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Executive summary

This report describes changes which may occur over the coming century in the abihtlageregion
administered by the Tasman District Council, and outlines some possible impacts of these changes.

To set the context, we summarise key findings of the recent (2WI3l) global climate change
assessment undertaken by the Intergovernmentalétam Climate Change.
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averaged temperatures since the n2@th century is very likely due to the increase in
greenhouse gas concentrations caused by human aesvi

1 The IPCC updates projections for global and regional changes in temperature, seantbvel, a
precipitationfor the coming century, and points to an expected increase in the frequency of
heavy rainfall events.

1 Recent global warming is already havptysical and biological effects in many parts of the
world.

1 Work assessed by the IPCC indicates that limiting future global warming to targets which are
currently being discussed internationally would require substantial reductions in global
greenhouse gs emissions from human activities.

1 Continued emissions of greenhouse gases will cause further warming and changes in all parts
of the climate system. There are four scenarios named RCPs (Representative Concentration
Pathways) by the IPCC. These RCPssept different climate change mitigation scenarfps
one (RCP2.6) leading to a very low emissions level (requiring removal ob@Ghe
atmosphere), two stabilisation scenarios (RCPs 4.5 and 6.0), and one (RCP8.5) with very high
greenhouse gas conceations. Therefore, the RCPs represent a range $tamtury
climate policies.

Next, information is summarised about expected New Zealand national and regional impacts of climate
change, from the IPCC chapter on Australia and New Zealand.

T New Zealand hawarmed by 0.09 0.03°C per decade since 1909, with more heat waves,
fewer frosts, more rain in the south and west of New Zealand, less rain in the north and east
of the North and South Islands, and a rise in sea level since 1900 of 1.7 + 0.1 mm/yr.

1 Ongang vulnerability in New Zealand to extreme events is demonstrated by substantial
economic losses caused by droughts, floods, fire, tropical cyclones, and hail. During the 21st
OSyldzNE>X bSg %SIHflFyRQa Of AYF (S ’adblethanygdsdel f f &
extreme events.

1 Heat waves and fire risk are virtually certain to increase in intensity and frequency. Floods,
landslides, droughts and storm surges are likely to become more frequent and intense, and
snow and frost to become less frequen




9 Precipitation changes are projected to lead to increased runoff in the west and south of the
South Island and reduced runoff in the northeast of the South Island, and the east and north
of the North Island.

f The potential impacts of climate change ghRdza G NB I NB f A1 Sfe G2 6S ad
predominantly hydroelectric power generation is vulnerable to precipitation variability,
changes in snow cover are likely to have a significant impact on the ski industry, and pasture
production may be impacted by warming and elevated £0
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1 An upward trendin mean temperature consistent with the overall New Zealand warming
through the 20" century, is apparent at the lorgrm climate monitoring site aNelsonand
Appleby There are substantial year to year fluctuations in temperature superimposed on this
longterm trend, with some years being nearly 2°C different from others.

1 There is also substantial year to year variation in rainfall. Appleby exhitnitual rainfall totals
ranging from around 600 mm up to more than 1400 mm.

i Three natural fluctuations leading to yew@ryear variations are the EI Niffouthern
Oscillation (ENSQ), the Interdecadal Pacific Oscillation (IPO), and the Southern Anglelar Mo
(SAM). These factors also lead to fluctuations in sea level.
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1 Future temperature scenarios for 2040 (262050 relative to 198&005) show that annual
average temperatures are projected increase by between 0.7°C (RCP2.6) and 1.0°C (RCP8.5).
By 2090 (2082100 relative to 198@2005) annual average temperatures are projected to
increase by between 0.6°C (RCP2.6) and 3.0°C (RCP8.5). The greatest warming is projected for
summer or autumn (epending on the RCP) and the least warming is projected for spgxing.
slight acceleration in warming is projected for the second 50 years of tHec@tbtury
compared to the first 50 yeansnder the higher emission scenariobhere are only modest
spatialgradients in the warming relative to the mean increase. By 209R@#4.5he greatest
warming in spring is»@ected to occur in the east and north of Tasman District in spring, and
in winter inthe south and west of the District. For RCP8.5 by 2090e mvarming is expected
for the west of the region in summer and for the south of the region in winter.

9 Future precipitation projections indicate slightly more rainfall in most seasons except spring
for much of the area of coastal plains adjacent to Tasman(Be. Motueka, Waimea Plains)
to 2040. By 2090 for R&B, more rainfall is projected for the plains in summer, autumn, and
especially winter. By 2090 under RCP8.5, the western part of Tasman District is projected to
receive less rainfall (by less th&%o) in summer and autumn, but significantly more rainfall in
winter (up to 40% in some parts).




For Appleby, there is no clear precipitation signal, even at 2090 under RCP 8.5. The
ensembleaverage is often less than 5%, with the model range (tharisl " percentile
values) varying between quite large (>10%) increases and decreases. By 20420&M031
relative to 19862005), winter is the season with the most precipitation change, with a small
increase in the ensemblaverage (H% across the differeRCPs). By 2090 (263100,

relative to 19862005), winter is still the season with the most precipitation change, with
increases in the ensembbaverage ranging from 4 to 11% depending on the RCP.

For Takaka, there is a clearer precipitation signal feadppleby especially for winter. At

both 2040 and 2090 under all RCPs, winter precipitation is projected to increase. The winter
ensembleaverage for RCP8.5 at 2090 at an increase of 26%, with thpedbentile value at

58% increase. For the other smms, the ensemblaverage is often less than 5%, with the
model range (8 and 95" percentiles) varying between small decreases to large increases in
precipitation. However, the direction of change overall is for an increase in precipitation
across allsasons at Takaka.

Projections for Tasman for the coming century also include a substantial decrezdd in
nights an increase in the number bbt days, and an increase in the frequency of very heavy
rainfall.

For engineering purposes some scengrfor changes in rainfall deptduration/frequency
statistics are provided for Richmond.

An increase in drought frequency is projected for the plains adjacent to Tasman Bay of about
5% for 2032050 and 10% for 2072090, compared to 1980999 levels. These @jections

were calculated from the IPCC Fourth Assessment Report emissions scenarios and will be
updated in due course.

The frequency of extreme winds (9percentile) over the Zlcentury is likely to increase in
winter and decrease in summer.

New guidnce on planning for sea level is expected in due course from the Ministry for the
Environment (the last update was published in 2008). In the interim we suggest using a
minimum seaevel rise scenario of 0.5 metres by the 2090s (2090 to 2099) relatitteeto
19801999 average for coastal planning, plus an assessment of sensitivity to possible higher
mean sea levels. For longrm considerations an allowance for further sieel rise of 10
mm/year beyond 2100 is recommended.

The height of waves and starsurges are expected to increase due to climate change, by 6.4%
for storm surge and 1.8% for significant wave heights2@0-2100.This translates to about
a 10 cm increase in significant wave height for a 5 m high wave.

The pH of the oceans around Ne&tealand is projected to decrease, consistent with global
trends. The variability and rate of change in pH will differ in coastal waters as these are also
influenced by terrestrial factors and reoff. Changes in ocean pH may have significant impacts
on New Zealand fisheries and aquaculture into the future.




The Council is referred to material published by the Ministry for the Environment for guidance on
assessing likely vulnerability and impacts for the TasBiatrictof these projected climate changes,
and for considering adaptation options. Relevant issues could include:

1
1
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Implications of sedevel rise and coastal change for planning and development in coastal areas

Implications of potential changes in rainfall and of drought frequency for water demand,
availability, and allocation

Implications for roading and stormwater drainage, lifelines planning, and civil defence and
emergency management of changes in extreme rainfall, erosion risk, and coastal hazards

Opportunities which climate change may bring femnhorticultural crops
Implications for land use planning of potential changes including floods and coastal hazards
Implications for aquaculture and fisheries

Implications for natural ecosystems (both terrestrial and marine) and their management
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Tasman District Council applied for and received funding (Advice No-TIE3€2109) from the
Envirolink Fund (Ministry of Busis® Innovation, and Employmerior NIWA to undertake a review
of updated climate change projections and potential impdotgshe Tasman District, since the

publication of the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report in
2013 and 2014.

This report which is an update of the repopublishedfor Tasman District Counail 2008(Wratt et

al., 20@), describe<limatechanges which may occur over the coming centarythe region

administered by the Tasman District Council, and outlines some possible impacts of these changes.

The report does not address the issue of mitigation (reducing greenhgasemissions, or
AYONBIFaAy3a daiylaé adzOK a INBFa 2F ANRgAYy3A F2NEB
the Intergovernmental Panel on Climate Change.

Consideration is given to both possible natural variations in the climate, and to chahgdsmay
result from increasing global concentrations of greenhouse gases caused by human activities.
Climatic factors discussed include temperature, rainfall, wind, evaporatimhsoil moisture.

Possible changes along the coast in sea level, storgesand wave climate are also considered
Figurel-1 shows the Tasman District Council areadrinistration

Preparation of the report has been supped through an Envirolink edium advice grantThis did

not fund any new data analysis, but enabled us to draw on information which is already available

from various sources. Much of this information is very new, resulting from the latest assessments of

the Intergovernmental Panel on Climate Cha@égCC, 2013, IPGAD14a, IPCC, 2014k@nd

scenarios for New Zealamggneratedby NIWA scientists based on downscaling from global climate

model runs undertaken for these IPCC assessntentsy RS NJi I { Sy ( KNidddI K bL2! Q&
Regional Modelling Programmé)he climate chage information presented in this report is entirely
consistent with recenthupdated climate change guidance produced for the Ministry of the
Environment(Mullan et al., 2015)

10
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This section summarises some key findings from the 2013 and 2014 IPCC Fifth Assessment Reports
(ARS5) as contextual information ftre discussion of past and future climate changes in Tasman
District to follow in this report.

2.1 The Physical Science Basis (IPCC Working Group )

The Summary for Policymakers of the IPCC AR5 Working Group | (Repart 2013mphasises the
following points regarding changes to the climate system:

¥ 2 x4
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observed climate changes are unprecedented over short and long timescales (decades

to millennia). These changes include warminghefatmosphere and ocean,

diminishing of ice and snow, séavel rise, and increases in the concentration of

greenhouse gases.

A
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A The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have
increased to levels unprecedented in at ledst tast 800,000 years. Carbon dioxide
concentrations have increased by 40% sinceipdaistrial times, primarily from fossil
fuel emissions and secondarily from net land use change emissions. The ocean has
absorbed about 30% of the emitted anthropogenichazan dioxide, causing ocean
acidification.

A Climate change is already influencing the intensity and frequency of many extreme
weather and climate events globally.

A Itis extremely likely that human influence has been the dominant cause of the
observed warmig since the mie20" century.

Continued emissions of greenhouse gases will cause further warming and changes in all parts of the
climate system. There are four scenarios named RCPs (Representative Concentration Pathways) by
the IPCC. These RCPs represéfardnt climate change mitigation scenarigene (RCP2.6) leading

to a very low emissions level (requiring removal of £@n the atmosphere), two stabilisation

scenarios (RCPs 4.5 and 6.0), and one (RCP8.5) with very high greenhouse gas concentrations.
Therefore, the RCPs represent a range 6f@intury climate policies.

By the middle of the ZLcentury, the magnitudes of the projected climate changes are substantially
affected by the choice of scenari@lobal surface temperature change for the endithe 21

century is likely to exceed 1.5°C relative to 185000for all scenarios except for the lowest
emissions scenario (RCP 2.6).

In contrast to the Fourth IPCC Assessment Report which concentrated on projections for the end of
the 22 century, tre Fifth Assessment Report projects climate changes for earlier in theetury

as well in its Summary for Policymakers. As siiehglobal mean surface temperature change for

the period 20162035 (relative to 1986005) will likely be in the range d3.3 to 0.7°CThis assumes
that there will be no major volcanic eruptions (which may cause global cooling) and that total solar
irradiance remains similar. Temperature increases are expected to be larger in the tropics and
subtropics than in the southernidtlatitudes (i.e. New Zealand).

The full range of projected globally averaged temperature increases for all scenarios for-208Q
(relative to 19862005) is 0.3 to 4.8°(Figure2-1). As global temperatures ingase, it is virtually

certain that there will be more hot and fewer cold temperature extremes over most land areas. It is
very likely that heat waves will occur with a higher frequency and duration. Furthermore, in general,
the contrast in precipitation b@veen wet and dry regions and wet and dry seasons will increase.
With increases in global mean temperature, AHatitude and wet tropical regions will experience

more intense and more frequent extreme precipitation events by the end of tiec@dtury.

12
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Figure2-1: CMIP5 multimodel simulated time series from 1950100 for change in global annual mean

surface temperature relative to 198@2005. Time series of projections and a measure of uncertainty (stgadin
are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical
evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over
Hnymbuman | NB 3 A JS yolotirgdN@rticdl hars ThetnumibésSof CME ghédeld: uded ©
calculate the multimodel mean is indicated. After IPCC (2013).

The global ocean will continue to warm during thé'2&ntury. Eventually, heat will penetrate into

the deep ocean and affect oceairculation. Sea ice is projected to shrink and thin in the Arctic.

Some scenarios project that late summer Arctic sea ice extent could almost completely disappear by
the end of the 2% century, and a nearly ieee Arctic Ocean in late summer before reientury is

likely under the most extreme scenario. Northern Hemisphere spring snow cover will decrease as
global mean surface temperature increases. The global glacier volume (excluding glaciers on the
periphery of Antarctica) is projected to decreasell85% by the end of the 2'century under

different scenarios.

