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Executive summary

¢CKS .lF& 2F tftSydeqQa OtAYIFIGS Aa OKIFIy3aAyaA:I | yR (GKS
is internationally accepted that human greenhouse gas emissions are the dominant cause of recent

global climate change, and that further changes walutefrom increasing amounts of greenhouse

gases in the atmosphere. The rate of future climate change depends on how fast greenhouse gases
increase.

Bay of Plenty Regional Council commissioned NIWA to analyse projected climate changes for the Bay

of Plene wS3IA2Yy YR LRGIGSYGAFt AYLI OGa 2F OfAYFGS OKLF
and sectors. This report addresses expected changes for 24 different climate variables out to 2100

and draws heavily on climate model simulations from the Intergovemtal Panel on Climate

Change (IPCC) Fifth Assessment Repbafollowing bullet points outline some key findings of this

report:

A The projectedBay of Plentyemperature changes increase with time and emission
scenario. Future annual average warming sparwide range: 0-%.0°C by 2040, and
1.0-3.5°C by 2090. Diurnal temperature range (i.e., difference between minimum and
maximum temperature of a given day) is expected to increase with time and emission
scenarios.

A The average number diot days(days >25C)andextreme hot day¢days >30°Q3
expected to increase with time and scenario, witke largest increases in the central
part of the region and the least in the eastern hill countiiye area between Maketu,

2 KF1lFdny ST | yR a dzNPsndbréNdot days ger yead by S0MAA$th v N
scenarios) and #80 more hot days per year by 2090 (RCP8.5). Extreme hot days for
this area may increase by2ldays per year by 2040 (both scenarios), and4@nore

days per year by 2090 (RCP8.5).

A Projected changeis rainfall show variability across tigay of Plentyegion.By 2040
under both scenarios, annual rainfall is not expected to change much, but the
seasonality of rainfall is expected to change with spring and summer generally
becoming drier and winter anautumn becoming wetter thathe historic period By
2090, annual rainfall totals are projected to decline under both scenarios. Similar to
2040, summer and spring rainfall is projected to decline, and winter and autumn
rainfall is projected to increase.

A Extreme, rare rainfall events are projected to become more severe in the fultt
duration rainfall events have the largest relative increases compared with longer
duration rainfall eventsThe depth currently projected for aith-100-year rainfall
event (e.g. 248 mm in Tauranga) is projected to becomeéra3é-year event by 2090
under RCP8.5, i.e. a rainfall event of this magnitude may occur three times as often
under this scenario.

A Drought potential is projected to increase across the Bay of Pleiitly increasing
accumulated Potential Evapotranspiration Deficit totals with time and increasing
greenhouse gas concentrations. The coastal areas around Tauranga and Te Puke are
expected to observe the largest increases in PED, and the hill countrycéitbas
Urewera and Raukumara Ranges the smallest increases in PED.

Climate change projections and impacts for the Bay of Plenty Region 11



A There is good evidence that storms originating from the-gapics in the summer
that impact on the Bay of Plenty have more intense circulation that is likely to lead to
stronger winds, geater storm surge and higher rainfalkcumulationsEvidence for
such changes in other seasons is less clear. However, there is also good evidence that
heavy rainfall intensity associated with storms increases in all seasons with global
warming,particularly in winter, likely associated with the increased moisture carrying
capacity of a warmer atmosphere.

A changing climate will have impacts on different sectors and environments in the Bay of Plenty.

A Sealevel rise information from Ministry fole Environment (2017) is presented, as
well as sedevel rise projections for the Bay of Plenty, which is rising slightly faster
than the New Zealand average. Overall, the Bay of Plenty coastline has mekigtate
sensitivity to erosion and inundation.

A Inaeasing temperatures are likely to result in higher biosecurity risks in the Bay of
Plenty, through pest incursions (both animal and plant pests). This is because pests
that cannot survive in the region over winter currently (because it is too cold) may be
able to survive yearound in the future. This may have implications for the primary
sector and the natural environment.

A ltis likely that the region will experience more drought conditions in the future, with
implications for pasture growth and crops.

A Hayward kiwifruit is particularly dependent on winter chilling. As air temperatures in
the region continue to rise, the potential for years with marginal or poor winter chilling
conditions steadily increases. This could make kiwifruit production marginal or
unviable in parts of the Bay of Plenty (this is assuming no use of chemical agents to
break dormancy).

A There may be opportunities for diversification of crop type in the Bay of Plenty, where
new varieties that are unviable in the current climate may bke &b be grown in the
region in the future.

A Exotic forestryRinus radiatiis projected to increase in productivity in the future due
to increasing temperatures and increased:Clbwever, increased fire risk may cause
issues in the forestry industry.

A Human health is likely to be impacted by a changing climate, through both direct and
indirect impacts. Direct impacts include injury from floods, extreme heat, and storms,
and indirect effects include microbial contamination, mosqguitrne diseases, algal
blooms, mental health, and air quality.

12 Climate change projections and impacts for the Bay of Plenty Region



1 LYGNRRdAzOGAZ2Y
Climate change is already affecting New Zeakmdithe Bay of Plentyith downstream effects on
our natural environmentthe economyand communities. In the coming decades, climate chasge

highly likelytoA Yy ONB I & Ay 3t & L12asS OKIttSy3asa G2 bSs %Sty

Bay of Plenty Regional Courmimmissionedhe National Institute of Water and Atmospheric
ResearcifNIWA to underteke a review of climate change projecticausd impactgor the Bay of

Plenty RegionHigurel-1). This worKollowsthe publication of the Intergovernmental Panel on
Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014, and the New Zealand climate
changeprojectionsreport published by the Ministry for the Environmefupdated 2018)Ministry

for the Environment2018) The contents of this technical report include analysis of climate
projections for the Bay of Plenty Region in greater detail than the natscae analysis. Regional
scale climate projection maps have been provided fbdiZerent climate vambles and GIS data

files have been provided to the Council

Thistechnicalreport describes changes which may occur over2tfécenturyto the climate ofthe
Bay of PlentyRegion. Consideratiombout future changéncorporates knowledge djoth natural
variations in the climate and changes that may result from increasing global concentrations of
greenhouse gasdbat are contributed to bynuman activities. Climatic variables discussethis
reportinclude temperaturerainfall, potentialevapotranspiration deficita measure of drought
potential), soil moisture, storminess, wind, solar radiation, and humiditpjections for sedevel
rise are also discussedommentary on climate change impacts and implicattonsome ofthe Bay
of PlentyQ different environments andectorsare provided, includingiosecurity, horticulture,
agriculture, forestry, and health

