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1.

INTRODUCTION
1.1.

2.

My name is Samuel Casey Morgan. I am employed as an Associate- Coastal
Scientist by AR & Associates Limited.

QUALIFICATIONS AND EXPERIENCE
2.1.

I hold a Master of Science degree (Hons) in Marine Science, specialising in the
geosciences, from the University of Auckland.

2.2.

Much of my academic focus was on the relationship between coastal
geomorphology and longer term habitat trends. My master’s thesis involved an
investigation into the late Holocene development and habitat changes in the
Matapouri Estuarine system.

2.3.

I have approximately twelve years’ experience in the field of Coastal Science and
Management. I am currently an Associate-Coastal Scientist at AR & Associates Ltd,
a civil and environmental engineering consulting firm based in Takapuna,
Auckland.

2.4.

In 2008 I started at the Rodney District Council in an operational role undertaking
the maintenance and development of coastal assets within the district. Previous
to this I was involved in research and teaching at the University of Auckland and
University of Wollongong, as well as research at the Elkhorn Slough Estuarine
Research Centre in California.

2.5.

From 2009 to 2011 I worked in Davis Coastal Consultants on a range of coastal
management and engineering projects. Subsequent to this I was employed by
Auckland Council as a Senior Coastal Scientist until January 2016, providing advice
across Auckland Council in coastal science and management issues.

2.6.

Through my professional career I have applied this expertise and experience to to
observed changes in estuarine geomorphology and habitats at the Elkhorn Slough
in California and in relation to mangrove management issues around the Auckland
region.

2.7.

In my current role I manage a range of coastal management projects and provide
the required coastal science inputs. A substantive part of this role has involved the
review of numerous coastal resource consent applications.

2.8.

In preparing this statement I have read the evidence prepared in relation to Okura
through the Unitary Plan hearings, subsequent information presented through the
expert conferencing, and evidence prepared by Auckland Council for this appeal:
•

SM Evidence July 2017

Green, M. (Sept 2015). Assessment of potential effects of land
development on Okura Estuary. Estuary Sediment Transport Modelling
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- Whole Catchment Sediment Runoff. (NIWA report reference
Ham2015-115).

3.

•

Green, M. (Sept 2015). Assessment of potential effects of land
development on Okura Estuary. Estimates of metal accumulation in the
estuary. (NIWA report reference 2015-114).

•

Green, M., Reeve, G. (April 2015). Assessment of potential effects of
land development on Okura Estuary. Estuary Sediment Transport
Modelling - Additional Scenarios. (NIWA report reference Ham 2015043).

•

Reeve, G., Green, M. (May 2015 2nd Amendment). Assessment of
potential effects of land development on Okura Estuary. Estuary
Sediment Transport Modelling. (NIWA report reference Ham 2014113).

•

Yalden, S., Moores, J. (Oct 2014). Assessment of potential effects of land
development on Okura Estuary. Estimates of Construction Sediment
Loads. (NIWA report reference Ham 2014-106).

•

Green, M.O. and Reeve, G. (2017) Assessment of Potential Effects of
Land Development on Okura Estuary. Connectivity between Okura
Estuary and Weiti Estuary. Report TOD1601–3, Streamlined
Environmental, Hamilton, 16 pp.

•

Statement of Evidence of Michael Parsonson dated 19 July 2017.

•

Statement of Evidence of John Oldman dated 19 July 2017.

•

Statement of Evidence of Dr Malcolm Green dated 24 November 2015,
as presented to the Independent Hearings Panel (for Okura Holdings
Limited).

•

Draft Statement of evidence of Mr Andres Roa.

CODE OF CONDUCT
3.1.

I have read and understand the Code of Conduct for Expert Witnesses contained
in the Environment Court Practice Note 2014 and agree to comply with it. This
evidence is within my area of expertise, except where I state otherwise. I have not
omitted to consider material facts known to me that might alter or detract from
the opinions expressed in this statement of evidence.
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4.

5.

EXECUTIVE SUMMARY
4.1.

The Okura Estuary and its wider associated environments have been identified as
being of regional and national significance.

4.2.

They are complex depositional systems with a range of physical processes
contributing to the coastal geomorphology. The features within this system are
still active and are evolving within contemporary time periods.

4.3.

Modelling of coastal sediment transportation and deposition patterns has been
undertaken. However only a limited range of storm variables have been presented,
and in particular the range of modelled wind directions and strengths is not
comprehensive. The omission of ‘real world’ environmental variables and factors
casts significant doubt on the reliability of the model outputs presented.

