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Executive summary

It is widely accepted thatuman activitiesare the main cause abservable contemporarglobal
climate change, and that further changes to the climate @atiur during the21% Gentury due to
ongoinggreenhouseggasemissiongo the amosphere.Waimakariri DistricCouncihas

commissioned NIWA to analyse projected climate changes fadidttigct and provide a summary of
potential impacts of climate chander the region.Thisreport summarisegprojectedchanges fod3
different climate variablefor mid-century (031-2050) and enetentury (20812100) time slices.
Future dangesto climate variables are presentegchangegelative to a historical baseline period
(1986-2005)for two greenhouse gag&HGYoncentration scenarios: moderateGHGscenario
(RCP4.5) analhighGHGscenario (RCP8.3otential climate change impacts on important sectors in
the district are discusselut a detailed climate impact assessment was not completed

Future climate changeare likely to besignificant andcould impact the entir&Vaimakariri District

Forthe moderateGHG scenarioktS RA&AGNAOGQa | SN IS | ANJG8SYLISNI G
°Cby the mid-centuryand1.2 °C by the ercentury.However, for a high GHG scendrio 4 KS RA & (0 NJR «
averageair temperaturecouldincrease by 0.9 °C by the midntury and 2.4 °C by the ementury.

ThehighGHG scenario causes twice as much-estury warmingn the districtthan the moderate

GHG scenarid-his highlights the uncertainty generated by theadtlifig impacts of GHG

concentrations at the end of the century.

Changes to extreme temperatures are likely, with the number of hot days (days > 2¥i€Yistrict
projected to double byhe endcentury under anoderate GHGscenario and more than triplender
ahighconcentrationGHG scenarid.hemeanannual rainfall is projected to increaaerossmostof

the district underboth GHG concentration scenarid$e general trend in precipitation change

within the district will follow areastto-west gradient, with projected increased rainfall across the
lower altitude plains and coastal areas, and slight decreases (or no change) in rainfall in the western
high-altitude regionseast of the main divideThelower elevationsould experiencd2% more
rainfallannuallyunder the high intensity GHG scenaflte districtis projected toexperience a

relatively consistent increase in rainfall across all seasons, except gprémgdecreased rainfall is
projected in some scenarios.

Extreme rainfl intensityis likely to increase in thé&/aimakariri Districbecause a warmer
atmosphere can hold more moisturk addition,the district is projected to experiencevéidespread
increasein potential evaporation deficig a drought indicatox; suggestig the district will likely
become more drought prone in the future as temperatunesreaseand precipitation change$Vind
speed is generally projected to increase aalhtive humidity todecreaseas theclimatewarms
during the 2% century.

Climaticchangesn the regionwill likelyresult in changeto river flow in the Ashle{Rakahuriand
Waimakariricatchmentswith decreasing low flows and increasinigh flows projected.Climate
changes in the regions will likely have a broad range o&atgthe most relevant impacts based on
the profile of the district and climate changiexpectedare possibleincreases imiver flooding,
drought, coastal inundation and floodingnd wildfre. In addition to these impacts, some possible
effectson primary industries are explored given the importance of this sector for the district.

Waimakariri District Climate Change Scenario: Technical Report 9



1 LYUGNRRdAzOUGAZ2Y

According to the Intergovernmental Panel on Climate Chang€JI8igth Assessment Report (AR6),
it is now unequivocal that human activities have warmed the atmosphere, ocean, and land.

Global climatic warming has accelerated in the last 50 years with each of the last four decades being
successively warmer than angahde that preceded it since 188°CC, 2021p S¢ %S| f | YRQ&
temperature recorchas exhibited warming since measurements began in H@9is virtually
certain to continue to do so. The country's mean annual temperature has increasaderaye, by
1.1 °C per century since 190Bigurel-1). In addition to rising average temperatures, climate change
may increase the frequency and intensity of hot erties, marine heatwaves, heavy precipitation,
damaging storms, and droughts, as well as melting glaéger@nd snow cover, and causing sea
level rise(IPCC, 2013PCC, 2021 YRSNA G YRAY3I (GKS yIFGdz2NE 2F bSs
its potentialimpacts at local scales is critical to developing successful adaptation planning, policy, and
interventions.

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

1.0 T T T T T T T T T
| = Trend: 1.07+0. 24 C/century (1909-2021)

| || (1D Bt

-1.0

Temperature anomaly (°C)

=1.5

1 | 1 |
1970 1920 1030 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

Figurel-1: New Zealand temperature anomaly timeseries for 192919. More information about the
New Zealand sevestation temperature series can be found at https://niwa.co.nz/segtations.

Waimakariri DistricCouncil (WDC) has commissioned the National Institute of Water and
Atmospheric Research (NIWA) to undertal@dimate change technical report for thaimakariri
District The report will underpiA 5 / $¥rategic planning, including a forthcoming Climate Change
Risk Assessment and Climate Change Adaptation Strategy. This report is based on an earlier NIWA
report examining climate change projections and impacts for the greater Canterbury RbGioara

et al, 2020) Following the publication of that report, WDC has requested an additional condensed
report focussing exclusively on the climate change projectionghédistrict. This work follows the
IPCC ARG, which was published in 2021. However, NIWA has not completed regional climate
projections for the AR6 and the climate projections used here are based on th&thCC
Assessment RepofAR5)IPCC, 2014 hecontents of this report include analysis of climate
projections for theWaimakariri Districtn greater detail than the Canterburggional scale analysis.

10 Waimakairi District Climate Change Scenario: Technical Report
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Districtscale climate projection maps have been provided for 13 different climate variables and
indices. This report focuses on the changes that are likely to occur over tHeegfury to the

climate of theWaimakariri DistrictClimatic variables covered here include air temperature, rainfall,

soil moisture deficit, potential evapotranspiration dgfi(a measure of drought), wind speed, solar
radiation, andrelative humidity. A brief commentary on climate change impacts and possible
implications for the district is provided, but no formal impact and risk analyses were conducted. The
report was prepaed with consideration given to how findings of the report can be directly applied to

a forthcoming WDC risk assessment. For more information about the wider Canterbury Region and a
detailed summary of historical and future climate please see the Enviroh@anterbury Climate

Change repor(Macara et al., 202@vailablehere).

Waimakariri District Climate Change Scenario: Technical Report 11
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2 aSikKz2Rz2fz23e

This gction outlines abridged methodological information intended to contextualise the information
provided in the report. This section will outline the following: 1) representative concentration
pathways, 2) modelling methodology overview, 3) how the climaa@smand tabulated climate
projections in this report were derived, and 4) limitations on the data presented. For a more detailed
summary of climate projections and associated limitations, refer to the Ministry for the Environment
climate change projectiorsummary repor{MfE, 2018accessiblédere).

2.1 Representative Concentration Pathways

Assessing changes to climate due to human activity is challenging because climate projections
depend strongly on future greenhouse gas concentrations. Representative concentration pathways
(RCPs) are scenarios (used by the IPCC and climate scientists) that describe how atmospheric
greenhouse gas (GHG) concentrations might change during th€&dury. In this report, for

brevity, we present climate projections for two commonly used RCPs: the RCP4.5 and RCP8.5
scenarios. RCP4.5 represents a moderate scenario with some stabilisation (mitigation) of GHG
concentrations during the 2%1Century, whereasRCP8.5 is laigh-intensity scenario with no

stabilisation of future GHG concentrations. RCP8.5 is artskilscenario, with GHG concentrations
increasing at the current or an elevated future rate. The RCP8.5 projections serve the purpose of
defining thelikely dupperlimite of future climate warming, representing higtsk climate changes

and impacts. RCP4.5 is an intermediate concentration scenario that could be a realistic outcome if
global action is taken towards mitigating greenhouse gas emissioimsydie 22 Century. These

two RCPs represent a plausible range for future global climate change. For a full summary of climate
changes resulting from four separate RCPs see thErfuilonment Canterbury Climate Change

report (Macara et al.2020. Table2-1 summarises IPCC AR5 projections of global mean surface air
temperature change for four separate RCPs including the two covered in this report.

Note that the most recent IPCC report (AR6) has adoBteated Socizconomic Pathways (SSPs),
which arenarratives describinglifferent globalscalesociceconomic developmenpaths that could
occur. Regionatlimate changerojections of New Zealand using the AR6 SSPs have not yet been
completed butwork on these is underwagt NIWA(due for completion in 2024The AR6 SSPR5

and SSRB.5 scenarios are broadly comparable with AR5 RCP4.5 and RCP8.5 sokehdds.
commentary on the implications of ARG for the district are provided in Se@tion

Table2-1:  Projeded change in global mean surface air temperature for the maohd late- 21st Century
relative to the reference period of 1982005 fordifferent RCPs. After IPCC (2014).

_ 20462065 (midcentury) 2081-2100 (endcentury)
Scenario
Mean Likely range Mean Likely range
RCP2.6 1.0°C 0.41t01.6°C 1.0°C 0.3to 1.7°C
RCP4.5 1.4°C 0.9t0 2.0°C 1.8°C 1.1to 2.6°C
RCP6.0 1.3°C 0.8t0 1.8°C 2.2°C 1.4t03.1°C
RCP8.5 2.0°C 1.4t02.6°C 3.7°C 2.6t040°C
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2.2 Modelling methodology

Climate information specific to thé&/aimakariri Districts based on national scale climate modelling

first publishedin 2016 by NIWAMfE, 20189 ¢ KS&aS RIF GF ¢SNB 3ISYySNI SR o8&
of global climate model simulatiomsferenced inthe IPCC AR5. Dynamic downscaling is the process

of running Regionallimate Models (RCMYn(i KS G NB I A 2 y | f harifontd) Bieg 6 SPI P o
lateralboundary codlitions taken fromglobal climate projections atoarseresolution (e.g., 200 km).

bL2! Q&4 NBIA2y L+t OfAYI{GS LINRP2SOGA2ya 2F kAN GSYLIS
corrected(Sood2014)andall climate variables have bedémrther downscaled to the Virtual Climate

Station Network (VCSN) resolution of 5 km ugihgsicsbased semempiricalmethods (Seéigure

2-1 for agraphicalsummary of te modelling methodology).

This dynamical downscaling method was completed with six different global climate models from the

IPCC ARS. All projections presented in this report aretisembleaverage of the six downscaled

modek. Although wefocus onensemble averages in this repgittis important to understand the

uncertainty associated witdynamicallydownscaling different global climate modainulationsand

we haveprovided a discussion of model spread and uncertainty in Sectibimally for more
AYTF2NXIEGA2Y 2y Y2RStfAy3 YS(iK2R2f 23853 swdiméry aS NBF
report prepared for the Ministryf the Environmen{MfE, 2018)

Global Climate Model: 187.5 km

Regional Climate Model: 27 km

Bias corrected/downscaled RCM: 5 km

L+ So8

Figure2-1: Summary of NIWA regional climate modelling methodology (Pearce et al., 2018).

2.3 Climate maps and data tabulation

The climate projections presented here dra@sed on the same model data that were presented in

the Environment Canterbury commissioned repentitled Climate Change projections for the

Canterbury RegiofMacara et al.2020. This report focusson theWaimakariri Distrigtwith

climate maps prodced in a way which improves visualisation of relevant variables for the district.
Dynamically downscaled climate projection data are presented as 5 km x 5 km grid squares over New
“BSIflFyRQa fFYR FNBF® LYy &42YS AycanfNWASDE8s:E ¢gKSNBE 3N
undertaken interpolation to extend the climate projections to the coast. Nearest neighbour
interpolation method was used to do this, meaning that the value of the empty coastal grid square
was calculated using the value of the nearest negghing cells. The values at these locations are
estimates generated simply for presentation purposes (i.e. not a direct output of the climate change
model).

