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Climate Change Risk Assessment 2019
As communities across the world set out to plan for climate change mitigation and adaptation,
they first seek to understand how climate change will affect their city, region, or country.

The Climate Change Risk Assessment (CCRA) has been produced by Auckland Council’s
Research and Evaluation Unit (RIMU) in support of the Auckland Climate Action Plan (ACAP),
at the request of the Chief Sustainability Office. Its aim is to provide information about the risk
and vulnerabilities the Auckland region may face under a changing climate regime, which is
already underway. In 2018, national climate change projections were scaled-down to produce
a more specific picture of their likely effects within the Auckland region. Based on this, CCRA
adopted the Intergovernmental Panel on Climate Change’'s (IPCC) representative
concentration pathway (RCP) 8.5 (“business as usual”) scenario as its guiding projection,
given the lack of evidence of any meaningful and sustained decreases in emissions that would
shift to other projection pathways.

The eight reports in the CCRA consider various components of key risks — that is, hazard,
exposure, and vulnerability — across sectors and systems of interest: people (heat
vulnerability, climate change and air quality), society (social vulnerability and flooding), and
natural environment (terrestrial and marine ecosystems), as well sea level rise at regional and
local scales. A summary report has also been produced.

Titles in the Climate Change Risk Assessment series:

An assessment of vulnerability to climate change in Auckland
Fernandez, M. A. and N. E. Golubiewski (2019)

Development of the Auckland Heat Vulnerability Index
Joynt, J. L. R. and N. E. Golubiewski (2019)

Air quality and societal impacts from predicted climate change in Auckland
Talbot, N. (2019)

Climate change risk assessment for terrestrial species and ecosystems in the Auckland region
Bishop, C. D. and T. J. Landers (2019)

Climate change risk assessment for Auckland’s marine and freshwater ecosystems
Foley, M. M. and M. Carbines (2019)

Flood risk in a changing climate: A combination of hazard, exposure and vulnerability
Golubiewski, N. E., J. L. R. Joynt and K. Balderston (2019)

Auckland’s exposure to sea level rise: Part 1 — Regional inventory
Golubiewski, N. E., K. Balderston, C. Hu and J. Boyle (2019)

Auckland’s exposure to sea level rise: Part 2 — Local inventory (forthcoming)
Boyle, J., N. E. Golubiewski, K. Balderston and C. Hu (2019)

Summary: Climate change risks in Auckland
Auckland Council (2019). Prepared by Arup for Auckland Council
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Executive summary

The regional sea level rise inventory assesses Auckland’s potential exposure to sea level
rise and coastal inundation. To do so, it uses both land elevation bands as a proxy for a
series of sea level rise (SLR) scenarios and coastal inundation models to consider
extreme storm events under present and future regimes. The two approaches permit a
simultaneous consideration of changing coastlines as a result of sea-level rise (an altered
environment) and extreme events.

Presented as a data compendium, this report catalogues the spatial intersection of various
entities of interest with the elevation band/sea level rise and coastal inundation models;
potential exposure is simply defined as two-dimensional co-location. This information can
be used to inform and guide work programmes and research projects that seek to address
and understand more about the implications, vulnerabilities and total risk that arise from
this current and ongoing component of climate change.

Key findings from the data summaries that follow include:

e Approximately 1.5%-4.5% of Auckland’s land area sits in low-lying coastal areas
that could be exposed to SLR ranging from 0.25 m to 3 m.

e Over the last decade population grew faster in the areas exposed to sea level rise
than in the region overall; approximately 3% of Auckland’s population is estimated
to be in low-lying areas affected by the SLR and coastal inundation scenarios used
in this report.

e Mangroves are the most exposed ecosystem type in terms of both area and
proportion. Substantial proportions of coastal ecosystems are increasingly affected
with projected sea level rises through the 21%' century. Some indigenous coastal
and scrub forests are somewhat exposed to SLR and inundation, whereas other
indigenous scrub (such as kanuka and manuka) and tall forests (such as kauri and
tawa) are mostly located inland and are therefore less affected by sea level rise and
coastal inundation.

e In addition to the coastal ecosystems that would be exposed, the land cover
category with the largest area potentially exposed to SLR is high-producing
grassland. Likewise, the land use most exposed in terms of area is rural industry.

e Prime soils are the most exposed of the land use capability (LUC) classes across all
sea level rise scenarios, and elite/prime soils are disproportionately exposed.

e The exposure of buildings to SLR and coastal inundation is different between the
urban and rural parts of the region. Higher numbers and proportions of buildings
could be exposed in rural areas than in the urban core and periphery through 1 m of
SLR. However, under larger SLR scenarios and coastal inundation combined with
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SLR, the number of buildings exposed is greater in the urban core and periphery
than in outlying rural areas.

In contrast to the gradually changing coastline that will result from sea level rise, coastal
inundation occurs as an acute event. Thus, the nature of a storm event is distinct from
ongoing sea level rise. In addition, the definition of the same magnitude storm event will
have decreased (becoming more common) by the end of the century when 1 m SLR is
projected to occur. With this in mind, the areas exposed to coastal inundation under both
current and sea level rise conditions are similar to those of 1 m and greater sea level rise
scenarios. That is, inundation impacts will affect larger areas sooner than sea level rise
alone.
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1.0 Introduction

1.1  Purpose

Sea level rise (SLR) is a recognised consequence of climate change. It is part of
Auckland’s present and future. Sea level at the Port of Auckland has risen 1.60 mm
(+0.08) per year since the early 20" century (Pearce et al. 2018). Sea level rise has
accelerated in recent years and is projected to continue to do so (Pearce et al.
2018).

Sea level rise will affect Auckland as changes to the coastline as well as through
episodic events. Rising mean sea levels will result in new land/sea boundaries at
higher elevations, progressively creeping landward. In addition, present-day high tide
levels will be exceeded more frequently under sea level rise regimes (Pearce et al.
2018), and extreme storm events will inundate further inland.

Auckland Council’'s Research and Evaluation Unit (RIMU) has undertaken an
assessment of climate change impacts and risks to understand the region’s
exposure to climate change and to support the development of the Auckland Climate
Action Plan (Golubiewski et al. 2018). To do so, the Climate Change Risk
Assessment (CCRA) programme focuses on NIWA's Auckland projections for the
IPCC’s Business as Usual scenario (RCP 8.5 83" percentile) (Pearce et al. 2018) as
a conservative approach. In the absence of meaningful decreases in Auckland’s,
New Zealand’s, or global emissions (IPCC 2018), the CCRA endeavours to
understand potential impacts of climate change given current trajectories.

The sea level rise inventory is one component of the CCRA programme, and it is
made up of two parts. This compendium presents information about how the
Auckland region as a whole may be affected by sea level rise across a range of
sectors, including land and ecosystems, land use, and infrastructure. This is done by
looking at the land areas and assets exposed to SLR and coastal inundation in
modelled scenarios. The second part considers local scale exposure (Boyle et al.
2019).

1.2  Approach

Sea level rise was examined via two separate modelling approaches to understand
both the potential consequences of changing coastlines due to SLR (a “strain event”)
and coastal inundation coupled with SLR scenarios (“shock events”).

For the first, land elevation bands above the mean high water springs (MHWS-10)
tidal water level (Bell et al. 2015) served as a proxy for sea level rise scenarios
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(Figure 1). The elevation bands can be interpreted as exposed to “combinations of
coastal-hazard processes and SLR” (Bell et al. 2015). Their correspondence to sea
level rise increments (Bell et al. 2015) with estimated timing of occurrence under the
business as usual (RCP 8.5 83" percentile) scenario for the Auckland region are
(Pearce et al. 2018):

e 0.25m MHWS + 0.25 m SLR* (projected to occur by ~2045)?

e 0.50m MHWS + 0.50 m SLR (projected to occur by 2060)°

e 10m MHWS + 1.0 m SLR (projected to occur by 2100)*

e 20m MHWS + 2.0 m SLR (projected to occur by ~2160)

e 30m MHWS + 1 m SLR + 1 m storm surge + 1 m wave run up OR

MHWS + 2 m SLR + 1 m storm surge

In the following tables, these scenarios are referenced as SLR_0.25m, SLR_0.50m,
SLR_1m, SLR_2m, and SLR_3m, respectively.

Although sea level rise of 3.0m is not currently projected to occur this century or
next, the elevation band also gives an indication of storm surges combined with SLR.
Examining this elevation band also offers insight on an outer envelope of exposed
areas should SLR accelerate beyond current projections, resulting in the earlier
arrival of each SLR milestone (IPCC 2018). Thus, acknowledging the precautionary
principle, the full range of scenarios was used. At the same time, it should be noted
that this approach is used as a proxy to understand future coastal hazard exposure
and, as such, is a general assessment; it should not be used for specific planning
purposes or property assessments.

In order to understand changing coastal inundation dynamics, models using the
combination of storm tide, wave setup and sea level rise developed specifically for
Auckland were used (i.e., the 2016 update of 2013 NIWA models (Sections 1 and 2
of Stephens et al. 2016), as provided by N Carpenter and M Hernandez, Auckland
Council, 11 April 2018). Stephens et al. (2016) define storm tide as the extreme
water levels observed during storm events, adding storm surge (inverse barometric
pressure effects and wind piling water levels up against the coast), tide and mean

! Equivalent to a permanent change in MHWS levels reached on a fortnightly or monthly basis (Bell et
al. 2015)

2 All dates in the list denote the year achieved for RCP 8.5 (83rd percentile) (Pearce et al. 2018).
Some present-day king tides can reach 0.25 m above MHWS, thus providing an indication of future
daily high tides.