Global mean sea level will continue to rise during th& @&intury. All scenarios project that the rate

of sea level rise will very likely exceed that observed during-P&20 due to incresed ocean

warming and higher loss of mass from glaciers and ice sheets. For all sceharfosl range of

projected sea level rise for 2082100 (relative to 1986005) is 0.26).82m. It is virtually certain

that global mean sea level rise will continbeyond 2100, with sea level rise due to thermal

expansion expected to continue for many centuries. The range for mean sea level rise beyond 2100
for different scenarios is from less than 1 m to more than 3 m, but sustained mass loss by ice sheets
would ause larger sea level rise. Sustained warming greater than a critical threshold could lead to
the near complete loss of the Greenland ice sheet over a millennium or more, causing a global mean
sea level rise of up to 7 m. Current estimates place this Hulesbetween 1 and 4°C global mean
warming with respect to préndustrial mean temperatures.

Cumulative C@emissions largely determine global mean surface warming by the lateettury
and further into the future. Even if emissions are stopped, mogeets of global climate change will
persist for many centuries.

2.2 Impacts, Adaptation, and Vulnerability (IPCC Working Group 1)

The IPCC AR5 Working Group Il Summary for Policyn{#R€xS, 2014a&pncludes that in recent
decades, changes in climate hawised impacts on natural and human systems on all continents
and across the oceans. Specifically, these include impacts to hydrological systems with regards to
snow and ice melt, changing precipitation patterns and resulting river flow and drought, aeswell

13



terrestrial and marine ecosystems, the incidence of wildfire, food production, livelihoods, and
economies.

Changes in precipitation and melting snow and ice are altering hydrological systems and are driving
changes to water resources in terms of quanand quality. The flovon effects from this include

impacts to agricultural systems, in particular crop yields, which have experienced more negative
impacts than positive due to recent climate change. In response to changes in climate, many species
haveshifted their geographical ranges, migration patterns, and abundances. Some unique and
threatened systems, including ecosystems and cultures, are already at risk from climate change. With
increased warming around 1°C, the number of such systems at isglverfe consequences is higher,

and many species with limited adaptive capacity (e.g. coral reefs and Arctic sea ice) are subject to
very high risks with additional warming of 2°C. In addition, climate chelgted risks from extreme
events, such as heataves, extreme precipitation, and coastal flooding, are already moderate/high
with 1°C additional warming. Risks associated with some types of extreme events (e.g. heat waves)
increase further with higher temperatures.

There is also the risk of physicgstems or ecosystems undergoing abrupt and irreversible changes
under increased warming. At present, wammater coral reef and Arctic ecosystems are showing
warning signs of irreversible regime shifts. With additional warming2§iCLrisks increase
disproportionately and become high under additional warming of 3°C due to the threat of global sea
level rise from ice sheet loss.

Global climate change risks are significant with global mean temperature increase of 4°C or more
above preindustrial levels anihclude severe and widespread impacts on unique or threatened
systems, substantial species extinction, large risks to global and regional food security, and the
combination of high temperature and humidity compromising normal human activities, including
growing food or working outdoors in some areas for parts of the year.

Impacts of climate change vary regionally, and impacts are exacerbated by uneven development
processes. Marginalised people are especially vulnerable to climate change and also to some
adaptation and mitigation responses. This has been observed during recent cliglated

extremes, such as heat waves, droughts, floods, cyclones, and wildfires, where different ecosystems
and human systems are significantly vulnerable and exposed to climatility. In addition,

aggregate economic damages accelerate with increasing temperature.

In many regions, climate change adaptation experience is accumulating across the public and private
sector and within communities. Adaptation is becoming embeddegbvernmental planning and
development processes, but at this stage there has been only limited implementation of responses to
climate change.

The overall risks of climate change impacts can be reduced by limiting the rate and magnitude of
climate chang.

2.3 Mitigation of Climate Change (IPCC Working Group III)

The IPCC AR5 Working Group Il Summary for Policyn{Hk€rS, 2014lmjotes that total

anthropogenic greenhouse gas emissions have continued to increase over 1970 to 2010 with larger
absolute decadancreases toward the end of this period. Despite a growing number of climate
change mitigation policies, annual emissions grew on average 2.2% per year from 2000 to 2010
compared with 1.3% per year from 1970 to 2000. Total anthropogenic greenhouse Faoes)
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were the highest in human history from 2000 to 2010. Globally, economic and population growth
continue to be the most important drivers of increases in €@issions from fossil fuel combustion.

Limiting climate change will require substantial asustained reductions of greenhouse gas

emissions. The IPCC report considers multiple mitigation scenarios with a range of technological and
behavioural options, with different characteristics and implications for sustainable development.
These scenarios arconsistent with different levels of mitigation.

The IPCC report examines mitigation scenarios that would eventually stabilise greenhouse gases in
the atmosphere at various concentration levels, and the expected corresponding changes in global
temperatures. Mitigation scenarios where temperature change caused by anthropogenic greenhouse
gas emissions can be kept to less than 2°C relative tindrestrial levels involve stabilising

atmospheric concentrations of carbon dioxide equivalent(€4) at about 0 ppm in 2100. If
concentration levels are not limited to 500 ppm &9 or less, temperature increases are unlikely to
remain below 2°C relative to pfiadustrial levels.

Without additional efforts to reduce emissions beyond those in place at preseagrasios project

that global mean surface temperature increases in 2100 will be from 3.7 to 4.8°C compared to pre
industrial levels. This range is based on the median climate response, but when climate uncertainty is
included the range becomes broader fréb to 7.8°C.

In order to reach atmospheric greenhouse gas concentration levels of about 450 ppey ©®2100

(in order to have a likely chance to keep temperature change below 2°C relative-itadpistrial

levels), anthropogenic greenhouse gas emissivould need to be cut by 400% globally by 2050
(compared with levels in 2010). Emissions levels would need to be near zero in 2100. The scenarios
describe a wide range of changes to achieve this reduction in emissions, includingdaleye

changes irenergy systems and land use.

Estimates of the cost of mitigation vary widely. Under scenarios in which all countries begin
mitigation immediately, there is a single carbon price, and all key technologies are available, there
will be losses of global consption of 1-4% in 2030, 5% in 2050, and-31% in 2100.

Delaying mitigation efforts beyond those in place today through 2030 is estimated to substantially

increase the difficulty in obtaining a longer term low level of greenhouse gas emissions, as well a

narrowing the range of options available to maintain temperature change below 2°C relative-to pre
industrial levels.

3 . FO13ANRdzyRY bSg wKHOABK OLSt X YIR(GS
LYLJ} Ol &
Published information about the expected impacts of climate change on Nalarkis summarised

and assessed in the Australasia chapter of the IPCC Working Group Il assessme(Reéginger et
al., 2014) Key findings from this chapter include:

The regional climate is changinghe Australasia region continues to demonstrategiterm trends
toward higher surface air and sea surface temperatures, more hot extremes and fewer cold
extremes, and changed rainfall patterns. Over the past 50 years, increasing greenhouse gas
concentrations have contributed to rising average temperasuin New Zealand. Changing

precipitation patterns have resulted in increases in rainfall for the south and west of the South Island
and west of the North Island, and decreases in the northeast of the South Island and the east and
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north of the North IslandCold extremes have become rarer and hot extremes have become more
common.

The region has exhibited warming to the present and is virtually certain to continue to do so. New
Zealand mean annual temperature has increased by 0.09°C (£ 0.03°C) per dexad9@th

Warming is projected to continue through the 2Icentury along with other changes in climate.
Warming is expected to be associated with rising snow lines, more frequent hot extremes, less
frequent cold extremes, and increasing extreme rainfdliterl to flood risk in many locations.

Annual average rainfall is expected to decrease in the northeast South Island and north and east of
the North Island, and to increase in other parts of New Zealand. Fire weather is projected to increase
in many partof New Zealand. Regional sea level rise will very likely exceed the historical rate,
consistent with global mean trends.

Uncertainty in projected rainfall changes remains large for many parts of New Zealand, which
creates significant challenges for adaptan.

Impacts and vulnerabilityWithout adaptation, further climateelated changes are projected to

have substantial impacts on water resources, coastal ecosystems, infrastructure, health, agriculture,
and biodiversity. However, uncertainty in projectexinfall changes and other climatelated

changes remains large for many parts of New Zealand, which creates significant challenges for
adaptation.

3.1 Sectoral Impacts

Some New Zealand sectors have the potential to benefit from projected changes in climate a
increasing C@including reduced winter mortality, reduced energy demand for winter heating, and
forest and pasture growth in currently cooler regions.

Freshwater resourcedn New Zealand, precipitation changes are projected to lead to increased
runoff in the west and south of the South Island and reduced runoff in the northeast of the South
Island, and the east and north of the North Island. Annual flows of eastfiaxihg rivers with
headwaters in the Southern Alps are projected to increase-b§%by 2040 in response to higher
alpine precipitation. Most of the increases occur in winter and spring, as more precipitation falls as
rain and snow melts earlier. Climate change will affect groundwater through changes in recharge
rates and the relationshipetween surface waters and aquifers.

Natural ecosystemsExisting environmental stresses will interact with, and in many cases be
exacerbated by, shifts in mean climatic conditions and associated changes in the frequency or
intensity of extreme events,specially fire, drought, and floods. Ongoing impacts of invasive species
and habitat loss will dominate climate change signals in the short to medium term. The rich biota of
the alpine zone is at risk through increasing shrubby growth and loss of hepesjaly if combined

with increased establishment of native species. Some cold veatapted freshwater fish and
invertebrates are vulnerable to warming and increased spring flooding may increase risks for braided
river bird species.

Coastal and ocean ecgstems:The increasing density of coastal populations and stressors such as
pollution and sedimentation from settlements and agriculture will intensify-olimate stressors in
coastal areas. Coastal habitats provide many ecosystem services includiraj poatsiction and

carbon storage, which could become increasingly important for mitigation. Variability in ocean
circulation and temperature plays an important role in local fish abundance, and this could change
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with climaterelated oceanic changes. A stigthening East Auckland Current in northern New

Zealand is expected to promote establishment of tropical or subtropical species that currently occur
as vagrants, potentially changing the production and profit of both wild fisheries and aquaculture.
Estuame habitats will be affected by changing rainfall or sediment discharges, as well as connectivity
to the ocean. Loss of coastal habitats and declines in iconic species will result in substantial impacts
on coastal settlements and infrastructure from dirémipacts such as storm surge, and will effect
tourism. Changes in temperature and rainfall, and sea level rise, are expected to lead to secondary
effects, including erosion, landslips, and flooding, affecting coastal habitats and their dependent
species, dr example loss of habitat for nesting birds.

Forestry:Warming is expected to increagenus radiatagrowth in the cooler south, whereas in the

warmer north, temperature increases can reduce productivity, butf€gilisation may offset this.
Dothistromad f A AKG X | LIAYS RA&ASFASEI KFa | GSYLISNI GdzNB
warmer, but not warmest, pine growing regions; under climate change, its severity is, therefore,
expected to reduce in the warm central North Island but increase in tbeec&outh Island where it

could offset temperaturedriven improved plantation growth.

Agriculture:Projected changes in national pasture production for dairy, sheep, and beef pastures
range from an average reduction of 4% across climate scenarios f808tks, to increases of up to

4% for two scenarios in the 2050s. Studies modelling seasonal changes in fodder supply show greater
sensitivity in animal production to climate change and elevategtkgh models using annual

average production, with some impts expected even under modest warming. New Zealand-agro
ecosystems are subject to erosion processes strongly driven by climegater certainty in

projections of rainfall, particularly storm frequency, are needed to better understand climate change
impacts on erosion and consequent changes in the ecosystem services provided by soils.

Energy supply, demand, and transmissianS ¢ %St f I yYRQ&d LINBR2YAYylIyife K@
generation is vulnerable to precipitation variability. Increasing winter precipitaind snow melt,

and a shift from snowfall to rainfall will reduce this vulnerability as winter/spring inflows to main

hydro lakes are projected to increase byt@%o over the next few decades. Further reductions in

seasonal snow and glacial melt as glexdiminish, however, would compromise this benefit.

Increasing wind power generation would benefit from projected increases in mean westerly winds

but face increased risk of damages and shutdown during extreme winds. Climate warming would

reduce annualzerage peak electricity demands by2% per degree Celsius across New Zealand.

Tourism:Changes in snow cover are likely to have a significant impact on the ski industry, but tourist
numbers from Australia to New Zealand may increase due to the rapidtieduis snow cover in
Australia, and the greater perceived scenic attractiveness of New Zealand. Warmer and drier
conditions mostly benefit tourism but wetter conditions and extreme climate events undermine
tourism.