Waimakariri District Climate Change Scenario: Technical Report 13
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For each climate variable, we have provided summary tables to present an overview of the projected
changes across subistrictswithin the Waimakariri DistrictAdditionally, in Appendix C, we provide

seasonal breakdowns of projected changes in each climate variable. Changes in climate variables are
calculated for two time periods referred to asi Y JORS y (i dzNEHén ponHon d-@/Ry (GdBNBRE O H ny
2100)¢ relative to the 19862005 baseline periodlhese time periods are consistent witiose used

in the IPCC ARBhe mean changes in climate variables across threalmtiict zones (shown in

Figure2-2) are provided. These stdistrict scale zones include upper high elevation regions (referred

G2 & a!LIISNEVT f26SN) St SO ( A adyhe dogstalzghR (refelred A Y & 0 N
G2 | & éalReadera of this report are referred to the limitations associated with the

interpretation of data in this report found in Sectio2Finally, please note that the legend

increments for many of the maps pe#ed in this report are not linear. This was done to ensure the
variability across the district is clearly shown.
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2.4 Limitations

The reader should consider the following limitations and caveats when interpreting andthising
report. Regional climate simulations were derived from a relatively small subswtA&5 global
climate modekimulatiors due to the large computing resources required to run climate simulations.
However, thesesixglobalmodels were carefully selecteslich thatthe historic New Zealandlimate

is well representedandthey span awide range of future outcomeslhe average of the six
downscaled global modeis used in this report; however, data from individual models is available
for further assessment if required.

Thetime sliceschosen for historical and future periodsthis report are 28years in length; this is a
relatively short timeframe from a clinb@ perspective, to capture climatologically representative
conditions in the historic period and in the future periods, as there is likely an influence of underlying
climate variability (e.g. decadstale signalBom climate drivers like the Interdecadaécific

Oscillation). However, as climate data is subject to significant trends, a short period is more
homogenous and representative. Moreover, the IPCC usgg&0periods, so we have followed that
approach for consistency.

Care needs to be taken whémterpreting gridpoint-scale projections. The data have been bias
corrected, downscaled and interpolated from tB8 km regional climate model grid to the 5 km
VCSN grid across New Zealand using physically based models and inter8tzaid2014)The
regional climate model bias correctioand further downscalingcan broadlyrepresentthe role of
the Southern Alps in blocking rainfall from the Tasman Saag the maritime influence of the sea
on temperature indices

Additionally, when interpreting masl outputs, it is more appropriate to consider relative patterns

rather than absolute values, e.g. the magnitude of change at different time pegqagnarily

referred to in this report Although there are some limitations and caveats in the approaet us

here, considerable effort has been made to generate physically consistent climate change projections
for the Waimakariri Districat unprecedented temporal and spatial resolutioAsconsiderable

research effort has also been dedicated to validating siated climate variables, and thus the
projections provide a good basis for risk assessments and adaptation plans.
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Here we provide a short summary of the historical climate ofemakariri DistrictThe purpose of

this summary is to provide contextual information for the following technical report. For more

detailed information on the historical climate of Canterpyriease see the Environment Canterbury
Report(Macaraetal.20202 NJ bL2 ! Q& &dzyYYlF NE NBLERNI 2y GKS [/ fAY
(Macara, 2016seehere).

TheWaimakariri Distrid® climate can be broadly classified@$emperate Oceanic Climataganing
that the climate isémperate, with no dry season and a relatively warm sumrike highaltitude
regions in the western parts dtfie district are coolethan the inland and coastal plains. These high
elevation regions also receive more rainfall, snow, and frosts thefower elevation plains of the
district. Summary maps of historical climatatafrom model simulationsire provided in Appendix
A.

The dstrict receives yearound precipitation with no strong seasonal trends. However, there is a
notable difference in annual rainfall totals recorded throughout the region, with coastal areas (~680
mm annual rainfall) drier thathe inland (~860 mm annual irgfall) and upper (~1020 mm annual
rainfall) areas The wetter upper part of the district also receives fewer dry da249 dry days per
year)than thecoastal zone~263 dry days).

Weather withinthe district is influenced by the presence of the Southern Alps and the ocean. For
example, the Southern Alps form a barrier to ramaring systems arriving from the west. During

such events, there can be spill over rainfall that reaches western parts ¥¥#imakariri District

region, but eastern areas towards the coast typically remain dry. The Southern Alps contribute to the
development of Foehn winds. In thW¥aimakariri Distrigtthese winds are characterised by moderate

to strong northwest winds and war temperatures, and they are often accompanied dyawest
Archlenticular cloud formation overhead.

The ocean acts as a moderating influencdhmintensity ofair temperatures observed in the
Waimakariri DistrictAs a result, average winter daily imum temperatures at coastal areas

(~2.3°C) are higher than those at inland areglsZ°C). This is also reflected in average annual frost
days, where coastal areas observe approximately 26 frost days, compared to 35 frost days at inland
areas. The averaggimmer daily maximum temperature for much of tAé&imakariri Districts

22.0°C, with inland and coastal areas averagin@230ot days annuallywhile high elevation regions
experiencefar fewer hot days{16hot daysannually)

16 Waimakairi District Climate Change Scenario: Technical Report


https://niwa.co.nz/sites/niwa.co.nz/files/Canterbury%20climate%20FINAL%20WEB.pdf

4 Cdzl dzZNB Of 2AYA YalS] I2NA NIPK S5 A & G NR& O
In this section we focus on the projected changes in a range of climate variables. Projected changes

will be given for the migtentury (2B1-2050) and endcentury (20812100) time periods relative to
the historical period19862005). Each subection is structured around four key questions:

A How much wil[climate variabl¢change in the district?
A What parts of the district can expect the largest changdslimate variabl§?

A What is the difference in projectgdimate vaiable] for the high concentration and
moderate concentration GHG scenarios?

A Are there any noteworthy seasonal changeglimate variabl§?
4.1 Air temperature
This report will consider four separate measures of air temperature:
1. Themean air temperaturéthe averaggemperature of air during a given time period).

2. Themean minimum temperaturevhich is the averagef the daily minimum
temperatures6 a YSIy RIFAf @ 26600

3. Themean maximum temperatureyhichisthe averageof the daily maximum
temperatures6 ¢ YSIFy RIFIAf @ KAIKEOLD D

4, al 20 RlF@&@aé¢ RSTAynBRmumar teRpeiatire exéeSIBBE. (1 K S

4.1.1 Mean air temperature

A Mid-century mean air temperature is projected to increase by°C.§RCP4.5)
to 0.9°C (RCP8.5).

A Endcentury mean air temperature is projected to increase by°CZRCP4.5)
to 2.4°C (RCP8.8)end-century air temperature will strongly depend on GHGQ
scenario.

A Largest increase in mean air temperature is projected in-blghation regions.

A Changes in meaemperature are projected to be uniform across seasons.

How much will mean air temperature change in the district?

The mean mietentury air temperature in the district is predicted to increase by°C.8or the
moderate GHG concentration scenario anfl € for the high concentration GHG scenario. By the
end of the century, mean air temperature in the district is predicted to increase RCIf@ the
moderate GHG concentration scenario and Z4or the high concentration GHG scenase(
district average changes in bottom row dfble4-1).
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Table4-1:  Overview of projected changes in daily mean temperature (°C) for different parts of the
Waimakariri District. Mid-century = 203-2050, endcentury = 20842100, moderate GHGs = RCP4.5, high
GHGs = RCP8.5. Note that the coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference bet_we:en GH

scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)]p n e NJ Jmid-centuryend-century
upPER I | ol | 1.3 os5lf | 0.9 2.5 16| o1l | 1.3
COAST [ | o7 | 12} 04 | 08 2.4 - 1.5] o1 | 1.2
INNAND ||| 07 1.2 | 04l | o038 2.4 I | 0.1 1.2
DISTRICTf | 038 N 04 | 09 2.4 | 1.6] 0.1 1.2

W B5080NJ OKFy35¢ Aa GUKS LINP2SOGSR OKFy3dd Ay | @8N35 RIACE
between endcentury and mietentury time periods (i.e., how will average daily mean temperature change
between 2040 and 2090 for a given GHG scenario?).

*The two columns ontheright I Y R a4 A RS2 RIINNIABXK DI Daé0v aK2g (KS RATTFSNE)
daily mean temperature between high and moderate GHG concentratiemariogwhat is the difference in
projected average daily mean temperature for the RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest changes in na@gaemperature?

Shown inTable4-1 are the projected changes in mean air temperature for theeéhsubdistrict

zones. Te projected increase in mean air temperatf€) isspatially consistentithin the
Waimakariri Districfor the future time periodéGHG concentration scenari@@eeFigure4-1).

Meaning thatregionsand settlementswithin the district are expected to see very similar changes in
mean air temperature. These changes are consistent at the annual and seasonal timegugieg
that approximately uniform changes in air temperature are predicted acrose tlistrictand
throughout the yeargee TableC-1 for a seasonabummaryof projected changes in air temperatyre
The only regional pattern worth mentioning heretgt the highest altitude regions of the district

are predicted to see the largest air temperaturacreasewith 0.5°C more warmingpredicted in

the mountainsthan the lowland plainsfor the high GHGs scenarid his higkaltitude warming is
broadlyconsi 1 Sy i 6AGK SyKFyOSR 4FN¥Y¥Ay3d (NByRa SELISOGSH
elevation regions due to reduced snow cover.

What is the difference in projected mean temperature for the high concentration and moderate
concentration GHG scenarios?

Predicted temperature changes for moderate vs. high GHG concentrations are comparable at mid
century¢ meaningdecisionrmakers can be more confident in midentury temperature predictions
regardless of the profile of future GHG concentration. Howeves,ithnot the case for eralf-

century wherein the difference in predicted mean temperature due to high and low GHG
concentration scenarios could become large. For exanpi¢he end of century, the district could
expect an additional 1.2C of warming undethe high GHG concentration scenario as compared to
moderate GHG emissior(@s showrby the difference between the twaght-handpanels inFigure

4-1).

Are there anyoteworthy seasonal changes in mean air temperature?

The projected changes in mean air temperature in\ti@imakariri Districare consistent across all
seasons and GHgncentrationscenarios. Se€éableCG1 for a full breakdown
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Figure4-1:  Projected changes in average daily mean air temperature (°C) for Waimakariri District.
Projected changes are relative to the historic period (32865).
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4.1.2 Mean minimum air temperature

A  Mid-century mean minimum air temperature is projected to increase by O.for
both GHG concentration scenarios.

A Endcentury mean minimum air temperataris projected to increase by (8
(RCP4.5) to 1.%C (RCP8.5).

A Changes in mean minimum air temperature are largely uniform across the
district.

How much will mean minimum air temperature change in the district?

The mean minimum midentury air tempeature in the districis likelyto increase in the future but

by less than the mean air temperatuM/armer mean minimum air temperature suggests nitifte
temperatures in thalistrict will increase as the climate warnighe district mean minimum nid
century air temperaturds projectedto increase by 0.8C for the moderate GHG concentration
scenario an@lso0.5°C for the high concentration GHG scenario. By the end of the century, mean
minimumair temperature in the district is predicted to increase by @&or the moderate GHG
concentration scenario and 1%€ for the high concentration GHG scenafiak{le4-2).

Table4-2:  Overview of projected changes in average daily minimum temperature (°C) for different parts
of the Waimakairi District. Mid-century = 20342050, endcentury = 20842100, moderate GHGs = RCP4.5,
high GHGs = RCP8.5. Note that the coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference betyveen GH
scenarios*

ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centurﬂp n e NJ Jmid-centuryend-century
UPPER 0.5 0.8 0.3 0.5 1.5 1.0 0.1 0.7
COAST 0.5 0.8 0.3 0.6 1.7 1.1 0.1 0.8
INLAND 0.5 0.8 0.3 0.6 1.6 1.0 0.1 0.8
DISTRICT 0.5 0.8 0.3 0.6 1.6 1.0 0.1 0.8
U B0edJ OKI y3aSé Aa GKS LINE 2SO0 SRpe@tire fgra §ived GHGIs@datd 38 R A€

between enecentury and mietentury time periods (i.e., how will average daily minimum temperature change
between 2040 and 2090 for a given GHG scenario?).

