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Executive summary

This report describes changtsat may occur ovethis centuryin the climate of théNellington
Region and outlines some possible impaetsd implicationof these changes.

Global climate change

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

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

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 internationally would require substantial reductions in global
greenhouse gas emissions from human activities.

1 Continued emissions of grekause gases will cause further warming and changes in all parts
of the climate system. There are four scenarios named RCPs (Representative Concentration
Pathwayslsedby the IPCC. These RCPs represent differenatdichange scenariasone
(RCR.6) leadng to very low anthropogenic greenhouse gas concentrations (requiring
removal of C@from the atmosphere), tw stabilisation scenarios (R€B andRCP6.0), and
one (RC®.5) with very high greenhouse gas concentrations. Therefore, the RCPs represent a
range of 2F century climate policies.

New Zealand climate change

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

1 New Zealand has warmed by 0.00.83°C per decade since 1909, with mbog extremes
fewer frosts, more rain in the south and west of New Zealand, less rain in the north and east
of the North and South Islands, and a rise in sea level since 1900 of 1.7 = 0.1 mm/yr.

1 Ongoing vulnerabtly in New Zealand to extreme events is demonstrated by substantial
economic losses caused by droughts, floods, fire, tropical cyclones, and hail. During the 21
OSyldaNE>X bS¢ %SIflyRQa OfAYIGS A& OANIdzZ f & (
in extreme events.

i 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.

Climate change and variabilityVellington Region 11



1 Heat waves and fire risk avértually certain to increase in intensity and frequency. Floods,
landslides, droughts, and storm surges are likely tambezmore frequent and intense, and
frostis likelyto become less frequent.

1 The potential impacts of climate change on industry are likely to be substantial. New
%SEFfFYRQE LINBR2YAYlIyi(ifé KeRNRSEtSOGNARO LI &SN
variability, and pasture production may be impacteddmanging rainfall patternsyarming
and elevated CO

2 SffAy3aG2y wSIA2yQa LINBaSyid OftAYIFGS
The present climate of thé/ellington Regioiis then described.

1 The presentlimate across th&Vellington Region is strongly influenced by the Cook Strait
and rugged local topography. Tki¢airarapa area experiences more temperature and rainfall
extremes than western parts, and wind conditions are strongest around the southwestern tip
of the region.

1 Upward trends in historical temperature are evidentlie WellingtonRegion There is a
large range of temperature variability from year to year, with some years having mean
temperatures over 2.5°C different to other years.

f ¢KS 2FANFNI LI OdNNByilife 20aSNBSa Y2NB OGKFYy HI
of the region experiences less thé hot days per year. The highest elevations of the Tararua
wlky3aSa SELISNASYyOS 20SNJon O2fR yAIKGE O0CYAY ¥
observe less than 12 cold nights per year.

1 There is substantial year to year variation in rainfall withind between sites in the region. In
Wellington city, some years record almost 900 mm more than other years.

1 Potential Evapotranspiration Deficit (PED, a measure of climatic drought) varies over time.
AnnualPED is generally higher at Masterton than alNsgton city.

1 Extremedailyrainfall statistics are presented for Wellington city and Masterton. Yeaear
variability is high for both the maximum daily rainfall per year (Rx1day) and the number of
days per year with high rainfall (R20mm), but thare no long term trends observed.

1 Three natural fluctuations leading to ye@r-year variations in climate are the El Nifio
Southern Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO), and the Southern
Annular Mode (SAM). These factors also leafluctuations in sea level.

Future climate of the Wellington Region

Projections of future climate changes for ttéellington Regiomre presented. Mapped projections
are preented for RCR.5 (one of the stabilisation emissions scengrimsd ROP®p O (1 KS Wo dza A y S
dza dzZl £t Q AO0SYI NA2 GgKAOK 200dzNE | & GKS NBadZ & 2F y2
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projections are also presented for thewv-end RCR.6 and middle-ground RC®0. The complete

range of model results for temperatusnd precipitation are presented in graph format for all

regions of New Zealand. These graphs demonstrate the difference with season and RCP, and also the
range of model sensitivity.

1 Mean temperature:All future projections of mean temperature for the GteaWellington
Region show a warming signal. Warming is most pronounced for inland areas, and summer
and autumn exhibit the most warming. By 2090, annual mean temperature is projected to
increase by 1.2°C for RCP 4.5 and@.ibr RCP 8.8ompared with 195 (dynamical
downscaled projections)

1 Maximum and minimum temperatureThe positive maximum temperature trends are larger
than the minimum temperature trends, resulting in an increase in the diurnal temperature
range for thewWellington Region

1 Growing deggree daysConsistent with the regional warming trend, the number of growing
degreeday® mng / 0l &S isiprBjactetbidlihcieazdlanoss the region. Generally,
eastern parts of the region experience a larger increase in growing degree days.

1 Hot days: Hot days Tmax>25°C) are expected to increase throughout the region, but hot
days in the area to the east of the Tararua and Rimutaka Ranges are expected to increase
more than in the westAt 1995 most of the Wairarapa observed more than 24 hot dagss p
year and the west of the region experienced less than six hot days perAt&(90 under
RCR.5, about 30 more hot days are expected per year for central Wairasaypbh/0 more
hot days under R@%, compared with 1995For the west of the region, about 10 mdret
days are expected under RCP at 2090 and about 30 more hoays under RGFS.

1 Cold nightsCold nightsTmin<0°C) are projected to decrease in all areas, but the largest
decreases are for high elevatioreas of the Tararua Rangeés. 1995 the higher elevations
of the Tararua Ranges observed over 30 cold nights per year and lower elevations
experienced less than 12 cold nights per yédr2090,the Tararua Ranges projected to
experience about 20 fewarold nights per year under REB and up ta10 fewer cold nights
under RC®.5, compared with 1995

1 Total rainfall:In general, rainfall is projected to increase in the west ofWalington Region
and decrease in the east of the region. The amount ohgkadncreases with time and RCP.
Compared with presenRaraparaumu is projected to experience a 6% increaaatiimn
rainfall underRCB.5at 2040, and up to@% increase under R8B at 2090 for winter.
Masterton is projected to experience minimal charig rainfall at 2040 but 40% derease
in summer rainfall andra8% decrease iautumnrainfall at 2090 under R@F5 (dynamical
downscaled projections)

1 Rain daysThe nunber of rain days (daily rain >m) is projected to decline across the
WellingtonRegiorfor both scenarios and at 2040 and 20@0mpared with 1995At 2040
under RCP4.5 and REP, up to 10 fewer rain days per year are expected for the Wairarapa.
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By 2090, 510 fewer rain days are expected across naighe region per year for RCP4.5,
but RCB.5 shows 1820 fewer rain days per year for the eastern Rimutaka and Tararua
Ranges, as well as eastern Wairarapa.

Heavy rain daysSmall increases and decreases in heavy rain days (daily rain > 25 mm) are
evident in different parts of the regioat the seasonal time scale. However, most parts of the
region project an increase in heavy rain days at the annual time scale.

Dry days:n general, dry days (daily rairLsnm) are expected to increase in the east of the
Wellington Regiomand decline or stay approximately the same as present in the,west
compared with the presentBy 2090, over 12 more dry dgysr year are projected for

RCR.5 in the south Wairarapa region, and most parts of the region experience increases in
the number d dry days. For R85 at 2090, over 12 more dry days per year are projected for
virtually the entire region, with the largest increase projected for the winter season.

Snow daysThe number of snow days reduces everywhere in the Wellington Region, with
the largest decreases in the highest elevations of the Tararua Ranges (this is the area that
currently experiences the highest number of snow days).

Extreme rainfall eventsSome scenarios for changes in rainfall depth/duration/frequency
statistics are proded for Wellington city and MastertoRare, large extreme events are
likely to increase in intensity due to more moisture being held in a warmer atmosphere.

Projections for theNellington Regioffior the coming century show an increase in the
magnitude of very heavy rainfall (9percentile daily rainwhich approximately equates to
an annual recurrence interval of 1 y@across the region, with the largest increases in
magnitude of approximatgl25% around Wellington city and coasiatas under R@E> at
2090 compared \ith 1995

There is a significant variability in the different models used to project precipitation. The
average across all models used in the study (ensemandeage) is oftehess than + 5%

change, with the model range (thd"and 95" percentile values) varying between quite large
(>10%) increases and decreases. By 2040, winter is the season with the most precipitation
change, with larger increases for Paraparaumu and someedses for Masterton. This is the
same at 2090, albeit with larger increases and decreases.

Potential Evapotranspiration DeficitPotential Evapotranspiration Deficit (PED) projections
vary across th&Vellington RegionThe smallest increases in PED amggeted for the high
elevation areas of the Tararua and Rimutaka Ranges (up to 40 mm/year sncreder

RCP4.5 and R&B at 2040 and 2090). Western areas are projected to experience increases
around 60100mm/year under both scenarios at both time persod he inland Wairarapa
region is expected to change the most, with up to 120mm/year increase projected for 2040
under both scenarios but @ 160mm/year increase by 2090 under BGPThis means the
inland Wairarapa is likely to become more drought praméhe future.

14
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1 Anincrease in drought frequency is projected for all of\tellington Regiomxcept for the
Tararua Ranges, by about 10% by 20@00. These projections were calculated from the
IPCC Fourth Assessment Report emissions scenarios and will be updated in due course.

1 Air pressureMean sea level pressure (MSLP) is projected to inersasummer, resulting in
more northeasterly flow and anticyclonic conditions. MSLP is projected to decrease in winter,
especially over and to the south of the South Island, resulting in stronger westerlies over
central New Zealand.

1 Wind speed:There is n@hange projected for annual and seasonal mean wind speed
compared with present for the Wellington Region.

