejgh{hsg) = 1.1 m and
maximumyearly significantwave heghtat the 5 m bathymetric contour35 m That
investigationdid not include assessment of the longshore current regime which is an
indicator of sednenttranspot potential and thus areas of likely erosion and deposition.
With HBRC approval, webtaned the ravwavetime-series datérom MetOceans and
calculated nearshore longshore sedimeartdport potential using the Kamphuis (2002)
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model whichhas been fountb bein good agreement with physical and field studies
withoutthe need foextensive paameter calibratiofSmithet al, 2003). Computation
details are provided in Appendix B. Transport potential seaward of the Mahanga inlet
(using porosity = 0.32 and50 = 0.2 mm) gavaorth to southiransport= 51,628 ni/yr
andsouth to north = 24,445%yr. A net southwat drift potential of 27,183 m3/yfi.e.

2:1 ratig therefore exists in the vicinity of the proposed subdivisidinis net transport
drops to zey between 500 m to 1 km south of the inlet. This result indicates the finer
sediment fratton from cliff erosion, has been, and will continue to be, a major sediment
source for the beach to the south of the settlement.

The present inlet (area of marifiavial interaction) is here defined as extending from

about the ford (landward throat) tgp200 m along Mahanga Beach based on shoreline

analysis in Section 5 (Figure 5.3), and to the end of the boulder spit on the north/eastern

side (<100 m). As is typal of inlets, the banks are not stable and, in the case of the

Mahanga Inlet, are undgring systematic (longegerm) migration (as detailed in Section 5

and depicted in Figure 2.2). In particular, the boulder spit is migrating landward (westward
towardthe proposed subdivision) at a linear rate of 54 m/100 yrs, and this increases to 119
m/100 yrs using a (statistically significant) nonlinear analysis (Figure 5.4). This is forcing

the stream channel westward at 41 m per 100 yrs, and again thegaradistance is

substantially greater. While the western bank (adjacent to the proposidsab) has

only been eroding at 24 m/ 100 yrs, this | a
the past 72 yrs due to there having been a greater distam@ehdhe spit and western

shoreline (compare the 1938 shoreline with the 2010 shoralifigure 5.2). This capacity

i's now all but gone so an enhanced erosion
embankment.

The erosion hazard analysis assuthesspit system (including the stream channel and
western inlet shoreline) will continde translate landward in the same manner as in the
historical past The viability of this assumption is addressed in SectiBril5

The location of th@roposed dodivision leaves it prone to inundation. Iisv elevation

and topographic containmefthe elevated landslide to the north amheks to the south)
makeit a floodwayfor terrestrialstormrunoff flowing to the sea and alsgpathway for

storm and tsunanmundationtraveling inland (conceptually illustrated in Figure 2.2)

The following lazard assessment will show critical storm surges and tsunami can easily
overtop the inlet bank fronting the subdivision (Sections 3 daehd propagate inland.

In summary,thelocal geomorphological system (summarizedrigure 1.2) is dominated
by adynamic inletwith one side controlled bgn onshorenigratingboulder spitvhich,
coupled with predied climate change effecis likely to drivefuturelandward
displacement of the inletn addition, the inlet is located at the moofran infilled lagom
with sides constrained by elevated topografthg landslide hummocks and sand dunes),
forming a natural inundation pathway. This is the settinghfenresent hazal

assessment
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Hb(av)=1.07 m
Hb(1 yr)= 3.5m

Landward migrat- y Eroding Inlet-associated
ing boulder spit shorelines processes
r
Inundation - Wetland 1~ Proposed
pathway I =~ subdivision

Figure 2.2 Geomorphological system diagram in the vicinity of the proposed subdivision,
depicted upon LIDARJerived bpogaphy. Shown are the major geomophological units
(described in Section Avaveparameter values (Section 4), where Hb is breaking wave he
saliment transport parameters (Sect®)nthe location and déction of present erosioSéction
5 for detdl) and inundation pathways (Sections 2, 3 and 4
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Table 2.1 Landform sensitivity to changes in climate change drivers.
Source MIE (2008.

Landform type Climate change sensitivity
Sea-level Storm Precipitation Wave Wave
rise surge height direction
Simple cliff High Moderate Moderate High Low
Simple landslide High Low High High Low
Composite cliff Moderate Low Moderate High Low
Complex cliff Moderate Low High High Low
Relict cliff High Low High High Low
Embryonic dunes High High Low High Low
Foredunes High High Moderate High Low
Climbing dunes Moderate Moderate Moderate Moderate Low
Relict dunes Low Low Moderate Low Low
Parabolic dunes Moderate High Low High Low
Transgressive dunes Moderate Moderate Low Moderate Low
River delta High High Moderate High Moderate
Tide dominate delta High High Low High Moderate
Wave dominated delta High High Low High Low
Shere platform High Moderate Low High Low
Sandflats High High Low High Low
Mudflats High High Low High Moderate
Pioneer saltmarsh High High Moderate High Low
Saltmarsh High High Moderate High Low
Sand beach Moderate Moderate Low Moderate High
Gravel beach Moderate Moderate Low High Moderate
Mixed beach Moderate Moderate Low High Moderate
Composite beach Moderate Moderate Low High Moderate
Boulder beach Low Low Low Moderate Low
Barrier island High High Low High High
Barrier beach High High Low High High
Spit High High Low High High
Cuspate foreland Low Low Low High Low
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3.0 TSUNAMI INUNDATION ASSESSMENT

3.1 Background

A tsunami is a very long period wave, or series of waves, generated when a large volume
of sea (or lake) water is rapidly displaced. Tsunami are mainly generated by large
earthquakes, landslides (submarine or terrestrial) or volcanic eruptions. The former two
generators are very characteristic of the East Coast region (Mahia to East Capésdue to
tectonic setting in the Hikurangi subduction zone, its geological makeup of faulted and
folded mudstoneand geomorpholocial processes of wave erosion removira f1gsport
along the coastal hill country. The East Coast region is also exposeditd tishami
generated in the Pacific. GNS (2006) shows this particular region is the most tsunami
hazardprone area in New Zealanth addition, topographic consttions further enhance
the wave height and volume as tsunami waves near or reach tharabasbpagat

inland. Enbayments and inlets such as at Mahanga can thus act to focus and increase
wave dimension and hazard risk.

Following generation, tsunami was radiate outward and occupy the whole ocean depth.
While they have low amplitude withithe ocean, they have long wavelengths (several km

to over 400 km) and periods (minutes to hours), and travel at high speedsn(50in the

open ocean). This speadd volume result in significant height gain at the coast, for
example a half metre highunami wave in the ocean can increase to 10 m at the shore, and
travel inland at up to 20 m/s (if topographicatigntrolled surging occursdften with little

loss d energy. If the wave encounters steeper terrain such as the fsdageary valley

runup will further elevate the water surface. Sand dunes were found to be particularly
effective in dissipating tsunami waves in the 2004 Boxing Day event in the IndeanO

While distant generated tsunami waves are tracked and adequate warasgiviemo
coastal communitiesocally generated waves, which are mbkely to affect the Mahanga
area, can reach the coast within minutes and with little or no warréngafte, 2003).
While inundation itself may be hazardous to peassafetyand propertyit is the
momentum of these waves that can be devastating as they flood klemahparison of
predicted tsunami wave forces with minimum strength for houses jredén
NZS3604:1999, shows that the strength of a well build house is likely to be eddeed
the forces exerted by even a 1 m deep tsuf@aN, 2006) Recent results on human and
vehicle stability in flood flows (Engineers Australia, 2010a and b) shatvbaximum
depth * velocity values for persons to retain stability in uniform flow tevben 0.6 and
0.7m/s (0.4 for childrepwith maximum depth regardless of flow = 1.2m, and maximum
flow regardless of depth = 3m/&or vehicles, maximum depth x velty values range
from 0.3 to 0.6 withmaximum depth regardless of flow = 0.3 to 0.5ng araximum flow
regardless of depth = 3m/s.

In the past, lack of tsunarkhowledge meant that this pheneron was often described
but not accounted fawithin hazardassessmestind management, and this occurred in the
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previous Mahanga hazard assessta However, following the 2004 Boxing Day tsunami
the Institute of Geological and Nuclear Sciences (GNS) produced a detailed report (GSN,
2006) that summarized the cent state of knowledge of tsunami and used current
modelling techniques to determineuet period probabilities and the associated level of

risk at a natinal and regional levelNZCPS 2010 requires tsunami to be assessed as part
of a haard analysisrad the GSNZ006)guidancegorms the basis dhe present

assessment

However, revieweProfessor James Goff comments that:

AA paper by Satake and Atwater in 200@ne that has been endorsed by many
researchers, points out that we are always ureltimating the sizef subduction zone
events, so thENS wok isalsoundee st i mat i ngo.

3.2 Assessment

The present assessment uses both 50 and 100 yr return period events with even highe
return period heights also be listed. GSN (2006) provides current wave height return
periods for Gisborne and these are indieabf likely values for use in thteunami hazard
assessment for Mahanga. In particular, the 50 yr return period meaatestind.9 m (+ 1
standard deviation = 4.4 m), and the 100 yr return period = 4.2 rsté@nhdard deviation =
6.2 m). As the inlet topography could locally enhance tsunami wave height and
momentum, and as the level of uncertainty associated witBXi&modelling procedures

is relatively high, addition aheonestandard deviation shouleseriously considered as
likely.

Professor Goff notes:

Al think this(mean plus one standard deviatiamyeasonable. The area is more exposed
than others in NZa tsunamis from both local (subduction zone, submarine landslide, and
other fault rupturs) and distant South American in particular, tsunarais

The resulting GNS 2006) values of 4 and 6.2 m for the 50 and 100 yrumet period
events a& reasonablgonsistent with the most significant historical event tocaftieis area
which occurred on 28th March, 1947. At thiate a seemingly minor earthquake generated
a tsunami which, 30 minutes later resulted insatd 6 m wave at Mahanga thaioded

inland for ~200 m (Gisborne Heral@9-31st March, 1947).

Given that the 10r return period value has a 63% chance of occurring within a 100 yr
period (the required minimum hazard assessment period under the NZCPS 2010), and that
the differerce between a 50 yr and 100 yr event is substantial (approx 30%), higher return
period tsinami estimates shouédso be considered. Mean to one standard deviation

tsunami height ranges for a 200 yr return period event (40% chance of occurring within the
next 100 yrs) = 5.7 to 8.3 m, a 500 yr event (18% chance) = 8.0 to 11.6 m and a 1000 yr
event (10% chance) = 9.9 to 14.5 m.
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Tsunami inundation depths and velocities across the proposed subdivision for 100 yr return
period waves were assessed using a L[REased DTM andhe results depicted fFigure

3.1. No account has been taken of refiles-dissipation by the foredune fronting the

south of the subdivision as this feature may well be removed by predicted erosion (Section
5).