*The two columns ontheright Y R & A RS2 RPIINGAEX DI Da¢c¢ 0 akKz2g (GKS RAFTFSNEB,
daily minimum temperature between high and moderate GHG concentratiomariogwhat is the difference in
projected average daily minimutemperature for the RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest changes in mean minimum air temperature?

The projected increase meanminimum air temperature°C) isessentiallyconsistent across the
Waimakariri Distric{FigureB-1 in Appendix B).

What is the difference in projected daily mean minimum temperature for the high concentration and
moderate concentration GHG scenarios?

Much like the mean air temperature thmeanminimum airtemperature changes for moderate vs.
high GHG concentrations are similar for the ro@htury time period. Yet, this is not the case for end
of-century wherein the difference iprojectedmeanminimum air temperature due to high and low
GHG concentration scenarios could be up to°C.8or the districtgee Table4-2).
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Are there any noteworthy seasonal clgas in mean minimum air temperature?

The projected changes imean minimum aitemperatureare consistenaicross the seasons

4.1.3 Mean maximumnair temperature

A Mid-century mean maximum air temperature is projected to increase by.0
(RCP4.5) to 1.ZC (RCP8.5).

A Endcentury mean maximum air temperature is projected to increase by.6
(RCP4.5) to 3. (RCP8.5).

A The upper high elevation regions could experience the largest increase in
maximum air temperaturén the district.

A Changes in mean maximurir &emperature are projected to be uniform across
seasons.

How much will mean maximum air temperature change in the district?

Themeanmaximumair temperature is projectedo increase by more than the mean and minimum
air temperature Thisimplies thatthe largest absolute change to the daily profile of air
temperature could be reflected in higher daytime temperatusén the district. The mean maximum
mid-century air tempeature in the district is predicted to increase by 1®for the moderate GHG
concentration scenario and 1°2 for the high concentration GHG scenario. By the end of the
century, mean maximum air temperature in the district is predicted to increase IRCIf@& the
moderate GHG concentration scenario and €Jor the high concentration GHG scenaseg(
bottom row of Table4-3 for district results.

What parts of tle district can expect the largest changes in mean maximum air temperature?

The projected increase meanmaximum air temperature is consistent across Waimakariri
District(FigureB-2 in Appendix BMuch like the mean air temperatureegionsand settlements
within the district are expected to see similar changes in mean maximum air temperhiting the
215t Century. The upper high elevation regionsould experiencethe largest increase in maximum
air temperature, with maximumtemperatures projected to increase by @G more than lowland
plains under the high GHG scenario.

Table4-3:  Overview of projected changes in average daily maximum temperature (°C) for different parts
of the Waimakariri District. Mid-century = 20342050, endcentury = 20812100, moderate GHGs = RCP4.5,
high GHGs = RCP8.5. Ndtattthe coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference betyvefn GH

scenarios
ANNUAL |mid-centurylend-centuny50-yr changémid-centurylend-centuryjp n m& NJ |mid-centurylend-century
UPPER 1.1 1.7 0.6 1.3 3.5 2.3 0.1 1.8
COAST 1.0 1.5 0.5 1.1 3.0 2.0 0.1 1.6
INLAND 1.0 1.6 0.6 1.1 3.2 2.1 0.1 1.6
DISTRICT 1.0 1.6 0.6 1.2 3.8 2.1 0.1 1.7

U BoedNJ OKI yaSeé Aa (KS LINE as&idinferpetkie i6rh$iveh GHG s¢eBaNd 3 S
between enecentury and mietentury time periods (i.e., how will average dailgximumtemperature change
between 2040 and 2090 for a given GHG scenario?).
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*The two columns ontherig€ I Y R & A RYS2 RSINK-A{BXholy kth® difference in projected average
daily maximumtemperature between high and moderate GHG concentragg@nariogwhat is the difference
in projected average dailpaximumtemperature for the RCP4.5 and RCP8.5 scenarios?).

What is thedifference in projected daily mean maximum temperature for the high concentration and
moderate concentration GHG scenarios?

Much like the mean air temperatuyéghe meanmaximum air temperature changes for moderate vs.
high GHG concentrations are comparatdethe midcentury time period and quite different by the
endof the century For exampleby the end of century, the district could expect an additional TG

of warmingto the mean maximum air temperature under the high GHG concentration scenario as
compared to moderate GHG emissions (as showi able4-3 and FigureB-2, Appendix B).

Are there any noteworthy seasonal changes in mean air temperature?

The projected changes in mean maximum air temperature inMaémakariri Districare consistent
across allsasons and GH&ncentrationscenarios. Se€ableG3 for a full summary.

4.1.4 Hot days

Hot days are defined as any dalienthe maximumair temperature exceeds 2%&. This threshold
has been used historically in New Zealand to define conditdrehumans and livestock may
experience heat stress.

A Mid-century hot days are projected to increase by 13 (RCP4.5) to 15 (RCP
days per year.

A Endcentury hot days arexpected to increase by 20 (RCP4.5) to 44 (RCPS.
days per year.

A 44 additional hot days would represent a tripling of historical hot days for th
district on average.

A Hot days in the Lees Valley and western plains could see the largest increa
the end of century with upwards of 50 additional hot days projected per yeg

How much will hot days change in the district?

By the midcenturythe districtis projected to experience an additional 13 toHd days per year for
moderate and high GHG condeation scenarios, respectivelyherefore, midcentury hot days are
projected todouble from historical levels End-century hot daysare projected toincrease by 20
and 44 daydor the moderate and high GHG concentration scenarios, respectijeble4-4); 44
additional hot days would representthreefold increase in hot days for the district on average.
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Table4-4:  Overview of projected changes in hot days (> 25 °C) per year for different parts of the
Waimakariri District. Mid-century = 20312050, endcentury = 20842100, moderate GHGs = RCP4.5, high
GHGs = RCP8.5. Note that theocoéd bars are representative of the magnitude of change.

moderate GHGs high GHGs AiErEEe bet_ween I
scenarios*

ANNUAL |mid-centurylend-century50-yr changét mid-century{end-centur)lp n mé NJ Jmid-centurylend-century
UPPER |[ | 120 | sl ] 13l 43 - 30] 1 . 25
COAST [ | 13 20 | 710 | 158 41 26|l 2 21
INLAND [ | 15 22| 7 17 46| - 29 2 24
DISTRICT| | 13 20| | 7 15 4l | 29 1 24
U FoedNJ OKIFy3aSé Aa i K& daysedadited GHGRceakd bygtdedn eetytury and mid

century time periods (i.e., how wlibt dayschange between 2040 and 2090 for a given GHG scenario?).

*The two columns ontherigit | Y R & A RS2 RIINIABXK DI Daé 0 apopdediotddys RA T F S NEB )
between high and moderate GHG concentraseenariogwhat is the difference in projectdut daysfor the
RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest changes in hot days?

The number of hot days mirrors thegan temperature changes outlined above in the sense that hot
daysare projected tancrease relatively consistently across the district (Sigire4-2). The Lees

Valley and westernand centralareasnear Oxford could see the largesicreasein hot days by the
end of century with upwards of 50 additional hot days projected per year.
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Figure4-2:  Projected changes ihot days (> 25 °C) per year for Waimakariri Distriderojected changes are
relative to the historic period (1988005).
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What is the difference in projected hot days for the high concentration and moderate concentration
GHG scenarios?

For the midcentury period the difference in hot days between moderate and high GHG
concentrationscenarios is negligible. However, by the end of the century, the difference between
high and moderate GHG scenarios is substantial with more than double the nurdmdtiténal hot
days under the high GHG concentration scenario. This finding emphasises that different
concentration pathways could producgiite different climatic outcomea the district, especially
towards the end of the Z1Century. For projecting haidays, the impact of GHG concentration
uncertainty becomes a lot larger towards the end of century.

Are there any noteworthy seasonal changes in hot days?

The majority (~75%) of projected additional hot déyes., the projected increaseale likelyoccur n
summer (sed ableG4 for seasonal breakdownhot days in autumn and spring are relatively rare in
the district with~6 per year in spring and autumn, historicalityojectionssuggest spring and

autumn hot days could become much more frequent wigwards of ~20 spring and autumn hot
days per year by the end of centugypectedunder the high concentration GHG scenario.

4.2 Rainfall

4.2.1 Mean rainfall

Mid-century rainfalis projected to increase for both RCP 4.5 and RCP 8.5.

Increased rainfall is projected across the lower altitude plains and coastal
areas, andho change (or slight decreas@s)annual rainfall are projected in thg
western highaltitude zones.

A Seasonalrends in projected rainfall change are broadly consistent with the
annual change, except spring which asonsistenciesn spatial pattern and
the + change signal.

Rising global temperatures are expected to increase average apragipitation, according to the

l wec Lt / /TheNadetageNdiniYal géobal land precipitation is projected to increase39g 0
under the very low GHG emissions scenario (33,11.%8% for the intermediate GHG emissions
scenario (SSP25) and £13% umler the very high GHG emissions scenario (8SP5y 208t2100
relativeto 199641 nmn o6f A1 St & NIy3ISavéo

How much will mean annual rainfall change in the district?

Rainfall is projected to increase across much of the district in thecaidury and enetertury time
periodsfor both GHG concentration scenari@&@ble4-5). However, the upper regions are projected
to experience a smaller increase (or decrease) in anmairfiall than the lower elevation regions.
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Table4-5:  Overview of projected changes in mean annual rainfall for different parts of the Waimakariri
District. Mid-century = 20342050, endcentury = 20812100,moderate GHGs = RCP4.5, high GHGs = RCP8.5.
Note that the coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference bet_we:en GH

scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)]p n e NJ Jmid-centuryend-century
UPPER 169 | o8y [ -084d { 139 []3.09 [ 1.79 -0.3% i 2.29
COAST | 2.694 | 4.2% | 159 {349 [ 8.2% L 4.9% 079 | 4.19
INLAND 259 [1/319 | 069 1]3.0% 769 | |4.6% 059 | 4.59
DISTRICT || 2.2% || 2.49% 029 {1249 § 599 | | 3.5% -0.29 1| 1.89

U B0e@dNJ OKIF y3aSé Aa ( KnBan hiNmiddhfalibrdRive® GHG/sERBario\bgtween end
century and miecentury time periods (i.e., how witlean annual rainfalthange between 2040 and 2090 for a
given GHG scenario?).

*The two columns ontheright I Y R & A RS2 RINNIABXK DI D& ¢ 0 apfofedediieBrS RA T T SNB )
annual rainfallbbetween high and moderate GHG concentrasoenariogwhat is the difference in projected
mean annual rainfalfor the RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest changes in mean arsingll?

Thegeneraltrend in annual precipitation change follows an etstvest gradient, with projected
increased rainfall across the lower altitude plains and coastal dsbasvnby the green colours in
Figured-3), andno change (or slightecreasekin rainfall in the western highltitude regionsand
Lees Valleyshow by the brown and absence of colouFigure4-3). The largest increases in mean
annual rainfall of 42% or moreare projected under the enecentury, high GHG scenario along the
southern edge of the districtWest of Swannanoaand along the northeast edge of the district
(near Loburn).

What is the difference in projected rainfall for the high concentration and moderate concentration
GHG scenarios?

In general, the district can expect more annual precipitation under the highdggH&entration

scenario than the moderate scenaribaple4-5). This is consistent witltPCC guidance (outlingd).

51) aswarmerocears canevaporae more moisture io the atmospher& | YR bL2! Q& ! wp N
climate modelling that showed a possible strengthening of southern hemisphere storm. {fdiks

trend of increasing rainfall for the higher concentration GHG scenario is also apparent in the

seasonal rainfall chage projectionswith increaseal total rainfall projected in the futurefor nearly

all instances except notably springee seasonal data ifableG5). End-centuryspring rainfalis

projected todecreasainder the moderate GHG concentration scenario

Are there any noteworthy seasonal changes in rainfall?