1 Windy days:The number of windy days (daily mean wind speed > 10 m/s) is projected to
increase across the region with the largest increases projdoietthe south of the region.
Over eight more windy days per year are projected for much of the central and southern
Wellington Region at 209hder RCP8.5, compared with 1995

1 Extreme windsMost of theWellington Regioiis likely to experience strongexgeme
winds (99" percentile) into the future, although the magnitude of these changes are small
with a maximum of 4% increase projected for the eastern Wairahélpaountry at 2090
under RC®.5, compared with the present

I Storms may become more intee, but there is significant uncertainty surrounding
projections of tropical and extrropical storms into the future.

1 Solar radiation:Solar radiation changes the most in spring and summer. Northern parts of
the Wellington Regioare projected to experience-8% more solaradiation in spring under
RCP4.5 at 2090 and RB#at 2040 and 209@&nd for summer at 2040 for RCP4.5 and 2090
for RCB.5, compared with the presenDecreases in solar radiation of up to 4% are
projected forsummer under RCP4.5 at 2090 and &&Rt 2040 and 2090, particularly for
eastern coastal area€hanges to solar radiation are consistent with increases and decreases
in rainfall(and therefore cloudinesdpr the Wellington Region.

1 Relative humidity:Rehtive humidity is projected to slightly decline by a few per cent into
the future, under both scenarios at both time periods.

Three climate change case studies are presented.

T Maps showing thédistoric climatology of growing degree days (500m resolutiomewe
combined with the lower resolution projections (5km)fofure changes tgrowing degree
days, toproducehigher resolution maps of the future projected climatology of growing
degree days.

1 Analysis was undertaken on the variability in seasonal raprfajiections across a transect
from west to east of th&Vellington RegionThis was done to better understand the
uncertainty in rainfall projections and the effect of complex mountain terrain.
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Maps showing projections of three different measures of drought were generated (change in
annual PED, number of days per year in soil moisture deficit, and number of days per year
with PED accumulation >300mm). All three measures of drought show that diranapa
regionremainsthe most droughiprone part of the region into the future.

Information has been compileilom existing literatureabout climate change impacts for different
sectors that are important t@reater Wellington Regi@h Council. Those sectors are: biodiversity,
drought impacts on agriculture and horticulture, sea level rise, biosecurigy, flows wildfire, and
soil temperature.

)l

Biodiversity isalready at highrisk from predatiorand humanimpacts Many species arat
risk from climaterelated impacts such as river water abstraction for irrigation and
hydroelectric power schemes. Changes to climate will exacerbate the impacts and risks on

bSé %S|l yRQAaReyiofra 20\ 2(RMYIBINEYA (& X dekdmK GKS YI

pests, under biosecurity below) being on habitat changes due to air temperature changes,
river flow changes, and sea level rise.

The pH of the oceans around New Zealand is projected to decrease, consistent with global
trends (i.e., less alkaline oglatively more acidic). The variability and rate of change in pH

will differ in coastal waters as these are also influenced by terrestrial factors araffrun

Changes in ocean pH may have significant impacts on New Zealand fisheries and aquaculture
into the future.

It is likely that much of th&Vellington Regionparticularly in the east, will experience more
climaticdrought conditions in the future than at present. Drought causes lower plant yield
and slower growth, and prolonged dry periods can cquesenanent wilting of plants. The
timing of drought is criticat drought in late summer when plants have largely completed
growth does not have the devastating impact of late winter/early spring drought that
prevents achievement of full productive poteritia

Sealevel rise is already having impacts on human activities and infrastructure in coastal
areas. Sedevel rise will have a greater influence on storm inundation and rates of coastal
erosion in the Cook Strait/Wellington area, due to its small tidadjea Coastal sand dune
systems arenore susceptible to coastal erosioand it is likely that these mayigrate
landward as sea level rises. It is likely that globalleeal will rise by between 0.28m and
0.98m by 2100compared with present

As sea levs rise, total storm inundation levels will threaten ldying areas of Wellington

central city, potentially large areas of Petone and Seaview, and to a limited extent Evans Bay
and smaller areas of the Miramar Peninsula. Along the Kapiti Coast, total stondation

levels will begin to threaten Otaki Beach, lboing areas of Waikanae, and narrow margins of
the Porirua Harbour.

Climate change (particularly increases in temperature) will allow establishment of new exotic
pests, weeds and diseases whicBar OdzZNNBE y (i f &8 LINSEOSYiSR o6& bSg
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potential establishment of subtropical pests and current seasonal immigrants are of greatest
concern, along with taxa that are already recognised as high risk. Another concern is for
Wi f SS LA Y hourredbydeside indNEw\ Z8aland but await some perturbation, such as
climate change, which will allow them to spread and flourish.

1 Masting events are years with high seed production, particularly in beech forests. Using
climate change scenarios predict future masting events to 2100, it was concluded that
WYSHI AaGaQ O0AYFNBIjdzSyld 6ARSALINBIR S@Syidao oAff
to historic levels.

1 River flav changes are presented for RCP4.5 andBFECR ariables presented are e
discharge, mean annual low flow, and mean annual flmod changes are represented in
term of change in the median of the variable

o For mean discharge, there is generally a drying signal in the east \bfatiegton
Region and a slight increase in meaischarge in the west. This is most prominent
at end-century under RGE5.

0 Mean annual low flowthe mean of the lowest -tlay average flows in each year of a
projection period is projected to decrease under both scenarios at both time slices,
across theegion. The most extreme decreases in mean annual low flow are
projected for the eastern half of the region at endntury for RCP8.5.

0 Mean annual floodthe average of the maximum flood discharges experie ezt
20 years centred time perigdhcreasest both time slices under both emissions
scenarios for parts of th&/ellington Regiomutside the Tararua and Rimutaka
Ranges (where mean annual flood decreases ataeidury for RCP 4.5 and RCP
8.5). The largest increases in mean annual flood are isdbéhwestern part of the
region near Wellington city, at ercentury under RCP 8.5.

o0 There is high uncertainty in flood projections, and in river flow projections in general.
Modelling these is very complex and anguing area of research investigation.
However, while the signal is unclear, the risk of significant changes to flood flows is
high. Given the potentially high risk, users of flood flow information should take a
precautionary and adaptive approach to management.

1 Increases to hill country erosialue to changes in extreme rainfall may have impacts on the
Wellington Region in terms of agricultural productivity and river sedimentation, which may
affect water quality and biodiversity.

T Wildfire risk is projected to increase in thiéellington RegionThe number of Very High and
Extreme forest fire danger days is projected to increase from 16.8 days per year at
Wellington Airport at present to 32.4 days per year by the 2050s. The Seasonal Severity
Rating is projected to increase by about 5@the entire region by the 20@s. Afforestation
with exotic tree species, one of the most popular climate change mitigation strategies, may
increase the fire hazard in th&ellington Region
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1 Projections of soil temperature have received relatively little attenttompared to air
temperature although this is crucial in determining seed germination and plant growth. Soil
temperatures are projected to warm into the future, albeit at a slower rate than air
temperatures. The relationship between soil and air temperatigseomplex, therefore the
atmospheric warming trend cannot be simply applied to project soil temperature change.
Impacts of soil warming are likely to include accelerations of germination timing, impacts on
rates of decomposition of soil organic matterdanutrient assimilation by plants. This in turn
will impactWellington RegioRa LINA YI NBE &aSOG2NRE O

The anthropogenic trends in climate have been presented in this report because they will become
the dominant factor as the century progresses. However, nattadhbility also needs to be factored
in, realising that at some times natural variability will be adding to the humduced trends, while

at other times it may be offsetting part of the anthropogenic effect.

Some current large climate change researotjgrts are identified. One major body of work

currently being undertaken to address some of these gaps is the Deep [Satitmal Science

Challenge, which aims to better understand climatic changes in Antarctica and the Southern Ocean,

and how this impact New Zealar@d a O fAkothkr im§jor project is the Weather@home project

GKAOK NY¥zya OfAYIGS Y2RSt SyaSyofS YSYOSNR 2y @2f
be run many thousands of times. The results of these exercises are used for attributites, to

understand how specific events are changing over time and the relative influence of anthropogenic

climate change on extreme events.K S W/ ft AYI 4GS / KIFIy3aS LYLI OGa FyR L
provide new climate change projections and advaneats in understanding their impacts and

AYLIE AOFGA2y&a FT2NJ bSg %St f |y Riidate ShagdetBayfepSty (i > S O2y
that are currentlyunderway at NIWA are mentioned.
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1 LYGNRRdzOGAZY

Greater Wellington Regional Cour(@WRCapproached NIWA to undertake a review of climate
change projections for thezgionthey administer, followingthe publication of the
Intergovernmental Panel on Climate&lige (IPCC) Fifth Assessment Report in 2013 and a0d4

the New Zealand climate change report published by the Ministry for the Environment in 2016
(Mullan et al., 2016)

This report describeslimate changes which may occur over the coming cenfargthe Wellington

Region The report does not address the issue of mitigation (reducing greenhouse gas emissions, or
AYONBIFaAy3d GaAiyilaé adzOK a FNBFra 2F IANRgAYy3T F2NE
the IPCC

Consideration is given to bottatural variations in the climate and to chandkeat may result from
increasing global concentrations of greenhouse gases caused by human activities. Climatic factors
discussed include temperaturprecipitation wind, evaporation, soil moistuystormiress,wind,

solar radiation, and humidityRiver flow variables are also considerad well as possible changes in

sea levelCommentary on climate change impacts and risks on different sectors is provided, including
biodiversity, biosecurity, wildfire, ahagriculture Figurel-1 shows theWellington Region

