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Acronyms

ANNCc¢ Annual SON; September, October, November
ARI¢ AverageRecurrence Interval SSR; Shared Socioeconomic Pathway

CMIP6- Coupled Model Intercomparison Project Si> PED, Potential Evapotranspiration Deficit
Report

DJR; December, January, February Q5¢ 1 in 5year 7 day low flow
JJAC June, July, August

Kphg Kilometres per hour

MAM ¢ March, April, May

MECc¢ Modified Employment Counts

m/s ¢ metres per second

mm/day ¢ millimetres per day
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Executive Summary

This report investigates niressentiaklimate and twosocioeconomiwariables for the Waikat&egion,
usinghistorical and CMIP6 GC86P21.5 andSSB-8.5 scenario dataTrends imraverage seasonal and
annual mean, maximum and minimum temperature are exploRatterns in gerage seasonal and
annual precipitation, runoffwind speeddaily extreme precipitationdaily extremewind speed and
annualpotential evapotranspiration deficiire alsoanalysed. Andh terms of socieeconomic variables
historicalwater take statistics are examined.

Historical annual mean temperateichangesndicate awarming trend inthe Waikato regionThe
average annuaheantemperature of the WaikatdRegion is expected to rise over the examined time
slices of 2050, 2070 and 2090, increasir®G in 209Gpplying theSSPHB.550" percentilescenario
compared to the baselin€005isthe central year of 1982014 setin the IPCC ARG reportpeasonally,
the average temperature ahe summer months is predicted tmcreasemore rapidly than other
seasons

Under both scenarios, the maximum temperaturetlog WaikatoRegion, relative to the baseliné
shown to increaseut to 2090. Again, the data suggests thia¢ summer monthgDJFWill experience
the most significantemperature risewith 3.4°C increas by 2090 under SSP&5. The greatest
temperature increasesccur in southeast districts (such&d dyldécreasing towards the northwest
corner.

The minimum temperature analysis predicts an annual increase across bot.SEP23*Q and SSR5
8.5 (3.06°Q scenarios by 090 Seasonally, the summer montsisowthe greatestincreasen
temperaturesfollowed byautumn.As with themaximum temperature analysis, the changes in
minimum temperature are most noticeable in the sowghstern corner of theagion and lowest in the
north, including the Coromandel and Waikato districts.

Based on the precipitation data from 1972 to 2020, the annual mean precipitatitie Waikato
region shows a declining linear trend,aabund20 mm per decade. The interarawariabilities need
to be considered, especially in recent yeasprecipitationhasexperiencedistoricallowsin parts of
the Waikato regionThe annuamean?Precipitation of the Waikatdregioncould continue the
historical trend under both scen@sout to 2090. However, these changage predictedo be
relatively minor(0.5%reduction) While autumn and spring monttexhibit adeclining trendthe
summer and winter monthshow a smalincrease in precipitatioX%) The districts with thenost
significan predicted increasén precipitation are around the southern edgestioé region, notablthe
Waitomo and¢ I d4Didfricts.Inthe northeast predictions suggest a decline in precipitatiorthe
Hauraki, Coromandend WaikatdDistricts, at least for lateanalysis periosl

Annual runoff is expected to decline in 2050 gmddually increast 2090 underSSP2.5. Forthe
SSP8.5scenario, runoff is likely to increaset to 2090. Concerning the seasons for botbrsarios,
runoff most distinctly declines in the spring months. Generally nibw¢h-western regions expected to
receive the greatest increase in rungifhile the eastern edge may experientcegnor changes.
Interestingly, the baseline runoff map displaysirregularly high runoff value over Hamilton City. This
elevation is likely the result of the anthropogenic effect of a densely populated districhssociated
impervious areasmn the runoff.

The historical annual mean wind speedhe Waikato regim is3.23m/sec, it is 11.62 km/hr, and the
seasonal variations are not significant. Higher wind spamatuiin Coromandel and West Coast asea
Basedon the VCSN data 199@ 2020, the average wind spestiowsa weak decreangtrend,
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0.093m/sed0.335 lph) per decadeThe average annual wind speed of the Waikatgion decreases
across both scenarios into 2090, compared to the baseSeasonally, while the wind speed declines
for the summer and autumn months,dbuldincreaseslightlyover the winter and spring months for
both SSBcenarios. The districts predicted to experience rtast significanincreasein wind speed
areprimarily the Waitomo and¢ | dZDidltricts

(8) The historical daily extreme precipitation data is obtained from HIRDSv4. Average Returnd(édrVal
of 10, 20, 50, 100, and 250year data was analysed fdre historical period. The highest extreme
precipitationoccurs in the Coromandel area, whereentscan reach more than 600mfor a 1 in250
year return event. The areal average of 3@ar return daily extreme precipitation is 18¥m. Daily
extreme precipitations predicted tancreaseout to 2090 across aARIs andor both SSBcenarios for
the Waikato RegionThe rate of chang@creases over timbetween 2050, 2070and2090. The most
extremeprecipitation intensitytends tooccur in the Coromandéistrict.

(9) Sation specific analysis was applied fbe 31 stations which hee relatively long record of hourly
wind speed dataExtreme wind speedenerally increasesut to 2090 across most districts of the
Waikato region. Some of the districts which may experience the greatest increase in extreme wind
speed include Waitomo antl I daidlricts which could increase by 4.9% in 2090, compared to their
baseline. It should be noted that South Waikato does not have adequate data for the extreme wind
speed analysis.

(10) PED increases into 2090 for ba@&SP21.5and SSPB.5 scenariosAs expected, thprobability ofthe
PED exceeds 200m is far greater thathat exceedng 400mm. Districts with the highegirobability
with a PED larger than 200m and400mm include the Hauraki and Waikato districts.

