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Executive summary

This report describes chgas which may occur over the coming century in the climate of the region
administered by thdHorizonsRegionalCouncil, and outlines some possible impacts of these changes.

To set the context, we summarise key findings of the recent (2W13}) global climte change
assessment undertaken by the Intergovernmental Panel on Climate Change.

f 2 NX¥AY3 2F GKS OtAYIFGS adeaidSY Aa WdzySljdza @2 Ol f
globally averaged temperatures since the Aigth century is very likely due to the ilease
in greenhouse gas concentrations caused by human activities.

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

1 Recent global warming is already having physical 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 internationaillvould require substantial reductions in global
greenhouse gas 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 (Bajatese Concentration
Pathways) by the IPCC. These RCPs represent different climate change mitigation sgenarios
one (RCR.6) leading to a very low emissions level (requiring removal ofrG@ the
atmosphere), two stabilisation scenarios (RCPs 4.%a)dand one (RG35) with very high
greenhouse gas concentrations. Therefore, the RCPs represent a rangecehfiry
climate policies.

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

1 New Zealand has warmed by 069.03°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 Islasdand a rise in sea level since 1900 of 1.7 £ 0.1 mm/yr.

1 Ongoing vulnerability in New Zealand to extreme events is demonstrated by substantial
economic losses caused by droughts, floods, fire, tropical cyclones, and hail. Durin§ the 21
century, NewZeal yRQa Ot AYIF GS Aa @GANIdztte OSNIFAY (;
in extreme events.

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

Climate Change and VariabilitiAorizons Region 7
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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.

1 The potential impacts of climate change on industry are likely to be substantial. New

“BSEflFYyRQa LINBR2YAYlIyGfe KERNRSEtSOGNRO LI2gSNJ

variability, changes in snow cover are likely to have a signtfimmpact on the ski industry,
and pasture production may be impacted by warming and elevated CO

HorizonsRegio2a LINBASy G Of AYIFIGS Aa (GKSYy RSAZONAROSRO®
1 Anupward trend in mean temperature, consistent with the overall New Zealand warming
through the 20" century, is apparent at the lorgrm climate monitoring site at Whanganui.
There are substantial year to year fluctuations in temperature superimposed on this long
term trend, with some years being over 1.5°C different from others.

1 There is also substaat year to year variation in rainfall. Whanganui exhibits annual rainfall
totals ranging from around 600 mm up to more than 1200 mm, and Palmerston North
rainfall varies from about 700 to 1100mm.

1 Three natural fluctuations leading to yetr-year variatbns are the El Ni&outhern
Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern Annular Mode
(SAM). These factors also lead to fluctuations in sea level.

Projections foHorizonsRegio®2 & Fdzil dzZNB Of AYIF S I NB GKSy O2@SNBRY

1 Future temperature scenarios for 2040 (202050 relative to 198&2005) show that annual
average temperatureacross the regioare projected to increase by between 0.7°C (RGP
and 1.1°C (RG5). By 2090 (2082100 relative to 1982005) annual average rieperatures
are projected to increase by between 0.7°C (RGBPand 3.1°C (R@F). The greatest
warming is projected for summer or autumn (depending on the RCP) and the least warming
is projected for spring. A slight acceleration in warming is projefttethe second 50 years
of the 2P century compared to the first 50 years under the higher emission scenarios, and
inland areas tend to warm mord here are only modest spatial gradients in the warming
relative to the mean increase. By 2090 RERL.5, the greatest warming is expected to occur
in the northern half of Horizons Region in autumn, and in winter in most of the region apart
from the Central Plateau. For R&B by 2090, most warming is expected for the part of the
region west of the Ruahine arithrarua Ranges, and inland from the coast, in summer.

9 Future precipitation projections indicate slightly more rainfabjming and wintefor much
of the region west of the Ruahine and Tararua Ranges to,20%Dless rainfall in autumn
and summer By D90 for RCR.5, more rainfall is projected for the western part of the
region in spring, summer, and especially winter. By 2090 undeBRC#e northwestern
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part of Horizons Region is projected to receive more rainfall (by up to 20%) in winter,eand th
eastern part of the region may receive less rainfall (by up to 20%) in winter.

1 For manyof the choserlocations in Horizons Region, there is no clear precipitation signal,
even at 2090 under RCP 8.5. The enserabblrage is often less thans%6, with tke model
range (the % and 99" percentile values) varying between quite large (>10%) increases and
decreases. By 2040 (202050, relative to 198&005), winter is the season with the most
precipitation change, with a small increase in the enserabvierag (up to 8% across the
different locations and RCPs). Akitiod Owahanga arthe only locatioisto show a negative
precipitation change by 2040.

1 By 2090, there is a clearer precipitation signal at neéshe choserlocations. For most
places winter isstill the season with the most precipitation change, with some locations
projecting increases in the ensemkdgerage at around 15% (Ohakune has the highest
projected winter precipitation increase of 18% at RCP &lgdirection of projected
precipitation change is not uniform across the region; precipitation for Akitid Owahanga
is projected to decrease byl5% by 2090 under RCP 8.5.

1 Projections for Horizons Region for the coming century also include a substantial decrease in
cold nights, an increasa the number of hot days, and an increase in the frequency of very
heavy rainfall.

1 For engineering purposes some scenarios for changes in rainfall depth/duration/frequency
statistics are provided for Palmerston North.

1 Potential Evapotranspiration Defi¢PED) is calculated for the region, and analysis is broken
down into subregions. PED, in units of mm, can be thought of as the amount of rainfall
needed in order to keep pastures growing at optimum levels. A larger increase in PED over
time equates to mre drought risk in the future. In Horizons Region, central and eastern
parts of the region experience the largest increases in PED by 2040 and 2090 under both RCP
4.5 and RCP 8.5.

1 Anincrease in drought frequency is projected for Horizons Region of &6efibr 2032050
and 10% for 2072090, compared to 1980999 levels. The Central Plateau is less likely to
be affected as the remainder of the region by climate chaimgleiced drought. These
projections were calculated from the IPCC Fourth AssessmenttRepissions scenarios
and will be updated in due course.

1 The frequency of extreme winds (9percentile) over the Ztcentury is likely to increase in
the lower North Island (including Horizons Region).

1 Changes in annual rainfall patterns as well assgmé rainfall will impact rates of hillslope
erosion and river sedimentation. The northern and western portions of Horizons Region are
more susceptible to erosion than the east of the Ruahine and Tararua Ranges. Climate
change will reduce the lorgrm effectiveness of SLUI (Sustainable Land Use Initiative) if
other management scenarios are not adopted.

Climate Change and VariabilitiAorizons Region 9
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1 New guidance on planning for sea level is expected in due course from the Ministry for the
Environment (the last update was published in 2008). In therim we suggest using a
minimum sedevel rise scenario of 0.5 by the 2090s (2090 to 2099) relative to the 1980
1999 average for coastal planning, plus an assessment of sensitivity to possible higher mean
sea levels. For longéerm considerations an lwance for further sedevel rise of 10
mm/year beyond 2100 is recommended.

9 Currently, 10% of high tides at Foxton exceed the MHW&vel (Mean High Water Spring
level that 10% of high tides exceed, excluding weather and climate effects). With 0.4 m of
sealevel rise, approximately 60% of high tides will exceed this level and with 0.8 m-of sea
level rise about 99% of high tides will exceed this level, again excluding weather and climate
effects such as storm surge.

1 The following lrdrological projectiongor the Manawatu River are presentederived from
the national surface watehydrological model TopNet

o0 Negligble change in mean annual flowespected to occuunder all RCPs at both
2040 and 2090.

0 Mean annual flood is expected to increase across rR@3Ps at both time periods
which is consistent with (small) mean annual precipitation increases for locations
near the Manawatu River

0 Mean annual low flow (Q10) is expected to decrease across all RCPs at both time
periods, except RCP 2.6 at 2q@tedian= 1% increaseHowever, the range of
model results is quite larg@he largest median ensemble change is projected for
2090 under RCP 8.5, which is a reduction in mean annual low flow of 12%.

o For average seasonal flows, the median model redoit most EPs at both time
periods arewithin £5%, andte ranges of model projections agaite large.
However, mder RCP 8.5 at 2090 for summer, flows are projected to decrease by 14%
(median model result)This is consistent with small projected decreases in semm
precipitation for the area around the Manawatu River for the same RCP and time
period. Spring flows are projected to slightly increase by 2040 but decrease by 2090
for most RCPs.

o0 FRE3 is the average number of high flow events (freshes or floods) pehgea
exceed three times the median flow. Small decreasd¢samrmedian model result for
FRE3 are projected for all RCPs except for RCP 8.5 afsptdllincrease)and large
increasesn FRE®>10%) are projected for all RCPs except RC{p@ ¢ghangeant
2090.

1 The pH of the oceans around New Zealand 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
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influenced by terrestrial factors and rwoff. Changes in oea 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 vugrability and impacts forHorizonsRegionof these projected climate changes, and
for considering adaptation options. Relevant issues could include:

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

1 Implications of river flow and sedimentation changas well as changing flood regimes for
river engineering planning.

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

1 Implications ofprojected changes in extreme rainfall, erosion reskd coastal hazards for
council roading and stormwater drainage infrastructure, lifelines planning, and civil defence
and emergency management.

1 Opportunities which climate change may bring for new haoitigral cropsg and
infrastructure and lanelise issues that might arise.

1 Implications of climate change (including potential changes in flood frequency, extreme
rainfall (influencing hillslope and riverbank erosion) and in coastal hazards) fensand
planning (e.g. erosion control measures).

1 Implications for natural ecosystems and their management, both terrestrial and marine. This
is especially relevant given the two National Parks and a number of forest parks in the region.

T Building consideration ofichate 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 climadéated risks and ways of building
resilience
This EnvirolinMedium! RGA OS DN} yi RAR y2i Fft2¢ Fye WySggQ
during the compilation of this report, gaps were identified where further research for Horizons
Region would be useful in order to understand potential cliengttangerelated impacts:

1 Regionspecific modelling of climatsmduced sedevel rise and coastal hazard drivers such as
storm surge and waves

1 River flow projections for additional rivers in Horizons Region.

Climate Change and VariabilitiAorizons Region 11
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1 LYUGUNRRdzOUOAZ2Y

Horizons Regional Council agplifor and received funding from the Envirolink Fund (Ministry of
Business, Innovation, and Employment) for NIWA to undertake a review of climate change
projections and potential impacts for the Horizons Region, since the publication of the
Intergovernmenal Panel on Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014.