The funding for this repodid notcovernew data analysiand modelling but enabled us to draw on
pre-publishedinformation from various sources. Much of tliiformation resultedfrom academic
studies based othe latest assessments of the Intergovernmental Panel on Climate CA&RGE,
2013 IPCC, 2014tPCC, 20194bSome of the information was also basedszenarios for New
Zealandyeneratedby NIWA scientisthat emerged frondownscding of global climate model runs
for severalPCQepresentative concentration pathways for the futubedzy RS NJi I { Sy ( K NB dz3 K
core-funded Regional Modelling Programm@&he climate change information presented in this
report is consistent with recentlupdated guidance produced for the Ministry of the Environment
(Mullan et al., 2015 Hydrological analyswere funded through Climate Change Impsand
Implicatiors program as well as MPELMACC Proje408657(Impacts of climate change on river
flows for agricultural use

Climate change and variabilityVellington Region 19



Wellingto_m;@;[ '

//;— 7

O

£ gton

Kapiti Is|ar? P ‘
. 2 Cangy T B % f
Paraparaum I / -4‘!’/

47V Y
Paekakariki /\/g i
(s,

s

AWallaceviller

” ,;. j ‘ 4{ S5 i
I WP el = 4

¢ ® BadiTaratahiad |-
gOEM

L A )
vty 2

il | P 3 8.8/
hitemansé®  Wairarapa;“
Ay Plains 87
Wy a % A//- p
v 0 \

i
a

Mt Kaukal 4%
)75

/f/

Cook Strait
N
State highways
10 20 40 : Urban areas
L1 | N N N B |

1
Kilometres m National parks and forests

Figurel-1: TheWellington Regiorgoverned by the Greater Wellington Regional Council

20

Climate change and variabilityVellington Region



2 . ON\PRzy RYIF YR2BEE »%SIEF YR Oft AYIF (€S

2.1 Global climate change

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

2.1.1 The Physical Science Basis (IPCC Working Group 1)

The Summary for Policymakers of the IPCC AR5 Working Group | [Re@art20)&mphasises the
following points regarding changes to the climate system:

A Warming of the climate systemigdzy S1j dzA @2 OF £ QX I yR aAy O0S (KS
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, sézvel rise, and icreases in the concentration 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%csi preindustrial times, 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 influémg the intensity and frequency 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 mD" century.

Continued emissions of greenhouse gases wilsedurther warming and changes 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 sceme@o@RCP2.6) leading

to very bw anthropogenic greenhouse gas concentrations (requiring removal off @®the

atmosphere), tw stabilisation scenarios (R€E andRCB.0), and one (RCP8.5) with very high
greenhouse gas concentrations. Therefore, the RCPs represent a rangecefi2ity climate

policies.

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

century is likely to exceed 1.5°C réile to 18501900for all scenarios except for tHewest

emissions scenario (REB).

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 chafagesarlier in the 21 century

as well in its Summary for Policymakers. As stinehglobal 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 mpor volcanic eruptions (which may cause global cooling) and that total solar
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irradiance remains similar. Temperature increases are expected to be larger in the tropics and
subtropics than in the southern midtitudes (i.e. New Zealand).

The full range oprojected globally averaged temperature increases for all scenario for 22800
(relative to 19862005) is 0.3 to 4.8°C (Figurel® As global temperatures increase, it is virtually
certain that there will be more hot and fewer cold temperature extreragsr most land areas. It is
very likely that heat waves will occur with a higher frequency and duration. Furthermore, in general,
the contrast in precipitation 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
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Figure2-1: CMIP5 multimodel simulated time sries from 19562100 for change in global annual mean

surface temperature relative to 1982005.Time series of projections and a measure of uncertainty (shading)

are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the midatad

evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over
Hnymbumann FNBE IAGSY F2NI I f tonHdetrightoHe graphifr@ tneah & O2 f 2 dzNB F
projection is the solid line in the iddle of the bars)The numbers of CMIP5 models used to calculate the multi

model mean is indicatedn the graph After IPCC (2013).

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

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 completely disappear by the
end of the 2% century, and a nearly ieee Arctc Ocean in late summer before nientury is likely
under the most extreme scenar(®CP8.5)Northern Hemisphere spring snow cover will decrease as
global mean surface temperature increases. The global glacier volume (excluding glaciers on the
periphery d Antarctica) is projected to decrease by-8%% by the end of the 2century under

different scenarios.

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

of sea level rise will very likely exceedtlmbserved during 1972010 due to increased ocean

warming and higher loss of mass from glaciers and ice sheets. For all scehario&l range of

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

that global mean sea level rise will 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 mshistained 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 a millennium or more, causing a global mean
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sea level rise of u 7 m. Current estimates place this threshold between 1 and 4°C global mean
warming with respect to préndustrial mean temperatures.

Cumulative C@emissions largely determine global mean surface warming by the latee2tury
and further into the futwe. Even if emissions are stopped, most aspects of global climate change will
persist for many centuries.

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

The IPCC AR5 Working Group Il Summary for Policyn{Hk€(S, 2014concludes that in recent
decades, changes in climate have caused impacts on natural and human systalinoatinents

and across the oceans. Specifically, these include impacts to hydrological systems with regards to
snow and ice melt, changing precipitation patterns and resulting river flow and drought, as well as
terrestrial and marine ecosystems, the ihence of wildfire, food production, livelihoods, and
economies.

Changes in precipitation and melting snow and ice are altering hydrological systems and are driving
changes to water resources in terms of quantity and quality. The-diowffects from thisnclude

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

with 1°C additional warming. Risks associated with some types of extreme events (e.g. heat waves)
increase further with higher temperatures.

There is also the risk of physical systems or ecosystems undergoing abrupeandsibie changes
under increased warming. At present, wamter coral reef and Arctic ecosystems are showing
warning signs of irreversible regime shifts. With additional warming5CL risks increase
disproportionately and become high under additioma&lrming 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 @migthreatened
systems, substantial species extinction, large risks to global and regional food security, and the
combination of high temperature and humidity compromising normal human activities, including
growing food or working outdoors in some areas fparts of the year.

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

extremes, such as heat waves, droughts, floods, cyclones, and wildfires, where different ecosystems
and human systems are significantly vulnerable and exposed to climate variability. In addition,
aggregate economidamages accelerate with increasing temperature.

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

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

2.1.3 Mitigation of Climate Change (IPCC Workargup III)

The IPCC AR5 Working Group Il Summary for Policyn{Hk€(S, 2014motes that total

anthropogenic greenhouse gas emissions have continued to increase over 1970 to 2010 with larger
abolute decadal increases toward the end of this period. Despite a growing number of climate
change mitigation policies, annual emissions grew on average 2.2% per year from 2000 to 2010
compared with 1.3% per year from 1970 to 2000. Total anthropogenic goeese gas emissions

were the highest in human history from 2000 to 2010. Globally, economic and population growth
continue to be the most important drivers of increases in €@issions from fossil fuel combustion.

Limiting climate change will require suastial and sustained reductions of greenhouse gas

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

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

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

Without additional efforts to reduce emissions beyond those in plageesent, scenarios project

that global mean surface temperature increases in 2100 will be from 3.7 to 4.8°C compared to pre
industrial levels. This range is based on the median climate response, but when climate uncertainty is
included the range becomédsoader from 2.5 to 7.8°C.

In order to reach atmospheric greenhouse gas concentration levels of about 450 ppey ©®2100
(in order to have a likely chance to keep temperature change below 2°C relative-itadpisgrial
levels), anthropogenic greenhouse gas emissions would need to be cuttfd@lobally by 2050
(compared with levels in 2010). Emissions levelald/need 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 inhnddl countries begin

mitigation immediately, there is a single carbon price, and all key technologies are available, there
will be losses of global consumptiohgoods and servicas 1-4% in 2030, 6% in 2050, and-31%

in 2100.

Delaying mitigation #orts beyond those in place today through 2030 is estimated to substantially
increase the difficulty in obtaining a longer term low level of greenhouse gas emissions, as well as
narrowing the range of options available to maintain temperature change b2f@welative to pre
industrial levelsGlobal surface temperature for the end of the’2dentury is likely to exceed 1.5°C
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relative to 18561900 br all RCP scenarios except R6Pand itis likely to exceed 2°C for RCP6.0 and
RCB.5, and more likelyhan not to exceed 2°C for REP (IPCC, 2014a).

2.2 New Zealand climate change

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(Regginger et

al., 2014 as well as aeport published by the Royal Society of New Zeal@uayal Society of év

Zealand, 2016 Key findings from these publications include:

The regional climate is changinghe Australasia region continues to demonstrate loergn trends
toward higher surface air and sea surface temperatures, more hot extremes and fewer cold
extremes, and changed rainfall patterns. Over the past 50 years, increasing greenhouse gas
concentrations have contributed to rising average temperatures in New Zealand. Changing
precipitation patterns have resulted in increases in rainfall for the sonthveest of the South Island
and west of the North Island, and decreases in the northeast of the South Island and the east and
north of the North Island. Some heavy rainfall events already carry the fingerprint of a changed
climate, in that they have beconmaore intense due to higher temperatures allowing the air to carry
more moisture(Dean et al., 2013 Cold extremes have become rarer and hot extremes have become
more common.

The region has exhibited warming to the present and is virtually certain to continue to do so. New
Zealand mean annual temperature hasreased by 0.09°C (+ 0.03°C) per decade since 1909.

Warming is projected to continue through the 2Icentury along with other changes in climate.
Warming is expected to be associated with rising snow lines, more frequent hot extremes, less
frequent coldextremes, and increasing extreme rainfall related to flood risk in many locations.
Annual average rainfall is expected to decrease in the northeast South Island and north and east of
the North Island, and to increase in other parts of New Zealand. Firthereia projected to increase

in many parts of New Zealand. Regional sea level rise will very likely exceed the historical rate,
consistent with global mean trends.

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

Impacts and vulnerabilityWithout adaptation, further climateelated changes are projected to

have substantial iacts on water resources, coastal 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 sigrufiaiehges for
adaptation.