(11) Based on dta provided by WRClmost 600 million rhof water is takerper annumunder consent in
the Waikato region. Of this volume, 479 milliod comes from surface water, and 119 milliod from
groundwater. Across the whole regiamunicipalsupplyis the largst proportion takingmore than 310
million mPor 51% of the total volume. In contrast, industrial activities consume just less than a quarter
of the volume. Despite only utilising 7% of the total volume of water, siatkr takesrequired almost
2500 consentsyhereas municipal supply takesly resulted in 196 consents. While surface water take
was also predominantly utilised by town supply activities, groundwates predominantly used for
industrial activitieg35%).

(12) The eonomic indexanalysis for the Waikato Region suggests that the modified employment count

(MEC) is likely to increase into 2090 for industialyn supph? YR 0 KS W2 iKSND &4S0i;

while agriculture experienced a decline in MEC between 2082020 of 2%, it is likely taecoverby
2030 and continues to increase by more than 10% by 2060. The-addlesl statistics demonstrate the
same trends as the MECs.

(13) Finally, from a population of about 475,600 in 2018, the Waikato Region grew by iB.26%20. The
population will likely grow by more than 20% by 2040 and more than 35% in 2060, relative to the
baseline More detailsregardingwater supply and demantiends and projectionsan be foundn the
accompanyingt / f AYlF GS / KI y 3S esburckdratiater DgmandITierdiNih the Waikato
RegionReport.

(14) The water availability and demand issues across the Waikato regiomvessigatedusing historical
and CMIP6 GCM scenario data. In addititetjstical results of potential changén precipitation and
PET were analysed for ti@egratedwater management zoneand aquifers as identified by WRC.
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(15) Historical variability and changestire trend of precipitation were analysed over the Waikato region.
Recent low precipitation years have raised general awareness of water supply and demand issues.
However, there is no clear signal of annual precipitation decrease at the historical decadal s

(16) Precipitation changes in CMIP6 model data have indicated a median model annual ensemble signal of
less than a possible 1.0 % decrease in annual precipitation. Howevensublly the median model
ensemblesignaleda potential 5.0 % decrease oveetBpring and summer seasons by 2090. This signal
was not in CMIP5 GCM ensemble median ensemble projections. Notably, the intermodal variability
range across the ensemble of 45 CMIP6 models, in reference to the CMIP5 models, depicts greater
decreases and areases, and underscores the uncertainties across the projections.

(17) Notably, historical PET has increased significantly at approximately 108vammecent decadeacross
YIye 2F (GKS NB3IA RyUnder theSndelfed Laddvriosf the lcaméukn2réskelin
temperature under CMIP6 modeling could increase PET, from 4% to 5% undet.53020, and up to
12 to 15% under SSIB% in 2090 in ensemble median. However, the median increasebmay
conservativegiven observedPETincreases ofbout 10%over the last few decades

(18) Historical runoff data were investigated using NXAanalysis data. Runoff changes show a similar yet
stronger decreasing signal in the spring and summer seasons. Therefore, the future runoff is projected
to decrease in botlSSP scenarios applied. The decrease of precipitation and runoff and the increase of
PET will likely lead to a reduction in surface water and groundwater resources, plus lead to drier soil
conditions, especially during late spring and summer, particularlthe northern part of the Waikato
region.

(19) Historical surface water variabilities were investigated using streamflow data from 29 gauges across the
Waikato region. Q5 low flow, defined as the threshold of allocable surface water, was calculated for
eachdecade. In recent decades many of the stations have shown a decline in Qb Higsthe
allocable surface water resources are diminishing.

(20) The allocable amount of surface water has been either fully or-allecated in several catchments. A
total of 53% of surface water has been allocated across the Waikato region. At the same time, 6% of
the groundwater of the mapped reserves of the Waikato region is allocated.

21)DNR dzy Rg | GSNI I @F At oAt Al gL a Ay@SailaA3ledigtakiondza Ay
recharge fraction approaches were applidthus,groundwater recharge represents a relatively small
proportion of the annual mean precipitation.

(22) Future water demand was projected for population and economic activities applying the WISE (2018
baseline) projections. By 2050 the medium projection of regional population could increasecbly 28.
(with a modelled range of between %6 and 438%) and 3%% (between 14.4% and 56.77%) in 2060.
These changes are in part driven by higher population ise®&n Hamilton City artie Waikato
District ratherthan evenly across the othdDistricts.

(23) The increase in population and economic activitiesribgrtechnological changes, will likely increase
the regionwide demand for water. With water demand in proportion to population, all the allocable
surface water could be allocatdzetween 2050 and 2060nder the high population projection.

(24) Currentlylow stream flows occur widely in March and April. For example, the lower Waikato River is
on averagenly 50% of the high flow thdtas beerhistoricaly reachedn August. The seasonal
variabilities of streamflow are already resulting in noticeable watkrcation tensions. Under both
modelled climate change scenarios, stream flows during the goigng andsummer seasonare
projected to decrease due tiocreasing temperatures and evapotranspiration dne concomitant
potential for a decrease iannud and more pronounced seasonaecipitation.
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(25) In order to provide the best and cresalidated climate change information for the WRC decision
makingprocess, aomparison of the latest CLIMsystems projectiddM(P5 ancCMIP6) and the MfE
2018projections (CMIP5) for the Waikategion, plus wildfire risk, which is a newly identified risk for
Waikato region.

(26) The CMIP6 mean temperature projections for 2090 are very close to the MfE 2018 @pahie other
hand,the CMIP5 mean temperatunesultsbasedon GCMs resultare slightly lower thatthe MfE
report due to theirmodel seleabn and dynamical downscaling. Mean temperature change projection
in model selection is variethowever, the envelog of the scenarios and intermodal variabiliglarger.

(27) The MfE 2018 reportexaminedmonthly precipitationwith all the available GCMshé&refore, he GCM
numbers are different for each RChe CLIMsystems Waikato region report appleepattern scaling
approach using all the available G§ lidercentage change pelegreeof global temperature change, to
obtain consistent climate change signaisthough the MfE 2018 seasonal and annual precipitation
changes are very close to the Waikato regional report, all the reports have less than 5% paraeait
precipitation anda decrease signal in spring, wkibstantiaimodel uncertainties. Hamilton (Ruakura)
and Taupo arseparatelypresentedfor consistency with thdIfE2018report. Taupo has a stronger
annualprecipitation signal than Hamilton.