As mentioned above predicted chges tomeanspring rainfall arenconsistentin spatial pattern and
signal (i.e., positive vs. negative changelsgn comparingacross GHG concentration scenarios and
time periods ¢bserve that thetop right panel inFigureB-6 is different to the other pane). Further
investigation of the model spread (i,@o0t just the6-modelensemble meamainfall) could be
worthwhile in order to betterunderstand theuncertainties associated witthangingseasonal
precipitationin the district (this issue is discussed further in Section 5).

The aforementioned eastest gradient of projected rainfall change is most apparent in autumn and
summer (sed-igureB-3-B .6 for seasonal maps of projected rainfall charjg&mally, for winter
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rainfall, projections suggest an increase in rain across the upper and coastal regibits the
central parts ofthe district (near Custjnay see a decrease in winter rainf&igureB-5).

'Annual changé infotalvréinfall i
i Mid-century (2031-2050)
.5)

Lees Valley (¥ A & 3 Lees Valley

Rangiora.
Cust®

i b CHRISTCHURCH | =1 ¢ CHRISTCHURC
4 Oy | | =~ Qi
Based on difference between 2031-2050 -4 Based on difference between 2081-2100
and historical period (1986-2005) g and historical period (1986-2005)
Disclaimer: -8 Disclaimer:

NIWA have prepared this map exercising all reasonable skill and care. NIWA have prepared this map exercising all reasonable skill and care.
Nevertheless, NIWA can give no warranty that the map is free from errors, -10 Nevertheless, NIWA can give no warranty that the map is free from errors,
omissions or other inaccuracies. Users of this map wil release NIW/ omissions or other inaccuracies. Users of this map will release NIWA

from all liability whether direct, indirect, o consequential, arising out of from all llability whether direct, ndirect, or consequential, arising out of
the provision of this map. the provision of this map.

i Mid-century (2031-2050)

| End-century (2081-2100)
4 High GHGs (RCP8.5

# ] High GHGs (RCP8.5)

Lees Valley

.Oxford

. Rangora, i e Rangioral Woodend
Cust o Cust] .

Ohoka

:
« Kaiapoi i 3 G)hoka Kaiapoi
S 6 Swannanoalt Kairaki

! =1 P ) , CHRISTCHURCI 2 wEr ) o CHRISTCHURCI
| -2 - Nl —~, N
-4 Based on difference between 2031-2050 Based on difference between 2081-2100
-6 and historical period (1986-2005) and historical period (1986-2005)
-8 Disclaimer: Disclaimer:
NIWA have prepared this al nd care. NIWA have prepared this map exercising all reasonable skill and care.
- 10 Nevertheless, NIWA can give no warranty that the map is free from errors, Nevertheless, NIWA can give no warranty that the map is free from errors,
omissions or other inaccuracies. Users of this map will release NIWA omissions or other inaccuracies. Users of this map will release NIWA
- 12 from all liability whether direct, indirect, or consequential, arising out of from all liability whether direct, indirect, or consequential, arising out of

the provision of this map. the provision of this map.

£ M 2 & L7 R n_'j

Figure4-3:  Projected changes in mean annual rainfall (%) for Waimakariri DistriBtojected changes are
relative to the historic period (1988005).
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4.2.2

Dry days

in the coastal regions and inland plains.

A Inland and coastal areas are projected to experience the largest decreases

A Dry days are projected to increase slightly in the umgdevations and decreasg

dry days; under the high GHG scenario those areas are projected to
experience 4 to 5 fewer dry days per yeartlhg end of the century.

primarily occur in summer and autumn.

A Under the high GHG scenario, the projected reductions in dry days will

Another metric for evaluating changes in rainfatd RNE Rl @ 4 é X
less than 1 mm afainfall occurs.

What parts of the district can expect the largest changes in dry days?

g KAOK |

Similar to the projected change to total annual rainfall, charigelsy days throughout the district
will likelyfollow the eastwest gradient with slighincreasesn dry days in the upper high elevation
areas and decreases in dry days in the lowland and coastal &igasgd-4). Inland and coastal

areas are projected to see the largest decreases in dry days under the high GHG concentrations
scenario with 4 to 5 fewer dry days per year by the end of the century.

Table4-6:

Overviewof projected changes in dry days (< 1 mm rain) per year for different parts of the
Waimakariri District. Mid-century = 20342050, endcentury = 20842100, moderate GHGs = RCP4.5, high
GHGs = RCP8.5. Note that the coloured bars are representative wigip@tude of change.

NI

pu

(p))

moderate GHGs high GHGs difference betyveen GH
scenarios*
ANNUAL [mid-centurylend-century50-yr changét mid-centuryend-centurﬂp n e NJ Jmid-centurylend-century
UPPER 1 2| 2 1 1 0 I ¥ -1
COAST 1 2 N B 4 2 01 33
INLAND 2 1 o] [ 3 5 3 01 [ 4
DISTRICT [ 0 ] 1 I 3 -1 IFElr E
U BFoedNJ OKFy3aS¢ A& GKS LINRP2SOGSR OKIF y3S -cenfuryRmdEnieRritudy ime¥ 2 NJ |

periods (i.e., how will dry days change between 2040 and 2090 for a given GHG scenario?).

* The two columns orhe rightK | Y R

3 A RS2 RPINKAEXK DI Daéo

aKz2g

and moderate GHG concentratisnenariogwhat is the difference in projected dry days for the RCP4.5 and RCP8.5
scenarios?).

What is the difference in pegted dry days for the high concentration and moderate concentration

GHG scenarios?

Overall, the projectionshowthere will be slightly more dry days per year under the under high GHG
scenario than the low GHG scenario, especially at the endrdfiry (as shown by a larger decrease
in dry days under high GH®ncentratiors than low GHGoncentratiors).

Are there any noteworthgeasonal changda dry days?

The modest reduction in dry days across the district is primarily projected to ocaummes and
autumn (se€TableG6 for seasonabreakdownof projected changes in dry days).

28

Waimakairi District Climate Change Scenario: Technical Report

Ep.

G§KS RAFFSNBYyOS Ay



e ———rr —
Annual change in dry days (<1 mm raln) ;
End-century (2081-2100)
| Moderate GHGs (RCP4.5)

Annual chéngein dry da.ys (<1 mm féi) 3
Mid-century (2031-2050) 4
{Moderate GHGs (RCP4.5)

Ranglora /

9h°ka . Kaiapoi

o CHRISTCHURCI ' 5 CHRIS]T&HURC

. M -2 ~ " =3

Based on difference between 2031-2050 Based on difference between 2081-2100
=4 and historical period (1986-2005) -4 and historical period (1986-2005)

. -6

| oisclaimer: Disclaimer:

NIWA have prepared this map exercising all reasonable skill and care. NIWA have prepared this map exercising all leisonable skill and care.

-8 Nevertheless, NIWA can give no warranty that the map is free from errors, -8 Nevertheless, NIWA can give no warranty that the map is free from errors,
oomissions or other inaccuracies. Users of this map will release NIWA omissions or other inaccuracies. Users of this map will release NIWA

=5 from all liability whether direct, indirect, or consequential, arising out of -12 from all liability whether direct, indirect, or consequential, arising out of

the provision of this map. the provision of this map.

Anr.lu-al.cﬁange in dr;/.d'ay‘s (-<'1 mm ram) ' ‘ f A.nnu-al cﬁange in dr;/.d'ays (-<1 mm ram)
Mid-century (2031-2050) s , End-century (2081-2100)
4{High GHGs (RCP8.5) |7 y ! H|gh GHGs (RCP8.5)

o

5 >
o Woodend | o o "Woodend

Ohokal i Siapoi y Cheta,
Swannanoa’ % Kairaki - Swannanoals J Kairaki
*Eyreton 2 [ ; *Eyréton

£ P o
o e

CHRISTCHURC ; ’ CHRISTCHURC

. ~N f s / i AN

Based on difference between 2031-2050 Based on difference between 2081-2100

and historical period (1986-2005) =4 and historical period (1986-2005)

Disclaimer: -6 - | Disclaimer:

NIWA have prepared this map exercising all reasonable skill and care. NIWA have prepared this map exercising all reasonable skill and care.

Nevertheless, NIWA can give no warranty that the map is free from errors, -8 Nevertheless, NIWA can give no warranty that the map is free from erors,

omissions or other inaccuracies. Users of this map will release NIWA omissions or other inaccuracies. Users of this map mll release NIWA

=12 from all liability whether direct, indirect, or consequential, arising out of ) rmm all liability whether direct, indirect, or consequential, arising out of
the provision of this map. provision of this map.

4 L D | 2 M

Figure4-4:  Projected chages in dry days for Waimakariri DistrictProjected changes are relative to the
historic period (198€005).
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4.2.3 Extreme heavy rainfall

A Extreme rainfall will likely increase by approximately 7% P& af climate
warming.

A However, shorter duration rainfall events (e.g., hourly) could increase by as
much as 15% per°C of climate warming.

A Further research and modelling are needed to lertexplain the impacts of
climate change on extreme precipitation.

The impact®f climate change nrare meteorological events such as extreme raingadixtremely
challenging for climate scientists to characteriBer this reason, this report (atide Canterbury
Region Report) primarily focus on the projected average changes in clmeditsrather than

changes to the extremevents Nevertheless, extreme rainfall can result in significant hazards such
as flooding and landslideA. full analysis fathe implications of climate change for extreme rainfall is
outside the scope of this report. However, given the importance of extreme raamfdlpotential
floodingto the district some high S@St T Ay RA #ighinterBityRaiffalbDesigh Sgih
(HIRDSCareySmith, et al2018,see full reporthere) are providedAppendix Eo give an indication

of how extreme precipitation could change in théaimakariri Digict.

As noted above in Section 4.2ttere is likely to ban increase in rainfall across New Zealand and in

the Waimakariri Districoverall However, the extent to which extreme precipitation will change due

to climate changén New Zealand and globally is a matter of ongoing research. According to the ARG,
GKSNBE A4 GKAIK O2yFARSYOS¢ GKIG SEGNBYS LINBOALAMI
of climatic warming. However, there is growing evidence the most mdrprecipitation events,

including sukdaily (i.e., less than 24 hrs) events, could increase by more thanei7%s°Cof

warming.

Figure4-5 shows the possible change rainfall across New Zealand per 1 °C of climatic warming
associated with 5§ear events of different durations. The Figgteowsthat a Lin-50-year event of
duration 1 hr could increase in intensity by ~1%8% per 1 °C of warming; and that-&n350-year

event of duration 24 hrs might increase by-+@% per 1 °C of warmin@verall, itis likely that

extreme eventsn the districtwill intensify by at least 7% per 1 °C of warming, but it also quite
possible thatdamagingshort duration storm events will intensify by more than 7% per 1ifC

future. Projections of future extreme precipitation for the district can be accessed thrtwgHRIRDS
online portal bttps://hirds.niwa.co.nzj and summary tables for locations of interest are provided in
Appendix E

30 Waimakairi District Climate Change Scenario: Technical Report


https://niwa.co.nz/sites/niwa.co.nz/files/2018022CH_HIRDSv4_Final.pdf
https://hirds.niwa.co.nz/

50 yr ARI: Change per degree of warming
1 hr duration 6 hr duration 24 hr duration 120 hr duration

0 5 10 15 20
% change in rainfall depth per °C

Figure4-5: Percentage changes the 50-year event magnitude for four different event durationsEach
map combines all 24 different RCM simulations and shows the change per degree of warming. ARI indicates the
average time between events of given duration (source: G8raith et al., 218).