4 tNBasyda /tAYLGS

The plains of the Tasmabistrict are sheltered both from the prevailing westerly winds and from
winds from an easterly quarter, providing a sunny, mild climate, less windy than most other areas in
New Zealand but prone to frost in sheltered positigbe Lisle and Kerr, 1969he rainfall, which is
adequate for spring pasture growth, is liable to be insufficient in summer and early autumn when
long dry spells can occur.
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Figure4-1 shows the spatial v&tion in annual average temperature over the Tasman redtayure

4-2 shows the spatial pattern of anautotal rainfall, and also the median seasonal total rainfalls.
Temperature varies with elevation, with tleolestmean annuatemperatures of the Tasman

District experienced in the higilevation mountairranges in the south of the District. Mean annual
temperatures are highest near the coasnnual rainfall varies significantly throughout the Tasman
Distrid. The Tasman Mountains in the northwest of the District receive the most rain, due to their
exposure to the prevailing westerly airflow. These mountains receive over 6000 mm of rainfall per
year, on average. The driest part of the District is the-édevation plains to the south of Motueka

and Tasman Bay, which receive less than 1500 mm of rainfall per year, on average. This is because
these pains are sheltered from the prevailing moistdeglen airflows from the south and east by the
Southern Alps, aseall as the Kaikoura and Richmond Ranges, and to the west by the Tasman
Mountains and mltiple ranges to the southwest.
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Figure4-1: Annual average temperature for the Tasman region (median for 1:2810). ONWA.
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Figure4-2:
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Figure4-3: Homogenised annual temperature time series for Nelson from 1909 to20A number of

climate stations surrounding Nelson (including Appleby) are compitedhis longterm series. For more
information see https://www.niwa.co.nz/ouscience/climate/informatiorand-resources/nzemp-
record/sevenstation-seriestemperature-data. The purple line removes the yearyear variability and shows
an upward longerm trend.

There is significant yedo€ S| NJ @ NA | 0 At A (& edayiplefFijuéed3sio@sine Of A YI (S d
average annual temperature for Nelson (and surrounding sites, including Appleby) from 1909 to

2013. Thee are substantial differences between years, with some years having temperatures almost

2°C different to others.

The temperature trend at Nelson from 1909 to 2014 (sh@nrrigured-3), is 0.88 £ 0.27 °C/century.

This is similar to the trend in New Zealand average temperatures for the-2010 period, 0.92 +

NOHT c¢c/ KOSy lGdzZNE ORIFGIF &a2dzZNOSR FNRY bL2! Qa {S@Sy
above). A likely explanation for the overall increase in avet@ggeratures over this period is due

to increasing concentrations of anthropogenic greenhouse gases, whereas thdeshosariability

is due to natural causes, such as the El NBdathern Oscillation, together with random yearyear

F £ dzO U dzFAGYA- 21ySa yRAGES £ 0 @

As shown irFigured-4, there is also substantial variability in annual rainfall totals. At Appleby,
rainfall varies from around 600 mm per year to over 1400 mm, but there is no long term trend
observed.
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Figure4-4:  Annual rainfall total (mm) at Appleby from 1932 to 2012There is missing data for both 2013
and 2014, hence the series ends with 2012.

4.3 Natural factors causing fluctuation in climate patterns over Nealand

adzOK 2F GKS @GINAIGAZ2Y AYy bSs ®%SItlyRQa OfAYIGS A
longer term, quasctyclic variations in climate can be attributed to different factors. Three lacgée

oscillations that influence climate in New Zaad are the El Nifi®outhern Oscillation, the

Interdecadal Pacific Oscillation, and the Southern Annular Mbfieistry for the Environment,
2008a)

4.3.1 The effect of El Nifilo and La Nifa

The EI Nifiesouthern Oscillation (ENSO) is a natural oscillation thatdideranging impacts around

the Pacific basi@Ministry for the Environment, 2008aJ he oscillation involves a movement of warm
ocean water from one side of the Pacific to the other, and the movement of rainfall across the Pacific
associated with thisvarm water.

Ly +Fy 9f bA32 S@SyiGs SIFLaGSNIe GNIRS gAyRa 6SI{Sy
the east, accompanied by higher rainfall than normal in the cemast Pacific. A La Nifia event is
essentially the opposite of thisand is&n/ i SYAA FTAOlI GA2Yy 2F Wy 2NXIfQ O2y|
ocean waters remain over the western Pacific and the trade winds strengthen.

El Nifio events occur on average 3 to 7 years apairt, typically becoming established in April or May
and persisting for abdwa year thereafter. The Southern Oscillation Index, or SOI, uses the pressure
difference between Tahiti and Darwin to determine the state and intensity of ENSO. Persistence of
about-1 signifies El Nifio events, whereas +1 signifies La Nigiar€4-5).
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Figure4-5: Time series of the Southern Oscillation Index from 1930 to present.

The effects of El Nifio and La Nifia are most clearly observed in the tropics, but impacts-are well
recognised in New Zealand also. In El Nifio events, the weakened trade winds cause New Zealand to
experience a stronger than normal soutlesterly airflow. This generally brings lower seasonal
temperatures to the country and drier than normal conditions e horth and east of New Zealand.

In La Nifia conditions, the strengthened trade winds cause New Zealand to experience more north
easterly airflow than normal, higher temperatures, and wetter conditions in the north and east of the
North Island. In the Sohtlsland higher pressures are often dominant, which can cause drought
conditions there. Therefore, drought conditions can persist in either El Nifio or La Nifia phases in the
South IslandFigure4-6 shows average summer rainfall@nalies in New Zealand associated with El
Nifio and La Nifia conditions. However, individual ENSO events may have significantly different
rainfall patterns to those pictured.
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Figure4-6: Average summer peragage of normal rainfall during El Nifio (left) and La Nifa (right).

FromFigure4-6 it is evident that on average summer rainfall for most of the plains adjacent to
Tasman Bay (e.g. Motueka, Waimea) is below normal during &lpeifods and above normal
during La Nifia periods.

According to the IPCC Assessment Report from Working G(tR@C, 201 3precipitation variability
relating to ENSO will likely intensify due to increased moisture availability in the atmosphere.
However variations in the amplitude and spatial pattern of ENSO are large and therefore any specific
projected changes in ENSO remain uncertain at this stage.

4.3.2 The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation, or IPO, ésgeiscale, long period oscillation that influences
climate variability over the Pacific Basin including New Zed&alinger et al., 2001The IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 y&&gsre4-7). During the
positive phase of the IPO, sea surface temperatures around New Zealand tend to be lower, and
westerly winds stronger, with the opposite occurring in the negative phase.
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Figure4-7: Thelnterdecadal Pacific Oscillation (IPO) indeRositive values indicate periods when stronger
than-normal westerlies occur over New Zealand, with more anticyclones than usual over northern New
Zealand. Negative values indicate periods with more norttezies than normal over northern regions of the
country. Vertical axis is the IPO index, and horizontal axis is the year.
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Zealandwide temperatures around 1950 aaced shortly after the change from positive to negative
phase of the IPO. In addition, the switch from negative to positive pimas@7 %78 coincided with
significant rainfall changg$inistry for the Environment, 2008a)
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Figure4-8: Percentage change in average annual rainfall, for the 19888 period compared to the 1960
1977 period. (Note: From 19788 the IPO was in its positive phase, compared to the previous 18 years when
the IPO was negativenk local rainfall response due to global warming would also be contained within this
pattern of rainfall trends). ©NIWA.
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Figured-8 suggests that periods of positive IPO (which generally coincide with increased El Nifio
activity) tend to be a little drier, on average, for most of the plains adjacent to Tasman Bay. During
the period 19302004, a trend to decreases in mean and extrerday rainfall, and increasing dry

spell duration, was generally observed in the north and east tf thee North Island and South

Island (Griffiths, 2006) Griffiths suggests this results from a trend to increased westerly circulation
across New Zealand between 1950 and 2004. This trend is consistent with enhanced warming since
1950 (as predicted by oliate change modelling); the stronger IPO westerly phase since 1977; the
increased frequency of El Nifio events since 1977; or a mixture of all these considerations.

4.3.3 The effect of the Southern Annular Mode

The Southern Annular Mode (SAM) is a hemispherioapheric wave centred on the South Pole

GKFG FFFSOGAa bSge %SEHElFIYyRQa OfAYFGS Ay (Kidthdra 2F ¢
et al., 2009) In its positive phase, the SAM is associated with relatively light winds and more settled

weather ove New Zealand, with stronger westerly winds further south towards the pole. In contrast,

the negative phase of the SAM is associated with unsettled weather over New Zealand and stronger
westerly winds, whereas wind and storms decrease towards Antarctica.

In contrast to the longelived oscillations of ENSO and the IPO, each phase of the SAM may only last
for a number of weeks before switching to the opposite phase. The phase and strength of the SAM is
influenced by the size of the ozone hole, with the dastease in 0zone depleting substances giving
rise to a positive trend in the phase of the SAMompson et al., 2011However, with the recovery

of the ozone hole and reduction of ozodepleting substances projected into the future, the trend

of summetime SAM phases is expected to become more negative and stabilise slightly above zero
(i.e., it is expected that there will be slightly more positive SAM phases than negative phases.
However, increasing concentration of greenhouse gases in the atmosplikhawve the opposite

effect, of an increasing positive trend in summer and winter SAM phases, i.e. there will be more
positive phases than negative phases into the futligre4-9). The net result for SAM behaviour,

as a consguence ofboth ozone recovery and greenhouse gas increases, is therefore likely to be
relatively little change from present by 2100.

1 The opposite behaviougi.e. a trend to increases in mean and extreme rairfafs observed to the west of a line from Westport to
Invercargill.
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Figure4-9: Time series of the Southern Annular Mode from transient exjpments forced with time

varying ozonedepleting substances and greenhouse gases. Forcing with ozondepleting substances; b.
forcing with greenhouse gases. The SAM index is defined as the leading principal component time series of
850-hpa Z anomalie20-90°S; positive values of the index correspond to anomalously low Z over the polar cap,
and vice versa. Lines denote the-g€ar lowpass ensemble mean response for summer (DJF, solid black) and
winter (JJA, dashed blue). Grey shading denoteen¢ sandard deviation of the three ensemble members
about the ensemble mean. The lotgym means of the time series are arbitrary and are set to zero for the
period 19701975. Past forcings are based on observational estimates; future forcings are based iotigred
After Thompson et al. (2011).

4.4 New Zealand Sea Level Trends and Variability

According to the IPCC AR5 Working Group |, global mean sea level rose by 0.19 + 0.02 m from 1901
to 2010(IPCC, 2013pea level rise around New Zealand is comparablegglitbal average, being
approximately 0.19 m for the #0century(Reisinger et al., 2014)
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Figure4-10: Relative sedevel rise at four main New Zealand ports, 192007. Modified after Hannah and

Bell (2012). Annual MSL quality assurangedertaken by Prof. John Hannah and NIgWhata sourced

originally from the port companies and obtained from the Land Information NZ archives. Each local vertical
datum (LVD) was established from tigauge measurements ithe earlier part of last century for years listed

in Table 1 of Hannah & Bell (2012). Note: the plot shows the increase in annual MSL since the zero MSL datums
were established from measurements in the earlier part of the 1900s, where the average trassgh the

zero line.

Table4-1:  Historical relative sedevel rise rates. Source: Hannah and Bell (2012). The SLR rates are
relative to the local landmass at the sksvel gauge locations (and implicithclude vertical landmass
movement).

Location Historical rate of sedevel rise (mm yr)
Auckland 15+0.1
Wellington 20+0.2
Lyttelton 19+0.1
Dunedin 1.3+x0.1

Figure4-10and Table4-1 show that along with the lon¢erm positive trend in sea level, there are
short-term variations as well. Seasonal (annual), El Miaothern Oscillation (ENSQY Jear), and
Interdecadal Pacific Oscillation (IPO;3year) variations can cae fluctuations of up to about

+0.25 m in background sea levels for short periods. For example during El Nifio phases, sea levels
around New Zealand tend to be depressed, and during La Nifia phases sea levels around the country
tend to be higher. The IPOiis negative phase tends to increase sea levels around the North Island

by around 0.06 m above the background sea level rise.

Storm surge can also temporarily increase sea level o@eddys. Storm surge occurs due to a
reduction in atmospheric pressuf@verse barometer effect) and the influence of the wind on the
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sea surface. In a New Zealand context, maximum storm surge on the open coast is unlikely to be
more than 1 m, but can be higher in estuarine and harbour settings. Wave conditions also affect
localised water levels where inshore of the wave breaker zone, water levels aup.sEhis is a
localised phenomenon and can be highly variable along even a short stretch of coastline, being
dependent on the wave conditions and configurations of offsteznedbars and beach slope.

5 tNReSOGA2yYa 2F ¢l aYlyQa CdzidzNB
¢CLaYly 5AaGNROGQA FdzidzNBE Of AYIGS gAff 0SS AyTFfdsSy
climate change (increasing global concentrations of greenhouse gases, Section 2) phitsithle
yearto-year and decadéo-RS OF RS @I NAI oAf Ade& NBadzZ GAy3a FTNRY aOf
El NineSouthern Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern

Annular Mode (SAM), discussed in Section 4. Sgdton first outlines the projected changes due to
anthropogenic climate change in Tasman District, and then returns to the issue of natural variability.

Note that the projected changes use-g28ar averages, which will not entirely remove effects of

natural variability.

Predicting future changes in climate due to anthropogenic activity is made difficult because (a)
predictions depend on future greenhouse gas concentrations, which in turn depend on global
greenhouse gas emissions driven by factors su@tasomic activity, population changes,
technological advances and policies for sustainable resource use, and (b) even for a specific future
trajectory of global greenhouse gas emissions, different climate models predict somewhat different
amounts of climas change.

This has been dealt with by the Intergovernmental Panel on Climate Change through consideration of
WEOSYIFNA24Q RSaONARoAy3d O2yOSyiNrGA2ya 2F IANBSYK?2
of possible economic, political, and social eleyments during the ZLcentury, and by considering

results from several different climate models for a given scenario. In the 2013 IPCC Fifth Assessment
Report, these scenarios are called Representative Concentrations Pathways (RCPs).