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

2.2.1 Sectoral Impacts

Some New Zealand sectors have the potential to benefit from projected changes in climate and
increasing C®induding reduced winteplant and stocknortality, reduced energy demand for
winter heating, and forest and pasture growthdarrently cooler regionslThe information in this
section is from Reisinger et al. (201Ky impacts identified by Greater Welliog Regional Council
arediscussed in Section 6.
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Freshwater resourcedn New Zealand, precipitation changes are projected to lead to increased
runoff in the west and south of the South Island and reduced runoff in thidheast of the South
Island, as welasthe east and north of the North Island. Annual flows of eastwiirding rivers with
headwaters in the Southern Alps are projected to increase-b§% by 2040 in response to higher
alpine precipitation. Most of the increases occur in winter and gpr@&s more precipitation falls as
rain and snow melts earlier. Climate change will affect groundwater through changes in recharge
rates and the relationship between surface waters and aquifers.

Natural ecosystemsExisting environmental stresses will irdet with, and in many cases be
exacerbated by, shifts in mean climatic conditions and associated changes in the frequency or
intensity of extreme events, especially fire, drought, and floods. Ongoing impacts of invasive species
and habitat loss will domate climate change signafise., environmental changes attributed to

climate changein the short to medium term. The rich biota of the alpine zone is at risk through
increasing shrubby growth and loss of herbs, especially if combined with increaselishstant of

native species. Some cold watgdapted freshwater fish and invertebrates are vulnerable to

warming and increased spring flooding may increase risks for braided river bird species.

Coastal and ocean ecosystemiEhe increasing density of coaspalpulations and stressors such as
pollution and sedimentation from settlements and agriculture will intensify-olimate stressors in
coastal areas. Coastal habitats provide many ecosystem services including coastal protection and
carbon storage, whichowld become increasingly important for mitigation. Variability in ocean
circulation and temperature plays an important role in local fish abundance, and this could change
with climaterelated oceanic changes. A strengthening East Auckland Current in moNlegv

Zealand is expected to promote establishment of tropical or subtropical species that currently occur
as vagrants, potentially changing the production and profit of both wild fisheries and aquaculture.
Estuarine habitats will be affected by changiamfall or sediment discharges, as well as connectivity
to the ocean. Loss of coastal habitats and declines in iconic species will result in substantial impacts
on coastal settlements and infrastructure from direct impacts such as storm surge, aatfesiil

tourism. Changes in temperature and rainfall, and sea level rise, are expected to lead to secondary
effects, including erosion, landslips, and flooding, affecting coastal habitats and their dependent
species, for example loss of habitat for nestingli

Forestry:Warming is expected to increagénus radiatagrowth in the cooler south, whereas in the
warmer north, temperature increases can reduce productivity, butf€@lisation may offset this.
Dothistromablight, a pine disease, has a temperéur 2 LJ0 A YdzY (G KI 0 O2Ay OARSA
warmer, but not warmest, pine growing regions; under climate change, its severity is, therefore,
expected to reduce in the warm central North Island but increase in the cooler South Island where it
could offset emperaturedriven improved plantation growth.

Agriculture: Projected changes in national pasture production for dairy, sheep, and beef pastures
range from an average reduction of 4% acrd¥SC ARdimate scenarios for the 2030s, to increases

of up to 4% or two scenarios in the 2050s. Studies modelling seasonal changes in fodder supply
show greater sensitivity in animal production to climate change and elevateth@®models using
annual average production, with some impacts expected even under modesting. New Zealand
agro-ecosystems are subject to erosion processes strongly driven by clirgedater certainty in
projections of rainfall, particularly storm frequency, are needed to better understand climate change
impacts on erosion and consequelitanges in the ecosystem services provided by soils.

26 Climate change and variabilityVellington Region

7

@)



Energy supply, demand, and transmissianS ¢ %St f I YRQ& LINBR2YAYy Ll yif &
generation is vulnerable to precipitation variability. Increasing winter precipitation and snow melt,
and a shift fom snowfall to rainfall will reduce this vulnerability as winter/spring inflows to main

hydro lakes are projected to increase byt@% over the next few decades. Further reductions in
seasonal snow and glacial melt as glaciers diminish, however, woulgtraonse this benefit.

Increasing wind power generation would benefit from projected increases in mean westerly winds
but face increased risk of damages and shutdown during extreme winds. Climate warming would
reduce annual average peak electricity demahygd-2% per degree Celsius across New Zealand.

Tourism:Changes in snow cover are likely to have a significant impact on the ski industry, but tourist
numbers from Australia to New Zealand may increase due to the 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 climate events undermine
tourism. A large part of the tourism industry in New Zealand is dependent onftowe (e.g. fishing,

jet boating, rafting) so changes to flows will have a direct effect on these tourism operédiedsen

et al., 2014.
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3.1 Spatialclimaticpatterns

The climate and weather of th&/ellington Regiofis characterised by strorgpatiotemporal

variation that isnfluenced by the presence of Cook Strait and the rugged local topography. In
general, the climate of the regiaeflectsthe generaprevailingwesterly flow which includes west
to-S| a il iatérsherseds A U K dqaKtikyaléhayéveather systems. Enlocal impacts from
variabile weather isnodified in specific places by the local topography. To the east of the Tararua
and Rimutaka Ranges, the Wairarapa arghich is sheltered from prevailing westerliexperiences
more temperature and rainfall ex¢mes than the western part of the region. Wind conditions are
the strongest around the southwestern tip of tNeellingtonregion. The region as a whole is
generally sunny and windy compared with other New Zealaodtions.

The spatial variation in annuaverage temperature over thé/ellington Regiofis shown irFigure3-
1. Figure3-2 shows the annual number of hot days (Tmax >25°C) in the Wellington Region, and
Figure3-3 shows the number of frosts (cold nights, Tmin <0°C)) in the regigare3-4 shows the
spaial pattern of annual rainfalhind the median seasonal total rainfalls. Temperature varies with
elevation, with the coolest mean annual tentpgéures of theWellington Regioexperiencedat the
highestelevationsin the Tararua and Rimutaka Rangkkan annual temperatures are highest
closer to the coasand inland around MartinborougfThere is a significamifference betweerthe
number of hotdaysfor the east and west of th&V/ellingtonregion Most ofthe Wairarapa
experiencesnore than 24 hot days per yeaile the western part of the region mostxperiences
less tharsixhot days per yeafThe highest elevatioria the Tararua Rangesperienceover 30 cold
nights per year, but lower elevations typically observe less than 12 cold nights peTlhearea that
receives the most annual rainfalie the TararuaRangesnd Rimutaka Rangealong with the
southeastern part of the Aorangi Rargy which receive over 2000 mm per year. The driest isriea
the lee of theTararua and Rimutaka Rang@sparticulararound Martinboroughwhich receiveless
than 800mm rainfall per year on average.

More detailed information abouthe climate of theWellington Regioran be found in Chappell
(2014.
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Figure3-2:  Annual number of hot days in the Wellington Region (Tmax >25°C). Climatology p&€&eé
2005.This map shows modelled data (from RCM simulations) and therefore may not be directly comparable to
station data.
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Figure3-3:  Annual number of cold nights (frosts) in the Wellington Region (firD°C). Climatology period
19862005.This map shows modelled data (from RCM simulations) and therefore may not be directly
comparable to station data.
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Figure3-4:  Annual and seasonal rainfall totals for the Wellington Regid@limatology period 1982010.
Note that some climate stations in the Tararua Ranges managed by GWRC record well over 7 metres of rainfall
per year. Only climate station data in the NIWAiblaal Climate Database was used to generate this map.
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3.2 Temporaklimaticvariability

3.2.1 Temperature

There is significant yedo-year variabilityfor the climate ofWellington For examplefigure3-5

shows the average annual temperature ¥ellington (Kelburnjrom 1909 to 2016, andFigure3-6
showsthe samefor Mastertonfrom 1912 to 2016There are substantial differences between years,
with some having mean temperatures o\v&0°Cdifferent to others.

Thee is a trendoward increasingnean annual temperaturat both Wellington (Kelburn) and
Masterton. Figure3-7 shows the number of hot days (when Tmax >25°C) per year since 1931 at
Kelburnand Figure3-8 shows the same for MastertoThere is no lonterm trend in the number of
hot days per yeaat Kelburn, but there has been an increase in the number of hot days per year at
Masterton However, the length of record between these two sites is very different, and the positive
trend at Mastertonover this short time framés due to the record beginning in cooler years during
the 1990s as a result of the Mt Pinatubo eruption and numeroldifiel events. A large number of

hot days were recorded in the 1930s and 1970s at Kelburn, thus keeping thietomtyend more
subduedat that site.The annual variability in theemperaturerecordsis due toa combination of
natural causes, such as theNifio-Southern Oscillation, together with random yearyear

Ft dzOl dz G A 2 v &, ad welDds AnthFopio§eniyiflleicB<i(€1g. greenhouse gases)
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Figure3-5: Mean annual temperature foWellington, Kelburnsite.¢ KA & &aAGS Aa LI NI 27

series,so data homogenisation has been carried odirend is approximately +0.09°C/decadehichis
significant at p < 0.05

1 https://www.niwa.co.nz/ourscience/climate/informatiorand-resources/nzemp-record/sevenstation-seriestemperaturedata
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Figure3-6: Meanannual temperature for Masterton. Thissiteispar 2 ¥ (G KS WaS@&8dataa il (A 2y
homogenisation has been carried outrend is approximately +09°C/decade which s significant at p <
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Figure3-7:  Number of hot days (Tmax >25°C) per year at Wellington (Kelburn). Date2pf are from

agent number 3385, including 2005 and pe®05 from 25354 (located at same sitélthough these data
have not been homogenisedhey are all from a singleite in the Kelburn botanical gardengrend indicates
a decrease of 0.01 hot days per decade, which is not significant at p < 0.05.
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Figure3-8: Number of hot days (Tmax >25°C) per year at Master(oambined record from Te Ore Ore
(agent number 7578) and Te Ore Ore CWS (agent number 376B82nNd shows an increase of approximately
1.9 hot days per yeamwhichis significant at p < 0.05

3.2.2 Rainfall

Total annual precipitatiois presented fonWellington (Kelburn)n Figure3-9 and forBagshot Station

(12 km northeast oMasterton) in Figure3-10. There is yeato-year variability in the data, with some
years recording almost 900 mm more than other years at Wellington. There is a minimal positive long
term trend in rainfall at Wellington and Bagshot Station sk@asmall deiling trend in annual

rainfall.