4.3 Soilmoisture and potential evaporation

4.3.1 Soil moisture deficit days

A Mid-century soil moisture deficit days are projecteddecreaseby 2 (RCP8.5)
to 5 (RCP4.5) days per year.

A Endcentury soil moisture deficit days are expectedrtoreaseby 3 (RCP4.5) tq
2 (RCP8.5) days per year.

A Mid-century soil moisture deficit days will likely decrease consistently acrog
the district.

A Endcentury soil moisture deficit days will likely rease consistently across th
district, except in the coastal zone and higher elevation regions.

Soil moisture defitiis calculated based on incoming daily rainfall (mm), outgoing daily potential
evapotranspiration (mr) and a fixed available wateapaity (the amount of water in the soil
'reservoir' that plants can use$oil moisture deficit days are days when a moisture deficit occurs
andit isa commonly used indicator ofays wherplants are watesstressed
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How much will soil moistur@eficit days change in the district?

Soil moisture deficit days are projected to decrease by-eeittury across the district withet
changesf -5 and-2 days for the moderate and high GHG concentration scenarios, respectively
(Table4-7). By contrast, projections suggest there will be more soil moisture deficit days in the
district by the end of the century with +3 and +2 soil moisture deficit days for moderate iyhd h
GHG scenarios, respectivelihese results imply that for both GHG concentration scenarios the
Waimakariri Districtis projectedon average to havenoister soil conditions in the mietentury and
drier soil conditionsby the end-century, but the changesare quite small

Table4-7:  Overview of projected changes in soil moisture deficit days per year for different parts of the
Waimakariri District. Mid-century = 20342050, endcentury = 20842100, moderate GHGs = RCP4.5, high
GHGs = RCP8.5. Note that the coloured bars are representative of the magnitude of change.

difference between GH(Q

moderate GHGs high GHGs -

scenarios
ANNUAL [ mid-century|end-century50-yr changédq mid-century|end-centuryjp n 1t & NJ | mid-century|end-century
uppER | [ 4] T 1 a4 gl [ 2] B 15 ki 2 I
COAST | @ 6| || 3 9 -2 N [i -4
INLAND % -5 |2 |7 -3 | 2 > | 5 | 2 -1
DISTRICT -5 | 3 8 2 | 2 " | 5 | 2 Al

W B08N) OKFy3d6é Aa GKS LINRZ23SOGSR O K GH@EsBendriybetvéeh doantdrg and (i dzNB
mid-century time periods (i.e., how will soil moisture deficit days change between 2040 and 2090 for a given GHG
scenario?).

*The two columns ontheright Y R & A RS2 RIINKIAEX DI D& ¢ 0 & K 2ded soKroistira deflci® NBy 08
days betweerhigh and moderate GHG concentration scenafidsat is the difference in projected soil moisture deficit days
for the RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest changes imsmdture deficit days?

The spatial patterns of changing soil moisture deficit days are quite consistent across the district for
mid-century and end of century time periods (S€igure4-6). The two panels on the left show
decreasing (greergoil deficit moisturedays for the miecentury, and the right panels show

increasing (brown3oil moisturedeficit days across most of the district at the end of the century.

What is the difference in projected soil moisture deficit days for the high concentration and moderate
concentration GHG scenarios?

As mentioned above, the projected changesoil moisture defiit days is comparable when
comparing GHG concentration scenarios.

Are there any noteworthgeasonal changasa soil moisture deficit?

For midcentury, there is no clear seasonal pattern and projected reduciioasil moisture deficit
days will occur troughout the year. At the end of the century, soil moisture deficit days will likely
increase in the winter and spring seasons (§ableG7 for seasonal breakdown sbil moisture
deficitdays).
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Figure4-6: Projected changes in soil moisture deficit days for Waimakariri Distri€trojected changes are
relative to the historic period (1988005).
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4.3.2 Potential evapotranspiration deficit

A Mid-century accumulated potential evaporation deficit is projected to increa
by 75.7 mm (RCP8.5) to 91.2 mm (RCP4.5).

A Endcentury accumulated potential evaporation deficit is expecteihtoease
by 88.9 mm (RCP4.5) to 97.6 mm (RCP8.5).

A Upper mountainous regions and the Lees valley may see an increase in Pk
approximately 1830 mm greater than the lowland plains

Potertial evapotranspiration (PET) is the anticipated amount of water that will evaporate ahd/or
transpiredif a sufficient water source is availabléhe difference between potential

evapotranspiration (PET) and actual evapotranspiration is called the tRdtEmapotranspiration

Deficit (PED)n practice, PED characterizes the amount of water required for irrigation, or that needs
to be replenished by rainfall, to maintain plant growth at levels unimpeded by soil water shortage.
Therefore, PED estimatesgwide a robust measure of drought intensity and duratidhe

accumulated PED is the sum of daily REIDesthroughout the year

How much will potential evapotranspiration deficit change in the district?

PED is projected to increase across titistrict regardless of locationvithin the district, GHG
concentrationscenario, andime period. The midcentury time period will see district average PED
increase by 91.2 mm artb.7mm for the GHG scenarios, and ecehtury PED will increase B§.9
mm and 97.6 mmTable4-8). Increased PED across the entiaimakariri Districtsuggests the
district will likely become more drought prone in the future as temperaturggreaseand
precipitation changes.

Increased PED across the district implies theteagd temperatures and associated increased
evapotranspiration will not be ¢det by increased rainfall across the district, meaning that demand
for irrigation may increase in the district despégoverallincreasein annualrainfall projected

What parts of the district can expect the largest changes in potential evapotrariepidficit?

Overall, thepredictedincrease in PED across the distrigpatiallyconsistent, however, the upper
mountainous regions and the Lees valley may see an increase in PED of approxima@etgrh5
greater than thein lowland plainsEigureB-7).

Table4-8:  Overview of projected changes in potential evapotranspiration deficit accumulated (mm) for
different parts of the Waimakariri District. Mid-century = 20342050, endcentury = 20842100, moderate
GHGs = RCP4.5, high GHGs = RCP8.5. Note that the coloured bars are representative of the magnitude of
change.

moderate GHGs high GHGs difference bet_wefn GH

scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)lp n e NJ Jmid-centurylend-century
UPPER 10114 104.5 3.1 85.4 120.1 34.7 |] -15.9 15.6
COAST 86.8 17.8 9.1 73.3 8r.7 14.5 -13.6 9.9
INLAND 82.7 77.2 -5.4 66.9 18.4 11.6 -15.8 1.2
DISTRICT 91.2 88.9 -2.3 75.7 97.6 21.9|[ -15.5 8.8

u 50edNJ OKI y3IS¢ A& inpdentaedagoaddpiftion deficit accliBulatéar a given GHG scenario
between enecentury and mietentury time periods (i.e., how wilbtential evapotranspiration deficit accumulatetiange
between 2040 and 2090 for a given GHG scenario?).
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*The two columns on the righk I Y R & A RS2 RIINGAEXK DI DA€ 0 apktendal evedp@ranBphk @S NBy OS Ay
deficit accumulatedetweenhigh and moderate GHG concentration scenafidsat is the difference ipotential
evapotranspiration deficit accumulatédr the RCP4.5 and RCP8.5 scenarios?).

What is the difference in projectgubtential evapotranspiration deficfor the high concentration and
moderate concentration GHG scenarios?

There is not a large dédfence in projected PED when comparing moderate and high concentration
scenarios (se&able4-8 and FigureB-7).

4.4 Snow and frost

A Mid-century frost days are projected to decrease by 9 (RCP4.5) to 14 (RCH
days per year.

A Endcentury frost days are projected to decrease by 10 (RCP4.5) to 26 (RG
days per year.

A Frost days will likely reduce across the district but the largest reductions in
total days are projected in the upper higiftitude regions and Lees Valley.

A Forthe high GHG scenario emd century snow days in the mountainous
regionscould be nearly eliminated according to projections

4.4.1 Frost
Frost days are defined asys when minimum air temperature is equal to or lower than 0 °C.

How much will frost dayshange in the district?

Mid-century frost days are projected to decrease by 9 and 14 days per year across the district for
moderate and high GHG concentration scenarios, respectively. Whileesmdry frost daysould
decrease by 10 and 26 days for maaterand high GHGs, respectivelable4-9).

Table4-9:  Overview of projected changes in frost days for different pamf the Waimakariri District.
Mid-century = 20342050, endcentury = 20842100, moderate GHGs = RCP4.5, high GHGs = RCP8.5. Note that
the coloured bars are representative of the magnitude of change.

difference between GH
scenarios*
ANNUAL mid-century{end-centur 50-yr changémid-centurylend-centuryjp n e NJ mid-century{end-centur)

moderate GHGs high GHGs

UPPER 13 [ 18 -6 (18 | ? -4 e

COAST 6 E -2 [ | -18 9 -1 B
INLAND -8 -12 4 9 -21 | 12 -1
DISTRICT (9 Eﬂ [5 | i| | -1§ -1 -1

U IF-@dNp OKF y3Sé Aa ( Késtdaysd @ GveniGHR scénirio even &mfhtury and mid
century time periods (i.e., how witbst dayschange between 2040 and 2090 for a given GHG scenario?).

*The two columns on the rightand side§ K ACYR RSNJ G S DI Daé v afios daysiev&€en RA T F S NB
high and moderate GHG concentration scenarios (what is the difference in prdjestedaysfor the RCP4.5
and RCP8.5 scenarios?).
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What parts of the district can expect the largest chesgh frost days?

Frost daysare projected toreduce across the district but the largest reductions in total daye
projected tooccur in the upper higkaltitude regions and Lees Valld¥igure4-7). For the moderate
GHGscenario, projectios suggest that ugo 33% of historical frost daymay no longer occuiin the
inland parts of thedistrict. For the high concentration GHG scenarios upwards of ~43% of historical
frost days in the high elevation regia@nuldno longer happen, and 60% of historical frost days in the
low elevation regionsouldno longer happen.

What is the differenceniprojected frost days for the high concentration and moderate concentration
GHG scenarios?

For the midcentury period the difference in frost days between moderate and high GHG
concentrationscenarios iselatively small (5 dayshowever, thigepresens alargermid-century
differencethan other variables (e.g., air temperature) when comparing high vs low GHG scenarios.
Thisimplies that a threshold driven metric like frost days could be more sensitive to subtle
temperature changesmeaning tlat relatively large differences in projected frost could occur even if
the mean temperature does not changabstantively

By the end of the century, the difference between high and modeed&HG scenarios could be
substantial witha more thanatwofold reduction in the number of frost days under the high GHG
concentration scenarioThis finding emphasises that different concentration pathways could
producequite different climatioutcomesaaoss the district, especially towards the end of thé'21
Century. When projecting frost days, the effect of GHG concentration uncertainty becomes a lot
larger towards the end of century.

Are there any noteworthgeasonathangedo frost days?

Atthea St azyltt fS@Stx cex 2F K%, theipdjachiidoeagare LIN2 2SOl
projected tobe during winter. The other absent frost degre projected tabe during Autumn (19%)
and Spring (15%).

4.4.2 Snow

Snow days are defined in these djionsas days whetthe airtemperature is below zero and
precipitation occurs

Snow days willikely decrease substantially (upwards of 20 fewer days per year) across the higher
elevation regions of thealistrict (Figure 4-8). Forthe high concentration GHG scenariend-of

century snow days in the mountainous regions could be nearly eliminated according to projections.
However it is important to note that snowlayprojections are simply reported as days when
temperature is below zero and precipitation occuposit snrow can fall wheriemperatureisabove

zeroso thereis likelysomeunderestimation of snow days. Aldbjsimportant to note thatthe

metric 6snow days is not the same assnow amoun¢ ¢ snow amountcouldincreasedue to

increasing precipation in mourtainous areasNevertheless, éspite these caveaj# is very likely

that risingtemperatures will decrease sn@ackacross the mountainous region$tbe district.
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4.5 Humidity, radiation, and wind speed

4.5.1 RelativeHumidity

Relative humidity is a function of both water vapor (moisture) in the atmosphere and air
temperature¢ as air warms it expands, meaning it can hold more wétkerefore, if air warms but
water vapour remains constant the relative humidity widicrease

A Mid-century relative humidity is projected wecreasedy 0.8% (RCP4.5) to
0.9% (RCP8.5).