In Sections 5.1 &h5.2, global climate model output based on two RCPs has been downscaled to
produce future projections for temperature and precipitation for the Tasman District. The RCPs are
based on 2% century climate policies, and thus differ from the previous IPES&Rissions

a0SY I NRX 2 & -0ftyARY KSR EROYRREP AT is a lemid-range emissions scenario,
GKAOK Aa Ffaz2z OFffSR I walGloAftAraldAzyQ aoOSyl NR2
scenario with very high greenhouse gasissions, and radiative forcing continues to increase

beyond 2100. Each RCP provides spatiaiplved data sets of land use change and selotsed

emissions of air pollutants, and it specifies annual greenhouse gas concentrations and anthropogenic
emissions up to 2500 (although this report only considers changes to 2100). RCPs are based on a
combination of integrated assessment models, simple climate models, atmospheric chemistry and
global carbon cycle models.

NIWA has used climate model data from IREC Fifth AssessméHRCC, 2013p update climate

change scenarios for New Zealand, through both a regional and statistical downscaling process. The
regional downscaling process is described in detail in an updated climate guidance manual prepared
for the Ministry for the Environmen{Mullan et al., 2015)This report is currently under review, and

the final report is due in late 2015.The statistical downscaling for up to 41 Global Climate Models
(GCMs) uses essentially the same methodology used iklihistry for the Environmen{2008a)

report and the previous climate change report for Tasman District Coidcit et al., 2008)
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5.1 Tasman Climate Change Temperature Projections

The magnitude of the temperature change projections varies with the RCRIsmdiith the climate
models used. In this report, downscaling of two RCPs has been carried out to show the differences in
temperature and precipitation projections for a stabilisation emissions scenario (RCP4.5) and a high
emissions scenario (RCP8.5).

Figureb-1 shows the seasonal patterns of projected temperature increase over the Tasman District
and surrounding areas for 2040 for the RCP4.5 scenario, where the temperature changes of 37
climate models have been averaged togetheigure5-2 shows corresponding patterns for 2090.
Figureb-3 shows the seasonal patterns of projected temperature increase for 2040 for the RCP8.5
scenario, where the temperature changes of 41 climatalels have been averaged together, and
Figureb-4 shows the corresponding patterns for 2090. These nominal years represent thgoimig

of bi-decadal periods: 2040 is the average over 208%0, and 2090 the average over 2a&100. All
maps show changes relative to the baseline climate of Z0Rb.
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Figure5-1:  Projected seasonal temperature changes at 2040 (2@B50 average). Relative to 1986005
average, for the IPCC RCPzt8nario, averaged over 37 climate mod@slIWA.
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Figure5-2:  Projected seasonal temperature changes at 2090 (2@300 average). Relative to 198005
average, for the IPCC RCP4.5 scenario, average@dwtimate models. ©ONIWA.
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Figure5-3:  Projected seasonal temperature changes at 2040 (2@B50 average). Relative to 198005
average, for the IPCC RCP8.5 scenario, averaged over 41 climate mdd&ieA.©
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Figure5-4:  Projected seasonal temperature changes at 2090 (2@300 average). Relative to 198005
average, for the IPCC RCP8.5 scenario, averaged over 41 climate models. ©NIWA.

Figures 5L and5-2 show projected future warming in the Tasman District of approximately 0.2°C per
decade for the RCP4.5 scenario, when averaged over the 37 climate models analysed by NIWA.
Figures 53 and 54 show projected future warming of approximately 0.3°C per dedar the RCP8.5
scenario, when averaged over 41 climate models. A slight acceleration in warming is projected for
the second 50 years of the 2tentury compared to the first 50 years. Some models give less
warming and others give a faster rate of wang{IPCC, 2013Yhe full range of modedrojected

warming is given iffable5-1. The temperature ranges are relative to the baseline period 138b

(as used by IPCC). Hence the projected changes at 2040 and 2090 should bhedhasd0year

and 100year trends.
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Table5-1:  Projected changes in seasonal and annual mean temperature (in °C) for the Tasman District for
2040 and 2090.The changes are given for all four RCPs 5% 6.0, 8.5), where the ensemidgerage is

taken over (23, 37, 18, 41) models, respectively. The first number is the ensemble average, with the bracketed
numbers giving the range {%and 95" percentile). ©NIWA.

Period RCP Summer Autumn Winter Spring Annual

2040 RCP 2.6 | 0.7(0.2,1.3) |0.8(0.3,1.2) |0.7(0.3,1.1) | 0.6(0.2,1.0) | 0.7 (0.3, 1.1)
RCP 4.5 | 0.9(0.4,1.6) | 0.9(0.4,1.4) | 0.9(0.6,1.3) | 0.7(0.3,1.2) | 0.9 (0.5, 1.3)
RCP 6.0 | 0.9(0.3,1.7) [09(0.3,1.2) |0.8(0.3,1.2) |0.7(0.1,1.2) | 0.8(0.2,1.2)
RCP 85 [ 1.0(0.3,1.7) |1.1(0.7,1.6) | 1.1(0.7,1.5) | 0.9(0.4,1.4) | 1.0 (0.6, 1.6)

2090 RCP 2.6 | 0.6(0.2,1.4) |0.7(0.1,1.5) | 0.7(0.3,1.2) | 0.6(0.1,1.1) | 0.6 (0.3, 1.3)
RCP 45 | 1.4(0.7,2.7) | 15(0.8,2.3) |1.5(0.8,2.1) |1.3(0.7,1.8) | 1.4(0.9, 2.2)
RCP 6.0 | 1.8(0.8,4.1) [1.9(1.0,3.1) [1.8(1.1,2.6) | 1.5(0.9,2.3) | 1.8(1.0, 3.0)
RCP 85 |3.2(2.1,5.4) |3.2(23,4.7) |31(23,4.1) |26(1.9,35) |3.0(2.3,4.5)

The seasonal and annual ensemble average projection (the numbedette brackets) ifTable5-1

is the temperature increase averaged over all 23 models for RCP 2.6, 37 models for RCP 4.5, 18
models for RCP 6.0, and 41 models for RCP 8.5 analysed by NIWA. The bracketed numbers give the
range (3" and 95" percentile) for each RCP for each season and the annual projection.

By 2040 (2032050, relative to 198@2005), annual average temperatures are projected to increase

by between 0.7°C (RCP 2.6) and 1.0°C (RCP 8.5). The greatest warming é&xlgosjsammer or

autumn (depending on the RCP) and the least warming is projected for spring. By 209212081

relative to 19862005), annual average temperatures are projected to increase by between 0.6°C for
RCP 2.6 and 3.0°C for RCP 8.5. The greetesting is projected for summer or autumn (depending

on the RCP) and the least warming is projected for spring. Note that the mitigation scenario (RCP 2.6)
temperature change for 2090 is less than the change for 2040, whereas all other emissions scenarios
show increased warming at 2090 relative to 2040.

5.2 Projections for Frosts and Hot Days under Climate Change

As the seasonal mean temperature increases over time, we also expect to see changes in
temperature extremes. In general, an increase in high tempeea¢xtremes, and a decrease in low
temperature extremes is expected. Natural variability, of course, will continue to influence the
climate of particular years, and the specific time variation of this variability cannot be predicted by
the climate modelslue to the chaotic interactions that affect development of individual weather
systems and largescale climate modes (such as El Nifio evgMsi)lan et al., 2015)
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the number of nights per year of 0°C or below. These extremes were determined by adding the
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monthly statistically downscaled temperature offsédsthe daily VCSNnaximum temperature (for

WK20 RIFI2aQu lyR G2 RIFEAf&@ £/ {b YAYAYdzy GSYLISNI {dzN
the exceedances (greater than or equal to 25°C, or less than or equal to 0°C, for hot days and cold

nights, repectively) for the selected RCP and time period. Finally the changes were averaged over

the number of years (20) and the number of models (37 for RCP4.5 and 41 for RCP8.5).

Figureb-5 shows the projectedncreasein the number of hot days per year at 2040 (2631560) and

2090 (20812100) relative to 198@005, for RCP4.5 and RCP8.5. At 2040 there is projected to be only
a small increase in the number of hot days in higher elevations, with the lowlands (Motueka and
Waimea Plains) receiving the largest projected increase (an increaseléfddys under RCP8.5
compared to 198€005). By 2090, the projected change in hot days is much larger, with an expected
increase of 580 days under RCP8.5 compared to 12865 inthe Motueka and Waimea Plains.
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Figure5-5:  Projectedincreasein number of hot days per year (Tmax >25°C) at 2040 and 2090 for RCP4.5
(left panels) and RCP8.5 (right panels), for Tasman DistAinbjectedchange in hot days is relative to 1986
2005. The numbers on the scale refer to thereasan the number of hot days.g.,the coast adjacent to
Tasman Bay is projected to experience an increase in the number of hot day$Byda§s by 2090 under
RCP& (lower right panel).

2Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km gsitheccountry. Data has been
AYUSNLREFGSR FNRY WNRITAQHENDERSON] RS, TERNER;, R.R ZHENG, X 2GVI0E6. Thin plate smoothing spline
interpolation of daily rainfall for New Zealand using a climatological rainfall suiféaemational Journal of Climatologg26, 2097-2115)
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Figure5-6 shows the projectediecreasdn the number of cold nights (or frosts) per year by 2040
(2031:2050) and 2090 (2082100) for RCP4.5 and RCP8.5. The projected decrease in the mfmber
cold nights at both 2040 and 2090 for both RCPs is most significant in the southeast of the Tasman
District (at higher elevations). By 2090 under RCP8.5, the number of cold nights in the southeast part
of the District is expected decrease by more ti®&nnights per year compared to 192605. By

2090 under RCP8.5 along the coast and inland between Motueka and Nelson, the number of cold
nights is projected to decrease by-30 nights per year compared to 192605.
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Figure5-6: Projecteddecreasein number of cold nights per year (Tmin <0°C) at 2040 and 2090 for RCP4.5
(left panels) and RCP8.5 (right panels), for Tasman DistAnbjected change in cold nights is relative to 1986
2005. The numbers on thexale refer to thelecreasan the number of cold night®.g.,the coast adjacent to
Tasman Bay is projected to experience a decrease in the number of cold nightd 5yda9s by 2040 under
RCP8.5 (top right panel).

Table5-2 shows that projections suggest a substantial decrease in the annual number of cold nights
(or frosts) in Tasman District, with perhaps 28 fewer cold nights by 2090 under RCP8.5 (a decrease
from 36 days per year during 1926005 to 8 days peyear during 2082100 under RCP8.5). The
number of hot days is projected to increase significantly, with perhaps 43 more hot days by 2090
under RCP8.5 (an increase from 11 days per year during2086to 54 days per year during 2081
2100 under RCP8.5hd values irnmable5-2 are a calculated average over the Tasman Didticall
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VCSN points below 500m altitudeence the projected changes are lower (or higher) than some of
the localscale changes in Figure$%nd 56.

Table5-2:

Projected changes in the number of hot days and cold nights (frosts) at 2040 and 2090 for

Tasman District, with RCP4.5 and RCP8.5 compared to the historical period-2(385.The projeted
changes were averaged over all VCSN points across the Tasman District below 500 m elevation.

Historical 2040 number 2090 number
. 2040 change 2090 change
period days of days of days
RCP 4.5 19 +8 days 25 +14 days
Hot days 11
RCP 8.5 20 +9 days 54 +43 days
RCP 4.5 25 -11 days 19 -17 days
Cold nights 36
RCP 8.5 23 -13 days 8 -28 days

5.3 Tasman Climate Change Precipitation Projections

Precipitation (rain + snow) projections show much more spatial variation than the temperature
projections. Againthe magnitude of the projected change will scale up or down with the different
RCPs, and will also differ between climate models. Figuresns 58 show the projected seasonal
patterns of precipitation change over the Tasman District and surroundirag ate2040 and 2090
for RCP4.5 (averaging 37 climate models), and Fige®em8 510 show the same for RCP8.5
(averaging 41 climate models).
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Figure5-7:  Projected seasonal precipitation changes (in %a%0 (20312050 average). Relative to 1986
2005 average, for the IPCC RCP4.5 scenario, averaged over 37 climate @i#lA.
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Figure5-8:  Projected seasonal precipitation changes (in %) at 2090 (20810 average). Relative to 1986
2005 average, for the IPCC RCP4.5 scenario, averaged over 37 climate models. ©ONIWA.
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Figure5-9:  Projected seasonal precipitation changes (in %) at 2040 (20330 average). Relative to 1986
2005 average, for the IPCC RCP8.5 scenario, averaged over 41 climate models. ©ONIWA.
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Figure5-10: Projected seasonal precipitation changes (in %) at 2090 (20800 average). Relativeto 1986
2005 average, for the IPCC RCP8.5 scenario, averaged over 41 climate models. ©ONIWA.

TheRCP4.5 and RCP®rjections indicate slightly more rainfall in most seasons except spring for

much of the area of coastal plains adjacent to Tasman(BaMotueka, Waimea plains) to 2040. By

2090 for RCP8.5, more rainfall is projected for the plains in summer, autumn, and especially winter.

By 2090 under RCP8.5, the western part of Tasman District is projected to receive less rainfall (by less
than 5%) in sonmer and autumn, but significantly more rainfall in winter (up to 40% in some parts).