Two propagation modeisere used to derive these propagation curves which are
considerd to depict a credible undationenvelop. The lower surface (depthd to 3.6 n)
ignores the influence of ground topography so is considered a lower estimate, while the
upper surface (deptts3 to 5.8m) is topographically adjusted and thus makes some
allowance for local runupnd other topographic focusing. Wave speedslafm/s and

15 m/srespectively were calculated usieguation V = 2(g*D%¥° where: V = inundation
velocity; D = inurdation depth; G = acceleration due to gravity 1 (GNS 2006).

Professor Goff notes:
Al suspecthe best estimats probably somewhere between the bathtub (horizontal line)
and thetoposuperimposed liree

3.3Tsunami risk management

The abee inundation impacts present significant risk to the safety of future inhabitants and
property for tsunamivith magnitudes as low as a 50 yr return period eveinen that the

site of the proposed subdivision lies within an inundation pathway and ¢énatwiil be

little, if any, warning of the type of tsunami most likely to have higheairhpedestrian
escape as a mitigatory measure may well not be viable. The increasing vulnerability to
greater events which have a reasonable likelihood of occwrithgn the assessment

period is of even greater concern. The feasibility of designintatsi resistant buildings,

even for the lower return period events, appbagly questionable, and the 2011

Japanese experience found structures can magnify impactenneling flows, increasing

the inundation reach, and providing tsunami debris nageiGomez et al., 2012).

Professor Goff’s concluding comment:
WKe& RSEAOSNIGSEE Lizi LIS2LIE S Ay KIFNNQA g &K

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEMS Reference No 20123CRep  Version: Final ~ Status Open
~ /Y1) Client: Mahanga E Tu for Environment Court case ERGOWLG-000012 Date: 17-4- 2012



26

]. O [ T T [ T [ T T [ T [ T 1
9 = Plus 100 yrs SLR 7
B Ground surface conty, 1 T
g 8 __ olled water surface encompassing runup __
O 7 — ~15 nv/s ]
> - s
) Plus 100 yrs SLR

S O\ /) 4 oo TT oo T T T —
:i Horizontal water surface (“bath tub approach™) N
g 5 l e
\s-:/ # A
o ~11 m/s —]
5 -
‘U_j - ! [ N Typical ground levejs -
2 — / EE— T =
1 B /I }‘* Property extent south profile "( T
L [ Li Property extent north profile —»‘ 9

0 o | W S s o s ey s St S S

O 20 40 o660 80 100 120

Distance (m)

Figure 3.1 Bracketingtsunami inundation levels and speeds across the propos
subdivisionfor 100 yr return period event with bracketing inundation models (se
text). Levels incorporating 100 yrs of SLR depicted by dashed lines. Fifty year
return period waves marked on left (yellow)
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4.0 STORM INUNDATION ASSESSMENT

4.1 Background

Under storm conditionseveral atmospheric and marine processes typically elevate sea
level at the codsand thus increase the risk of inundation hazard on otherwise dryTla@d
parametersvhich, in combinationdefine the inundation level at the coastal margin
comprisethe following which are described in WRL (2010)

1 Astronomical ides(predicted tides)

1 Longerterm sedevel fluctuations (seasonal, ENSO, IPO)

1 Storm surge (wind setupamometric pressutecoastal trapped waves and long

waves from distant weather systgnand
1 Waves effectswavesetup andwave runup.

In addition, the extent of undation isaffected bycatchment runofgwhich is often

somewhat elevated during stormeats),andother factors such as driver sources,

inundation pathways and overland extent which were not given adequate consideration in
past hazard assessmeasl whch are now mentioneid the NZCPS 2010 Policy 2¢)
and24(d).

Of relevance is thevave spectum (frequency mix) coupling with local
topographybathymetrywhich can result in storm inundation occurringdésinct and

potentially destructive pulsesveging into an ifet at about 2 to 10 minute interval§o

determine howhis may apply atheMa hanga i nl et , -wteacltrramral
video data collected at the Mahanga inlet during a moderate stornf'oM&@h 2011.

Such an approach éescribedn Shand and Bailey (1995), and Shand et.2811). The

resulting imagesonstructed from dual cameras locatedtbeMahangaheadland and in

the bay, are shown in Figure 4.1. Low frequenoyppulses are evident at 2 to 6 minute
intervalswith these pulses propagating inland beyonditieeof meanrunup for durations

of about40 seconds.

While such lower frequency pulses incorporate the volume of several incident waves, they
can still decayas they travel inlandin markedcontrasto taunami The hazard risk thus
decreases with increasing distance from the shorelinthenid definel within thepresent
hazard assessmd@ection 4.2.9)

It is particulaty importantin astorm inundation assessmentrioorporatethe effects
climatechangeon the various inundation driverSIZCPS 2010Policy 24¢. While basic
guidances nowavailable on the potential effects of climate change on standation,
(e.g. MFE, 2008)there is still considerable uncertainty as the nature and timingbf s
effects, andNZCPS 1994Policy 3.3.1 andNZCPS 200, Policy 3 accordingly require
adequate precaution be taken when dealing with processes affecting the coastal
environment.
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Deriving storm inundatiortomponent values is not straightforward and has been evolving
as available data improves.&hdvent of continuous data collected over several years and
eventually over decades,enabling ever moraccurate derivation of exdme values

(return period magniideg and, of particular importance, the combination of parameter
valuesto givethe corect combined return period for a storm event. A brief historyisf th
processs provided in Appendix A

In the present assessment, derigatameter valuegrebasedn recatly available

continuous watelevel dataand hindcast wave recordsing returrperiod ratios given in
CIRIA (1996, such thatombinatios providea dependencgdjusted total shorelinenup

for a 100 yr return period event. Note that the 5@ejurn period values were derived by
downtscalingthe 100 yr values such that this condarb0 yrprobabiity wasachieved.

Also note the return period and AEP reciprocal relationship detailed in Section 1.5, for
example a 100 yr return period event isigglent to a 1% or 0.01 AEP (Annual excedence
probability) event. Details of the stoqparameter value derivations are given below
(Section 4.2) and results summarized in Table 4.1. Also listed in Table 4.1 are the values
used in the previous Mahangaessments which tended to use maximum or estimated 50
yr and/or 100 yr return period compent values whictvhen added together gave

combined inundatiotevelsin excess of 50 or 10@turnperiods (see Appendix A).

Storm inundation analys@utput maybe categorized by equation 4.1 to &l Table 4.1
has been set out accordingly:
i StaticLevel = tide + storm surge + longgerm sedevel fluctuations + wave
setup (4.2)

f Total presentunup= static level + waveunup* (4.2)
(This gves the timevarying inundatia level at the present time)

9 Total future runup = totapresent runup + SLR (4,3)

It should be noted that to allow for climate change uncertainty, parameter values for the
present sea level scenarios (Table 4.ibadrporate predicted climate change driver
changes for wind and waves (from MFE, 20@8&) these will occur throughout the
assessment period.
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TABLE 4.1 Storm wave inundation parameters values and combination for stipulated
AEP forthepresenCSL assessmenandalsofor previousMahangaassessmentsThe
current sea level scenai®in A, with addition of assessment period SLR scenario in B.
Note for CLS assessments, the presentees estimates (A) include climate change
driver adjustmergt as these can occur during the assessment period.

A. Present sea level

T&T' 04 Gibb’' 07 Cardno’ 08

Combined AEP 2% 2% ? 2% 1%
(Return Period) (50 yr) (50 yr) ? (50 yr) (200 yr)
MSL 0 0 0 0 0
(HBVD+10m)
Tide: MHWS 1.0 0.7 0.7 0.86 0.9
Sealevel 0.2 0.2 0 0.15 0.15
fluctuations (m)
Storm surge (m) 0.9 0.9 0.9 0.45 0.47
Wave setup (m) 1.4 1.4 0.6 1.06 1.11

| Static level 3.5 3.2 2.2 2.52 2.63 |
Wave runup (m) 2.3 0 0 2.55 2.60

| Total present runup (m) 5.8 3.2 2.2 5.1 5.2 |

Note Gibb 2007 included 0.5 m for contemporaneous freshwateirftpske text).

Field evidence Gibb 2007 CSL 2012
4.8 m NthPovBay 4.8-5.2 m Otaki Beach
4-5 m Sth PovBay H1 = 4.6 mTp=9.8 Upper foreshoreYFS) = 0.044
5 m Mahanga c.f Mahanga Beach statiist

H1=4.2m, Tp=10.9JFS = 0.08

B. Plus sedevel rise at end of assessment period

T&T’' 04 Gi bbb’ 07 Cardno’ 08

Combined AEP 2% 2% ? 2% 1%
(Return Period) (50 yr) (50 yr) ? (50 yr) (100 yr)
Prediction period 2100 2100 2100 2112 2112
Plus SLR (m) 0.5 0.8 0.5 1.0 1.0
Static Level 4.0 4.0 2.7 3.52 3.63
Plus Wave runup 2.3 0 0 2.55 2.6

\ Total future runup 6.3 4.8 2.7 6.1 6.2
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4.2 Assessment

4.2.1 Datum

Based orlPCC (2007) MFE (2008)advise thatnundationincluding SLR are to be
measured relativihe mearlevel d the sea between 1980 and 199%ing 1997 harmonic
constituent values for the Port of Napier, this value is 2 cm belowah&ée&iBay vertical
datumi MSL =10 m.

4.2.2 Tide Level

Spring tide level (MHWS) ishe favoured level for use in1l®0 yr sbrm inundation
assessmerfMFE, 2008) About 18% of tides exceed this value which has a return period
of 0.0075 yrs. The current LINZ value for MHWS at Napier (theestsstandard port) is
0.9 m(MSL). The adjusted value for use in the 50 yr storm intiodassessment is 0.86
m (MSL).

Previous Mahanga hazard assessments used MHWS values which conflict wahuasy
the T&T’ 04 val ue of arbunding adjusirpepteniiethe Gibbwndi nc |l u
Cardnoassessmentaues (0.7 m) apparently corfrem an earlier Nautical Almanac.

4.2.3 Longer-term sealevel fluctuations

Mean sea level may fluctuate over months to decadesodseveral longeerm processes
suchas seasonal weather variatiortemperature and windiness, EN$@sed climatic
oscillations and IPO shifts. While the limited lotgrm open coast selavel records
availablesuggest inteannual elevation changes of up to 0.2 m could occur (Bell et al.,
2000), a lesser value (0.15 m) will suffice for a joint probabb#ged combinatiogiven

the relative independence of these procesBesvious Mahanga hazard assessments either
used a longeterm sedevel fluctuation of 0 or 0.2 m.