This report describeslimate changes which may occur over the coming centarythe region

administered by théHorizonsRegionalCouncil, and outlines some possible impactshese changes.

The report does not address the issue of mitigation (reducing greenhouse gas emissions, or
AYONBIFaAy3a dairylaé adzOK a INBFa 2F ANRgAYy3A F2NE
the IPCC

Consideration is given to both natusadriations in the climate and to changes which may result from
increasing global concentrations of greenhouse gases caused by human activities. Climatic factors
discussed include temperature, rainfall, wind, evaporatemg soil moisture River flow variales are
also considered.

Possible changes along the coast in sea level are also consiBae1-1 shows theHorizons
RegionalCouncil area chdministration

Preparation of the report has been supped through an Envirolinknedium 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 Panein Climate ChanggPCC, 2013PCC, 20148 CC, 2019band

scenards for New Zealangeneratedby NIWA scientists based on downscaling from global climate

model runs undertaken for these IPCC assessmemsy RSNIi | | Sy (KNBdddd K bL2! Qa
Regional Modelling Programm@)he climate change information presented in tréport is entirely

consistent with recenthupdated climate change guidance produced for the Ministry of the
Environment(Mullan et al., 2015

12 Climate Change and VariabilitiAorizons Region
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Figurel-1: The Horizons Regional Council area. The region administered by the Council is outlined.
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2 . FO13aINRdzyRY Df 20{IGA SYyTASY I'H{lySR [ LKYFLYI
This section summarises some key findings from the 2013 and 2014 IPCC Fifth Assessment Reports

(AR5)as contextual information for the discussion of past and future climate changes in Horizons
Region to follow in this report.

2.1 The Physical Science Basis (IPCC Working Group I)

The Summary for Policymakers of the IPCC AR5 Working Group | [Rp6rt20)&mphasises the
following points regarding changes to the climate system:

A 2 NYAy3a 2F GKS Of A Yl { Sincd 1950 manyof thedzy” S |j dzA @ 2
observed climate changes are unprecedented over short and long timescales (decades
to millennia). These changes include warming of the atmosphere and ocean,
diminishing of ice and snow, sé&vel rise, and increases in the contration of
greenhouse gases.

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

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

A ltis extremely likely that human influence has been the dominant cause of the
observed warming since the mgD" century.

Continued emissions of greenhouse gases will cause further waanthghanges in all parts of the
climate system. There are four scenarios named RCPs (Representative Concentration Pathways) by
the IPCC. These RCPs represent different climate change mitigation scems@o@RCR.6) leading

to a very low emissions lek@equiring removal of COrom the atmosphere), two stabilisation

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

By the middle of the P century, the magnitudes of the projected climate changes are substantially
affected by the choice of scenari@lobal surface temperature change for the end of the’21

century is likely to exceed 1.5°C relative to 18%000for all scenarios except fahe 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, the Fifth Assessment Report projects climate changes for earlier in fee2tliry

as well ints Summary for Policymakers. As sutble, global mean surface temperature change for

the period 20162035 (relative to 1986005) will likely be in the range of 0.3 to 0.7°This assumes
that there will be no major volcanic eruptions (which may causeajloboling) and that total solar
irradiance remains similar. Temperature increases are expected to be larger in the tropics and
subtropics than in the southern midtitudes (i.e. New Zealand).
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The full range of projected globally averaged temperature ieases for all scenarios for 20&1100
(relative to 19862005) is 0.3 to 4.8°(Figure2-1). As global temperatures increase, it is virtually
certain that there will be more hot and fewer cold temperature extremesranost land areas. It is

very likely that heat waves will occur with a higher frequency and duration. Furthermore, in general,
the contrast in precipitation between wet and dry regions and wet and dry seasons will increase.
With increases in global meaemperature, midlatitude and wet tropical regions will experience

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

(a) Global average surface temperature change
6.0 [t Me:an over
i 2081-2100
[ = historical
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| === RCP8.5 39 ] =
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Figure2-1: CMIP5 multimodel simulated timeseries from 1952100 for change in global annual mean

surface temperature relative to 198@2005.Time series of projections and a measure of uncertainty (shading)

are shown for scenarios R€P (blue) and RCER5 (red). Black (grey shading) is the mtetehistorical

evolution using historical reconstructed forcgigrlhe mean and associated uncertainties averaged over
Hnymbuman FNB IAGSYy F2NI Lt w/t A0SyFrNR2& a O2f 2dzNBF
calculate the multimodel mean is indicated. After IPCC (2013).

The global ocean will continue tvarm during the 2% century. Eventually, heat will penetrate into
the deep ocean and affect ocean circulation. Sea ice is projected to shrink and thin in the Arctic.
Some scenarios project that late summer Arctic sea ice extent could almost compissgipehr 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. Tlab@ glacier volume (excluding glaciers on the
periphery of Antarctica) is projected to decrease by8586 by the end of the 2century under
different scenarios.

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

of sea level rise will very likely exceed that observed during-P820 due to increased ocean

warming and higher loss of mass from glaciers and ice sheets. For all sceharfosl range of
projected sea level rise for 2082100 (relatve to 19862005) is 0.26).82m. It is virtually certain

that global mean sea level rise will continue beyond 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 cause larger sea level rise. Sustained warming greater than a critical threshold could lead to
the near complete loss of the Greenland ice sheet over emmium or more, causing a global mean
sea level rise of up to 7 m. Current estimates place this threshold between 1 and 4°C global mean
warming with respect to préndustrial mean temperatures.
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Cumulative C@emissions largely determine global mean sugfa@rming by the late Zicentury
and further into the future. Even if emissions are stopped, most aspects of global climate change will
persist for many centuries.

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

The IPCC AR5 Working Graéuummary for Policymakefi®CC, 2014&oncludes that in recent
decades, changes @timate have caused 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 amabtit, as well as
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 resourcesti@rms of quantity and quality. The floon 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 climatespeanes

have shifted 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 suchesgstat risk of severe 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 chegigted risks from extreme
events such as heat waves, 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 rigif physical systems 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 warming25iCL risksincrease
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 and include severe and widespread impacts on unigue 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 actiyitiekiding
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 changesarid sbme

adaptation and mitigation responses. This has been observed during recent efighettx

extremes, such as heat waves, droughts, floods, cyclones, and wildfires, where different ecosystems
and human systems are significantly vulnerable and segddo climate variability. 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 batng embedded in governmental planning and
development processes, but at this stage there has been only limited implementation of responses to
climate change.
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The overall risks of climate change impacts can be reduced by limiting the rate and magnitude of
climate change.

2.3 Mitigation of Climate Change (IPCC Working Group III)

The IPCC AR5 Working Group Il Summary for Policyn{dk@s 2014pnotes that total

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 &sions grew on average 2.2% 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 bethe most important drivers of increases in £&nissions from fossil fuel combustion.

Limiting climate change will require substantial and sustained reductions of greenhouse gas
emissions. The IPCC report considers multiple mitigation scenarios withe@aatechnological and
behavioural options, with different characteristics and implications for sustainable development.
Theseemissionsscenarios are consistent with different levels of mitigation.

The IPCC report examines mitigation scenarios that wensatually 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 bept to less than 2°C relative to piredustrial levels involve stabilising

atmospheric concentrations of carbon dioxide equivalentx{€g) at about 450 ppm in 2100. If
concentration levels are not limited to 500 ppm &9 or less, temperature increaseseaunlikely to
remain below 2°C relative to piadustrial 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 conpared

industrial levels. This range is based on the median climate response, but when climate uncertainty is
included the range becomes broader from 2.5 to 7.8°C.

In order to reach atmospheric greenhouse gas concentration levels of about 450 ppeg ©0O2100
(in order to have a likely chance to keep temperature change below 2°C relative-itadpisgrial
levels), anthropogenic greenhouse gas emissions would need to be cuttfd@lobally by 2050
(compared with levels in 2010). Emissions levels woegtl to be near zero in 2100. The scenarios
describe a wide range of changes to achieve this reduction in emissions, includingdalee
changes in energy systems and land use.

Estimates of the cost of mitigation vary widely. Under scenarios in wHichwattries begin
mitigation immediately, there is a single carbon price, and all key technologies are available, there
will be losses of global consumption 6% in 2030, 5% in 2050, and-31% in 2100.

Delaying mitigation efforts beyond those in gaoday through 2030 is estimated to substantially
increase the difficulty in obtaining 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.
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Published information about the expected impacts of climate change on New Zealand is summarised

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

The regional climate is changinghe Australasia region continsiéo demonstrate longerm 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 risityerage temperatures in 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
north of the North IslandSome heavy rainfall events already carry the fingerprint of a changed
climate, in that they have become more intense due to higher temperatures allowing the air to carry
more moisture(Dean et al., 201)3Cold extremes have become rarer and hot extremes have become
more common.

The region ha 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 decade since 1909.

Warming is projected to continue through the 2century along with other changs 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 decreasthénnortheast 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 manyparts of New ZealandRegional sea level rise will very likely exceed the historical rate,
congstent with global mean trends.

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

Impacts and vulnerabilityWithout adaptation, further climateelated changes arprojected to

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

changes remains large for many parts of Newl&@ed, which creates significant challenges for
adaptation.

Additional information about past New Zealand climate change can be fouMuiran et al., 201p

3.1 Sectoral Impacts

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

Freshwater resourcedn New Zealandprecipitation 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 eastid@axihg rivers with
headwaters in the Southern Alps are projected to increase-b@% by 2040 in response to higher
alpine precipitation. Most of the increasesll occur in winter and spring, as more precipitation falls
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as rain and snow melts earlier. Climate change wilkcafjipoundwater through changes in recharge
rates and the relationship between surface waters and aquifers.

Natural ecosystemsExisting environmental stresses will interact with, and in many cases be
exacerbated by, shifts in mean climatic conditions asslociated changes in the frequency or

intensity of extreme events, especially 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 zoe is at risk through increasing shrubby growth and loss of herbs, especially if combined
with increased establishment of native species. Some cold veatapted freshwater fish and
invertebrates are vulnerable to warming and increased spring floodingimeagase risks for braided

river bird species.