% or MHWS + 0.5 m storm surge (Bell et al. 2015)

* or MHWS + 1 m storm surge/wave runup (Bell et al. 2015)

Auckland’'s exposure to sea level rise: part | — regional inventory 2



sea-level anomaly together. Wave setup is the increase in water levels occurring due
to breaking waves in the surf zone.

The original NIWA 2013 models were improved by Stephens et al. (2016) with 2016
data to address two key updates: 1) small east coast estuaries values to reflect
outcomes identified in the Auckland Unitary Plan hearings process, and 2) Kaipara
harbour and Parakai values to reflect newer tide gauge information® (K. Williams,
personal communication, January-March 2018, N. Carpenter, personal
communication, 14 March 2018). Only the first update was incorporated into the
2016 model update, which was completed in 2018 and both made available for this
project (N. Carpenter, personal communication, 14 March 2018 and 18 March 2019)
and published to the Geomaps website as a public data set
(https://geomapspublic.aucklandcouncil.govt.nz/viewer/index.html).

The ARI 100 models were used in this inventory: these are storms having a 1%
probability of occurrence in any given year, known as a 1% annual exceedance
probability (AEP). These are also referred to as “1 in 100-year storms” or those with
a 100-year annual return interval (ARI). The three scenarios used are:

e 100 year ARI coastal inundation from a current 1% AEP event

e 100 year ARl + 1m SLR coastal inundation from a 1% AEP event under
1 m SLR regime

e 100 year ARl + 2m SLR coastal inundation from a 1% AEP event under
2 m SLR regime

In the following tables, these scenarios are referenced as ARI100, ARI100_SLR1m,
and ARI100_SLR2m, respectively.

These coastal inundation scenarios do not cover the entire Auckland region (Figure
2). The coastal inundation scenarios do not include outlying islands in the Hauraki
Gulf in the northeast of the Auckland region, including Great Barrier Island, so the
total land area for these scenarios is less than the region as a whole, and therefore
the area exposed to coastal inundation is underestimated in each scenario given the
absence of these islands. For this reason, the results of the two sea level rise
approaches are not directly comparable.

5According to Jon Clarke on behalf of Auckland Council’'s Engineering and Technical Services, “Point
2 is still undergoing changes due to issues in the accuracy of the LIDAR and it is also likely that a
project will be underway shortly to remap all coastal inundation mapping to the more recent 2016[-18]
(sic) LIDAR” (J. Clarke, personal communication (reviewer feedback), 28 February 2019. See
Summary (Section 7.0) for further discussion.
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In contrast to the changing background environmental conditions that will result from
sea level rise, coastal inundation occurs as an acute event. Thus, the nature of an
extreme storm event is distinct from ongoing sea level rise. In addition, the definition
of the same magnitude storm event will have decreased (becoming more common)
by the end of the century when 1 m SLR is projected to occur. With this in mind, the
areas exposed to coastal inundation under both current and sea level rise conditions
are similar to those of 1 m and greater sea level rise scenarios. This consideration is
more likely, especially when inundation events are coupled with king tides (the
highest tides that occur over the year). As such, coastal inundation impacts will affect
larger areas sooner than sea level rise alone.

These sea level rise scenarios were analysed at two scales for Auckland — namely
the regional and local scales. Accordingly, the inventory of sea level rise in Auckland
will be presented in two reports:

e Part 1 considers sea level rise exposure across the Auckland region as a
whole (this report).
e Part 2 considers SLR exposure at the local scale in coastal units.

This regional sea level rise inventory is presented as a data compendium, examining
the potential exposure (Appendix D) of a variety of sectors to sea level rise; in most
cases this was defined simply as the horizontal intersection of entities of interest with
the various scenarios (no vertical analysis to consider the depth of inundation
against a particular entity was undertaken). In the sections that follow, components
of five main sectors are examined: regional summary, terrestrial (land) systems, land
use, buildings and facilities, and infrastructure. Some data were first compiled for a
national study of the exposure of local government-owned assets to sea level rise
(Simonson and Hall 2019), and these were further developed for this inventory in
consultation with asset and data owners, including three waters infrastructure
(Section 6.2), transport (Section 6.1), community facilities (Section 5.2), council
greenspace (Section 4.4), and landfills (section 5.4). In this regional sea-level rise
inventory, for each specific component examined, the entity assessed is described,
the data used and exposure assessment are explained, and three key messages are
provided, complemented by a summary section reviewing the exposure data overall.
This text is followed by the data tables of the component’s exposure to both the SLR
and coastal inundation scenarios. Data are presented in full for the reader to peruse.
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Figure 1: Exposure of Auckland to sea level rise scenarios based on elevation bands
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Figure 2: Exposure of Auckland to coastal inundation
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2.0 Regional Exposure to Sea Level Rise

With over 3200 km of coastline, the Auckland region is well-exposed to the sea. The
central city sits on an isthmus, positioned between two harbours. Constrained by
both western and eastern coasts, the expanding metropolitan area extends in every
landward direction from the CBD, other centres that ring the region, and outlying
rural settlements.

In this section, the exposure of the Auckland region to SLR is summarised in terms
of:

e Territory (land)
e Population.

2.1  Territory

What this measures:

The area of Auckland’s land projected to be exposed to sea level rise is quantified.
The land boundary is defined as the level of mean high water springs (MHWS-10),
which would be exceeded by 10% of predicted tides in any given year. It is
considered a practical measure of the current natural land-sea boundary.

Which data were used:

As the most recent MHWS line available in Auckland Council's GIS, the Coast
Boundary MHWS-10 (MeanHighWaterSpring10m polyline feature class) (Auckland
Council 2013) was used to define the region’s land-sea boundary. From this, a
polygon was created to represent Auckland Council’s land base.

Key messages:

e In the near term, 1.5% of the Auckland region may be affected by 0.25 m sea
level rise, compared to 2.5% of the region that could be affected by coastal
inundation from a 1 in 100-year ARI (1% AEP).

e By the end of the century, up to 2.5% of the Auckland region may be affected
by 1 m SLR, and 3.7% of the region could be exposed to coastal inundation.

e In the long term, approximately 4.5% of the region could be exposed to 3 m
SLR.

Summary:

Auckland’s land base comprises almost 5000 km?% specifically, 489,581 hectares
(ha) or 4896 km? (Table 1).
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Under increasing sea level rise increments (Figure 1), 1.5% (7360 ha) to 2.5%
(12,451 ha) of the region’s land may be affected by sea level rise during this century®
(Table 1). Auckland as a region is more exposed than New Zealand overall but not
as exposed as Waikato, Bay of Plenty, or Canterbury (Bell et al. 2015). The widest
envelope of exposure assessed, SLR_3m, indicates that up to 4.5% of the Auckland
region could be affected; the corresponding national figure is 0.7% (Bell et al. 2015).

The Auckland region is already exposed to coastal inundation from storm events,
and this area expands under SLR scenarios (Figure 2). More than 11,000 ha (2.5%)
of the region lies in an area already exposed to coastal inundation from a storm with
a 1% probability of occurrence (AEP) in any given year (Table 2). This approaches
the amount of land that could be at risk from 1 m SLR alone (in the elevation band of
0-1 m) (Table 1), projected to occur by the end of the century. At that time, with SLR
of 1 m, a storm of this magnitude could affect almost 17,000 ha (3.7%) of the region
(Table 2).

® According to the RCP 8.5 (83rd percentile) projections (as throughout this report)
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2.2 Population

What this measures:

This provides an estimate of the usually resident population count (population) from
the last three available censuses in low-lying coastal areas potentially exposed to a
combined maximum extent of SLR and coastal inundation (corresponding to the 0-3
m elevation band (SLR_3m) and the ARI 100 + 2m SLR (ARI100_2m) coastal
inundation scenario). This approach was adopted as a means of dealing with the
complexity of matching population to areas affected by sea level rise in order to
estimate the population potentially exposed. In effect, this plotted an outer envelope
of the known hazard in order to estimate a potential (maximum) exposure, from
which any actual exposure to a specific increment of SLR will be less.

Which data were used:

The population in the maximum landward extent of sea level rise, defined as a
combination of the SLR_3m and ARI100_2m scenarios, was estimated.

Population distributions were based on the 2013 Census data at the 2013 meshblock
(2013MB) and 2013 Census Area Unit (2013CAU) geometries (which also included
2006 and 2001 census data). Meshblocks are the smallest or finest geometry at
which census count data are made available. Census Area Units are the usual
reporting geometry at which most census data are available without privacy related
suppression, as well as the finest scale at which interpolated population estimates
and future projections are produced. The usually resident population count (URPC)
IS a post-census re-estimate of the census night population count that reallocates
people (who may be overseas, travelling or otherwise not at home) back to their
usual place of residence.

A ‘maximum extent’ of SLR was developed, comprising a spatial combination of the
maximum landward extent of the two SLR modelling approaches: the elevation
bands (SLR_3m) and the coastal inundation zones (ARI100_2m). The area of this
maximum extent within each Statistics New Zealand ‘Clipped to Coast’ geographic
boundary 2013 meshblock (Statistics New Zealand 2013) was quantified, as was its
proportion of the total meshblock area. This percentage meshblock area coverage
was used to prorate the usually resident population count (URPC) in 2013, 2006 and
2001 for each meshblock (Equation 1), on the assumption that the population
distribution within the meshblock was evenly (or randomly) distributed.

