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Executivesummary

This report explores projections for a range of extreme climate indices in the Wellington Region
(temperature and rainfall), comparing the recent past to modelled future conditions, and cosisider
implications of changes in extrem®en different setors. It is a companion report to the climate
change projections for Wellington Region produced by NIWA for the Greater Wellington Regional
Council in 2017.

Historic temperature trends in Wellington and Masterton show that warm nighe extreme
temperatures have increased and cold extremes (day and night) have decreassistent with
increasingatmospheric greenhouse gas concentrations globally. Changes to extreme rainfall are less
pronouncedacross the regiorbut the amount of exeme rainfall recaded in short periods has
increased at Kelburn over the past 90 ye&kellington and Masterton were chosen foistoric

analysis aboth sites have the longest records in the region and are part of the New Zealand Seven
Station Temperatwe Series.

In the uture, more warm extremes are expected in the Wellington Region (e.g. hot days, heatwave

days, warm nights) and fewer cold extremes will occur (e.g. frosts, cold days, cold nights). These

trends are amplified under higher greenhouse gasssion scenariog.hese temperature changes

INBE tA1Ste G2 FFFSOU GKS LINPRAzOGAGAGE 2F 2Stf Ay
stress, plant water use, pests, and changing plant growth cycles and harvest times. Species in the

natural enironment may be pahed to their thermal limiteind pests may become more prevalent

Urban environments will also be affected through heat stress on people and infrastructure.

For rainfall, the future trajectories are less straightforward, with some aregjgegied to expegnce
increases in the numbers of rain days and others decreases in rain day totals. However, there is a
clear trend towards increasing lengths of dry spells and decreasing lengths of wet spells at both
Wellington and Mastertonincreasingprevalence of draght across the region, particularly in the
Wairarapa, is likely to impact plant growth, water supply (for both urban and rural uses), and low
river flows affecting instream habitat availability.

Extreme, rare rainfall events are liketyibhcrease in intasity due to more moisture being held in a
warmer atmosphere. The amount of rain that falls during short duration extreme events {leagir;1
100year return period) is likely to increase disproportionately compared with longer evegts (e
120-hour). Inaeasing extreme rainfall is likely to have impacts on slips and landslides, transport
networks (important for primary sectors getting products to market), soil saturation, urban drainage
systems, and natural environments through sedimeiotaand reductionin instream habitat quality.

2 StftAy3al2yQa O21 aill t Hevele andiextrerie siddndide eVEINR Y 2y J2A Y
Considerable areas of built up areas, as well as important transport infrastructure, are exposed to

rising seasAt present sea kels, 4084 buildings and 36.2 km of roads in the Wellington region are

exposed to a 1% annual exceedance probability stide event, which rises to 14,336 buildings and

173 km of roads under 1 m of séavel rise and 21,755 buildingsdaB19 km of roadsinder 2 m of

sealevel rise.

Wellington Region climate change extrenzexl implications 9
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1 LYUGNRRdAzOUGAZ2Y

Climate change is already affecting New Zealand with downstream effects on our natural
environment and communitie$n the coming decades, climate changd increasinglypose
challengesto N&@ %S| f | y R BeNsHWAprévidédclighake change projections and impacts
informationto Greater Wellington Regional Council in 2QPéarce et al., 201,/)vhich can be
accessedrom www.gw.govt.nz¢limate-change That report concentrated on projected changes to
average annual and seasonal climate conditions (e.g. average temperature, rainfall, windesspked
so on). Changes to climatextremes (e.g. heatwavesxtreme rainfalland drought) may ave a

more significant impact on people, economies and the natural environment than changes to the
average climatic conditions. In light of thi3reater Wellington Regional Council has cossioned
this report, whichprovides projectionsof future changegor climatic extremesndtheir implications
for the Wellington Region.

This report contains information about extrentemperature and rainfall changes for the Wellington
Region between thaistoric period (1986&2005)and the mid and late 21Century. Pojections have
0SSy SEGNI OGSR FTNRBY b L béutp@ af which fasbeey dovnsdalédiay | G S
resolution of 5km x 5knRecent updates to the High Intensity Rainfall Design Sy@#RDS v4) have
produced information on extreme rainfall even@ther work on extreme climate indices has been
carried out using the weather@home climate mqdahd results are presented here for extreme
temperature changesidditional analyses of tempature extremes are covered (summer 2017/2018
temperature recordsand historical trends in station temperatures in the Wellington Regién).
extreme index of droughaind implications of extreme storm tide events alsoconsidered An
updated section on salevel rise projections following the publishing of coastaldndg guidance

from the Ministry for the Environmeris included in the Appendifinally, three sections on
implications of changes in extremes are presented (based on literatdog)insurance, agriculture

and horticulture, ecosystemsnd the urban erivonment.

Wellington Region climate change extrenzasl implications 11

¢

N


http://www.gw.govt.nz/climate-change

2 aSikKz2Rz2fz23e

Downscaledc A YI ¢S Y2RSf RIFGF FTNRY bL2! Qa wS3AA2ylt /A
indices presented in section 3 and section 4. The data and downscaling methodology are consistent

with thosestated inPearce et al. (20179r the climate change assessmédat Greater Wellington

Regional Council.

Scenarios from the Intergovernmental Panel on Climate Ch@R@C)vere used to understand
potential climate futures based on economic, political and social developments dberftt
century.

2.1 Representative @hcentration Pathways
Key messages

1 Future climate change projections are considered under §paenhouse gas concentration
scenarios, called Representative Concentration Pathways (RCPs) by the IPCC.

1 The four RCPs projedifferent climate futures based oiuture greenhouse gas
concentrations, determined by economic, political and social developments during the 2
century.

1 RCP2.6 is a mitigation scenario requiring significant reduction in greenhouse gas emissi
RCP4.and RCP6.0 are midnge scenarioghere greenhouse gas concentrations stabilise
2100, and RCP8.5 ishigh concentrationscenario with greenhouse gas emissions continuir
at current rates.

Assessinggssiblechangedor our future climate due tohuman activity is difficult becausdimate
projections dependtronglyon estimates forfuture greenhouse gas concentrations. Those
concentrations depend on global greenhouse gas emissions that are driven by factors such as
economic activity, population chaes, technological advances andipies for sustainable resource

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

Thisrange of uncertainthas been delawith by thelPC@l K N2 dz3 K O2y aARSNI A2y 27F
describepossible futureconcentrations of greenhouse gases in the atmosph&he wide range of

scenarios ar@ssociated with possible economic, political, @odial developments during the 21

century, and via consideration of results from several different climate models for any given scenario.

