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Executive summary

The global climate system is changing and with it New Ze@l@hateand environment These

changes will have implicatiom®t only for Neg %S | tlimafeRafBweater systens but also for
freshwater availability for downstream users afodl hazard exposurénland and coastal). Due to

the nature of climate changérendswill vary across the country, over the course of the century, and
among scenarios of clima@K | y3S® . dzAf RAy3 2y (GKS |aasSaavySyl
climate(based on six model projectionghis report addresses potential impacts of climate change

on a range otomponents otlimate,hydrologyand coastal processes across Southlaisthg

downscaled Global Climate Model (GCM) outputs from 12099 under different global warming
scenariosThe combination of six GCMs and four warming scenarios allows us to consider a plausible
range of future trajectories of greenhouse gas emissiors@imatic responses.

It is impossible at this stage to attribute the modelled differences between two time pefilodsis
report, midcentury and end of centungolely to climate change, as natural climate variability is also
present and may add t@r subtract from the climate change effec he resulting potential impast

of climate change are presented through averaginthefsix model projections, which does reduce
the underlying natural variability to some exteftith these caveats in mindhé potential effects of
changing climate over this centuaye summariseds follows

1. The projectedSouthlandemperature changsincrea® with time and emission
scenario. Future annual average warming spawide range0.5-1°C by 2040and
0.7-3°Cby 209Q largely dependent on scenariSeasonally, autumn is the season
where most of the warming occurs across all time periods and scenBiiornal range
(i.e. difference between minimum and maximum temperature during the day) is
expected to increas with time and emission scenarios.

2. Changsin extreme temperatures reflect the changes in the average annual signal. The
average number of hot days expected tancrea® with time and scenario spanning
from 0-10 days by 2040 to-55 days by 209@onseqently, the number of heatwave
days (i.e.number of consecutive days where the temperature is higher thaC B
projected toincrea® (largest increase with elevation). As expegtis number of
frost daysis expected talecrease by-5 days by migtentury, and by10-20 frost days
by the end of the century.

3. Projected changes in rainfall show a marked seasonality and variability #ueoss
Southlandregion.Annual rainfall is expected to slightly increase by-ogdtury (G
5%), while the increase sps-20% (witha larger increase in the northampart of the
region)at the end of the centurySeasonally the largest increases are projected during
winter, while summer precipitation is expected to decrease in the Wadchment
(by up to 10%6at the end ofthe century)

4. By midcentury, the number ofvet days is expected to decrease by up to 10 days
across most of the region. Howevaret days are expected to increase by the end of
the century for most of the region, except thgaiau where 120 fewerwet days are
expected.

5. The number of heavy rain days (j.@ays where the total precipitation excegeB0mm)
is projected to increase throughout the Southlaregdjion atall time slices and RCPs,

Southland climate change impact assessment 9



10.

except for a small area in the eastern Waiau catchnvémtre a small decrease in the
number of heavy rain days projectedfor mid-century.

Bymid-century, decreases in annual maximurd8y rainfall are projected for the
centre of the Southlandegion(up to 15 mm) and increases are projected for the rest
of the region, with Fiordlandadng the largest increases of -B® mm in some partgit
the end of the centuryalmost the whole Southlanggion(except the eastern Waiau
undermid-range emission scenaliis projected to experience increases in annual
maximum 5day rainfallof up to 1530 mm.

By mid-century the number of dry days are expected in increase up to 10 more days
for much of the region except the central part of the region and northern and western
Fiordland, for which up to 10 fewer dry days are expdcBythe end of centurya
decrease in dry days (up to-PO days) is projected for most of the regiexcept for

the Waiau catchmentincrease up to 120 days) eastern Fiordland, and Stewart
IslandRakiura

Changsin meteorological droughtas®ssedusing Potential Evaporation Defioit
PEDindicate that the centrahorthern part of the Southlandegion isprojected to
experience the largest increases in REEhe future across both time slicasd all
emission scenario8Bymid-century, PED is exgeted to increase by 480mm per year
for most of the regions, rising to over 1@0per year foithe highestemission scenario
by 2090.

Changsin sea levelriseare expected to be between 23 m by 2040 and increasing
to 0.4-0.9 m by 2090Using a presnt 1% annual exceedance probability (AEP) coastal
flood event (i.e., a 10§ear event presently), such an event will become much more
frequent as seas continue to rise, with such large events occurring on average on a
yearly basis oncsealevel risereaches 0.4%n (expected between 2058060 and

2100 (depending on global emission reductions and polashe®t response to
warming). Further, moderate ang/ dzA & y OS¢ O2l adGtf Ff22RAy 3
more common, occurring several times a yaarthat same sedevel rise Note:

0.45m sealevel rise is just an arbitrary value for when a 1% AEP event becomes an
annual occurrence (e.g., in Wellington it is only arfl.B8se as the tide range is low)
however the adaptation threshold for Iolying parts of Southland may well occur at
considerably lower rises in sea level, due to the increasingly regular damage from
flooding events (direct or via groundwater) in ldying pockets, Considering tides

only, putting aside storm eventshe rising sea lesl will result in an increasing
percentage of normal high tides exaltrg giverpresentdaydesign for coastal
infrastructure and roads.

Provisional results from a national coastal risk exposure study (Deep South Science
Challenge) demonstratie crucialbenefit of having available accurate LIDAR surveys
of the topography. The replacement costs of buildings exposed in the LIDAR areas
where such surveys are already available (mainlylyomg parts of Invercargill City) is
considerable at ~$0..2B (201INZ$) for a range from present exposure to 1% AEP
coastal floods up to a 112 sealevel rise (not counting other infrastructure such as
roads, 3waters, rail, airport etc).