Equation 1 URPC Exposed in MB = URPC x % of gross MB area in Max Extent
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This produces an estimate of the population exposed to potential SLR, defined as
the maximum extent of the two modelled scenarios, at the meshblock scale.

This method is consistent with that outlined by Bell et al. (2015) and is subject to the
same assumptions and limitations regarding over- and under-estimation, dependent
on the actual population distributions within meshblocks relative to the assumed
even or random distribution. Where the population is concentrated in locations in the
MB farther away from the coast, this approach will result in an overestimate of
population exposure to SLR. Likewise, population exposure to SLR will be
underestimated where the population concentrates closer to the coast. Even so,
these estimates of exposed population at the finer meshblock level supports
improved population estimates at coarser scales.

Rather than simply prorating CAU population based on the proportion the CAU area
exposed to SLR (Bell et al. 2015), the finer-grained meshblock land and population
exposure estimates were aggregated to the CAU level in order to enable comparison
with the coarser-scale SLR models. Creating a MB-weighted estimate of a CAU
population’s exposure allowed a finer grain understanding of the population
distribution within a CAU, enabling a more accurate estimate of the proportion of
each CAU’s population potentially exposed to SLR. For example, if the meshblocks
in a CAU area have a large area exposed but a small proportion of the CAU
population, the proportion of population exposed will be weighted based on
population itself, avoiding an overestimate that would occur if based only on CAU
area exposed. The reverse also holds true.

Key messages:

e Estimating population in the maximum extent of SLR at the meshblock scale
indicates ~43,200 (3.1%) of the usually resident population (in 2013) may be
directly exposed to SLR (a combination of SLR_3m and ARI100_SLR2m).

e The total population count estimated to be exposed has increased through
time from ~34,700 (2001) and ~38,700 (2006). The proportion of Auckland’s
population directly exposed also increased from 3.0% in 2001 and 2006 to
3.1% in 2013.

e During the 2006 to 2013 intercensal period, the population change in the
coastal areas exposed to the maximum SLR extent was approximately 11.7%,
which was higher than the region as a whole (8.5%). In the 2001-2006 period,
the rates of coastal and regional change were similar (11.6% for exposed
areas compared to 12.5% for the region as a whole).
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Summary:

The maximum extent scenario covers 5.7% of Auckland’s ‘clipped to coast’
meshblock area (~28,300 ha)®. Based on the assumption of an evenly distributed
population in each meshblock (as described above), it was estimated that
approximately 43,200 of the usually resident population count (URPC) in 2013 would
be directly exposed to SLR (Table 3). This is 3.1% of the regional 2013 URPC (Table
3).

Potentially exposed population was calculated for 2001, 2006, and 2013 at
meshblock and CAU levels to consider whether population changed in the maximum
SLR extent through time. The total population estimated to be exposed increased
from ~34,700 in 2001 to ~38,700 in 2006 and ~43,200 in 2013 (Table 3). This
amounts to a 25% increase in the exposed population between 2001 and 2013
compared to a 22% increase in regional population over the same time period (Table
4). In addition, the proportion of the regional population directly exposed increased
from 3.0% in 2001 and 2006 to 3.1% in 2013 (Table 3).

The growth rate of Auckland’s coastal population has generally been higher than in
the region overall. The regional average of the compound annual growth rate
(CAGR) in population between 2001 and 2013 was 1.7%, resulting in an increase of
~255,200 URPC over the period (Table 4). The CAGR for the areas corresponding to
the maximum SLR extent was 1.9%, corresponding to a population increase of
~8,600 in those areas between 2001 and 2013. The difference in these CAGRs
indicates that the population growth rate in the coastal areas exposed to the
maximum SLR extent was approximately 11% higher than the region as a whole
over this period (Table 4).

It is important to be clear that the assumptions made here serve the purpose of
estimating the URPC located within the area corresponding to projected combined
SLR and coastal inundation scenarios; that is, current and past population exposed
to future SLR scenarios. This is distinct from the population that may ultimately be
affected by SLR, when it occurs.

® This figure varies from the land proportions exposed by the SLR_3m and ARI100_SLR 2m
scenarios individually (Table 1 and Table 2) due to the fact that the combination of the two scenarios
covers more land than either one alone as well as the differences in the seaward extent of the ‘clipped
to coast’ Statistics New Zealand 2013 meshblock data set, relative to MHWS.
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Table 3 Estimated population exposed to maximum extent of sea level rise

Census year

Population estimates 2001 2006 2013
Usually Residential Population Count (URPC) 1,160,040 1,304,679 1,415,256
Estimated URPC exposed to maximum extent 34,687 38,713 43,246
% of regional URPC exposed to maximum extent 3.0% 3.0% 3.1%

Table 4 Compound annual growth rate of population in Auckland and in exposed area

Intercensal period

Growth rates and comparisons 2001-2006 2006-2013 2001-2013
Total % increase - regional URPC 12.5% 8.5% 22.0%
Total % increase - exposed URPC 11.6% 11.7% 24.7%
Total % point difference -Exposed vs Regional -0.9% 3.2% 6.6%
Total % proportional difference -7% 38% 37%
CAGR increase - regional URPC 2.4% 1.2% 1.7%
CAGR increase - exposed URPC 2.2% 1.6% 1.9%
CAGR point difference- Exposed vs Regional -0.2% 0.4% 0.2%
CAGR proportional difference -7% 36% 11%
Auckland’'s exposure to sea level rise: part | — regional inventory 13




3.0 Terrestrial Biosphere

The terrestrial biosphere comprises the land domain: the rocks and soils of the earth
itself, the vegetation forming communities and ecosystems, water bodies such as
lake and rivers, and constructed features and surfaces developed by humans.

In this section, the type of land affected by sea level rise is looked at via:

e Land cover
e Ecosystems
e Soils.

3.1 Land cover

What this measures:

Land cover describes the actual surface of the earth, whether it is bare rock,
vegetation, buildings, or impervious surfaces.

Which data were used:

The New Zealand Land Cover Database offers the only complete coverage of New
Zealand’s, and Auckland’s, land cover; it is the most widely used source of land
cover data in New Zealand. Four classifications have been completed to date: 1996,
2001, 2008, and 2012. The most recent 2012 version, Land Cover Database v4.1 —
produced from summer 2012/13 satellite imagery and containing 33 categories
(Landcare Research New Zealand Ltd 2015) — was assessed against SLR
scenarios. Therefore, the statistics presented here are indicative only, as some land
cover has changed in the intervening six years.

Key messages:

e Coastal ecosystems are most exposed proportionally, including mangroves
and coastal wetlands.

e The land-cover category with the largest area potentially exposed to SLR is
high-producing grassland.

e Some built-up (settlement) areas exist in low elevation bands and so would be
exposed to SLR — potentially more than 1% of all settlement areas by the end
of the century and more than 2% next century.

Summary:

The types of land cover most exposed are, not surprisingly and by definition, those
that occupy low-lying areas along the coast. It is widely understood that SLR will
affect beaches, as evidenced by the 10% of sand/gravel bare surfaces (largely
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beaches) that could be exposed by 0.25 m SLR, increasing to almost 20% by 1 m
SLR (Table 5). With 2 m SLR, almost one-third of sand/gravel area may be exposed.
Inherently coastal, occupying the land/sea boundary, almost all mangroves would be
exposed: more than 80% of their area could be affected in the near term, increasing
throughout the century and approaching 90% under 2 m SLR (Table 5). Likewise,
the majority of herbaceous saline vegetation (saltwater wetlands) could be affected
from now onward. A smaller, but still substantial, proportion of freshwater wetland
area (herbaceous freshwater vegetation) is also low lying and thus exposed to SLR:
more than 20% under 1 m SLR (Table 5). Compounding effects of such exposure to
these vulnerable ecosystems may include saline intrusion.

Other ecosystems are less affected given their usual distribution. Indigenous forests
will not be as affected as deciduous forests. On the other hand, a substantial
proportion (18-35%) of matagouri or grey scrub — a rare land cover type in Auckland
— could be affected this century. Up to 7% of short-rotation cropland may be exposed
to 1 m SLR. The land-cover category with the largest area potentially exposed to
SLR is high-producing grassland, comprising almost 4% of the amount that existed
in 2012 (Table 5). In terms of developed land, approximately 241 ha could be
exposed to 0.25 m SLR, rising to 488 ha (1% of all settlement areas) under 1 m SLR
and more than 1000 ha under 2 m SLR (2%) (Table 5).

Coastal inundation from extreme storm events mirrors larger SLR scenarios (with the
caveat that the exposure estimates for those land cover types present in the Hauraki
Gulf excluded from the coastal inundation scenarios will be underestimated,; this is
especially true for Indigenous Forest, Broadleaved Indigenous Hardwoods, and
Manuka and/or Kanuka). For example, the proportion of sand/ gravel affected by a
present-day ARI 100 storm (29%) (Table 6) is similar to the area projected to be
exposed by 2 m SLR (32%) (Table 5). Likewise for wetlands, for which a present-day
storm event is similar in area to that potentially exposed to 1 m SLR (Tables 5 and
6). The area of mangroves affected by present and future coastal inundation
scenarios, 94%-97% (Table 6), exceeds that of all SLR scenarios (Table 5). More
built-up area could be exposed by a present-day ARI 100 storm (412 ha) (Table 6)
than by 0.25 m SLR (241 ha) or 0.50 SLR (310 ha), and would approach the amount
that could be exposed to 1 m SLR (489 ha) (Table 5). The area of built environment
potentially affected by a ARI100 storm combined with 1 m SLR (Table 6)
approximates the amount potentially exposed to 2 m SLR scenario (Table 5).
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3.2 Ecosystems

What this measures:

Auckland Council’s “Ecosystems” data classify vegetation into community types, with
a focus on those that are indigenous (native). Complementing the regional land
cover categories in Section 3.1, this section, presents a more specific analysis of
potential exposure for vegetative communities with biodiversity and conservation
importance.