In the 2013 IPCC Fifth Assessment Report, the atmospheric greenhouse gas concentration

componens of these scenarie are called Representative Contrations Pathways (RCP3$hese are
abbreviatedas RCP2.6, RCP4.5, RP6.0, and RCP8.5, in order of increasing radiative forcing by

greenhouse gasdse. the change in energy in the atmosphere due to greenhouse gas ersjssion

RCP2.6 leads to low anthropogenic greenhouse gas concentrations (requiring removalrofrCO

GKS idY2aLKSNBz faz2z OFffSR GKS WWRAIADIATEMAF D ARFS
scenarios (where greenhouse gas emissions and thereforatiaziforcing stabilises by 2100) and

w/tydp KFa @SNE KAIK INBKSKHKR d&iSéemmdon TheEaedSey 0 NI G A 2
RCPs represent a range ofZEntury climate policiesTable2-1 shows the projected globbanean

surface air temperature for each RCP.
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Table2-1:  Projected chage in global mean surface air temperature for the miand late- 21st century
relative to the reference period of 198@005 for different CPsAfter IPCC (2013).

_ Alternative 20462065 (midcentury) 2081-:2100 (endcentury)
Scenario
hame Mean Likely range Mean Likely range

Mitigation

RCP2.6 . 1.0 04t01.6 1.0 0.3t0 1.7
scenario

Stabilisation

RCP4.5 . 1.4 09t02.0 1.8 1.1t02.6
scenario
tabilisati

RCP6.0 Stabilisation 1.3 0.8t01.8 2.2 14103.1
scenario

High emissions

RCP8.5 : 2.0 1.4t02.6 3.7 26t04.8

scenario

The full range of projected globalveraged temperature increases for all scenarios for 220810
(relative to 19862005) is 0.30 4.8°C Figure2-1). Warmingwill continue beyond 2100 under all RCP
scenarios except RCP2.6. Warming will continue to exhibit-arieualto-decadal variability and will
not be spatiallyuniform across New Zeatal.

(a) Global average surface temperature change
6.0 —_— Mean over
I 2081-2100
| === historical
| == RCPS8.5 39 ] =
] 2
|} [
[Te] 2
- ¥ &
i ]
3 o
_20 1 1
1950 2000 2050 2100

Figure2-1: CMIP5 multimodel simulated time series from 1950100 for change in global annual mean
surface temperature relative to 198@005.Time series of projections and a measure of uncertaisityading)

are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical
evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over
Hanymbumana NS 3 A &Ry coldubedldditaf bbrs tothe righi dd the/graplii(tBe mean

projection is the solid line in the middle of the bars). The number of CMIP5 models used to calculate the multi
model mean is indicated on the graph. From IPCC (2013).

As global temperaturesicrease, it is viually certain that there will be more hot and fewer cold
temperature extremes over most land areas. It is very likely that heat waves will occur with a higher
frequency and duration. Furthermore, the contrast in rainfall between wet@mydegions and et
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and dry seasons will increase. Along with increases in global mean temperatuiefitoge and

wet tropical regions will experience more intense and more frequent extreme rainfall events by the

end of the 2% century.Regions that a typically conR SNBER G Ot AYIF GAOFtf& &adl of ¢
infrequent extremes or benign impacts from episodic droughts or deluge, may also experience

conditions that have not been observed during the instrumental recéhe global ocean will

continueto warm during he 2T century, influencing ocean circulation and sea ice extent.

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

In this report, global climate model outputs based bree RCPSRCP2.6RCP4.5 and RCPBIave

been downscaled to produce futudimateprojections forthe Wellington RegionThe rationale for

choosing these three scenarios was to presehigh emissionscenario if greenhouse gas emissions

continue at current rate¢RCP8.5), a scenario whicould be realistic if global action is taken

towards mitigating climate change, for example the Paris Climate Change agreement (RCP4.5), and a
WoSad OFrasSQ aOSyFrNAR2 AF &aGNByYy3A YAGAIALGAZ2Y | OGAzy

14 Wellington Region climate change extrenzesl implications



22 bL2! Q& |®l#atd ogel

Key messges

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

1 Six climate models were chosen by NIWA for dynamical downscaling. These models we
chosen because thgyoduced the most accuratresults when compared to historical climal
and circulation patterns in the New Zealand and southwest Pacific region.

1 Downscaled climate change projections are at a 5 km x 5 km resolution over New Zeala

1 Climate projection andistoric baseline mapsna tables present the average of the six
downscaled models.

1 Climate projections are presented as a\&ar average for two future periods: 202050
OGSNYSR WHmmmmD & iyRNWEBEps$how chan@es @lativette
baseline climate of 9486-2005(termed¥ ™ do.cop QU

NIWA has used climate model simulation data from the IP@ECAssessmernb update climate
change scenarios for New Zealand throlbgith regional climate model (dynamicad statistical
downscaling processes. The downsaafimocesses are described in detail iclimate guidance
manual prepared for the Ministry for the Environmg@018a) but a short explanation is provided
below. Dynanical downscaling results are presented for all varialidhis report(excluding the
weather@home section)

Global climate models (GCMaje used to make future climate change projectidos each future
scenario, and results from these models are amd through the Fifth Coupled Model Inter
comparison Project (CMIP5) archiMaylor etal., 2012) Six GCMwere selectedoy NIWAfor
dynamical downscalin@gnd thesea surface temperaturd$SSTdyom thesesixCMIP5modelsused

to drive an atmospheriglobal model, which in turn drives a highresolution regional climate model
(RCMhnested over New Zealandlhese CMIP5 models were chosen because they produced the most
accurate results when compared to historical climate and circulation pattertheiNew Zealand
and southwest Pacific region. In addition, they were chosen because theyawewiedas possible
in the parentglobal modeto span the likely range of model sensitivity. For climate simulations,
dynamical downscaling utilises a higgsolution climate model to obtain finer scale detaiter a
limited area based oa coarser pbal model simulation

The six GCMs chosen for dynamical downscaling B#€@CSM1.1, CESMIAM5,GFDECM3, GISS

E2R, HadGEMES andNorESMIM. The NIWA downscali (GCM then RCM) produced simulations
that contained hourly precipitation results from 19#trough to 2100. The native resolution of the
regional climate model is Z&m and there are known biases in thecipitation fields derived from

this model. The @ly precipitation projections, as well as daily maximum and minimum

temperatures, have beehiascorrectedso that their statistical distributions from the RCM matches
those from the Virtual Climate Station Network (VC&hgnthe RCM is driven by the oliwed

451 dz2SyOS 2F 681 G(KSNI LI GG SNYay IHCBNRASREQ bRAGKN isHST 21 KySRY/
driven from the freerunning GCM, forced only by CMIP5 SSTs, there can be an additional bias in the
distribution of weather patterns affecting New Zealaadd the RCM output data for the historical
climate will therefore not match the observed tlibutions exactly.

Wellington Region climate change extrenzexl implications 15



The RCM output is then downscaled statistically (by interpolation from the model 27 km grid) to a
~5 km x ~5 km resolution with daily time-step. The ~5 km grid corresponds to the VCSN-grid
Figure2-2 showsa schematic for the dynamical downscaling method used in this report.