2000
y =0.6124x + 1217.9
1800 R2=0.0063
~ 1600
S
51400
qc=§1200 ......... oo fleco LB 14 lececee g b gecccee Y S 7 TY=yeeeN F Y2 B 1 £ YEX XX FIOXXE ¥Y TEX
c
'@1000
‘© 800
>
E 600
<
400
200
0
O A < ™~ O M O O0OOANL 0O A NN O0O M OO AN O dSM~NO0OM O o N
N MO OO M T I I T OO O© O ON~NDNMNINIDMNMOWOWOWO OO OO0 OO dd
D OO OO OO O) OO OO O) OO OO OO OO OO O o OO OO OO O OO OO OO OO O O O O O O
T 4 A A A A A A A A A A A A A A A A A A A A NN NN NN

Year

Figure3-9: Total annual precipitationat Wellington (Kelburn) 1928-2016, combined record from agent
numbers 3385 and 25354 rend indicates an increase in rainfall of approxima@atym per decadewhich is
not significant at p < 0.0%ote that there is 1 day of data missing in 2013, 2 missing in 2014, and 4 in 2015.
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Figure3-10: Total annual precipitation aBagshot Station (12 km northeast of Mastertor)9222009, agent
number 2446 20102014 data are from Masterton, Te Ore Ore CWS station (agent number 376&2¢ that
data have not been homogenisedears with no bars have too much missing datealculate annual total
rainfall. Trend indicates a decrease in annual rainfall of approximdtéfgmper decade which is significant at
p <0.05

3.2.3 Climatic dought

Parts of theWellington Regiomre particuarly prone toclimaticdrought conditions. De to the

importance of primary productiontb S g %S| f | y Ri@ @accusréneyo2di6eight is afajor

concern. Tie measure otlimaticdrought that is usedn thisreportA & WLIR2 G Sy G A+t S@I LR
defA OA (i Q
and evaporative loss from the soil and other surfaces. Days when water demand is not met, and
pasture growth is reduced, are often referred to as days oéptial 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.

0t 950 9@ LRUNIYALIANI GAZ2Y Ad GKS O2YO0AYySI

The following plotsKigure3-11 and Figure3-12) show PED accumulations over growing years-(July
June) through the historical record fé¥ellington andBagshot Stationngear Masterton). The higher
the PED accumulation, the dridre soils were during that year.

Wellington (Kelburn) has highly variable PED from year to y&arhighest PED accumulation for
Wellington(Figure3-11) occurred ir20152016 with a secondary maximum in 199998.
Accumulated PED wapproximately 500nm in20152016 ForBagshot Stationthe highest
accumulated PED on record was durii®$7-1998when over4d50 mm was recorded~jgure3-12).
There does not appear to be a losigrm trend in PED at either site.
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Total potential evapotranspiration deficit, Jul-Jun Years: 1939/40 to 2016/17
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Figure3-11: PED accumulation from 19320-201617 (JulyJune yearsjor Wellington (Kelburn) Light blue
bars indicate years where there are missing data, and small red numbers indicate the amount of months in that
year that are represented (months with full data).

Total potential evapotranspiration deficit, Jul-Jun Years: 1942/43 to 201314
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Figure3-12: PED accumulatiorrém 1942/43-2013/14 (July-June years) foBagshot Station (12 km
northeast of Masterton) Light blue bars indicate years where there are missing data, and small red numbers
indicate the amount of months in that year that are represented (months withofatth).

3.2.4 Extreme rainfall events

Extreme rainfall may be expressed as theaximum daily rainfall per year at a location (Rx1day) and
the number of days per year when rainfall occurs over a certain threshold (R20mm, here the
threshold used is 20 mm).

Extremerainfall statistics are presented for 282016 for Wellington (Kelburnand for 19242009
for Bagshot Station (near MastertoMheae is nolong-term trend inmaximum daily rainfakt
Kelburn which hasan average of around0 mm (Figure3-13). However, yeato-year variability is
high. This is also true for the number of days pearywith rain over 20 mnF{gure3-14), which has
an average of about6 days ForBagshot Stationthe yearto-year variability is also high for
maximum daily rainfalligure3-15) and the number of heavy rain daysdure3-16). For both sites,
maximum daily rainfall and the number of heavy rain days has very slightly declined over the
historical period.

Climate change and variabilityVellington Region 37



180
y =-0.0773x + 219.81
160 R? = 0,0095

140
120
100

[e]
o

(o]
o

Maximum daily rainfall (mm)
N
o

N
o

0
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year

Figure3-13: Maximum daily rainfall for Wellington (Kelburn), 1928016 (Rx1day)Trend indicates decrease
in Rx1day of approximately 0.8mm/decadehich is not significant at p < 0.05
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Figure3-14: Number of days per year with >20 mm rainfall for Wellington (Kelburt®282016(R20mm).
Trend indicates an increase of heavy rain days of approxim2tdys per century which is not signifant at p
<0.05

38 Climate change and variabilityVellington Region



y =-0.2071x + 74.177

~

£ 140 R2 = 0.0469

£

= 120

T

e

‘< 100

p -

>

= 80

©

£ 60

g

£ 40

©

= 20

0

<t ™SO M O O NN O A S MN~MNOM OO AN OO A S NM~MOM OO N 0O dA <
N AN OO OO OO MO <§“ T T WO WOLW O O O ON~NNMNMNINMNMOWOWOWOO O O O OO Jd d
o OO OO OO OO OO OO OO OO OO OO OO OO O O D OO OO OO OO OO OO O OO Oh O O O O O
™ A A A A " A A A A A A A A A A A A+ H =+ NN N NN

Year

Figure3-15. Maximum daily rainfall forBagshot Statior(12 km northeast of Masterton); agent number
2446,19242009(Rx1day)2012-2014 data are from Masterton, Te Ore Ore CWS stafjagent number
37662).Note that data have not been homogenisddend indicates decrease in Rx1day of approximately
2mm/decade which is significant at p < 0.05
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Figure3-16. Number of days per year with >20 mm rainfddir Bagshot Station(12 km northeast of
Masterton) ¢ agent number 244§R20mm).20102014 data are from Masterton, Te Ore Ore CWS station
(agent number 37662)Note that data have not been homogenis@dend irdicatesa decreasef heavy rain
days of approximatel? days per century which is not significant at p < 0.05

3.2.5 Growing degree days

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

critical to the growth or deviepment of a particularplanh & | YSI &dzZNB 2F GKS LI |y
on that day. The sum of these departui@sove the base temperaturiaen relates to the maturity

or harvestable state of the crop. Thus, as the plant grows, updated estimates of h@mesan be

made. These estimates have been found to be very valuable for a variety of crops with different base
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temperatures. Degreelay totals indicate the overall effects of temperature for a specified period,
and can be applied to agricultural and tioualtural production.

Growing degrealays(GDDexpress the sum of daily temperatures above a selected base
temperatured ™M nthat represent a threshold of plant growtfthe average amount of growing
degreedays in a location may influence the choice of crops to growifesent species have
different temperature threshold$or survival Figure3-17 shows the median annual growing degree
day totals for base 10°C ftre Wellington Region

The daily GDD total is the amount tHaily average temperature exceetie threshold value (e.g.
10°C). The annual GDD total is usuadigumulated over the period 1 July to 30 June.

Wellington
Median Annual Y
Growing Degree Days I

(GDD) {Base 10°C)

Figure3-17: Median annual growing degredayso o I & S intha Wellidgton Region 19812010. See text
for explanation© NIWA.

Air temperatures irthe Wellington Regiofave increased over the past centuBegtion3.2.1). As

the calculation of growing degregays is inherently dependent on temperatutkere isalsoan

upward trend in the number of growing degreays(Figure3-18). This will likely influence the types

of crops that can be grown at a particular location, atgb harvesting times for crops into the future

¢ one would expect to see crops only suitable for warmer northern climates at present move further
south as the climate warms, and harvesting times staft to anearliertime in the season.
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Figure3-18: Annual growing degree days (base 10°C) at Wellington (Kelbdrhis trend indicates an
increase of approximately 3 GDD per year, which is significant at p < 0.05.
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3.3 Natural factors causing fluctuation aimate patterns over New Zealand

adzOK 2F GKS OINARFGA2Y Ay bSé %SIflyRQa OfAYIGS A
longer term, quasctyclic variations in climate can be attributed to different factors. Three lacgée

oscillations that ifluence climate in New Zealand are the El N#outhern Oscillation, the

Interdecadal Pacific Oscillation, and the Southern Annular Mifileistry for the Environment,

20089.

3.3.1 The effect of El Niflo and La Nifia

The EI Nifiesouthern Oscillation (ENSO) is a natural mode of climate variability that hasanigiag
impacts arond the Pacific basi(Ministry for the Environment, 2008aThe oscidition involves a
movement of warm ocean water from one side of the Pacific to the other, and the movement of
rainfall across the Pacific associated with this warm water.