The full range of modedrojected precipitation change (in %) is given in

Table5-3 for Appleby andrable5-4 for Takaka. The precipitation changes are relative to the baseline
period 19862005 Hence the projected changes at 2040 and 2090 should be thought ofyesad45
and 95year trends.
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Table5-3:  Projected changes in seasonal and annual mean rainfall (in %) for the Appleby grid point for
2040 and 2090.The changes are given for all four RCPs (2.6, 4.5, 6.0, 8.5), where the enaeenhfge is

taken over (23, 37, 18, 41) models, respvely. The first number is the ensemble average, with the bracketed
numbers giving the range {%and 95" percentile). ©NIWA.

Period RCP Summer Autumn Winter Spring Annual
2040 RCP2.6 | 2(-7, 9) 3(5, 8) 3(-2, 9) 0(10, 6) |2¢(3, 5)
R®45 | 1(4,9) 3 (6, 12) 4 (-7, 13) 0(-7, 9) 23, 7)
RCP 6.0 | 2(-6,18) 3(5, 11) 4 (11, 17) 0(-9,11) |22, 8)
RCP 85| 1(10,10) |3(5, 9) 4 (-5, 15) -1¢10, 7) |23, 7)
2090 RCP 2.6 | 0 (14, 8) 3(7,13) 3 (-4, 11) 1(-7,7 |2647)
RCP 4.5 | 3(-6,13) 4 (8, 11) 6 (-8, 15) 0(-7,7 |32 9
RCP 6.0 | 5(10,22) |5 (6, 15) 7 (-8, 25) 0 (-8, 9) |4(2 15)
RCP 8.5 | 11(-1,27) |6 (5, 16) 9 (-8, 26) 2 €17,9) | 6(2, 14)
Table5-4:  Projected changes in seasonal and annual mean rainfall (in %) for the Takaka grid point for

2040 and 2090The changes are given for all four RCPs (2.6, 4.5, 6.0, 8.5), where the enaeenbtge $ taken
over (23, 37, 18, 41) models, respectively. The first number is the ensemble average, with the bracketed
numbers giving the range(Zand 93" percentile). ©NIWA.

Period RCP Summer Autumn Winter Spring Annual

2040 RCP 2.6 | 0(-8, 9) 2(-7,12) 6 (16,20) | 3(-9, 16) 3(-4,12)
RCP45 | 1(-8,9) 1(-9,13) 10 (-6, 22) 3 (12, 17) 4(-3,11)
RCP 6.0 | -1 (-9, 12) 1¢11,10) | 10(-7,29) | 1(13,15) 3(-4, 13)
RCP 8.5 | 1(-9, 10) 1(12,10) |11(-5,30) |3(12,17) 4(-2, 14)

2090 RCP 2.6 | 3(-7,18) 3(-7,15) 8(-7,28) |5 (-4,18 |[5(-2, 16)
RCP 4.5 | 2 (-8, 14) 2(-8,11) 14 (-9, 37) 5 (-6, 18) 6 (-4, 13)
RCP 6.0 | 0 (25, 12) 0 (17, 20) 18 (-4, 50) 7 (15,19) | 7 (10, 18)
RCP& | 1(26,22) | .2(18,11) | 26(-5,58) 9 (15,28) | 9(10, 19)

The seasonal and annual ensemble average projection (the number outside the brackets) in
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Table5-3 and Table 51 is the precipitation increasar decrease (in %) for Appleby and Takaka,
respectively, averaged over all 23 models for RCP 2.6, 37 models for RCP 4.5, 18 models for RCP 6.0,
and 41 models for RCP 8.5 analysed by NIWA. The bracketed numbers give the'tamged®'

percentile) for @ach RCP for each season and the annual projection.

For Appleby, there is no clear precipitation signal, even at 2090 under RCP 8.5. The ensemble
average is often less than 5%, with the model range (tharsl 93" percentile values) varying
between quitelarge (>10%) increases and decreases. By 2040-&1x], relative to 198@005),
winter is the season with the most precipitation change, with a small increase in the ensemble
average (5% across the different RCPs). By 2090 (208D, relative to 198@005), winter is still
the season with the most precipitation change, with increases in the enseavielege ranging from
4 to 11% depending on the RCP.

For Takaka, there is a clearer precipitation signal than for Appleby, especially for winter. 2046th
and 2090 under all RCPs, winter precipitation is projected to increase. The winter ensemizge
for RCP8.5 at 2090 at an increase of 26%, with tfigp@Bcentile value at 58% increase. For the
other seasons, the ensembéverage is often less th&%, with the model range (&nd 93"
percentiles) varying between small decreases to large increases in precipitation. However, the
direction of change overall is for an increase in precipitation across all seasons at Takaka.

The average picture of pjected temperature and rainfall changes in the tables and maps in Sections
5.1 to 5.3 obscuresignificant variations between individual models on the projected seasonal
changes.Figure5-11 and Figure5-12 show seasonal temperature projections from all the models
individually averaged over the Tasman District for 2040 and 2090, respectively. FOF2Q46 (

5-11), all four RCPg@ject quite similar changes on average (medetrage warming is within about
0.5°C). The models for RCP8.5 have the greatest spread, particularly in summer. However, the
models all agree on the direction of change (i.e. warming). For Z0g0rg5-12) the model spread is
much larger, with the models for summer for RCP8.5 spread across more than 4°C of warming (from
~2.0°C to ~6.2°C). Most of the models agree on the direction of change (i.e. warming), but a small
number from RCP2.6 project cooling by 2090.
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Regional Council Range of Projected Changes, 4 RCPs, 2031-2050: Tasman
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Figure5-11: Projected seasonal temperature changes by 2040 (2@850) averaged over the Tasman
District, for the four RCPs.The vertical coloured bars shdhe range over all climate models used, and stars
the projected changes for each model individually. The short horizontal line is the 1aeel@lge warming.

Blue = RCP2.6, 23 models; green = RCP4.5, 37 models; yellow = RCP6.0, 18 models; red = Rgle&5, 41 m

Regional Council Range of Projected Changes, 4 RCPs, 2081-2100: Tasman
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Figure5-12: Projected seasonal temperature changes by 2090 (2@800) averaged over the Tasman

District, for the four RCPs.The vertical coloured bars show the range over all climate models aseldstars

the projected changes for each model individually. The short horizontal line is the faeel@lge warming.

Blue = RCP2.6, 23 models; green = RCP4.5, 37 models; yellow = RCP6.0, 18 models; red = RCP8.5, 41 models.

Figure 513 and Figure-84 shav seasonal rainfall projections from all the models individually for the
Applebygrid point only for 2040 and 2090, respectively. There is disagreement between the models
as to the direction of projected rainfall changes, as identified in Ta3léos thedifferent RCPs.
However, for 2040 in FigureB3, the modelaverage rainfall projections are quite similar for all

44



seasons (witsummerbeing the most variable), even though the spread of the models under each
RCP is quite large (spread across approximat®% to +20% precipitation change). For 2090 (Figure
5-14), the model spread under each RCP is much larger than in Fig@réspread across
approximately-15% to +25%) and the modaVerages between each RCP are quite varied.

Note that Figures-A3to 516 show the model variability atvo grid poinsonly Appleby and
Takakd, rather than a regional average (as was done for temperature). This is because the projected

changes to rainfall vary greatly over the region. These figures can be replicatad/fgrid point in
the Tasman District, upon request.

Regional Council Range of Rainfall Changes, 4 RCPs, 2031-2050: Tasman, Appleby
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Figure5-13 Projected seasonal rainfall changes by 2040 (2@300) forAppleby, for the four RCPsThe

vertical coloured bars show the range overddilinate models used, and stars the projected changes for each
model individually. The short horizontal line is the medeérage rainfall. Blue = RCP2.6, 23 models; green =
RCP4.5, 37 models; yellow = RCP6.0, 18 models; red = RCP8.5, 41 models.
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Regional Council Range of Rainfall Changes, 4 RCPs, 2081-2100: Tasman, Appleby
50 \ \

RCP8.5
RCP86.0
RCP4.5
RCP2.6

30— —
*
*

20 —
*

10
i
*

O...__ ....... BN e - - P -E- Y I ; ....... —

| LS

10— * ]

40

Precipitation (%)
| et

3 Ak

R
LR
* % x -

20— —

-30 | 1 1 |
Summer Autumn Winter Spring Annual
Tasman

Figure5-14 Projected seasonal rainfall changes by 2090 (2@300) forAppleby, for the four RCPsThe

vertical coloured bars show the range over all climate models used, and stars the projected changes for each
model individually. The short horizontal line is the moedgkrage rainfall. Blue = RCP2.6, 23 models; green =
RCP4.5, 37 models; yellow = RCP6.0, 18 models; red = RCP8.5, 41 models.

Figureb-15 and Figure5-16 show seasonal rainfall projections from all the models individually for the
Takaka grid point only for 2040 and 2090, respectively. Although the ensewrlages show an

increase in precipitation, there is some disagreent between the individual models as to the

direction and magnitude of projected rainfall changebe spread within each RCP coloured bar is
quite large, for example, ranging from a 20% decrease to more than a 50% increase in rainfall during
winter forunder RCP8.5 at 2090 (Figuré®. The model spread is much larger for Takaka than for
Appleby for all RCPs at both 2040 and 2090.
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Regional Council Range of Rainfall Changes, 4 RCPs, 2031-2050: Tasman, Takaka
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Figure5-15: Projected seasonal rainfall changes by 2040 (2@3D0) forTakaka, for the four RCP§he

vertical coloured bars show the range over all climate models used, and stars the projected changes for each
model individually. The short horizontal line is the medeérage rainfall. Blue = RCP2.6, 23 models; green =
RCR.5, 37 models; yellow = RCP6.0, 18 models; red = RCP8.5, 41 models.

Heglonal Council Range of Rainfall Changed 4 RCPs, 2081-2100: Tasman, Takaka
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Figure5-16. Projected seasonal rainfall changes by 2090 (2@3D0) for Takaka for the four RCPghe

vertical coloured bars show th@amge over all climate models used, and stars the projected changes for each
model individually. The short horizontal line is the medeérage rainfall. Blue = RCP2.6, 23 models; green =
RCP4.5, 37 models; yellow = RCP6.0, 18 models; red = RCP8.5, 41 model

5.4 Scenarios for Changes in Extreme Rainfall

A warmer atmosphere can hold more moisture (about 8% more for every 1°C increase in
temperature), so there is potential for heavier extreme rainfall with global increases in temperatures
under climate change. lits Fifth Assessment Report, the IPCC concluded that the frequency of heavy
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LINBOALIKRGEGAR2Y S@SyiGa Aa &R lant ardasS(this ibcludeg Newy ONB I a
Zealand)IPCC, 2013, Table SPM@Given the mountainous nature of New Zwal, spatial patterns

of changes in rainfall extremes are expected to depend on changes in atmospheric circulation and

storm tracks.

bL2! LINPRdzZOSR &a42YS dzLJRI GSR 3IdzA R yOS 2y OKlFy3aSa A
I & a S a &m Slgivizaatand, fothe 2008 update to the Local Government Guidance manual

(Ministry for the Environment, 2008al\n overview of the process for producing heavy rainfall

statistics for screening analyses, with a detailed example of its application for Richmond, is provided
in the appendix to the present report. The recommendation in the Local Government Guidance
manual is that if a screening analysis using statistics produced through this process indicates changes
in heavy rainfall could lead to problems for a particulasea®r activity, then further guidance should

be sought from a science provider for a more detailed risk analysis. Rainfalldigation-

frequency statistics for Richmond under current conditions are provid@alohe5-5. Statistics for

screening studies under miginge and higkend temperature scenarios for 2100 are provided in

Table5-6, Table5-7, and Table 8.

Table5-5:  Current rainfall depthduration-frequency statistics for Richmond from HIRDS VBlumbers in
the body of the table are in mm.

g\/z;rs) Duration
10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 7.9 11.8 14.9 22.3 295 45.8 60.4 79.8 94.9 105.1
5 10.2 15.3 19.3 28.9 380 58.4 76.7 100.6 119.7 132.6
10 12.1 18.1 22.9 34.3 449 68.7 89.8 117.4 139.7 154.6
20 14.3 21.4 27.0 40.5 52.7 80.2 104.4| 136.1 161.9 179.2
30 15.7 23.5 29.7 445 57.8 87.6 113.9 148.1 176.3 1951
50 17.7 26.4 334 50.0 64.9 98.0 1270 164.7 196.0 2170
100 20.7 31.0 39.2 58.7 75.8 113.8 147.1 190.1| 226.2| 2504

Table5-6:  Projected rainfall depthduration-frequency statistics for Richmond in 210faar a low-range
temperature scenario (1°C warming).

(yéirls) Duration
10m 20m 30m 60m 2h 6h 12h 24h 48h 72h

2 8.5 12.7 16.0 23.8 31.3 48.2 63.3 83.2 98.5 108.8
5 11.0 16.5 20.7 31.0 40.5 620 81.1 106.0 125.7 | 1390
10 13.1 195 24.6 36.8 48.1 734 95.6 124.8 | 148.2 | 163.7
20 15.4 23.1 29.1 43.6 56.7 86.1 1120 1459 | 173.4 | 1917
30 17.0 25.4 32.1 48.1 62.4 94.6 1230 159.9 | 190.1 | 210.1
50 19.1 28.5 36.1 54.0 70.1 105.8 | 137.2 |177.9 | 211.7 |234.4
100 22.4 335 42.3 63.4 81.9 1229 | 158.9 | 205.3 | 2443 |270.4

3 { ONBSyAy3¢ RSAONROSaE Yy AYyAGAFE aasSaayvySyid aiSLl G 2tordoeigga A RSNI 6 KS
of infrastructure are likely to be material.
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Table5-7:  Projected rainfall depthduration-frequency statistics for Richmond in 2100 for a midnge
temperature scenario (2°C warming).