Which data were used:

Auckland Council's Current Ecosystems data (Auckland Council 2014) map
indigenous and other ecosystems across the region based on the Singers et al.
(2017) classification. This is the best, though still not comprehensive, detailed
classification of Auckland’s vegetation communities. It is, however, more current than
LCDB v4.1 (which dates to 2012) insofar as it is continuously updated. So, the
figures presented here are based on best-available data but do not necessarily
encompass region-wide totals.

Key messages:

e Mangroves are the most exposed ecosystem type in terms of both area and
proportion.

e Substantial proportions of coastal ecosystems are increasingly affected with
projected sea level rises through the 21% century.

e Some indigenous coastal and scrub forests are somewhat exposed to SLR
and inundation, whereas other indigenous scrub (such as kanuka and
manuka) and tall forests (such as kauri and tawa) are mostly located inland
and are therefore less affected by sea level rise and coastal inundation.

Summary:

As noted in Section 3.1, most of the current extent of Auckland’s mangroves are low-
lying, occupying the land-sea interface, and so are exposed to sea level rise, ranging
from 84% by mid-century to 90% end of century (Table 7). And following further
expectations, a substantial proportion of coastal ecosystems would be exposed,
including Oioi retia sedgeland and reedland (DN5, WL10), spinifex/pingao (DN2),
stonefields (SA4), Machaerina sedgeland (WL11), fernland (WL12), flaxland (WL18),
and raupo reedland (WL19), as well as exotic wetlands (EW) (Table 7). The
dynamics can also change as the amount of sea level rise increases, depending on
the correspondence between topography and distribution of particular vegetative
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communities. For example, the proportion of herbfield coastal turf exposed increases
from 2.1% under 0.25 m SLR to 28% with 1 m SLR and to 90% under 2 m SLR.

As a rare ecosystem (with only 21 ha currently mapped), inland lakeshore turf is
disproportionately affected, with up to three-quarters of its area exposed to sea level
rise zones. Likewise for flaxland: half of the current mapped extent could be exposed
to the larger SLR scenarios of 2 m and 3 m.

Some indigenous forests are somewhat exposed to SLR and inundation, including
pohutakawa forests (VS1, WF4), Totara dune forests (WF5), and Kahikatea forests
(WF8, MF4). Indigenous kauri and tawa forests (e.g., WF10-13) are mostly located
inland and are therefore less affected by sea level rise and coastal inundation. The
effects of sea level rise on Auckland’s ecosystems is further discussed in the
terrestrial ecosystems report of this Climate Change Risk Assessment series (Bishop
and Landers 2019).

Interestingly, a high proportion of the unassigned areas in the Ecosystems data set
are also in the sea level rise zones; this may indicate an urgency for data mapping
completion.
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3.3 Soils

What this measures:

Soils provide the foundation of all terrestrial ecosystems, providing both the physical
template of the land itself as well as the biochemical constituents that provide
nutrients to the overlying vegetation. One way to consider their characteristics is
through land use capability (LUC) class, a categorisation that indicates the type of
productive use land can sustain in the long-term. In the LUC system, there are eight
categories ranging from highly productive and versatile soils (LUC 1: “negligible
limitations to productive use”) to severe limitations to productive uses (LUC 8: “non-
arable- limitations preclude productive use (conservation land)”) (Lynn et al. 2009).
For the purposes of the Unitary Plan, Auckland Council has deemed the LUC 1 class
“elite soils” and LUC classes 2 and 3 as “prime soils” (Auckland Council 2016a).
Here, the LUC class is used as a proxy for considering the multi-faceted qualities of
soil and the characteristics of soils exposed to sea level rise.

Which data were used:

Land Use Capability classification of soils from Auckland Council FARM_LUC
feature class covers all of the region except for developed areas that are not mapped
for soils (Hicks 2016).

Key messages:

e Prime soils (LUC 2 and LUC 3) are the most exposed to sea level rise across
all scenarios.

e Together, elite and prime soils (LUCs 1-3) are disproportionately affected:
they are more exposed to sea level rise than non-arable soils (LUCs 5-7) in
terms of both total area and proportion.

e The other major type of soils affected are LUC 8, in which limitations preclude
productive use but are recommended for conservation land.

Summary:

The soils most exposed, in terms of both area and proportion, by sea level rise this
century (i.e. through 1 m SLR) are those in LUC class 3, designated as prime soils in
Auckland’s Unitary Plan (Auckland Council 2016a) (Table 9). Almost 9% of the area
in LUC class 3 could be exposed to 1 m SLR, and more than 10% to 2 m SLR. LUC
class 3 is the third-most abundant LUC class in the Auckland region, after LUC
classes 6 and 4, so it is noteworthy that the largest area exposed to SLR is in this
class.
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Proportionally, LUC class 8 is the second-most exposed LUC under 1 m SLR,
becoming the most affected under 2 m and 3 m SLR scenarios (Table 9); however, it
is one of the least affected in terms of total area and is the LUC class with least
representation in the Auckland region.

More importantly, the so-called “highly versatile” or “high-class” soils found in LUCs
1-3, designated as elite (LUC 1) and prime (LUCs 2 and 3) in Auckland Council’s
Unitary Plan, are substantially exposed to sea level rise. LUC 2 is the second most-
affected LUC class in terms of area across all time periods after LUC 3 (and third-
most affected proportionally after LUCs 3 and 8), even though it ranks 6™ of the eight
LUC classes in terms of regional occurrence (Table 9). Together, then, prime soils
(LUC 2 and 3) are the most exposed soils in Auckland across all sea level rise
scenarios.

So-called “elite” soils (LUC 1) rank 7" in terms of LUC class area in the Auckland
region, but rank 4™ in terms of the proportion of LUC class area exposed to SLR.
Between 1% and 2% of these highly productive soils could be exposed under this
century’s projected SLR, with more than 2% under 2 m SLR.

Considered together, approximately 5% of Auckland’s “elite” and “prime” land (LUCs
1-3) is exposed to SLR by mid-century (under 0.25 m and 0.50 m SLR scenarios),
more than 6% by end of the century (1 m SLR), and more than 8% next century (2 m
SLR). This is an important consideration in the context of multiple stressors,
including development pressures, on these highly fertile soils that support
agricultural production.

Interestingly, the groupings are more distinct when considering coastal inundation
and sea level rise scenarios (Table 10). The two main groups of affected soils are
LUC 8 (recommended for conservation rather than agricultural use) and LUCs 1-3
(the best agricultural soils). The proportions shift with the omission of the outlying
islands in the coastal inundation scenarios (Section 1.2), which decreases the area
of LUC 7 by 30% and LUC 8 by 50%, resulting in seemingly higher proportions
affected. Substantial areas and proportions of the most productive soils (LUCs 1-3)
are in zones exposed to inundation, which are exacerbated by sea level rise (Table
10). This has important implications for erosion and sedimentation events in the
region.
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40 Land Use

Land use, as distinct from land cover, describes the activities that take place upon
the land: how humans put it to use. It allows consideration of the function of the land
— what is it for — rather than simply the surface coverage — what is there. Land use
can be both dynamic and slow to alter: activities can change often, but certain areas
of the city will remain residential or industrial for decades or more. It is possible to
consider both how land use is planned, facilitated and provided for, as well as what
actually occurs. Thus, this section considers the effects of sea level rise on planned
use (unitary plan zones) as well as actual current land use from both property
assessments and agricultural surveys.

In this section:

e Auckland Unitary Plan zones
e Current land use
e Primary production (agricultural) activity.

4.1  Auckland Unitary Plan zones

What this measures:

Land is zoned for different purposes by the Auckland Unitary Plan (AUP), which
imposes variable levels of control on the establishment of new land uses as well as
on activities on land zoned for various purposes. Zoning provides an indication of
both present and future potential land uses: it recognises and protects established
land-use patterns as well as manages and facilitates land-use change.

Which data were used:

Base Zones as defined in the Auckland Unitary Plan (Operative in Part) (Auckland
Council 2016a) describe the current base zoning for the Auckland region. The
Unitary Plan Base Zone SDE feature class (Auckland Council 2016b) representing
these zones were examined for exposure to SLR and ARI scenarios above MHWS.

Data were analysed at the individual zone level (n=44), but for the purposes of
conciseness the summary tables below show results at the zone group level (n=7)
(i.e., the Residential zone group is made up of six residential zones facilitating low
though higher density development). Individual zone level exposure data are
included in Appendix B.

The “General: Hauraki Gulf Island Zone” is included but is effectively a catch-all
placeholder for the wide range of zoning that is outlined by the Auckland Council
Operative District Plan: Hauraki Gulf Islands Section, which will eventually be
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incorporated into the Auckland Unitary Plan. Accordingly, the AUP zone group
exposure figures underestimate the total for the various land use zonings included in
the Gulf Islands as defined by the Hauraki Gulf Islands District Plan.