Duringdf bA323X SIadidSNIeée GNIRS gAyRa ¢ Shovdgthe y R &I N
east, accompanied by higher rainfall than noriimathe centraleast Pacific. La Nifis essentially the

212 aA0S 2F GKAA YR A& Yy AYOUGSYaAaFAaAOlLGAazy 2F Wy
remain over the western Pacific and thadie winds strengthen.

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 Dain to determine the state and intensity of ENSO. Persistence of
about-1 signifies El Nifio events, whereas +1 signifies La Nigiar€3-19).

NIWA SOl [climatology 1941-2010]
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Figure3-19: Time series of the Southern Oscillation Index from 1930 to 2@&lée 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 cledodgrved in the tropics, but impacts are well
recognised in New Zealand also. DutfidNifio events, the weakened trade winds cause New
Zealand to experience a stronger than normal sewdsterly airflow. This generally brings lower
seasonal temperature®tthe country and drier than normal conditions to the north and east of New
Zealand.

DuringLa 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 pressures are dfteminant, which can cause
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drought conditions there. Therefore, drought conditions can persist in either El Nifio or La Nifia
phases in the South IslanBigure3-20 showvs average summer rainfall anomalies in New Zealand
associated with El Nifilo and La Nifia conditions. However, individual ENSO events may have
significantly different rainfall patterns to those pictured.

Average Summer Percent
of Normal Rainfall
during La Nifa'

Average Summer Percent
of Normal Rainfal
during EI Nifio

Figure3-20: Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (rightyifio
composite uses the following summe963/64, 1965/66, 1968/69, 1969/70, 1972/73, 1976/77, 1977/78,
1982/83, 1986/87, 1987/88, 1991/92, 1994/95, 17@98, 2002/03. La Nifia composite uses the following
summers: 1964/65, 1970/71, 1973/74, 1975/76, 1983/84, 1984/85, 1988/89, 1995/96, 1998/99, 1999/2000,
2000/01. This figure was last updated2005 and will be updated for the GWRC climate drivers praject

2018 © NIWA.

FromFigure3-20it is evident that on average summer rainfall tbe Wairarapa and around
Wellington Cityis near or below normal duringl Nifio periods andear or abovenormal during La
Nifia periodsThe Kapiti Coast and the rangeseive near or above normal rainfall during El Nifio
periods anchear orbelow normal rainfall during La Nifia periods.

According to the IPCC Assessment Refpomt Working Group (IPCC, 20)3precipitation variability
relating to ENSO will likely intensify due to increased moisameglability in the atmosphere. There 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 practed changes in ENSO remain uncertain at this stage.

3.3.2 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 ZedBalihger et al., 2001The IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 y&&gsre3-21). 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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PC #2 : Interdecadal Pacific Oscillation (IPO)
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Figure3-21: 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 periods with mwegheasterlies than normal over northern regions of the
country. Vertical axis is the IPO index, and horizontal axis is theWeal?O index used in this report is

calculated as the 2nd Principal Component (PC) of-fillmzed (low-pass filter, keepig only low frequency
oscillations over 11 years) monthly sea surface temperature anomalies in the Pacific domais@38;S

120°E 295°E) over the January 192@ebruary 201 period. The Dataset used is the Extended Reconstructed
SST (ERSST) Datasetqida 4) developed by the US National Oceanic and Atmospheric Administration (NOAA)
and made available by the US National Climate Data Centre (NCDC).

A A 2 4 A x

bS¢g w%SItlFyRQa Of AYIFGS | L0k IPOEyclel The incease i Ne® O SR 0o @
Zealandwide temperatures around 1950 occurred shortly after the change from positive to negative

phase of the IPO. In addition, the switch from negative to posiBNgphasein 197%78 coincided

with significant rainfall changéMinistry for the Environment, 2008a
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Figure3-22: Percentage change in average annual rainfall, for the 19BP®8 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 digtdioal warming would also be contained within this
pattern of rainfall trends). ©NIWA.

As suggested byigure3-22, periods of positive IPO (which generally coineidth increased El Nifio
activity) tend to be drier, on average, fhre eastern parts of th&Vellington Regioifas well as
Wellington Citylnd wetter for western parts of theegion and the range§he IPO hasecently
switched to the positive phase

During the period 195€004, a trend to increases in mean and extrermay rainfall was generally
observed in the west of both the North Island and South |é@dffiths, 2008. These results

suggest trend to increased westerly circulatiacross New Zealand between 1950 and 2004. This
trend is consistent with enhanced warming since 1950 (as predicted by climate change modelling);

the stronger IPO westerly phase since 1977; the increased frequency of El Nifio events since 1977; or

a mixtureof all these considerations.

3.3.3 The effect of the Southern Annular Mode
The Southern Annular Mode (SAM) is a ring of climatic variability that encircles the South Pole and

SEGSYRa&
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G2 GKS fldAGdzRSa

27

bSs nmabitt I yRS

westerly wind strength and storm occurrenfenwick and Thompson, 200 its positive phase,

the SAM is associated with relatively light winds and more settled weatharew Zealand, with
stronger westerly winds further south towardstarctica In the Wellington Regionthe positive

SAM phase is associatedth higher than normal daily maximum temperatures in central and
western partsln contrast, the negative phase of the SAM is associated with unsettled wesatter
stronger westerly windsver New Zealand, whereas wind and storms decrease towards Antarctica.
In the Wellington Regionlower than normal daily maximum temperatures ateserved forcentral

and western parts during the negative phase

2The opposite behaviougi.e. a trend to decreases in mean and extreme raigfals observed in the east of the North and South

Idands.
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In contrast to the longelived oscillations of ENSO and the IPO, each phase of the SAM may only last
for a fewweeks before switching to the opposite phase. The phase and strength of thesSAM
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., 20)1However, with the recovery

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

of summetime SAM phases is expected to become more negative and stabilise slightly above zero
(i.e., it is expected that there will be slightly more positive SAM phases than negative phases. Note
that the phases of the SAM are defined relative to the historilbaate). However, 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 positive phases than
negative phases into the futur€&igure3-23). The net result for SAM behaviour, as a consequence of
both ozone recovery and greenhouse gas increases, is therefore likely to be relatively little chang
from present by 2100. However, other drivers are likely to have an impact on SAM behaviour into the
future, particularly changes to sea ice around Antarctica as well as changing temperature gradients
between the equator and the high southern latitudesielhcould have an impact on zorfalesterly)

wind strength in the miehigh latitudes.

a Ozone-depleting substances
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Figure3-23: Time series of the Southern Annular Mode from transient experiments forced with time

varying ozonedepleting substances and greenhouse gasaskForcing with ozondepleting substances; b.
forcing with greenhouse gases. The SAM index is defined as the leading principal component time series of
850-hpa Z(i.e. westerly windlow) anomalies 280°S; positive values of the index correspond to anomalously
low Z(i.e. fewer westerly winds)ver the polar cap, and vice versa. Lines denote thgd#r lowpass

ensemble mean response for summer (DJF, solid black) and winter (JJA, blaghe@rey shading denotes-+/
one standard deviation of the three ensemble members about the ensemble mean. Thieiangheans of

the time series are arbitrary and are set to zero for the period 189105. Past forcings are based on
observational estimies; future forcings are based on predictioddter Thompson et al. (2011).
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The future climate of th&Vellington Regiomvill be influenced by a combination of the effects of

anthropogenic climate change (in@sing global concentrations of greenhouse gases, Section 2) plus

the natural yeatto-year and decad®o-RS OF RS @ NA | 60 Af A& NBaadahity A y I T NE
from phenomenasuch as El Nii8outhern Oscillation (ENSO), the Interdecadal Pacifitlalisci

(IPO), and the Southern Annular Mo@BAMRBsdiscussed in Section Bhis section outlines the

projected changes due to anthropogenic climate change inwedington Regionpand then returns

to the issue of atural variability in Section. Notethat the projected changes use 3@ar averages,

which will not entirely remove effects of natural variability.

Assessing potentidiliture changes in climate due to anthropogenic activity is difficult because
climate projectionglepend on future greenhousgas concentrationsThose concentrationdepend

on global greenhouse gas emissitinat aredriven by factors such as economic activity, population
changes, technological advances and policies for sustainable resourde asilition, for apecific
future trajectory of global greenhouse gas emissions, different climate nsiellationsproduced
somewhat differentresults for futureclimate change.

This has been dealt with by the Intergovernmental Panel on Climate Change through consideration of
W3 O & yitaiikscrie concentrations of greenhouse gases in the atmosphere associated with a
range of possible economic, political, and social developments during theetury, andvia

considertion ofresults from several different climate models faryagiven scenario. In the 2013

IPCC Fifth Assessment Report, the atmospheric greenhouse gas concentration component of these
scenarios are called Representative Concentrations Pathways (RCPs).

In Sectionst.1 and4.2, global climate model outpstbased on twdRCPs hae been downscaled to

produce future projectionsf temperature and precipitation fothe Wellington RegionThe RCPs are

based on 2% century climate policies, and thus differ from the previous IPCC SRES emissions

d0SYy Il NA 2 a -0tyARY HIKEP R IYHRER. Bis alow-to-mid range emissions scenario,

which is alsoeferredtol  Wa il oAt Aal A2y Q a0Syl NAR2 REENS NI RALI
a scenario with very high greenhouse gas emissions, and radiative forcing continuesasencr

beyond 2100w/ t y ®p Aa | faz2 (1y26y I aEadtkKrREP favides apgtiSlr a | & d:
resolved data sets of land use change and selsimed emissions of air pollutants, and it specifies

annual greenhouse gas concentrations and anthropogemisions up to 2500 (although thieport

only considers changes to 2100). RCPs are based on a combination of integrated assessment models,
simple climate models, atmospheric chemistry and global carbon cycle models.