Global Climate Model; ~14RBm

Regional Climate Model 27 km

Bias corrected/downscaled RCM: 5 km

Figure2-2:  Schematic showing dynamical downscaling method used in this report

The climate change projections from each of #ir dynamicalmodels are averaged together,
creatingwhat is called an ensembbiverage. The ensembberage is mapped in this report,

because the models were chosen to cover a wide range of potential future climate conditions. The
ensembleaverage was @sental as this usually performs better in climate simulations than any
individual model (the errors in different models are compensated).

Climate projections are presented as aygfar average for two future periods: 202050 (termed

WH nnnQU-2100/tRY 8 R y W HAl rgapsBhow changes relative to the baseline climate of
198620050 4 SN SR Wwmdpdp OHedce thedprojezied dhangéy 20406nd 2090should

be thought of as 4%yearand 95yearprojected trendsNote that the projected chages ug 20year
averages, which will not entirely remove effects of natural variabilihe baseline maps (192®05)
show modelled historic climate conditions from the same six models as the future climate change
projection maps.

1Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the country. lizsga have
AYGUSNLREFGSR FNRY okNRITAQHENDERSON] &, THRNER;, R. R YHENSG,X. G. plads sfitonthing spline
interpolation of daily rainfall for New Zealand using a climatological rainfall suifgeenational Journal of Climatolog®6, 2097-2115)
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Key messages

1 Increasing numbers of warm extremes and decreasing numbers of cold extremes are
projected for the Wellington Region.

1 The changes are more pronouncimloughtime andwith increased greenhouse forcing.

1 For warmnights (Tin >15°C), &0-dayincrease is projected for Wellington an@é&day
increase for Masterton, under RCP8.5 by 2090.

1 For cold nights @fn <5°C), 24-daydecrease is projected for Wellington aadb4day
decrease foMasterton, under RCP8.5 by 2l

1 For colddays (Fax<10°C), 20-day decrease is projected for Wellington and ad&a¥
decrease for Mastertonrunder RCP8.5 by 2090.

1 For hot days ({ax>25°C), 29-dayincrease is projected for Wellington and@dayincrease
for Masterton, under RG5 by 2090.

1 For extreme hot days {1x>30°C), 20-dayincrease for Masterton, under RCP8.5 by 2090.
For Wellington, thee is a climate shift from the absence of extreme hot dayke historic
periodto 3 per year by 2090 under RCP8.5.

1 For heatwave day§3 consective days with Fax>25°C), a }8layincrease is projected for
Wellington and &7-dayincrease for Masterton, under RCP8.5 by 2090.

1 For extreme heatwave days3 consecutive days withndx>30°C)there is a climate shift from
the absence oéxtreme heatvave daysn the historic periodor Masterton to 11 per year by
2090 under RCP8.5. There atifl Bo extreme heatwave daywojected forin Wellington in
the future.

Indices of émperature extremes are considered in this section. Tledieesare theaverage

number of days per year with temperatures above or below certain threshdllse3-1). Averages

are taken over 2geartime spans 19862005 for thehistoricperiod, 20332050 for the midcentury

Gunnné LIS NRPOR@Gr the I5t¢O SHUydeNE  aH 1 dpn € LIBdhIngeRare t N2 2SO |
shown as maps for these three time periods, and for the future time periods projections for four IPCC
Representative Concentration Pathways (Section 2.1) are given. In addition, prugeatio

Wellington and Masterton are given for these satime periods and RCPs.
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Table3-1: Temperature extreme indices and thresholds.

Temperature extremeandices

Threshold

Warm nights Daily minimum émperature >15°C
Cold nights Daily minimuntemperature <5°C

Cold days Daily maximum temperature ¥0°C
Hot days Daily maximum temperature 25°C

Extreme hot days

Daily maximum temperature 30°C

Heatwave days

Days in a periog3 days with maximum
temperature > 25C

Extreme heatwave days

Days in a periog3 days with maximum
temperature > 30°C

18
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3.1  Warm nights (minimum temperature 25°C)

The area around Wellington City experiences the largest number of warm nights in the Wellington
Regionin the historic period(40-45 warm nights peyear) Figure3-1). The high elevations of the
TararuaRanges experience the least warm nights (<1 per year).

In the future, the number of warm nights is projected torg&se throughout the regn (Figure3-2),
with the largest increases in coastal areas and particularly the northeast of the region. thader
lowestconcentrationscenario(RCP2.J; about 410 more warm nights are projected for most of the
region. By 209@nderthe highestconcentrationscenarioRCP8.p at least 30 more warm nights are
projected for most parts of the region (excluding high elevation areas). The increienumber of
warm nights is larger with time and greenhouse fordjing,. largermcreases under higher RCPs and
at the end of the century)Table3-2 shows projectedltanges in warm nights for Wellington and
Masterton.A doubling in the number of warm nights is projected for Wellington by 2090 under
RCP8.5, and tripling is projected for Mastertorthisnotable changeover the coming several
decadeseven under modera concentration scenarios, representslanatic shift in terms of
temperatureexperiencedat these two locations.

Nights
50
45
40

Annual Number of Warm Nights (>15°C)
g A i .

35
30

-
Y,

“ Martinborough

N :
@I N I WA 0 10 20 30 40 Kilometers 0

Tohem Mukueangl Period: 1986 - 2005 T T T

Figure3-1: Modelled annual number ofvarm nights(minimum temperature >15°C)average over 1986
2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Change in Annual Number of Warm Nights (>15°C)

74

Tahars hukuraeqi

RCP 2.6

Change
in nights
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RCP 4.5
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RCP 8.5

2031-2050 2081-2100

Figure3-2:  Projected annual warm night changem{nimum temperature >15°C) at 2040 and 2090.
Relative to 198&005 average, for four IPCC scenarios, based on the average of six global climate models.
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. iRekolutio
projection is 5km x 5km.
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Table3-2:  Modelled annual warm nights (minimum temperature > 15°at)Wellington and Mastertonfor

the historic periodand future changes for four climate change scenarios (R6P25, 6.0 and 8.5) at two
future time periods.Time periodshistoric. 19862005, midcentury: 20312050 "2040", enetentury: 2081
2100 "2090"; based othe average of six global climate models.

Wellington | Masterton
Historic 46 16
RCP2.6| 56(+10) 22 (+6)
2040 RCP4.5| 57 (+11) 22 (+6)
RCP6.0| 57 (+11) 22 (+6)
RCP8.5| 59 (+13) 23 (+7)
RCP2.6 55 (+9) 22 (+6)
2090 RCP4.5| 67 (+21) 29 (+13)
RCP6.0| 70(+24) 31 (+15)
RCP8.5| 96 (+50) 52 (+36)

Wellington Region climate change extrenzexl implications
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3.2 Cold nights (minimum temperature5C)

The highest elevations of tHEararuaRanges experience the largest number of cold nighthe
historic period which isabout160 cold nights per yeam averaggFigure3-3). The northeast coast
of the region experiences the lowest number of cold nights (<50 per year).