Some of thanformationthat underpins portions of this reporesulted from academic studies based
on the latest assessments thfe Intergovernmental Panel on Climate ChafiggCC, 2013, IPCC,
2014c, IPC, 2014a, IPCC, 2014b¥gtailsspecific toBay of Plentyvere based on scenarios for New
Zealandhat weregenerated by NIWA from downscaling of global climate maitalulatiors. This
effort utilisedseveral IPCC representative concentration pathways for the fu#tndethis was
achievedi K NP dz3a K  b-furtddéd Régior@aviedelling Programme. The climate change
information presented in this report is consistent with recentlydatednationatscale climate
changeguidance produced for thMlinistry for the Environment (2018and sedevel rise

information is consistent with the coastal hazards guidance manual publishilinistry for the
Environment (2017)

The remainder of this chapter includes a brief introduction of global and New Zealand climate

change, based on the IPCC Fifth Assessment Report. It includes an introduction to the climate change
scenarios used in this report, and the methodology that exglthe modelling approach for the

climate change projections that are presented Bay of Plenty
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1.1 Globaland NewZealancclimate change

Key messages

1 The global climate system is warming and many of the recently observed climate changg
unprecedented.

1 Global mean sea level has risen over the past century at a rate of about 1.7 mm/year an
very likelyaccelerated to 3.2 mm/year since 1993.

1 Human activities (and associated greenhouse gas emissions) are estimated to have cay
approximately 1.0°C of global warming above-prdustrial levels.

1 Estimated humasinduced global warming is currently increasatd.2°C per decade due to
past and ongoing emissions.

1 Continued increases in greenhouse gas emissions will cause further warming and impac
all parts of the global climate system.

Warming of the global climate system is unequivocal, and sinceds@s] many of the observed

climate changes are unprecedented over short and long timescales (decades to mid#@ia)

2013) These changes include warming of tftmosphere and ocean, diminishing of ice and snow,

sealevel rise, and increases in the concentration of greenhouse gases in the atmosphere. Climate
change is already influencing the intensity and frequency of many extreme weather and climate

events glohlly. Shifts in average temperatures will result in proportionally large increases in the
200dzNNByYyOS 2F SEGNBYS (GSYLISNI GdzNB&ad ¢KS 9 NIKQa
over the period 1882012. The rate of sel@vel rise since the miti9" century has been larger than

the mean rate of change during the previous two millennia. Over the period-200Q, global mean

sea level rose by 0.19 m.

The atmospheric concentrations of carbon dioxide have increased to levels unprecedented in at least
the last3 millionyears(Willeit et al., 2019)Carbon dioxide concentrations have increaseatigast

40% since préndustrial times, primarily from fossil fuel emissions and secondarily fromanetuse
change emissions (IPCC, 2013May 2019the carbon dioxide concentration of the atmosphere
reached 415 parts per milliohe ocean has absorbed about 30% of the emitted anthropogenic
carbon dioxide, causing ocean acidification. Due toitfieence of greenhouse gases on the global
climate system, it is extremely likely that human influence has been the dominant cause of the
observed warming since the mg0" century(IPCC, 2013, IPCC, 2018)

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(Retgnger et

al., 2014)s well as a report published by the Royal Society of New Ze@aydl Society of New
Zealand, 2016XKey findings from these publications include:

The regional climate is changinghe Australasigegion continues to demonstrate lortigrm 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 contriied to rising average temperatures in New Zealand. Changing
precipitation patterns have resulted in increases in rainfall for the south and west of the South Island
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and west of the North Island and decreases in the northeast of the South Island andsttenda
north of the North Island. Some heavy rainfall events already carry the fingerprint of a changed
climate, in that they have become more intense due to higher temperatures allowing the
atmosphere to carry more moistui®ean et al., 2013)Cold extremes have become rarer and hot
extremes have become more common.

The region has exhibited warming to theepent and is virtually certain to continue to do so. New
Zealan@ @ean annual temperature has increased, on averagd,. @ C (x ®5°C) percentury
since 1909Figurel-2).

NZ 7-station annual average temperature, minus 1981-2010 normal (adjusted for site changes)
1.0 T T T T T I T

Trend: 1.0040.25°C/century (1909-2018)
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Figurel-2: New Zealanchational temperature series, 1902018.More information about theNew Zealand
sevenstationtemperatureseries can be found dittps://www.niwa.co.nz/ourscience/climate/information
andresources/nzemp-record/sevenstation-seriestemperature-data

Warming is projected to continue through the 21century along with other changes in climate.
Warming is expected to be associated with rising snow lines, more frequent hot extremes, less
frequent cold extremes, and increasing extreme rainfall relatefidod risk in many locations.

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

Impacts and vulnerabilityWithout adaptation, further climateelated changes are projected to
have substantial impacts on water resourcesastal ecosystems, infrastructure, health, agriculture,
and biodiversity. However, uncertainty in projected rainfall changes and other cliraktied
changes remains large for many parts of New Zealand, which creates significant challenges for
adaptation.

Additional information about recent New Zealand climate change can be fouvithistry for the
Environment (2018)
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1.2 Year to year climate variability and climate change

Key messages

1 Natural variability is an important consideration in addition to the underlying climate char
signal.

1 El NifieSouthern Oscillation is the most dominant mode of ird@nual climate variability an
it impacts New Zealand primarily through changing winthgerature and rainfall patterns.

1 The Interdecadal Pacific Oscillation affects New Zealand through drier conditions in the
and wetter conditions in the west during the positive phase the opposite in the negative
phase.

1 The Southern Annular Mode affedtiew Zealand through higher temperatures and settled
weather during the positive phase and lower temperatures and unsettled weather during
negative phase.

1 Natural variability will continue to affect the yets-year climate of New Zealand into the
future.

Much of the material inthis reportfocuses on the projected impact on the climatithe Bay of

Plentyover the coming centurgue toincreases in global anthropogenic greenhouse gas

concentations. However, natural variatiomgll also continue taccur.Much of the variation in New
wSFflFyRQa OftAYFGS Aa NIYR2Y | YR f | &ylkvafiafioNd 2yt & |
in climate can be attributed to different factors. Three lasgmle oscillations that influence climate

in New Zealnd are the El Nifi®outhern Oscillation, the Interdecadal Pacific Oscillation, and the

Southern Annular Mod@Mlinistry for the Environment, 2008Yhose involved in (or planning for)
climate-sensitive activitiein the Bay of Plenty Regiavill need to cope with the sum of both

anthropogenic change and natural variability.

1.2.1 The effect of El Nifio and La Nifia

El NifieSouthern Oscillation (ENSOgisatural mode of climate variability that has widenging
impacts around the Pacifasin(Ministry for the Environment, 2008ENSO involgea movement of
warm ocean water from one side of the equatorial Pacific to the other, changing atmospheric
circulation patterns in the tropics and subtropics, with corresponding shifts for rainfall across the
Pacific.