NIWA has used climate mod&multion data from the IPCC Fifth Assessm@RCC, 20030 update
climate change scenarios for New Zealand through both amagimate model (dynamical) and
statistical downscaling process The dynamical and statistical downscaling processes are described
in detail in an updated climate guidance manual prepared for the Ministry foEthéronment

(Mullan et al., 2016)buta short explanation is provided belol@ynamical downscaling results are
presented for all variables, and statistical downscaling results are presented for mean temperature
and precipitation projections.

All climate projections start as simulatiofiem global climate models, which have coarse spatial
resolutionof the atmosphere and oceaiynamical downscalingilisesa hidh-resolution climate
model or weather prediction model tobtain finer scale detaifrom a coarser global model
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simulation(5 km resolution in this reportwhich corresponds to the VCSi\id). Statistical

downscaling uses statistical relationships (or sometimes simple interpolation) to relate the large
scaleclimate simulation outputs (which are griddeld)the smaller scal€either regional, catchment

or local station scalepeveral different models are used to simulate futilew Zealandlimate 6ix

for dynamical downscaling and up to 41 for statistical downscaling). The projections from each of
thesemodels are averagetbgether, creating an ensemble average (which is displayed in the figures
in this section)See Glossary for IPCC definition of downscaling.

Note that in the maps in the following sections there are some pixels around the coast of the
Wellington Region whre no projection data are displayed. Data is downscaled only where low
resolution cellsn the modelconsist ofland coverageandwhere theyoverlap high resolution cells. In
most casesinterpolating over mixed sea and land paicteates artificial biase for example lower
temperatures. A total of 40 data points are missing frilva 5km VCSN gridin addition, some

coastal featureseen in the downscaled results aridge to coarse 5 km grid resolution.

3 Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the countrybdzata has
AYGSNLREFGSR TNRBY WNRBITIAQHENDERSON S, THRNER, R.R ZHENS, X 2G\F0E6. Thin plate smoothing spline
interpolation of daily rainfall for New Zealand using a climatological rainfall suifgeenational Journal of Climatolog®6, 2097-2115)
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4.1 Changes to temperature

The magnitude of the tempetare change projections varies with the RCP and also with the climate
models used. In this reporiemperature projections were carried out lsynamicaldownscaling of
twWoRCPsz& Ay 3 bL2! Q& wS 3 afaffilisdtiondcénariy (RGHS) ard2 RS €
emissions scenario (REB).

4.1.1 Mean temperatureprojections

Theseasonal pderns of projected temperature changeser theWellington Regioffior 2040based
onthe RCR.5scenarioare shown irFigured-1. Figured-2 shows corresponding patterns for 2090.
Figured-3 shows the seasonal patterns of projected temperature increas@@d0 for the RCP8.5
scenarig andFigure4-4 showsthe corresponding patterns for 2090. These nominal years represent
the mid-points of bidecadal periods: 2040 is the average over 20830, and 2090 the average over
2081-2100. All maps show changes relative to the baseline climate 0f2085(1995)
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Figure4-1: Projectedannual andseasonaimeantemperature changes at 2040 (2032050 average).
Relative to 198005 average, for the IPCC RGRBcenariopased on the average sfxglobalclimate models.
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projection is 5km x Skn®NIWA.
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Figure4-2:  Projectedannual andseasonaimeantemperature changes at 2090 (2082100 average).

Relative to 198005 average, for the IPCC RGRBcenariopased on the average sfxglobalclimate models.
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Figure4-3: Projectedannual andseasonaimeantemperature changes at 2040 (2032050 average).

Relative to 198&005 average, for the IPCC RCP8.5 scermasgd orthe average osixglobalclimate models.
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Figured-4:  Projectedannud andseasonaimeantemperature changes at 2090 (2081100 average).

Relative to 198&005 average, for the IPCC RCP8.5 scerma$®d on the average sfxglobalclimate models.
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As shown byrigure4-1, projected future warming ithe Wellington Regiomt 2040 under the R@5
scenarios more pronouncedor inland andeastern areaswhenthe averageresult fromsix
downscalec:limate modesis consideredMostwarming is between 0.50.00s / dzy RSNJ KA
Around and to the east of Mastertan ¢ I NY¥ Ay 3 2 F dzLJ (agtumm Bigues2 A &
shows mean seasahtemperature change under R€Bat 2090. A similar pattern is shown to
Figure4-1, but the magnitude of warming is larger. The season with the largest change is autumn,
with a large area around Masterton projected to experience increases of up to 1.75°C

Figured-3 shows projected warming for thé/ellington Regiominder RC®.5 at 2040; warming of
bndpe/ Aa 20 as NoStRfths @@oNIlank BoMBEhE coastaiRnargingrisjected

to warm by up to 1.25°C in autumBYy 2090 under R8P (Figure4-4), significant warming is
observed over the entirgVellington Regionwith springobservirg the least amount of warming and
autumnobserving the mostThe area around and to the north and east of Masterton is projected to
experience increases by more than 3.25°C in autumn. At the annual scale, minimum warming of
2.25°C is projected for the rexgji.

Model agreement is very good for mean temperature projections as all models project an increase
under both RCPs at both time periods.

Some modelindicateless warmingvhile othersshowa faster rate of warmingfPCC, 2093 The full
range of modeprojected warmingor the Wellington Regioms a wholéased on statistical
downscalingnethods is given inTable4-1, while Table4-2 shows the results fromynamical
downscaling method&he maps in this reponpresent dynamical downscaled projectionghe
temperature ranges are relative to the baseline period 12865 (995;as used by IPCC). Hence the
projected changes at 2040 and 2090 should be thoudlasd5-year andd5-yearprojectedtrends.

The seasonal and annual ensemble average projection (the number outside the bracKetsled1

is the temperature increse aveaged over all 23 models for RCP2.6, 37 models for RCP4.5, 18 models
for RCP6.0, and 41 models for RGRanalysed by NIWA. The bracketed numbers give the ratige (5
and 95" percentile) for each RCP for each season and the annual projeEtiohable4-2, the

ensemble average projection is given outside the brackets (six models) and the bracketed numbers
give the range (minimum and maximum) for each RCP fdr se@son and the annual projection.

Table4-1:  Projected changes in seasonal and annual mean temperature (in °C) fovMbkington Region

for 20312050 (2040xnnd 20812100 (2090)as derived from statisticatlownscalingChanges are relative to

the baseline period, 1982005(1995) The changes are given for all four RCPs (2.6, 4.5, 6.0, 8.5), where the
ensembleaverage is taken over (23, 37, 18, 41) models, respectively. The first number is the ensemble
avemge, with the bracketed numbers giving the rang@ &&d 95" percentile).This table is based on statistical
downscaled projectionsAfter Mullan et al. (2016).

a
20

Period RCP Summer Autumn Winter Spring Annual
RCB.5 |1.1(0.5,1.7) |1.1(0.7,1.5) | 1.2(0.7,1.6) | 0.9(0.4,1.3) | 1.1 (0.6, 1.6)
2040 RCP6.0 | 0.8(0.3,1.4) | 0.9(0.2,1.2) | 0.8(0.3,1.3) | 0.7 (0.2,1.1) | 0.8(0.3,1.2)
RCP4.5 | 0.9(0.4,1.4) | 09(0.4,1.4) | 1.0(0.6,1.3) | 0.8(0.4,1.1) | 0.9(0.5, 1.2)
RCP2.6 | 0.7 (0.2,1.2) | 0.8(0.3,1.2) | 0.7(0.3,1.1) | 0.7 (0.3,1.0) | 0.7 (0.3, 1.1)
RCP8.5 | 3.1(2.2,4.7) | 3.1(2.2,4.4) | 3.2(2.4,4.2) | 2.7(1.9,3.6) | 3.0(2.2,4.3)
2090 RCP6.0 | 1.9(1.0,3.6) | 1.9(1.0,3.1) | 1.9(1.2,2.9) | 1.6 (1.0,2.4) | 1.8(1.1,2.8)
RCP4.5 | 1.4(0.7,2.6) | 1.5(0.8,2.2) | 1.5(0.9,2.1) | 1.3(0.7,1.9) | 1.4 (0.9, 2.1)
RCP2.6 | 0.7 (0.2,1.4) | 0.7 (0.1,1.5) | 0.7 (0.3, 1.3) | 0.6 (0.2,1.2) | 0.7 (0.3, 1.3)
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By 2040the central year of th2031-2050interval, relative to 19862005), annual average

temperatures are projected tmcrease by between aboutWC (RCP6) and 11°C (RCR5).

Summer, autumn and winter have similar projections for warming across the regions, and the least
warming is projected for spring. By 2090 (268100, relative to 198@005), annual average

temperatures are projected to increase by betwee@®@ (RCE6) and 3.0C (RCR5).Similar to

2040, summer, autumn and winter have similar projections for warming, and the least warming is
projected for spring. Note #t the mitigation scenario (R2B) tempeature change for 2090 is less

than or the same as the change for 2040 for some seasons in all regions, whereas all other emissions
scenarios show increased warming at 2090 relative to 2040.

Although there is considerable variability between the ensembdentmers for each RCP (the
numbers inside the brackets show th& &nd 95" percentiles), the direction of change in mean
annual and seasonal temperature is positive for all RCPs.

Table4-2:  Projected changem seasonal and annual mean temperature (in °C) for the Wellington Region
for 20312050 (2040) and 2082100 (2090), as derived from dynamical downscali@dnanges are relative to

the baseline period, 1982005. The changes are given for all four RCBs4%, 6.0, 8.5), where the ensemble
average is taken ovaixmodels. The first number is the ensemble average, with the bracketed numbers giving
the range(minimum and maximun This table is based on dynamical downscaled projections.