The AUP zones of “General: Coastal Marine Area” (CMA) and “General: Water([i]”
have been excluded from the zoning totals as they are largely on the seaward side of
the land/sea boundary (defined in this study as MHWS). For all other zones,
because exposure is only measured relative to the land above MHWS, and the
Auckland Unitary Plan is both a regional and District Plan, the plan does contain
zones below MHWS (the legal boundary between regional and territorial authority
jurisdiction). This means that for some zones the area exposed appears low, even
when a significant portion of the zone is already ‘inundated’ by virtue of its location
being mostly (or entirely) already in the sea or other water feature.

Zone Descriptions are available in Chapter H (Zones) of the Auckland Unitary Plan in
the first numbered section of each Zone®.

Key messages:

e The Rural Coastal Zone, a low intensity rural zone focused on coastal
landscape protection, is most exposed in terms of area across all SLR
scenarios, followed by the Rural Production Zone, a widespread rural zone
focussing on facilitating rural land uses. As would be expected, the Coastal
Zone group (including most of the marine and CMA-based activities including
District and Regional Plan controls) is the most affected proportionally, though
the specific zones are small in individual and total area: Coastal Defence
Zone; Coastal Minor Port Zone; Coastal Ferry Terminal Zone; Coastal
Transition Zone; Coastal Marina Zone; and Coastal Mooring Zone. (As noted
above, the Coastal Marine Area and Water zones are excluded).

e Some residential zoned land is exposed to sea level rise: the most exposed
zones are Rural and Coastal Settlement Zone (a low density residential zone
for un-serviced or high landscape value rural communities) and the Single
House Zone (the lowest density suburban zone, generally applied to manage
hazards or amenity issues). Less than 1% of the zoned area in the Future
Urban Zone (which would be a mix of zones eventually, including non-
developable zonings) is exposed across the SLR scenarios.

e Changes in zonal exposure with increases in SLR vary: they can be steady
across scenarios (e.g., Coastal Defence Zone), rise (e.g., residential zones),
or exhibit a step change at particular thresholds (e.g., Business-City Centre
Zone).

°See http://unitaryplan.aucklandcouncil.govt.nz/
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Summary:

The Rural Coastal Zone is most exposed in terms of area across all SLR scenarios —
5783 ha (or 8% of the zone’s area) under 1 m SLR — and the exposure increases
with the magnitude of SLR (Appendix A). As would be expected, the other coastal
zones are most exposed to sea level rise as a proportion of their total areas,
although these are small in area (comprising a total of less than 1% of the Auckland
region) (Table 11, Table 12). To illustrate, 77% of the Coastal - Defence Zone'® is
exposed under the three SLR scenarios up to 1 m, slightly increasing under 2 m and
3 m scenarios (Appendix A).

The Coastal Transition Zone is notable for the exposure in terms of both area and
proportion, reaching more than 50% affected (728 ha) at 1 m SLR (Appendix A).
However, the zone exists only because of administrative issues relating to the legacy
district planning (this land was formerly unzoned) and the changing location and
accuracy of the MHWS boundary over time. The zone definition states that the rules
applying to any private land in a Certificate of Title will be those applying to the
balance of the title.™*

The other zones with large areas of land potentially affected are the Rural Production
Zone, with exposure reaching over 2300 ha (more than 1% of the zone’s area) under
1 m SLR, and the Open Space-Conservation Zone reaching 921 ha (3%) exposed at
1 m SLR (Appendix A).

Some residential land is exposed to sea level rise: 1% or less at 0.25 m or 0.50 m
SLR (Table 11). The Rural and Coastal Settlement Zone is the most exposed
proportionally of the residential zones, with 3% affected at 1 m SLR and increasing
to 7% at 2 m SLR (Appendix A). The Rural and Coastal Settlement zone is a
relatively low-density zone and applies in many existing coastal settlements, which
are largely unreticulated for most water services and/or have specific landscape

10 The Coastal — Defence Zone provides for the continued operation of defence activities in the
Coastal Marine Area adjacent to the Royal New Zealand Navy Devonport Naval Base and the
Onetaunga Bay Wharf (Kauri Point) (Section F.7.1, Auckland Unitary Plan, Auckland Council 2016a).
1 Section F.8.1 of the Auckland Unitary Plan (Auckland Council 2016a) states, “This zone applies to
land above mean high water springs that was typically un-zoned in previous district plans. The zone is
administrative and has been introduced to account for improvements in the quality of information on
the location of the line of mean high water springs ...This zone does not presume that the land is
either public or private land, rather it clarifies which zone and precinct provisions apply once the
tenure of the land has been determined. The seaward boundary of the land shown on the planning
maps approximates the location of the line of mean high water springs as at 2012. However, a survey
may be required to confirm the exact location of the line. Where private title has mean high water
springs as its seaward boundary and abuts the coastal marine area, the land will be treated under the
provisions applying to the remainder of the private title in the same ownership.”
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gualities. The zone with the most residential land area exposed (and second-most
proportionally) is the Single House Zone with exposure of 117 ha (more than 1% of
the zone) under 1 m SLR and increasing to 267 ha (3%) under 2 m SLR (Appendix
A). This is the lowest density ‘urban’ residential zone and is often applied in locations
where known hazards would preclude more intensive development, including known
sea level rise and coastal hazards such as coastal inundation. It is also applied in
locations where other factors including heritage and amenity may Ilimit the
appropriateness of more intensive development.

Less than 1% of the Future Urban Zone (FUZ) is affected across all sea level rise
scenarios; the area increases from 4 ha under 0.25 m SLR to 19 ha at 1 m SLR,
doubling to 40 ha with 2 m SLR. It is worth noting the Future Urban Zone is a
placeholder for future rezoning to an appropriate mix following extensive structure
planning, and it is considered unlikely that the exposed land within the FUZ would be
rezoned and developed for specifically residential or business land uses given that
avoidance of known and reasonably anticipated hazards is a key consideration in
this rezoning process.*?

Notably, less than 2% of the Business—City Centre Zone is affected under the SLR
scenarios projected for this century (to 1 m SLR) but jumps to 30% under the 2 m
SLR scenario, projected for next century (Appendix A).

Similarly, the potential exposure statistics for coastal inundation scenarios can
increase sharply when combined with sea level rise (Table 12, Table 37). For
example, whereas 0.5% of the Business-City Centre Zone may be affected by
coastal inundation from a storm with a 1% probability of annual occurrence (a “1 in
100 year” storm or ARI 100), exposure jumps to almost 20% when combined with 1
m SLR and almost 50% when combined with 2 m SLR. Of all business zones, the
Neighbourhood Centre Zone has the highest proportional exposure.

Coastal inundation from ARI 100 storms corresponds to a minimum of 50% (half) of
each small coastal zone (Appendix A, Table 37). The ARI100_1 m SLR scenario
overlays at least 67% (two-thirds) of each coastal zone; this increases to 75% (three-
quarters) when combined with 2 m SLR. The Rural Coastal Zone has again the
largest exposure in terms of area, with a steady proportional increase through the
scenarios (Appendix A, Table 37).

>The rezoning of FUZ land to other AUP zones is a prerequisite to its development for urban
purposes. The Structure Planning process and the general land development and subdivision rules
require hazards including SLR and coastal inundation to be considered when creating the future
zoning and development patterns.
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Residential zones are affected by coastal inundation (Table 12) in a similar manner
to sea level rise (Table 11), though exacerbated with the possibility of earlier
occurrence than the timing expected from sea level rise alone.

NB: All of the above, as well as other zonal exposure statistics not specified, are
underestimated since the Hauraki Gulf Islands are considered as a single Unitary
Plan zone (Appendix A, General Zone Group), rather than a location. There is a wide
variety of rural, residential, business and other zones in these locales, outlined in the
Auckland Council District Plan: Gulf Island Section that would increase the areas
affected in each zone class (see Which data were used explanation above).
Additional analysis will be required to ascertain currently operative Auckland Council
District Plan: Gulf Island Section zone exposure.
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4.2 Current land use

What this measures:

Land use denotes how humans use land for various activities. Land use is the
outcome of interactions over time among physical land suitability for various
activities, regulation (e.g., planning), economic decisions, and social processes. It
changes over time at various rates in response to changes in these factors.

Climate change impacts will accelerate changes in all of these factors in a variety of
complex and unknown ways, and land-use changes will result. The SLR and ARI
scenarios (which are expected to occur in the future) are intersected with current
land-use patterns, providing a baseline of the land uses potentially affected, but
these data are not a forecast of land-use change nor necessarily reflect the land
uses that may exist in the locations exposed when the scenarios modelled eventually
occur.

Which data were used:

The Digital Valuation Roll (DVR) contains information collected by all councils for
rating purposes. The Rating Valuations Rules 2008 outlines the codes and criteria
that the DVR must contain and states, “Actual property use means the activity, or
group of interdependent activities having a common purpose, performed on land or
building floor space at the date of inspection” (LINZ 2010). The DVR contains a two-
character field describing “Actual Property Use”: the first character indicates the
‘Primary Level Use’ and has 10 categories and the second character provides further
refinement of the primary level (e.g., all codes starting with a 9 are ‘Residential’, 91 is
‘Residential: Single Unit excluding bach’ and 92 is ‘Residential: Multi-unit’). In the
summary tables below, the data are summarised at the primary level for brevity, with
more detailed secondary level data included in Appendix B.