(yég:s) Duration
10m 20m 30m 60m 2h 6h 12h 24h 48h 72h

2 9.2 13.6 17.0 25.3 33.2 50.7 66.2 86.7 102.1 | 1125
5 11.8 17.7 22.2 33.0 43.1 65.5 85.6 1115 | 131.7 | 145.3
10 14.0 20.9 26.4 39.4 51.4 78.0 101.5 | 132.2 |156.7 |172.8
20 16.6 24.8 31.2 46.7 60.7 92.1 1196 | 155.7 | 1849 |204.3
30 18.2 27.3 34.5 51.6 67.0 1016 132.1 | 171.8 |203.8 |225.1
50 20.5 30.6 38.7 58.0 75.3 113.7 | 1473 |191.1 |227.4 | 251.7
100 24.0 36.0 455 68.1 87.9 1320 170.6 | 2205 |262.4 | 290.5

Table5-8:  Projected rainfall depthduration-frequency statisics for Richmond in 2100, for a highend
temperature scenario (3°C warming).

(yé:rls) Duration
10m 20m 30m 60m 2h 6h 12h 24h 48h 72h

2 9.8 145 18.1 26.8 35.0 53.1 69.1 90.1 105.7 | 116.1
5 12.6 18.8 23.6 35.1 45.6 69.1 90.0 116.9 | 137.7 | 151.7
10 15.0 22.3 28.1 41.9 54.6 82.7 107.3 | 139.6 | 165.3 | 1820
20 17.7 26.5 33.3 49.9 64.7 98.0 127.3 | 1655 | 196.4 | 216.8
40 20.8 31.1 394 58.9 76.5 115.7 | 150.2 |195.1 | 2314 | 2560
50 21.9 32.7 41.4 62.0 80.5 1215 | 1575 | 204.2 | 2430 269.1
100 25.7 38.4 48.6 72.8 94.0 141.1 | 182.4 | 235.7 | 280.5 | 3105

Projected rainfall deptiduration-frequency tables for other locations in Tasman District can be
produced using HIRDS software package and the process illustrated in the Appendix and described in
the revised Local Govement Guidance ManudMinistry for the Environment, 2008a)

5.5 Evaporation, Soil Moisture, and Drought

A NIWA study published in 20{Clark et al., 2011)sed downscaled climate model results from the
IPCC Fourth Assessment Report to examine how the freguafnery dry conditions could change
over the 2% century. Three major global greenhouse gas emissions scenarios were used (B1, A1B,
and A2), and the final estimates of drought probability were derived from a nationally
comprehensive soil moisture indica.

The study established distinct regional differences across New Zealand in changes to drought

vulnerability projected under future climate change, with an increase in drought on the east coast of

the North and South Islands being the most plausible @sistent outcome. This is consistent with

previous studies on climate change impacts on drought in a New Zealand c@textlullan et al.,

2005) The study concluded that drought risk is expected to increase during this century in all areas
thatareOdzNNB y (i f @ RNR dzZa3K i LWNRRASAZY QlzyRyBRIJIMKER RAGIBR § NF 2 & &b
WRNRdzZAKG NRA1Q o6+ a Iyl feadboBRghtinifiaticn 8dddvsavheh$oil A2 At Y2 A
moisture falls below the historically established"Ifercentile for he given time of year for a period

greater than one month, and drought termination occurs when soil moisture is above the 10

percentile for one month.
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Under the most likely midange emissions scenario the projected increase in percentage of time
spent h drought from 198609 levels is about 5% for 202050 and 10% for 2078090 for the low

lying plains adjacent to Tasman Bay (e.g. Motueka and Waimea plains). This can be interpreted as:
for a site that is currently in drought 5% of the time in the plain20302050 it is likely that this

same location will be in drought 10% of the time (i.e. an additional 5%), and iR22@0that

location is likely to be in drought 15% of the time (an additional 10%). Other parts of Tasman District
are unlikely to bas affected as the plains by climathangeinduced drought.

5.6 Wind

Some broad scale analyses have been undertéidiian et al., 20110f how the seasonal and

annual components of the flow across New Zealand could change by the end of'tber@dry,

based on GCM model results using the A1B-raithe emissions scenario from the IPCC Fourth
Assessment Report. In all seasons there is an increasing easterly tendency over or north of the North
Island. In the summer and autumn seasons, there is an incre@sestarly (or more commonly it will

be a decrease in westerly) over the entire country with the exception of Otago and Southland. In
winter and spring, the easterly tendency is confined to the north of the North Island from about
Coromandel Peninsula noslrards, with the remainder of New Zealand experiencing an increasing
westerly tendency.

An increase in the mean westerly component of the wind does not in itself necessarily imply an
increase in total wind speed, or in wingdeed extremes. However Mullan at. (2011) undertook
analysedo understand how extreme (99ercentile) winds may change across regions of New
Zealand with climate change, based on climate model results from the IPCC Fourth Assessment
Report. The frequency of extreme winds over thé 2é&ntury is likely to increase in almost all

regions of New Zealand in winter, and decrease in summer, especially for Wellington and the South
Island. However, the magnitude of the increase in extreme wind speed is notlargg a few per

cent by theend of the century under the middlef-the-range A1B emissions scenario.

In addition, Mullan et al. (2011) found that it is likely that there will also be an increase in cyclone

activity in the Tasman Sea in summer and a decrease in activity south ofNevi 2 y R 6 WOe& Of 2y S
this context refers to a sutyopical or midlatitude low pressure centre and not to a tropical

cyclone).

5.7 Climate Change and Sea Level

Sea levels will continue to rise over the?'ZEntury and beyond, primarily because of thermal

expansion within the oceans and loss of ice sheets and glaciers on land. The basic range of projected
globalsed S@St NARAS SadAYFGISR Ay (P®CS20133foraMsaof CHF G K | &
m-0.82 m for 20842100 (2080s and 2090s) relativettee average sea level over the period 1986

2005, as shown iRigue 5-17. This is based on projections from IPCC AR5 climate model projections

in combination with procesbased models of glacier and ice sheet surface mass balantiee four

different RCP emissions scenarios. Global mean sea level rise for the scenarios will likely be in the 5

to 95% ranges characterising the spread of the model results (bars on the right hand Sigeeof

5-17).
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Figue 5-17: Projections of global mean sea level rise over the 21st century relative to 12@&@5.

Projections are from the combination of the Coupled Model Intercomparison Project (CMIP5) ensemble with
processbased models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The
assessed likely ranges for the mean over the period ZI8ID for all RCP scenarios are given as coloured
vertical bars, with the corresponding median valueegi as a horizontal line. After IPCC (2013).

In all emissions scenarios, thermal expansion is the largest contribution to global melevelaése,
accounting for about 3%5% of the total. Glaciers are the next largest, accounting fe85B5 of total

sea level rise. By 2100, B5% of the present glacier volume is projected to be eliminated under the
lowest emissions scenario, and-85% under the highest emissions scenario. The increase in surface
melting in Greenland is projected to exceed the incraassccumulation, and there is high

confidence that the surface mass balance changes on the Greenland ice sheet will make a positive
contribution to sedevel rise over the Zicentury. On the Antarctic ice sheet, surface melting is
projected to remain siall.

Figure5-18 shows Wellington and Auckland annual mean sea level measurements spliced with

globatmean sedevel rise projections for two of the RCPs (RCP2.6 and RCP8.5) from IPCC (2013).

Note that IPCC providea caveat that further collapse of Antarctica ice sheets could cause global sea

level to rise substantially above thigelyranges by 2100 (shown as dashed lindSigure5-18), with

medium confidence that thadditional contribution would not exceed several decimetres of sea

level rise by 2100. The RCP projections from IPCC have been extended out from 2100 to 2120, to

assist with the application of the NZ Coastal Policy Statement that requires coastal hawhrds a

Of AYFGS OKIFy3aS STFFSOGa oS aaSaasSR 20SNI al G S| a
and the projections are relative to a baseline averaged from 49865 (centred on 1996).
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AR5 global mean sdavel projections extended to 2120 (RCP2.6 & RCP8.5)
spliced with annual MSL from Wellington and Auckland
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Figure5-18: ARS5 global mean selevel projections extended to 2120 spliced with annual MSL from

Wellington and AucklandDashed lines show the upper and lower bounds ofltkelyrange for each RCP

shown, which in the calibrated language of IPCC means there B &l38nge the SLR could lie outside those
bounds (Church et al., 2013a). Source: QA for annual MSL for historic NZ ports undertaken by Prof. John
Hannah and NIWA data sourced originally from the port companies and obtained from the Land Information
NZ artives. The globahean SLR projections were interpolated by data from Table 13.5 (Church et al., 2013b)
and from Figure SPM.9 in the IPCC AR5 Summary for Policymakers (IPCC, 2013).

Since the 2008 climate change report for Tasman District Council was @deparevised manual for

local government on coastal hazards and climate change has been pul{lidinésiry for the

Environment, 2008l) ¢ KA a 3JIdzA RF yOS Yl ydzZ t dzaSa LINRP2SOGA2Yya
Report. In time, it is expected an updategport will be published using projections based on the

IPCC Fifth Assessment Report projections, but in this report the 2008 report will be referenced.

The coastal hazards and climate change guidance report includes guidance on changes in mean sea
levelfor use in future planning and decisions. Numbers for use in such guidance depend on risk
management considerations as well as scientific assessment. The guidance manual advocates the use
of a risk assessment process to assist incorporatindesed riseand the associated uncertainties,

within local government planning and decisioraking. This requires a broader consideration of the
potential impacts or consequences of deael rise on a specific decision or issue. Rather than define

a specific climatehange scenario or sdavel rise value to be accommodated, it is recommended in

the manual that the magnitude of sdavel rise accommodated is based on the acceptability of the
potential risk.

To aid this risk assessment process, the manual recomnthatiallowance for sedevel rise is
based on the IPCC Fourth Assessment Report, and that consideration be given to the potential
consequences from higher séavels due to factors not included in current global climate mddels

4Such factors rete to uncertainties associated with increased contribution from the Greenland and Antarctica ice sheets, carbon cycle
feedbacks, and possible differences in mean sea level when comparing the New Zealand region with the global average.
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For planning and decisiomteframes out to the 2090s (20€D99):

a. A base value sea level rise of 0.5 m relative to the 198D average should be used, along
with:

b. An assessment of the potential consequences from a range of possible higHewskases
(particularly where impas are likely to have high consequence or where additional future
adaptation options are limited). At the very least, all assessments should consider the
consequences of a mean skavel rise of at least 0.8 m relative to the 198899 average.

For planniig and decision timeframes beyond 2100 where, as a result of the particular decision,
future adaptation options will be limited, an allowance of deegel rise of 10 mm per year beyond
2100 is recommended (in addition to the above recommendation).

Climate tiange will also impact on other coastal hazard drivers, such as tides, storm surge, waves,
swell, and coastal sediment supply. The potential changes and their impacts are at present much less
well understood, but the manual provides pragmatic guidancerinéal by expert judgement and

the current state of scientific knowledge.

5.7.1 Effect of Sed.evel Rise on High Tide Exceedance Frequency

A NIWA study for Nelson City CouriSilephens and Bell, 200&)nsidered climate change effects on
high tide exceedances fGmasman Bay. On the open coast of Tasman Bayesgehrise will not
significantly alter the tidal range. However, up the Waimea Inlet the tidal range may change
somewhat, depending on the net effect of sediment deposition on the seabed versisvetase.
What will change substantially as skexel rise accelerates are the occurrences when high tides
exceed a specific elevation (above present Mean Level Of theFSgane5-19).

The Coastal Hazards and Climate Change guidaanaal(Ministry for the Environment, 2008b)
provides information on tide ranges and frequency of high tides. The present Mean High Water
Spring level will be exceeded much more frequently by high tides in the future, particularly on
sections of the coasthere the tide range is relatively small (compared with those sections of the
coast where the tide range is relatively large).-$aeal rise will have a greater influence on storm
inundation and rates of coastal erosion on the central parts of the emstt@and Cook
Strait/Wellington areas than on coastal regions with larger tidal ranges (e.g. west coast).
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Tarakohe Wharf: High-tide exceedance curves
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Little Kaiteriteri: High-tide exceedance curves
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Figure5-19: The frequency of occurrence of high tides exceeding different present day tide maikhe tide
marks for the present is shown by the heavy line, 0.18m of sea level rise (lower red line) and 0.59 m of sea level
rise (upper red line) for Tarakohe (top) and Little Kaiteriteri (bottom). ©NIWA.

Terminology used ifigure5-19includes:

MLOS: Mean Level of the Sea

Max: Maximum expected in 100 years (2€81P9) excluding climate and meteorological effects. (Also called
Highest Astronomical Tide)

MHWPS: Mean High Water at Perigean Spring

MHWS: Mean Hgih Water Spring

MHWS12: A definition of MHWS based on 12% of high tides exceeding this level

MHWN: Mean High Water Neap

MHWAN: Mean High Water at Apogean Neap

Definitions of most of these terms are provided on the Proudman Oceanographic Laboratory veeht pag
http://www.pol.ac.uk/ntslf/tgi/definitions.html. Terms not explained there include:

Perigean Spring Tides: These occur when a full or new moon coincidgseviibe the point of closest
approach of the moon to the earth. Likewisgogeeis when the moon is at its furthest point from the earth.
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An example of the effect that future sdavel rise has on the frequency of high tides at Tarakohe and
Little Kaiteriteri is shown iRigure5-19. For each plot the black line shows the percentage of high

tides that exceed certain levels above the mean level of the sea for present dégveéa If we

consider the Mean High Water Perigean Spring (MHWPS) level, abharis is exceeded by about
3.5% of high tides. The coloured lines show this occurrence with different future sea level rises (0.18
m and 0.59 m). For a sdevel rise of 0.18 m, a present day MHWPS level would be exceeded by 12%
of the high tides at Takohe and by 48% with a séavel rise of 0.59 m.