Period RCP Summer Autumn Winter Spring Annual
RCB5 |0905,13) [1.00.8,14) |080.6,1.1) |0.80.51.1) | 090.6,1.2)
2040 RCP6.0 | 0.7 0.5,1.0) | 090.6,1,1) | 0.70.5,0.9) | 0.6 0.4,0.7) | 0.7 0.5,0.9)
RCP45 | 0.80.3,1.1) |090.5,1.2) | 0.70.5,09) | 0.70.4,0.9) | 0.80.5,1.0)
RCP2.6 | 0.7(0.3,1.1) | 0.6 0.3,0.8) | 0.60.3,0.9) |050.3,0.8) | 0.6 0.4,0.9
RCP8.5 | 2.8(1.9,3.5) | 3.0(2.2,3.8) | 25(1.9,3.0) | 2.4(1.9,2.9) | 2.7 (2.0, 3.2)
o090 | RCPE.0 | 1.7(1.1,24) | 1.9(1.2,24) | 1.6(1.1,2.0) | 1.6(1.2,2.0) | 1.7 (1.2, 2.2)
RCP4.5 | 1.3(0.6,2.0) | 1.4(0.9,1.9) | 1.1 (0.8,1.6) | 1.2 (0.7, 1.6) | 1.2 (0.7, 1.7)
RCP2.6 | 0.6 (0.1, 1.0) | 0.7 (0.3,1.2) | 0.6 (0.2, 1.0) | 0.5(0.3,0.8) | 0.6 (0.2, 1.0)

The dynamical downscaled mean temperature projectioriBable4-2 are consistent with the

statistical downscaled projections Trable4-1, in that warming is projected everywhere, and the

results for each RCP and each time period, season, and asualedre similar.

4.1.2 Maximum and minimum temperature projections

Projected changein daytime maximum (Tmax), nighttime minimum (Tmin) and diurnal temperature
range (Trange, the difference between Tmax and Tmin) are presented in this sectionvatiasies
are available from the Regional Climate Model dynamical downscaling.

The ensemble of regional climate modemperature projections is based on the six best performing
models for the New Zealand regi@dullan et al., 201§ The temperature trends are positive over
the whole Wellington Regioror both RCP 4.5 and RCP 8.5, but are neither spatially homoggne
nor of equal magnitude. Thminimum, maximum and the diurnal range of temperatatenges are
documented for alkeasons antivo future periods inFigure4-5 to Figure4-16.

The positive maximum temperature trends (Tmaxg(re4-5 to Figure4-8) are larger than minimum
temperature trends (Tmin)Higure4-9 to Figure4-12), resulting in an increase in the diurnal
temperature range (Trangelrigure4-13to Figure4-16). Tmax is projected to increase by more than
3.25°C for most of thi#Vellington Regiominder RC®.5 at 2090 for all seasons and the annual
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average, but the extent of Tmax increase is less for spring (less than 3.25°C). Tmin is projected to
increase by around 2.6R.25°C for most of the region in spring, summer, and foryé as a whole
at 2090 for RGRS5, but more (around 2.75°C) in autumn and less (aroundA.0%°C) in winter.

The Trange increase is largest in the summer and winter seasons over eastern parté/eflihgton
Region with eastern parts of the regiorxpected to experience approximately 1.50°C increase in
Trange for theyear as whole by 2090 under B Ly 3 Sy S NdstationFseribSiaduding! Q &
two sites inWellington Regiomt Mastertonand Kelbur, the historical warming rates have been
higher for the minimum than the maximumemperaturesat all but one site (Nelsorf).e., Trange has
been decreasing over time)

Model agreement is good for maximuamd minimumtemperature projectionsas well as
temperature rangeas all models project an irgaseunder both RCPs at both time periods

56 Climate change and variabilityVellington Region



50 Kilometers

&
Paraparaumus >
(it

0 30 60 90 120
|

180 Kiometers _—NJIWA_—  (2031-2050)

Taihoro Nukurangi RCP 4.5

°C

3.25
3.00
2.75
2.50
—2.25
2.00
1.75
1.50
1..:25
1.00

0.75
0.50

I8

0.25

Figure4-5: Projectedannual andseasonaldaily mean maximuntemperature changes at 2040 (2032050

average) Relative to 198005 average, for the IPCC RGRcenarig based on the average sfxglobal
Qa3 wS3IAz2yl ¢t

climate modelsResults are based atynamicaldownscaled projectiondza A y 3
Resolution of projection is 5km x S5k@NIWA.
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Figure4-6: Projectedannual andseasonaldaily mean maximuntemperature changes at 2090 (2081100
average) Relative to 198005 average, for the IPCC RGRcenarig based on the average sfxglobal

climate modelsResults are based atynamicaldownscaled N2 2SOl A2y & dzaAy3a blL2! Q&
Resolution of projection is 5km x S5k@NIWA.
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Figure4-7:  Projectedannual andseasonaldaily mean maximuntemperature changes at 2040 (2032050
average) Relative to 198005 average, for the IPCC BGPscenaripbased on the average sfxglobal

climate modelsResults are based atynamicaldownscaled N2 2SO0 A 2y & dzaAy3a blL?2
Resolution of projection is 5km x Sk@NIWA.
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Figure4-8:
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Resolution of projection is 5km x S5k@NIWA.
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Figure4-9: Projectedannual andseasonalaily mean minimumtemperature changes at 2040 (2032050

average) Relative to 198005 average, for the IPCC RGRcenarig based on the average sfxglobal

climate modelsResults are based atynamicaldownscaledl N2 2 SOG A 2y & dza A yhate Moded | Q& wS 3
Resolution of projection is 5km x S5k@NIWA.
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Figure4-10: Projectedannual andseasonabaily mean minimumtemperature changes at 2090 (2081100
average) Relative to 198005 average, for the IPCC RGRcenarig based on the average sfxglobal
climate modelsResults are based atynamicadownscaled INE 2 SOl A2y a dzaAy3d blLz!

Resolution of projection is 5km x S5k@NIWA.
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Figue 4-11. Projectedannual andseasonalaily mean minimumtemperature changes at 2040 (2032050

average) Relative to 198005 average, for the IPCC BGPscenaripbased on the average sfxglobal

climate modelsResults are based atynamicadownscaled INBE 2 SOl A2y a dzaAy3d blL2! Qi wS3
Resolution of projection is 5km x S5k@NIWA.
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Figure4-12: Projectedannual andseasonalaily meanminimum temperature changes at 2090 (2081100

average) Relative to 198005 average, for the IPCC BGPscenaripbased on the average sfxglobal

climate modelsResults are based atynamicaldownscaled N2 2 SO0 A 2 y & dzalIClfriate blddél ! Q& wS 3
Resolution of projection is 5km x S5k@NIWA.
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Figure4-13. Projectedannual andseasonalliurnal temperature range(Tmax minus Tminghanges at 2040

(20312050 average)Relative to 198&€005 average, for the IPCC RBRBcenarig based on the average sfx

globalclimate modelsResults are based atynamicaldownscaled INE 2 S OiiA2y & dzaAy3a blL2! Q&
Model. Resolution of projection is 5km x Sk@NIWA.
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Figue 4-14. Projectedannual andseasonalliurnal temperature range (Tmax minus Tmirghanges at 2090

(20812100 average)Relative to 198&€005 average, for the IPCC RBRBcenarig based on the average sfx

globalclimate modelsResults are based atynamicaldownscaled INE 2 S OiiA2y & dzaAy3a blL2! Q&
Model. Resolution of projection is 5km x Sk@NIWA.
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Figure4-15. Projectedannual andseasonalliurnal temperature range (Tmax minus Tmirghanges at 2040

(20312050 average)Relative to 198&€005 average, for the IPCC RCP8.5 scermased on the average sfx

globalclimate modelsResults are based atynamicaldownscaledorojectionsusingN2 | Q& wS3IA 2yt /[ )
Model. Resolution of projection is 5km x Sk@NIWA.
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Figure4-16. Projectedannual andseasonalliurnal temperature range (Tmax minus Tmirghanges at 2090

(20812100 average)Relative to 198&€005 average, for the IPCC RCP8.5 scermased on the average sfx
globalclimate modelsResults are based atynamicaldownscaled JINRE 2 SOl A 2 y &

Model. Resolution of projection is 5km x Sk@NIWA.
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4.1.3 Growng degree day projections

As discussed in Secti@R.5, the calculation of growing degreasays is useful to primary industry in

terms of monitoring plant growth and planning harve$sojections for growing degree days using

basel0°C are presented Figure4-17. The future number of growing degree days has been

calculated from dynamically downscaled daily temperatzé A Y3 b L2 ! Qa wS8eHA2Yy Il f /¢

Figure4-17: Projected increase in number afrowing degree dayper year pase 10C) at 2040 & 2090 for

RCR.5 (left panels) and RCP8.5 (right panels), tbe Wellington RegionProjected changenigrowing degree

daysis relative to 1995Results are based q@rojectionsdza Ay 3 b L2 ! Qa wS JIbagegonithe/ £ A Y (S
average okixglobalclimate modelsResolution of projection is 5km x 5k@.NIWA.

By 2040, projections of gwing degree dayander both RCR5 andRCB.5 (Figure4-17) show the
same patterng an increasef up to 300GDDacross the regionwith smaller increases in GDD
projected for high eleation areasBy 2090, R@5 shows an increase in GDBOO-400GDDin all
areas except high elevations, where an increase ofZWDGDD is expecteRCB.5 shows an
increase o700-800 GDD for much of the western part of the Wellington Region, aned80GGDD
for the eastern part of the region. Increases of 5D GDD are projected for higher elevations.

Model agreement is good for growing degree day projections as all models project an inenelase
both RCPs at both time periods

4.1.4 Hot day and frosprojections

As the seasonal mean temperature increases over time, we also expect to see changes in
temperature extremes. In general, an increase in high temperature extremes, and a decrease in low
temperature extremes is expected. Natural variabilitycofirse, will continue to influence the
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