10
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11. The effects of climate change on hydrological characteristics were examined img driv
bL2! Q& Yyl iA2ylFf Ke@RNRf23IAOIf Y2RSt gA0GK R2
outputs from 19732099 under different global warming scenarios. Using a
combination of six GCMs and four warming scenarios allows us to consider a plausible
range of futuretrajectories of greenhouse gas emissions and climatic respofises
changing climate over this century is projected to lead to the following hydrological
effects:

A Annual average discharggexpected to remain stable or slightly decreasentig-
century (except North FiordlandBy the end of the century and with increased
emissiors, average annual flows are expected to increase across the region (up to
50% inn NXutida | ( nabldments)From a seasonal aspect, spring flows are
expected to be slightly gher, summer flows are expected to slightly decrease,
while autumn and winter flows are expected to increase.

A Low flow(expressed as @3% flow)changesare expectedto be variable across
the Southland region. Low flows in Fiordland and the headvsatethe Waiau
catchment are expected to increase with time and emission scenario. Low flows
for the remainder of the region are expected to decrease, except for the coastal
areas of then NBuida | (i n a#bldments

A Floods(characterised by the Mean Annual Floaa® expected to become larger
everywhere

A Change in ater supply reliabilityare characterised bytile appreciable change
across Southlany midcentury, with most parts of the region exhilig slight
increasesand some with slight decreases. Laentury, however, the decreases
become slightly more accentuated, particularly unddrigh emissions scenario

Tablel-1 summarses the key findings of this report for each administrative regipthe end of the
century.

Tablel-1: Main features of change projectionger administrative regionby the end of century

Region Authority Summary of change

Waiau Average temperaturgare expected to increasgbove3.00°C in Nrthern Waiau
while minimum temperatures are expected to increase by more that 1°Tsor
most of the Waiau

Hot days are expected to increase by up to 30 dayslecold nights are expected
to decrease by around 280 nights per year

Heatwave days are expected to increase largely for the Northern Waiau valley.

Annual precipitationannual maximum daily and maximurd8y rainfall are
expected to increase by 5 to 20% across the catchment with summer precipitati
coastalWaiau expected to decrease by up to 10%

Number of wet days is expected to decrease for most of the catchmwdmte
number of dry days is expected to increaseruost of the catchment except an
area north of the Aparima catchment where the number of dry days is expected
decrease.

Headwater of the Waiau are expected to experiemm@ease irmean annual low
flow (MALB, resulting inincreased water supply relidly for this part of the Waiau.

Southland climate change impact assessment 11



Aparima

al 0n dzNT

Fiordland

Average temperatures are expected to increagpeto 2.50°C in dithern Aparina
and minimum temperatures are expected to increase by up to 1.7°C

Hot days are expected to increase by up to 30 deysle coldnights are expected
to decrease by around 2B5 nights per year.

Heatwave days are expected to increase largely for most of\lagima with
orography.

Annual precipitationannual maximum daily and maximurd&y rainfall are
expected to increase by up 0%, with summer precipitation expected not to
change.

Number of wet days is expected to increase except on the NortAparimawhile
number of dry days is expected to increase by up to 10 dayass the catchment.

MALF is expected to decreaaeross the Aparima.

Average temperatures are expected to increasaipyto 3.00°C in dbithernn NJ (i
with minimum temperatures are expected to increase by up to 1.75°C

Hot days are expected to increase by up to 30 gayrsyear, while cold nightare
expected to decrease around 2% nights per year (note strong orographic effect)

Heatwave days are expected to increase largely for most of thelSviihA
orography.

Annual precipitationannual maximum daily and maximund8y rainfall are
expected b increase byL0-15% (mainly irwinter) while summer precipitation is no
expected to change

Number of wet days is expected to incesaexcept on the Northern NJBwihile
number of dry days are expected to increase by up to 10 days

Large increase in maaannual flow, while summer flows are variable across the
catchment.However mean annual low flows amxpected to decreasacross the
n NB (A

Average temperatures are expected to increab®ve to 3.00°C in northern
a I (i nwitNdinimumtemperatures are expected to increase by up to 1.75°C

Hot days are expected to increase by up to 55 days per year in Nomherd n. dzh
Cold nighs are expected to decrease in an average o2Bight per year, with a
strong orographic gradient between the coast and Mwtherna | { n. dzNJ

Heatwave days are expected to increase largely for most o&ithedi n wiithiJ:
orography.

Annual precipitationanrual maximum daily and maximumday rainfall are
expected to increase up to 15 % (mainly in winter) with summer precipitation is
expected to change,

Number of wet days per year is expectedncrease formost of the catchment as
per the rumber of dry daygup to 10 dayp

Large increase in mean annual flows, while summer flows are variable across tl
catchment.However mean annual low floware expected to decreassross the
a | 0 nazdkdment.

Average temperatures are expectéalincreaseabove 3.00°C iNorthern Fiordland.
With minimum temperatures are expected to increase by more than IC¥é&r
Northern Fiordland

Hot daysare expected to increase by 10 days per year except for the northern pi
where the increase is expeatdo be around 20 days/yeaNumber of cold nighd
areexpected to decrase by up to 25 nights per yearNorthern Fiordland.

Heatwave days are expected to increase largehoithern Fiordland.

12
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Precipitation annual maximum daily and maximubydayrainfall areexpected to
increase above 15%drthern Fiordland precipitation increasing by 30%). Largest
increase in precipitation in winter (above 40%) with summer precipitation (mainl
winter).