To assess land uses exposed to SLR, DVR data (describing rateable units) has been
combined with parcel (land) data in order to ascribe a ‘dominant use’ as the land use
with the greatest summed rates assessment area on a given parcel. This avoids
double counting land uses (e.g. where there are multiple rates assessments for each
land parcel, such as apartments or commercial units). And land, represented by
parcels, with its dominant land use (from all of the associated rates assessments) is
also counted only once, including by area. For this analysis, land-use data
representing ‘flattened’ rates assessments combined with parcel data as at 18 May
2018 were used.

In the process of combining rates assessments and parcel data, not all land is
captured, nor can individual rates assessments and parcel data always be spatially-
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or attribute-matched, particularly Roads (which are not rated). There may be data
errors or missing records in either or both sets that create holes in the combined
data set. Where there is no land parcel for a rates assessment to join to, data are not
assessed. Where there is a land parcel but no rates assessment joined or to join,
there is no land-use information and so is tagged as Unknown/No Data. The
Unknown/No Data land-use category, in addition to land parcels without rates joins,
covers mostly small public land parcels such as esplanade reserves and road ends
or slivers, many of which tend to be coastal. Road parcels are non-rateable and are
not included in the rating data or input parcels, and Hydro parcels (i.e., sea, streams,
lake beds) are also excluded.

This data set was first clipped to MHWS-10 and then overlaid with the scenarios (to
ensure parcels and rates assessments already below MHWS were not included). As
a result, total parcel land area with land uses available for this analysis is less than
the total regional parcel/rates dataset and less than the land area above MHWS
intersecting with the scenarios. Thus, all figures are proportions of the land types and
areas that exist in the combined and clipped data set analysed, and as land uses are
constantly changing in response to a variety of drivers (including perceptions of risk),
all results should be considered as a current state snapshot (as at May 2018).

Key messages:

e Rural Industry (particularly stock finishing, dairy and forestry) land uses are
potentially most exposed to sea level rise in terms of area; they also have the
largest regional coverage. Lifestyle blocks (i.e., non-productive rural blocks)
are the second-most exposed in terms of area; they also occupy the second-
largest regional coverage.

e Transport (including ports and terminals), Recreation (i.e. coastal reserves
and esplanades), and Commercial/Industrial land uses have a high (>10%)
proportional exposure to SLR, particularly under the larger scenarios.

e The highest number of parcels potentially exposed under all scenarios belong
to the Residential category, followed by Recreation, Lifestyle and Rural
Industry land uses. This amounts to ~1.5%-2% of residential parcels (~5600
(SLR_1m) to 8500 (ARI100_1mSLR)) exposed this century, at the same time
noting that 79% of all mapped parcels (~371,000) in the region are
Residential.

Summary:

Land use exposure as measured by count or area, and the relativities of these to the
land-use parcel composition, is quite variable. This reflects the different spatial
patterns of the primary land uses and their typical size ranges. Rural Industry covers
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a large area of the region, often extending to the coastal fringe and, in some cases,
into the CMA. Dominant land use at the parcel scale will also obscure within parcel
land-use variation, such as coastal fringe areas on farms that may be planted or
retired from grazing rather than being actively grazed or area of the site that were
never farmed.

Areas subject to existing and known hazards (such as low-lying coastal flats) are
often used for low intensity rural purposes, such as periodic grazing. The proportion
of area exposed to SLR scenarios is in line with this distribution (Table 13, Table 14).
Because rural parcels are often large, there are comparatively few and so a high
proportion by count of rural industry parcels are potentially exposed, even if the total
area of exposure on large rural parcels is relatively small.

Conversely, much residential land use tends not to be immediately adjacent to the
coast; for example, there may be an esplanade reserve or other land use between
the residential use and the coastline. However, in low lying, flatter areas a small
amount of vertical rise in elevation can extend quite far inland. As such, a relatively
low proportion of total residential land use area could be exposed to SLR (Table 13,
Table 14). That said, the highest number of parcels exposed are in the Residential
category: 5600-8500 parcels affected by the 1 m SLR and coastal inundation
scenarios (Table 15, Table 16), which is approximately 1.5%-2% of the total
residential parcels in the region. (Overall, the ~371,000 residential parcels in the
land-use database comprise 79% of all parcels in the region.)

Land uses of public interest that are substantially exposed include Utilities (15% by
count, 1% by area), Recreation (35% by count, 6% by area), Transport-excluding
road parcels (24% by count, 31% by area), and Community Services (8% by count,
2% by area) (Tables 13-16). This indicates a potentially significant issue for the
facilities and both soft and hard infrastructure that these land uses host, including the
loss of the buffer function, as well as the recreational, amenity and coastal access
points they currently provide to other land uses, particularly in urban areas.

It should be noted that the analysis is based on the intersection of SLR and ARI
scenario extents with parcels, which does not necessarily directly translate to impact
on the continuation or operation of the current primary land use (e.g., the inundation
of a part of a residential parcel may not result in the loss of functionality or
habitability of a dwelling located elsewhere on the parcel). It is also possible that the
reverse may hold true; for example, a small area of exposed Transport land use
could have flow-on impacts on a wide array of adjacent or non-contiguous land uses.
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The data do, however, provide a first indication of exposure, providing a basis for
prioritising further investigations of hazard, vulnerability, and risk (Golubiewski et al.
2018).
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4.3  Primary production (agricultural) activity

What this measures:

Primary production (agricultural) activities and other rural land uses in the Auckland
region are assessed for their potential exposure to sea level rise.

Which data were used:

Farm Type, as recorded in the AgriBase 2016 survey (AsureQuality 2016), provides
a classification of rural land use. The location-specific areas of mapped farm types
were extracted against sea level rise scenarios, rather than the areas for farm
enterprises (part of which may be located elsewhere).

Key messages:

e Grazing land is the farm type most exposed to SLR by area.
e A relatively large proportion (6-10%) of arable cropping land is exposed
across SLR scenarios.

e Farm types not exposed to sea level rise scenarios include alpaca and llama
breeding; beekeeping; and zoos.

Summary:

Livestock farms, including mixed sheep and beef, beef, and dairy, occupy the most
agricultural production land across Auckland (Table 17). These are also the farm
types with greatest land area exposed to sea level rise scenarios, affecting 3-6% of
their total areas up to 1 m SLR (Table 17), corresponding to results obtained for
general land use exposure (Section 4.2).

Less than 1% of vegetable growing area is exposed to sea level rise, but up to 10%
of arable cropping/seed production land could be exposed to projected 2 m SLR
(Table 17).

Aquaculture comprises the farm type with highest proportion of area exposed to
SLR, as would be expected given the coastal location of the enterprise, followed by
those areas “non-farmed”, that is, idle or under other uses (Table 17).
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4.4  Council greenspace and sportsfields

What this section measures:

Council-owned greenspace, namely parks/reserves, sportsfields, and cemeteries,
were examined for their intersection with SLR and coastal inundation scenarios.

Which data were used:

Auckland Council’s spatial data sets produced by Community Facilities (CF) were
used to identify greenspaces and sportsfields. Parks and reserves were identified
from the Park Extent layer. From the Park Sportsfield Extent layer, sportsfields were
identified as soil fields, soil field surrounds, sand carpet fields, and sand carpet field
surrounds to capture active green spaces consisting of grass (lawn) and soil. Other
active spaces including artificial sportsfields, cricket wickets, cricket practice area,
courts, and sports tracks were also analysed. The same approach was taken for
cemeteries, based on cemetery records extracted from council’'s SAP Maintenance
Plant module. These data sets reflect all registered and verified CF sites recorded in
SAP.

It should be noted the community facilities CF data are live data sets — the data are
under constant update and modification, so the extents of some parks or sportsfields
may have been modified since date of data extraction.

Key messages:

e The amount of council-owned greenspace that may be exposed to SLR
ranges from 1% to 6%.

e Approximately 2% of sportsfield area could be exposed to 1 m SLR.

e Across 55 cemeteries (both open and closed), a total of three hectares could
be exposed to 1 m SLR, with area increasing under larger SLR scenarios.

Summary:

The margins of many parks and reserves lie along shores and coastal margins. In
some cases, small areas (slivers) of parks sit in low-lying elevations exposed to sea
level rise; in others, larger areas could be exposed. Overall, potential exposure
comprises more than 2% (1313 ha) of council greenspace under 1 m SLR and more
than 4% (2326 ha) under 2 m SLR (Table 19).

Local parks are the most exposed across all SLR and ARI scenarios: 850 ha (or 10%
of total local park land area) could be exposed under 1 m SLR, with a 50% increase
to 1280 ha under 2 m SLR (Table 19). This is not unexpected, as large numbers of
local parks are established along esplanades and coastal areas as buffer zones to
mitigate impacts imposed by climate change and seal level rise. Regional parks are

Auckland’'s exposure to sea level rise: part | — regional inventory 46



the second-most exposed of council-owned greenspaces: approximately 375 ha to
872 ha under 1 m SLR and 2 m SLR (Table 19).

Sportsfields are often built on flat and low-lying locations, which means the potential
exposure to sea level rise and/or storm events is higher than for other types of
recreational facilities. Approximately 2% (18.6 ha) of sportsfields could be exposed
to 1 m SLR and almost 7% (57.5 ha) to 2 m SLR (Table 21). The potential loss of
these sportsfields to sea level rise also implies potential effects on high-value fixed
assets such as surface materials, under surface drainage and irrigation systems, and
power supply equipment associated with these sportsfields.