Coastal and ocean ecosystenhe increasing density of coastal populations and stressors such as
pollution and sedimentation from settlements and agriculture will intensify-olimate stressors in
coastal aeas. Coastal habitats provide many ecosystem services including coastal protection and
carbon storage, which could become increasingly important for mitigation. Variability in ocean
circulation and temperature plays an important role in local fish abunéaand this could change

with climaterelated oceanic changes. A strengthening East Auckland Current in northern New
Zealand is expected to promote establishment of tropical or subtropical species that currently occur
as vagrants, potentially changing theoduction and profit of both wild fisheries and aquaculture.
Estuarine 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 resultéamSabsnpacts

on coastal settlements and infrastructure from direct impacts 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,dafiooding, affecting coastal habitats and their dependent
species, for 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 cardiee productivity, but Certilisation may offset this.
Dothistromad f A AKGX | LIAYS RA&ASFASTI KFa | GSYLISNI GdzNB
warmer, but not warmest, pine growing regions; under climate change, its severity is, therefore,
expeded to reduce in the warm central North Island but increase in the cooler South 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 for the 2030s, 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 andvated C@than models using annual

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

projections of rainfall, particulaylstorm 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 transmissidnS 6 %S| f I yYRQa LINBR2YAYylIyite Ke
generation issulnerable to precipitation variability. Increasing winter precipitation and 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 by@%o over the next fewatades. Further reductions in

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

Increasing wind power generation would benefit from projected increases in mean westerly winds
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but face increased risk of damages amlitdown during extreme winds. Climate warming would
reduce annual average peak electricity demands-¥4dlper 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 rapid reduction in 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 ctemavents undermine

tourism.
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The climate of the Horizons Region is a reflection of the general disturbed westerly airflow with
interspersed anticyclones, modified in specific places by the lopabt@phy(Chappell, 2012 Much

of the region has relatively few climatic extremes, except in the higher elevateas around the
Central Plateau. The rainfall is usually adequate for pasture growth, except on occasions in the
summer, and temperatures have a relatively small range. Summers are warm and frosts frequent in
sheltered inland areas during winter. Theatleer is often cloudy about the hills, but sunshine hours
increase toward the west coast. Except at higher elevations, snow and hail are rare occurrences,
although fog occurs at times in coastal areas. The prevailing air flow is from the westerly caadlter,
except during the passage of the occasional depression, or when a depression of tropical origin
passes to the east of the North Island, the dayday weather conditions are not severe.

a2NB RSGIATSR AYF2NXYIFGA2Y | 0dhoaifoundniChabIy(20628 I A 2 v Q &
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The spatial variation in annual average temperature over the Horizons Risgibown inFigure4-1.
Figured-2 shows the spaal pattern of annual total rainfall, and also the median seasonal total
rainfalls. Temperature varies with elevation, with the coolest mean annual temperatures of the
Horizons Region experienced in the Central Plateau and the northern Ruahine RangeanMesdn
temperatures are highest on the low elevation plains near the coast. Annual rainfall varies
significantly throughout the Horizons Region. The high elevation areas of the Central Plateau,
Ruahine Ranges, Tararua Ranges, as well as the hill comtiteywest of Taumarunui, receive the
most rain in the region, due to orographic rainfall occurring from the prevailing westerly winds.
These areas receive more than 2000 mm per year, on average. The driest part of the region is a
triangle bounded by Wharagui, Levin, and Palmerston North, and also the area around Taihape.
These parts receive around 850 nafrainfallper year, on average.
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4.2.1 Temperature
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Figure4-3: Homogenised annual temperature time series favhanganuifrom 1938to 2014.The purple
line removes the yeato-year variability and shows an upward lotgrm trend, and the grey shading shows
the 95% confidence interval.

There is significant yedo-year variability irHorizon Regio2 éimate. For exampldsigure4-3 shows
the average annudaemperature forwhanganuirom 1938to 2014. There are substantial differences
between years, with some years having temperatuwesr 1.5C different to others.

The temperature trend atVhanganuirom 1938to 2014 (shown offrigure4-3), is 095+ 041 °C.For
comparison, the New Zealand national temperatlrereased by 1.07 + 0.40 8@er the same

period.A likely explanation for the overall increase in average temperatures over this period is due to
increasing concentrationdf anthropogenic greenhouse gases, whereas the stegrh variability is

due to natural causes, such as the El N&fauthern Oscillatioandvolcanic eruptionstogether with
random yeasto-2 S| NJ Ff dzOldzr GA2ya O0GOftAYIFGS y2AaSé0d

1 https://www.niwa.co.nz/ourscience/climate/informatiorand-resources/nzemp-record/sevenstation-seriestemperaturedata
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4.2.2 Rainfall

As shown irFigure4-4, there is also substantial variability in annual rainfall totals. At Whanganui,
rainfall varies from around 600 mm per year to over 1200 mm, and Palmerston North rainfall varies
from about 700 to 1100 mm, but there is fang term trend observed.
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Figure4-4:  Annual rainfall total (mm) at Whanganui from 1890 to 2014 (top) and Palmerston North from
1944 to 2013 (bottom)Note change in site for Palmerston North. Metadatsout climate stations can be
found athttp://cliflo.niwa.co.nz

4.2.3 Drought

Horizons Region has experienced numerous droughts, and due to the importance of primary

production to the region, the occurrence of droughbiamajor concern. In this report, the measure

2F RNRBAAKG dzASR Aa WLRAISYOGAFt S@OFLRGNI YALIANI GAZ2Y
loss of soil water by transpiration through plants and evaporative loss from the soil and other

Climate Change and VariabilitiAorizons Region 25
8 September 2016 10.22 a.m.


http://cliflo.niwa.co.nz/

surfaces. Daywhen water demand is not met, and pasture growth is reduced, are often referred to
as days of potential evapotranspiration deficit. PED, in units of mm, can be thought of as the amount
of rainfall needed in order to keep pastures growing at optimum levels

The following plotgFigure4-5 to Figure4-8) show PED accumulations over growing years-Jluig)
through the historical record for the sites chosen. The higher the PED accumulation, the drier the
sals were during that yealNote the change in scale between sites.

The highest PED accumulation for TaumaruRigjure4-5) occurred in 19690, with a secondary
maximum in 200708. Formost years, Taumarunui it at risk of draight (.e. high PED
accumulations)because of its wétr climate comparedvith other parts of the regionKigure4-2).
However, the temporal variability in PED accumulation from year to year is quite vasalae
times, Taumannui may be at risk of drought following a very wet y@ar. no PED accumulation)

Taumarunui

Total potential evapotranspiration deficit, Jul-Jun Years: 1948/49 to 2015/16
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Figure4-5: PED accumulation from 1942015 (JulyJune years) for Taumarunui (agent number 2250).

Whanganui has exp@&mced numerous yeamshenhigh PED accumulations have been recorded
(Figure4-6). The highest accumulation occurred during 1:97&nd 201516, when over 500mm of
PED accumulation was recorded, and 208#ecorded just under 500m of accumulated PED.
Compared with Taumarunui, Whanganui has a higher incidence of high PED accumulation, and

therefore a higher risk of drough®hanganui also has a much drier climate than Taumardsigiufe
4-2).
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Whanganui, Spriggens Park EWS
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Figure4-6: PED accumulation from 1932015 (JulyJune years) for Wanganui, Spriggens Park EWS (agent
number 3715).

Palmerston NorthKigured-7) has a highly variable time series of PED mctation, from almosho
accumulationin some years to over 450matcumulatedn other years. The year with the highest
PED accumulation was 19756.

Palmerston North (2 stations)

Total potential evapotranspiration deficit, Jul-Jun Years: 1941/42 to 2015/16

500 —
450 —
400 —
350 —
300 —
250 —

200 —
150 —
G 1111101
50 —

[ I [ | f | [
1950 1960 1970 1980 1990 2000 2010

Millimetres PED

Copyright NIWA (C) 2016

Figure4-7: PED accumulation from 1942015 (JulyJune ars) for Palmerston N (agent number 3238) and
Palmerston North EWS (agent number 21968pmbined series.

Like Palmerston North, Dannevirke has a highly variable time series of PED accunithatioighest
accumulations of PED occurred in 198, 198-87,and 1997-98.
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Dannevirke

Total potential evapotranspiration deficit, Jul-Jun Years: 1951/52 to 2015/16
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Figure4-8: PED accumulation from 1952015 (JulyJune years) for Dannevirke (agent number 2534).

4.2.4 Extreme Rainfall Events

High intensity rainfall is a concern in Horizons Region, dfiedading and soil erosion which impacts
rivers, landbasedprimary industriesand urban settlementGriffiths (2006 showed that during the
periods 1932004 and 195004, there were increases in tl@nualmean andannualextreme

daily rainfall in the west of the North Island (west of a line from Wellington to Waiouru to Hamilton
i.e. including Horizons Regip@and decreases to the east of that lildowever, a shown ifFigure4-

9, there is no observablieend in the number of days with >2mmpmmand >10mnof rain at
Whanganui, Spriggens Park EWS climate stdtamm 1938 to 2014 The tireerainfall thresholds

show a similar pattern.
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Figure4-9: Number ofdays per year with >2mnmr5mmand >10mmnrain at Whanganui, Spriggens Park
EWS site.
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4.2.5 Growing Degree Days

The departure of mean daily temperature above a base temperature which has been found to be

critical to the growth or development of a particularyglai A& | YSIF &dz2NE 2F (GKS LI
on that day. The sum of these departures then relates to the maturity or harvestable state of the

crop. Thus, as the plant grows, updated estimates of harvest time can be made. These estimates

have been found to & very valuable for a variety of crops with different base temperatures. Degree

day totals indicate the overall effects of temperature for a specified period, and can be applied to
agricultural and horticultural production. Growing degreays express theum of daily

temperatures above a selected base temperature that represent a threshold of plant griéigthe

4-10 shows the median annual growing degraay totals for base temperatures 5°C and 10°C for

Horizons Region.
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Figue 4-10: Median annual growing degreelays in Horizons Region, 192D10. Left: Base 5°C, Right: Base
10°C.

Air temperatures in Horizons Region have increased over the past ceRtguyd4-3). As the
calculation of growing degreeays is inherently dependeoin temperature one would expect to see
an upward trend in the number of growing degrdays also.