Heavy rain days is expecting to increase for most afliéind.

Number of dry days is expected to increase for most of Fiordland except orther
western FiordlandMean annual low flowand water supply reliability are expecter
to increase

At this time, it is uncertain as to which of the four climate ajp@scenarios New Zealand and the
world is heading for. Current global and New Zealand temperatures are within the ranges of
uncertainty for all scenarios. The future trajectory of climate change will depend on geopolitical
decisions in terms of reducingegnhouse gas emissions.

Based orareview of existing literature He potentialimplicationsof the projectedclimate change
impacts are briefly discussédr the followingindustry sectorpertinent for the Southland region:
council infrastructure, agridture, fishing and aquaculture, forestry, tourisandalso to understand
potential changes icoastal erosion processes.
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1 LYUGNRRdAzOUGAZ2Y

The climate is changirand t is accepted internationally that further changed! result from

increasing amounts of greenhouse gases in the atmosplhedition,climate will also vary from

year to year and decade to decade due to natural processes such as El Nifio. Climate change effects
over the next decades are predictable lwgome level of certainty, and will vary from place to place
throughout New Zealan{Ministry for the EnvironmentVIfE 2016)

Environment Southlandn collaboration with Invercargill City Coun&8uthland District Counahd
Gore District Coundjthe Councils)commissioned NIWA to produce a regioassessment of the
impacts of climate change for Southland. This assessment aims to provide regional information on
the impacts of climate change which can be used to support strategic planning and auiapiahe
Councils and thiecommuniies

Based on the climate change information generated as part o€limate Change Projections for
New ZealandMfE 2016), and the recent coastal guidance for local government (MfE 201VH
hasdeveloped a technical climate change repdibhcluding a climate change data output library)
based on downscaled global climate change projectiongthiCouncildéo support detailed regional,
district and community planning. The base repiitt provides a backgound on modern climate
variability and change to enable meaningful interpretations of the future climbh#ge simulation
results across the region (Figurel )l As part of the report, changen different precipitation
thresholds are reported at spediflocations to reflect potential change in rain risk profiles at those
locatiors (see Figure-L).

Analys are provided through summary maps describing the differences between the historical
period 19862005 and two future periodanid-century(2031-2050 andlate-century 081-2100), as

per MfE (2016)Using a combination of sdownscaledGlobal Climate Model (GCM) outputs from
19712099 under four global warming scenarios (referred hereafter as Representative Concentration
Pathway orRCB) allows consderation ofa plausible range of future trajectories of greenhouse gas
emissions and climatic responses.

Those changes were estimated for all RCPs, and are provided as netcdf gridded information to
Environment Southlandror the sake of clarity only twemissionsscenarios are presented in the
analysis (RCPs 4.5 and 8rblegards to change in climate characteristicsl hydrology

14 Southland climate change impact assessment



N
P
o
z
Z#7Otautau
"‘ AE
-Riverton\ .4 a
N & Catling-Wakawa
7 Lake
— River 35 70 140 km
1 1 | 1 1 1 J

Figurel-1: Map of the Southlandregion. Red dots indicate location spiic projections presented in this
report.

To reflect a precautionary approach, and considering a range of available climate change scenarios,

the report considers fouRCPs2.6 peak and decline GHéncentrationscenario), 4.5 and 6.0 (GHG
stabilization scenarios) and RCP 8.5 (representing very high GHG emistheiss) fourRCP
scenarios are considered G I Y RIF NR O2y (iSy (¢ F2NJ oNRIFRft& 2dzif AyA
Figure 12).

1 Representative Concentration Pathways represent different climate mitigation scenarios from very low greenhouse gas tionsentra
very high.
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Figurel-2: Biasadjusted SSTs, averaged over the RCM domain, for 6 C\jlebal climate models over
the historical period (196€2005), and the future period (208®2120) Individual models are shown by thin
dotted or dashed or solid lines (as described in the inset legend), and-thed&l ensembleaverage by thicker
solid lines, all of which are coloured according to the RCP pathway

2 CMIP5: Coupled Model Intercomparison Project versioreSstandard experimental protocol for studying the output of coupled
atmosphereocean general circulation models (AOGCMs). CMIP provides a comipasity infrastructure in support of climate model
diagnosis, validation, intercomparison, documentation aatacaccess. Analysis of CMIP5 dataset provides much of the new material
underlyingthe Intergovernmental Panel on Climate Change version 5 (IPCC5)
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2 LYUNRRdzOGAZ2Y G2 OfAYFGS OKIy3S
This sectiordescribeghe presentday climate analimate changes which may occur over the coming
centuryin the Southland regionConsideratiombout future changéncorporates knowledge djoth

natural variations in the climate and changes that may result from increasing global concentrations

of greenhouse gasdhat are contributed to by human activities. Climatic variables discussed in this
section include temperature (mean, mean minimumof days, frosts, anteatwave dayjp rainfall

(total rainfall,wet days (> 1 mm), heavy rain days (> 50 manhualmaximum day rainfallannual

maximum 5day rainfall, dry days (< 1 mm) and potential evapotranspiration deficit (annual PED
accumulation probability of annual PED > 200 mm).