5.8 Climate Change Impacts on Other Coastal Hazard Drivers

While it is expected that the intensity of tropical cyclones and extratropical cyclones will increase (i.e.
wind speed and rain rates), it is likelatrtheir frequency will either decrease or remain essentially
unchangedIPCC, 2013Yhese storms affect the coastal zone through impacts on waves, storm
surge, and swell.

Some higkresolution atmospheric models have realistically simulated tracks andts@f tropical
cyclones and models are able to capture the general characteristics of storm tracks and extratropical
cyclones with evidence of improvement since the IPCC Fourth Assessment Report. However,
uncertainties in projections of cyclone frequeranyd tracks make it difficult to project how future
changes will impact particular regions.

In addition, the projections of storm surges (increase in sea level caused by the inverse barometer
effect from large storms such as tropical cyclones) have lovidence, in part due to the high
uncertainty surrounding future storminess. Changes in storm surge will depend on changes in the
frequency, intensity, and/or tracking of lepressure systems, and the occurrence of stronger winds
associated with these systes (IPCC, 2013)

5.8.1 Climate change impacts on waves

Expected changes in wind and atmospheric patterns, storms and cyclones around New Zealand and
the wider southwest Pacific and Southern Ocean regions also have the potential to change the wave
climate experiaced around New Zealand in the future. In turn, this will influence patterns or coastal
erosion and the movements of beach and nearshore sediments within coastal zones.

At a large scale, it is likely that the mean significant wave heights will incretime Southern Ocean
as a result of enhanced westerly wind speeds, especially in the austral winter motit®%o(Bigher
at the end of the 2% century than the presentlay mean). In addition, Southern Ocegenerated
swells are likely to affect heights, fieds, and directions of waves in adjacent baglRCC, 2013)

A NIWA study prepared for Nelson City Coui@todhue et al., 2012pnsidered the effects of

climate change on waves and storm surges by 2100, over and abolevetdse. The WASP project
(Wave And Storm surge Projections) used the SRES emissions scenarios provided by the IPCC to run
simulations of storm surge, storm tide height, and significant wave height under climate change to
2100.

WASP futurecasts for the A2 (high) and B2 (low) esiogsis scenarios were simulated for ayaéar

period at the end of the Zicentury (20762100). To quantify climate change effects on storm tides
and waves, these were compared to WASP predictions forced by a global climate prediction of the
30-year periodl970-2000.
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Waves and stormasurge time series were output at a location within Tasman Bay, which enabled the
climate change scenarios to be averaged together relative to the presgnscenario. The 99
exceedance percentile wave heights and storm suvgere determined for the presentay and

each of the climate change scenarios, enabling an approximate scaling factor to be calculated for

large (99 percentile) events. These values are showmable5-9.

Table5-9:  Predicted increase in storm surge and wave height within the Tasman Bay as a result of climate

change averaged over 2072100, using the WASP outputValues based on the percentage change from

presentday WASP simuliains and the average of the future cast WASP climate change predictions, at the 99%

exceedance level. The changes were calculated for one location in Tasman Bay, assuming sswdidarge
changes would be ubiquitous to the entire Bay. After Goodhue €2@al.2).

Variable Increase by 2072100 (%)
Storm surge at 99percentile 6.4
Stormtide height (change in storm surge with no 1.3
change in coastal tide heights
Significant wave height at 9ercentile 1.8

Storm surge is only one component of tleedl storm tide height. To determine the change in storm
tide height the Monte Carlo joiRprobability technique, which was used to determine the marginal
storm tide heights, was reun with the 6.4% scale factoféble5-9) appled to the storm surge
component. Because the astronomical tide forms a bigger proportion of the total storm height than
the weatherinduced storm surge, the 6.4% increase in storm surge resulted in a 1.3% increase in

storm tide levels, due to climate chamg

To summarise, the WASP climate change scenarios indicate that climate change will cause
approximately a 2% rise in both extreme storm tide height and extreme significant wave height, by
the end of the 2% century. This translates to about a 10 cm irase for a 5 m high wave, or a 6 cm

increase for a 2.8 m storm tide.

Robinson et ak2014)from NIWA completed a study for Tasman District Council which included the
[+ £ Odzf | (i 2 Nibe #isBdNG | &
estimate stormtides, wave setup and wave rwp under current conditions and also with the

RSOSt2LIYSyd 2F

W/ 21 &adl f

addition of a sedevel rise variable, for the open coast of Tasman and Golden Bays (excluding

sheltered harbours and estuaries).

Wave setup is seen foe a relatively small component of the total skeael elevation on the Tasman

and Golden Bay coastline due to large tidal range and liriétdh wind waves with only a limited

window for swell waves to propagate to the sites; however waveupiis conglerably larger.

The reader is directed to Robinson et al. (2014) for more information on how to use the Coastal

Calculator with regard to selavel rise. Note that Table®and this discussion do not include any

allowance for rise in mean sdavel.

5.9 Ocea acidification

a

Since the beginning of the industrial era, the pH of global ocean surface water has decreased by 0.1,

corresponding to a 26% increase in hydrogen ion concentrét@C, 2013}t is virtually certain
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that the increased storage of carbowy the ocean will increase acidification in the future, continuing
the observed trends of the past decades. Ocean acidification in the surface ocean will follow
atmospheric Ceand it will also increase in the deep ocean as €tinues to penetrate the afss

(Figure5-20).

A global increase in ocean acidification is projected under all RCP scenarios, due to the increasing
uptake of carbon by the ocean. The corresponding decrease in surface ocean pH by the end of th
21% century is in the range of 0.6B07 for RCP2.6, 0.13115 for RCP4.5, 0.2D21 for RCP6.0, and

0.300.32 for RCP8.5.
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Figure5-20: Change in ocean surface pHime series (model averages and minimienmaximum ranges and
(b) maps of multmodel surface ocean pH for the scenarios RCP2.6, RCP4.5, RCP6.0 and RCP&%00.2081
The maps in (b) show change in global ocean surface pH inZ@Rlrelative to 198&005. The number of
CMIP5 movels to caltate the multimodel mean is indicated in the upper right corner of each panel. Figure

after (IPCC, 2013)
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Economic ZonéEEZ). The pH decrease, from current values of ~8.08 to 7.95 {mentidy and 7.75

by 2100, is consistent with global trends of a decline by0OX3by the end of the century. The

sinusoidal pattern reflects the seasonal shift within each year of higHan summer (when
phytoplankton growth removes GPand lower pH in winter (when growth is low and mixing raises

surface water Cg).
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Figure5-21: Projected mean surface pH for the NZ EEZ open ocean framita of six CMIP5 models, using
the RCP8.5 scenaridhe outputs from the models that show the closest fit to carbonate observations in the
NZ EEZ during the present period are highlighted in red (S. Milkaéather, NIWA).

The 15year Munida timeseries inFigure5-22 shows that ocean acidification of NZ waters is already
evident, with an increase in dissolved surface @@l associated decreases in surface pH and
carbonate saturation state. The increase issblved C&s consistent with the regional increase in
atmospheric C&xecorded at the NIWA Baring Head Atmospheric Station. The observed decline in pH
and carbonate saturation are consistent with observations at 6 other-8prées stations in the

globd ocean, although the rate of change of pH at the Munida station is the lowest.

The variability and rate of change in pH will differ in coastal waters as these are also influenced by
terrestrial factors and ruoff. The rate and magnitude of acidification coastal waters is being
monitored by the recently initiated New Zealand Ocean Acidification Observing Network-DIXDA
of 14 stations around the coast.

58



+60 -450

+‘218 1G L -400
iy IR 350
=204 1 ! I L — P T ®1-300
404 a 250
_28_ +1.28 ~  Munida 200
T T T T T T T T T T T T T T
1982 1986 1990 1994 1998 2002 2006 2010
Year

o010 1G -0.0013|-84
+0054__ | | | sl BN 83
0.00- = —r I i TS e Tar Ve renaic- 8.2
:8?8ﬂ * APAS W Nyve :\,"M" -8.1
_0.15Munida 8.0

1982 ' 1986 = 1990 1994 1998 = 2002 = 2006 2010

Yoar

10414 - -0.0085)-4.5
+0.2 = A9 0 0O 4.0
d — L @ Sho. - 0®,. g 35
0.0 & e Ho, et %g
Qi e o S Ot o, 2.
_0.2 - ;;\*f «".‘-:‘J»J(."';'a('f."\' @-2.0
_0.44Munida 1.5

= T T T | T T T T T T |

1982 1986 1990 1994 1998 2002 2006 2010

Year

Figure5-22: Time series of Surface seawater € (uatm, top panel), pH (middle panel), and saturation
state of the carbonate mineral, aragonite (lower panel)This time series is from Suntarctica water at the
Munida site (Otago shelf). Coloured symbols are the anomalies and the grey symbaliséneed data, with
the annual trends (yf) shown (Bates et al., 2014).

5.9.1 New Zealansgpecific impacts of ocean acidification

A There is evidence of an increase in bacterial enzyme activity under increased dissolved
CQ, which increase oxygen removal and asge carbon uptake in the oceéBurrell,
2015, Maas et al., 2015)

A Time series studies show no discernible impact of current increases in dissolved carbon
dioxide on phytoplankton or zooplankton with carbonate shells in NZ waters currently
(S. Nodde& C.Law pers. comm.), although decreased carbonate production under
conditions projected for 2100 in comparative species from other regions suggest they
may be detrimentally impacted by the end of the century.

A Nitrogen fixers that live in nutrierdlepleted S3A 2y a | NS LINBRAOGSR
from ocean acidification; however no significant effect of increased dissolved/&0O
observed in experiments carried out on mixed plankton communities in NZ subtropical
waters (Law et al, 2012).

A Macroalgae communitgtructure in coastal regions may be altered in response to
ocean acidification with a decline in encrusting coralline algae that use carbonate,
while red algae found in deeper waters may benefit from an increase in dissolyed CO
(Hepburn et al., 2011, Ta2014) Changes in the biomineralisation or species
distribution of Coralline red algae may occur in response to ocean acidification,
particularly in species producing hiyhg calcite(James et al., 2014, Smith et al.,

2013)

A Sponges may benefit from oceacidification(Bell et al., 2013lthough those that
produce calcite of higlhhagnesium content, or aragoniteay be vulnerable to
dissolution(Smith et al., 2013).
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A The projected decrease of carbonate saturation in the deep ocean may cause a decline
in the abundance and distribution of cold water corals, which support important
ecosystems in regions such as the Chatham (Bisstock et al., 2015}t is suggested
that seamounts and topographic features may be important future refugia for cold
water coralgThresher, 2015, Tittensor et al., 2010)

A There is clear evidence of malformation of Sea Urchin larvae, in tropical to Antarctic
species including from NZ, under higher dissolvegd Tds may result in smaller larvae
and an increased duration in the plktonic phase, reducing the chances of survival to
the adult staggByrne et al., 2013, Clark et al., 2009)

A Experimental work on the impacts of acidification in New Zealand waters on juvenile
paua has shown that while survival was not affected, growthsigwsficantly reduced,
and dissolution of the shell surface was evid@@tinningham, 2013Bimilar effects
were found for growth and shell surfaces of flat oyst@smmings et al., 2013,
Cummings et al., 2015)This is consistent with observed negagffects of ocean
acidification on the function and metabolism of Antarctic bival{gdenga et al., in
press, Cummings et al., 2011)

A The behaviour of Australian reef fish is affected by ocean acidification, with olfaction,
hearing, visual risk assessmamd activity altered due to the impact on
neurotransmitter functionMunday et al., 2014MPI funding has supported studies of
the impacts of ocean acidification on Kingfish, and this work will be extended to
Snapper.

5.10 Considering both Anthropogeniod Natural Changes

Much of the material in Sections 5.1 to 5.8 focuses on the projected impact on the climate of Tasman
District over the coming century of increases in global anthropogenic greenhouse gas concentrations.

But natural variations, such as t® described in Section 4.3 (associated with for example El Nifio, La
bA3lXZ GKS LYGSNRSOFIRIFIf tIFIOAFTAO haOAafttridAzysr (KS
continue to occur. As noted at the beginning of Section 5, those involved in (oripdgfor) climate

sensitive activities in the Tasman District will need to cope with the sum of both anthropogenic

change and natural variability.

An example of this for temperature (from an overall New Zealand perspective) is sh&iguia

5-23. This figure shows annual temperature anomalies relative to the -PO86 base period used

throughout this report. The solid black lineonthe J&ftt Yy R & A RS NBL#MEBoa Sy Ga blL2! C
temperature anomalies (i.e., the ekage over Auckland, Masterton, Wellington, Nelson, Hokitika,

Lincoln, and Dunedin), and the dotted black line represents the -2809 trend of 0.92°C/century

extrapolated to 2100. All the other line plots and shading refer to the air temperature aveoaged

the region 3348°S, 16a190°W, and thus encompasses air temperature over the surrounding seas as

well as land air temperatures over New Zealand. P84, the two line plots show the annual

G§SYLISNI GdzNB OKIFy3aSa o 7F2 N rargs andRGPESGbluk) ZaSingle nédél  dzy’ R S
60 KS Whidtsf SESR¥t s 488 add tly SG Ffd nnmpo A& &St
variability. (Note that a single illustrative modeaii(ocH has been used iRigure5-23 rather than the
modelensemble, which would suppress most of the interannual variability). The shading shows the
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range acrossgll AR5 models for both historical (41 models) and future periods (23 for RCP2.6, 41 for
RCP8.5).