A Endcentury relative humidity is expected ttecreasevy 1.1% (RCP4.5) to 2.2
(RCP8.5).

A The largest reductions in relative humidity are projected to occur in the Lee
Valley region and the higher elevation areas, with generally smaller reducti
projected near the coast.

A Relative humidity will decrease most notably during winter and spring.

How much will relative humidity change in the district?

Relative humidity is projected to decrease acrossWamakariri Districin the future. Fothe mid-
centurytime period, averageelative humidity coulddecrease by 0.8% and 0.9% for moderate and
high GHG scenarios, respectivaialfle4-10). By the end of the century thevarage relative
humidity is projected to decrease by 1.1% for moderate GHGs and 2.4% for high GHGs

Table4-10: Overview of projected changes in relative humidity (%) for different parts of Waimakariri
District. Mid-century = 20342050, endcentury = 20812100, moderate GHGs = RCP4.5, high GHGs = RCP8.5.
Note that the coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference betyve:en GH

scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)lp n mé NJ Jmid-centurylend-century
UPPER -1L.6 - -0/8% [ [ B8 2184 -0. 104 0
COAST 084 0 -0.§% 08 18 d8d o1d o
INLAND -0[8A -1.0% -0.89 -0/894 % 14 -0.194 -1.3
DISTRICT -0/8% -1.8% -0.4% -019% o/ q -0. 104 -1.89

AAAAA

U Ir-adp OKIFy3asSé Aa i kehativeNBidySoDaigi/én GE® $cehariS betwgen emttury
and midcentury time periods (i.e., how widlative humiditychange between 2040 and 2090 for a given GHG
scenario?).

*The two columns ontheright Y R & A RS2 RPIINGAEX DI Da¢ 0 arédive himidi RA FTSNB)
between high and moderate GHG concentration scenarios (what is the difference in progéatigd humidity
for the RCP4.5 and RCP8.5 scenarios?).

What parts of the district can expect the largest charigeslative humidity?

The largessreductions in relative humidity are projected to occur in the higher elevation regions of
the district, while lowland coastal areas are projected to see minimal clsangelative humidity
(seeFigureB-8).
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What is the difference in projected relative humidity for the high concentration and moderate
concentration GHG scenarios?

For the midcentury there is not a difference in the projected change in relative humidity between
high and moderate GHG concentration scenaridswever, by the end of century the high
concentration scenario suggests that average relative humiditydbe 1.3% lower than the
moderate GHG scenario.

Are there any noteworthgeasonal changda relative humidity?

The largest reductiogin relative humidity are projected to occur in winter and spring, while relative
humidity in summer and autumn is not profed to change substantially (s@ableG9 for seasonal
summary).

4.5.2 Solar radiation

A Mid-century solar radiation is projected ttecreaseapproximately 1.0
(RCP4.5)0t1.6 Wn? (RCP8.5).

A Endcentury relative humidity is expected tiecreaseby 1.1 Wn? (RCP4.5) to
2.6 Wn? (RCP8.5).

A The projected changes in absolute solar radiation are small and likely to be
second order importance for primary industriedative to other
meteorological variables

Solar radiation is essentially sunlight that pasbesughti KS S NI KQa | (Y2 aLIKSNB

Iy

adzNFIFOS 2F GKS SIENIKd 2SS (GeLAOKT e Yhted(MaNBE a2t | N
2) € thisrevealsthe average amount of solar energy reaching2n¥ G KS S| NI KQ& & dzNJF | ¢

second. The primary driver of changing solar radiation in the future will be changing types and
amounts of clouds that move over the district.

How much will solar radiain change in the district?

Forthe mid-centurytime period, average solar radiatimoulddecrease by approximately 1.0 Wm

to 1.6 Wm? for both the moderate and high GHG scenarios. By the end of the century the average
solar radiation is projected to degase by 1L Wmfor moderate GHGs and decrease by 2.6 ¥Vm

for the high GHG scenariobable4-11). These reductions in solar radiation are broatipsistent

with increased cloud cover and precipitatidfiowever, the projected changes in absolute solar
radiation are small and likely to be of second order importance for primary industries relative to
changes irther meteorological variables such ag@ipitation, temperature, and soil moisture.

What parts of the district can expect the largest changes in solar radiation?

Solar radiation is projected to decrease most notably in the lower altitude coastal zone and to
change negligibly in the upper higittitude regions FigureB-9). End of century solar radiation in the
coastal zoneouldsee an average decrease of 4.4 Wuamder the high concentration GHGs
scenaris.
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Table4-11: Overview of projected changes in incoming solar radiation (\Wnfor different parts of the
Waimakariri District. Mid-century = 20312050, endcentury = 20842100, moderate GHGs = RCP4.5 hig
GHGs = RCP8.5. Note that the coloured bars are representative of the magnitude of change.

moderate GHGs high GHGs difference bet_we:en GH
scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)]p n e NJ Jmid-centuryend-century
UPPER -4.6 -4.6 0.0 1.1 12 -0.1 4.5 -8.6
COAST 4 8 b.a (23 [H4 1 4.9 5
INLAND 1 3 -0.2 s 2 4 4.7 EE
DISTRICT .0 11 -6.2 [£.6 6 H.0| 4.6 5

U IF-@dp OKF y3ISé Aa G kdar raddBoEd OgivEnFGHO $cenyrid Betwkeyi emtury and
mid-century time periods (i.e., how waiblar radiationchange between 2040 and 2090 for a given GHG
scenario?).

*The two columns ontherigh€ I Y R 4 A RS2 RINNIABXK DI Daé v asklarmadiatiok S RA TTF SNB)
between high and moderate GHG concentration scenarios (what is the difference in pregdateddiationfor
the RCP4.5 and RCP8.5 scenarios?).

What is the difference in projected solar radiation for the high concentration and moderate
concentation GHG scenarios?

For the midcentury there is not a substantial difference in the projected change in solar radiation
betweenhigh and moderate GHG concentration scenari®sthe end of century, the high
concentration scenario suggests that averagsradiationcouldbe 1.5 Wm2 lower thanfor the
moderate GHG scenario.

Are there any noteworthgeasonal changedsa solar radiation?

For moderate GH@oncentratiors, solar radiation is projected to decrease consistently during
summer, winter, and spng (seeTableG10). Howeverfor the high GH@oncentrationscenario, the
largest reductions in solar radiation are projected dusngnmer, followed by autumn and then
winter.

4.5.3 Wind speed

The wind speed presented heisthe averagesimulatedwind speed- i G KS S| NI KQ& & dzNF |
(approximately 10 m above the ground)

A Mid-century wind speed is projected tncrease byapproximately 1.8%
(RCP4.5) to 2.2% (RCP8.5).

A Endcentury wind speed is projected tocrease byapproximately 2.8%
(RCP4.5) to 6.5% (RCP8.5).

A Winter wind speed in the high elevation regioreuld increase by 16.4% by th
end of the century under a high GHG concertation scenario.

How much will wind speed change in the district?

Forthe mid-century time period, average wind speeduldincrease by approximately 1.8% for the
moderate GHG sceniarand 22% for the high GHG scenaritaple4-12). By the end of the century,
the average wind speed is projected to increase By@2for the moderate GH&enarioand 6.5% for
the high GHGcenario.
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Table4-12: Overview of projected changes in wind speed (%) for different parts of the Waimakariri District.
Mid-century = 20342050, endcentury = 20812100, moderate GHGs = RCP4.5, high GHGs = RCP8.5. Note that
the coloured bars are representae of the magnitude of change.

moderate GHGs high GHGs difference bet_we:en GH

scenarios
ANNUAL |mid-centurylend-century50-yr changét mid-centuryend-centur)]p n e NJ Jmid-centuryend-century
UPPER |[| 269%i| 3.79 § 119§ 284 % |88% L | 6.04 0.1% & | 5.00
COAST 0.6% i  1.294 | 0791 1201 2.5% | 1.39 | 0.6% i  1.39
INLAND || 1.694i| 2.49% i 089 20%f | 5841 3.8% 0.4% | 3.49
DISTRICT| || 1.89%i 2.8% i 099§ 2201 | 6591 | 4.3% 0.3% | 3.79

U IF-@dp OKF y3ISé Aa ( Kvidd spiedoead)ieh SIRG stekidrigBtdeen gimtury and

mid-century time periods (i.e., how wi¥ind speecthange between 2040 and 2090 for a given GHG scenario?).

*The twocolumns ontherighK I Y R 4 A RS2 RINNIABXK DI D& ¢ 0 avikna gpeeibitieerRA T F S NB
high and moderate GHG concentration scenarios (what is the difference in projéategpeedor the RCP4.5

and RCP8.5 scenarios?).

What parts of thedistrict can expect the largest changes in wind speed?

Wind speed is predicted to increase manghe high elevation regions than the lower elevation
plains and coastal regions of the distriEiqureB-10).

What is the difference in projected wind speed for the high concentration and moderate
concentration GHG scenarios?

For the midcentury there is not a substantial difference in the projected increase in winddspee
betweenhigh and moderate GHG concentration scenarkdswever, by the end of century, the high
concentration scenario suggests that average wind speeddbe 3.7% higher than the moderate
GHGscenario.

Are there any noteworthgeasonal changaa wind speed?

Winter wind speed is projected to increase notably more than the other seasons; winter wind speed
in the upper region of the district could increase by 16.4% by the end of the century under a high
GHG concentration scenarigpring wind speed idso projected to increase more notably than other
seasons, while summer and autumn wind speed changes are projected to be negligilalflsee
G1l1for seasonal wind speed projections).

4.5.4 Extreme winds

As noted in Section 4.2.3 ttiecusof this reportis theprojected changes in climatic means rather
than changes to the extreme evenidevertheless, changes to extreme wind and storm events are
highly relevant for the disticka S O2 y 2 Y & And $dinthéniies@efeYallyfhe ARGsuggests
thatb S ¢ %S Irefidngivikn@ Ratterns are projected to become more nomfasterly in summer,
and westerlies are projected to become stronger in winter (v confidencg This is consistent
with findings from the AR5 regional climate modellimdpich suggested strengthening of the
southern hemisphere storm tracks and increased extreme winédpacross the South Islafste
MfE, 2019. Overall, the gidencebroadlysuggests thatuture extreme wind speeds anstorm
eventsmay increasén thedistrict, but moreresearch iseeded in this area.
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5 az2R3EINBIR YR dzy OSNIF Ayide
There are threenain sources of uncertainty in projections of climate:

1. Uncertainty due to future emissions (e.g., RCPs)

2. Uncertainty due to internal climate variabiligynatural variations in climateanoccur
over annual to decadal timescales.

3. Uncertaintydue to intermodel differenceg different models represent the climate
system with differing methods and assumptions.

This report has partially addressed the first two sources of uncertaingnalysing two different
RCPs and taking averages of climate variables2fsgeartime periods.However, the third source
of uncertainty has not yet e discussed in this reporAll climate variablem the report are
calculated by taking thensemblemean ofsixsimulations(per GHG scenaridyiven byindependent
global climate modal. It is possible t@xamineone aspect of modalncertainty byexploring the
spread of ensemble membeirs the regional climate simulatiorend notsimplythe ensemble mean.