4.3 Natural factors causing fluctuation in climate patterns oMew Zealand

adzOK 2F GKS @INAIFIGAZ2Y AYy bSg ®%SItlFyRQa OfAYIGS A
longer term, quasctyclic variations in climate can be attributed to different factors. Three lacgée

oscillations that influence climate in NeXealand are the El Niffdouthern Oscillation, the

Interdecadal Pacific Oscillation, and the Southern Annular Mifileistry for the Environment,
20083.
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4.3.1 The effect of El Rb and La Nia

The El Nifiessouthern Oscillation (ENSO) is a natural mode of climate variability that hasanigieg
impacts around the Pacific bagMinistry for the Environment, 200§aThe oscillation involves
movemert of warm ocean water from one side of the Pacific to the other, and the movement of
rainfall across the Pacific associated with this warm water.

Ly Iy 9f bA32 S@Syiasz SraadSNIe GNIRS gAyRa 6SI 1Sy
the east,accompanied by higher rainfall than normal in the centast Pacific. A La Nifia event is
SaaSydAartte GKS 2LI1aArAdS 2F GdKAa FYyR Aa |y AyidSy
ocean waters remain over the western Pacific and the trade witrdagthen.

El Nifio events occur on average 3 to 7 years apart, typically becoming established in April or May
and persisting for about a year thereafter. The Southern Oscillation Index, or SOI, uses the pressure
difference between Tahiti and Darwin to @éeinine the state and intensity of ENSO. Persistence of
about-1 signifies El Nifio events, whereas +1 signifies La Nigiaré¢4-11).

NIWA SOI [climatology 1941-2010]
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Figure4-11: Time series of the Southern Odailion Index from 1930 td2016. Blue shades are indicative of
La Nifia periods and red shades are indicative of El Nifio periods.

The effects of El Nifio and La Nifia are most clearly observed in the tropics, but impacts-are well
recognised in New Zealandsal 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 to the north and east of Navaze:

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 South Island higher pressumesadten dominant, which can cause drought
conditions there. Therefore, drought conditions can persist in either El Nifio or La Nifia phases in the
South IslandFigure4-12 shows average summer rainfall anomalies in New Zealamtiassd with

El Nifio and La Nifia conditions. However, individual ENSO events may have significantly different
rainfall patterns to those pictured.
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Figure4-12: Average summer percentage of normal rainfalliring El Nifio (left) and La Nifia (righ@NIWA

FromFigure4-12it is evident that on average summer rainfall for the Manawatu Plains and the
surrounding area is near normal during El Nifio periods and slightly below normahlindunng La

Nifia periods. The Ruapehu Distiaetd the eastern part of Horizons Region (east of the Ruahine and
Tararua Rangesgceives below normal rainfall during El Nifio periods.

According to the IPCC Assessment Report from Working G(REC, 20)3precipitation variability
relating to ENSO will likely intensify due to increased moisture availability in the atmosphere.is
high confidence that ENSO will remain the dominant mode of natural climate variability inthe 21
century.However, variations in the amplitude and spatial pattern of ENSO are large and therefore
any specific projected changes in ENSO remainrtaineat this stage.

4.3.2 The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation, or IPO, is a{sagke, long period oscillation that influences
climate variability over the Pacific Basin including New Zed@alihger et al., 2001The IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 y&&gsre4-13). 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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Figure4-13. The Interdecadal Pacific Oscillation (IPO) indBxsitive values indicate periods when stronger
than-normal westerlies occur over New Zealand, with more anticyclones than usual over northern New
Zealand. Negative values indicate periodshwitore northeasterlies than normal over northern regions of the
country. Vertical axis is the IPO index, and horizontal axis is the year.
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bSé %SItlyRQa Of AYIF(GS | oS IPO&clelthe idcase imNew Ol SR
Zealandwide temperaturesaround 1950 occurred 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 changgMinistry for the Environment, 2008§a

Annual Prec: 1978/98 — 1960/77
(as % of 1961-1990 normal)‘
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Figure4-14. Percentage change iaverage annual rainfall, for the 1978998 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 negative. Any local rainfall response due to global warming alsaltie contained within this
pattern of rainfall trends). ©NIWA.
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Figured-14 suggests that periods of positive IPO (which generally coincide with increased EI Nifio
activity) tend to be drier, on average, for most of Horizonsi®tegouth of Ruapehu Districthe IPO
hasbeenin anegativephasesince 1999.

During the period 19362004 andl950-2004, a trend tancreasesn mean and extreme-tiay

rainfall was generally observed in tiv@stof both the North Island and South Ist&r{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 climate change modelyjy the stronger IPO westerly phase since 1977, the increased
frequency of El Nifio events since 1977; or a mixture of all these considerations.

In Horizons Region, there is somedeyice of changes in river flows in the Manawatu catchment
with changes irthe IPO, with positive phases of the IPO (i.e. 18989) associated with lower flow
conditions than egative phases (i.e. 194877)(Henderson and Diettrich, 2007

4.3.3 The effect of the Southern Annular Mode

The Southern Annular Mode (SAM) is a hemispheric atmospheric wave centtkd South Pole

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

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

the negative phase of the SAM is associated with unsettlesthvez 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 thepmsite phase. The phase and strength of the SAM is
influenced by the size of the ozone hole, with the past increase in ozone depleting substances giving
rise to a positive trend in the phase of the SAMompson et al., 2031However, with the recovery

of the ozone hole and reduction of ozodepleting substancegrojected into the future, the trend

of summertime 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 plates

that the phases of th SAM are defined relative to the historical climatdpwever, increasing
concentration of greenhouse gases in the atmosphere will have the opposite effect, of an increasing
positive trend in summer and winter SAM phases, i.e. there will be more pogitages than

negative phases into the futur&igured-15). The net result for SAM behaviour, as a consequence of
both ozone recovery and greenhouse gas increases, is therefore likely to be relatively little change
from present by2100.

2The opposite behaviougi.e. a trend to decreases in mean and extreme raigfals observed in the east of the North and South
Islands.
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Figure4-15: Time series of the Southern Annular Mode from transient experiments forced with time

varying ozonedepleting substances and greenhouse gasgskorcing with ozondepleting substanceds.

forcing with greenhouse gases. The SAM index is defined as the leading principal component time series of
850-hpa Z anomalies 200°S; positive values of the index correspond to anomalously low Z over the polar cap,
and vice versa. Lines denote the-€ar lowpass ensemble mean response for summer (DJF, solid black) and
winter (JJA, dashed blue). Grey shading denoteene standard deviation of the three ensemble members

about the ensemble mean. The lotgym means of the time series are arbitrary aagk set to zero for the

period 19701975. Past forcings are based on observational estimates; future forcings are based on predictions.
After Thompson et al. (2011).

4.4 New Zealand Sea Level Trends and Variability

According to the IPCC AR5 Working Groulplbhad mean sea level rose by 0.19 + 0.02 m from 1901
to 2010(IPCC, 20)3Sea level rise around New Zealand is comparalileetglobal average, being
approximately 0.7 + 0.1m for the 20" century(Reisinger et al., 20})4

Along with the longerm positive trend in sea level, there are shegrm variations as welFigure4-

16 andTable4-1). Seasonal (annual), El Niouthern Oscillation (ENSQG7 ¥ear), and Interdecadal
Pacific Oscillation (IPO,-30 year) variations can cause 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 courttmbtend
higher. The IPO in its 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 pressure (inverse barometer effect) and the influence of the wind on the
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 settingseWarditions also affect
localised water levels where inshore of the wave breaker zone, water levels aup.sEhis is a
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localised phenomenon and can be highly variable along even a short stretch of coastline, being
dependent on the wave conditions andrdfigurations of offshore sandbars and beach slope.

Annual MSL rise above local vertical datum at 4 main ports
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Figure4-16. Relative sedevel rise at four main New Zealand ports, 192007. Modified afterHannah and

Bell (2012. Annual MSL quality assurance undertaken by Prof. John Hannah and¢NigtéAsourced

originally from the port companies and obtained from the Land Information NZ archives. Each local vertical
datum (L\D) was established from tiggauge measurements in the 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 garpart of the 1900s, where the average passes through the

zero line.

Table4-1.  Historical relative sedevel rise ratesSource: Hannah and Bell (2012). The SLR rates are relative
to the local landmass dhe sealevel gauge locations (and implicitly include vertical landmass movement).

Location Historical rate of sedevel rise (mm yr)
Auckland 15+01
Wellington 20£0.2
Lyttelton 19+0.1
Dunedin 1301
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climate change (increasing global concentrations of greenhouse gases, Section 2) plus the natural
yearto-year and decad¢éo-decadevaria A f AG& NB&adzZ GAy3d FNRY aOfAYFGS

El NifieSouthern Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern

Annular Mode (SAM), discussed in Section 4. This section first outlines the projected chantes d
anthropogenic climate change in Horizons Region, 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 itimate 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 such as economic activity, population changes,
technolagical 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 climate change.

This has been dealt with by the Inggvernmental Panel on Climate Change through consideration of
WEOSYIFNA24aQ RSaONARoAy3d O2yOSyiNrGA2ya 2F IANBSYyK?2
of possible economic, political, and social developments during thie&dtury, and by condering

results from several different climate models for a given scenario. In the 2013 IPCC Fifth Assessment
Report, theatmospheric greenhouse gas concentration component of tlsesmarios are called

Representative Concentrations Pathways (RCPS).

In Secibns 5.1 and 5.2, global climate model output based on two RCPs has been downscaled to
produce future projections for temperature and precipitation for the Horizons Region. The RCPs are
based on 2% century climate policies, and thus differ from the pi@w IPCC SRES emissions

a0Sy Ll NRA 2a -0fyARY HIKEPEEROYRREEL Q is a lowmid-range emissions scenario,
WKAOK A& faz2 OFfftSR I WalloAfAalI A2y B5880SY ! NA?2
scenario with very high greenhouse gas emissions, and radiative forcing continues to increase
beyond 2100. Each RCP provides spatiaiplved data setof land use change and sectmsed

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 integated assessment models, simple climate models, atmospheric chemistry and
global carbon cycle models.

NIWA has used climate model data from the IPCC Fifth AssesBepaoit(IPCC, 20)30 update
climate change scenarios for New Zealand, through both a regitinedte modeldynamicalland
statistical downscaling process. Tihmamical and statisticalownscaling process aredescribed in
detail in an updated climate guidance manual prepared for the Ministry for the Environidetian
et al., 2016.