Future climate change projections for Southland lbased on scenarios for New Zealdhdt were
generated by NIWA from downscaling of global climate meuhellatiors from the latest
assessmentby the Intergovernmetal Panel on Climate Chan{l®CC, 2013b, IPCC, 2014b, IPCC,
2014c) The climate change information presented in this report is consistent with receptgted
nationalscale climate changguidance produced favifE (Mullan et al.2016) but this report
contains additional analysis that was not included in the MfE repatich as analysis of heatwaves
andannualmaximum 5day rainfall

The remainder of this chapter includes a brief introduction of global climate change, based on the
IPCC Fifth AssessmemRrt. It also includes an introduction to the climate change scenarios used in
this report. The methodology that explains the modelling approach for the climate change
projections is presented in Appendix A. Climate drivers, such as the Ebblififeern Gcillation, are

also considered as they provide context on yeayear climate variability experienced in Southland.

2.1 Global climate change: The physical science basis.

Warming of the global climate system is unequivocal, and since the 1950s, many btdreen

climate changes are unprecedented over short and long timescales (decades to mi{d@ia)

2013a) These changes include warming of the atmosphereaedn, diminishing of ice and snow,
sealevel rise, and increases in the concentration of greenhouse gases in the atmosphere. Climate
change is already influencing the intensity and frequency of many extreme weather and climate
events globally, for exampkxtreme rain events and heatwavdsven smalllsfts in average
temperatures will result in proportionally large increases for extreme temperafuggsesented
schematically by the area under the bell curve showfFigure 21)® ¢ KS 9| NI ka&a | (Y2 alLd
warmed by approximately 0.85°C on average over the period-288@. The rate of selevel rise

since the mil9" century has been larger than the mean rate of change during the previous two
millennia. Over the period 1962010, global mean sea lewelse by approximately 0.19 m (IPCC
2013a).
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Figure2-1:  Schematic showing how small shifts in average temperature result in large changes in extreme
temperatures.Fromwww.climatecommission.gov.au

The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have increased to
levels unprecedented in at least the last 800,000 y¢haiishi et al2008) Carbon dioxide

concentrations have increased by 40% sinceipdeistrial times, primarily from fossil fuel emissions
and secondarily from net land use change emissions (IPCC)20h8z0cean has absorbed about

30% of the emitted anthropogenic carbon dioxide, causing ocean acidification. Due to the influence
of greenhouse gases on the global climate system, it is extremely likely that human influence has
been the dominant cause tiie observed warming since the maf" century (IPCC 2013a).

Continued emissions of greenhouse gases will cause further warming and changes in all parts of the
climate system, and limiting climate change will require substantial and sustained redudtions o
greenhouse gas emissions. The most recent set of future climate change scenarios utilised by the
IPCC are called RCPs.

2.1.1 Representative Concentration Pathways

Assessinggssiblechangedor our future climate due to anthropogenic activity is difficult besa

climate projections dependtronglyon estimates forfuture greenhouse gas concentrations. Those
concentrations depend on global greenhouse gas emissions that are driven by factors such as
economic activity, population changes, technological advancdsalicies for sustainable resource

use. In addition, for a specific future trajectory of global greenhouse gas emissions, different climate
model simulations produced somewhat different results for future climate change.

Thisrange of uncertaintjas been dealt with by thlPC@i K N2 dz3 K O2y aARSNI A2y 27F
describethe radiative forcing and are associated with indicatteacentrations of greenhouse gases

in the atmosphereThe wide range of scenarios agsociated with possible ecomic, political, and

social developments during the 2&entury, andbeyond In the 2013 IPCC Fifth Assessment Report,

the atmospheric greenhouse gas concentration compogsehthese scenarios are called RCPs.
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These arabbreviatedas RCP2.6, RCP4.6PR.0, and RCP8.5, in order of increasing radiative

forcing® by greenhouse gasése., the change in energy in the atmosphere due to greenhouse gas
emissions)RCP2.6 leads to very low anthropogenic greenhouse gas concentrations (requiring
removal f COINR Y G KS GY2ALKSNE:E faz2z OFlfttSR GKS WYAUA
Gg2 waldloAfAraliAzyQ a0OSylINAR2a 66KSNB INBSyK2dza$S
stabilises by 2100) and RCP8.5 has very high greenhouse gas concentratigheé @zé A y Sa a I+ & dza
scenariowith no effective mitigatio) Therefore, the RCPs represent a range &fc&htury climate

policies.

The full range of projected globalveraged temperature increases for all scenarios for 220810
(relative to 19862005) which takes into account the range of projections from about 40 different
climate modelsis 0.3 to 4.8°CHjgure2-2). Warming will continue beyond 2100 under aCR
scenarios except RCP2.6. Warming will continue to exhibit interastotggcadal variability and will
not be regionally uniform. As global temperatures increase, it is virtually certain that there will be
more hot and fewer cold temperature extremes ovaost land areas. It is very likely tHaatwaves
will occur with a higher frequency and duration. Furthermore, the contrast in rainfall between wet
and dry regions and wet and dry seasons will increase. Along with increases in global mean
temperature, md-latitude and wet tropical regions will experience more intense and more frequent
extreme rainfall events by the end of thes2dentury. The global ocean will continue to warm during
the 22 century, influencing ocean circulation and sea ice extent.

(a) Global average surface temperature change
6.0 —r Mean over
I 2081-2100
| === historical
40 | = RCP26
| =—m RCP3.5 30 | —
: Sy
= Q0
wy 2
- ¥ &
Q
i o
_20 1 1
1950 2000 2050 2100

Figure2-2:  CMIP5 multimodel simulated time series from 1950100 for change in global annual mean
surface temperature relative to 1982005.Time series of projections and a measure of
uncertainty (shading) 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 uncertaigia | JSNI ISR 2SN Hnymbuman FNB IAGSY
coloured vertical bars to the right of the graph (the mean projection is the solid line in the middle
of the bars). The numbers of CMIP5 models used to calculate themaodiel mean is indicate
on the graphFromIPCC (2013).