(28) MfE applied theunified extreme precipitation change factors for New Zealand using RCM data. WRC
2022 applied all the available GENbr the Waikato region onlyHowever, MfE2018 and WR2022
have consistent resultswith the increase of ARI (averageerenceintervak), the change factor will
increase; with the increase of duration, from hours to days, the change fdetoeasesTherefore,
due to the differences in model data and selection, the CMIP5 extreme precipitation projections for
Waikato are consistently sriiar than the MfE projections

(29) Hot days and cold nightsere not analysed irthe original WRQ022 report. Tierefore, he same
periods ofhistorical data were applied for the comparisorAs a result, th&€MIP6 SSP&S5 results
predict morehot days andewer cold nights.

(30) There are ational PED projection maps and descriptionthanMfE 2018 report but ro dedicated
numbers forthe Waikato region. WR2022 provideda different analysis, with exaaumbers of the
region. WRQ022 reported thechangein probability (percentage) of annual PED>200mm and
PED>400mm, while M#D18 reported the increase of PED iillimetres The MfE 2018 and WRC 2022
reports have a consistent change trend based on the maps and descrifotisreports identifiedn
increasngtrend of PED ithe Waikato region.

(31) TheMfE 2018report appliedthe 99" percentiledaily mean wind speednd theWRC report applied
daily maximum wind speed and extreme value analyigisWRC2022 reportfound a weak increasng
signal (75th percentile) of extreme wind speed watiide uncertainty enveloperhis analysisrpvided
historical observatiomlataand 5 b 90th percentile confidence intervalEheMfE2018 reportprovides
a mapdisplaying thewveak increase to decreaseend.

(32) There is no specific analysis for mean wind speed analytsie MfE 2018report. However,the WRC
2022report indicateda slightdecreasein mean wind speed.

(33) Wildfire is a risk recently identified in the wildfire output in the MfE 2018 and WRC 2022 reploets
wildfire risk is increasing based tive KBDI fire danger indeXhemoderate risk category will be
widespread in 2090, andhé highrisk category will be extended to Waipa, Hauraki, and Coromandel

(34) The comparison results conclude that the differences between CLIMsystems WRC reports are
consistent withthe MfE 2018 report, provided the same climate change signal with minimal
differences, which falls in the uncertain envelopes ailtinot complicate the decisiemaking
processFurthermore the WRQ2022 report provides detailed distrit¢vel analysis and numbers,
allowing actionable planning.
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1: Background: | S NB Q&Theé Gidate Action Roadmap

The Waikato region is already experiencing the effects of our changing climate. The
changes present risks to our economy, our people, our property and our environment.

Drought and extreme storm events arereasingly affecting the primary sector, upon
which the Waikato economy depends.

Dairying and agricultural biotechnology are key drivers of our regional economy, with
aquaculture, forestry and horticulture also important. The changes that affect primary
production will impact on the city and towns that have grown around these industries.
Town and country need each other. There is a clear interdependency between the
primary sector and those working in manufacturing, retail, transport, research, and
professonal and trade services.

Many communities are already feeling the effect of water restrictions on their business
and domestic use, and many will face increased fire risk. Low water flows during times of
drought impact the ability to generate power throughir hydro schemes and the health

of our river ecosystems.

More frequent and increasingly extreme storms, increased rainfall events and rising tides
will test our coastal communities, infrastructure, roads, rail and communications
networks. Our native anials and plants will become increasingly vulnerable, particularly

if rates of change are faster than they can adapt.

Collectively, we need to adapt to these changes so we can continue to thrive economically
and socially. But more importantly, we need tokbethe root cause of the problemwe

need to reduce our greenhouse gas emissién§ QNIK | £ f Agheviakakeke (23S G KSNJ

noa.

Thisprojectaddresses the need for scienbased knowledge to support decision making for operationalising

the Roadmap. Thiirst phase ofanalysis providean update on the previous twdimate impact assessment
reports commissioned by WRCMIP3 (not publishgdandCMIP5 bywang,M. et al.2015) through the
application of the latest IPCC model data known as CMIP6 (Coupldel Mtercomparison Project).
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2: An Overview of Our Approach

Working with raw CMIP6 GCM data, the project focused on the generation of climate outputs broadly
comparable with previous reports. Given the volume of data and best practice approachesstite have
been broken down into individual reports in four categories as described in Table 1 (Regional, District,
Catchment, and Special Reports).

Table 1List of individual reports in support of the objectives of the project

Regional District/City Water Management Special
Areas

Waikato Regional Repor Hamilton City Central Waikato Tongariro Power Schemi
Waikato regional water =~ Hauraki Coromandel Summary of Tables
supply and demand

MatamataPiako Lake¢ I dzLJl

Otorohanga LowerWaikato

Rotorua Tongariro

South Waikato Upper Waikato

¢ I dzLJl WaihouPiako

ThamesCoromandel Waipa

Waikato West Coast

Waipa

Waitomo

Figues1 showsthe information flows needed to undertake a regional climate change assessment in the
Waikato regionCLIMsystems hagppied the latest CMIB data (see a list of general circulation models in
Appendixl), andtwo SSP§Shared Socioeconomic Pathwalgsienerate climate change scenarios in
conjunction with other modelling approacheasd a range of data sourced from National bodies such as NIWA
and Waikato Regional Council and private industry. The data types and methods are detailed in Appendix 2.

Figure2 depicts how previous analysis using CMIP5 data and RCPs 4.5 and 8.5 has been linked with the shared
socioeconomic pathway scenarios currently being applied under C{iéfeget al.2021) To maintain general
comparability from previous analysis, SPRs®and 58.5 were applied in the current analysis.
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Global perspectives on climate
change impacts and vulnerability
assessments

Central Government perspectives on

climate change impacts on local
government services and assets

Top-down impact assassment

Waikato regional assessmentwith an
emphasis on

<

Risk posed by slow onset
climate change: seasonal
rainfall

Risk posed by dailyand
multid ctreme rainfall
events: hi al and with
future changes in climate

Changes in PED over the

catchment including the

headwaters with climate
change

Bottom-up regional riskinformation

Figure 1Information and knowledge flows for a regional climate change assessment
in the Waikato region

=baseline scenarios - = additional scenarios of interest
Shared Socioeconomic Pathways (CMIP6)

Radiative forcing level in 2100 (W/m?)