During El Nifio, easterly tradewindsS | { Sy YR g N¥Y 6+ GSNJ WaALIAtftaQ S
Pacific, accompanied by higher rainfall than normal in the ceetat Pacific. La Nifia produces

opposite effects and is typified by an intensification of easterly trade winds, retentionrof weean

waters over the western Pacific. ENSO events occur on average 3 to 7 years apart, typically becoming
established in April or May and persisting for about a year thereafter.

During El Nifio events, the weakened trade winds cause New Zealand tieexpea stronger than
normal southwesterly airflow. This generally brings lower seasonal temperatures to the country and
drier than normal conditions to the north and east of New Zealamcluding the Bay of Plenty
(Salinger and Mullan, 199@igurel-3). During La Nifia conditions, theestgthened trade winds

cause New Zealand to experience more neg#sterly airflow than normal, highéhan-normal
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temperatures (especially during summer), and wetter conditions in the north and east of the North
Island including the Bay of Plengizigurel-3).

Average Summer Percent
of Normal Rainfall
during La Nifia'

Average Summer Percent «
of Normal Rainfall \\# "
during EI Nifio’

Figurel-3: Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (rightyifo
composite uses the following summef963/64, 1965/66, 1968/69, 1969/70, 1972/73, 1976/77,
1977/78, 1982/83, 1986/87, 1987/88, 1991/92, 1994/95, 1997/98, 2002/03. La Nifia composite
uses the following summers: 1964/65, 1970/71, 1973/74, 1975/76, 1983/884/85, 1988/89,
1995/96, 1998/99, 1999/2000, 2000/01. This figure was last updat@)05 © NIWA.

According tdPCC (2013ENSO is highly likely to remain the dominant mode of natural climate
variability in the 21 century, and that rainfall variability reliaig to ENSO is likely to increase.
However, there is uncertainty about future changes to the amplitude and spatial pattern of ENSO.

1.2.2 The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation (IPO) is a{scgée, longperiod oscillation that influences
climate variability over the Pacific Basin including New Zed&alinger et al., 2001 he IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 years. During the positive
phase of the IPO, sea surface temperatures around New Zealand tend to be lower, and westerly
winds stronger, resulting idrier conditions for eastern areas of both North and South Islands
(including the Bay of Plenty)he opposite occurs in the negative phase. The IPO can modify New

St yRQa O2yySOiGAz2y (2 9b{hZ FyR Al ingP@2 L2 &AGA

phases) and La Nifia (during tpDases).

1.2.3 The effect of the Southern Annular Mode

The Southern Annular Mode (SAM) represents the variability of circumpolar atmospheric jets that
encircle the Southern Hemisphere that extend out to the latitudeN@iv Zealand. The SAM is often
O2dzLJt SR 6A0GK 9b{hX YR 020K LKSy2YSyl I FFSOi
strength and storm occurreng@&enwick and Thompson, 2008) its positive phase, the SAM is
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associated wh relatively light winds and more settled weather over New Zealand, stitinger
westerly winds further south towards Antarctica. In contrast, the negative phase of the SAM is
associated with unsettled weather and stronger westerly winds over New Zealdratleas wind and
storms decrease towards Antarctica.

The phase and strength of the SAM is influenced by the size of the ozone hole, giving rise to positive
trends in the past during spring and summer. In the future other drivers are likely to havepaatim

on SAM behaviour, for example changing temperature gradients between the equator and the high
southern latitudes would have an impact on westerly wind strength in thehigt latitudes.

1.2.4 The influence of natural variability on climate change projexio

It is important to consider humamduced climate change in the context of natural climate
variability. An exampleof this for temperaturds shown irFigurel-4. The solid black line on the left
hand side representthe observed annual average temperature for New Zealaaad the dashed
black line represents the 196814 trend of 0.92C/century extrapolated to 2100. All the other line
plots and shading refeotthe modelledair temperature averaged over tHéew Zealand regian
Post2014, the two line plots show the annual temperature chanigeshe New Zealand region
under RCP8.5 (orange) and RCP2.6 (blue); a single imagtdcted to illusate the interannual
variability. The shading shows the range acrab?CQAR5 models for both historical and future
periods.

Over the 190€2014 historical period, thblew Zealand observed temperature curve lies within the

simulations of all models (purple shading)r the future 20152100 period, the RCP2w6odels(blue

shading) showery little warming trend after about@30, whereas the RCP8.5 mod@snge

shadingWi I {S 2FFQ (2 060S FyesgKSNBE 06SGo6SSy bHc/ YR b

Figurel-4 should not be interpreted as a set of specific predictions for individual yElargever it

illustrates that although we expect a long term overall upward trend in temperatures (at least for

RCP®&), there will still be some relatively cool yedrsr this particular example, a year which is

dzy dza dzl t € @ &I NY dzy RSNJ 2dzNJ LINBaSyid OfAYIGS O2dz R 0o
G NYE @PIMNIBSY NBQ GAYS 0 dzy R &iNS) is likedy tokod vlrKn&ridarS YA 4 & A 2
anything we currently experience.

1 https://www.niwa.co.nz/ourscience/climate/informatiorand-resources/nzemp-record/sevenstation-seriestemperaturedata
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Figurel-4: New Zealand Temperaturehistorical record and an illustrative schematic projection
illustrating future yearto-year variability. (See text for full explanationfrromMinistry for the
Environment (2018)

For rainfall, multidecadal variability associated with the IPO can enhance or countémibectsof
anthropogenic climate chang&hisinfluencemaygenerateeither slightly above normadr below
normalrainfall for parts ofNew Zealand during summer. For thistoricperiod,IPOnegative
conditions coupled with more frequent La Nifia episodes could increase rainfall during spring and
summer, essentiallin the opposite direction as expected froanthropogenic factors (i.e. a potential
reduction in spring and summer rainfall} subsequent further reversal of the IPQLtR20& S | NE& Q
time could have the opposite effect, enhancing part of the anthropogeimar(g) trend in rainfall for

a few decadesThe message from the sectiomist that anthropogenic trends in climate can be
ignored because of natural variability. In the projections, we have discussed these anthropogenic
trends because they become themaant factor locally as the century progresses. Nevertheless, we
need to bear in mind that at some times natural variability will be adding to the heinduced

trends, while at others it may be offsetting part of the anthropogenic effect.
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1.3 Representative&Concentration Pathways

Key messages

1 Future climate change projections are considered under four emission scenarios, called
Representative Concentration Pathways (RCPs) by the IPCC.

1 The four RCPs project different climate futures based on future greenlgasse
concentrations, determined by economic, political and social developments during the 2
century.

1 RCP2.6 is a mitigation scenario requiring significant reduction in greenhouse gas emissi
RCP4.5 and RCP6.0 are-naidge scenarios where greenhougas concentrations stabilise b
HmMnanX YR w/tydp A& | WodaAAySaa | a dzadz
at current rates.