In the future, the number of cold nights is projected to decrease throughout the regignre3-4),

with the largest reductions in the high elevations of theraruaRanges (at least 60 fewer cold nights
by 2090 under RCP8.5). The reduction in the number of cold nights is larger witmtime a
greenhouse forcing.e. larger decreases under higher RCPs atitkagénd of the century)Many
locations are projected to experienedout half the number of cold nights by 2090 under RCR&.5
they experiencen the historic periodTable3-3 shows projected changes in cold nights for
Wellington and MastertonThis notable changever the coming several decade=ven under
moderate concentration scenarios, represeatslimatic shift in terms of temperature experienced at
these two locations.

Annual Number of Cold Nights (<5°C)
/. 77 f oty if ) AN

Wellington|
)

O
v i
(:’;j r
e g
{

N

@/j NI A 0 10 20 30 40 Kilometers

Taer Huloueangl Period: 1986 - 2005 T T T

Figure3-3: Modelled annual number of cold nights (minimum temperature52C), average over 1986
2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure3-4:  Projected annual cold night changes (minimum temperatur&%C) at 2040 and 2090Relative

to 19862005 average, for four IPCC scenarios, based on the average of six global climate models. Results are
based on dynaical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is
5km x5km.
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Table3-3:  Modelled annual cold nights (minimum temperature < 5°&)Wellington and Mastertorfor

the historic periodand future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at tw
future time periods.Time periodshistoric. 19862005, midcentury: 20312050 "2040", enetentury: 2081
2100 "2090"; based on the average of six glaitiahate models.

Wellington | Masterton

Historic 55 115
RCP2.6 49 (-6) 102 €13)
RCP4.5 - a
2040 47 (-8) 99 (16)
RCP6.0 48 (7) 100 €15)
RCP8.5 48 (7) 97 ¢18)

RCP2.6| 49 (6) 103 ¢12)
RCP4.5| 44 (11) 91 (24)
RCP6.0| 42 (13) 85 (30)
RCP& | 31(24) 65 (50)

2090
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3.3 Cold days (maximum temperaturel€°C)

The highest elevations of tHEararuaRanges experience the largest number of cold diaylse
historic period which is at least 90 cold days per ydaig(re3-5). TheWairarapa Plains and the
coastal area north of Paraparaumu experience the lowest number of cold days (<15 per year).

In the future, the number of cold days is projected to decrease throughout the regigar€3-6),
with the largest reductions in the high elevations of th@araruaRanges (at least 50 fewer cold days
by 2090 under RCP8.9henumber of cold dayseducesin frequencywith time and greenhouse
forcing(i.e.stronger reductionsinder higher RCPs and at the end of tkatary). Many locations are
projected toexperience almost no cold days by 2090 under RCP8#e3-4 showsprojected
changes in cold days for Wellington and Masterfbhis notable changever the coming several
decadeseven un@r moderate concentration scenarios, represents a climatic shift in terms of
temperature experienced at these two locations.

Annual Number of Cold Days (<10°C) Days
, - — S : 140
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Talhars Nekurang! Period: 1986-2005 L4 1 4 1 1 1 4 |

Figure3-5: Modelled annual number of cold days (maximum temperaturel@°C), aveage over 1986
2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution 6 projection is 5km x 5km.
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Figure3-6: Projected annual cold day changes (maniperature <10°C) at 2040 and 2090Relative to
19862005 average, for four IPCC scenarios, based on the average obsixdajjlnate models. Results are
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resoluticactbprigj
5km x 5km.
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Table3-4:  Modelled annual cold days (maximum temperaturel€°Cat Wellington and Mastertorfor
the historic periodand future changes for four climate change scenarios (RCP2.6, 4.56.®.5) at two
future time periods.Time periodshistoric. 19862005, midcentury: 20312050 "2040", enetentury: 2081
2100"2090"; based on the average of six global climate models.

Wellington | Masterton
Historic 20 13
RCP2.6 12 (8) 7 (-6)
2040 RCP4.5 11 (9) 6 (7)
RCP6.0| 10 ¢10) 6 (7)
RCP8.5 9 (11) 6 (7)
RCP2.6 12 (8) 8 (-5)
2090 RCP4.5 6 (-14) 4 (-9)
RCP6.0| 3(17) 3 (10)
RCP8.5 0 (20) 1¢12)

Wellington Region climate change extrenzexl implications



3.4 Hot days (maximum temperature25°C)

In the historic periodthe largest number adinnual hot days is experienced in the Wairarapa,
particularly the area between Masterton and Martinborough as well as theduntry to the east

and southeast of Martinborough{gure3-7), where 3035 hot days per year are expenced. The
remainder of the Wairarapa generally experiencgs30 hot days per year. In contrast, the western

part of the region experiences far fewer hot days, with Wellington and Paraparaumu experiencing an
average of 8 hot days per yeaiThe high eleations of the Tararua andemutakaRanges

experience less than two hot days per year.

In the future Figure3-8), the number of hot days is projected to increase throughout the Wellington
Region, with largr increases with time angreenhouse forcing (i.e. larger increases under higher
RCPs and at the end of the century). Under RCP2.6 at both 2040 and 20%0mbde hot days per
year are projected for the Wairarapa andt2nore hot days per year are projed for much of the
western Wellington Region. Under RCP8.5, changes are more marked, with increasé0didit5

days per year for the Wairarapa at 2040 and increases-Gil0a@ot days per year at 2090. For
Wellington, 68 more hot days per year are pegted by 2040 and 280 mae days by 2090Table

3-5 shows projected changes in hot days for Wellington and Masterton. This notable obnarghe
coming several decadesven under moderate concentration scenarios, represents a climatic shift in
terms of Emperature experienced at these two locations.
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Figure3-7: Modelled annual number of hot days (maximutemperature >25°C), average over 198805.
Results are based on dynamical downscaled projectismguNIWA's Regional Climate Model. Resolution of
projection is 5km x 5km.

28 Wellington Region climate change extrenzesl implications
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Figure3-8: Projected annual hot day changes (max temperatur@5°C) at 2040 and 2090Relative to
19862005 average, for folPCC scenarios, based on the average of six global climate models. Results are
based on dynamical downscaled projections using NIWA'®Ra&EdClimate Model. Resolution of projection is
5km x 5km.
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Table3-5: Modelled annual hot days (maximum temperature > 254 )Wellington and Mastertorfor the
historic periodand future changes for four climite change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future
time periods.Time periodshistoric 19862005, midcertury: 20322050 "2040", enetentury: 20812100

"2090"; based on the average of six global climate models.

Wellington | Masterton
Historic 6 31

RCP2.6 11 (+5) 45 (+14)
RCP4.5 12 (+6) 50 (+19)

2040
RCP6.0| 10 (+4) 46 (+15)
RCP85| 13(+7) | 52 (+21)
RCP2.6| 11 (+5) 45 (+14)
RCP4.5

2090 16 (+10) | 61 (+30)

RCP6.0| 20 (+14) | 72 (+41)
RCP8.5| 35(+29) | 101 (+70)
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3.5 Extreme hot daygmaximum temperature 30°C)

In the historic periodextreme hot days mainly occur in the Wairarapa(re3-9), with a maximum
of 2-3 days per year in the eastern hill country and days per year on the plains between
Masterton and MartinboroughLess than one extreme hot day per year is experientdde area
surrounding Wellington Harbour.