SSP1 < SSP2  SSP3  SSP4  SSP5

Middle of Regi " Fossil-fueled

Sustainability the rond

rivalry

Figure 2Overview of CMIP6 shared socioeconomic pathways (SSPs) compared with CMIP5 representative
concentration pathways (RCPs) (Ragekl. 2018)
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Figure 3 includes a summary of the variables addressed in the project. It reflects the updating of many of the
variables addressed in the CMIP3 and CMIP5 regwadduced forWRC. As there has been an expressed need to
focus more clearly on water supply and demand issues across the entire Waikato region, the previous stream
flow variable found in the two early reportsas been expanded considerably to provide insights across the
region as to potential changes in drought, runoff and surface and groundwater demand. Given the limited
budget and time for delivering this third report, a hitgvel supply and demand analysisderpins further work

on allocation and other water resources such as groundwater and rainwater catchment. As these additional
parameters include considerable human dimensions that are influenced by regulatory considerations, historical
practice (on theallocation of water take permits, for example), technological change/innovation and
behavioural change (water metering), these, and undoubtedly other issues will need to be considered in
subsequentnalyses

Global Climate Model Projections (IPCC AR6)

Monthly, daily and variable specific models to be applied

Mean temperature change

Mean precipitation change

Extreme precipitation change

Potential Evapotranspiration
Deficit (PED)

Water resources/water availability
by basin

Mean Wind Speed

Extreme Wind Speed

Water Supply/Demand Analysis

Figure 3CMIPGanalysis undertaken for the &ikato region

The projec® primary aim was tandertakea regional assessment of the impacts of climate change in the
Waikato region applying the most recently available CMIP6 climate modelTdaaassessmemadlicates where

the impacts warrant further researdnd response in terms of adaptation to climateange irrelation to

regional resource managemeahd projects future change scenarios over short (2050), medium (2070) and long
(2090) timeframes

3: Overview of the Sixth Assessment Report
The SixthAssessment Report (BRof the United Nations (UN)tergovernmental Panel on Climate Change
(IPCChad its first planning meeting in 2013. This led to the publishing in 2016 of an overview of the design and
organisational structure. This progressed in 2018 to the endorsement of 23 Model IntercomparisarisProj
(MIPs) involving 33 modeling groups in 16 countries. Four primary reports are scheduled for release:

1 ARG Climate Change 2021: The Physical Science Basis (released in August 2021)

1 ARG Climate Change 2022: Impacts, Adaptation and Vulnerability (setiddutelease February 2022)
1 ARG Climate Change 2022: Mitigation of Climate Change (scheduled for release March 2022)

1 ARG Synthesis Report: Climate Change 2022 (scheduled for release September 2022)
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After its 1990 release, the FARrst AssessmeReport)exposed the need for international cooperation and

spurred creation of the UN Framework Convention on Climate Change (UNFCCC), the key international treaty to
guide greenhouse gas (GHG) reduction (referred to as climate chatigation) and provide &ramework for

managing consequences of nonreduction (referred to as clirnhtange adaptation). Since 1995 regular
assessments have been released along with a number of special scientific reports. The previous report (AR4) wa
released in 2007The AR5 report was releasedthreeinstalmentsover the course of 2013 and 2014

These assessment reports and related updated scientific publications assist national governments in their
communications with the UNFCCC and help them revieiv BHG emissions and plans for mitigation, potential

impacts, and adaptation.

Recently released and forthcoming@Rportswill O2 y i F Ay Y2NB SEGSyairdsS Ay T2NY
socioeconomic impacts and thus its role in sustainable development.

Differences Between AR5 and ARG

The previous CMIP5 report on the Waikato Region applied the Representative Concentration Pathways (RCPs)
4.5 and 8.5. The current report followed a similar approlactvever, the nomenclature has chandeinder
CMIP6 to Share Socioeconomic Pathways (SSPs). In the current repod.5S8RIRSSPS.5 have been applied.

SSP2 Middle of the Road (Medium challenges to mitigation and
adaptation) The world follows a path where social, economic, and
technological trends do not shift markedly from historical patterns.
Development and income growvit proceed unevenly, with some
countries making relatively good progress while others fall short of
expectations. Global and national institutions work toward but
make slow progress in achieving sustainable development goals.
Environmental systems experieeadegradation, although there are
some improvements and overall, the intensity of resource and
energy use declines. Global population growth is moderate and
levels off in the second half of the century. Income inequality
persists or improves only slowly,ral challenges to reducing
vulnerability to societal and environmental changes remain.

SSP5 Fosdilelled Development; Taking the Highway (High
challenges to mitigation, low challenges to adaptation). This world
places increasing faith in competitive maeks, innovation, and
participatory societies to produce rapid technological progress and
development of human capital as the path to sustainable
development. Global markets are increasingly integrated. There ar
also strong investments in health, educatipand institutions to
enhance human and social capital. At the same time, the push for
economic and social development is coupled with the exploitation d
abundant fossil fuel resources and the adoption of resource and
energyintensive lifestyles around tke world. All these factors lead

to rapid growth of the global economy, while global population
peaks and declines in the 21stcentury. Local environmental
problems like air pollution are successfully managed. There is faith
in the ability to effectively marage social and ecological systems,
including by geeengineering if necessary

The SS$2-4.5and 58.5are further explained
in the dialogue box as per the key underlying
assumptims.