1 Projections for the future climatin the Bay of Plentgire presented for RCP4.5 and RCP8.5
this report.

Assessinggssiblechangedor our future climate due tohumanactivity is difficult because climate
projections dependtronglyon estimates forfuture greenhouse gas concentrations. Those
concentrations depend on global greenhouse gas emissions that are driven by factors such as

economic activity, population changes, technological advances and policies for sustainable resource

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

Thisrange of uncertaintyhas been dealt with by thlPCQi K N2 dzZ3 K O2y aARSNI GA2y 27

describe concentrations of greenbse gases in the atmospherehe wide range of scenarios are
associated with possible economic, political, and social developments during fhetlry, and via
consideration of results from several different climate models for any given scenarie@ 2013

IPCC Fifth Assessment Report, the atmospheric greenhouse gas concentration compbtimse
scenarios are called Representative Concentrations Pathways (R#ss .arabbreviatedas

RCP2.6, RCP4.5, RP6.0, and RCP8.5, in order of increasitigeréacing by greenhouse gaggs.

the change in energy in the atmosphere due to greenhouse gas emis$§@i22.6 leads to low
anthropogenic greenhouse gas concentrations (requiring removal pfr@® the atmosphere, also
Ottt SR IKSSWNNRAFE IWRYRPAOF YR w/tcdn FNB (g2
greenhouse gasoncentrationsand therefore radiative forcing stabilises by 2100) and RCP8.5 has
GSNE KAIK INBSYyK2dzaS 3AFa O2yOSYy (NI GA2BCRs 00GKS
represent a range of 2century climate policiesTablel-1 shows the projected global mean surface
air temperature for each RCP.
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Tablel-1:

Projected change in global mean surface air temperature for the n@dd late- 21st century

relative to the reference period of 198@005 for different RCP#fter IPCC (2013).

20462065 (midcentury) 2081-:2100 (endcentury)
Scenario Alternative
Likely range Likely range
name
Mean (°Q . Mean (°C) o
(°C) (°C)
Mitigation
RCP2.6 ) 1.0 04t01.6 1.0 0.3t0 1.7
scenario
Stabilisation
RCP4.5 . 1.4 0.9t02.0 1.8 1.1t0 2.6
scenario
Stabilisation
RCP6.0 . 1.3 0.8t01.8 2.2 14t03.1
scenario
Business as
RCP8.5 _ 2.0 1.4t02.6 3.7 26t04.8
usual scenario

The full range of projected globalveraged temperature increases for all scenarios for 220810

(relative to 19862005) is 0.3 to 4.8°Cigurel-5). Warmingwill continue beyond 2100 under all RCP
scenarios except RCP2.6. Warming will continue to exhibit-ariaualto-decadal variability and will
not be regionally uniform.

(@)
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surface temperature relative to 198@005.Time series of projections and a measure of uncertainty (shading)
are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shidimypikelled historical
evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over
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projection is the solidme in the middle of the bars). The numbers of CMIP5 models used to calculate the multi
model mean is indicated on the graph. From IPCC (2013).

As global temperatures increase, it is virtually certain that there will be more hot and fewer cold
temperature extremes over most land areas. It is very likely that heat waves will occur with a higher

22
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frequency and duration. Furthermore, the contrast anfall between wet and dry regions and wet
and dry seasons will increase. Along with increases in global mean temperatuiefitome and

wet tropical regions will experience more intense and more frequent extreme rainfall events by the
end of the 2% century. The global ocean will continue to warm during th& @&intury, influencing
ocean circulation and sea ice extent.

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

In this report, global climate modleutputs based onvito RCPs (RCP4.5 and RCP8.5) have been

downscaled to produce futurelimateprojections forthe Bay of Plenty Regiofihe rationale for

choosing thesewod OSY I NA2 & 41 & (-8sdANBE Dy G OISyWad2RA NFa ANB S
emissiors continue at current rates (RCP8ab)da scenario which could be realistic if global action is

taken towards mitigating climate change, for example the Réirgate change agreement (RCP4.5).

1.4 Climate modelling methodology

The following bulletJ2 Ay G & &dzyYYF NAaS (KS YSiK2R2f23& dzaSR
future climate.

(@]
1N/

1 Climate model simulation data from the IPCC Fifth Assessment has been used to produce climate
projections for New Zealand.

1 Six climate models were chosen by NIWA for dynamical downscaling. These models were chosen
because they produced the most accurate results when compared to historical climate and
circulation patterns in the New Zealand and southwest Pacific region.

1 Downsaled climate change projections are at a 5 km x 5 km resolution over New Zealand.

1 Climate projection and historic baseline maps and tables present the average of the six
downscaled models.

1 Climate projections are presented as a\&ar average for two fuire periods: 2032050
OGSNYSR WHaamMmQU d Y RNWERps$how chan@es @lative to the baseline
historicclimate of 19862005(termedWm ch.op QU

More details about the methods used in climate change modelling are found in Appendix A.
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The topography of the North Island has a profound effect on the weather of the Bay of Plenty

Region. The sheltering provided by high country on three sides produces a climate that is one of the
sunnies and least windy in New Zealand. The annual rainfall is quite plentiful compared with some
eastern parts of the country, although there is considerable rainfall variability. Most of the rainfall in
the region, and especially heavy rain, occurs when nolgharstreams of tropical origin are forced

to ascend over the land. Temperatures too are subject to considerable variability. The seas in the Bay
of Plenty, because of the presence of a warm ocean current and sheltering provided by the North
Island, areamong the calmest and warmest in New Zealdvidre information about thehistoric

climate of the Bay of Plenty, outside of the information in this report, can be fouGthappell

(2013)

The following sections {8) present climate change projections for the Bay of Plentyid®.
3 ¢SYLISNJI 0dzNB

3.1 Mean temperature

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for

mean temperature are shown in this section. Historicmaps show annual and seasonal mean
temperature in units of degrees Gals (°C) and the future projection maps show the change in mean
temperature compared with the present day, in units of °C. Note thatik®ricmaps are on a

different colour scale to the future projection maps.

For the historic periogdthe coastal Bagf Plenty has the warmest annual and seasonal mean
temperaturesin the region(Figure3-1), with 1415°C mean annual temperatyr&819°C in summer
and9-11°C in winter. The areas furthest inland have the coolest mean temperaturesl @ith°C
mean annual temperaturel5-16°C irsummer and 5%°C in winter.

In the future, mean temperature is projected to increase byD® C for all seasons (and annual) by
2040 under RCP4.5igure3-2). The samés projected for 2040 under RCP8.5, except autumn is
projected to warm by 141.5°C Figure3-3). By 2090, most of the region is projected to warm by 1.0
1.5°C under R&1.5 for all seasons and at the annual scaigure3-4). Under RCP8.Figure3-5),
warming is projected to be around 2350°C for most of the region at the annual scale (with some
isolated areas projecting 3-3.5°C of warming, and eastern areas projecting2.% C of warming).