5.1 Horizons Climate Change Temperature Projections

The magnitude of the temperate change projections varies with the RCP and also with 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 scenarioABLC&hd a high
emissions scenario (R8M).
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Figureb-1 shows the seasonal patterns of projected temperature increase over the Horizons Region
and surrounding areas for 2040 for the RCPscenario, where the temperature changé#37

climate models have been averaged togethégure5-2 shows corresponding patterns for 2090.
Figureb-3 shows the seasonal patterns of projected temperature increase for 2040 for th8 RCP
scenaio, where the temperature changes of 41 climate models have been averaged together, and
Figureb-4 shows the corresponding patterns for 2090. These nominal years represent thgoimnig

of bi-decadal periods: 2040 is the averameer 20312050, and 2090 the average over 2a&100. All
maps show changes relative to the baseline climate of 208b.
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Figure5-1:  Projected seasonal temperature changes at 2040 (2@B50 average)Rdative to 19862005

average, for the IPCC REB scenario, averaged over 37 climatedels. ONIWA.
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Figure5-2:  Projected seasonal temperature changes at 2090 (2@8D0average) Relative to 198005
average, for the IPCC R@B scenario, averaged over 37 climate modeNIWA.
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Figure5-3:  Projected seasonal temperature changes at 2040 (2@B50 average)Relative to 198005
average, for the IPCC R&PB scenario, averaged over 41 climatedels. ONIWA.
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Figure5-4:  Projected seasonal temperature changes at 2090 (2@800 average)Relative to 198005
average, for the IPCC R&PB scenario, averagaaler 41 climate model©NIWA.

Figures 5l and 52 show projected future warming in thdorizons Regioaf approximately 0¢5°C¢

1.0°C by 204€r the RCR.5 scenario, when averaged over the 37 climate models analysed by
NIWA. Figures-8 and 54 show pojected future warming of approximately.0°C¢ 1.25°C by 2040

for the RCBR.5 scenario, when averaged over 41 climate models. A slight acceleration in warming is
projected for the second 50 years of thes&dentury compared to the first 50 yearand inhnd areas

tend to warm more (compared to the baseline) than coastal ar8asne models give less warming

and others give a faster rate of warmii@CC, 209)3The full range of modgdrojected warming is

given inTable5-1. The temperature ranges are relative to the baseline period 128® (as used by
IPCC). Hence the projected changes at 2040 an@ 208uld be thought of a45-year and95-year

trends.
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Table5-1:

Projected changes in seasonal and annual mean temperature (in °C) for the Horizons Region for
2040 and 2090Changes are relative to the daine period, 198-2005.The changes are given for all four RCPs
(2.6, 4.5, 6.0, 8.5), where the ensemialeerage is taken over (23, 37, 18, 41) models, respectively. The first

number is the ensemble average, with the bracketed numbers giving the rafige¢s9%" percentile). After

Mullan et al. (2016).

Period RCP Summer Autumn Winter Spring Annual

2040 RCR.5 |1.1(0.5,1.8) |1.1(0.7,1.6) | 1.1(0.7,1.5) | 0.9(0.4,1.3) | 1.1 (0.6, 1.6)
RCP6.0 [ 0.9(0.3,1.6) | 0.9(0.3,1.2 |0.8(0.3,1.2) | 0.7(0.2,1.1) | 0.8 (0.3,1.1)
RCRL.5 [0.9(0.4,1.5) |0.9(0.4,1.4) |0.9(0.6,1.2) | 0.8(0.3,1.2) |09 (0.5,1.2)
RCR2.6 |0.7(0.2,1.3) |0.8(0.3,1.2) |0.7(0.3,1.1) | 0.6(0.3,1.0) | 0.7 (0.3, 1.1)

2090 RCR.5 |[3.3(2.3,4.7) |3.2(23,45) |3.2(24,4.1) | 27(1.9,35) |3.1(2.2,4.4)
RCF6.0 |1.9(1.0,3.6) |1.9(1.0,2.9) |1.9(1.2,2.8) |1.6(1.0,2.3) | 1.8(1.1,2.9)
RCRL.5 |[1.5(0.7,2.7) | 1.5(0.8,2.2) | 1.5(0.9,2.1) | 1.3(0.7,1.9) | 1.4 (0.9, 2.1)
RCR.6 |0.7(0.1,1.4) |0.7(0.2,1.5) | 0.7(0.3,1.3) | 0.6(0.2,1.1) | 0.7 (0.4,1.3)

The seasonal and annual ensemble average projection (the number outside the bracKetslek1
is the temperature increase averaged over all 23 mofi@IRCP 2.6, 37 models for RCP 4.5, 18
models for RCP 6.0, and 41 models for RCP 8.5 analysed by NIVidfackieted numbers give the
range (%' and 95" percentile) for each RCP for each season and the annual projection.

By 2040 (2032050, relative to 286-2005), annual average temperatures are projected to increase
by between 0.7°C (RCP 2.6) and°’C.IRCP 8.53ummer, autumn and winter have similar

projections for warming, and the least warming is projected for spByg2090 (20822100, relative

to 1986:2005), annual average temperatures are projected to increase by betw&e@ br RCP 2.6
and 31°C for RCP 8.Bs for 2040, summer, autumn and winter have similar projections for warming,
and the least warming is projected for sprifidpte that themitigation scenario (RCP 2.6)

temperature change for 2090 is less than the change for 204@tumn and no change is observed

for summer, winter, and springvhereas all other emissions scenarios show increased warming at
2090 relative to 2040.

5.1.1 Projectiors of Growing DegreBays

As discussed in Section 4.21%e calculation ofjrowing degreedaysis useful toprimary industryin

terms ofmonitoring plant growth and planning harvests. Due to projected mean temperature

increases across the Horizons Regamgiscussed in Section 5.1, it is expected that the annual total

of growing degrealays will increase, with larger increases expected in the seasons that are likely to
experience greater warming (i.e. summer, autumn, and wintstrpresent, future projetions of

Growing Degree Days based on the IPCC AR5 model data have not been performed for New Zealand.

5.1.2 Water Temperature Trends

Understanding potential future changes in river water temperature is important dulkeedmpact of
water temperatureon freshwder ecosystems. Sonmiavertebrate and fistspecies have narrow
tolerance rangesvith regardto temperature, so water temperature increasiedluencedby climate
changerelated air temperaturéncreases could have a detrimentadpact on these species.
Preiminary modelling workas been carried out which suggests water temperature in New Zealand
rivers will increase with projected climate chargeuced air temperature increases (Doug Booker,
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NIWA, pers. comm.). The amount of warming will vary dependingvenelevation, catchment size,
water source (e.g. snow melt or not) and so on.

According to the IPCReisinger et al., 20)4here is high confidence that climate change is already
affecting the oceans around New Zealand, with warming observed in the Tasmaff Sadhern

New ZealandThe western Tasman Sea is warming at a rate of four times the global average due to
changes intie East Australian Curre(®oyal Society of New Zealand, 2P16

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.n general, an increase in high temperature extremes, 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 variabilitpatdme predicted by

the climate models due to the chaotic interactions that affect development of individual weather
systems and largescale climate modes (such as El Nifio evgMsllan et al., 201k

C2NJ 6KA& NBLER2NIZI KAIK GSYLISNI Gd2NB SEGNBYS&E o60AdSd
@SN 2F Hpc/ 2NJ 062082 FYR 26 GSYLISNI (GdzNB SE G NB
the number of nights per year of 0°C or below. Thexseemes were determined by adding the

monthly statistically downscaled temperature offsets to the daily \VF@&Ximum temperature (for

WK20 RIFI2aQu FYyR G2 RIFEAf&@ £/ {b YAYAY,d¥hcoubing.JS NI { dzN
the exceedances (gater than or equal to 25°C, or less than or equal to 0°C, for hot days and cold

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

the number of years (20) and the number of models (37 forREBnd 41 foRCR.5).

Figureb-5 shows the projectedncreasein the number of hot days per year at 2040 (2€310) and
2090 (20812100) relative to 198&005, for RCR.5 and RCB.5. At 2040 there is projected to be
only a small increase the number of hot days in higher elevaticar®und the Central Plateawith
the coastal area south of Whanganui and the hill country around Taumareceiving the largest
projected increase (an increaseX8-20 days under RC®5 compared to 1982005). By 2090, the
projected change in hot days is much largeith an expected increase of 0 days under RGR5
compared to 19860050n the coast near and south of Whanganui and the hill country north
towards Taumarunui

3 Virtual Climate Station Network, a set of New Zealand climate loz¢ad on a 5 km by 5 km grid across the country. Data has been
AYGSNLREFGSR TNRBY WNRBITIAQHENDERSON] S, THRNER, R.2&R yZHBENIS gXPENFDEe sthoothing spline
interpolation of daily rainfall for New Zealand using a climatological rainfall suifgeenational Journal of Climatolog®6, 2097-2115)

42 Climate Change and VariabilitiAorizons Region
8 September 2016 10.22 a.m.



increase days/year

90

Y.
. 4

i

o Taumamrﬂi

80
70
60
=1 50

1 40

30

o ) 20

15

\

' (av 10

/i :
WHANGANUI

| PALMERSTON

NORTH

L 5.° i £ (Hot Days)

Figure5-5: Projected increase in number of hot days per year (Tmax >25°C) at 2040 & 2090 fet. RCP
(left panels) and RC®.5 (right panels), for Horizons RegioRrojected change in hot days is relative to 1986
2005. The numbersrothe scale refer to thincreasen the number of hot days, e.g. the coast adjacent to
Whanganui is projected to experience an increase in the number of hot days&y &8ys by 2090 under RCP
8.5 (lower right panel}© NIWA.