Analysing the spread of model predictiassnost important for projections of rainfall where model
uncertainty can be relatively largeéor example, seBigureb-1, whichshowsthe spread of projected
changes in rainfall faChristchurch for each R@Pthe end-century.The coloured vertical bars, and
inset(black, dynamical simulatiopstars, show all the individual models, &tangeof mode
uncertaintyassociated with different global climate modé& displayed.The average of all the

models generally project an increase in rainfall, as indicated by the horizontal black line on each bar
in Figure5-1. However, not all modspredict an increase in precipitation, sorpsject decreaed
precipitation.In this report we have provided ensemble means as a best estimate of the likely
change in climatic variables

However readers should be aware ofodeluncertainty when interpreting this reporf positive

signal showing increased precipitation does not imply #lbdix models represented a positive

trend. Additional analyse8 ¥ (G KS bL2! Qa Of AYI UGS R G Waih&ariNB @S|
District couldbe a useful exercisg-urther information on model uncertainty can be found in the

Ministry for Environment reportob S ¢ %S Irefjidngl Blifaterojections(MfE 2018 seehere).
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Regional Council Range of Rainfall Changes, 4 RCPs, 2081—2100: Canterbury, Christchurch
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Figure5-1:  Projected seasonal and annual rainfall change for Christchurch bypZ@9812100). Coloured

stars represent all models as derived by statistical downscaling. Black stars correspond taribdediRCM
downscaling, and the horizontal bars are the average over all downscaled results (statistical and RCM) (source:
MfE, 2d.8).
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6 /2Ladalt 9NRaA2Yy FYR {SIF 2 GSN L
In 2018 Jacobgrepared a report for th&Vaimakariri DistricO2 dzy OAf Sy G A Gt SR a/ 21 ai
{ St 2 (SNJ Ly dzy RNI\VA veay asked té iSehtiy YWilethér thedbunderlying assumptions

2F WF 020608 NBLENI FNB O2yaArdaidsSyid 6AGKE 2N RAFTFSN
toevaluatefromb L2 ! Qa LISNELISOGAGBS Aa GKS | aadzySR t S@gSt 2
climate change scenarios (i.e., RCPs).

The Jacobs report used New Zealand SLR estimates taken from the Ministry for the Environment
2017 report entitledCoastal Hazasland Climate Change: Guidance for Local Governfivéat

2017 but the authorsslightly updated the projections to aliglh.Rchange relative to a 2015 baseline.
These SLR figures come from Kopp et(aD14) who usedARS5global climate models combinaton

with various other models and data sources (Bégure6-1 below) to derive global scale probabilistic
estimates of SLR through thes2dnd 229CS y (il dzZNAXA S& ® b L2 ! Q& NB JsasBeal £ Of A Y
ice and sea surface temperature fields from six diffel®REGCMs and four RCPs to derive regional
climate predictions for New Zealand through a combination of dynamical downscaling and bias
correcion methods (se&ection 2.2 for more detajlsvhereas the Kopp et a2014)SLR projections
are based on the full ensemble of CMIP5 models, three RCPs, and various other data sources and
modelling techniques.

Overall, the Kopp et al2014)and subseqgeant MfE(2017)SIRfigures are widely used in New
Zealand including by NIW# the Canterbury Regional climate assessmé&he underlying
assumptions that are used tgeneratethe projections in the two reports (NIWA and Jacobs)re
bL2! Q& &ozRaibesS vy i
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Figure6-1: Logical flow of sources of information used in Kopp et al., 2014 locatlegal projections.
GCMs=global climate models; GIC= glaciers and ice capss&féiBe mass balance (from Kopp et al., 2014).
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7/ fAOKES IS TAANKIE ORA A UNR OU

Climate change impacts can be extremely wideging and complex. The changing climate can
impact manyinter-related sectors of society. A full assessment of the impacts of climate change on
the Waimakariri Districts outside the scope of this report. However, here we provide a broad
summary of possible impacts of climate change most relevant for thedadigtven the projected
changes outlinedh this reportand the nature of the district.

7.1 Hydrologicalimpacts

TheWaimakariri Districtontains two major river catchments: ThéaimakaririRiver catchment and

the Ashley/RakahutRiver catchmentUnderstandy 3 G KS AYLI OG&a 2F OftAYILIGS O
freshwater resourcess extremely important for a range of reasoRseshwaterecosystems support

important nativeflora and fauna; rivers and lakasge critical sourcesof fresh water forconsumption

and irrigation andflooding causes millions of dollars of damage to infrastructure in New Zealand

every yearThe recenk021Canterbury Region floodswhich were driven by-In-200-year rainfall

in some areas highlight the importance of uerstanding the impacts of climate change on the
RAAGNAROGQa NAODSNHO®

While a full hydrological assessment of the impacts of climate change on the district is outside the
scope of this report, this section will provide a brief summary of the hydrologicdéhimg analyses
presented in the Climate change projections for the Canterbury Region ré@adara et al., 2020)
Hydrological statistics between the baseline period (32865) and two future periods are

presented. The migentury (20362056) and engentury (20862099) time periods are slightly
different to the time periods used in the climate modelling.

7.1.1 Mean flow

TheWaimakariri Districts marked irFigureD-1-D.4,and thetwo majorriver catchmentsn the

district canalsobe seenHydrological simulations suggest that agintury mean floncouldremain
largely unchanged in thashley/RakahurndWaimakaririRiver catchmentgFigureD-1, top row).

For the endcentury period mean flowvill likelyremain largely unchanged under the moderate GHG
scenario andlightly increase by-50% under the high emissions scenanidthe southern

Waimakariri river basin and coastal Ashley/Rakahuri river catchment

7.1.2 Meanannuallow flow

Mean annual low flow is defined as the mean of the lowest salagnaverage flows in ehc
hydrologicalyear of asimulationperiod. Mean annual low flovdoes not necessary characterise low
flow conditiors during the summer season as snow affected catchments tercdbitlow flow
conditionsduring winter.Mean annualow flow in the distri¢ is generally projected to decrease by
mid-centuryunder both GHG concentratistenariogFigureD-2, top row) likely due to reducel
seasonasnowfall/melt and longer periodsf low rainfall (i.e., drought)

The moderateGHGconcentrationscenario produces larger decreasé the mean anual low flow
than the high GHG concentratimeenariowith mid-centurydecreass of upwards of 20% projected
in some parts of the districBy the endcentury, mean annual low flow could decrease by5P@6
across the districfFigureD-2, bottom row) These projedbns suggest that althouglaverage annual
rainfall is projected to increase (i K S fReshivateda@rivaysimay become morgrone to
periods of verylow flow and hydrological droughtconditions
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7.1.3 Mean high flows

The mean high flow characteristiceaepresented by Q5% flow and the mean annual flood
characteristics.

The Q5% flovg which represents the top 5% of flowss not projectedo change by migentury
under the moderate GHG scenario. However, under the high GHG scenawemdy Q5% is
projected to increase by 1P0% in parts of théshley/RakahumRiver catchment. For the end
century, Q5% flowsouldsimilarly increase by ©120% under moderate GHGs and upwards of 50%
under the high GHG concentration scenario.

Finally, the mean annual floasd the average of thannualmaximum discharge occurring in a river

over the simulation periodwhich typicallyhasa recurrence interval of once every 2.33 yediste

that mean annual flood is a relatively low threshold for engineering purposése mean annual

flood is projected to increase by 50% or more in tk&hley/Rakahund WaimakaririRivers for both

time periods and GHG scenarios. The signal is most apparent in theeatary high GHG

concentration scenario where an increased mean annual flood is projected widely across both

catchments in the district. However, as noted in The Canterbury Regional clihzatgecreport
(Macaraetal.2020x G KS YSIy lyydzaft Ft22R dakKz2dZ R y2d4Gd 0SS
0KS Ll2aarofsS AYLIOG 2F OtAYIFGS OKFy3aS 2y bSg ®%SI|

Neverthelessthe increasing mean annual flood and Q5% flows are consistent witbjected
increases to extreme rainfall, whicts expectedto occur as the planet warmdt is increasingly
likely that morefrequent and extreme rainfallvill causeincreasedsevere floodingiskin the
district with damaging implications for primary industri@sfrastructure,private property,human
life, and nativeecosystems

7.2 Sea level rise

Sealevel rise is triggered by melting of the polar ice caps and the thermal expandioeafean as
water warms. IlNew Zealand, the sea may rise by up to a metre by the end of the century, and this
rising sea level is associated with a range of potential broad impacts:

A increased frequency of damaging coastal flooding events
A exacerbatectoastal erosiomf shorelines ad unconsolidated cliffs

A increased incursion of saltwater in rivers and nearby groundwater aqufetsntially
rising water tables in tidal groundwater systems.

There are several settlemensstuatedin the Waimakariri Districthat are located within &m of the
coastline,and sealevel rise could directly impact those living in the coastal zone. This sea level rise
will likely increase coastal erosion and flooding, which will damage homes and infrastructure such
as pipes and roadsCoastal erosion aridundation impactsave not been directly evaluated by

NIWA but aredescribed in the Jacobs Report on this topic previously commissioned by the Council.
Forabroad indication of theossibletiming of sealevel rise impacts he time window whervarious

SLR levels could be reached is shown for three @id€entrationscenarios imable7-1. Please also
refer to the NZ SeaRise tdor additionalinformation alout SLRn the WaimakaririDistrict
(https://www.searise.nzj.
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Table7-1:  Approximate years, from possible earliest to latest, when specific SLR increments (metres
above 19862005 baseline) could be reachedrfeariousprojections. Table is from Pearce et al., (2018) after
Stephens et al. (2014).

. Year achieved for Year achieved for Year achieved for Year achieved for
Sealevel rise (m)

RCP8.5 (83%ile) RCP8.5median) RCP4.5 (median) RCP2.6 (median)
0.3 2045 2050 2060 2070
0.4 2055 2065 2075 2090
0.5 2060 2075 2090 2110
0.6 2070 2085 2110 2130
0.7 2075 2090 2125 2155
0.8 2085 2100 2140 2175
0.9 2090 2110 2155 2220
1.0 2100 2115 2170 >2200
1.2 2110 2130 2200 >2200
15 2130 2160 >2200 >2200
1.8 2145 2180 >2200 >2200
19 2150 2195 >2200 >2200

7.3  Wildfire

Fire riskm New Zealands projected to increase in the future, due sorange of reasondearce et
al., 2011):

A warmer air temperature and stronger winds;

A increased drought frequency, amgsociated increases in fuel (vegetation) drying
A apotentially longer fire seasgn

A morethunderstorms and lightning

A drier and possibly windier conditiongould cause fastefire spread andargerareasto

be burned

Many of the above factors are projected to occur in YWaimakariri Districtincludingincreasel
temperatures, stronger windgsnd more drought prone conditions (i.e., increased PEB)these
reasonsdamagingwildfires that could negatively impacforestry, agriculture, and private property
could become more prevalent across thstrict in future.

7.4 Impacts on primaryndustries

The primary sector makes up a large part of the dig&ieconomyWhile many othe climate
impacts listed abovean haveanindirect effect on primary industries it is worth describing how
climate changeould directlyimpact this sector giveits importance in the region.

Primary industries are at risk from more frequent extreme weather eyemgsarticular drought and
flood. Drought and lack of reliable rain can negatively impact the productivity of land and present
challenges to many primary industriggrticularly those thatrewater intensive PED is projected

to increase essentially evgwhere throughout theWaimakariri Districtin the future, suggesting
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the region will likely become more drought prond/ore water could be needed for irrigation across
the district asPEDs projected to increase in the future regardless of GHG concentration scenario.
Increased PED implies thatreasedemperature and increased evapotranspiration will not be
offset by increasedtbtal rainfall across the district, meaning that soils Vikiély be drier despitan
increase irannualrainfall.

Flooding wilcontinueto be an issue ithe district particularly foprimary sector activitietocated
neartheRA & G NA Ol Q& f IthaAsRdy/RakdhdkdNEaimakaridad K aréad
experiencing high amounts of rainfall.

Increasedemperatures may cause increased heat stiesdivestock animals, resulting in increased
animal mortality during heatwavesligher temperatures could also enhance the risk of pests and
diseases thaimpact primary industries. Potential invasive species, like the Queensland fruit fly, may
be able to live in wider parts of New Zealand as our climate warms, increasing the risk of outbreak
and contamination.