In the future(Figure3-10), the number of extreme hot days per year is projected to increase,
particularly for the WairarapaJp to four more extreme hot days per year are projected for the
Wairarapa at 2040 under all foaoncentrationscenaros, with less than two more extreme hot days
per year projected for the area around Wellington Harbour at the same time period. Hoviver,
2090, 1520 more extreme hot days are projected for much of the Wairarapa under RCP8.%4and 2
more hot days per yador the area around Wellington Harbour. The lowencentrationscenarios
show smaller increases (with RCP2.6 expecting the same $eca¢2090 as at 2040; up to two more
extreme hot days per year for the Wairarap@able3-6 shows projected changes axtremehot

days for Wellington and Masterton. Bhiotable changby 2090 under RCP&&presents a climatic
shift in terms of temperature experienced at these two locations.

Days

> NIWA
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L Period: 1986-2005 | 1 4 1 4 1 4 |

Figure3-9: Modelled annual number of extreme hot days (maximutemperature >30°C), average over
19862005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Change in Annual Number of Extreme Hot Days
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Figure3-10: Projected annal extreme hot day changes (max temperature38°C) at 2040 and 2090.
Relative to 198&005 average, for four IPCC scenarios, based on the average of six global climate models.
Results are baskon dynamical downscaled projections using NIWA's Regzimahte Model. Resolution of
projection is 5km x 5km.
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Table3-6: Modelled annual extreme hot days (maximum temperature > 30&€)Wellington and

Masterton for the historic periodand future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and
8.5) at two future time periods.Time periodshistoric. 19862005, midcentury: 20312050 "2040", end

century: 20812100 "2090"; based on the averagésix global climate models

Wellington | Masterton
Historic 0 15
RCP2.6 0 3.5@2)
RCP4.5 0 4.5 #3)
2040
RCP6.0 0 3.5 #2)
RCP8.5 0 4.5 (B)
RCP2.6 0 3 (+1.5
RCP4.5 1#1) 6.5 @#5)
2090
RCP6.0 1(H) 9.5 #8)
RCP8.5 3@#3) 21.5 ¢20)
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3.6 Heatwave days anelxtreme heatwave days

For the purposes of this repord,heatwaveis definedas a period of three or more consecutive days
where the maximum daily temperature{3) exceeds a given threshold, either 25°C or 30°C. For the
maps in this sdn, the heatwaveclimatology and projections are presented as average annual
heatwavedays(with a Tmaxthreshold of 25°C) and extreme heatwave days (withatfireshold of
30°C)Heatwave days arealculatd byaggregéing all days per year that aredluded in a heatwave
(e.gp> x GKNBS O2 ynaSa5W)j odhsiterRhe Brgth of thé HeatwalTws, a Jlay
heatwave contributes 3 days, aday heatwave contributes 5 days, elhe annuatotal numbers of
heawave-days are then averagewer the 20year period of interest (e.g., 2034050) and the six
global modelsto get theensembleaverageannual heatwaveaday climatology (past) and future
projections.Thehistoricmaps show annual average numbers of hearesdays and the future
projection maps show the change in the number of heatwave days comparedheithistoric

period.

3.6.1 Heatwave day$k3 consecutive days witthaximum temperature > 25°C)

In the historic periodthe highest number of annual heatwaveydaoccurs in the Wairarapi the

area broadly between Masterton and Martinboroudkiqure3-11). Between 15 an@0 heatwave

days per year occur in this areathe hisoric period Ten to 15 heatwave days per year occur for

most of the rest of the Wairarapa. On the western side ofR@nutakeRanges, far fewer heatwave

days are observedless than one thregay heatwave per year is recorded in this part of the region

(i.e. one to two heatwave days on average per year (averaged over 20 years), where three is required
to be defined as a heatwave).

In the future, the number of heatwave days is projected to increasesadhe Wellington Region
(Figure3-12), and changes are amplified with time and greenhouse forcing (i.e. higher RCPs exhibit
larger increases than lower RGRgeneral. Under RCP2.6 at bo2040 and 2090, 125 more

heatwave dag per year are projected for the Wairarapa, whereas under RCP8.5 at 20rére
heatwave days are projected for the Wairarapa, and at 2090 a large increas€/ 6frOre

heatwave days are projected. For the westeanrt of the region, the number of héaave days

slightly increases by about two per year under most RCPs and time periods, except for RCP8.5 which
sees larger increases in ldying areas of 120 heatwave days per year by 209@&ble3-7 shows

the projected numbers dfieatwave days and extreme heatwave days for Wellington and Masterton
grid points. This notable changever the coming several decade=ven under moderate

concentration scenarios, represents a climatic shift in terms of temperature experienced at these
two locations.

There are slightly more heatwave days projected for RCP4.5 than RCP6.0 by 2040, which may seem
counterintuitive as RCP6.0 has highep-€Quivaknt concentrations than RCP4.5 by 2100. However,
the concentrations of C&equivalent around 2040ra actually lower for RCP6.0 than RCP4.5, so
RCP4.5 has a higher greenhouse forcing at that time, resulting in higher numbers of projected
heatwave days.

The projections for heatwave dayEigure3-12) are similar to the projection®r hot days Figure
3-8), particularly fothe Wairarapa and fothe more extreme scenarios at the end of the century.
This implies that most of the increagehot days is being translated into heatwave day£. most
additiond days>25°C are going to forin asequence ofeast three consecutive days in the future,
makingheatwaves more frequent.

34 Wellington Region climate change extrenzesl implications



Annual Number of Heatwave Days

1
0.1

0 10 20 30 40 Kilometers
Period: 1986 - 2005 Lo oy o <) g -1 -3 )

Figure3-11: Modelled annual number of heatwave daysthree consecutive days with maximum
temperatures>25°C), average over 198805. Results are based on dynamical downscaled projections using
NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-12: Projected annual heatwave dachangegxthree consecutive days with maximum

temperatures > 25°Lat 2040 and 2090.Relative to 198&005 average, for four IPCC scenarios, based on the
average of six global climate models. Ressate based on dynamical downscaled projectionsguBlhVA's
Regional Climate Model. Resolution of projection is 5km x 5km.
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3.6.2 Extreme leatwave daygmaximum temperature 30°C)

In the historic periodthere arefew extreme heatwave days modelled for the ifaton Regiorg
less than one extreme heatwave dagryear for the Wairarapa, averaged over they&ar period
1986-2005 Figure3-13). No extreme heatwave days occur for the rest of the Wellington Region.