4.4.

Increased sedimentation rates in estuarine settings has been shown to contribute
to significant habitat change. Rapid mangrove colonisation over the past 60 years
is one such example of this.

4.5.

Overall I do not think the information presented to date is sufficient to allow for
an accurate representation of the potential impact on the coastal receiving
environment. I consider that if the Okura Holdings Ltd rezoning proposal is
implemented to the extent and in the manner proposed, adverse effects on
Karepiro Bay, Okura Estuary and the Marine Reserve will not be avoided, and may
be significant.

INVOLVEMENT WITH THE PROPOSAL
5.1.

I was initially engaged in March 2016 by the Long Bay and Okura Great Park Society
to review evidence submitted through the Unitary Plan Hearing process with
respect to coastal processes and sedimentation issues. I was further engaged by
the Royal Forest and Bird Society and the Long Bay and Okura Great Park Society
to prepare evidence for the appeal process through the Environment Court.

5.2.

I have been involved with expert conferencing with Dr Malcom Green undertaken
on 13 June 2017. I reviewed and provided comment to Dr Green regarding those
aspects of the Joint Witness Statement (Coastal Processes/ Modelling) dated 6
June (JWS) relating to my area of expertise.

5.3.

I undertook a site visit in April 2016 which involved investigations of the Okura
Estuary shoreline and the intertidal flats of Karepiro Bay.
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6.

SCOPE
6.1.

The focus of my evidence is on sediment transportation and deposition within the
Okura Estuary and Karepiro Bay, of material generated by the Okura Holdings Ltd
(OHL) proposal.

6.2.

I have not considered the fate of zinc and copper contaminants that enter the
system, as this is outside my area of expertise.

7.

BACKGROUND
7.1.

The Okura and Weiti Estuaries are located approximately 23km north of
downtown Auckland. The systems are bound by Whangaparoa Pennisula to the
north and Piripiri Point to the south. The systems are connected by the intertidal
flats of Karepiro Bay which extend out up to 800m at extreme low tides. The Okura
River, Kareprio Stream and Weiti River feed the respective systems and these
freshwater inputs ultimately contribute to the geomorphic and ecological
composition of the area.

7.2.

The Okura Estuary and the Karepiro Bay intertidal flats are part of the Long BayOkura Marine Reserve, which has an SEA Marine 1 classification under the
Auckland Unitary Plan. This classification reflects the sensitivity of this receiving
environment. An SEA Marine 1 classification means that it is an area which, due to
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its physical form, scale or inherent values, is considered to be the most vulnerable
to any adverse effects of inappropriate subdivision, use and development
(Auckland Unitary Plan, D9.1.2). Increased sedimentation and other effects that
result from urbanisation are potential adverse effects on the estuary.
7.3.

Below I have provided a geomorphic description of the area which provides the
context for the interaction of the physical processes, physical features and habitat
distribution. I would expect a context such as this to provide a platform to build
numerical models from, which then are able to predict future change in systems
such as this.

7.4.

In general, the area can be considered to be a relatively low energy environment,
dominated with currents generated by tides and wind. Storm events from the
north through to the east are known to affect the site. These will typically have
some form of wind wave associated with them. Occasional long period ocean swell
waves will enter Karepiro Bay when the offshore conditions are right.

7.5.

The Okura Estuary and Weiti Estuary systems are considered to be drowned river
valleys characterised by large areas of intertidal flats and a single main tidal
channel. By nature, these systems are depositional meaning they receive sediment
from both the catchment and marine sources which then settles (or deposits)
across different parts of systems relative to the physical processes.

7.6.

In my opinion the coastal geomorphology of both the Okura and Weiti Estuary
systems is a cross between wave dominated and tide dominated estuary
geomorphic classification types (Roy el al., 2001). They both display the
characteristic outer spit features of a wave dominated system but funnel like ‘plan’
shape and dominating tidal channel illustrate the importance of tides within the
system. Geomorphic models of this nature help to put into context how different
systems function.

7.7.

The intertidal flats of Karepiro Bay are representative of a shared ‘ebb-tide delta’
between the Okura and Weiti estuaries, and demonstrates a degree of
connectivity between the two systems. Further, the intertidal flats are
‘transgressive’ in nature. This means that material from the intertidal flats is slowly
moving onshore to form features such as beaches and spits. The transgressive
progression is illustrated in Appendix A, Figures 1, 2 & 3 which shows the
development of a new sand spit at the mouth of the Weiti system.