/aLtc O2yaraida 2F GKS «a
distinct climate models being produced across
49 different modelling groupsThese models
are running severalew and updated

emission pathways that explore a muctore
comprehensiveange of possible future
outcomes than were included in CMIP5. While
the results from 44nonthly CMIPémodels

have been published at thénte of the

analysis undertaken for this regoIn general,

it is evident that a number of models have a
notably higherclimate sensitivitthan models

in CMIPHZelinkaet al.2020) This ligher
sensitivity contributes to projections of

greater warming this centurg around 0.4C
warmer than similar scenarios run in CMP5
though these warming projections may
change as more models become available.
Specifically, a set of scenarios were chose
provide a range of distinct erof-century
climate change outcomes. The IPCC AR5
featured fourRepresentative Concentration
PathwayqRCPs) that examined different
possible future greenhouse gamissions.
These scenariosRCP2.6RCP4.5RCP6.0
andRCP8.5have new versions in CMIP6.

These updated scenarios are called SEBLSSR2.5, SSR8.0, and SSP.5, each of which result in similar

2100radiative forcindevelsas their predecessor in AR5.
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https://wcrp-cmip.github.io/CMIP6_CVs/docs/CMIP6_institution_id.html
https://www.carbonbrief.org/explainer-how-scientists-estimate-climate-sensitivity
https://www.skepticalscience.com/rcp.php
https://www.skepticalscience.com/rcp.php
https://link.springer.com/article/10.1007/s10584-011-0152-3
https://link.springer.com/article/10.1007/s10584-011-0151-4
https://link.springer.com/article/10.1007/s10584-011-0150-5
https://link.springer.com/article/10.1007/s10584-011-0149-y
https://www.carbonbrief.org/qa-how-do-climate-models-work#inout

Several new scenarios are also being used for CMIP6 teajergtists a wider selection of futus¢o simulate.
These scenarios are included in the chart beffigure 4) shows theradiative forcing levels to 2100 he new
s@enariosthat can be applied for risk and vulnerability assessments are limited to the following five in contrast
to the eight shown the SSP figure abo8&P11.9,SSPL.6, SSR2.5,SSPF.0and SSRB.5.

As with CMIP5 there are a range of models avhal&dr application with CMIP6 depending on the variable being
applied. This is important when applying methods for variables such as wind and for extreme analysis for rainfall
that require submonthly data. Historically, such as with CMIP3 only monthhfaillipatterns were available.

With CMIP4 daily patterns were releasdeladingto a revolution in extreme event analysis. It became apparent

that extreme dailyrainfall could increase in intensity with climate change while monthly and annual rainfall

could decreaseCMIP5 models were run for 6 and 3 hourly rainfall, which permitted higher temporal resolution
analysis and led to even greater evidence that stemn extreme rainfall events could increase in intensity

while monthly and annual rainfall cowldry little overtime ordecrease.

IPCC AR6 Global Mean Surface Air Temperature Change (relative to 1995-2014)
7.5

70 ' emmm=SSP1-1.9 mid SSP1-1.9 low SSP1-1.9 high
6.5 SSP1-2.6 mid = ==55P1-2.6 low — —SSP1-2.6 high
6.0 | e=mwSSP2-4.5mid = ==55P2-4.5 low — =—S55P2-4.5 high
55 |  esswSSP3-7.0 mid = ==55P3-7.0 low — —5SP3-7.0 high
50 | es==SSP5-8.5mid SSP5-8.5 low SSP5-8.5 high Ph

45 t
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Figured: IPCC ARG6 global mean surface air temperature changes (relative t@@B96for different scenarios

Summary of the methodologies

To produce the baseline and future climate projections for the Waikato region several important considerations
need to be made, as they relate to assessing the impésiks,and adaptation to climate change (Jones, 2010;
and Benestad, 20Q2.i and Ye, 24):

1 The spatial scale at which climate information is provided, to assess risks and appropriate adaptation
actions;

1 There is a need for regionalised projections of climate change;

1 Local climates may exhibit gradual trends and-finear changes in respoado global warmingusually
not resolved in General Circulation Models (GCMs).

The climate change scenarios produced in this Assessment are based on CMIP6 General Circulation Model (GCI
outputs.
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For monthly precipitation, temperature, solar radiationing speed, extreme precipitation, pattern scaling
approach was applied. For all the available CMIP6 GCM monthly outputs for these variables were processed to
produce climate patterns for global coverage (0.5°*0.5°) (see Appendix 1 for a full descrigticmroéthod),

and then regridedto 500m resolution fothe Waikato region.

Pattern scaling has a higher degree of confidence for temperatleged impacts, while less confidence for
precipitationrelated impacts of climate change can be expected. i§Hiecause attributes of climate variability

and anthropogenic change are often unresolved due to large variability in precipitation patterns. As a result,
systems affected by multiple variables including extreme climatic variables (for instance, agalaurthpping
systems, livestock production systems and natural ecosystems), usually face higher uncertainty with respect to
climate change related impacts.

For runoff and extreme wind speed whiahe not suitable forthe application of thepattern scalingapproacha

change factor approach was applied, which is to directly derive the change factors for the original GCM outputs
between historical simulation and scenario simulati®herefore the change factors may be not linearly

according the global tempature change and scenarios.

Ensembles of up to 45 GCMs were used to generate the future scenarios, by providing the range of ensemble
member values per variable. The spatial scenarios and statistics produced are presented using ensemble
statistics, thafs, the Low (8 percentile), Median (50 percentile), and High (95percentile) values of the
ensemble. For different variables, according to the availability of GCM data, the ensemble members are
different. Details of the GCMs used for producing thieife scenarios of specific variables are provided in
Appendk 1.

The following steps were undertaken to produce the results contained in this Assessment (and further details of
the steps are provided in Appendix 1):

1 Temperature and precipitation patterns were normalised, using the global mean temperature change of
the corresponding period and GCM; and

9 Spatial and statistical analyses were undertaken based on the ensemble results, for:

9 The historical period (1972020, from Virtual Climate Station Network (VCSN) daily data with-0.05
degree spatial resolution; climate grid data with 500m spatial resolution; HIRDSv4 extreme precipitation
data; meteorological station wind speed data. All the historical data we obtdinadNIWA

9 and three future time periods: 2050, 2070 and 2090 under SSand SSPS.5.