4.2.4 Storm Surge

Storm-surges are temporary increases in ocean water(jexaking from say 12 to 24+
hour9 primarily asso@ted with low barometric pressure which alkthie water surface to
rise, andbnshorealongshordélowing winds which cause water to pile apalongthe
coast. In additiorembayed coastal configuratiorencfurther enhance the stornrge
level by constricting the flow. This latterpect may well be relevant tite proposed
subdivisiongiven firstly that it backa small inlet and secondlgt a brger scale, the
northern Mahia Peninsutambolomainland coast also presean embaymet orientated
to the northeast.

Previous Mahanga hazard assessments all used a storm surge value of 0.9 m based on
observed levels from around the New Zealand deast Aopendix A). However, recent
analysis of new selevel data show this is higher théreactualvalue for an overall 50 or
100 yr event. While no NIWA lonterm sedevel data is available fahe Poverty Bay
region available records from a¢h Nath Island sites (Anawata by Pih&apiti Island

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEMS Reference No 20123CRep  Version: Final ~ Status Open
~ /Y1) Client: Mahanga E Tu for Environment Court case ERGOWLG-000012 Date: 17-4- 2012



32

and Mbturiki Island in the Bay of Pidy) show broad similarity so the maximum computed
value for differentreturn period was used to provide a conservative value for the
Mahanga coast. An additional 108&s added to allow for any local topographic/regional
climateeffecs ( “ b e st | purdogfneelsict iSapmservative athe valuecould in

fact be a reductionplus a furtherl0% was added to allow formipes in climate change
drivers in keeping wit the recommendations MFE (200§. | consider these values are
sutably conservativea account for futurencertainty.

A storm surge return period of 2.5 y547 m)combines with MHWS (plus yearly waves
- see below) to yield a combined 100 yr ratperiod. Thestorm surgevalue for the 50 yr
return period combination is 0.45 m.

4.25 Wave Effects

Waves affetinundation in twdifferent ways:
1 wave setupefers to water becoming elevated to balance the onshore directed
momentum flux which oaas following wave breakingand is a static water level
component (NB equation 4.1ard

1 wave runupefers to the propagating waverfodirected forvard and upward
across the beacito inlets and subsequent bank overtopping (NB equation 4.2)

Wavedata.

Wave effects were assessed for the coast fronting the propds#dision by aplying a
range ofmodelsto a hindcastvave data set recently suppliedthe HBRCbhy MetOcean
Solution Ltd (MetOceans, 2011)This data set comprises 12 yrs ofd@rty wave and
wind dataprovided by the National Oceanic and Atmospheric Association (NQwdch
were transforrad to the 5 and 10 m contoung MetOceansising the SWAN numerical
mode| andthenextreme valuefor different return periodaerecalculatedThe wave
parametesare summarized in Table 4.2. While the numerical data have not been
instrument verified, they are within 9 to 14% of sateliezrived datgdMetOceans, 2011)
so an extra 10% was added for values used in the hazard assessment. idmahildi®o
was added for climate change as recommenud®t-E (2008). Note thatearly wavesare
usedin the hazard analysis to produce a combined 100 yr return @s@éod(using joint
probability combination), while 0.75 yr wavese used for theombned 50 yr return
period event These values are 4.2 and m@espectivelyincluding the 20% uncertainty
addition)at the-5 m contour Note under extreme storm conditions waves can be expected
to break at5 m, so these arepbig values.

Table 4.2 Waveheight values at5 m contour(return periods ~ksig) off Mahanga
Beach Source MetOceans (2011).

mean 95% 6 montt® month 1 yr 20yr 100 yrs

Wave heights (m) 1.07 2.27 3.25 3.35 3.5 4.02 4.12

Wave periods (sec) 10.5 16.9
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Wave setup

Wave setup was derived using equatieft85 in USACE (203), this being an industry
wide guiding referenceUsing theadjustedyearly wave heiglks and a surfzone slope of
0.01 (from he Mahia Bathymetric Chart 1 :200,000 Coastal Seriégd2tion), the
computedsetup values were 1.11 m and 1.06 m for ugkeri00 and 50 yr combined
return period inundation assessments

Previous Mahanga inuntilan assessentsetu p v al ues Qeféddmimy T&T’
about 0.3 m higher than thdérivedint he pr esent a4 ssedshe samen t .
equation but an earlidiindcast wave data set and transferred results from a different

location (the northerklawke Bay coast)Gi bb 2007 us e@vaubdGardoa me T
(2008 used 0.6 m, a reduction of almost 6G#d appears to have based thin an

assumption that thlahangacoast has some sheltering from the larger southerly quarter

waves used to calculae t h e valu&Théirargumentasome merithowever, the

hindcast data now available shoti® anoverestimateo beonly about20%.

Wave runup
Runup (intuding setup) was derived using tm@del ofMase (1989) which was found in

arecentcomparativestudy (Shand et al., 2011) to be thest accurate empirical modelf

the several availablédr extreme runup onpencoastssuch asat Mahanga The
MetOceans \early wave heightat the-5 m contour wereleshoaled to deep water using the
Delft Coastal and River Engineering Software System (CREB§yethe requiredHosig
parameter values. The average upper beach slope is 0.0d8vasl from 8 yrs of beac
profile data surveyed by the HBRC h@resultingrunup valuegless seup)were 255m

and 2.6 nfor use in thés0 and 10@r combined return period inundation assessments.

The pevious Mahangaimud at i on assessment Mwas®3pmm val ue
whichis about 10% under the value derived ia grtesenassessment. This ssill a
satisfactoryresult considering T&T 0 4 s i mp |-efficiantbhasedapparoacho Gibbs

2007 and Cardno 20Xid not include the runup component in their assessraadtgave

no explanation. While runup (and overtopping then inland propogation/dispessimt

part of static inundation, it is a particularly destructive process facilitated by the static
waterlevel elewation and is included inoastal hazard assessmiliterature and guidance
manuals.

4.2.6 Sealevel Rise (SLR)

The NZQPS2010 clearly direts hazard assessment to be carried out for at least 100 yrs.
The SLR projection must therefore be until ati€d442. The official guidancéor

predicted SLR over IDyrsis contined in the MEF (2008panual and for locations

where rising se#evel will have consequence, a value of 1.0 m for the peldd® 2o 2120

is given. While 212is earlier in the 2110 to 2120 decade, more recent research (Shand
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and Manning, @10; RSNZ, 2011) indicate a value of at least 1 m should be used for
subdivisions out t@110, let alone 2120.

The previous Mahanga hazard assessments used projections to 2100, whictegsnow |
than 90 yrs from the present tim&ibb (2007) used the wadof 0.8 mappearing in MFE
(2008) after contacting the autlsoduring the preparatiofo t hat m&dusead . T&T
value of 0.5 m which was recommended in official guidaatddat time. Cardno (2098

used a value of 0.5 m based on the argument thaisitunlikely maximum impact would

occur as SLRvould notreachedhis valuefor 100 yrs This argument has merit in terms of
event combination probabilities. However, in coastal hazard assessment there is emphasis
on higkerimpact/lower probability situatns coupled with high uncertainty regarding SLR
projections, so it has become conventoimclude the 100 yr projection value within
inundation assessmentsdahence the MFE (2008) guidance valuessome cases

councils relax this requirement foazad zones containing existing ibdings; however,

this does noapply for new subdivision.

4.2.7 Freshwater flooding

Gibb 2007included 0.5 nfor streamflood flow overtopping the channel at the same time
marinedriven extreme inundation occurred. By cortirtee dher assessments including
the present onéave not included a value for thisrpmeter. In the Mahanga case, we
consider theikelihood of significant freshwater induced inundation above the channel
banks coincidingvith shortlived extremeoceanicinduced inundation to be low. However,
water pnding on the subdivisioreduces suface roughness and thus enhances overland
penetration and such allowance was incorporateispersal modelling described below in
Section 4.2.9

4.2.8 Total runup

The vdues in Table 4 A showtotal runup ranging from 2.2 (Cardno) to 5.8 (T&T), with

our estinate being 5.2. The lower values stem from reduced estimates of wave aifiie:c

the higher value from aincreased storm surge estimate. Incorporating SLR lifteaiige

to 2.7 (Cardno) to 6.3 (T&T) with our estimate of 6.2 m approximating the higthee v

due to the higher SLR value now required. This is a typical pattern we have observed in
other hazard assessment comparisons, i.e. earlier investigations riedafivgly higher

storm surge values and relatively lower SLR values, but summing td bqouévalence.

4.2.9 Landward inundation dispersion

Static inundation deptis horizontalacross the proposed subdivision lhath inundation
scenarios in Table 4.2A ailand this isllustratedby the horizontal dashed lines

Figure 42. Under presentes level most of the proposed subdivision will be covered with
about0.5 mof waterwith the most serious inundation occurring to the lower lying
northern portion oftte subdivision.Sealevel rise increases the inundation depth to about
1.5 min 100 yrstime by which time there will be minimal ground resistance to wave
propagation across the property.
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By contrast, total runup pulsesduce in height as they propagkaiedward across the site.
Such dispersion was modellbyg applying FEMA (2005) equatidd.3.4-39 to the total
runup output. This equation is a derivation of the general dissipation equation in Cox and
Machemehl (1986) with the addition of a frictibased calibration coefficierguited to
local conditions. Note thdhe coefficient reduce®y anorder of magitude from a wave
encounteringegetation tamneencountering a water surfacesing total runup height
above ground level at the front of the jpecty,the wave pulse periodi§ measured in the
storm video timestack described earligrand the designated friction coefficiefds
vegetation, surface water etore height was calculated acrogs®AR based)
representative nortihe and southerground profile and the result is depictedFigure 4.2
Estimates of surge speeds hawodleen includedhese being based on wave bores
crossing shore platforms (Shand et 2009.

Under present sedavel (Table 4.2A valuesjlistinct difference are evidenbetween the
northern and southern sectossth the increased ground elevatimnthe soutttausing

rapid reduction in surg@ore)heightof 50% @.6 to 1.3m) between the shoreline and rear
of the subdivision. However, the lower northern sebas higher initial surge (bore)
height (3m) and this drops by only 25%t6 2.3m) at e rear of the subdivien. With

the increase in sdavel of 1 m (the 2112 scenario), the dissipation advantage of the
southern sector has gone and the relatiyghdeeduction for the whole site is only about
10% with the average depth beiBdp m

4.3 Storm inundation risk management

Under present sea level, inundation depths present a significant hazard to persons in
particular (1.3 to 2.3 m), espafly when coupled with loweend velocity estimates of2

m/s. However, inundation lexgeWith the inclusion of SLR reduce cresfsore dissipation

and the average depth increases to 3.6InCarley noted in his review that the

propagating bore crest det@nes thedesign floor levelThe building would therefore

need to be at least 3.5 m &bground level, say 4 m including free boaithen coupled

with upperend wave surge speeds&5n/s), this scenario presents a serious hazard to both
persons and pperty.