7.8.

Swales et al., 2008 discussed historic and current rates of sedimentation within
Okura Estuary and Karepiro Bay. The Okura Estuary system is thought to have
reached an advanced stage of infilling, and sediment accumulation rates in the
upper estuary are estimated to be between 3-6mm per year.

7.9.

From this study, it was also noted that analysis of short sediment cores extracted
from the outer part of the Okura Estuary (east of the Okura spit) demonstrated
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fine silt and sand laminations which is likely related to fluctuations in sediment
supply to the area, and possibly related to significant storm deposits.
7.10.

A distinguishable and sharp contact was noted at around 20cm in these cores
demonstrating a change in the physical processes and/or sediment supply. There
was a significant amount of cockle shell noted below this mark which may also
indicate a change in habitat. Overall, I consider that finer sediments are
increasingly settling within the system.

7.11.

Sedimentation rates within the subtidal reaches of Karepiro Bay have been
estimated to be between 3-5.2mm per year. No information has been collected
with respect to sedimentation rates or patterns on the Karepiro Bay intertidal flats.
This area is considered to be a ‘depositional sink’ for material carried outside of
the system.

7.12.

The concept that the composition and extent of habitat distribution within
estuarine systems is in part dictated by the overall geomorphology and physical
processes that control the geomorphology is discussed within the academic
literature (Roy et al., 2001). In essence, large scale physical and depositional
processes are thought to dictate ecological and habitat distribution within
estuarine systems. Therefore, changes in the depositional regime of a respective
system will have an impact on its ecology. The best example of this relationship in
New Zealand is the rapid spread of mangrove habitats within our northern
estuaries associated with enhanced sediment deposition in coastal environments.

8.

SUMMARY OF COASTAL SEDIMENT TRANSPORTATION MODEL AND ASSOCIATED
OUTPUTS
8.1.

As described in his (November 2015) evidence, Dr. Green utilised a model
developed in 2009 in order to ascertain the nature of sediment transportation and
deposition within the Okura Estuary and Karepiro Bay (NIWA model).

8.2.

Outputs from the NIWA model simulated sediment transportation under a limited
range of environmental conditions (Calm and a moderate south-westerly wind
(maximum 7.5 m/s) during 5, 25 and 100 year ARI rain events).

8.3.

The outputs from Dr. Green’s run of the model are reliant on sediment inputs from
the GLEAMS modelling, which informs the respective sediment loads entering the
system under the prescribed rainfall events noted above. The GLEAMS model also
attempts to estimate the amount of sediment generated (and which subsequently
enters the estuary) during the construction phase. The assumptions made during
the model development with respect to sediment inputs during construction are
discussed in the evidence of Mr Parsonson and Mr Roa.

8.4.

The model does not simulate or therefore account for the impact of waves
generated within the estuary or entering the estuary. Waves and wave generated
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currents have the ability to re-suspend sediments leading to further mixing and
changes in deposition patterns within a particular system. I discuss the significance
of this point in section 10 of my evidence below.
8.5.

Each model run simulates a ten day period around a specified storm event (3 days
prior, 7 days post). It does not take into account multiple or concurrent storm
events (understood to be on the basis that there is only a small chance of two large
storms occurring a week or so apart during summer construction works). Again, I
discuss the significance of this point in section 10 of my evidence below.

8.6.

Results from the NIWA model presented in Dr. Green’s evidence and supporting
documents illustrate that the amount of sediment remaining in the Okura Estuary
is dependent upon grainsize and environmental variables.

8.7.

Typically the coarser sediment remains in the system, while finer material is ‘lost’
to the wider coastal environment. It was determined that the 15 micron sediment
was closest to the profile of sediment being generated within the catchments.
Retention within the Okura Estuary of this sized material ranged from 25-75%
depending on various environmental variables.

8.8.

In general, within the range of parameters applied in the model, the NIWA model
indicated that deposition of sediment within the Okura Estuary was restricted to
the arms of the upper estuary or close to the point of discharge (being the small
tributary streams that enter the estuary from the OHL land).

8.9.

Modelling outputs presented in the April 2015 (Green and Reeve, Ham 2015-043)
report showed the amount of sediment predicted to be deposited across the
various parts of the system outside of the Okura Estuary (Tables 3-1 to 3-8). Of
significance from these outputs was the increased proportion of sediment being
deposited in the Inner Bay (Karepiro Bay intertidal flats) and the Weiti Estuary
during the larger storm events modelled. I note these results do not include
additional sediment generated during construction activities.