The global mean temperature change for the selected year and scenario were list(B&land 93" percentile
of the projectiongsin the brackets)

SSP119 SSP2.6 SSPa1.5 SSPF.0 SSP®B.5
2050 0.80 (0.30, 1.50 1.00 (0.60, 1.60° 1.30 (0.80, 1.90 1.40 (0.90, 2.30° 1.70 (1.20, 2.50
2070 0.73(0.23, 1.59) 1.14 (0.67, 1.87 1.78 (1.16, 2.47 2.21 (1.43, 3.48 2.78 (1.99, 3.94
2090 0.70(0.20, 1.50 1.20 (0.60, 2.00° 2.00 (1.40, 3.00 3.10 (2.20, 4.70° 4.00 (2.70, 5.70

In this project a range of CMIP6 model data has been applied with various numbers of models available. It is
noted that not all model groups produce all the variable outputs malable for public use. The range of
models applied are itemised in Appendix
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Waikato Region Districts for the Analysis

Hauraki District

Waikato District

Katikati

Ngaruawahia

Wai;‘:a District
ity

latamata-Piako Distri

Otorohang4 District

South Waikato District
Tokaroa e
Rotgrua District

Waitomo District

Murupar

Taupo District

0510 20 30 40 Sources’ Esfi, HERE. Garmin, Intermapincrement P Corp., GEBCO, USGS, FAO,
m Kilometers NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kong), swisstopo. © OpenStreetMap contributors, and the GIS
User Community

Figure 5: The Waikato region and territorial authorities included in this project.
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4: Average Seasonal andnal Mean Temperature

The historicabreal average of annual mean temperature for Waikato re@i®v32020)is 12.9°C, with172°C
during summer months (DJF), aBd&°C during winter months (JY@& able2). Over the period 1972020, annual
mean temperature has shown an increasing linear tren@.b2’C per decad€rig. 4)May, June,and July show

the strongestwvarming trenc.

Waikato Region Annual Mean Temperature (Celsius)
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Figure6: Waikato Region, Annual and Monthly Mean Temperatdistorical (Celsius).
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The average seasonal and annual mean temperature of the Waikato Region is expected to rise until 2090,
relative to the baseline The annual mean temperature for SEP% expected to increase by more than°C.6

by 2090. Seasonall\he average mean temperature for SSP2 most noticeably rises over the summer months
of December, January and February by@.ih 2050 and 1°C in 2090. The SSB% results are more extreme,
with the average annual mean temperature expected to bé@warmer in 2070 and 3°C in 2090. The
seasonal shifts for SSB% also suggest warmer mean temperataering thesummer months with a rise from
1.4°C higher in 2050 to 3°@ higher in 2090.

The maps of historical and future mean temperature distributaoil change, as shown in figuse3. The annual
mean temperature of in Waikato, Hauraki, and MatamBiako districts are higher than other districts, because
of their low elevation and latitude, while southern districts have lower annual mean temperaspecial in the

¢ | dZDidkrict. The annual mean temperature changes in the future for different distweiuld notrange very
muchfrom 1.31.4°C in SSP2.5 2050, and 2:-2.2°C in SSR8.5 2070. ie Waikato region iseclativelysmall,
comparing to thedrge grid cells of GCM#\d itisreasonablehat the Waikato region is in the same climate

type.

The whisker figur® shows the intermodel variabilities ad the uncertainties, which also shows in the taBle
such under SSFB.5. the 50" percentile ofmean temperature increasef 3.1°C with2.3°C in §' percentile and
4.8°C for 9% percentiles. The 25and 79" of the ensemble percentileare also displayedEven given the large
uncertainties ranges, the temperature projections are digmcreasing evein the 8" percentile of the
ensemble.

Table2: Waikato Region, Average Seasonal and Annual Mean Temperature Baseline (Celsius) and Changes
(Celsius) 50th Percentile (Brackets 5th and 95th Percentile).

Baseline 17.22 17.22

2050 1.09 (0.84, 1.50) 1.43 (1.10, 1.97)

2070 1.49 (1.15, 2.06) 2.33(1.79, 3.22)

2090 1.68 (1.29, 2.31) 3.36 (2.58, 4.63)

Baseline 13.55 13.55

2050 1.06 (0.78, 1.44) 1.39 (1.02, 1.89)

2070 1.45 (1.07, 1.98) 2.26 (1.67, 3.08)

2090 1.63 (1.20, 2.22) 3.26 (2.40, 4.44)

Baseline 8.50 8.50

2050 0.96 (0.73, 1.34) 1.26 (0.96, 1.75)

2070 1.32 (1.001.83) 2.06 (1.57, 2.86)

2090 1.49 (1.13, 2.06) 2.97 (2.25, 4.12)

Baseline 12.17 12.17

2050 0.92 (0.69, 1.28) 1.21 (0.90, 1.67)

2070 1.27 (0.94, 1.75) 1.97 (1.47, 2.74)

2090 1.42 (1.06, 1.97) 2.84 (2.11, 3.93)

Baseline 12.86 12.86

2050 1.01 (0.76, 1.39) 1.32 (0.99, 1.82)
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2070

1.38 (1.04, 1.91)

2.16 (1.62, 2.97)

2090

1.55 (1.17, 2.14)

3.11 (2.34, 4.28)
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Waikato Region Average Seasonal and Annual Mean Temperature
Baseline (Celsius)

MAM JJA SON ANN

0.36 3.24 6.12 9.00 11.88 14.76 17.63

Figure7: Waikato Region Average Seasonal and Annual Mlearperature Baselinel9722020)(Celsius) and Changes (Celsius)
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Waikato Region Average Seasonal and Annual Mean Temperature
2070 Changes (Celsius) under the SSP2-4.5 Scenario 50 Percentile

SON ANN

Figure8: Waikato Region Average Seasonal and Annual Mean Temperature Changes .(Celsius)

Note: The fine colour categories of the map were based on calculated values, they are catiandiof the significant variations. This naggpliesto
other spatial maps in i report.
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Waikato Region Average Seasonal and Annual Mean Temperature
2070 Changes (Celsius) under the SSP5-8.5 Scenario 50 Percentile