Figure5-6 shows the projected decrease in the number of cold nights (or frosts) per year by 2040
(2031:2050) and 2090 (2082100) for RCR.5 and RCB.5. The projected decrease in the number of
cold nights at both 2040 and 2090 for both RCPs is mostisagttiin theCentral Plateau and higher
elevation areas of the Ruahine and Tararua Rarige2090 under RGR5, the number of cold

nights in theCentral Plateais expectedo decrease by more thab0 nights per year compared to
1986-2005(with a decreas of more than 80 nights per year projected for the alpine areas of the
Tongariro National ParkBy 2090 under R@> along the coast and inland betwe#hanganui and
Levin the number of cold nights is projected to decreaséstyb nights per year compad to 1986
2005.
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Figure5-6: Projected decrease in number of cold nights per year (Tmin <0°C) at 2040 and 2090 fdr:RCP
(left) and RCB.5 (right), for Horizons Regiofrojected change in cold nighitsrelative to 1986005. The
numbers on the scale refer to thecreasan the number of cold nights, e.g. the area around Taihape is
projected to experience a decrease in the number of cold nights Ey04days by 2090 under R85 (lower
right panel) © NIWA.

As showrin Table5-2, projections suggest a substantial decrease in the annual number of cold nights
(or frosts)on average acrogdorizons Regigrwith perhaps 28 fewer cold nights by 2090 under RCP
8.5 (a decrease frord6 days per year during 198®05 to2 days per year during 2081100 under
RCR.5). The number of hot days is projected to increase significantly, with pedfapsre hot

days by 2090 under R@F (an increase frorh9 days per year during 1988005 to66 days per year
during 20812100 under RC®.5). The values ihable5-2 are a calculated average over therizons
Regionfor all VCSN points below 5@@altitude; hence the projectedhanges are lower (or higher)

than some of he localscale changes iRigure5-5 and Figure5-6.
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Table5-2:

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

Horizons RegionModel results from RCP 4.5 and RCP 8.5 are compared to the historical perio(D&36
The projected changes were averaged over all VCSN points across the Horizons Region brel@edaion.

After Mullan et al. (2016).

Historical 2040 number 2090 number
. 2040 change 2090 change
period days of days of days
RCP 4.5 29 +10 37 +18
Hot days 19
RCP 8.5 31 +12 66 +47
RCP 4.5 11 -7 7 -11
Cold nights 18
RCP 8.5 9 -11 2 -16
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5.3 Horizons Climate Change Precipitatirojections

Precipitation (rain + snow) projections show more spatial variation than the temperature projections.
Again, the magnitude of the projected change will scale up or down with the different RCPs, and will
also differ between climate modelBigureb-7 and Figure5-8 show the projected seasonal patterns

of precipitation change over the Horizons Region and surrounding areas at 2040 and 2090 for RCP
4.5 (averaging 37 climate models), dfigure5-9 andFigure5-10 show the same for RGF5

(averaging 41 climate models).

%
50

Summer ¥ .

L i " A (2031-2050)

Figure5-7:  Projected seasonal precipitation changes (in %) at 2040 (22330 average).Relative to 1986
2005 average, for the IPCC RICPscenario, averaged over 37 climate models. ©ONIWA.
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Figure5-8: Projected seasonal precipitation changes (in %) at 2090 (20800 average)Reldive to 1986
2005 average, for the R@S scenario, averaged over 37 climate mod@NIWA.
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Figure5-9: Projected seasonal precipitation changes (in %) at 2040 (22330 average)Relative to 1986
2005 average, for the IPCC R&B scenario, averaged ovét climate modelSONIWA.
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Figure5-10: Projected seasonal precipitation changes (in %) at 2090 (2B800 average)Relative to 1986
2005 average, forhe IPCC R@> scenario, averaged over 41 climate modeNIWA.

The RCR.5 and RCB.5 projections to 2040Figure5-7 and Figure5-9) indicate slightly more rainfall
in winter (up to 10% more) for thevestern part of Horizons Region. For the other seasons, the
projected precipitation change is +5%. By 2090 for R&fFigureb-8), more rainfall is projected for
the hill country west of Raetihi (up to 15% more) in wintaut for the other seasons the projected
precipitation change remains +5%.

For RCB.5 at 2090 in winterRigure5-10), the northern part of the region is projected to experience

up to 20% more precipitation, whereas precipitation fe eastern part of the region is projected to
decrease by up to 20% in some areas. In summer, the eastern part of Horizons Region is projected to
be wetter compared with the baseline, with up to 15% more precipitation projected for some parts,
whereas tle western part of the region may experience a small decrease in summer precipitation.

The full range of modgdrojected precipitation change (in %) is gifena humber of locations in
Horizons Regiofgrid points chosen by Horizons Regional Coumtdylel-projected changes are
given for 20312050 (2040) irmable5-3 and for 20812100 (2090) iMable5-4. The precipitation
changes are relative to the baseline period 128®5. Hence the projected changats2040 and
2090 should be thought of as 4®ar and 95/ear trends.
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Table5-3:

Projected changes in seasonal and annual precipitation (in %) between 28% and 2031

2050.for selected locations within tle Horizons Regional Council area, as derived from statistical

downscaling The changes are given for four RCPs (8.5, 6.0, 4.5 and 2.6), where the ensavebége is
taken over (41, 18, 37, 23) models respectivelylhe values in each column represehétensemble average,
and in brackets the rangetfbpercentile to 9%h percentile) over all models within that ensemb@ NIWA.

Region Summer Autumn Winter Spring Annual
Taumarunui
rcp 8.5 0 (-7, 11) 1¢11, 9 8 (-8, 24) 1(-9, 17) 2 (-3, 10)
rcp 6.0 -1¢13, 9) 0 (16, 12) 7(-7, 21) 0 (10, 8) 2 (-5, 10)
rcp 4.5 0(9, 9 0 (13, 11) 7(-7, 19) 2 (12, 12) 2(-4, 8)
rcp 2.6 0 (-6, 11) 0(-8, 11) 4 (-13, 18) 1(-9, 11) 2(-4, 9)
Pipiriki
rcp 8.5 0 (10, 10) 111, 7) 8 (-8, 25) 2(-9, 19) 2 (-3, 11)
rcp 6.0 -2 (12, 11) -1(-14, 8) 8 (-7, 22) 0 (10, 10) 2 (-5, 11)
rcp 4.5 0 (11, 8) -1(12, 8) 7 (-6, 19) 2 (12, 13) 2(4, 8)
rcp 2.6 0 (-6, 10) 0 (8, 8) 4 (-14, 18) 2 (-9, 13) 2(-4, 9)
Whanganui
rcp 8.5 0 (10, 11) -1 (10, 7) 5(-6, 16) 0 (-9, 14) 1(-5 7)
rcp 6.0 1¢11, 9 011, 7) 6 (-5, 16) 0(-7, 9) 1(-4, 8)
rcp 4.5 0(9, 9 -1(-9, 8) 5(-6, 15) 1(-8, 10) 1(-4, 6)
rcp 2.6 0 (-8, 11) 0(-8, 5) 3(-9, 16) 1(-8, 9) 1(-4, 7)
Bulls
rcp 8.5 0 €10, 11) -1 €11, 9) 6 (-6, 17) 1(-9, 15) 2(-5, 9)
rcp 6.0 -1 €11, 10) 0 (14, 10) 6 (-5, 18) 0 (-8, 10) 1(-4, 9)
rcp 4.5 0 (9, 10) 0 (12, 10) 5(-5, 15) 2(-9, 11) 2 (-4, 6)
rcp 2.6 0 (-8, 11) 19, 9 3 (10, 16) 1(-8, 10) 1(-3, 7)
Foxton
rcp 8.5 0 ¢10, 11) 0(9 9 6 (-5, 19) 0 (10, 13) 2(-5, 9
rcp 6.0 -1 €11, 11) 1 (12, 11) 6 (-5, 20) 0(9, 13 1(-5, 9)
rcp 4.5 0 €10, 10) 1 (10, 11) 6 (-5, 15) 1(-8, 10) 2(4, 7)
rcp 2.6 0 (-8, 10) 1(-8, 9) 4 (-10, 16) 1(-8, 8) 1(-3, 7)
Levin
rcp 8.5 0 (10, 10) 0(-9, 9 7 (-5, 20) 1(¢10, 14) 2(-4, 9)
rcp 6.0 -1 (10, 11) 1¢11, 10) 6 (-5, 20) 0(-8, 11) 2(-5, 9
rcp 4.5 010, 9 1(-9, 10) 6 (-5, 16) 1(-8, 11) 2(-4, 7)
rcp 2.6 0 (-7, 10) 1(-8, 9 4 (-10, 16) 1(-7, 9) 1(-3, 7)
Shannon
rcp 8.5 011, 11) 010, 9 6 (-5, 19) 1(-9, 14) 2(-5, 9)
rcp 6.0 -2 (11, 12) 1¢12, 112) 6 (-5, 19) 0 (-8, 11) 2 (-5, 10)
rcp 4.5 0 (11, 10) 1¢10, 11) 6 (-5, 16) 2 (-8, 11) 2(4, 7)
rcp 2.6 -1(-8, 10) 1(-8, 10) 4 (-10, 16) 1(-7, 9) 1(-3 8)
Palmerston North
rcp 8.5 0(-9, 11) 0 (10, 9) 6 (-6, 19) 1(-8, 15) 2(-4, 9
rcp 6.0 -1 (11, 9) 0 (11, 10) 7 (-5, 19) 0 (7, 10) 2 (-4, 10)
rcp 4.5 0(-9 11) 0 (-9, 10) 6 (-5, 16) 2 (8, 11) 2(-3, 7)
rcp 2.6 0( -8, 10) 1(-8, 7) 4 (11, 17) 1(7, 1p 2(-3, 8)
Taihape
rcp 8.5 010, 9 -1(-9, 4) 5(-6, 17) 1(-8, 14) 1(-3, 6)
rcp 6.0 1(-8, 16) 0(-9, 6) 6 (-6, 18) 1(-7, 11) 2(-3, 6)
rcp 4.5 0(-8, 9) -1(-8, 6) 5(-7, 16) 2 (-7, 10) 2(-2, 7)
rcp 2.6 2 (-5, 12) -1(-8, 5) 3 (10, 18) 1(-8, 10) 1(-4, 7)
Ohakune
rcp 8.5 0(-8, 11) 1E11, 7) 8 (-8, 26) 2 (10, 19) 2 (-3, 11)
rcp 6.0 112, 9 114, 7) 8 (-8, 23) 1(-8, 9) 2 (-4, 11)
rcp 4.5 0 (10, 7) 112, 7) 8 (-6, 20) 2 (11, 14) 3(-3, 7)
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Region Summer Autumn Winter Spring Annual
rcp 2.6 0 (-7, 10) 0(-8, 7) 5 (15, 19) 2 (-9, 14) 2( -4, 10)
Waimiha
rcp 8.5 0(-7, 11) 0¢11, 9 8 (-8, 23) 1(-9, 16) 2 (-2, 10)
rcp 6.0 -1 (14, 8) 0 (16, 14) 7 (-6, 20) 010, 7) 2 (-5, 10)
rcp 4.5 0(-9, 9 0 (13, 11) 7 (-7, 19) 1¢12, 11) 2(-4, 8)
rcp 2.6 0 (-6, 10) 1(-8, 12) 4 (-13, 18) 1(-8, 10) 2(4, 9
Ruahine Ranges
rcp 8.5 0(-9, 8) 0(-6, 6) 2(-6, 9) -1(-8, 7) 0(-4, 4)
rcp 6.0 1(-8, 13) 1¢10, 6) 2(9, 11) 08, 7 1(-3, 5)
rcp 4.5 0 (-8, 10) 0(-8, 8) 2(9, 10) 17, 9) 1(-3, 5)
rcp 2.6 1(-6, 10) 0(-7, 5) 1(-4, 9) 0 (9, 9 1(-3, 4)
Tararua Ranges
rcp 8.5 0 (11, 12) 1(-9, 9) (-5, 18) 1(¢12, 15) 2(4, 9
rcp 6.0 -2 (11, 13) 1(¢112, 11) (-7, 19) 0 (10, 12) 2 (-6, 10)
rcp 4.5 010, 9 1(-9, 11) (-6, 16) 2 (10, 12) 2(-5, 8)
rcp 2.6 -1 (-8, 10) 2 (-8, 11) 3 (-8, 14) 1(-8, 11) 2(-2, 8)
Eletahuna
rcp 8.5 0¢l6, 15) | -1(¢11, 9) (-4, 16) (-8, 16) 2 (-4, 10)
rcp 6.0 317, 17) | 0¢12, 7) 5(-6, 17) (-8, 11) 1 (-5, 10)
rcp 4.5 -1 (16, 12) 0 (10, 9) 5(-6, 15) 3(9, 13) 2(5, 7
rcp 2.6 -1 (13, 11) 0(-8, 7) 3 (-7, 14) 2 (-8, 12) 1(-3, 9)
Dannevirke
rcp 8.5 0 €11, 7) 0(-8, 6) (-7, 8) 0 (-7, 10) 0(-4, 4)
rcp 6.0 2 (10, 15) 1¢12, 8) (-5, 8) 0(-7, 9 1(-4, 6)
rcp 4.5 0(-8, 13) 0(-7, 9) (-7, 9 (-5, 10) 1(-3, 5)
rcp 2.6 2 (-5, 10) 0(-7, 5) 1(-4, 9) 0 (-8, 10) 1(-3, 4)
Pahiatua
rcp 8.5 0(-9, 10) -1(¢10, 8) 5(-5, 15) 1(-8, 15) 1(-3, 8)
rcp 6.0 113, 9) 0 (10, 8) 6 (-4, 16) 1(-7, 10) 2(4, 9
rcp 4.5 0 (11, 12) 0(-8, 8) 5(-7, 16) 2 (-8, 11) 2(4, 7)
rcp 2.6 0 (-10, 10) 0(-7, 6) 3(-9, 16) 2 (-7, 10) 1(-4, 7)
Akitio
rcp 8.5 0 (17, 10) 2 (10, 13) -5 (19, 4) -3 (14, 8) 2(-9, 4)
rcp 6.0 5(-9, 25) 3 (15, 13) -3 (16, 6) 0 €10, 12) 1(-7, 10)
rcp 4.5 1(¢10, 16) | 2 (10, 14) -5 (16, 11) 0F1, 16) | -1(-7, 7)
rcp 2.6 3(-8, 14) 1(-9, 11) 2(14, 12) | -2(14, 10)| 0(-6, 7)
Owahanga
rcp 8.5 0 (-16, 10) 2 (10, 13) -5 (-18, 5) -3F14, 8)| -2(9, 4)
rcp 6.0 4(-9, 23) 3 (15, 12) -3 (-14, 6) 0 (10, 11) 1(-6, 10)
rcp 4.5 1¢10, 16) 2 (10, 14) -4 (-14, 10) 011, 14) (-7, 7)
rcp 2.6 3(-8, 13) 1(-9, 11) -2 (-14, 12) 213, 9) 0(6, 7)
Table5-4:  Projected changes in seasonal and annual precipitation (in %) between P28% and 2084