8.10.

These two areas (Karepiro Bay intertidal flats and the Weiti Estuary) were
highlighted to be the main depositional areas under the extreme weather
scenarios modelled. No comment has been provided around the potential reason
for a change in depositional patterns under the extreme rain events. Sediment
loads were modelled and reported for the different rain events with up to 80 tonne
in the 25yr rain event and 112 tonne for the 100yr rain event predicted to be
deposited in the Karepiro Bay setting (Green and Reeve, April 2015). Sediment
loads for the Weiti Estuary setting were modelled and reported up to 43 tonnes in
the 25yr storm and 54 tonne for the 100yr event. I return to this point in section
10 of my evidence below.

8.11.

Comparison between the existing land use sediment deposition patterns and
sediment deposition during construction phases was undertaken. This model run
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used increased sediment loads during construction periods and estimated from
GLEAMS model results, utilising single day estimates of sediment generated during
the 5, 25 and 100yr rain events. Results focused on the 15µm sediment fraction as
the mostly likely sediment fraction to pass through into the system from the
erosion and sediment control measures. This comparison illustrated that over the
construction phase sediment deposition nearly doubled across the storm events
run through the model, predicting sediment deposition layers of between 0.51mm within the recognised deposition pockets (Figure 3.7 Green, September
2015).

9.

8.12.

A model run was also simulated to understand the level of connectivity between
the Okura and Weiti Estuaries. This was undertaken to provide an understanding
of how much sediment is exchanged between the two catchments. However only
a limited run of weather variables and grain sizes was presented. To be of use in
understanding connectivity, it would be necessary to have a greater range of
sediment grain sizes considered and an increased range of weather scenarios
including wave dynamics across this relatively open part of the systems. Therefore
I do not consider the information presented to be particularly useful in
understanding connectivity between Okura and Weiti Estuaries.

8.13.

It is important to note that there is no clear indication as to the potential change
in annual sedimentation accumulation rates. This would provide a useful
comparison for the assessment of potential effects over the medium to long term,
and I address this point further at section 10 of my evidence below as well.
Changes in annual sedimentation accumulation rates would potentially provide an
understanding of how the different habitats in the system might change over the
longer term.

VALIDITY OF THE SEDIMENT TRANSPORTATION MODEL
9.1.

The overall accuracy of any sediment transportation model outputs will depend
on the accuracy of the input data, the range of scenarios performed by the model
and model calibration. I have identified a number of shortcomings in the model
inputs and scenario range, as discussed below, which have affected the accuracy
and interpretation of its outputs.

9.2.

As noted earlier, the NIWA model is run with singular rain events within a calm
period for 3 days prior to the event and 7 days after the event. Significant rain
events are not necessarily isolated events and several rain events occurring in
succession is common, including during the construction season.

9.3.

Rainfall data from early March and mid-April 2017 has been analysed and
illustrates the succession of several rain events and shows significant rainfall can
occur over several days or within days of one another (Appendix B, Figure 8 and 9).
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The model does not represent the likely sediment transportation outcomes of
these multi-day rain events.
9.4.

With additional sediment inputs from multiple rain events a greater level of
sediment can be expected to be deposited and less chance for complete
resuspension by currents within the system to occur.

9.5.

As mentioned above, model results are presented for rain events occurring with
either calm or moderate SW winds. Of concern is the lack of an understanding
around how the system might behave during wind events from either easterly or
northerly quarters. Data contained within the original modelling report details the
relative importance of easterly events at the location (Appendix B, Figure 7). The
model is unlikely to accurately predict the sediment transportation outcome
during easterly wind events.

9.6.

Rainfall events along this coast will often follow a pattern of heavy rain associated
with winds from the north and/or east leading up to the passing of the associated
front or system. Depending on the approach of a particular system, once the front
passes the wind will often shift to a south-west/ west flow and rainfall will begin
to ease. This pattern is demonstrated in plots of rainfall against wind direction
included in Appendix B (Figures 10 and 11).

9.7.

Significant rain events driven by north-easterly quarter winds are also often
associated with significant swell events. Figure 12 in Appendix B shows open ocean
swell forecasts over the same periods noted above. Wave conditions will likely
have an impact upon the deposition of sediments within the receiving
environment by increasing the amount of water impounded within the Okura
Estuary and therefore increasing the amount of time deposition is able to occur.