3 Ameasure of the energy absorbed and retained in the lower atmospMéoee technically, radiative forcing is the change in tieg
(downward minus upward) irradiance (expressed in W7, and including both shomvave energy from the sun, and lomgave energy from
greenhouse gases) at the tropopause, due to a change in amektriver of climate change, such as, for example, a change in the
concentration of carbon dioxide or the output of teen
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GlobalMSLwill continue to rise during the 21st century. All scenarios project that theobsea

level risewill very likely exceed that observed during 12010 due to increased ocean warming and
higher loss of madsom glaciers and continental ice sheets. For all four RCP sceriheaange of
projectedglobatmeansealevel riseby 2100 (relative to 198@005) is 0.2-0.98m (Church et al.

2013), with a 33%hancethat SLR couldtill lie outside this rangeThelPCC Assessment also added a
caveat that if the polar ice sheet instabilities eventuated, then there is medium confidence that the
additional increase in SLR would not exceed several tenths of a metre by 2100 (Church et dt 2013).
is virtually certainhat global mean sekevel rise will continue beyond 2100, with skeael rise due

to thermal expansion and polar iheet melt expected to continue for many centuries. However,
while the rise will continue beyond this century, the future magnitude and cétSLR is strongly tied
to the degree to which global carbon emissions can be reduced in the next several decades (MfE
2017).

Cumulative C@emissions will largely determine global mean surface warming by the l&te 21
century and beyond. Even if emi@ss are stopped, the inertia of many global climate changes will
continue for many centuries to come. This represents a substantial-oanitury climate change
commitment created by past, present, and future emissions af CO

At this time, it is uncertaias to which of the four climate change scenarios New Zealand and the
world is heading towards, as current global and New Zealand temperatures are within the ranges of
uncertainty for all scenarios. The future trajectory of climate change will dependapogtcal

decisions in terms of reducing greenhouse gas emissions. The Paris climate change agaesment

to limit global warming to less than 2°C above-pr@ustrial global mean temperature by 2100, and
ideally less than 1.5°C above pnelustrial lewels. This level of warming is approximately equivalent

to the RCP4.5 scenario.

Inthis report, global climate model outputs based on two REEEP4.5 and RCP&haye been

downscaled to produce future projections dfmatefor Southland. The rationale fahoosing these

G2 a0SYINA2a 6 Gastz8@ dZAINBAS PS8y I NWAadA XY SNBSSy K2dza S
unabated (RCP8.5) and a scenario which could be realistic if global action is taken towards mitigating
climate change (RCP4.5). GIS files idoar RCPs, for all climate variables considered in this report,

have been provided to Environment Southland.

2.2 Impacts, adaptation and vulnerability (IPCC Working Group II)

The IPCC AR5 Working Group Il Summary for Policyn{HR€G, 2014lgpncluded that in recent
decades, changes in climate have caused impacts on natural and human systems on all continents
and across the oceans. Sgaxlly, these include impacts to hydrological systems with regards to
snow and ice melt, changing precipitation patterns and resulting river flow and drought, as well as
the distribution and migration patterns of terrestrial and marine ecosystems, thidénce 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 quantity and quality. Thedlowffects from thisnclude

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
have shifted their geographical ranges, migraggatterns, and abundances. Some unique and
threatened systems, including ecosystems and cultures, are already at risk from climate change. With

4 http://www.mfe .govt.nz/climatechange/whyclimate-changematters/globatresponse/parisagreement
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increased warming of around 1°C, the number of such systems at risk of severe consequences is
higher, and many sgzies with limited adaptive capacity (e.g., coral reefs and species reliant on Arctic
sea ice) are subject to very high risks with additional warming of 2°C. In addition, climate-change
related risks from extreme events, suchhestwaves, extreme precipétion, and coastal flooding,

are already moderate/high with 1°C additional warming. Risks associated with some types of
extreme events (e.gheatwaves) increase further with higher temperatures.

At present, the worldwide burden of humantiealth from cimate change is relatively small
compared with effects of other stressors and is not well quantified. However, there has been
increased heatelated mortality and decreased cotdlated mortality in some regions because of
warming. Local changes in temparee and rainfall have altered the distribution of some water
borne illnesses and disease vectors.

There is also the risk of physical systems or ecosystems undergoing abrupt and irreversible changes
under increased warming. At present, wamater coral re¢ and Arctic ecosystems are showing

warning signs of irreversible regime shifts. With additional warming25CL risks increase
disproportionately and become high under additional warming of 3°C due to the threat of gkdeal

level risefrom ice sheetdss.

Global climate change risks are significant with global mean temperature increase of 4°C or more
above preindustrial levels and include severe and widespread impacts on unique or threatened
systems, substantial species extinction, large risks toagland 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 impace exacerbated by uneven development
processes. Marginalised people are especially vulnerable to climate change and to some adaptation
and mitigation responses. This has been observed during recent clielated extremes, such as
heatwaves, droughtsfloods, cyclones, and wildfires, where different ecosystems and human
systems are significantly vulnerable and exposed to climate variability. In addition, aggregate
economic damages accelerate with increasing temperature.