As noted with tsunami, structures can further magnify environmental impacts by
channeling or impounding flows within the inundation pathway, and providing debris
which can cause additional damage and destruction.
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Figure 4.2 One hundred year return period storm inundaeeds at
northern and southern sectors across the proposed subdivision for 2012 ¢
2112 sedevels. Wave pulse speeds also shown.
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5.0 EROSION ASSESSMENT

5.1 Background

While theprevious erosionssessranss carriedouft or Mahanga (T&T’ 04
2005, 2007and 2008 tend to demonstrate increasing robustness in terms of components
derivation, thg nonetheless have important deficiencies.

PreNZCPS 2010 approaches to determining coastal erosion hazard were often based on
summing the following components sutlat the width of the coastal erosion hazard zone

is represented by equation 5.1

CEHD =LT + ST +RSLR + DS +CU (5.2)

Where:
CEHD-= coastal erosion hazard distance

LT = longerterm historic shoreline changgypically defined by a trend

ST= Slorter-term shoreline change, typically defined by fluctuations

RSLR = Shoreline rateat associated with sdavel rise(SLR)

DS = Dunestability - a posterosion stability adjustment

CU =combined uncertainly, typicallymultiplicative factorof safety
The NZCPS 2010 includes these components but now for an assessmentfarieasd
100 yrs. It also has additional requirements, notably an increased understanding of the

underlying geomorphological processes/sediment dynamics incluaiggrigrm
shoreline change and human influences, and greater regard to the assoeicite dfeff

climate change (see discussion in Section 1.4). These matters are particularly significant in

the vicinity of inlets (river and stream exits) which are typyclle most unstable and
dynamic coastal features.

5.2 Shoreline data

Section 2 has alregdlescribed key aspects of the underlying morphology and processes as
they relate to coastal erosion at this site. Fundamental to quantifying the erosion
associated h these processes is a shoreline analysis using the longest and most
comprehensive datet available. The list of source data used in the present assessment,
including that used in earlier assessments, is set out in Table 5.1. By using survey plans,
saellite imagery and additional historical aerial photos, the data base for my analysis wa
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extended back in time s@5 yrs. It also includetid additional intermediate samples
which enabled anuch improved understanding of the coastal processes opextting
site and more reliable quantification of erosion parameters. Tiaeatly predct over a
100+ yr period, a data set of at least that duratiatesrable andleser sampling enables
mid to shortetterm behaviour to be better defined

Table 51 Details of data used in the present and earlier erosion hazard assessments at
Mahang

Georefn Acc
Year Data Type Reference Source (xm) Application
1899 | Survey Plan ML 204 LINZ 2to5m *
1814 | Survey Plan ML 1077 LINZ 2to5m *
1938 | Aerial Photos SN 77 NZAM 1tol5m | *
*oH
1942 | Aerial Photos SN 226 NZAM 05tolm | <>
1962 | Aerial Photos SN 1455 NZAM 0.5m | *O# HH
1970 | Aerial Photos SN 3299 NZAM 0.5m * #
1971 | Survey Plan DP 12744 LINZ 0.3t00.5m *
1973 | Aerial Photos SN 2637 NZAM 05m r *
1979 | Aerial Photos SN 5325 NZAM 0.5m ‘ * #
1983 | Aerial Photos SN 8260 NZAM 05tolm | *
1990 | Aerial Photos SN 9101 NZAM 0.5m * it
1995 | Aerial Photos SN 9452 NZAM 05tolm *
* O OHH
2002 | Aerial Photos SN 50149C NZAM/WDC | 0.125m <>
<0.55m
2003 | LIDAR 81016801NHB GeoScan (z=0.15 m) * #t
2004 | Satellite Image 1010010002D52D0I | DigitalGlobe | 2.5 m *
2005 | Satellite Image 1010010004A09COA | DigitalGlobe | 2.5 m *
2006 | Satellite Image BH43 Kiwi Image 0.6m *
SN 50635D 2132-
2008 | Aerial Photos 46 NZAM 0.15m #t
2010 | Aerial Photos SN 50864C NZAM 0.1lm *
Notes
# Gibb (2005); ##Gibb (2008); <>T&T (2004); * CSL (2012)
T&T (2004) also used beach profile data from
Waimarama

All these spatial data sets were analytically georeferenced to the sardiraie gstem
thereby enabling precise overlay to quantify geomorphological and shoreline change.
Shoreline indicators were the clifbp, the vegetaticfront andthe mean hgh water line
(MHWL). Georeferencing was carried out in house by CSL. While accuraayah r
locations can be hampered by lack of control points, this wab@atise at Mahanga as
there is ample spatial survey information associated with the settlerheht was evident
on the earliest plans, and for aerial photos, some fencing was commlbhistorical
images.
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The historical shorelines are shown in Figure 5.1. Figure 5.1A depicts samples derived
only from aerial photos (1938 to 2010), and useclifftop along the headland as the
shoreline indicator, and the vegetatioont for defning the spit, inlet and beach shoreline.
Figure 5.1B depicts shorelines from the inlet along Mahanga Beach based on the MHWL
and obtained from the early survey mg@899 and 1914) and the aerial photo series (1938
to 2010). An experienced practitiorean identify the MHWL from sand texture/tone
contrast landward (as at higher elevation) of the very distinct water saturation line about
MSL which is visible on lowetides. While the vegetatiefinont is the preferred shoreline

as its higher beach eléi@n results in less noise from marine processes, the longer

MHWL -based data set must also be considlevhen defining the lonaggermtrend.

Shoreline analysis wasried out by measuring shoreline distances along several carefully
selected transectsgs Figure 5.2) using the initial shoreline as the reference datum for the
measurements. The 1938 and 2010 shorelines are also depicted in Figure 5.2 and it can be
seenthat change in the location of the boulder spit is particularly notable. It is @ear f
Figure 5.1A and Figure 5.2 that the gpisystematically migrating landward towarthe

inlet shoreline fronting the proposed subdivision. Active spits areriddyators of

morphological change and it is particularly important in erosion hazarsisasset to

define their behaviour as accurately as the available data permits. The spit behaviour was
emphasized earlier in Section 2 when describing the geomorptallsgstem.

5.3 Assessment
5.3.1 Longerterm erosiontrend

The shoreline data tsefor each transect were subject to linear regression analysis to
determine longeterm rates of change and shostierm behaviour. Longeterm cliff-top

and vegetatin-front rates are presented in Figure 5.3. Also plotidéigure 5.3 are results
repod in earlier assessments (T&T 04, Gibb 2
applyingthe Gibb 2005 rates. The statistical regression uses all (shoreit& points

froma particulaitransect to establigherate of changérend)over the sampling period

This approach involves fitting lineénd nonlinegrstatistical models to each datat to
defineany underlying trend Such an approach has the added advanfag®abling the
significanceof suchtrends to be tested. In addition, the residualsdifices between
measured data points and the corresponding modelled values) can provide an estimate of
shortterm shoreline fluctuations about the trend. These tenth€@ncepts are described

in statistical textbooks such as Shaw and Wheeler (1985).

A direct comparative analysis indicates close agreement between rates from Gibb 2008 and
a CSL 2012 analysis using only data for the years used in Gibb(@@0Bigure R). This
similarity gives confidence in the data abstraction approaches uskeddiff erent

practitioners.

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEMS Reference No 20123CRep  Version: Final ~ Status Open
~ /Y1) Client: Mahanga E Tu for Environment Court case ERGOWLG-000012 Date: 17-4- 2012



1962 1983 - 2010

1899

1914 1970 T 1990
1938 —_— 1973 = 1995
1942 — 1979 T 2002

Figure 5.1 Shoreline overlays based on clifftop indicator for headland and vegetaiiin
indicator for spit, lagoo ard beach in A, and mean high water line indicésee textjn B.
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2010 aerial photo

10m  125m  150m

Figure 5.2 Present assessment transect locatioristj1black straight lines for shoreline
measurement transects and blue lines for channel measurement transects. Longemhitast
line (insert) is Gibb (2@&) transect 19. Short dashed white line (inset) is Gibb (2005) tran
5. Continuous black line is 1938 vegetatlmsed beach and clifftop shoreline, and red line
present vegetation/clifftop shoreline. Stream channel (28483ted by blue arrow.
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Of significance in Figure 5.3 is the difference betw the Gibb 2005 rates and the Gibb
2008 rates along the south coast, with the lattierglsome 2 to 4 times lower than the
former, i.e. the shoreline is indicated to be prograding at a much lower rate in the later
Gibb study than in the earlier survéis variation appears to be due in part to a longer
data set and also to the earlieregssnent using only the epdint difference (1942 and
2002) to estimate the average rate of change.

The CSL results show erosion occurring about twice as far #hengputhern coast as the
earlier assessments (200 m c.f. 100 m), this being associdtethevmore comprehensive
data set (more samples and longer coverage) as well as the regbessmhapproach
(compared withGibb 2005).

Of particular note are fierences in the vicinity of transecé and 14. The former result

primarily from our usef a differert transect orientation (to Gil®#005 transect 5) to better
define channel meander devel opment where t
trangect orientations see Figure 5.2 inset). This positive rate (seaward directed) is likely

being influenced by fluvial processes.

Transect 14 (T14) is used to define alongshore behaviour of the spit, with the result
showing southward extension at 0.15 mfgrch less than the rate of 0.61 m/yr as assessed
by Gibb’s 2008 t doeatios and orienfa®ons(séed-iguret52 mset3. e ¢ t
Gibb’s analysis used only the 1942 and 200
failed to intersect witlthe early shoreline. Gibb thus concluded the spit was a recent
development undergoingp@ extension. By comparison, our analysis shows quite

different spit behaviour. Results from our transects 4, 13 afa@ddg with the shoreline
ovetays in Figurs 5.1A and 5.2), define the spit as being primarily an onshore migrating
feature with lage onshore directed component (T13=0.44 m/yr and T4=0.54 m/yr) and, as
noted above, only a small alongshoregNcomponent (T14=0.15 m/yr). This behaviour

has been atsistent and systematic throughout the 1938 to 2010 record. The longer MHWL
data set angsis below also indicates that this trend of onshore migration was occurring as
far back as records began (1899). The failure of earlier analyses to detect thsityste
onshore migration of the spit means they missed the critical process drivirAgtong

shoreline erosion near the stream entrance. Correct assessment of erosion requires careful
assessment of such underlying morphodynamic processes.

Finally, it is noted that Gibls data for the headland (cliffs) as well as the spit, also only
used backeting (earliest and latest) data, and they used thdvabt as the shoreline
indicator rather than the more clearly defined clifftop as used in the present&tedg
differences likely explain other deviations in Figure 5.3.