SON ANN

2.28 2.36 243 212 216 221

Figure9: Waikato Region Average Seasonal and Annual Mean Tempe€@tiareges (Celsius)
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Waikato Region

10a Average Seasonal and Annual Mean Temperature SSP2-4.5 Changes (Celsius)
Box is set to 25, 50 and 75 Percentile, Whisker is set to 5 and 95 Percentile
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Waikato Region

10b Average Seasonal and Annual Mean Temperature SSP5-8.5 Changes (Celsius)
Box is set to 25, 50 and 75 Percentile, Whisker is set to 5 and 95 Percentile
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FigurelO: Waikato Region Average Seasonal and Annual Mean Temperature Changes (CeSsiersfior
SSP2.5(10a) andSSPHB.5 (10b)
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5: Average Seasonal and Annual Maximum Temperature

The areal average of annuabximumtemperature for Waikato region k7 .6°C, with22.9°C during summer
months (DJF), antR.7°C during winter months (JJA), The historical average annual mean temperature is
showing an increasgtrend asshown inFigure 10a, the linear trend is 0.3°C per deade with cooler months
(May-Aug) showing the strongest warming trends (Ei@p)..

The average seasonal and annual maximum temperature of the Waikato Region is expected to rise until 2090,
relative to the baseline The annual maximum temperatureS8P21.5is expected to increase by more than
1.5°Cby 2090. Seasonally, the average maximum temperaturé&S®iP21.5 most noticeably rises over the

summer months of Decembelanuaryand February by 1°C in 2050 and I?C in 2090. ThESPB.5results

are nore extreme with the average annual maximum temperature expected to be more tf@w2armer in

2070 and 3C in 2090. The seasonal shifts E8PB.5also suggest warmer maximum temperature summer
months with a rise from 5°C higher in 2050 to 8°C higher in 2090.

Table3: Waikato Region Average Seasonal and Annual Maximum Temperature Baseline (Celsius) and Changes

(Celsius)

Baseline 22.38 22.38

2050 1.11 (0.84, 2.08) 1.45 (1.10, 2.72)
2070 1.52 (1.16, 2.85) 2.37 (1.81, 4.44)
2090 1.71 (1.30, 3.20) 3.41 (2.59, 6.39)
Baseline 18.46 18.46

2050 1.08(0.85, 1.73) 1.42 (1.11, 2.26)
2070 1.48 (1.16, 2.37) 2.31 (1.82, 3.70)
2090 1.66 (1.31, 2.66) 3.33(2.62, 5.33)
Baseline 12.74 12.74

2050 0.98 (0.74, 1.47) 1.28 (0.97, 1.93)
2070 1.34 (1.01, 2.02) 2.08 (1.59, 3.15)
2090 1.50 (1.14, 2.27) 2.99 (2.28, 4.54)
Baseline 16.66 16.66

2050 0.94 (0.72, 1.70) 1.23 (0.95, 2.23)
2070 1.29 (0.99, 2.34) 2.02 (1.55, 3.65)
2090 1.45 (1.11, 2.62) 2.90 (2.23, 5.25)
Baseline 17.56 17.56

2050 1.03 (0.791.75) 1.34 (1.03, 2.28)
2070 1.41 (1.08, 2.39) 2.20(1.69, 3.74)
2090 1.58 (1.21, 2.69) 3.16 (2.43, 5.37)
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Waikato Region Annual Mean Temperature (Celsius)
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Figurell: Waikato Region AnnudlXa) and Monthly 11b) Maximum Temperature (Celsius)



Waikato Region Average Seasonal and Annual Maximum Temperature
Baseline (Celsius)

MAM JA SON ANN
N N ‘ N ) .
. L
By A
b
|:’/I
f S _;‘5 b0 e
50 km 1;
y
. . _
0.77 4.15 7.53 10.91 14.28 17.66 21.04 24.42 475 12.22 19.69

Figure 12: Waikato Region Average Seasonal and Annual Maximum Temperature Baseline (Celsius) and Changes (Celsius)
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Waikato Region Average Seasonal and Annual Maximum Temperature
2070 Changes (Celsius) under the SSP2-4.5 Scenario 50 Percentile
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Figurel3: Waikato Region Average Seasonal and Annual Maximum Temperature Changes (Celsius)
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Waikato Region Average Seasonal and Annual Maximum Temperature
2070 Changes (Celsius) under the SSP5-8.5 Scenario 50 Percentile

SON ANN

Figureld: Waikato RegioAverage Seasonal and Annual Maximum Temperature Changes (Celsius)
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15a Waikato Region

Average Seasonal and Annual Maximum Temperature SSP2-4.5 Changes (Celsius)
Box is set to 25, 50 and 75 Percentile, Whisker is set to 5 and 95 Percentile
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Figurel5: Waikato Region Average Seasonal and Annual Maximum Temperature Changes (Cefsersarior
SSP2.5(15a) and SSP8B.5 (15b).
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6: Average Seasonal and Annual Minimum Temperature

The areal average of annual mean temperature for Waikato regi®21i€, with12.1°C during summer months
(DJF), and.3°C during winter months (JJA), The historical average annual mean temperature is showing an
increase trenqHgure 14a), with a linear trend 00.11°C per decadeColder months tend to show the greatest
warming trend.