In the future, the numbeof extremeheatwave days is projected to incredee the Wairarapa
(Figure3-14), and changes are amplified with time and greenhouse forciaghigher RCPs exhibit
larger increases than lower RCPs). UrRlEP2.6 and RCP4thoth 2040 and 209(&and RCP6.0 and
RCP8.5 at 2040, up to tvmeore extremeheatwave days per year are projected for the Wairarapa
However, the most significant changei®jected for RCP8.5 at 2090 when1® more extreme
heatwave days are projected fonarea south of Masterton, andB) more extreme heatwave days
are projected for most of the Wairarapa. It is only at 2090 under RCP8.5 that small increases (up to
two extreme heatwave days per year) are projected for the western part of the regmioie3-7
shows the projected numbers of heatwave days and extreme heatwave days forgidelland
Masterton gridpoints. This notable changever the coming several decadiesthe number of
extreme heatwave days for Masterton represeatslimatic shift in terms of extreme temperature
experienced at this location.

Annual Number of Extreme Heatwave Days
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Figure3-13: Modelled annual number of extreme heatwave daygthree consecutive days with maximum
temperatures > 30°C), avage over 1988005. Results are based on dynamical downscaled projections using
NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-14. Projected annual extreme heatwave dahanges ¥three congcutive days with maximum
temperatures >30°C)at 2040 and 2090.Relative to 198&005 average, for four IPCC scenarios, based on the
average of six global climate models. Results are based on dynamical downscaled projections using NIWA's
Regional Climte Model. Resolution of projection is 5km x 5km.
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Table3-7:

Heatwave days (>25°C)

Extreme heatwave days

(>30°C)
Wellington | Masterton | Wellington | Masterton
Historic 1 16 0 0
RCP2.6| 3(+2) 27 (+11) 0 1 (+1)
o040 |_RCP45|  3(+2) 32 (+16) 0 1(+1)
RCP6.0| 2 (+1) 28 (+12) 0 1(+1)
RCP85| 3(+2) 33 (+17) 0 1 (+1)
RCP2.6| 25 (+1.5) | 26 (+10) 0 0.5 (+0.5)
s0o0 |_RCP45| 5 (+4) 42 (+26) 0 2 (+2)
RCP6.0| 7 (+6) 53 (+37) 0 3(+3)
RCP8.5| 16 (+15) | 83 (+67) 0 11 (+11)

3.6.3 Changingdngths of heatwaves

Theheatwave day and extreme heatwave dagps Figure3-11to Figure3-14) show cumulate
heatwave dayswithout regard to the length of each everiigure 3-15andFigure3-16 show the
length ofheatwaveday projections at the VCSN gpdints representing Wellington (Kelburn) and

Modelled annual heatwave daysythree consecutive days with maximum temperatures >
25°C) and extreme heatwave daygthree consecutivedays with maimum temperatures > 30°Gjt
Wellington and Mastertonfor the historic periodand future changes for four climate change scenarios
(RCP2.6, 4.5, 6.0 and 8.5) at two future time perio@gne periodshistoric. 19862005, midcentury: 2031
2050 "2040", endcentury: 20812100 "2090"; based on the average of six global climate models.

Masterton, anddemonstrate the full distribuon for these episodeas a function of theluration of
eachhot spell.Figure 3-15 gives an example for the Mastertgmid pointat 2090 with the heatwave

daythreshold of 25C. Figure3-16 shows all the combinations for Wellington/Masterton, 2040/2090

and 25/3CC.

In Figure 3-15, heatwavedays areshown for theMastertonK A & i 2 NR& O €

Ot AYI (S

the 6modelaverag over19862005) and theMastertonlate-centuryclimate (2090, representing

the 6model average over B1-2100). Inthe historical periodMasterton experienceapproximately
G KSI U6 @ehéreaDlagttRraeitohsegltive days of

16 dayger year on averagez T

temperatures exceed 2&. For heatwaves lasting 10 dayslongerwithin in a 2BGyear period
Masterton could expect two such events in the historical climétet shown inFigure 3-15are
shorter periods which do not qualify as heatwavender outthree consecutive day criterion: in the
historical climate, there are abogightindividualdayswith temperatures>25°C per year, and

further eightdayswith two-day consecutivdemperaturesabove 5°C

Figure3-16 shows that prolonged heatwave everiscome more frequent as the climate warms,

with a marked jumpnderRCP8.5 relative to the other more modest emission scesdfiur

example, under RCP8.5 at 2080asterton s projected to experience 82 heatwaslaysper yearof

at leastthree consecutive days durationf which37 dayswill be part of everdlasting10

consecutive daysr more.

For a threshold of 3T, Masterton couldexperiencell extremeheatwavedays per year of at least

three consecutive days duratidoy 2090 under RCP8Extreme heawaves lasting 10 daysuld

occur onceeveryl0years, on average
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Forthe Wellingtongrid point heatwavesare much less common than at Masterton dameatwaves
above the 30C threshold are almost neexistent, even by the end of the century under the highest
emission scenario of RCP&fmwever, for the 2% thresholdWellington could expect 16 heatwa-
days per year of at least 3 consecutive daysation by 2090 under RCP88edwaves lasting 10
days could occur once evel( yearspn average

For both locations, thempjections indicate unprecedented heatwave behaviour compared to what is
experienced at present. In particular, theojectedlength of heatwaves for both locations increases
dramatically by 2090 under the highend scenarios of RCP6.0 and RCP8.5.

HeatWave-Days: Masterton (>25C), Present & 2090
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Figure 3-15: Average number of heatave days per yea(>25C)for the Masterton VCSN grigoint, plotted

as a function of theminimum length of the heatwave irconsecutivedays. Colour bars represent counts

under the historical climatenhite, far left ba) and for 2090 undeRCP2.6 (bk), RCP4.5 (greenRCP6.0

(orange)and RCP8.5 (red) length oflBé means 3or moredays dané YSI ya n TBeMistdggaNE R & a3
bars SLINBaASyd GKS ydzyoSNI 2F KSIF sl @S RrHea F2NJ Lttt KSFGgl
marked on tke horizontal axis.
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HeatWave-Days: Wellington (>25C), Present & 2040

HeatWave-Days: Masterton (>25C), Present & 2040
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Figure3-16: Averagenumber of heatwavedays per yeafor >25°C and>30°C thresholdsfor the Wellington (left) and Masterton (right) VCSN g#bints, plotted as a

function of the minimum length of the heatwave in days.Colour bars represent counts under the historical climatbite, far left ba) and br either 2040 02090 under
RCP2.¢blue),RCP4.5 (greenRCP6.0 (orangapd RCP8.5(red). f Sy 3G K 2F GoE@ &SI §faé oY 8Ny & 2THEHRteGran BakBeprBserdthex S O o
ydzYo SN 2F KSIHGgl @S RlIeéa F2NJ Lttt KSFGgl @Sa I &dAy INotethat theSshndelvertical scalethgsdeeRus@ddor | & G K !
the 2040 and 2090 plots; otherwisehe scale changes beeen Wellington and Masterton, and between“5and 3€C thresholds.
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Key messages

1 Areduction inthe number ofrain days (>10, >20 and >30 mm) is projected for high elevat
in the Wellington Region (TararueerRutaka and Aorangi Ranges).