To maximiseunderstading ofthemorphological behaviour of the spit and inlet shoreline
adjacent to the proposed subdivision, shoreline data from transects 4 (seaward site of spit),
trangect 7 (fronting the subdivision) and transect 13 (channel between spit and subyivision
were also subject to nonlinear regression modellRgsults inFigure 5.4 showhat for
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both linear (A) and nofinear (B) modelling, erosion rates are greater furteaward.

Seaward morphodynamic control of the landward system, and hence the lafgging

landward change, is typical of coastal behaviour as the driving energy arrives from

offshore (e.g. Shand et al., 2001; Shand, 2007).i Thd sharelirssbehaviarr landward

of the spit(fronting the proposed subdivisiocan thus be expected to laghe stream

channel (transect 13) appears to be responding to the seaward forcing and is now squeezing
against the south bank which darturnbe expected to undergalenced erosion in the

future.

O —— Gibb (2005)
. 6' ' [ ' —4@— Gibb (2008)
- Gibb (2008) using CSL data

—e— CSL(2012)

Statistical significance (f-ratio)
Highly significant (< 0.05)
Significant (<0.2)

® Notsignificant

YA
v

Bluffs/cliff Spit Inlet Inlet-coast interactions Open coast

1 1

100 200 300 400 500 600 700 800
Longshore distance (m)

0]

Figure 5.3 Shoreline change analysis (vegetatimase from aerial photographs)
for CSL transects 1, 2, 3,4, 6, 7, 8, 9, 10, 11, 12 and 14 as located in Figure
and comparable output from earlier hazard assessments5Netfers to transect
5 in Gibb (2005), and 19* refers to transect 19 in Gibb (2008). Statistical
significance of the CSL output depicted by symbols in box. Arrow ranges ani
text in the grey rectangle at base of figure define the differing coastal
environments and their associated alongshore extents as interpreted from the
analysis output.
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Figure 54 Linear (A) and nonlinear (B) regression analysis for shoreline data from transect
(spit), channel (13) and beablank fronting the propert{7). Modelequations and fit parameters
are listed in C whereRefers to the cefficient of determination which can be used to prode
relative measure of spreatiout the regression lineith values closer to 1 indicating betterdit

model to observ@n. The standard deviation of the residuals provides an actual measpreauf .

about the regression line
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If there wereno stream and hence no inlet, the boulder spit would weld/merge with the
existing shoreline fronting the proposed subdivigmform a steep profile. However, as

we are dealing with an inlet, the stream channaViges a pathway not only for the

seaward exit of freshwater but also for incoming storm wave surges or pulses (Figure 4.1).
Such processes act to maintain inlehphape and allow the system to translate landward.
Inlet system translation is discusdadher below.

The results in Figure 5.4 show nbinear models better fit these data and predict higher
shoreline recessions th#re corresponding linear modelith the rate of notinear
erosion increasing over tinieee footnat belav). For tanset4 on the seaward side of
the spit, the notinear model predicts an increasaecession of 120% over the next 100
yrs (2012 to 2112), or a 74% increase fromtitme datum of 1938. dt ransect 13
(channel) the notinear model increase in recessioreothe linear model is 62% over the
next 100 yrs (2012 to 2112), 8% from theime datumof 1938. Forrtansect 4 on the
landward side of the inlet, the ndinear model predicts a 46 increase over the linear
model over the next 100 yrs (2012 to 21 18t)a 25% increase from thiene datum of
1938 Howeve, the shoreline modelling foransect 7 in particular is likely to
underestimate the predicted recessional behaviour as thetexggueezeffect from the
spit and channehigrationtakes effect.

When determining a shorelimetreat value fofuture predictionlinear ratesre used

While nonlinear models may better fit the data, they may also lead to increased inaccuracy
if the system is not particularly well understood (Fenster et al., 1993)e case of the
Mahanga inlet system (channel, banks and aprglue weighted tothespis s eawar d
shoreline is appropriate as tindet system is ontrolled by seaward driver§,e. landward
migration rate of the spit will eventually occur a¢ tshoreline further landward as

described earlierA value of0.5 m/yris thus selected for use mmorphodynamic

modelling anchazard assessment. However, it should be kept in minth#habnlinear
modelprovides a considerabhetter fitfor the seawa shoreline data so tie5 m/yr

erosion should be consideredhanimum rate for use in morphodynamic modelling ibfe

inlet system,.e. that area coved by transects 4, 5, 6, 7,88 and 14 in Figure 5.2

Spit morphological evolution was modelled tbgnslating the system landward along an
axis defined by analyzing the morphological behaviour offittip from 1938. In

particular, a linear regression model was fitted to the vBgethased tip locations for the
aerial photo samples. This axis &picted by the red line in Figure 5.5. The translation rate
was 0.5 m/yr as determined earlier. Predicted locations of spit shoreline and channel for
both 50 yr and 100 yr timgans arelepicted in Figure 5.5hese being translated 25 and

50 m respectivig from present locations.

The reason for thicreasimg rate over time was resolved in a later site visit
describedn AppendixC. Briefly the internal structure of thepit had increased
its volume of sand vs cobblekiring its landwardnigration and ths its
susceptibilityto erosion
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The question of how far such an inlet system can translate is now considered further. As
noted above, inlet processes tend to preserve form, but, all bemmgsequal, we could

expect a limit as to how far the procegdandward inlet translation will go before a major
channel change and a system reset occurs, such as drainage impoundment resulting in the
stream taking on an entirely different course. ldegr, all things are not equal in this

case, and Mahanga Beadtoreline is likely to systematically erode in the future under

both longetterm erosion (see Figure 5a6d text below), anshoreline response to sea

level rise (Section 5.3.3). In additiahg effects of climate change are expected to include
increasesn spit overwash, and in the frequency and magnitude of present inlet process
(see Table 2.1). Given the high level of uncertainty in the future status of systers,dt

would be precaubnary to assumethditut ur e conti nuatilandwardf t he
migration, and future landward translation of the inlet systeithoccur throughout the
assessment period

While the above analyses define spit behaviour for projection purpaseshé inlet

merges with the open coast to the south over tien®gs in excess of 100 yrs requires
consideration of the longest possible shoreline data set. As noted above in Section 5.2,
MHWL shoreline data was available back to 1899. These data weusetbin previous
assessments. Such a marker is typicallyev¥everal metres seaward from the dune
vegetation front, so these two types of data cannot readily be reconciled. However, as
noted earlier, the MHWL location can be identified by sand tektume/contrast on aerial
photographs, so a full MHWbased shaline set was abstracted (Figure 5.1B). The linear
regression analysis (trend) output rates are shown in Figure 5.6. For comparison, the CSL
2012 vegetatioitnased shoreline from Figure 5.3aiso included in Figure 5.6.

Most notable in Figure 5.6 is tlentrast in alongshore erosion pattern with the longer data
set showing less erosion closer to the inlet and increased erosion further alongshore.
Overall, the inclusion of the three earlgamples not used in previous assessments (1899,
1914 and 1938)mableda trend ofongshore erosionalong Mahanga Beach to be defined,
whereas exclusion of these samples has resulted in the identificakog-dérm

accretion.

While the survey plansdd not map the spit, the meduced
bank (proposed subdivision side) infers less channel influence from the spit, and this would
be consistent with the spit being further seaward, a conclusion that indicates the spit

migration process has been occurring for at least 100 yrs.

The redued statistical significance of the MHWL analysis compared with the vegetation
based analysis reflects the expected greater scatter in thmasidd indicator and this is

clearly evident in Fjures 5.1A and B. However, as the bounding transect resuwis sho
increased statistical significance, and as a precautionary approach must be adopted in such
a situation (NZCPS 1994 Policy 3.3 and NZCPS 2010, Policy 3), the indicated-tenger
erosionakrend along the open coast is incorporated within the presmsiberhazard

analysis.
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Before selecting a representative rate of change for the open coast (transects 10 to 12), it is
noted that the assumed shoreline indicator for the 1899 survey pldih&s as this

was not marked on the plan and the original fieldkcould not be located. LINZ staff

report that the field book may have been destroyed in the 1931 Napier Earthquake). The
MHWL assumption was made as this is the usual indicator appearswch early survey
plans. Other sandy beach shoreline indicatsed by early surveyors were the spring high
tide lineor dune toe. If we had usetther of these alternative shoreline indicatarsur
analysis, the assessed erosion rate would fuitberase. For example, if the indicator was

the spring tide linand we take the actual MHWL as being 10 m seaward, then the erosion
rate for transect 12 increases from 0.22 to 0.27 m/yr and the level of statistical significance
of the rate of change alsuacreases. This assessment uses atiemy erosion rate df.2

m/yr for the open coast(transects 1{12) and this is considered thenimum rate for

use in hazard assessment.

The longterm erosion curve for the shoreline (back) on the western sttie oflet, i.e.
fronting the proposed subdivision (transecen@ 7) was derived from Figure 5.5. The
long-term erosion curve between the subdivision shoreline and the open coast was
interpolated using curve fitting based on the existing shoreline shlapeesulting long
term erosion lines for 50 and 100 yr preiin periods are depicted in Figure 5.7.

Figure 5.5 Fifty year and 100 year modelled spit shoreline and inlet channel. Bold 1
line is translation axis. Note 1938 spit Itica (blackdotted line) is included for
comparison.
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Figure 5.6 Shoreline change along Mahanga Beach 1899 to 2010. The shoreline ind
is the mean high water line at the time of survey. The CSL 2012 vegdtased shoreline
from Figure 5.3 is inaded for omparison. Level of statistical significance marked. Dat
sourced from survey plans 1899, 1914 and aerial photos2®3R

5.3.2 Shorter-term erosionfluctuations

Shorterterm erosion refers to crashore fluctuation in gireline position superimposed

upon any longeterm trend. Such fluoation may result from storm response (weeks) to
climate fluctuation (e.g. ENSO cycles) over several years, to variation in sediment supply
(decades). An appropriate and robust techniqugiaintify such variation can be carried

out using thestandard eror of estimat¢SEE) a similar parameter to ts¢andard

deviation of the residualssed in Figure 5.4.

It can be shown, e.g. see Shaw and Whg&R85), that a fluctuation defined By SEE

on each sidefdhe regression line, i.e. £ £SEE), willencompasses 9% of population
values.In other words, we can be 95% certtiat this interval will encompass the range
of possible shorelinesAlternatively, = 3x SEE will encompasse®% of population
values As the shorteterm fluctuation is a padularly significant component in erosion
hazard analysis, there is merit using SEE for new development. However, | have used
the2 x SEE option for this assessment and stress thatihist be viewed asrinimum
value.