As with parks, in many cases the exposure in cemeteries consists of slivers along
the land margin edge. Given the sensitivity of this land use to inundation, the extent
and distribution of inundation in each location will be important to investigate. For 1
m SLR, about 1% of total cemetery land is exposed across 10 cemeteries (Table
19). The larger SLR scenarios indicate increased exposure on 12 cemetery sites,
covering more land area.
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5.0 Buildings and Facilities

Coastal areas have long been considered attractive areas to live all over the world.
As such, development has occurred in many coastal areas for a variety of purposes:
to live, to work, to recreate. Thus, many structures and other objects have been built
and installed in low-lying coastal environments. The degree to which those in
Auckland intersect with SLR and coastal inundation scenarios is considered here.

In this section:
o Buildings
o Community facilities
. Coastal assets

. Landfills.

5.1 Buildings

What this measures:

Buildings co-located in SLR and coastal inundation scenario zones are tabulated. If
part of a building outline intersected with an elevation band or an inundation model, it
was counted as potentially exposed.

Which data were used:

For the urban core and its periphery, all buildings 10 m? and greater were assessed
using the 2013 Buildings data set (Golubiewski et al. 2019). This data set was
chosen since it has undergone an extensive quality assessment. It was
supplemented with the LINZ building outlines for the Auckland region, most of which
date to 2012 and 2015 for the northern and southern rural areas (LINZ Data Service
2018).

Key messages:

e Up to 3% of buildings in the Auckland region are located in the areas
corresponding to the largest SLR and coastal inundation scenarios.

e Across the region, 1% or less of buildings could be exposed to SLR scenarios
up to 1 m, but over 1.5% could be exposed in storm surge combined with 1 m
SLR.

e Rural areas are disproportionately affected this century: Higher numbers and
proportions of buildings are exposed to SLR in rural areas than the urban core
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and periphery through 1 m SLR, but the number of buildings exposed in the
urban core exceeds rural areas under larger SLR or coastal inundation
combined with SLR.

Summary:

Increasing numbers of buildings are exposed to increasing levels of sea level rise
and coastal inundation. Across the region, less than 1% of buildings may be exposed
to sea level rise scenarios projected for this century (up to 1 m SLR) (Table 23),
whereas more than 1.5% of buildings would be affected under 1 m SLR combined
with storm surge (Table 24). Approximately 3% of buildings would be exposed
across the region from a storm surge combined with 2 m SLR (Table 24) or under
the 3 m SLR scenario (Table 23).

The exposure of buildings to SLR and coastal inundation is different between the
urban and rural parts of the region. Higher numbers and proportions of buildings
would be exposed in rural areas than in the urban core and periphery through 1 m of
SLR (Table 23): 2891 buildings (3.9%) in rural areas compared to 475 (0.1%) in the
urban core and periphery. This is similar to coastal inundation for a 1 in 100-year
storm (Table 24). However, under larger SLR scenarios and storm surge combined
with SLR, the number of buildings exposed is greater in the urban core and
periphery than in outlying rural areas (Table 23, Table 24). A higher proportion of
buildings could be exposed in rural areas than in the urban core and periphery
across all scenarios. A finer scale effect of sea level rise on specific locations is
further investigated at the local scale, which is undertaken in Part 2 of the SLR
inventories (Boyle et al. 2019).

New construction occurred in areas exposed to sea level rise between 2010 and
2013. Change detection was conducted for the urban core and its periphery
(Golubiewski et al. 2019): 10 new buildings (as of 2013) were in the 0.25 m SLR
zone; 16 in the 0.50 m zone; and 36 in the 1 m SLR zone with one more under
construction. For the 2 m and 3 m elevation bands, 162 and 302 buildings,
respectively, were new (and two were under construction). The figures are similar for
coastal inundation: 15 new buildings were recorded in the ARI 100 zone; 106 in the
ARI 100+1m SLR zone; and 291 in the ARI 100+2 m SLR zone, with two buildings
under construction (in 2013) in the ARI + SLR zones.
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5.2 Community facilities

What this measures:

The location of buildings and other structures with specific functions, such as
hospitals and schools, were assessed against the modelled SLR and coastal
inundation scenarios.

Which data were used:

Various spatial and non-spatial data sets were used to intersect with SLR scenarios
to identify exposed community facilities. Auckland Council Community Facilities’ (CF)
Park Building layer and building records extracted from CF’'s SAP Maintenance Plant
and Real Estate modules were used to identify council owned and maintained
facilities. Due to the complex nature of building use, the facility data are grouped into
seven main categories; detailed building category data are included in Appendix C.

The DVR data and the 2013 Buildings data set were used to assess the number of
district health board related facilities and council-owned housing units that could be
exposed to sea level rise and coastal inundation.

It should be noted that CF’s building data are under constant updates and
modifications. The number of buildings identified in this report was a snapshot of the
data set. Furthermore, CF's Park Building layer only captures facilities that are
maintained by council’'s Chief Operations Office (COO) Operations Division; it does
not necessarily capture all facilities maintained and owned by other council-
controlled organisations, namely Auckland Transport (AT), Auckland Tourism,
Events and Economic Development (ATEED), Panuku Development Auckland
(Panuku), and Regional Facilities Auckland (RFA).

Key messages:

e Less than 5% of council-maintained facilities are exposed to sea level rise of
up to 1 m; there is a marked increase in facility types and numbers exposed at
2 m SLR and above.

e Combined with storm surge events, the number of exposed public amenities
and service buildings doubles under 1 m SLR.

e Significant facility types exposed include mixed use facilities, public amenities,
and service buildings.

Summary:

Overall, few facilities are exposed to sea level rise and coastal inundation scenarios
(Table 25, Table 26), especially through 1 m SLR. There is a marked increase in the
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number and types of exposed structures between sea level rise of 1 m and 2 m
(Table 25, Table 26).

Proportionally, facilities and assets located on the coast and beaches are more
highly exposed, such as public amenities buildings (toilets and changing rooms) and
service buildings (e.g. storage sheds and utility structures) located on esplanades
and coastal parks/reserves. Combined with storm surge events, the number of
exposed public amenities and service buildings more than doubles under 1 m SLR,
which jumps from 86 to 206 (Table 25, Table 26).

Some facility types of significance to community welfare and emergency
management are exposed under the larger sea level rise scenarios, including
evacuation centres, libraries, and community facilities. Four leisure buildings are
exposed to SLR scenarios above 1 m and four libraries are exposed to 2 m SLR and
greater.

In addition to council-owned community facilities, council-owned housing units were
also examined. Auckland Council owns two types of housing portfolios (not including
dwelling units owned and managed by Panuku), namely Housing for the Older
People and Own-Your-Own units. Of these units, one building could be exposed to 2
m SLR, whereas 15 buildings could be exposed to coastal inundation from a ARI 100
storm in combination with 2 m SLR (Table 27, Table 28).
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5.3 Coastal assets

What this measures:

The location of a variety of coastal assets with specific functions, such as boat
ramps, jetties, sea walls and wharves as well as boardwalks, stairs, footpaths and
carparks, were assessed against the modelled SLR and coastal inundation
scenarios.

Which data were used:

Four Community Facilities’ (CF) spatial datasets were used, namely, Park Asset
Route layer, Park Garden Turf Route layer, Park Structure Hard Surface layer, and
Park Water Beach Extent layer. Asset records extracted from CF's SAP
Maintenance Plant module were used to identify and validate council-owned assets
that intersect with the SLR and coastal inundation models. For the purpose of this
inventory, the detailed asset groups are also grouped into four main coastal asset
groups.

As mentioned in previous sections, CF’s spatial datasets are under constant updates
and modifications. The number of assets identified in this report was a snapshot of
the full data list. Asset records extracted from CF's SAP Maintenance Plant were
incorporated in this analysis to provide better clarity on CF’'s asset data structure, as
well as to remove all redundant and/or temporary data entries that are captured in
the spatial layers.

Key messages:

e As structures located at the land/sea boundary, coastal assets are exposed to
changes in environmental conditions (sea level rise) as well as extreme
events (coastal inundation).

e Beaches and accompanying coastal structures are more exposed to all
coastal inundation scenarios than SLR alone.

e A majority of boat ramps and wharves (and all jetties), would be exposed
under all scenarios; land-based access assets are less exposed.

Summary:

Inherently, structures and assets located in coastal areas are largely exposed to SLR
and coastal inundation (Table 29, Table 30). Whereas boardwalks and bridges would
be highly exposed to SLR (Table 29), the proportions of other access assets for
people and vehicles exposed are potentially low at 0.25 m and 0.50 m SLR,
increasing markedly at 1 m SLR and greater. Walls and barriers are more exposed,
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proportionally, than fences and retaining walls (Table 29). A majority of boat ramps
and wharves (and all jetties), would be exposed under all scenarios, as would be
expected given their position and function. Likewise beaches themselves are largely
exposed to SLR and coastal inundation — almost by definition (here, those
maintained by Auckland Council are tabulated).
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54 Landfills

What this measures:

The co-location of active and closed landfills, as well as transfer stations, with low-
elevation bands/sea level rise scenarios and coastal inundation models were
investigated.

Which data were used:

Auckland Council’'s landfill spatial data set (Bauzon 2013) were intersected with the
scenarios.

Key messages:

e Almost half of closed landfills in the Auckland region could be exposed to sea
level rise or coastal inundation.

e One of Auckland’s two active landfills could be exposed under a 3 m SLR
scenario.

e Auckland has one transfer station, which is not exposed.

Summary:

The Auckland region does not have high exposure to SLR in terms of active landfills
and transfer stations (Table 31). In large part, this is due to few locations — two
landfills and one transfer station; much of the waste is transported to locations
outside the region. The active landfill that is exposed to SLR of 2 m and 3 m is
located on Great Barrier Island; it is not accounted for in the coastal inundation
scenarios (Table 32) since this is part of the excluded area in those models (Section
1.2).