2100.for selected locations within the Horizons Regional Council area, as derived from statistical
downscaling The changes are given for foRCPs (8.5, 6.0, 4.5 and 2.6), where the ensenaverage is

taken over (41, 18, 37, 23) models respectivelyThe values in each column represent the ensemble average,

and in brackets the range (5 percentile to 95 percentile) over all models withiretisgimble © NIWA.

Region Summer Autumn Winter Spring Annual
Taumarunui
rcp 8.5 2 (15, 22) -5 (24, 10) 16 (10, 36) 0 (22, 14) 4 (14, 14)
rcp 6.0 2 (22, 21) 2 (22, 45) 15 (-6, 65) 5 (16, 42) 7 (13, 44)
rcp 4.5 2 (10, 13) 0 (11, 12) 9 (-14, 28) 1(-9, 12) 3(-7,11)
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Region Summer Autumn Winter Spring Annual
rcp 2.6 2 (10, 15) 2 (10, 12) 7 (-5, 24) 4 (-6, 18) 4 (-4, 15)
Pipiriki
rcp 8.5 0 (26, 19) -6 (22, 7) | 17¢11, 37) 2 (22, 17) 4 (14, 14)
rcp 6.0 0 (29, 15) -2 (20, 13) 14 (-5, 39) 4 (17, 18) 4 (14, 14)
rcp 4.5 2 (12, 15) -1(-8, 9) 10 (14, 29) 2(-8, 14) 4 (-7, 11)
rcp 2.6 3(-8, 17) 2(-9, 9 7(-6, 25) 5(-6, 21) 4 (-3, 15)
Whanganui
rcp 8.5 0 (20, 20) -5 (16, 7) 10 (12, 28) -1 (19, 10) 1(¢11, 10)
rcp 6.0 2 (25, 35) 0 (15, 23) 11 (-8, 43) | 33 (12, 18) 4 (12, 30)
rcp 4.5 2 (13, 14) o(-7, 8§ 6 (10, 21) 1(-8, 11) 2(-5, 11)
rcp 2.6 3 (-8, 14) 2(-8, 6) 6 (-5, 20) 3(-8, 14) 3 (-3, 13)
Bulls
rcp 85 1622, 19) | -4(19, 8)| 12(11, 29) 1¢18, 12) 2 (12, 11)
rcp 6.0 0 (26, 13) -1(¢19, 16) | 10(-7, 30) 3 (13, 15) 3 (13, 13)
rcp 4.5 2 (13, 15) 0(-7, 10) 712, 22) 2(-7, 12) 3(-6, 10)
rcp 2.6 3(-9, 15) 2(-8, 11) 6 (-5 21) 4 (-7, 16) 4 (-3, 14)
Foxton
rcp 8.5 -1(23, 18) | -2(16, 10) | 13 (-7, 32) 0 (17, 11) 3 (10, 11)
rcp 6.0 0 (26, 13) 1¢16, 17) | 11 (-5, 30) 2 (12, 11) 3 (12, 13)
rcp 4.5 2 (12, 15) 1(-6, 9) 8 (10, 23) 1(-6, 10) 3(-6, 10)
rcp 2.6 3 (-9, 16) 3(-7, 12) 6 (-5 21) 3(-8, 12) 3(-3, 14)
Levin
rcp 8.5 0 (23, 18) -2 (16, 10) | 14 (-7, 34) 1¢16, 13) 3 (10, 12)
rcp 6.0 0 (26, 13) 1¢15, 16) | 11(-5, 31) 2 (11, 12) 4 (12, 14)
rcp 4.5 2(11, 16) | 1(-5, 9) 9(10, 23) | 1(-6, 11) | 3(-5 11)
rcp 2.6 3(-9, 16) 3(-6, 11) 6 (-5, 21) 3(-7, 13) 4 (-3, 14)
Shannon
rcp 8.5 -1(27, 18) | -2(16, 10) | 13(-8, 32) | 1(17, 13) | 311, 12)
rcp 6.0 -1(29, 12) 1¢16, 17)| 11(-5, 30) 3 (11, 14) 4 (13, 14)
rcp 4.5 2 (13, 16) 1(-6, 9 8 (10, 22) 2(-6, 12) 3(-6, 11)
rcp 2.6 3 (10, 17) 3(-7, 12) 6 (-5 21) 3(-7, 14) 4 (-3, 14)
Palmerston North
rcp 8.5 0 (17, 20) -3 (16, 8) | 1311, 31) 1¢18, 13) 3 (10, 11)
rcp 6.0 0(22, 12) | 0¢15, 14) | 11(-6, 33) | 3(12, 15) | 4(¢11, 13)
rcp 4.5 2 (11, 13) 1(-6, 8) 8 (12, 23) 2(-7, 12) 3(-6, 11)
rcp 2.6 2(-8, 14) 2(-7, 9) 6 (-6, 22) 4 (-7, 16) 4 (-3, 14)
Taihape
rcp 8.5 7(-5 28) | -5¢15, 8) | 1114, 32) -1(¢18, 12) | 3 (-3, 11)
rcp 6.0 4(-6, 18) | -2(12, 9) | 10(-8, 30) 2 (10, 17) 4 (-4, 12)
rcp 4.5 2(-5 10) | -1(-8, 6) 7 (11, 23) 1(-7, 13) 2(-2, 10)
rcp 2.6 0(11, 9) 1 (-8, 8) 6 (-5, 21) 4 (-4, 13) 3(-4, 11)
Ohalune
rcp 8.5 1¢19, 20) -7 (22, 7) 18 (11, 38) 322, 19) 4 (13, 14)
rcp 6.0 025, 15) | -2(19, 11) | 14(-5, 41) | 416, 19) | 5¢12, 14)
rcp 4.5 2(11, 13)| -1( -8 8) | 10¢15 29) | 2(-8, 15) | 4(-6, 12)
rcp 2.6 2 (-8, 16) 1¢10, 8) 7 (-6, 26) 5(-7, 23) 4 (-3, 15)
Waimiha
rcp 8.5 2 (18, 21) -4 (24, 11) | 16 (-8, 36) 0 (22, 13) 4 (15, 14)
rcp 6.0 1¢24, 17) 0(¢22, 18) | 13 (-6, 35) 2 (16, 15) 4 (13, 14)
rcp 4.5 211, 13) | 1¢11, 1n) 9 (14, 27) 1(-9, 12) | 3(-7, 10)
rcp 2.6 2(9, 15) | 2¢10, 13) | 7(-5 23) 4(-6, 17) | 4 (-4, 15)
Ruahine Ranges
rcp 8.5 4(9, 25) | -1(11, 8) | 2¢13, 13) | -4(17, 7) (-6, 8)
rcp 6.0 3(-7, 16) 1(-8, 8) 3 (10, 19) 0(-9, 10) 2 (-6, 10)
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Region Summer Autumn Winter Spring Annual
rcp 4.5 2(-7, 10) 1(-9, 7) 2(-9, 11) 0 (10, 9) 1(-4, 6)
rcp 2.6 1(-8, 9) 1(-5, 8) 2(-4, 9) 2 (-7, 10) 2(-5 9)
Tararua Ranges
rcp 8.5 -1(-31, 22) | -1(15, 11) | 14 (-4, 29) 2 (15, 16) 4 (11, 12)
rcp 6.0 -1 (31, 13) 1¢15, 18) | 10(-5, 27) 3 (13, 15) 4 (13, 15)
rcp 4.5 212, 17) 2(-6, 10) 8 (-7, 21) 2 (-6, 15) 4 (-5, 11)
rcp 2.6 3 (10, 20) 3(-8, 13) 5 (-3, 19) 3(-6, 14) 4 (-3, 14)
Eletahuna
rcp 8.5 -6 (42, 20) | -5(17, 8)| 12(-4, 27) 3¢17, 17) 2 (13, 11)
rcp 6.0 -3 (40, 17) | -1(1e6, 12) 9(-6, 26) 4 (11, 19) 3 (15, 14)
rcp 4.5 1¢19, 18) o(-7, 7) 7(-7, 19) 3 (-6, 16) 3(-6, 11)
rcp 2.6 512, 21) 2(-8, 7) 5(-3, 18) 5(-6, 20) 4 (-3, 14)
Dannevirke
rcp 8.5 5(-8, 26) 1E11, 9| -1¢14, 9) -3 (18, 12) (6, 7)
rcp 6.0 4 (-6, 15) 0 (-7, 9| 2¢12, 17) 1(-8, 13) (-3, 10)
rcp 4.5 2(-9, 13) 0(8 7)| 1(-8, 10) 0(-8, 11) 1(-4, 5)
rcp 2.6 0(-9, 11) 1 (5 10| 2(-5 9 3(-5, 12) 2(-5, 9)
Pahiatua
rcp 8.5 -1(16, 21) | -4(¢16, 8)| 10(12, 27) 217, 13) | 210, 10)
rcp 6.0 0 (21, 11) -1(¢14, 12) | 9(-8, 27) 3 (10, 17) 3 (10, 13)
rcp 4.5 2 (11, 13) 0(-7, 8) 7 (10, 23) 2(-7, 13) 3(-5, 12)
rcp 2.6 2(-7, 12) 2(-7, 8) 6 (-4, 19) 4 (-6, 16) 4 (-3, 13)
Akitio
rcp 8.5 12( -7, 33) 7(-8, 19) | -1535, 2) 927, 4)| -2¢11, 11)
rcp 6.0 8 (-9, 20) 4 (11, 15) | -8(¢32, 8) 418, 11) | 0(-9, 9
rcp 4.5 4(11, 15) | 212, 13) | 6(26, 9) | -2¢17, 10)| -1¢13, 7)
rcp 2.6 -2 (18, 9) 1(-8, 12) | -2(10, 9) 0¢11, 11) | -1(-8, 5)
Owahanga
rcp 8.5 10( -8, 32) 7(-7, 19) | -14(34, 2) 926, 4)| -3(¢11, 11)
rcp 6.0 7(-9, 19) 4 (11, 15) | -7(¢30, 8) -3(18, 10)| 0(-8, 9
rcp 4.5 4 (11, 16) 2F12, 13) | -5(25, 9 2¢17, 9| -1(¢12, 6)
rcp 2.6 216, 9 1(-9, 12) | -1(¢10, 8) 010, 10) | -1(-8, 5)