It is noted that the regressiresidual based approach assumes that the residuals are
normally distributed, i.e. they fit a bedhaped (normal) frequency distribution. To test this
requirement, residuals were ploti@gainst expected values for a normal distribution and in

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEM Reference No 20123CRep  Version: Final  Status Open
Client: Mahanga E Tu for Environment Court case ERBLOWLG-000012 Date: 17-4- 2012

T )



Figure 5.7 Fifty and 100 yr modelled lontgrm erosion shorelines along Mahanga Beach
The 1938 and 2010 shomsdis, alongvith the present and predicted stream channel are
marked. Road and property boundaries are shown, as are the proposed subdivision bt
outlines with infilledblocksrepresenting October 2011 modified proposal.
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all cases the result approximated a straight line, thus indicating the residuals are normally
distributed (Wilkinson, 1998).

The representative shielerm erosion mean value for the open coast (transects 10, 11, 12)
is 19.2 m, while the value for the inlet is 8.6 m.

5.3.3 Erosion (retreat) from sealevel rise (RSLR)

There are two aspects to estimating shoreline responselevsédse: the actualnaount

of sealevel rise (SLR) that will occur during the assessnpeniod (at least 100 yrs), and

the response model used. The Storm Inundation Assessment (Section 4), used a minimum
SLR value of 1 m for the assessment period prediction period baslee best

information presently available. The choice of shorelesponse model is a matter of

ongoing debate amongst coastal scientists. Profile translation models are most widely used
in erosion hazard assessments. Most common is the Brunn Ruleqeduajiwhich is

based on therinciple that as sea level risesgisgent is eroded from the upper beach and
deposited offshore raising the bed level (Bruun, 1988k profile thus translates between

the offshore limit of sediment transport (closure depd the crest of the foredune by that
amount required to fit thpredicted SLR.

R = S(L/[B + d]) (5.2)

where R is the profile shift in the landward direction, S is the predicted rise-ievatal

is the crosshore length of the profile, B the height of the beadterm or dune above
initial MSL, and d ighe depth below initial MSL beyond which significant sediment
exchange is not considered to ocatlogure depth The rule is governed by simple, two
dimensional coservation of mass piiples and isubject to the following limitation in its
application:

1) There is no consensus as to the existence of closure depth @ilkley1993), and
the range of methods used in its estimatimave produced results that vdry a
factor of 3 havindeen reported (Shand 2008);

2) The rule assumes no offshore or ongheediment losses, and no alongshore flux in
sediment transport;

3) The rule assumes an equilibrium beach profile (a statistically average profile) exists
through the prediction period, and

4) The rule does not accommodate variations in sediment propertiss dce profile,
and

5) The rules assumes thasno profile control by hard structures such as substrate
geology or adjacent headlands or engineered structures.
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Numerous researchers haested the Bruun Rule against a variety of field and laboratory
data. Full reviews of these comparisons are provided within SCOR (1991) and Ranasinghe
et al. (2007). In general, while the overall principles of the Bruun model have been
demonstrated (i.&n increase in sea level results in an upward and landwardnsthié i

profile), the quantitative accuracy of the Bruun Rule has not been convincingly verified.
Predictions for specific sites have varied from measured rates by factors of 2 to 5 (both
ove- and undeiprediction) with greatest variation occurring where 8ssumptions are

least fulfilled (Everts, 1985; Zhang et al., 2004).

The proposed subdivision is pdmbnted by a rock controlled headland and reef with the
present study showing modedl alongshore sediment transport changing significantly in
the longhore direction. Critical Bruun Rule assumptions are thus not met.

An alternative empiricabased model to estimate shoreline retreat driven by SLR is to
substitute dunelosure profile inthe Brunn Rule by the beaéhce profile. Note that the
beachface approximates the intéidal beachThis version of the model is often referred

to as the Komar Model and has its origins in the derivation of an empirical model to
determine storm erosioduring periods of elevated water level on the United States West
Coast (Komar et al., 1999 he Komar Model can be expressed by the equation 5.3.

R = Sitarb (5.3)

where R is the profile shift in the landward direction, S is the predicted rise-ieveta

and tarb is the average intdidal slope. Typically, our comparisons between application
of the Bruun Rule and Komar Model found the latter methodigemtiabout half the SLR
induced retreat of the former method. In the present assessment of the Mahanga coast
consider the Komar Model will provide a more realistic estimate of-tBdRced shoreline
retreat, but once again our estimate for this paranie considered to eeminimum.

Applying equation 5.3 usinggnb = 0. 03 and SLR values of >1
prediction period and 50 yr period respect
respectively.

Note that the intetidal slope was based on our analysid @fyrs of HBRC profile data for
Mahanga, whiks consisted of 12 samples taken over 7 yrs. We consider these data produce
a reliable average value for this parameter. Also note that the SLR value of 0.43 m for 50
yrs comes from the MFE (2008) recommendation of 0.45 less 0.02 m from adjusting to
datum gee Section 4.2.1).
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5.3.4 Dune stability adjustment (DS)

This parameter refers to the retreat distance of the-sgafellowing storm erosion and
this distance may be defined using equation 5.4.

DS = h/2*tan (5.9
Where h = dune height and= 32, the approximate angle of repose for dry dune sand.

Using the HBRC LIDAR to determine current dune height, the average retreat value along
the proposed subdivision = 1.03 m, and for the open coast = 2.8 m.

5.3.5Combined uncertainty

Uncertainly can be determined either by assessing each component and combining these
errors, taking care to account for variable dependency, or using a Factor of Safety (FOS)
approach which involves adding a multiple of the comtingzard components. For
example a FOS of 1.5 relates to 50% of the hazard distance.

The previous Mahanga assessments used the FOS approach with Gibb 2002 using a value
of 1.5, T&T' 04 wusing 1.25 (for cemngain co
1.3. Our own research elsewhere involving a particularly accurate assessment (Shand,

2008) and an individual component error approach, equated to a FOS of about 1.15. The
current assessment uses a value of 1.3; however, asdod@stimates wereersfor LT

and ST erosion and retreat to-$eeel rise, an FOS value @f5was also computed for

comparison in the vicinity of the proposed subdivision.

5.4 Coastal erosion hazard distances (CEHD) and lines (CEHL)

The CSL 2012 average coastal erosion rthdastances (CEHS§) for the inlet shoreline
fronting the proposed subdivision (transec®) &nd for the open coast (transects 10 to 12)
using the parameter values determined in the this analysis are liJigolén5.2 The

CEHD f or =10 Operipdis ahlsast 88snsaloregrihe open coast and at least 121
m fronting the inlet. Of note is the EST relativity reversal between the inlet and open
coast and also how the FOS increase of 1.3 to 1.5 increases the inlet CEHD by an
additional 10 m for &0 yr period 17 m for 100 yrs.

The CSL 2012 coastal erosion hazard lines (CEHLS) derived from the values in Table 5.2
are depicted in Figure 5.8 (bold red line = 100 yrs, bold yellow line = 50 yrs). Interpolation
within the inletopen coast transitiozone follows the form of the lorgrm erosion curves

in Figure 5.7. The 50 yrs of predicted erosion is likely to impact on the seaward sections in
the proposed subdivision, while 100 yrs will impact on all but the landmast section

line (with the e&isting dwelling). Given that the assessment period must exceed 100 yrs
and that key components within the present assessment are likely to be conservative (low),
the entiresubdvision must be considerediinerable to coastal erosion with the riglely

to increase over time.
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Table 5.2 Coastal erosion hazard distances (CEHD) for the inlet (fronting the proposed
subdivision) and open coast for different assessment periods (AP) and uncertainty (FOS).

Location Transects AP LT ST RSLR DS FOS CEHD

Inlet
Inlet

Inlet
Inlet

6-8 50 25 8.6 143 1.0 13 63
6-8 50 25 86 143 1.0 15 73
6-8 100 50 8.6 333 1.0 13 121
6-8 100 50 8.6 333 1.0 15 138

Open Coast 10-12 50 10 19.2 143 28 13 60
Open Coast 10-12 100 20 19.2 33.3 28 1.3 98

Where AP =assessmenteriod, LT = longetterm retreat (m), ST = shorter term landward fluctuation (m),

RSLR = retreat from selavel rise (m), DS = postrosion dunacarpadjustment (m) and FOS is the factor

of safay (includes 1.5 fronting the proposed subdivision for compayison

The CSL erosion hazard component values and CEHDEssreompared with those used
in the pevious assessments in Table 5.3. In particular:

1. Longer-term (LT) erosion values range between@nd 50 m.The T&T-04 | o

term rate = 0 comes from the Gibb 2002 assessment which indicated an accreting
shoreline. Many practitioners set positive rates to zero to reflect the uncertainty in
future shoreline be-termmvaluencludedal00%i bb’ s 20
allowance for uncertainty in future spit bek@aw, but this was removed theGibb

2007 assessmehtT he CSL 2012 assessment’s erosi
increased understanding of spit dynamics and Mahanga shoreline behavogr arisin

from this investigation.

Shorter-term (ST) erosion values range between 8.6 and 42 iirhe very high
T&T’' 04 -terimwvatue (é2rm) was based on crebsre fluctuation identified

in beach profile data from survey sites on the exposed sandy Waimarasta c
south of Hawke Bay. As noted earlier in Section 5.3.1 and by comparing Figure
5.1A with 5.1B), beach fluctuation is substantially greater than dune fluctuation so
3* such standard deviations could yield particularly high values. However, given
the urcertainty of transferring data from another site, such conservatism is
acceptable in a regional hazard assessment.

Retreat from sealevel rise (RSLR) values range between 17.1 and 59.5 ifhe
lower values came from the earliest assessments wfieial SLR values were
lower than at the present timEhe highest estimate was from Gibb 2007 when the
revised IPCC (2007) SLR value of 0.8m to 2100 was first used. It is noted that

Report Title: Mahanga Coastal Hazard Assessment
(S:QS;A-‘I-SEKL Reference No 20123CRep  Version: Final  Status Open

LY Client: Mahanga E Tu for Environment Court case ER8.OWLG-000012 Date: 17-4- 2012



54

Figure 5.8 CSL coastal evsion hazat lines (CEHLS) for 50 yr (bold yellow) and 100 yr (bold
red) prediction periodsverederived using hazard component values listed in Table 5.2. The
T & T ’-Hasked CEHLsredepictedn green for 2060 and orange for 2100. CSL loergn
erosion ines (NB Fgure 5.7)aredepicted by the thin yellow and red lines. Existing and predic
(50 and 100 yr) stream chanieemarked by bluarrows and define future ispnigration.
Proposed building sitereshown with October 2011 modifications infilled.

Gibb 2007 subtracted the historic SLRue of 1.6 mm/yon the grounds that

present beach processes have already adjusted for this amount. While this argument
hassomemerit, due to the range of uncertainty associated with climate change

many practioners use the full SLR valughen determimg the RSLRand this was

the case in the present CSL assessméiie CSL 2112 estimatd 33.3 moutto

2112 is substantially lower than ththers despite using the highé&LR value (1.0

m) and this reflects thieindamentadifference between the BrauwRule and the
Komar model.
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Table 5.3 Erosionhazard prameter valugfor present (right columns) and previous
erosionhazardassessments carried out in the vicinity of ghegposed sbdivision.