9.8.

The model is reliant upon sediment inputs provided from the GLEAMS catchment
modelling outputs. It is understood this model relies on assumptions around the
efficiency of construction erosion and sediment control measures, as discussed by
Mr Parsonson and Mr Roa in their evidence. Further information contributing to
the estimates of sediment generated from within the catchment is reliant upon
data collected for a study published in 1999. Changes within the catchment land
use practices have not been taken into account, nor has the degree to which the
wider catchment (beyond the OHL land) can be developed under the planning
regime (as discussed by Mr Roa). Therefore, it is difficult to accurately ascertain
what the cumulative effects might be.

9.9.

The bathymetric mesh (the separate grids used to calculate different portions of
model) for the Weiti estuary and the northern part of Karepiro Bay is not
particularly high resolution and does not reflect recent changes in Weiti
morphology such as the spit that has formed at the mouth of Weiti estuary. The
formation of the spit indicates that there is some transportation of sediment from
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offshore onto the beach and spit features. These changes and the large mesh
resolution may result in less accurate outputs for the estimation of sediment
deposition across this part of the system.

10.

9.10.

The formation of a new spit in the mouth of the Weiti Estuary indicates movement
of sediment onshore. Potentially, sediment that accumulates offshore from
Karepiro Bay is subject to resuspension by waves and subsequent further
dispersal. Overall, depositional processes within Karepiro Bay are generally not
well understood.

9.11.

For the reasons noted above I do not think that the conditions being simulated by
the model outputs, which purport to identify the sediment effects of the proposed
development, are an accurate representation of real world scenarios.

9.12.

In general, it is my opinion that the model underestimates the potential amount
of sediment being deposited and transported within and around the coastal
receiving environment. In particular it is likely that the model underestimates the
amount of sediment entering the system from the sediment control devices over
the construction period and in turn how this is transported and deposited within
the wider coastal receiving environment.

POTENTIAL IMPACT OF INCREASED SEDIMENTATION
10.1.

Based on the modelling results as they stand (and within the range of assumptions
applied) there is a potential increase in the sediment deposition of approximately
0.5mm during individual rain events that might occur during the construction
phase of the development within the Okura Estuary. This represents a potential
increase of 8-16% on the historical annual sedimentation rates (as set out at
paragraph 7.8 above) for each modelled storm that occurs over a year. Again, I
note no information has been provided to date with respect to the overall
potential change in natural sedimentation rates.

10.2.

It has been recognised that changes in land use that lead to sediment run off into
the estuary and harbour systems has contributed to an increase in mangrove area
(De Luca, 2015). Extreme cases of accelerated mangrove colonisation can lead to
an overall change in habitat type (Morgan, 2003).

10.3.

Analysis of the aerial photo record has shown the expansion of mangrove
communities within the Okura Estuary under existing conditions. It is recognised
that as these communities become established they become more efficient at
trapping sediment (Appendix A, Figures 4-6).

10.4.

In the case of the Okura Estuary the expansion of the mangrove community can
be expected to continue and increased sediment inputs from construction
activities are likely to increase the rate of mangrove expansion.
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10.5.

Estuarine evolution models by authors such as Roy et al., 2001 describe the
balance between geomorphic evolution and habitat distribution. In essence, as an
estuary infills, habitats associated with the upper estuary expand further down the
respective system. Further, as an estuary approaches its infill maturity it loses the
potential to entrap sediment as there is less room for the material to settle,
subsequently forcing additional sediment in to the adjacent coastal environment.
Ultimately, as an estuary infills it will move toward a delta type system rather than
an estuary and the nature of the associated habitat type and distribution will
change accordingly.

10.6.

Swales et al., 2008 described the Okura Estuary as being at an advanced stage of
infilling indicated by the single tidal channel and extensive tidal flats. This would
suggest that the system is sensitive to further increases in sediment inputs, thus
the potential for increased rates of mangrove colonisation. In turn, as the
mangroves begin to colonise the intertidal flats of the upper estuary, an increased
amount of fine sediment can be expected to be delivered to the lower reaches of
the estuary and adjacent coastal areas (i.e. Karepiro Bay).

10.7.

On the ground, this effectively means that the Okura Estuary system is close to
being infilled. As the system moves toward final stages of infilling I would expect
to see increased mangrove colonisation west of the sandspit (the upper estuary)
and in the sheltered arms of the system. Further, as the upper estuary infills there
is less capacity for sediment deposition within the system. Subsequently more
sediment is expected to be delivered to the adjacent coastal areas.