In contrast, many closed landfills remain across the region, and many are small sites
and/or coastal. They are historical legacies, and many have been repurposed into
reserves, parks, and other open space land uses. Almost half of these closed
landfills could be exposed to increasing levels of sea level rise (Table 31) and
coastal inundation (Table 32).
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6.0 Infrastructure

Cities are often built around infrastructure, and populations rely on it for many
aspects of daily life. Due to both how cities develop and the requirements of certain
infrastructure services, many infrastructure assets are often found on the coast. The
co-location of some of Auckland’s council infrastructure assets with potential sea
level rise zones are considered here.

In this section:

e Transport
e Three Waters.

6.1 Transport

What this section measures:

The exposure of transport assets route, land, and marine categories were
considered.

Which data were used:

Auckland Transport provided asset data for roads, bridges, and jetties/wharves.
Auckland Council geospatial data sets were used to tabulate airports, boat ramps,
and marinas.

Key messages:
e The regional proportion of exposed road is just over 1% under 1 m SLR,
although there are known hotspots of affected roads.
e Some areas of Auckland International Airport are affected at every sea level
rise scenario.
e Marine facilities are usually affected by sea level rise, given their coastal
position.

Summary:

All transport asset categories are exposed to sea level rise scenarios to some
degree. Many transportation assets are located along the coast for both historical
and functional reasons.

Just over 1% of the region’s roads are exposed to sea level rise of 1 m, which can
increase to 5% at 3 m SLR (Table 33). Although a relatively low portion at the
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regional scale, known local hotspots exist, including Tamaki Drive and Onehunga
Town Centre (Pearce et al. 2018).

Auckland Airport is situated along the Manukau Harbour and, as such, the airport’s
land and facilities are exposed to sea level rise and coastal inundation.

All marine facilities will, by definition, be affected. All jetties and wharves were
considered by Auckland Transport to be exposed across scenarios, and an
increasing number of boat ramps would be exposed with increasing sea levels
(Table 33). Some portion of the six council-owned marinas could be affected across
scenarios, given their location across the land/sea margin: in some cases slivers
along land margins; in others, larger areas (Table 33).
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6.2 Three waters

What this measures:

Three waters infrastructure comprises wastewater, water supply, and stormwater.
Assets in each of these categories were tabulated for their intersections with
modelled SLR and coastal inundation scenarios.

Which data were used:

Wastewater and water supply data were provided by Watercare. Stormwater data
were provided by Auckland Council’'s Healthy Waters department.

Key messages:

e One wastewater treatment plant is potentially exposed under all SLR
scenarios; two wastewater treatment plants would be potentially exposed to
storm surge combined with SLR.

e In the water supply system, pump stations and pipes are exposed, as are
reservoirs in the largest scenarios.

e Pipes and manholes in the stormwater system are exposed at every SLR
scenario (as would be expected).

Summary:

Stormwater pipes and manholes would be exposed under all SLR and coastal
inundation events, as would be expected given their function (Table 34, Table 35). It
is usual to have stormwater outfalls that extend into the sea at current levels. As
noted by Andrew Chin, Auckland’s Waters Portfolio manager, “The issue is not
whether the assets become submerged more frequently with sea level rise, it is the
reduced capacity of the pipes due to a lower hydraulic gradient: in steep catchments
there are unlikely to be issues, but in flat catchments there will be problems”
(personal communication, 29 November 2018). This simple overlay analysis does
not specify the short-term and long-term implications of further submersion or
inundation, neither for the infrastructure itself nor the conveyance of stormwater,
which is the subject of more detailed analyses and operational efforts. The function
of the overlay analysis is to provide a regional overview (this volume) for potential
exposure (Appendix D).

One of Auckland’s wastewater treatment plants could be exposed to SLR of any
magnitude (Table 34, Box 1). Coastal inundation occurring as a result of a ARl 100
storm combined with SLR of 1-2 m could affect two treatment plants (Table 35). One
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water supply treatment plant and one water supply well/bore could also be exposed

at the 3 m SLR scenario (Table 34).

Relatively low proportions of other wastewater asset categories are exposed to SLR

and coastal inundation (Table 34, Table 35).

Box 1 Watercare’s approach to climate change risk

“The Mangere Wastewater Treatment Plant (WWTP) is
Watercare’s largest asset and treats the wastewater of more
than one million Aucklanders. It is situated on the shore of
the Manukau Harbour, which is projected to be impacted by

sea level rise of approximately one metre by 2100. Watercare

has recognised the significant consequences climate change
will have and has reviewed the vulnerability of our assets to
these potential impacts. A range of long-term planning
responses are being considered, including capital
interventions, operational optimisation, land use and
environmental policy engagement and, in the worst-case
scenario, asset abandonment.

For the Mangere WWTP, due to the degree of sunk
investment in the treatment plant and all the accompanying
wastewater conveyance network, the total replacement of
the plant is the least preferred option. It is likely that the
Mangere WWTP will be protected by both capital
interventions (e.g. the construction of protective bund walls)
and operational optimisation (e.g. backup energy supply) to
ensure it remains resilient to climate change.”

Chris Thurston, Head of Sustainability, Watercare

A relatively low proportion

of total pipe length could be
exposed; and, between
one and three water supply
pump stations could be
exposed under increasing
SLR regimes, with or
without storm surge (Table
34, Table 35). Reservoirs
in Auckland’s water supply
system could be exposed
in the 3 m elevation band
or to an ARI 100 storm
combined with 2 m SLR.
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7.0 Summary

This first comprehensive inventory of exposure to sea level rise for the Auckland
region provides estimates of the magnitude of land and objects that may be affected
across sectors by various amounts of sea level rise. The timing ascribed to the SLR
and coastal inundation amounts selected were taken from the upper end of the likely
range for the business as usual scenario (RCP 8.5, 83" percentile), covering the
possibility of polar ice sheet instabilities (Pearce et al. 2018), which would lead to an
acceleration of sea level rise. Thus, a precautionary, conservative approach has
been adopted in order to understand the range of potential exposure for the
Auckland region.

This exposure study is a snapshot in time — dependent on both available data and
current understanding of the processes and effects of climate change. As such, the
inventory can be updated as and when new data and knowledge become available.
This could include, but would not be limited to:

e Updated understanding and models of sea level rise (e.g. due to acceleration
should ice sheets collapse or other drivers occur).

e Corrected and/or improved coastal inundation mapping may be undertaken
based on a recently collected LIDAR data set (2016-2018), which will correct
previous errors and provide new information about the region’s terrain.

e Data from the 2018 Census are expected to be made available at the required
subnational scales from mid-2019 onwards.

e Updates and improvements to any of the spatial land or asset data sets.

Improvements to key data sets and advancements in knowledge about SLR
processes and/or the region’s terrain will lead to better understanding about the
hazard posed by this climate change impact. New data and updated data sets of
mapped entities (land, population, and objects) will provide greater insight to what
may be exposed to SLR and coastal inundation. Thus, begins an ongoing process of
inventorying exposure to SLR.

Moreover, the exposure data as put forward here offers the foundation upon which to
pursue further research about the climate change impact of sea level rise. In any
sector, and across sectors, many questions arise about the intricacies of the impacts
of exposure and vulnerabilities to them. So, not only will exposure itself require
ongoing investigation, but perhaps more importantly the complexity of hazard,
exposure, and vulnerability will require more attention and resource in order to
ascertain Auckland’s risk from sea level rise.
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Appendix D Glossary

Coastal inundation

Flooding along the coastal margin as a result of the combination of
storm, tide, wave setup and sea level rise.

Refers to the [potential] exposure of entities of interest to the
projected sea level rise and coastal inundation models. The entities
of interest are spatially intersected with the models to identify what is
co-located.

The average sea level usually taken over rolling 19-year blocks,
measuring the average of all high and low tides. Also serves as a
vertical datum from which heights such as elevations are measured.

Exposure

Mean sea level
(MSL)

Risk

The CCRA project considers risk to be a combination of hazard,
exposure, and vulnerability, following the IPCC, each of which are
considered as distinct components. More traditionally, risk has been
assessed by combining the probability of an impact occurring (or its
‘likelihood’) with the ‘consequence’ of the impacts. The CCRA more
methodically considers risk as emerging from consequences related
to the exposure to hazard and vulnerability of assets, people, or
ecosystems.

Sea level rise (SLR)

The long-term increase in mean sea level.

Storm surge

Inverse barometric pressure effects and wind piling water levels up
against the coast. A storm surge is most severe when it occurs in
conjunction with a high tide.

Storm tide

The extreme water levels observed during storm events, adding
storm surge, tide and mean sea-level anomalies together.

Vulnerability

Defined as the predisposition of human or biological systems to be
adversely affected. It incorporates the concepts of sensitivity to harm
and adaptive capacity of these systems to effectively cope with, or
adapt to, the impacts of climate change.

Wave setup

Wave setup is the increase in water levels occurring due to breaking
waves in the surf zone.

Auckland’'s exposure to sea level rise: part | — regional inventory 91









Find out more: phone 09 301 0101, email
ind out more: p Auckland ‘§%
T vy

rimu@aucklandcouncil.govt.nz or visit CounCil
aucklandcouncil.govt.nz and knowledgeauckland.org.nz Te Kaunihera o Tamaki Makaurau S
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