Over the 1902014 hstorical period, the %tation curve lies within the 4tnodel ensemble, in spite

of the model temperatures including air temperature over the sea, which is expected to warm

somewhat slower than over land (Mullan et al., 2015). For the future 20T® perod, the RCP2.6
SyaSyotS akK2ga OSNE fAGGES 61 N¥YAYy3a GNBYR I FGSNI |
to be anywhere between +2°C and +5°C by 2100niifee5model is deliberately chosen to sit in

the middle of the ensemble, and illustrateglvhow interannual variability dominates in individual

years: themirocSmodel under RCP8.5 is the warmest of all models in the year 2036 and the coldest

of all models in the year 2059, but nonetheless has a-teng trend that sits approximately in the

middle of the ensemble.

Figureb5-23 should not be interpreted as a set of specific predictions for individual years. But it
illustrates that although we expect a long term overall upward trend in temperat@eeast for
RCP8.5)there will still be some relatively cool years. However for this particular example, a year
which is unusually warm under our present climate could become the norm by about 2050, and an
Gdzydzadzk £ £ & &p NYES & @B Ihd HOYed emissioscenariosis likely to be

warmer than anything we currently experience.
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Figure5-23: New Zealand Temperaturehistorical record and an illustrative schematic projection
illustrating future yearto-yearvariability. (See text for full explanation).

For rainfall, the fact that we have recently moved into a negative phase of the Interdecadal Pacific
Oscillation Figure4-7) may be just as important for the Tasman region overriext 23 decades as

the effects of anthropogenic climate change. From Section 4.3.1, it can be seen that periods of

negative SOl may on average experience slightly above normal rainfall in the coastal plains areas

fringing Tasman Bay, pushing rainfalliese directions in the same direction as expected from

anthropogenic factors (Section 5.3). A subsequent further reversal of the IP@im20& S NEQ GAYS
could have the opposite effect, offsetting part of the anthropogenic trend in rainfall for a few

decades.
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As discussed in Section 4.3, the IPO and the El Nifio/La Nifia cycle have an effect on New Zealand sea
level. So the sea levels we experience over the coming century will also result from the sum of
anthropogenic trend and natural variability.

The mesage from the section isot that anthropogenic trends in climate can be ignored because of
natural variability. In the projections we have discussed these anthropogenic trends become the
dominant factor locally as the century progresses. Nevertheless ged to bear in mind that at

some times natural variability will be adding to the huviaduced trends, while at others it may be
offsetting part of the anthropogenic effect.

6 C¢lavYly dANdIMNMWG@E +dzZf YSNIOAT AUEZ
The main purpose of thigport has been to draw together existing information on how Tasman

Districd Of AYF (S Yl & OKIy3aS Ay (GKS TFdzids2NBe® ¢KS NBEA?2
evaluation of the likely impacts of these changes, of the vulnerability of the Tasisi@ictDo these

impacts, or of investigating options for adapting to them.

Ways in which councils can investigate some of these issues are outlined in the guidance manual
published by the Ministry for the EnvironmefMlinistry for the Environment, 2008ahe report on
coastal hazards and climate change is also ugkfnistry for the Environment, 2008b)

The Ministry for the Environment climate change guidance manuals recommend that councils should
build consideration of climate change into their plarmctivities rather than considering them in
isolation, and should take a risk management approach. Issues surrounding climate change impacts,
especially related to local government as well as Maori communities, are covered by Manning et al.
(2014) As ilustrated byFigure6-1, consideration of climate change becomes particularly important

for designing climatesensitive infrastructure or assets which are likely to be around for many
decades, and for resource use and land develephplanning over similar timescales.
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Figure6-1: Time scales and adaptation. Planning for humarduced climate change becomes increasingly
important as one moves right along this line.

Some particulaimpact, vulnerability, and adaptation issues to which Tasman District Council may
wish to give consideration include:

A Implications of sedevel rise and coastal change for planning and development in
coastal areas.

A Implications of potential changes in réafi and of drought frequency for water
demand, availability and allocation (including planning for irrigation schemes and
storage).

A Implications of projected changes in extreme rainfall, erosion risk and coastal hazards
for council roading and stormwatelrainage infrastructure, lifelines planning, and civil
defence and emergency management.

A Opportunities which climate change may bring for new horticultural crpasd
infrastructure and laneuse issues that might arise.

A Implications of climate change (inding potential changes in flood frequency and in
coastal hazards) for langse planning.

A Implications for aquaculture and fisheries. Not a lot is known about this, but Willis et
al. (2007)provides a useful starting point.

A Implications for natural ecosyans and their management, both terrestrial and
marine. This is especially relevant given the three National Parks in the region.
Reisinge(2014)gives information on the projected impacts on natural ecosystems for
New Zealand as a whole.
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Building consideation of climate change impacts and adaptation into council planning
as outlined in MfE guidance. Also important is consultation and discussion with
stakeholders (e.g. groups of farmers, iwi) to help them identify climnalated risks

and ways of buildig resilience (e.g. King et é€013).
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Appendix A Rainfall depthdurationfrequency statistics and

scenarios

Because the comprehensive modelling studies to identify and justify the numbers for regionally

varying changes iextreme rainfall have not yet been undertaken, the revised Local Government

Guidance ManugMinistry for the Environment, 2008@yesently recommends use of a

geographically uniform relationship between projected changes in temperature and changes in

extreme rainfall return period statistics. The procedure outlined in the revised manual has been used

in this report to derive changes in extreme rainfall at one site in Tasman District (Richmond) for

LINBf AYAY Il NE aOSyl NR2 & dtRokl Gsas aogihén@iednguntg faré & G dzR A S
various rainfall return intervals and durations set out in Table Al, which is a reproduction of Table 5.2

of the revised Guidance Manu@linistry for the Environment, 2008a)

ARI

Duration 2yrs Syrs 10yrs | 20yrs | 30yrs | 50yrs | 100yrs
<10

minutes 8.0 8.0 8.0 8.0 8.0 8.0 8.0
10 minutes 8.0 8.0 8.0 8.0 8.0 8.0 8.0
30 minutes 7.2 7.4 7.6 7.8 8.0 8.0 8.0
60 minutes 6.7 7.1 7.4 7.7 8.0 8.0 8.0
2 hours 6.2 6.7 7.2 7.6 8.0 8.0 8.0
3 hours 5.9 6.5 7.0 7.5 8.0 8.0 8.0
6 hours 5.3 6.1 6.8 7.4 8.0 8.0 8.0
12 hours 4.8 5.8 6.5 7.3 8.0 8.0 8.0
24 hours 4.3 54 6.3 7.2 8.0 8.0 8.0
48 hours 3.8 5.0 6.1 7.1 7.8 8.0 8.0
72 hours 3.5 4.8 5.9 7.0 7.7 8.0 8.0

TableA-1:  Augmentation factors (percentage increases per degree of warming) used in deriving changes
in extreme rainfall for preliminary scenario studies[Note: In preparing this table, all reasonable skill and
care was exercised, using best available methodsdata. Nevertheless, NIWA does not accept any liability,
whether direct, indirect, or consequential, arising out of its use].

Note that the Guidance Manual recommends that if a screening analysis using statistics produced
through this process indicatesahges in heavy rainfall could lead to problems for a particular asset
or activity, then further guidance should be sought from a science provider for a more detailed risk
analysis.

This appendix first provides current rainfall defthrationfrequency analsis statistics for Richmond
obtained from the NIWA HIRDS V3.0 software pack@igempson, 201%) I yR aaOSy |l NA2¢ R
durationfrequency tables for 2040 and 2090.
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Current statistics, RichmondRainfall depthdurationfrequency statistics for Richmor{#i73.184 °S,
41.338 °Efrom HIRDS V3.0. Numbers in the body of the table are in millimetres.

Duration
ARI (y) | 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 7.9 11.8 14.9 22.3 29.5 45.8 60.4 79.8 94.9 105.1
5 10.2 15.3 19.3 28.9 38 58.4 76.7 100.6 | 119.7 | 1326
10 12.1 18.1 22.9 34.3 449 68.7 89.8 117.4 | 139.7 | 154.6
20 14.3 21.4 27 40.5 52.7 80.2 1044 | 136.1 | 1619 |179.2
30 15.7 23.5 29.7 445 57.8 87.6 1139 | 148.1 |176.3 |195.1
50 17.7 26.4 33.4 50 64.9 98 127 164.7 | 196 217
100 20.7 31 39.2 58.7 75.8 113.8 | 147.1 |190.1 |226.2 | 250.4

Projected future temperature changes are then used with Table Al to provide factors by which to
multiply the entries in the current rainfall depitiuration-frequency table for Richmond, to produce
depth-durationfrequency tablesdr 2040 and 2090. The temperature changes used are the annual
changes fronTable5-1 of the main report, i.e.:

For 2040: Low range +0.3°C; Mahge +1.0°C; High range +1.6°C
For 2090: Low range +0.3°C; Mahge +2.4°C; High ramg4.5°C
Tables for 2040 and 2090 for all three scenarios (low, medium, high) of warming to follow.

Richmond, 2040 Low Range (0.3°C warming)

Duration
ARI (y) | 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 8.1 12.1 15.2 22.7 30 46.5 61.3 80.8 96 106.2
5 10.4 15.7 19.7 29.5 38.8 59.5 78 102.2 121.5 134.5
10 12.4 18.5 23.4 35.1 45.9 70.1 91.6 119.6 142.3 157.3
20 14.6 21.9 27.6 41.4 53.9 82 106.7 139 165.3 183
30 16.1 24.1 30.4 45.6 59.2 89.7 116.6 151.7 180.4 | 199.6
50 18.1 27 34.2 51.2 66.5 100.4 130 168.7 | 200.7 222.2
100 21.2 31.7 40.1 60.1 77.6 116.5 150.6 1947 | 231.6 | 256.4
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Richmond, 2040 Mid Range (1.0°C warming)

Duration
ARI (y) 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 8.5 12.7 15.9 23.7 31.2 48.1 63.2 83.1 98.3 108.6
5 11 16.4 20.7 30.8 40.4 61.8 80.9 105.8 1254 138.6
10 13 194 24.6 36.7 48 73.1 95.3 124.4 147.8 163.3
20 154 23 29 435 56.5 85.8 111.6 145.4 172.8 191.1
30 16.9 25.3 32 47.9 62.2 94.3 122.6 159.4 189.4 2094
50 19 28.4 35.9 53.8 69.8 105.4 136.7 177.2 210.9 233.5
100 223 33.4 42.2 63.2 81.6 122.4 158.3 204.5 243.4 269.4

Richmond, 2040 High Range (1.6°C warming)

Duration
ARI(y) | 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 8.9 13.3 16.6 247 324 49.7 65 85.3 100.7 111
5 11.5 17.2 21.6 32.2 42.1 64.1 83.8 109.3 129.3 1428
10 13.6 204 25.7 38.4 50.1 76.2 99.1 129.2 153.3 169.2
20 16.1 241 30.4 455 59.1 89.7 116.6 151.8 180.3 199.3
30 17.7 26.5 335 50.2 65.2 98.8 128.5 167.1 198.3 219.1
50 20 29.8 37.7 56.4 73.2 110.5 143.3 185.8 2211 244.8
100 23.3 35 442 66.2 85.5 128.4 165.9 214.4 255.2 282.5

Richmond, 2090 Mid Range (2.4°C warming)

Duration
ARI(y) | 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h
2 9.4 14 17.5 25.9 33.9 51.6 67.4 88 103.6 113.9
5 12.2 18.1 22.7 33.8 44.1 66.9 87.4 113.6 134.1 147.9
10 14.4 215 27.1 40.4 52.7 79.9 103.8 135.2 160.2 176.5
20 17 255 321 48 62.3 94.4 122.7 159.6 189.5 209.3
30 18.7 28 354 53 68.9 104.4 135.8 176.5 209.3 231.2
50 211 31.5 39.8 59.6 77.4 116.8 151.4 196.3 233.6 258.7
100 24.7 37 46.7 70 90.4 135.6 175.3 226.6 269.6 298.5
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Richmond, 2090 High Range (4.5°C warming)

Duration

ARI (y) | 10m 20m 30m 60m 2h 6h 12h 24h 48h 72h

2 10.7 15.9 19.7 29 37.7 56.7 73.4 95.2 1111 121.7
5 13.9 20.6 25.7 38.1 49.5 74.4 96.7 125 146.6 161.2
10 16.5 24.5 30.7 457 59.4 89.7 116.1 150.7 178 195.6
20 19.4 29.1 36.5 54.5 70.7 106.9 138.7 180.2 | 213.6 | 235.6
30 21.4 32 40.4 60.5 78.6 119.1 1549 | 201.4 | 238.2 |262.7
50 24.1 35.9 454 68 88.3 133.3 172.7 | 224 266.6 | 295.1
100 28.2 42.2 53.3 79.8 103.1 154.8 | 200.1 | 258.5 | 307.6 | 340.5
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