The average seasonal and annual mimmiemperature of the Waikato Region is expected to daeto 2090

(and beyond)relative to the baseline year @005 UnderSSP2.5, the annual minimum temperature is
expected to increase by more than 1Chy 2090. Seasonally, the average minimum temrgture forSSP21.5

most clearly rises over the summer months of December, January and Februaty®yn12050 and &°C in

2090. ThesSP3B.5results are more severe, with the average annual minimum temperature expected to be
more than 2C warmer in 200 and 3C in 2090, compared to the baseline. Furthermore, the seasonal shifts for
SSP8.5predict warmer maximum temperature summer months relative to the baseline, with a rise°f h4
2050 and 3°C in 209(Table 3)

Table4: Waikato Region Avega Seasonal and Annual Minimum Temperature Baseline (Celsius)
and Changes (Celsius)

Baseline 12.06 12.06

2050 1.07 (0.81, 1.53) 1.40 (1.07, 2.00)

2070 1.46 (1.11, 2.09) 2.29(1.74, 3.27)

2090 1.64 (1.25, 2.35) 3.29 (251, 4.71)

Baseline 8.63 8.63

2050 1.06 (0.81, 1.48) 1.39 (1.07, 1.94)

2070 1.45 (1.12, 2.02) 2.27 (1.75, 3.17)

2090 1.63 (1.26, 2.28) 3.26 (2.51, 4.56)

Baseline 4.26 4.26

2050 0.95 (0.74, 1.31) 1.24 (0.96, 1.72)

2070 1.30 (1.01, 1.80) 2.03 (1.57, 2.81)

2090 1.46 (1.13, 2.02) 2.91 (2.26, 4.04)

Baseline 7.67 7.67

2050 0.90 (0.68, 1.29) 1.18 (0.89, 1.69)

2070 1.23 (0.93, 1.77) 1.92 (1.45, 2.76)

2090 1.38 (1.05, 1.99) 2.76 (2.09, 3.98)

Baseline 8.16 8.16

2050 0.99 (0.76, 1.40) 1.30 (1.00, 1.84)

2070 1.36 (1.04, 1.92) 2.13 (1.63, 3.00)

2090 1.53 (1.17, 2.16) 3.06 (2.34, 4.32)
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Waikato Region Annual Minimum Temperature (Celsius)
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Figure B: Waikato RegioAnnual (5a) and Monthly (&b) Minimum Temperature (Celsius)
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Waikato Region Average Seasonal and Annual Minimum Temperature
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Figurel7: Waikato Region Average Seasonal and Annual Minimum Temperature Baseline (Celsius) and Changes (Celsius)
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Waikato Region Average Seasonal and Annual Minimum Temperature
2070 Changes (Celsius) under the SSP2-4.5 Scenario 50 Percentile
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Figurel8: Waikato Region Averag@easonal and Annual Minimum Temperature Baseline (Celsius) and Changes (Celsius)
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Waikato Region Average Seasonal and Annual Minimum Temperature
2070 Changes (Celsius) under the SSP5-8.5 Scenario 50 Percentile
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Figurel9: Waikato Region Average Seasonal and Annual Minimum Temperature Changes (Celsius)
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20a Waikato Region
Average Seasonal and Annual Minimum Temperature SSP2-4.5 Changes (Celsius)
" Box is set to 25, 50 and 75 Percentile, Whisker is set to 5 and 95 Percentile
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20b Waikato Region

Average Seasonal and Annual Minimum Temperature SSP5-8.5 Changes (Celsius)
Box is set to 25, 50 and 75 Percentile, Whisker is set to 5 and 95 Percentile
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Figure20: Waikato Region Average Seasonal and Annual Minimum Temperature Changes (Ce&ieisfior
SSP2.5(20a) andSSPB.5 (20b)
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7: AverageSeasonal andnnual Precipitation

Based on the precipitation data frothe baselinel973to 2020, the anoal mean precipitation in Waikato

region has aecreasindinear trendof 20.3 mm per decade. The interannual variabilities need to be considered,
especially in recent years, the precipitation hit the historical low in Waikato region. The regional amgeav
annual precipitation i4493mm, withwinter months (JJA) receiving 4i##n, andsummer months (DJF) only

297 mm as the summer dry season.

Based on the ensemble median, thdel scenario showess than 1% decrease for annual precipitation, with
verywide bounds from33.9% to 40%.Therefore there isi0 clear signal detected in annual precipitatidhe
seasonal trends vary, with marginal increases in the summer and winter but more prominent declines in
precipitation over the autumn and spring months. Un&3$P21.5, the annual precipitation is expected to
decline by 0.2%in 2090, relative to the baselin@heSSPHB.5results are more extreme, with more significant
seasonal shifts, compared to the baseline year. For example, the spring months of September, October and
November are expected to experience a decline in precipitation of more thé&n 2050 ad nearly 36by 2090.

Table5: Waikato Region Average Seasonal and Annual Precipitation Baseline (mm) and Changes (%)

Baseline 297.21 297.21

2050 0.06 ¢11.89, 15.83) 0.08(-15.54, 20.70)
2070 0.08 €16.27, 21.67) 0.13 ¢25.42, 33.85)
2090 0.09 ¢18.28, 24.35) 0.19 ¢36.57, 48.71)
Baseline 350.11 350.11

2050 -0.24 ¢10.70, 15.96) -0.31 ¢13.99, 20.87)
2070 -0.32 ¢14.65, 21.85) -0.51 ¢22.87,34.13)
2090 -0.37 €16.45, 24.56) -0.73 €32.91, 49.11)
Baseline 472.63 472.63

2050 1.18 ¢7.86, 11.23) 1.55 ¢10.28, 14.69)
2070 1.62 ¢10.76, 15.38) 2.53 ¢16.81, 24.02)
2090 1.82 ¢12.09, 17.28) 3.64 (24.18, 34.56)
Baseline 373.45 373.45

2050 -1.59 ¢13.68, 8.92) -2.08 ¢17.89, 11.66)
2070 -2.18 ¢€18.73, 12.20) -3.40 €29.26, 19.06)
2090 -2.45 (21.05, 13.71) -4.89 (42.10, 27.43)
Baseline 1493.40 1493.40

2050 -0.15 ¢11.03, 12.99) -0.19(-14.43, 16.98)
2070 -0.20 ¢15.10, 17.78) -0.31 €23.59, 27.77)
2090 -0.23 ¢16.97, 19.98) -0.45 ¢33.94, 39.95)
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Waikato Region Annual Precipitation (mm)
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Figure21: Waikato Region Annué2l1a)and Monthly(21b) Precipitation (mm)



Figure22: Waikato Region Average Seasonal and Annual Precipitation Baseline (mm)
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