In many regions, climate changdamtation experience is accumulating across the public and private
sector and within communities. Adaptation is becoming embedded in governmental planning and
development processes, but at this stage there has been only limited implementation of responses
climate change. Engineered and technological options are commonly implemented adaptive
responses, often integrated within existing programs such as disaster risk management and water
management. There is increasing recognition of the value of sodttutional, and ecosystem

based measures and of the extent of constraints to adaptation. Adaptation options adopted to date
continue to emphasise incremental adjustments anebemefits and are starting to emphasise
flexibility and learning. Most assessnig of adaptation have been restricted to impacts,

vulnerability and adaptation planning, with very few assessing the processes of implementation or
the effects of adaptation actions.

The overall risks of climate change impacts can be reduced by linigngte and magnitude of
climate change.
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2.3 Mitigation of climate change (IPCC Working Group IIl)

The IPCC AR5 Working Group Il Summary for Policyn{HKESS, 2014 cipted that otal

anthropogenic greenhouse gas emissions have continued to increase over 1970 to 2010 with larger
absolute decadal increases toward the end of this period. Despite a growing number of climate
change mitigation policies, annual emissions grew on ave2a&$é per year from 2000 to 2010
compared with 1.3% per year from 1970 to 2000. Total anthropogenic greenhouse gas emissions
were the highest in human history from 2000 to 2010. Globally, economic and population growth
continue to be the most important drérs of increases in G@missions from fossil fuel combustion.

Limiting climate change will require substantial and sustained 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 are consistent with different levels of mitigation.

The IPCC report examines mitigation scenarios that would eventually stabilise greenaseséng

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 relativeetindustrial levels involve stabilising

atmospheric concentrations of carbon dioxide equivalentx(€q) at about 450 ppm in 2100. If
concentration levels are not limited to 500 ppm &9 or less, temperature increases are unlikely to
remain below 2°C tative to preindustrial levels.

Without additional efforts to reduce emissions beyond those in place at present, scenarios project
that global mean surface temperature increases in 2100 will be from 3.7 to 4.8°C compared to pre
industrial levels. This nge is based on the median climate response, but when climate uncertainty is
included the range becomes broader from 2.5 to 4.8RCC, 2014a)

To reach atmospheric greenhouse gas concentration levels of about 450 ppey®¢ 2100 (to

have a likely chance to keep temperature change below 2°C relative iogusetrid levels),
anthropogenic greenhouse gas emissions would need to be cut-Bp%0globally 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 reduii@missions, including largeeale

changes in energy 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 technologiesaitable, there
will be losses of global consumption of goods and servicestt in 2030, £% in 2050, and-31%
in 2100.

Delaying mitigation efforts beyond those in place today through 2030 is estimated to substantially
increase the difficulty ilmbtaining a longer term low level of greenhouse gas emissions, as well as
narrowing the range of options available to maintain temperature change below 2°C relative to pre
industrial levels. Global surface temperature for the end of tht @htury is likly to exceed 1.5°C

relative to 18561900 for all RCP scenarios except RCP2.6, and it is likely to exceed 2°C for RCP6.0 and
RCP8.5, and more likely than not to exceed 2°C for RCP4.5 (IPCC 2014a).

2.4 New Zealand climate change

Published information about thexpected impacts of climate change on New Zealand is summarised
and assessed in the Australasia chapter of the IPCC Working Group Il assessme(Retgnger et

22 Southland climate change impact assessment



al.2014)as well as report published by the Royal Society of New Zea{®uoyal Society of New
Zealand, 2016XKey findings from these publications include:

The regional climate is changinghe Australasia region continues to demonstrate kergn trends
toward higher surface air and sea surface tengteres, 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 temperatures in New Zealand. Changing
precipitation patterns have resulteid 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
north of the North Island. Some heavy rainfall events already carry the fingerprirthafraed

climate, in that they have become more intense due to higher temperatures allowing the
atmosphere to carry more moistu@®ean et al2013) Cold 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 hasrgased, on average, by 0.09°C (+ 0.03°C) per decade since
1909.

Warming is projected to continue through the 24century 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 rainfall related 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 Zahl&ire weather is projected to increase

in many parts of New Zealand. Regiosegtlevel risewill very likely exceed the historical rate,
consistent with global mean trends.

Impacts and vulnerabilityWithout adaptation, further climateelated changesra projected to

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

changes remains large for many parts of N&xaland, which creates significant challenges for
adaptation.

Additional information about recent New Zealand climate change can be fouvidlian et al.
(2016).

2.5 Natural factors causing fluctuation in climate patterns over New Zealand

Much of the materikin this reportfocuses on the projected impact on the climate and oceans

surrounding Southlandover the coming century of increases in global anthropogenic greenhouse gas
concentations. However, natural variationgll also continue to occuMuchof the variation in New
wBSEFflFYyRQa OtAYFGS Aa NIYyR2Y | yR f I &ytlkvafiafiod 2yt & |
in climate can be attributed to different factors. Three laiggmle oscillations that influence climate

in New Zealand are thel NifleSouthern Oscillation, the Interdecadal Pacific Oscillation, and the

Southern Annular ModéMinistry for the Environment, 2008Jhose nvolved in (or planning for)
climate-sensitive activities isouthlandwill need to cope with the sum of both anthropogenic

climatechange and naturallimatevariability.

2.5.1 The effect of El Nifio and La Nifia

El NifieSouthern Oscillation (ENSO) is a natural mode of climate variability that hasanigiag
impacts around the Pacific bagidinistry forthe Environment, 2008 ENSO involves a movement of
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warm ocean water from one side of the equatorial Pacific to the other, changing atmospheric
circulation patterns in the tropics and subtropics, with corresponding shifts for raamfdlmean sea
levelacross the Pacific.