1 The reductions are larger with time and increased greenhouse forcing.

1 Some small increases in rain days are projected for the west ¢eB3tnm), for pockets on
both coasts and northern Wairapa (>20mm) and for most of the Regiortside the
Tararuas (>30mm) for higireenhouse gas concentratiobg the end of the century

1 The number of daysver which wet spells occis projected to decline across most of the
region, particularly in the rages and the Wairarapa. Small increasesgojected for the
Kapiti Coast.

1 Conversely, the number of dagser which dry spells occus projected to increase across th
region, particularly in the Wairarapa. Small decreases are projected for the Kagsti &l
some northern areas.

1 Aclear tredl towards longer dry spells and shorter wet spells is projected for both Wellin
and Masterton.

Indices of rainfall extremes are considered in this section. These indices are the average number of
days per yeawith rainfall totals above or belowertain thresholdsTable4-1). Averages are taken

over 20year periods: 198@005 for thehistoricperiod, 20332050 for the midOS y & dzZNBE  aH nn n €
period, and 2082100 for the lateO S y i dzNEperiadd Prafeatiéns for edcindex are shown as

maps for these three time periods, and for the future time periods projections for four IPCC
Representative Concentration Pathways (Section 2.1) are given. In addition, projections for

Wellington and Mastern are given for these santiene periods and RCPs.

Table4-1: Rainfallextreme indices and thresholds.

Rainfallextremeindices Threshold

Rain days with > 10 mm >10 mm

Rain days with > 20 mm > 20 mm

Raindays with > 30 mm >30 mm

Wet spells > 3, > 5, and > 10 consecutive days with > 1n
of rainon each day

Dry spells > 3, > 5, and > 10 consecutive days with < 1n
of rainon each day
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4.1 Rain days with 20 mm

In the historic periodthe largest number of 20 mm rain days occurs the highest elevations of the
Tararua Ranges (12810 days per year), and the lowest number occurs around Maotbugh (15

20 days per year}{gure4-1). Most of the region experiences 80 days with > 10 mm of rain per
year.

In the future,the number of > 10 mm rain days is projected to increase for many areas by the middle
of the century, loit only by a small amount {® days per year for most location§ligure4-2). The

highest elevations of the Tararua aR&@mutakeéRanges experience a dease in rain days by mid
century of 4 days per year (all scenarios). By 2090, most areas are projected to experience a
reduction in > 10 mm rain days by2(days per year for most lowland areas and >5 days per year for
high elevation locations, under the/o higher emission scenarios (RCP6.0 and RCP8.5).

Table4-2 shows projected changes in > 10 mm rain days for Wellington and Mastédite
magnitude of he projectedchanges is small compared to the historic numbers of rain days > 10 mm
for the two locations.

Annual Number of Days with >10mm of Rain

0 10 20 30 40 Kilometers
Period: 1986-2005 [T (N N R B |

Taihoro Nukurangi

) NIWA

Figure4-1: Modelled annual number of rain days with 20 mm, average over 1#2005. Results are
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is
5km x 5km.
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Change in Annual Number of Days with >10mm of Rain
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Figure4-2:  Projected annual rain day changes (> 10 mm) at 2048 2090. Relative to 1986005 average,
for four IPCC scenarios, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Table4-2:  Modelled annual rain days (> 10 mna} Wellington and Mastertorfor the historic periodand
future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future time périogs.
periods: historic 19862005, midcentury: 20312050 "2040", enetentury: 20812100 "2090"; based on the

average of six global climate models.

Wellington | Masterton
Historic 36 20
RCP2.6 37 (+1) 20.5 (+0.5)
2040 RCP4.5 37 (+1) 20.6 (+0.6)
RCP6.0 37(+1) 20.5 (+0.5)
RCP8.5| 35.9(0.1) 20 (+0)
RCP2.6 | 36.2 (+0.2)| 20.6 (+0.6)
2090 RCP4.5| 36.4 (+0.4)| 19.8 (0.2)
RCP6.0| 36.1 (+0.1)| 19.9 ¢0.1)
RCP8.5| 36.3 (+0.3)| 19.2 (0.8)

Wellington Region climate change extrenzexl implications

45



4.2 Rain days with 20 mm

In the historic periodthe largest number of 20 nm rain days occurs in the highest elevations of the
Tararua Ranges (600 days per year), and the lowest number occurs around Kaotbugh (24
days per year)Rigure4-3). Most of the Wairarapa experiencesB4days with > 20 mm of rain per
year, and the western part of the region experiences200days with > 20 mm of rain per year.

In the future, the number of > 20 mm rain days is projected to iasegfor most of the region by the
middle of the century (2040), bwnly by a small amount {P days per year for most locations)
(Figure4-4). By 2090, most areas are projected to experience an increase in > 20 mm rain da&¥s by 0
days per year for most lowland areas, up to anease of 23 days per year for the west coast

(under RCP8.5). A decreases of > 2 days per year is projectedavigtioel locations, under the two
higherconcentrationscenarios (RCP6.0 and RCP8.5).

Table4-3 shows projected chages in > 20 mm rain days for Wellington and Masterithe
magnitude of the projected changes is small compared to the historic numbers of rain gaysm
for the two locations.

Annual Number of Days with >20mm of Rain
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Figure4-3: Modelled annud number of rain days with 20 mm, average over 182005. Results are
based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is
5km x 5km.

46 Wellington Region climate change extrenzesl implications



N

74

Change in Annual Number of Days with >20mm of Rain
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Figured-4:  Projected annual rain day changes (> 20 mm2&40 and 2090. Relative to 1986005 average,
for four IPCC scenarios, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climatedil Resolution of projection is 5km x 5km.

Wellington Region climate change extrenzasl implications 47



Table4-3:  Modelled annual rain days (> 20 mna} Wellington and Mastertorfor the historic periodand
future changes for four climate change scenarios (RCP25,610 and 8.5) at two future timgeriods. Time
periods:historic 19862005, midcentury: 20312050 "2040", enetentury: 20812100 "2090"; based on the
average of six global climate models.

Wellington | Masterton
Historic 14 4

RCP2.6| 14.5 (+0.5)| 4.2 (+0.2)
RCP4.5 15 (+1) 4.1(+0.1)

2040
RCP6.0| 15(+1) | 4.1(+0.1)
RCP8.5| 14.9 (+0.9)| 4.2 (+0.2)
RCP2.6| 14 (+0) | 4.3 (+0.3)
RCP4.5 (
2000 14.6 (+0.6)| 3.9 (0.1)

RCP6.0| 14.6 (+0.6)| 4.1 (+0.1)
RCP85| 16(+2) | 4.2 (+0.2)
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4.3 Rain days with 30 mm

In the hitoric period the largest number of 30 mm rain days occurs in the highest elevations of the
Tararua Range$@-70days per year), and the lowest number occirghe interior Wairarapd0-2

days per year)Rigure4-5). The western part of the region experiencé<.0 days with >80 mm of

rain per yeatr.