10.8.

Of particular concern is the potential impact of increased sediment loads on the
intertidal flats of Karepiro Bay. The existing substrate of the intertidal flats of
Karepiro Bay is dominated by sands, and the associated ecology will be adapted to
these sandy substrates. Deposits in the order of 80-112 tonnes per rain event (as
detailed above, at paragraph 8.10) have the potential to significantly impact upon
the local ecology. There is potential for increased quantities of sediment to be
deposited within this environment which could further increase the impact upon
the Karepiro Bay habitats.

10.9.

The model indicates potentially significant quantities of sediment being deposited
on the Karepiro Bay intertidal flats. Because insufficient detail around the nature
and pattern of sediment deposition has been provided it is difficult to ascertain
the potential impact to the receiving environment, but impacts could be
significantly adverse.
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11.

CONCLUSION
11.1.

I consider the model as it stands and with outputs provided to date presents an
over simplified understanding of the complex range coastal processes operating
within the wider Okura Estuary and Karepiro Bay area. Therefore it is my opinion
that the outputs presented to date cannot be relied upon to provide an accurate
representation of the ‘real world’ setting.

11.2.

Modelling outputs of potential sediment deposition and transportation within the
Okura Estuary are only representative of single rain events and do not provide a
picture of potential increased sediment loads from multiple rain events over a
short period.

11.3.

A limited range of wind scenarios have been presented and thus a true
representation of the system dynamics is not yet understood. Different wind will
invariably affect the depositional patterns within the wider system.

11.4.

Therefore, outputs from the model are restricted to certain environmental
variables and are not considered to be a true representation of real world
scenarios.

11.5.

No other modelling information has been provided with respect to the impact of
other proposed developments in the catchment, hence ignoring potentially
significant cumulative effects.

11.6.

Other studies have recognised Karepiro Bay to be a sink for fine sediment derived
from the Okura (and Weiti) catchments. The model outputs have not illustrated
the details of sedimentation that the proposed development will lead to in
Karepiro Bay.

11.7.

As such it is my view that the sediment transportation modelling information
presented to date does not offer a reliable basis to assess effects on the Okura
Estuary and the Marine Reserve.

11.8.

It is understood that results from the sedimentation modelling have been used to
ascertain the potential impact on the habitats of the Okura Estuary and Karepiro
Bay.

11.9.

Given the uncertainty around the potential short, medium, and long term rates of
sedimentation accumulation in both the Okura Estuary and Karepiro Bay, it is my
opinion that it is not possible to ascertain the potential impact on the respective
habitats, based on the information available, and that impacts could be
significantly adverse.
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11.10. Due to the reasons given above, I consider that if the OHL proposal is implemented
to the extent and in the manner proposed, adverse effects on Karepiro Bay, Okura
Estuary and the Marine Reserve will not be avoided.

Sam Morgan
Coastal Scientist
27 July 2017
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APPENDIX A- GEOMORPHIC AND HABITAT CHANGE

Figure 1: Weiti outer spit 1996. Red circle shows the area of new spit formation.
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Figure 2: Weiti outer spit 1999. Red circle shows the area of new spit formation.
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Figure 3: Weiti outer spit 2017. Red circle shows the area of new spit formation.
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Figure 4: Okura Estuary 1956. Blue circles shows the areas of mangrove habitat.

Figure 5: Okura Estuary 1996. Blue circles shows the areas of mangrove habitat.
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Figure 6: Okura Estuary 2016. Green circle shows the areas of mangrove habitat.
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APPENDIX B- ANALYSIS OF LOCAL WEATHER CONDITIONS

Figure 7: Wind rose describing wind speed and directional data recorded at
Whangaparaoa between 1997 and 2009. (Taken from Pritchard et. al, 2009)
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Figure 8: Rainfall totals from early to mid-March 2017 for the Long Bay and Okura area.
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Figure 9: Rainfall totals from early to mid-April 2017 for the Long Bay and Okura area.
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Figure 10: Rainfall totals vs. wind direction from early to mid-March 2017 for the Long Bay and
Okura area.
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Figure 11: Rainfall totals vs. wind direction from mid-April 2017 for the Long Bay and Okura area.
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Figure 12: Open ocean swell heights associate with storm events in Figure 10 and 11.
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