5dzZNAy3a 9f bA32r SIFadSNIe GGNIYRS gAyRa ¢SSy FyR
Pacific, accompanied by higher rainfall than normal in the ceetiat Pacific. LKifia produces

opposite effectsaand is typified by @a intensification of easterly trade winds, and retention of warm

ocean waters over the western Pacific. ENSO events occur on average 3 to 7 years apart, typically
becoming established in April or May and persisting for about a year therekftpré2-3). The
longerinterdecadal Pacific Oscillation (IPO, Secfidn?) is assoated with different phases of

ENSO, with more EI Nifio events occurring in positive IPO pfeage49781998)and more La Nifia

events occurring in negative IPO phageg. 19561977)

seasonal (3 months running ave.) NINO 3.4 index

1 El Nifio

IS 2 B . - — ¢ LaNifia

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure2-3: Time series of NINO3.4 sea surface temperature from 1:28Q7.Values A correspond with El
Nifio and values <1 correspond with La Nifizata source:
http://www.cpc.ncep.noaa.gov/data/indices/ersst5.nino.mth.8110.ascii

During El Nifio events, the weakened trade winds cause New Zealand to experience a stronger than
normal southwesterly airflow. This generally brings lower seasonal tempeesttw the country and

drier than normal conditions to the north and east of New Zealand, and wetter than usual conditions
for parts of SouthlandSalinger and Mullan, 199@igure2-4). Mean sea level around New Zealand

can be several centimetres (up to 12 cm) lower thgir2 NJY I £ ¢  REdMdo ¢vantsL(Bfristry

for the Environment 2017Puring La Nifia conditions, the strengthened trade winds cause New
Zealand to experience more nordasterly airflow than normal, higheéhan-normal temperatures
(especially during summer), and drier cdiahs for much of the South Island, including Southland
(Figure2-5). Mean sea level is generally higher than normal.

According to IPCC (2013b), ENSO is highly dkedynain the dominant mode of natural climate
variability in the 21 century, and rainfall variability relating to ENSO is likely to increase. However,
there is uncertainty about future changes (over the next 50 to 100s@aniod) to the amplitude
andspatial pattern of ENSO.
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Figure2-4:  Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (right) in New
Zealand.El Nifio composite uses the following summeir863/64, 1965/66, 1968/69, 1969/70,
1972/73, 1976/77, 1977/78, 1982/83, 1986/87, 1987/88, 1991/92, 1994/95, 1997/98, 2002/03.
La Nifia composite uses the following summers: 1964/65, 1970/71, 1973/74, 1975/76, 1983/84,
1984/85, 1988/89, 1995/96, 1998/999929/2000, 2000/01. This figure was last updaie@005

© NIWA.

2.5.2 The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation (IPO) is a{scgée, longperiod oscillation that influences
climate variability over the Pacifi@aBin including New Zealari8alinger et ak001) The IPO

operates at a multdecadal scale, with phases lasting around 20 to 30 years. During the positive

phaseof the IPO, sea surface temperatures around New Zealand tend to be lower, and westerly

winds stronger, resulting in wetter conditions for SouthlaRkay(re2-5). Mean sea level around New

Zealand tends to be lower thay 2 N | f €

LSl I yRQA

O02yySOlUuA2y

2sbHleveNBeseduded. Phg opposite occurs in
the negativelPOphase(e.g. the Pacific has been in this phase since ~ 198@)IPO can modify New

02

9b{hsz

FYR A

during IPO+-f phases, and of La Nifia during the opposite IPO phases.

t
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Figure2-5: SST anomaly spatial pattern (Empirical Orthogonal Function, or EOF) associated with the
positive phase of the Interdecadal Pacific Oscillatidrhe pattern shown, with positive SST
anomalies in the eastern tropical Pacific, is IPO+. The-Ift@se has aomalies of opposite sign
everywhere.Data source: ERSST version 5 dataset.

2.5.3 The effect of the Southern Annular Mode

The Southern Annular Mode (SAM) represents the variability of circumpolar atmospheric jets that
encircle the Southern Hemisphere and extend t the latitudes of New Zealand. The SAM is often
Y2RdzZ F GSR 6& 9b{hX IYyR 020K LKSy2YSyl IFFSOG bSyg
strength and storm occurreng&kenwick and Thompson, 2008) its positive phase, hSAM is

associated with relatively light winds and more settled weather over New Zealandstwatiger

westerly winds further south towards Antarcti(@igure2-5 and Figure2-6). InSouthland the

positive SAM phase ggenerallyassociated with higher than normal daily maximum temperatures

and lower than normal rainfall in the west of the regidn contrast, the negative phase of the SAM is
associated with unsettled weather and stronger westerly winds over New Zealand, whereas wind and
storms decrease towards Antarctica.3outhland lower than normal daily maximum temperatures

and higher rainfall in the westre commonlyobserved during the negative phase of the SAM.
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Figure2-6: Pattern of the pressure variations associated with the poséi(left) and negative (right) phases
of the SAM.Blue shading indicates beleawerage pressures and red shading indicates above
average pressures. Monthly composites were made using the PC associated with the first EOF of
Southern Hemisphere monthly geotential anomalies at 850 hPa from the NCEP / NCAR
reanalysis (Section 2.3.3) using a threshold efi4td. Data source:
http://www.esrl.noaa.gov/psd/data/gridded/data.nc ep.reanalysis.html

2.5.4 Interactions between natural climate cycles and climate change
El NifiecSouthern Oscillation

ENSO is highly likely to remain the dominant mode of natural climate variability in tree@tury,

and that rainfall variability relating to ENSO is likely to incrédsang and Xie, 2015, IPCC, 2013a)

However, there is uncertainty about future changes to the amplitude and spatial pattern of ENSO.
According tcCaietal. (2014 G KSNB YIé 6S Fy AyONBlFasS Ay WSEGNB
1997/98 and 2016/17 EIl Nifiovents) with increasing concentrations of greenhouse gases in the

atmosphere, due to faster warming over the eastern equatorial Pacific Ocean.