In the future, the number of 80 mm rain days is projected to increase for most of the region by the
middle of the entury (2040), but only by a small amountX@ay per year for most locationsfrigure
4-6). By 2090, most areas are projected to experienskghtincrease in 330 mm rain days

especially around the coastal argasmder RCP8.5). A decreaselef days per yeais projected high
elevation locations, under the two higheoncentrationscenarios (RCP6.0 and RCP8.5).

Table4-4 shows projected changes i3® mm rain days for Wellington and Mastertdrhe
magnitude of the projected changé&ssmall compared to the historic numbers of rain days > 30 mm
for the two locations

Annual Number of Days with >30mm of Rain
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Figure4-5: Modelled annual number of rain days with 30 mm, average over 1988005. Results are
based on dynamicalownscaled projections using NIWA's Regional Climate Model. Resolution of projection is
5km x 5km.
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Change in Annual Number of Days with >30mm Rain
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Figure4-6: Projected annual rain day changes (> 30 mm) at 2040 and 20R6lative to 1986005 average,
for four IPCC scenarios, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Table4-4:  Modelled annual rain days (> 30 mna} Wellington and Mastertorfor the historic periodand
future changes for four climate change scenarios (RCP2.6, 4.5, 6.0 and 8.5) at two future time périogs.
periods: historic 19862005, midcentury:2031-2050 "2040", enetentury: 20812100 "2090"; based on the

average of six global climate models.

Wellington | Masterton
Historic 7 1

RCP2.6| 7.6 (+0.6) | 1.4 (+0.4)

2040 RCP4.5 8 (+1) 1.1 (+0.1)
RCP6.0 8 (+1) 1.2 (+0.2)

RCP8.5| 7.7 (+0.7) | 1.3(+0.3)

RCP2.6| 7.3(+0.3) | 1.3(+0.3)

2090 RCP4.5| 7.7 (+0.7) | 1.2(+0.2)
RCP6.0| 8 (+1) 1.3 (+0.3)

RCP8.5 9 (+2) 1.2 (+0.2)

Wellington Region climate change extrenzexl implications

51



4.4 Wetand dryspells

For the purposes of this repor,wet spellor adry spellis definedas a period of three or more
consecutive daywhere thedaily rainfall total exceeds 1 mm (wet spell) or is less than 1 mm (dry
spell) respectively For the maps in this section, teet and dry speltlimatology and projections
are presented a average annualumber of dayshat experienceeach tye of event Wet and dry
spelldays arecalculaed byaggregéing all days per year that are included invat or dry spelle.g,
¥ UKNBS 02y a Santli>Anghtor |’inrgspediveld, Ko matter the length of thevet
or dry spell Thus, a 3laywet or dry speltontributes 3 days, a-8aywet or dry speltontributes 5
days, etcThe annuatotal numbers ofwet or dryspelldays are then averaged over the-g8ar
period ofinterest (e.g., 203050) andacrosshe six global model$o determinethe ensemble
averageannualwet or dry spelday climatology (past) and future projectiofi$iehistoricmaps
show annual aerage numbers ofvet or dry speltdays and the future mjection maps show the
change in the numbeaf wet or dry speltays compared witthe historic period

4.4.1 Wet spells

For the historic periogthe highest number of days withinday wet spell§> 1 mniday) occurs in

the highest elevations of the Tararuariges, which has 16800 days per yeaF{gure4-7). The
lowest number of days within-8ay wet spells occurs to the east of Martinborough, to the west of
Wellington, and a the northeast coast of the region (580 days per year). Much of the hill country
experiences around 10020 days per year within-@ay wet spells.

In the future, the number of days withinday wet spells is projected to decline across the region
(Figure4-8). This decrease is larger with time and greenhouse forcing (i.e. larger decreases under
higher RCPs and at the end of the centufy)e smallest change is for RCP2.6, which is projecting
decreases of 66 days within day wet spell by both 2040 and 2090 for most of the region. In
contrast, the projections for RCP8.5 suggest decreases8 afays within 2ay wet spells for most of

the region by 2040 and decreases of at least 10 days withiay 3vet spells for most of the region by
2090 (20630 fewer days for some central and eastern areas). The exception to this is the west coast
which experiences reductions on the order e8 4lays within 2ay wet spells by 2090.

Table4-5 shows projected changes in dayi&hin 3-day wet spells for Wellington and Masterton.
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Annual Number of 3-day Wet Spells
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Figure4-7: Modelled annual number of days within-8ay wet spells$ 1 mm rain per day)average over
1986-2005. Results are based on dynamical dmealed projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure4-8: Projectedchange in the annual number of wet daygithin 3-day wet spels (> 1 mm rain per

day) at 2040 and 2090. Relative to 198&005 average, for four IPCC scenarios, based on the average of six
global climate models. Results are based on dynamical downscaled projections using NIWA's Regional Climate
Model. Resolution of projection is 5km x 5km.
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Thespatialpatterns for days within flay wet spells are similar today wet spellsin the historic
period, the highest number of days withBiday wet spells occurs in the highest elevations of the
Tararua Range which had20-160days per yearKigure4-9). The lowest number of days withéA
day wet spells occurs to the east of Martinborough, to the west of Wellington, artdeonortheast
coast of the region1(0-20days per year). Much of the hill country experiences arcs@®80 days per
year within5-day wet spells.

In the future, the number of days withBrday wet spells is projected to decline across the region
(Figue 4-10). This decrease is larger with time and greenhouse forcing (i.e. largerades under
higher RCPs and at the end of the century). The smallest change is for REORR.6s projecting
decreases of @ days within5-day wet spells by both 2040 and 2090 for most of the region. In
contrast, the projections for RCP8.5 suggestéases oR-8 days withins-day wet spells for most of
the region by 2040 and decreases ofestst8-10 days withirb-day wet spells for most of the region
by 2090 15-30fewer days for somébigh elevatiorareas). The exception to this is the west coast
which experiences reductions on the order2s6 days withins-day wet spells by 2090.

Table4-5 shows projected changes in days withid&y wet spells for Wellington and Masterton.

Annual Number of 5-day Wet Spells

A
@/" 0 10 20 30 40 Kilometers

Taihoro Nukurangi Period: 1986 - 2005 [ T N T N T N B

Figure4-9: Modelled annwal number of days within &ay wet spells$ 1 mm rain per day)average over
19862005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure 4-10: Projected change in the annual number of wet dawithin 5-day wet spell> 1 mm rain per

day) at 2040 and 2090.Relative to 198&005 average, for four IPCC scenarios, based on the average of six
global climate models. Realts are based on dynamical downscaled projections using NIWA's Regional Climate
Model. Resolution of projection is 5km x 5km.
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