At the seasonal scale, widespread warming of3%Cs projected for autumn, with the least
warming projected in winter (2:3.0°C for most of the region).

The area closest to East Cape warms the leagtgnnual warming ol.5-2.0°Ccompared with 2.5
3.5°C for most of the region under RCP8.5 by 2080is is an area with complex topography close to
the coastline with changes modulated by maritime influences. As such, the magnitude of
temperature and precipitation changes are more uncertain.
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Figure3-1: Modelled annual and seasonal mean temperature, average over 19865. Results are based
on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projectior is 5km
5km.
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Change in Mean Temperature
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Figure3-2:  Projectedannual and seasonahean temperaturechangedy 2040for RCP4.5 Relative to
1986-2005 average, based on the average of six global climate models. Results are based doaflynam
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-3:  Projected annual and seasonal mean temperature changes by 2040 foBBCRelative to

1986-2005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.

-

50 1(20 km

Climate change projections and impacts for the Bay of Plenty Region 27



Change in Mean Temperature

Annual

-y

°C
2
ys
1
0.5

£ et )] 26 g - P\ 2 § e
N 2081 - 2100
@/’ m’!“gn L RCP 4.5

Figure3-4:  Projected annual and seasonal mean temperature changes 80%0r RCP4.5.Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regldiamate Model. Resolution of projection is 5km x 5km.
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Figure3-5: Projected annual and seasonal mean temperature changes 80%0r RCB.5. Relative to
19862005 average, based on the average ofgéibal climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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3.2 Maximum temperature

Maximum temperatures are generally recorded in the afternoon, and therefore are/kias

daytime temperaturesHistoric(average over 1988005) and future (average over 202050 and
2081-2100) maps for mean maximum temperature are shown in this sectionhiSte@icmaps show
annual and seasonal mean maximum temperature in units ofadegCelsius (°C) and the future
projection maps show the change in mean temperature compared with the present day, in units of
°C. Note that thénistoricmaps are on a different colour scale to the future projection maps.

For the historic periogdthe cental and coastaBay of Plenty has the warmest annual and seasonal
mean maximum temperatures{gure3-6), particularly west of K I { I @nd afdsind Kawerau.
Mean annual maximum temperatures at8-20°C, 2425°C in summer and 1¥%°C in winterThe
areas furthest inland have the coolest meaaximumtemperatures, with15-16°C mean annual
temperatures,20-22°C in summer anti0-11°C in winter

In the future, mean maximum temperature is projected to increase byl3C for most parts of the
region in all seasons (and annual) by 2040 under ROH45€3-7). More warming occurs further

inland in summer (1:0.5°C). Under RCP8.5 by 2040, most of the region experiences warming of 1.0
1.5°C during autumn and spring, as well as inland areas dunmger Figure3-8). By 2090, most of

the region is projected to warm by 2105°C under RCP4.5 at the annual scale, wittf2 D5C of

warming for inland aread-{gure3-9). Under RCP8.¥igure3-10), warming is projected to be around
3.0-3.5°C fomost of the region at the annual scale (with less warming for coastal areas-8f2 (.

At the seasonal scale, widespread warming of3%C is projected for autumn and spring, as well as
isolated inland areas experiencing 3L®°C of warming. The Istawarming is projected in winter
(2.5-3.0°C for most of the region).
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Figure3-6: Modelled annual and seasonal mean maximum temperature, average over 1238#. Results
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection
is 5km x 5km.
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Figure3-7:  Projected annual and seasonal meamaximumtemperature change by 2040 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-8: Projected annual and seasonal meamaximumtemperature changes by 2040 for REB.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaledrpjections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.

2031 - 2050
RCP 8.5

- O
w
o

1(20 km

Climate change projections and impacts for the Bay of Plenty Region 33



Change in Mean Maximum Temperature

; (","A '. o
u,a&.-,
0

Annual

= Whakatane

o L
s

100 km
1 ]

Autumn

2081 - 2100
RCP 4.5

Figure3-9: Projected annual and seasonal meamaximumtemperature changes by 28 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-10: Projected annual and seasonal meamaximumtemperature changes by 28 for RCB.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climatel MRelolution of projection is 5km x

5km.
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3.3 Minimum temperature

Minimum temperatures are generally recorded in the early hours of the morning, and therefore are
known as night time temperatureslistoric(average over 1988005) and future (average over 2031

2050 and 2082100) maps for mean minimum temperature are gimoin this section. Thhistoric

maps show annual and seasonal mean minimum temperature in units of degrees Celsius (°C) and the
future projection maps show the change in mean minimum temperature comparedhéthistoric

period, in units of °C. Note thadhe historicmaps are on a different colour scale to the future

projection maps.

For the historic periodthe coastal Bay of Plenty has the warmest annual and seasonal mean
minimum temperaturesKigure3-11), particularly in the west of the region. Mean annual minimum
temperatures are 41°C, 1314°C in summer and&°C in winter. The areas furthest inland have the
coolest mean minimum temperatas, with 56°C mean annual temperatures,19°C in summer and
1-2°C in winter.

In the future, mean minimum temperature is projected to increase byl00BC for most parts of the
region in all seasons (and annual) by 2040 under ROF4¢U€3-12). Under RCP8.5 by 2040, most
of the region experiences warming of 11(G°C during autumn, but at the annual timescale warming
is around 0.51.0°C Figure3-13). By 2090, most of the region is projected to warm byIL3¥C

under RCP4.5 at the annual scale, as well as for summer, autumn and spring. For wiit€r,© &f
warming is widesprad (igure3-14). Under RCP8.Figure3-15), warming is projected to be around
2.5-3.0°C for most of the region at the annual scale (with less warming for eastern areas of 1.5
2.5°C). At the seasonal scale, widespread warming e8.3C is projected for autumn and western
areas in summer. The least warming is projected in wint€r2%5°C for most of the region).
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Figure3-11: Modelled annual and seasonal mean minimum temperature, average over 12865. Results
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection
is 5km x 5km.
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Figure3-12: Projected annual and seasonal meamnimum temperature chan@s by 2040 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-13: Projected annual and seasonal meamnimum temperature changes by 2040 for REB.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaledrpjections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-14: Projected annual and seasonal meaminimum temperature changes by 2 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-15: Projected annual and seasonal meaminimum temperature changes by 20 for RCB.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NI'$VRegional Climate Model. Resolution of projection is 5km x

5km.
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3.4 Diurnal temperature range

The diurnal temperature rangs the average of thdifference between thalaily minimumand daily
maximumtemperatures over the seasons and years of they@8r baeline (19862005) and future
(20312050 and 2082100) periodsHistoric(average over 1988005) and future (average over
2031-2050 and 20822100) maps for mean diurnal temperature range are shown in this section. The
historicmaps show annual and seasbmean diurnal temperature range in units of degrees Celsius
(°C) and the future projection maps show the change in mean diurnal temperature range compared
with the historic period in units of °C. Note that thiéistoricmaps are on a different colour deao

the future projection maps.