T&T’ 04 Gi bb CSL22012%5 ) Gi bl

Assessment 96 95 93 50 100
period (yr)

Longerterm (m) 0 -20.9 -11.2 -25 -50.0
Shorterterm (m) -42.0 -9.0 -9.0 -8.6 -8.6
Dune adjust - -2.0 -2.0 -1.0 -1.0
-ment (m)

Retreat (m) SLR -20.2 -17.1 -59.5 -14.3 -33.3
[SLR values (m)] [0.3] [0.2] [0.64] [0.43] [1.0]
Uncertainty (FOS) *1.25% *1.3 *1.3 *1.3 *1.3
TOTAL (m) -67 -64 -106 -63 -121

# Inlet values in Table 2.(avenged over transects 6, 7, 8)
## Already applied toh®rterterm value

Note: Gibb (2008) provided shoreline analysis output in the vicinity of the subdivision (NB Figure 5.3), but
only derived CEHLs for the Pukenui Drive area.

The final CEHD results in Table 5.3 show the CSL 2012 total hazard distance value to be
about 50% above the early assessments and about 15% above the Gibb 2007 value. While
the CSL and Gibb 2007 CEHDs are similar, the significance of the present assessment lies
with the apportionment of the component values, in particular the increase in systematic
shoreline erosion from 11.2 to >50 m for a 1@0assessment periodhis result makes

the exclusion of lonterm erosion from the primary Aauild hazard management zores

used in Gibb 2007 anadopted by the HBRECpmpletelyinappropriateNot e t hat T&T
(Figure 5.1) recommended lotgrm erosion be included within the primary (no build)

hazard zone.

5.5 Erosion risk management

Both NZCPs 1994, Policy 3.4.5 aMZCPS 2010, Policy 25 state that new subdivision

should avoid erosieprone areas, with the latter being framed in terms of avoiding
increasing the hazard risk where risk is defined as the combination of (i) likelihood of
particular magnitude event and) (inpact consequences of that event. The CSL hazard
assessment has demonstrated that virtually the entire site is likely to be affected by erosion
the next 100 yrsthe minimum required by the NZCPS 2010. The creation of additional
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lots, and the constrtion of additional dwellings, will only increase the consequences and
hence the hazard risk.

As noted in Section 1, the 2010 joint council decision to grant subdivision consent

included the need for a seawall near the seaward boundary of the prdpety.
Applicant’s current proposal shows the wal
westernmost portion only being constructed when erosion reaches a predetermined trigger
line.

However, granting that consent was based on the understanding of praceseassion
hazard as described in Gibb 2007. The present assessment has identified process
variations and a different erosion potential with the onshore translating inlet system likely
to induce systematic shoreline retreat in excess of 50 m durirg$besment period.

Hard protection has become increasingly unacceptable to decision makers with the NZCPS
1994 Policy 3.4.5 stating that “new subdiywv
and designed that the need for hazard protectionwsrksa voi ded”, and t he
Policy 25 requiring that decision makers discourage hard protection structures and promote
the use of alternatives to them. This official attitude has come about in recognition of the
range of negative impacts such strucsuran have on the coastal environment including:

1) Serious beach loss will inevitably occur in front of a seawladirevthere is a high rate
of net shoreline retreat. While the seawall protects land behind the wall, it does not reduce
erosion of the froting beach, and under some conditions erosion can be exacerbated.

2) The need for ongoing maintenance and strengthening as water depths increase seaward
of the structure (due to the fact that the natural beach profile is effectively located ever
further landward). This results in the structure foundations becoming increasingly
undermined as well as the structure being subject to increasingly more frequent and
stronger wave attackdue to the deeper water to seaward. Climate change is likely to
furtherexacerlte these situations

3) The potential impact on coastal processes and thus effect on the beach, dunes and other
property. Seawalls invariably modify wave and current patterns such that erosion
embayments form at the end(s) of the wall; thigferred to as flanking erosion or end
(effect) erosion (see Figure 5.9). A seawall fronting the proposed subdivision will almost
certainly result in such erosion, particularly at the exposed southern terminus. Erosive
intensity and embayment dimensionpeled on structure length, profile location (which

will vary as systematic erosion proceeds), and the energy and sediment transport
environment. An empirical model recently developed by Shand (2010) for moderate
oceanic environments, relates embayment ketmstructure length by equation 5.5.
Laboratory resultsMicDougal et. al., 1987) found the erosion depth to erosion length ratio
is 1.7.

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEMS Reference No 20123CRep  Version: Final ~ Status Open
~ /Y1) Client: Mahanga E Tu for Environment Court case ERGOWLG-000012 Date: 17-4- 2012



57

Le = 6.089L 5357 (5.5)
Where Ls = length of structure and Le = length of adjacent erosion.

4) Characteristics of the local geomorphology can exacerbate environmental impacts
associated with a protection structure. In the present situation, the landward migrating spit
will increasingly force the stream against the seawall and reduce channel capacity.
Ongoing excavation will be required if upstream drainage is to be maintained and flooding
avoided.

The proposed seawall will significantly and permanently alter the naedahent

transport processes and geomorphological form and behaviour of the inlet system. It

should be kept in mind that the spit and inlet are the present day focus of geomorphological
activity associated with the 800 year old Mahanga Landslide astihges its adjustment

toward equilibrium with the 2000 yr old Mahia Tombolo (Section 2). These processes and

the evolving landscape are nationally unique and have particularly high scientific value.

In addition, such change will alter stream hydrologg anpact upon the special ecology
further inland (see Appellant’s Evidence).
(Appell ant’ s Evidence) . Such i mpacts co
2: The Treaty of Waitangi, tangata whenua anaiViaeritage, Policy 13: Preservation of

Beach

Progressive erosion

Seawall

After French, (2001)

Figure 5.9 Typical shoreline response (embayment) pattern associated with seaw
end-effect erosion.

natural character, and Policy 15: Natural features and landscapes. Use of structural
protection as proposed by the Applicant would contravene the very purpose of the RMA
1991 ‘to ptramoakl ehmasagement of natural a

't is noted that beach nouri shment, a form
sediment transport processes to prevail, is also not sustainable for sites undergeing long

term erosion. Orecthe nourishment has been removed by wave action and currents, it

must be replaced if the onset of systematic erosion is not to recommence. And just as in
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the seawall case, as the beach systematically lowers the required level of maintenance (in
this cag the quantity of replacement sediment) must increase though time.

Regarding the joint council’'™s 2010 decisio
new development in a hazapdone area on the basis that future removal or relocation of

the deveopment buildings within their design lives was available and feasible way of
mitigating likely coastal hazard impact# is accepted that providing for removal of

existingor replacement buildingsom a threatened site lmth arecognizecandpreferred

method of mitigating coastal erosion hazardewisting developmerand associated use

rights (e.g. NZCPS 2010, Policies 25(c) and 27 (1)(a). However, it is not consistent with
sustainable resource management to use this approach to justifgimgte risk of

adverse effects from coastal hazards, i.e. by creating additional lots with separate titles and
thus providingor additional newdevelopmenin hazardprone areas (NZCPS 2010,

Policies 25(a) and (b)). While Policy 25(c) encourages ddsigelocatability or

recoverability from hazard events, as one possible way to reduce hazard risks, when read
along with Policies 25(a) and 25(b) this clearly relates to redevelopment or new
development on exiting properties, rather than to new subalimigith all its associated

new development that can only increase overall hazard risk. In addiaoaged retreat

by relocation or remval of these particular proposed developmentdd beespecially

fraught with problems-including new sites having be distant from the subdivision,

whether such relocatian feasible, and the understandable reluctance of owners
(particularly new future owners) tmmply andundetake such a difficult exercise

COASTAL Report Title: Mahanga Coastal Hazard Assessment
SYSTEM Reference No 20123CRep  Version: Final  Status Open
~ P T LIVAD Client: Mahanga E Tu for Environment Court case EROLOWLG-000012 Date: 17-4- 2012



59

6.0 SUMMARY and CONCLUSIONS

1) Coadal Systems Ltd(CSL) agreedin February 2011to assisMahanga E Tu in their
Environment Court challenge to the Hawke’
Wairoa District Council (WDC) consenting of the Williams, Mexted siad Breda
Malherbeproposed subdision at Mahanga Beach, by providing the court with
independent hazard evidence. We considered we had an ethical duty to the public
(including the Applicants) to do this following a site visit on 18th January 2011, when
we became particularly concernedat he site’ s apparent vuln
hazards, with high risk of future property damage and to personal safety.

2) Comprehensive inundation and erosion hazard assessmemisre carriecbut
in the vicinty of the proposed subdivisiarsing

1 More extensivgrocess and morphological data bases than used in previous
relevant assessments (Gibb 2000, Tonkin and Taylor 2004, Gibb 2005, Gibb
2007 and Gibb 2008),

1 More robust analysethan used imost of thesarlier assessments.

1 A range of nevhazad assessmemnéferences anguidance materials
(including theNew Zealand Coastal Policy Statement 2@A@ch contains a
dedicated policy24]), and

1 Peer review by several practitioners with expertise in different aspects of
coastal hazards.

3) The Geomorphological Systemwasidentified andhisincludedpreviously
unrecognized characteristics which are critical to achieving accurate hazard
assessment. In particular:

1 The site of the proposed sub@ion lies within aparticularly dynamic regioat
themargin between two nationallygmificant and interacting geomorphological
features: thc.2000 yr old Mahia Peninsuleomiolo (the sand plain that joins
the Mahia Peninsul the mainlandand the 800 yr old Mahangahdslide
where thenorth coast ofthe tombolo joinghe mainland Thes two features
meetin the vicinty of the proposed subdivision atieey are evolving toward an
equilibrium state That evolution is very likely to continue throughout the
present hazard assessment period.

1 The proposd subdivision lies within a lodying area 2 to 2.5 m above MSL
that was until relatively recently a lagoon entrance. This low area is bounded on
each side by elevated terrain and as such lies vathinundation pathway for
both storm and tsunami wasze
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1 The proposed subdivision is fronted to seaward by a boulder spit which is
migrating onshore and in the future will likely cause enhaecesion rates at

the

shoreline fronting the proposed subdivision.

4) Hazard assessment results

T

Empiricatbased ®rm inundation modellinghdicated water depthia

excess 0B.5 m at pulse speeds eB5im/s @ross the proposed subdivision
during the assessment period (at least 100 yrs). Earlier assessments did not
guantify these hazards across the proposed sulmfivisi

Empiricalbased gunami inundation modelling showte site to be even

more vulnerable, with inundation depths in excess of 5.5 m at speeds of 11 to
15 m/s possible across the subdivision during the assessment period. Earlier
assessments did not quénthese hazards across the proposed subdivision.