The seasonal and annual ensemble average projection (the number outside the bracKetsles3

and Table5-4 is the precipitation increase (in %) fie given locations for 2040 and 2090

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 each RCP feach season and the annual projection.

For many locationghere is no cleaseasonal and annugrecipitation signal, even at 2090 under

RCP 8.5. The ensemigleerage is often less thatb%, with the model range (thé"%nd 95"

percentile values) vamyg between quite large (>10%) increases and decreases. By 2042(Z53R1
relative to 19862005), winter is the season with the most precipitation change, with a small increase
in the ensembleaverageat most locationgup to 86 across the differeriocatons andRCPs)Akitio

and Owahanga arihe only locatiosto showa negative precipitation change by 2040.

By 2090 (2082100, relative to 198@005),there is a clearer precipitation signal at most locations.
For most locationsyinter is still the seamn with the most precipitation change, widome locations
projectingincreases in the ensembbeverageat around 15% (Ohakune has the highest projected
winter precipitation increase of 18% at RCP 8.5). However, the direction of projected precipitation
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change is not uniform across the region; precipitation for Akdtiml Owahangés projected to
decrease by-15% by 2090 under RCP 8.5.

5.4 Temperature and precipitation projection comparisons within RCPs

The average picture of projected temperature and rainfairges in the tables and maps in Sections
5.1 to 5.3 obscures significant variations between the individual models run under each RCP on the
projected seasonal changdsgure5-11 and Figureb-12 show s@sonal temperature projections

from all the models individually averaged over the Horizons Region for 2040 and 2090, respectively.
The coloured vertical bars, and inset stars, show the individual models, so the complete range is
displayed (unlike Tablesh 53, and 54 where the % to 95" percentile range has been calculated).
Figure5-11 andFigure5-12 show an excellent way of not only demonstrating the difference with
season and RCP, but also thaga of model sensitivity. The black stars within each vertical bar
represent the results of the 6 Regional Climate Model (RCM) simulations; the RCM projections tend
to be in the lower half of the statisticallyownscaled results, owing to the btasrrecton applied to

the raw RCM output.

For 2040 Figure5-11), all four RCPs project quite similar changes on average (ravdedge

warmingg the black horizontal line on the bacds within about 0.5°C). The models for RCP 8.5 have
the greatest spread, particularly in summer. However, the models all agree on the direction of
change (i.e. warming). For 20Fidure5-12), the model spread is much larger, with the models for
summer for RCP 8.5 spread acrossaat 4°C of warming (from ~2.1°C to ~5.9°C). All of the models
agree on the direction of change (i.e. warming), aside from the lowest model under RCP 2.6 for
summer, which projects no temperature change (~0°C) by 2090.

Regional Gouncil Range of Temperature Changes, 4 RCPs, 2031-2050: Manawatu
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Figure5-11:. Projected seasonal temperature changes by 2040 (2@850) averaged over the Horizons
Region, for the four RCP$he vertical coloured bars show the range over all climate models used, and
colouredstars the projected changes feach model individuallgresults from statistical downscaling)he
black stars represent the-hodel dynamical downscaling chang&he short horizontal line is the model
average warmingver all statistical and dynamical modeBlue = RCP.6, 23 moded; green = RCR5, 37
models; yellow = RG30, 18 models; red = R85, 41 models® NIWA.
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Regional Council Range of Temperature Changes, 4 RCPs, 2081-2100: Manawatu
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Figure5-12: Projected seasonal temperature changes by 2090 (2@800) averaged over the Horizons
Region, for he four RCPsThe vertical coloured bars show the range over all climate models used, and
colouredstars the projected changes for each model individu@gégults from statistical downscalinghe
black stars represent the-hodel dynamical downscalirhangesThe short horizontal line is the model
average warmingver all statistical and dynamical modelue = RCP.6, 23 models; green = R€B, 37
models; yellow = RG&0, 18 models; red = RBR, 41 models®© NIWA.

Figureb-13 and Figure5-14 show seasonal rainfall projections from all the models individually for the
Whanganuirid point only for 2040 and 2090, respectively. There is disagreement between the
models as to the direction of projeaeainfall changes, as identified Table5-3 and Table5-4 for

the different RCPs. However, for 2040 in Figufe85the modelaverage rainfall projections are quite
similar for all seasons (with summiaging the most variable), even though the spread of the models
under each RCP is quite large (spread across approxima@styto +20% precipitation change). For
2090 Figureb-14), the model spread under each RCP is much lahger in Figure5-13 and the
modelaverages between each RCP are quite varied.

Note thatFigure5-13to Figure5-16 show the model variability at two grid points onk/kanganui

and Dannevirké, 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 replicated for any grid
point in theHorizons Regigrupon request.
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Regional Council Range of Rainfall Changes, 4 RCPs, 2031-2050: Manawatu, Wanganui
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Figure5-13: Projected seasonal rainfall changes by 2040 (2@4D0) for Whanganui, for the four RCPhe
vertical coloured bars show the range over all climate models used¢@ndredstars the projected chares

for each model individuallgresults from statistical downscalindjhe black stars represent thensodel

dynamical downscaling changd$ie short horizontaite is the modehverage rainfall over all statistical and
dynamical modelsBlue = RCP 2.63 Znodels; green = RCP 4.5, 37 models; yellow = RCP 6.0, 18 models; red =
RCP 8.5, 41 model®.NIWA.

Figure5-14. Projected seasonal rainfall changes by 2090 (2@3D0) for Whanganui, for the four RCPihe

vertical coloured bars show the range over all climate models usedg@ndredstars the projected changes

for each model individuallgresults from statistical downscaling)he black stars represent thensodel

dynamical downscaling changd$ie shat horizontal Ine is the modehverage rainfall over all statistical and
dynamical modelsBlue = RCP 2.6, 23 models; green = RCP 4.5, 37 models; yellow = RCP 6.0, 18 models; red =
RCP 8.5, 41 model®.NIWA.
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