For the historic periodthe entral Bay of Plenty has thargest diurnal temperature rangg&igure
3-16), particularlythe area around Muruparaviean annuadiiurnal temperature range i$1-12°C,
12-13°C in summer anti0-11°C in winterWestern areasiave thelowest diurnal temperature range
temperatures, with8-9°C mean annualiurnal temperature ranged-10°C in summer an@d-8°C in
winter.

In the future, diurnal temperature range is projected to increase Hy30C for most parts of the
region in all seasons (and annual) by 2040 under BGRd. RCP8.5, with some small parts of the
region projecting decreases of@05°C Figure3-17 and Figure3-18). By 2090 under RCP4.5, much of
the region is projected to experience increases in diurnal temperature rang® &°C, with some
eastern high elevation region expecting increases ofl008C Figure3-19). Under RCP8.5 by 2090,
the western and coastal parts of the region are expected to increasedy°C and the eastern and
southern hill country is expected to increase by-1.8°C (annal) Figure3-20). During autumn and
summer, parts of the region are projected to decrease y33C. During summer, winter and spring,
diurnal temperature range is pjected to increase by 1:0.5°C in the hill country in the east and
south.
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Figure3-16: Modelled annual and seasonal mean diurnal temperature range, average over 29855.
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of
projection is 5km x 5km.
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Figure3-17: Projected annual and seasondlurnal temperature rangecharges by 2040 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-18: Projected annual and seasondlurnal temperature rangechanges by 2040 for R8B.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscalegrojections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-19: Projected annual and seasondiurnal temperature rangechanges by 280 for RCP4.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure3-20: Projected annual and seasondlurnal temperature rangechanges by 280 for RCB.5.
Relative to 198005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using M{¥/Regional Climate Model. Resolution of projection is 5km x

5km.
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3.5 Hotdays

In this report, a hot day is considered to be when the maximum temperature is abovetHti°days

I NB RSTAYSR a adzOK 06SOlIdzaS GSYLISK @Sy HBHNI (K
%St FyYyRQA& S Y LIS NIhistreskaldidBoisksterd wittvinistry forltte @nvironment

(2018) Historic(average over 1988005) and future (average over 202050and 20812100) maps

for hot days are shown in this section. Thistoricmaps show annual average numbers of hot days

and the future projection maps show the change in #mualnumber of hot days compared with

the historic period Note that thehistoricmaps are on a different colour scale to the future

projection mapsTable3-1 and Figure3-23 shows thehistoricand future projected numbers of hot

days forthe model grid square closest to speclfications in the Bay of Plenty region.

For the historic periodthe annual number of hot days is highest in the area ard(emterau Figure
3-21), with >45 hot days per year. Areas around Maketu, Murupara, and coastward of Kawerau
experience 4815 hot days per year. The area around Taurangeesgences 2580 hot days per year.
The high elevations of the Raukumara Ranges experiedeocd days per yedn the historic period

In the future, the number of hot days per year shows similar patterns under both RCP4.5 and RCP8.5
by 2040 Figure3-22). Hot days in the central part of the region between Maketuznd I 1 I G ny S
and inland to Murupara have the largest projected charmas are projected to increase 29-25

days per year. Other coastal areas and slightly higher elevations are projecting increas@§ ¢iol5

days per year. The inland borders of the region are projected to experience increast6 bbb

days per year, with fewer in the eastern hilucry (1-5 more hot days per year). By 2090, the

projected magnitude of changes in hot days are quite different between the two scenarios, although
the spatial pattern is similar. Under RCP4.5480more hot days per year are projected between

Maketu and® K I { | ,i@&ndyh&nd to Murupara, whereas under RCP88F@nore hot days per

year are projected for this same area. Increases are smaller for other areas, but still substantial under
RCP8.5 most of the region outside of the highest elevations of tlmiRimara Ranges is projected

to experience at least 40 more hot days per year tf@rthe historic period
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Figure3-21: Modelled annual number of hot daysd@ys with maximum temperature >25°Caverage ove
1986:2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure3-22: Projected annual hot day (maximurntemperature >25°C) changes for RCP4.5 and RCP8.5, by
2040 and 2090Relative to 198&005 average, based on the average of six global climate models. Results are
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resoprigectidn is

5km x 5km.
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Table3-1:  Modelled annual average number of hot days (maximum temperature >258€}he historic

period and two climate change scenarios (RCP4.5 and RCP8.5) at two future timedseRoture projections

are shown as the total future projected number of hot days outside the parentheses, and future change inside
the parenthesesTime periodshistoric 19862005, midcentury: 20312050 "2040", enetentury: 20812100

"2090"; based orthe average of six global climate models.

Location Historic
Waihi Beach 37
Tauranga 24
Te Puke 27
Rotorua 10
Kawerau 43

2 Kl1Fdrn 39
nLdl GA171 30

Katikati 34
Future change
Location RCP 2040 2090
- RCP4.5| 54 (+17)| 66 (+29)
Waihi Beach
RCP8.5| 57 (+20)| 107 (+70)
RCP4.5| 38 (+14)| 48 (+24)
Tauranga
RCP8.5| 40 (+16)| 85 (+61)
RCP4.5| 42 (+15)| 53 (+26)
Te Puke
RCP8.5| 44 (+17)| 91 (+64)
RCP4.5| 21 (+11)| 30 (+20)
Rotorua
RCP8.5| 23 (+13)| 72 (+62)
RCP4.5| 65 (+22)| 78 (+35)
Kawerau
RCP8.5| 67 (+24)| 123 (+80)
P RCP4.5| 59 (+20)| 70 (+31)
2 KEF G
RCP8.5| 60 (+21)| 113 (+74)
p RCP4.5| 48 (+18)| 58 (+28)
nLil aA7 7
RCP8.5| 49 (+19)| 99 (+69)
o RCP4.5| 50 (+16) | 63 (+29)
Katikati
RCP8.5| 54 (+20)| 66 (+29)
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Figure3-23. Historicand future projected numbers of hot days for locations in the Bay of Plenty.

3.6 Extreme hot days

In this report, an extreme hot day is considered to be when the maximum temperature is above
30°C Historic(average over 1988005) and future (average over 202050 and 2082100) maps
for extreme hot days are shown in this section. hirgoricmaps show annual average numbers of
extreme hot days and the future projection maps show the changbdmnnualnumber of extreme
hot days comparedith the historic period Note that thehistoricmaps are on a different colour
scale to the future projection maps.