Empirical nodellingof shoreline behaviour showednsiderably greater
systematic retreatf the shorelindronting the subdivisiothanpredicted by
earlier assessmen(ts= 0 . 5 f. 0 tg 0.22 en/yr). With incorporation of

the other erosion hazard components (e.g. retreat associated with predicted
sealevel rise) virtually the entire proposed subdivision could be affected by
erosion during the assessment period.

5) Climate change effectsincludingsealevel rise ELR), are likely to enhance and
prolong the interaction process between both the lacge morphological units (the

landslide

and tombolo) and also greallerscaleunits (the boulder spit and inlet

channel/shorelines). Climate changeluding SLR will directly increase hazard
levels and risk during the assessment peraad this has been factored into the
assessment

6) Hazard mitigation to reduce the risk is not considered viable:

T

Tsunami(even for 50 yr return periods) appear totoe powerful for

mitigation byconstruction design. The viability of emergency evacuation is
particularly questionable given the likelihood of little or no warning time
and thdocation of the sitevithin an inund#éon pathway.

Storm inundationwould challenge the viability dfuilding design and the
environmental impact and associated hazard risk would be very high.

Systematidongertermerosion controlising a hard structure is not viable
asthe structure wald modify processeboth infront of, and alongshore of,
the proposed seawalFirstly, the structure itself will be increasingly
undermined as the fronting beach lowers and will need ongoing repair and
strengthening. Secondlthe landward migrating bdder spit (see Point 3
above) will increasinglyorce the strem against the structure thereby
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impeding terrestrial drainage amtluce floodingunless ongoing channel
excavation occurs. It is noted that important hydrologaabjogical,
recreational (les of beach) and cultural values detailed in evidence by
Appellant witnesses, will likely be negatively impacted by suchsgatvall
interaction and associated maintenaderdly, thestructure is likely to
modify processes at and beyond the endbeteawall and indug¢end
effect) erosion oncengoing background erosion on the adjacent beach
exposes thetructuré s  eto wafesagtion.

7) Existing HBRC and WDC hazard zonedor this site are b&sd on Gi bb’' s
proposain which the timebased erosion component was removed from the primary
(seawardmost) nbuild zone. The previously proposed Tonkin and Taylor 2004 zoning
included thiscomponent with their value @& mbeingbased on an earligreliminary
assessment by Gibb 2002. marisonof findings fromthe present assessmarith

Gibb 2007(see Table 5.3 1 in the present report) indicates that the latter significantly
underestimatethe longr-term erosion component (1 . 2 m ¢, althaugh#5 0 m)
should be noted that the Gibb 2005 assessment usedeaof&Il22 m/yr which

(justifiably) included d@00% allowance for uncertainty in future spit behaviour.

Furthermore, undesfficial Ministry for the Environment (20Q8uidance and the New
Zealand Coastal Policy Stateme2f1(Q it is required that enhancetimate change
and associated impagtediction are includedithin hazard risk asses®nt and
managemeniSome #dowancefor climate changithin a nebuild zonemust be made
in hazard zoning

Finally, the present assessment has demonstrated petentialimpact of both
tsunami and storm inundation across thetsititne extenthat these processes cannot
be assigned secondamyrtiary status as is the casehe current hazard zoning.

The existing local governmehtizard zoning should nased as a management guide
for the proposed subdivision.

8) In conclusion,the present assessment demonstthggs

1 The proposed subdivision igghly vulnerable to eastal erosion and inundation
processes,

9 Effective hazard risk mitigation is not viable,
1 There is a very high risk thait timeswithin the assessment period, property
will be exposed to severe damage afedand safetythreatened

In my prokessionabpinion,this subdivision proposahouldbe declined in its
entirety.
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CONSULTANT COPYRIGHT and DISCLAIMER

Dr Roger Shand (the author) has prepared the docuDoastal Hazard Assesent in the

vicinity of Williams,Mexted and/an Breda Malherbe propedsubdivisionfor Mahanga

E Tu IncorporatedThe Report) for the exclusive purposeastisting the Environment

Court in cas&NV-2010WLG0012 Mahanga E Tu I nc v Hawkeo:s
and Wairoa District Council

The report contains a consrdéle amount of original material attte author retains
intellectual propertyf that materia(including derived data, methodologies, illustrations
and concepts) and copyright to all associated prepared drawings, and written material.
Any reproductiorand/or use oanysuch material other than for its stipulated purpose as
set out in the previous paragraph, is prohibited without first obtaining written permission
from the report’s author.

The author hasxercised due and customary care in preparisgdincument, but has not,
save as specifically stated, independently verified information from stipulated outside
sources. The author assumes no liability for any loss resulting from errors, omissions or
misrepresentations made by others.

Any recommendains, opinions or findings stated in this report are based on
circumstances and facts as they existed at the time the author performed this work. Any
subsequent changes in such circumstances and facts may adversely affect any of the
recommendations, opimas or findings, and the author assumes no consequential
responsibility.

COASTAL SYSTEMS LTD
Hazard, Management and Research Consultants

Dr Roger Shand
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APPENDIX A

The derivation of storm inundation parameter values: a brief
history

Prior to the late 1990sundation hazard assessments were largely based omdefi

extreme cmponent values from historicabservation and summing these extreme values,
i.e. it was assumed that all terms were dependent. This later point is particularly important
as any two components may be independent (e.qg. tide and tsumrameidependent (to

varying levels) suchswaves and storm surge, which may well be driven by the same
weather system. For example, if two components are independent, then a 100 yr return
period event would occur if one component had a 0.5 yr return parcbthe other a 0.6 yr
return period. By contrast, if the components were moderately dependent (related) then a
combined 100 yr return period event would occuhéf 0.5 yr component eiacidedwith

a 6 yr component. The nature of the components airjdie occurrence thus become
critical.

By the late 1990s some account of independency was being made (NIWA 2000); however,
this was really just a guestimate. In 2004, MFE (2004) was advocating a combination of
MHWS with a storm surge of 0.9 (see f@otnote 1)o provide a realistic tide/storm surge

event. We now know this gives a combined return period in excess 1300 yrs. At that time
both NIWA (2000) and MFE (2004) avoided recommending appropriate wave parameters
values for determining wave setupdamave runup components. The typical outcome was

for the practitioner to use an extreme wave estimate based on output from limited wave

buoy analysisd.g.Pickrill and Mitchell, 1979), and this resulted in further egstimation

of a design combined @i period. Components used in past assessments for the
Mahanga inlet area by T&TardligtedinGable #.1; 207, a
all, to a greater or | esser extent, adopte

Over the past decade or so, NIWA kastablished a network of skexel recorders

around the New Zealand coast, the output of which can decomposed to provide storm surge
and other salevel fluctuations (e.gemperaturébased seassn In addition, numerical

wave models driven by the NOAAglobal atmospheric models, provideurly wave data

1. The origins of using a storm surge value of 0.9 m for hazard and design assessment comes from
observed levels around the New Zealand coast. An extensive record of individual storms has been
docunented by Heath (1979), Hay (1991) and Bell et al. (2000). Hay (1991) studied 153 storms
and found the largest storm surge to be 0.76 m, the second largest to be 0.49 m and 119 were less
than 0.35 m. The second largest recorded storm surge since 18%rvaslone Giselle (1969)

where 0.88 m was recorded in Tauranga Harbour (NIWA, 2000); an event which had a return
period of at least 450 yrs (de Lange, 1996). Based on extrapolation of available storm data, storm
surges in NZ have an upper limit of ~1Bel] et al., 2000) and this consistent for all NZ (Goring,

1995). It seems it was from this setting that the 0.9 m value became established.
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for most of the worlts sea surfase Verification with marine instruments show thelsg¢a

can provide a reliablrecordwhich spans from 1997. Havirmgntinuous data records for

several years provide distribution of valuerom which statistical extreme value analysis

can derive return perioder both the individual components and joint occurrences. This

more“r obust” wagpfoamhlal |y “introduced” to the
coastal community by NIWA scientists Ramsey and Stephens (2006).

In the present assessment for the proposed subdivision site | have derived parameter
values based on redgnavailable continuous water level and hindcast wave recordg usi
ratios given in CIRIA (1996)and carried out analyses such that their combination provides
a dependencwgdjusted total shorelimreinupfor a 100 yr return period event. Note that the
50yr return period values were derived by desaaling the 100 yr values such that the
joint probability total was maintained.
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Appendix B Sediment Transport Modelling at Mahanga

Calculated by Kamphius formula anding wave data supplied by MetOceans. Ltd

Sediment Transport expressed iffyaar calculated according to Kamphius (2002)
7.3 ) .
Q.= 2600 HZ T °.mp".Dge?®.sin® (2a,) ()

With parameters given according to below table

Table 1: Sediment Transport Parameters

Parameter Physic al Description Value

Ow Density of sea water 1025
[kg/m °]

Os Density of sand 2650
[kg/m ]

A Breaker index 0.65][ -]

n porosity 0.32] -]

Ho Significant wave height in -8m

depth Varies [m]

Up Wave angle at break point Varies [°]

Tp Peak wave period Varies [s]

Dso median grain size 0.2 [mm]

This formula calculates the sediment transport rate for the entire surfzone based on several physical
parameters including nearshore wave height, period and angle, sand grain size, surfzone slope etc. The
Kamphuis Model has been found in good agreement with physical and field studies without extensive
parametecalibration(Smithet al 2003).

Sediment transport calculated for every 1 hour time step over the period January 1998 to January 2010. Wave
height gven by Metocean output in 8 m water depth. Wave breaking angle calculated according to linear
theory and Goda (2007) method for calculating break point.
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Appendix C  Field inspection 10 February 2014

Accelerating spit erosion is iekent in data presentedh Figure5.4. Thisisimportant as it
indicates the system is becoming increasingly unstable and this maketelomg
prediction increasinglyncertain

During aater site visit a series of holes (Were dug across thspit faceand crest
including the Transect 4 area whictbecked by a low sand dune (s&keetch.

In each case a veneer some 0.2 to 0.3 m thick of gravel and cobbles with the occasional
small boulder covexd 0.7 to 0.8 m of sand. The final excavation depth was 1 m

This result affords the following explanatiomo 0 KS &aLA 1 Qa Ay ONBIF aiy3
depicted in thesketch the 1938 spit lay well seaward of the present spit amdcan
assumewasprimarly composed on boulders from the eroding headlardwever, & the

spit migrated landward, the intervening area to the stream and shoreline reduced and
shdlowed andincreasingvave sheltering endbd sandto settle. This resulted in the

core of the migrating spit comprising an increasing amount of sand, anstohe

component reducing to the veneer identified today. As the sand portion increased, the
structure becomesincreasingly erodible resulting in the increasing erosion.rate
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