Interdecadal Pacific Oscillation

The IPO influences global mean temperatures through its influence on Paaifarface
temperatures(Meehl et al2013) When the IPO is in its negative phase, Pacific SSTs are cooler than
usual, which has led to observed hiatuses in global warming (for example, the shift from the positive
to negative IPO in the early 2000s). In gast, a positive IPO exhibits above normal SSTs in the
Pacific, leading tan acceleratiorin globalmean temperaturege.g. the shift fronthe negative to

positive IPO in the 197Q9)he future behaviour of the IPO is uncertain Mgehl et al. 2013)

suggests that hiatus periods (associated with negative IPO periods) may become slightly longer.

Southern Annular Mode

With the recovery of the ozone hole and reduction of ozalepleting substances projected into the
future, the trend of summertira 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 will have thesopposit
effect, of an increasing positive trend in summer and winter SAM phaseghéee will be more
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positive phases than negative phases into the future. The net result for SAM behaviour, as a
consequence dboth ozone recovery and greenhouse gas increaseiherefore likely to be

relatively little change from present by 21(0Dhompson et aR011) Howeverpther drivers are

likely to have an impact on SAM behaviour into the future, particularly changes to sea ice around
Antarctica as well as changing temperature gradients between the equator and the high southern
latitudes which could have an impact on waggenind strength in the midhigh latitudes.

2.6 Natural variability versus anthropogenic impacts

Much of the material in the following Sections 5 and 6 focuses on the projected impact on the

climate and oceans of, and surrounding, the Southlagion over the coming century of increases

in global anthropogenic greenhouse gas concentrations. But natural variations, such as those

described in SectioB.5) (associated with for example El Nifio, La Nifia, the Interdecadal Pacific

Oscillation, the Southern Annular Mode, arf@df A YIF GS y2AaS¢é0x oAttt faz O2
involved in (or planning for) climatensitive activities in the Southlamegion will reed 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 shéigare2-7.

This figure shows annual temperature anomalies relative to the 298% base period used

throughout this report. The solid black line onthed&ft y R A A RS NBL#MBaw Sy G a blL2! ¢
temperature anomalies (i.e., the average over Aucklandstierton, Wellington, Nelson, Hokitika,

Lincoln, and Dunedin), and thiashedblack line represents the 196814 trend of 0.92°C/century

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

the region 3348°S, 166190°W, and thus encompasses air temperature over the surrounding seas as

well as land air temperatures over New Zealand. 644, the two line plots show the annual

0 SYLISNI (dzNBE OKIy3aSa o F 298 (diakgd) aNiiREFE @lue); dsnyié 3S 0  dzy RS
Y2 RSt 00 K@&iros&mbodelys&avlllariet al. 2016 selected to illustrate the interannual

variability. (Note that a single illustrative modatioc5 has been used ifgure2-7 rather than the
modelensemble, which would suppress most of the interannual variability). The shading shows the

range acrosgll AR5 models for both historical (41 models) and future periods (23 for RCP2.6, 41 for
RCP8.5).

Over the 1902014 historical period, the-gtation curve lies within the 4fnodel ensemble, in spite

of the model temperatures including air temperature ovee thea, which is expected to warm
somewhat slower than ovdand (Mullan et al2016). Fothe future 20152100 period, the RCP2.6
ensemble shows very little warming trend after ab@05®& ¢ KSNBFa GKS w/ ty dp
to be anywhere between +2%hd +5°C by 2100. Tharoc5model is deliberately chosen to sit in

the middle of the ensemble, and illustrates well how interannual variability dominates in individual
years: themirocbmodel under RCP8.5 is the warmest of all models in the year 203thamd|dest

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

(7))
<
QX

Fgure 2-7 should not be intrpreted 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 particamgle, a year

which is unusually warm under our present climate could become the norm by about 2050, and an
dzy dza dzl f £ & & kpNuUy & S8 JUBT thé ylighieBemission scenarids)ikely to be

warmer than anything we currently experience.
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FHgure2-7: New Zealand Temperaturehistorical record and an illustrative schematic projection
illustrating future yearto-year variability.(See text for full explanation). After Mullan et al. (2016).

For rainfall, the fact that wenay have recently moved into positivephase of the Interdecadal

Pacific Oscillation majepress the impacts of anthropogenic climate change over the next decade or

so. Sectior.5.1), showed thatperiods ofpositive SOI (e.gLaNifia) may on average experiea

slightly below normal rainfall in Southland during sumpparshing rainfall ithe oppositedirection

as expected from anthqmogenic factorgSection6.1). A subsequent further reversal of the IPO in 20

on @SIENRBRQ GAYS 02 dz éhhaRcingat ofithié SnthedpdydRidwatting treBdfinf S Ol =
rainfall for a few decades.

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

The message from this sectiomist that anthropogenic trends in climate can be ignored because of
natural variability. In the piiections we have discussed these anthropogenic trends because they
become the dominant factor locally as the century progresses. Nevertheless, we need to bear in
mind that at some times natural variability will be adding to the hurraduced trends, whilat

others it may be offsetting part of the anthropogenic effect.
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