For the historic periodthere are only small occurrences of extreme hot days in the Bayearft
Region.The ainual number oextremehot days is highest in theoastal areas between Maketu and
2 K| 1 I,&ndyhEnd towards KawerdBigure3-24), with 0.5-1 extreme hot days per yeaon
average The rest of the region has negligible extreme hot daythe historic period

In the future, the number of extreme hot days per year shows similar patterns under both RCP4.5
and RCP8.5 by 204Bigure3-25). Extreme hot days in the central part of the region between

Maketu anc® K I { I @nd iyfléhd to Murupara have the largest projected changesdfore

extreme hot days per year. Other coastal areas and slightly higher elevations are projecting increases
of 1520 hot days per year. Negligible change is apparent for other parts of the region at 2040.
However, by 2090, more extreme hot days are expected toro¢dnder RCP4.5, low elevation areas
between Maketu and K I 1 | ,i&nmdyuBher inland, expect-2 more extreme hot days under

RCP4.5 (negligible change elsewhere). Under RCP8.5, much of the central and coastal parts of the
region are projected to experierat least 4 more extreme hot days per year, with some areas
expecting 1614 more hot days per year (around Waihi Beach, the coastal area from Maketu to

2 K| 1 I,iKawgr8u, Murupara, and parts of Te Urewera National Park).
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Figure3-24: Modelled annual number of extreme hot days (days with maximum temperature >30°C),
average over 1982005. Results are based on dynamical downscaled projections using NIWA's Regional
Climate Model. Resolution of projectias5km x 5km.
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Figure3-25. Projected annuakxtreme hot day (maximum temperature >30°Changesor RCP4.5 and

RCP8.5, by 2040 and 20%Relative to 198&€005 average, based on the average of six global climate models.
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of
projection is 5km x 5km.

3.7 Heatwave days

The definition of a heatwavas considered here is a period of three or more consecutive days where

the maximum daily temperature exceeds 25°C. This calculation is an aggregation of all days per year
GKFdG FNB AyOfdZRSR Ay | KSIFGgl @S 6A due>25C), 0 KNBS
no matter the length of the heatwave. The annual heatwave days are then averaged overybar20

period of interest (e.g., 2032050) to get the average annual heatwaday climatology (past) and

future projections.

Historic(average over 1982005) and future (average over 202050 and 2082100) maps for
heatwave days are shown in this section. hioricmaps show annual average numbers of
heatwave days and the future projection maps show the change iatinealnumber of heatwave
dayscompared withthe historic period Note that thehistoricmaps are on a different colour scale to
the future projection maps.

For the historic periogthe annual number of heatwave days is highest in the area around Kawerau
(Figure3-26), with 3035 heatwave days per year. Areas around Maketu, Murupara, and coastward
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of Kawerau experience 280 heatwave days per year. The Kahiamaku Ranges and Raukumara
Ranges experia® less than one heatwave day per year.

In the future, the number of heatwave days per year shows similar patterns under both RCP4.5 and
RCP8.5 by 204€iure3-27). Hatwave days around Kawerau are projected to have the largest
changes, with increases of -30 heatwave days per year by 2040. The central part of the region
between Maketu and K | 1 | d@nd iyl&d to Murupara have projected increases o205

heatwave dayper year. The inland borders of the region are projected to experience increases of 2
5 heatwave days per year, with fewer in the eastern hill country-20riore heatwave days per

year). By 2090, the projected magnitude of changes in hot days are dfféeedt between the two
scenarios, although the spatial pattern is similar. Under RCP44) &fbre heatwave days are
projected for the areas around Kawerau and Murupara and@@@nore heatwave days are projected
for most of the central part of the regio Under RCP8.5, 8D more heatwave days per year are
projected for the central part of the region (between Maketu &nd& | { I ,intand $ Kawerau and
Murupara). A small area of 8D more heatwave days per year is projected for Kawerau. At least 30
more heatwave days per year is projected for the whole region aside from the Raukumara Ranges
and the KaimaMamaku Ranges.
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Figure3-26: Modelled annual number of heatwave daysthree consecutive days with maximum
temperatures > 25°C), average over 198805. Results are based on dynamical downscaled projections using
NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-27. Projected annual heatwave dafkthree consecutive days with maximum temperatures > 25°C)
changes for RCP4.5 and RCP8.5, by 2040 and R¥ative to 198&005 average, based on the average of six
global climate models. Results dased on dynamical downscaled projections using NIWA's Regional Climate
Model. Resolution of projection is 5km x 5km.

3.8 Frost days

A frost day is defined in this report when the modelled daily minimum temperature falls below 0°C.
This is purely a temperatedsderived metric for assessing the potential for frosts over the 5 km x 5 km
climate model grid. Frost conditions are influenced at the local scale (i.e. finer scale than 5 km x 5
km) by temperature, topography, wind, and humidity, so the results presentéus section can be
considered as the largecaletemperatureconditions conducive to frosts.

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for
frost days are shown in this section. Thistoricmaps show annal average numbers of frost days
and the future projection maps show the change in #mualnumber of frost days compared with
the historic period Note that thehistoricmaps are on a different colour scale to the future
projection mapsTable3-2 and Figure3-30 show the present and future projected numbersfiafst
days for the model grid squareoskest to specific locations in the Bay of Plenty region.

For the historic periodthe largest number of frost days per year occurs in the Urewera Ranges, with
60-70 frost days per yeaF{gure3-28). Other inland parts of the region experience8Dfrost days
per year. In the far western and eastern parts of the region, the fewest frosts are experietes=d
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than five frost days per year. Through much of the centnal ¢levation part of the region,-55 frost
days per year are experienced.

In the future, the number of frost days per year is projected to decline throughout the region, with
larger reductions further inland (due to more frosts currently being experietioeat) Figure3-29).

By 2040, reductions of-80 frost days per year are possible for the furthest inland parts of the region
under both RCP4.5 and RCP8.5, with thiiotions getting smaller further north. By 2090,
considerable reductions in frost days are projected for the furthest inland areas, arou28 fEsver

frost days for those areas under RCP8.5 and3 Gewer frost days under RCP4.5, with reductions
gettingsmaller further north towards the coast.
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Figure3-28: Modelled annual number of frost days (daily minimum temperature <0°C), average over 1986
2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure3-29: Projected annual frost day (minimum temperature <0°€janges for RCP4.5 and RCP8.5, by

2040 and 2090Relative to 198&005 average, based on the average of six global climate models. Results are
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is
5km x5km.
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Table3-2:  Modelled annual average number of frost days (minimum temperature <0°Chistoric and
two climate change scenarios (RCP4.5 and RCP8.5) at two future time pertlagdsre projections arshown
as the total future projected number of frost days outside the parentheses, and future change inside the
parenthesesTime periodshistoric 19862005, midcentury: 20312050 "2040", enetentury: 20812100
"2090"; based on the average of six globithate models.

Location Historic
Waihi Beach 7.8

Tauranga 0.7
Te Puke 1

Rotorua 5.3
Kawerau 5.7

2 Kl1Fd1 107
nLil GAl1] 92

Katikati 7.9
Future change
Location RCP 2040 2090
RCP4.5 C a
Waihi Beach 572.1) 5(2.8)
RCP8.5| 5.3(-2.5) | 2.3 (5.5)
RCP4.5 A (|
Tauranga 0.3¢0.4) | 0.3¢0.4)
RCP8.5| 0.3 (0.4) 0 (0.7)
RCP4.5 A (|
Te Puke 0.5¢0.5) | 0.5¢0.5)
RCP8.5| 0.5 (0.5) 0 (1)
RCP4.5 A C
Rotorua 3.5¢1.8) | 2.7¢2.6)
RCP8.5| 3.2(¢2.1) | 09(-4.4)
RCP4.5 C -
Kawerau 4.2 ¢1.5) | 3.2(-2.5)
RCP8.5| 3.7 (2) 1.3 (4.4)
. | RCP4.5 C C
2 Kb G 8.5¢2.2) | 7.1¢3.6)
RCP8.5| 8 (-2.7) 4.2 (6.5)
. RCP4.5 C C
n LIl G A 7.3€1.9) | 6.1¢3.1)
RCP8.5| 6.7 (2.5) | 3.6 (5.6)
RCP4.5 C a
Katikati 5.8 €2.1) 5 (2.9)
RCP8.5| 5.4 (2.5) | 2.3(5.6)
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Figure3-30: Historicand future projected numbers of frost days for locations in the Bay of Plenty.

3.9 Growing degree days

Growing degrealays (GDD) express the sum of daily temperatures above a selected base

GSYLISNI GdzZNBE 6S®3d mne/ 0 GKIFG NBLINBASY IGDDnal KNB & K 2
location may influence the choice of crops to grow, as different species have different temperature
thresholds for survival. The daily GDD total is the amountitily average temperature exceete

threshold value (e.g. 10°C) per day. For exangtigily average temperature of 18°C would have a

GDD base 10°C value oH&re, GDD araccumulatedrom Julyto June, and presented fdvistoric

(average over 1988005) and futurechange(average over 2032050 and 2082100)

Historic(average over 186-2005) and future (average over 202050 and 2082100) maps for
GDDare shown in this section. Thnéstoricmaps showannualaverage numbers déDDand the
future projection maps show the change in taenualnumber ofGDDcompared withthe historic
period. Note that thehistoricmaps are on a different colour scale to the future projection maps.

For the historic periogthe highest number of GDD is experienced in the far west and east of the
region (18001900 GDD per yearfrigure3-31). The area aroun@iauranga Harbour, Te Puke, and
Maketu experiences 1700800 GDD per year. The number of GDD per year falls further inland and at
higher elevations. The highest eleiat areas experience only 60@0 GDD per year.

In the future, the number of GDD in the Bay of Plenty is projected to increase under both scenarios
(Figure3-32). By 208 under RCP4.5, most of the region experiences increases &S0GDD per

year. The western Bay of Plenty between Waihi Beachaahdii lexperiences increases of 2300

GDD per year. Under RCP8.5, most of the region experiences increases30025Dper year,

with small areas around Katikati and Te Puke experiencing increases-403@DD per year. By

2090 under RCP4.5, most of the region experiences4AB00GDD per year with the western Bay of
Plenty experiencing 46800 more GDD per year. Underf8%5, Waihi Beach, Katikati and Te Puke
experience increases of 10000 GDD per year, with much of the western half of the Bay of Plenty
(including Rotorua and Murupara) experiencing 9@®0 more GDD per year. The eastern and
southern parts of the regimexperience 70800 more GDD per year under this scenario.
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Figure3-31: Modelled annual number of growing degree days (base 10°C), average over-2085.
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of
projection is 5km x 5km.
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Figure3-32: Projected annuabrowing degreeday (base 10°changes foRCP4.5 and RCP8.5, by 2040 and
2090.Relative to 198&005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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4.1 Rainfall

This section contains maps showimgtorictotal rainfall and the future projected change in total
rainfall. Historicrainfall maps are in units of mm per year or season (average over2@#H and
future (average over 2032050 and 20812100) maps show the percentage change in rainfall
compared with thehistorictotal. Note that thehistoricmaps are on a different colour scale to the
future projection mapsTable4-1 shows thehistoricand future projected rainfall for the model grid
square closest to specific locations in the Bay of Plenty region.

For the historic periogdthe highest annual rainfall totalare recorded in the high elevations of the
Raukumara Ranges (308800 mm/year) [Figure4-1). The lowest annual rafiall totals are recorded
along the coast and inlahof Rotorua (1001500 mm/year)Summer is the driest season and winter
is the wettest, with seasonal pattertd high and low rainfaljenerally following annual patterns.

In the future, the seasonality of rainfall is projected to change in the Baleonfy? By 2040 under
RCP4.5Figure4-2), annual rainfall is not expected to change mutB% for most of the region).

Some coastal areas experience increases of #%@nd some inland areas experience decreases of
up to 4%. However, at the seasonal scale, changes are more significant. Summer rainfall is expected
to decline everywhere, with the largest decreases beirip®o for far western and eastern areas. On

the other hand, winter rainfall is projected to increase byl for some coastal areas around

Maketu and the far eastern end of the region, with increases ®®% around the Rotorua Lakes and

hill country south o2 K I { I.Wmdgt KCP8.5 by 204Bidure4-3), the annual pattern is similar to
RCP4.5. However, spring rainfall is projected to decrease across the region in this scenario, by up to
8-10% for the far west ahe region. Winter and autumn rainfall is projected to increase for most
areas, by 8.0% for coastal areas during autumn.

By 2090 under RCP4Edured-4), annual rairdll decreases are more pronounced for inland and
western coastal areas, with4% reductions in rainfall for some locations. Small increases are
expected for the coast. Winter rainfall is projected to increase for most areas, vilifl¥Bincreases

for the wast east of K | | | .{BpriyigSainfall declines throughout the region, with the largest
reductions of 810% in the western Bay of Plenty and the Huiarau Ranges in the south. By 2090 under
RCP8.5Figure4-5), annual rainfall is projected to decline by6%6 across most of the region, with

small increases of-8% for coastal areas. Summer and spring rainfall is projected to decrease, with
some areas projecting 106% lessainfall in those seasons. Winter and autumn rainfall is expected

to increase for some area&sfor the west in autumn (by H25%) and for most of the region in winter

(by 48%).
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Figure4-1: Modelled anrual and seasonal rainfall (mm), average over 198805. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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