7.5 Impacts on people

The health and wellbeing of mapgopleliving in theWaimakariri Districtould be affected by a
changing climateighertemperatures could bring more heatlated ilinesssto residens of the
district. Vulnerable groups such as the elderly, disablaapfe infants, and outdoor workers (e.qg.,
labourers and farmers) are particularly susceptible to potential health impacts from climatic
warming.

More frequent and intense weather events such as flooding, storms, and foreardigdso likely to

directlyA YLJI OG LIS2LJ) SQa KSIfGK FyYyR ¢gStftoSAyad / fAYI] G
YIye LIS2LX SQavarivuScgnintubitieska® lalfeddiK abxious about the implications of

climate change and as impacts become more severe, anxieties could get. wor

The northern Pegasus Bay coastal area is culturally significanBta A aidb B dzA ¢ n n K dzZNJA NRA
including Fenton Reserves and entitlements used to access waterways for mahinga kai purposes.
Changes to the coastal environment could therefore also ltalteiral impacts on Mori

communities in the district.

Additionally the district shouldexpect sociahnd economiémpacts and disruption causdyy
communities retreating from the coast due to skeel rise and coastal floodinBrotectingcoastal
properties (including insuranceh the coastal zonenaybecome increasingly difficult with economic
and wellbeingmplications for communities iflood prone coastal regions.

7.6 Impacts on species and ecosystems

Ecosystems are complex interconnected communities of different plants, animals, and other
organisms. In an ecosystem, when one animal or plant is affected by a change in the environment
(e.g., rising temperatures), all the species within the ecosysterpotentially affected.The

implications of climate change for ecosystems in\tf@imakariri Districtvill require careful expert
analysis. However, broadly speaking some important ecosystems in the district include alpine,
freshwater (lakes, rivers, and wends), coastal, and forests.

Waimakariri District Climate Change Scenario: Technical Report 49



7.6.1 Alpine ecosystems

t N22SOlA2ya adaA3Sald 6FNyAy3d 02dZ R 6S SyKIFyOSR Ay
reduced. Organisms living in higher elevation areas are adapted to survive in cold and often freezing
environments. Snowlines will move to higher elevations and species living in these environments
mayalso have to move upslopé KA a YI & OFdzasS || KFIoAGEG aa&aljdzSST S¢
Waimakariri DistrictFor example, the hills around the Lees Valleyfaleda § SR Ay [/ 2dzy OAf Qa
SAAGNROG tftly & |y a2dziadlyRAYy3A yI Gpdedsrvétiont I Yy Ra OF
site. These significant landscapasd associated alpine ecosystenmild come under significant

threat as the climate changel.isalso possible that alpine ecosystems will increasihglgffected

by pest species such as rats and hedgehodpgher temperatures allow them to survive at higher

elevations.

7.6.2 Freshwater ecosystems

Highertemperatures will cause water inthe disttOG Qa NAJSNE X 1S4 FyR ¢
Warmer waters will likely impact the rangahe habitat in whichanimalscan comfortably live; of

many aquatic species, as well as nutrient cycling and primary productivity. Warming of waterways
could lead to the proliferation of invasive species (e.@tewhyacinth) Additionally, weather

patterns (especially changing wind and temperature) couttease the likelihood of algal blooms

2 OO dzNNX y 3 ’xiyers anddkes Rilese ¢hiddges @éanld have serious implications for human

and animal health and impact on recreational activities in the region.

(0p])
[N

7.6.3 Coastal ecosystems

¢ KS RA & NekoSystems wilDiRdly @xpériénce rising seas and increased coastal erosion with

AYLIE AOFGA2ya F2NJ Fff O2Fradlkf RgStfAy3a ALISOASad ¢
coastal ecosystems and developed land.

The internationally ginificantAshley/Rakahuri estuarinecologicabrea is an important feeding,
rooging, and breeding ground fananynative birds including someriticallyendangered species
and dimatic changes to thienvironmentcouldendangerthesedelicate ecosystemfirther.

7.6.4 Terrestrial ecosystems

Numerous native birds and insects could be affected by climate chimgeasngtemperatures will

likely make New Zealand a more suitable habitat for invasive flora and fauna. Invasive species from
warmer climates may outcompete naé species. The timing of seasonal activities like breeding,
flowering, growth and migration may alter as the climate changes, disrupting relationships between
species.

Warmer and drier winters in the district could extend the breeding seasons of stanmemalian

predators (e.g. rats, mice, goats, pigs and possums). As the climate warms, it is possible that more of
these mammalian predators will survive the winter months, with negative implications for native
terrestrial species.
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ThelPCGSixth Assessment Report (AR&)M Working Groud (WG1)was published iugust 2021.

The WG1 reportises data frona suite of updateds@sto LINR @ AtHe Sostiulto-date physical
understanding of the climate system and climateangeX ¢ ® mbdelS are collated and managed

by the World Climate Research Programme (WCRP) in the Coupled Model Intercomparison Project
Phase 6 (CMIP6). While the WG1 report is predominantly a global assessment, it does include some
globatregional (e.g.Australasialimate changesummary information. However, the WG1 report
provideslimited information on projected climate change at the scale usefulferWaimakarir

District(i.e. to a spatial resolution of a few kilometreSjnce the findings ofttis report are based on

the AR5global climate modelling we will provida brief summaryof New Zealand relevant

information from the ARG(see Bodeker et al., 2022 for more detailsnust be noted that all

information and conclusions given here are based on interpretatiohR8model data and related
publications onlyMore detailed informatioronb S %S| f I yYRQa NB Iwithihée £ Of A Y|
forthcoming AR6 downscaling effovthich is beinded by NIWA ands expected in 2024.

With regards to historical climate warming, tA&6statesthat the mean globalemperature change
from the preindustrialtime period (18561900)up t02011-2020 is 1.09°Aneaning the planet is
alreadyquite close to the Paris Agreement thresholds of 1.5 and 2h€.ARS5 reported 0.78°C
increase in temperature up to 206012. The reasons for the 0.31°C increiasglobal warming
include methodological changes, thalculatedglobatmean temperatureof the preindustrial period
(1850:1900) decreasing, and significant ongoing warming since-20@2 of around 0.19°(@ the
last decade.

As mentioned previously in this repdhte AR6 modelling us€¥SPs rather than the RCPs used in

AR5 TheSSPs developed for the IPCC AR6 were dessgribdt the GHGconcentrationscenarios

used in climate modellingriginate from a wideand more realistic arragf socioeconomic drivers.

These factorinclude population growth, technologicdévelopmentand economic development.

The resulting emissions scenarios represent narratives for energy use, air pollution control, land use
and GHGemissions. The SSBrylinesare ¢sustainability (SSP1)middle of the road (SSP2),

aregional rivalrg (SSP3Yjinequalitye (SSP4) andossitfuel intensive developmegt(SSPh The ARG

SSPs and AR5 RCPs aralivettly comparable however, for reference comparison of AR5 and
ARG6projectedglobal meartemperature changeare providedin Table8-1.

Table8-1:  Projected global mean warming in 2082100, relative to 185@.900, in AR5 and AR6The AR5

values are originally relative to the mean temperature of 1:2885. Following AR5, 0.6°C has been added to
represent warming between 1850900 and 1986t n np ® W{t aQ NBFSNER (2 (G(KS 2Dm { dz
reports for AR5 and ARG (source: Bkeleet al. 2022).

Warming in 20812100 (°C) under Warming in 20812100 (°C) under

Endof-century nominal RCP scenarios (likely range; ARt SSP scenarios (very likely range;

radiative forcing (Wm2)

table SPM.2) ARG SPM table B.1.2)
1.9 - 1.4 (1.01.8)
2.6 1.6 (0.92.3) 1.8 (1.32.4)
45 2.4 (1.73.2) 2.7 (2.13.5)
7.0 - 3.6 (2.84.6)
8.5 4.3 (3.25.4) 4.4 (3.35.7)
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Table8-1 showsthat AR6projectionspresentaslight increase in global warming, but the
uncertainty ranges overlap with those from ARBnportantly,the uncertainty rangesave
decreasedunder AR6 maning there is more agreement a@hne range of likely warming associated
with future GHG concentration©f the scenarios considered in AR6, onlydggressive GHG
mitigation scenario SSA19 willmore likely than notesult in endof-century warming ofdss than
1.5°CThe SSR1.9scenario involvesxtensivenet CQ sequestration in the second half of this
centuryand will require rapid development and deployment of these technologies.

Evidence of changes in extreme weather events and their attributidbH& induced warmingas
strengthened since the ARBhe large number of event attribution studies that have beeblished
since AR®ave contributed to a growing body efiidence that changes in individual weather events
can be attributed to increased GHG concentratidfe can generally be more confident attributing
large-scaleheatwavesandlongerduration extreme precipitation eventge.g.,2021Canterbury

Flood3 have higher confidence than shorter and more localised events

Though attribution iglifficult, especially in a complex climate like New Zealand, the findings in AR6
further increase our confidence thaktreme climatic events likextreme precipitation, drought,
tropical cyclones and compound extremes (including dry/hot events and fire weatfieincrease
throughoutNew Zealandlue to human activities and GH@arming.
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Virtual Climate Station Network

Sealevel rise

Potential evaporation deficit

Potential evapotranspiration

IPCC Working Group 1

World Climate Research Programme
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Appendix A Historical Climate Maps

The following figures are historical climate maps of the Waimakariri District. These data are derived
from modelled historical climate simulations.
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Figure Al: Daily mean air temperature (°C) for Waimakariri District for the historic period (128®5).

56 Waimakairi District Climate Change Scenario: Technical Report



v

Summer Average temperature .
| Historical (1986-2005) orical (1986-2005
o » —

7 Z- I T < TR >, ¥

Rangioo Rangioral
o o

Cheta [c@iapoi NS Ohokal % Kaiapoi!

ISwannanoah ¥ AT Swannanoal* ©

CHRISTCHURCH | y CHRISTCHURC!
O N i A 2 N

Based on mean of historical period
) (1986-2005)

Disclaimer:
NIWA have prepared this map exercising all reasonable skill and care.

7 Based on mean of historical period
| (1986-2005)

Disclaimer:

NIVA have prepared this map exercising all reasonable skill and care.
Nevertheless, NIWA can give no warranty that the map is free from errors,
omissions or other inaccuracies. Users of this map will release NIWA

from all liability whether direct, indirect, or consequential, afising out of
the provision of this map.

Nevertheless, NIWA can give no warranty that the map is free from erors,
omissions or other inaccuracies. Users of this map wil release NIWA
from all liability whether direct, indirect, o consequential, arising out of
the provision of this map.

’

i VTIith;r'A\Terage temEJ:ar'at:Jr-e' T
Historical (1986-2005)

s &
[ s B

Spring ATerage tem;;‘er’a\ttlxr: i
Historical (1986-2005)

_Lobdrn

—

Rangiora, T Roxtord Rangioral

Cust® @
:
Ohoka | aiapoi : OhokalliGiapoi
Swannanoa * © P Swannanoa!™ ©

¥ 8 - ! - CHRISTCHURC
St ; N o 2 N
| 6 -~ | ¢
Based on mean of historical period Based on mean of historical period W

4 (1986-2005) (1986-2005) N
Disclaimer: Disclaimer:

2 NIWA have prepared this map exercising all reasonable skill and care. NIWA have prepared this map exercising all reasonable skill and care.
Nevertheless, NIWA can give no warranty that the map is free from errors, Nevertheless, NIWA can give no warranty that the map is free from errors,
omissions or other inaccuracies. Users of this map will release NIWA omissions or other inaccuracies. Users of this map will release NIWA

0 from all liability whether direct, indirect, or consequential, arising out of from all liability whether direct, indirect, or consequential, arising out of

the provision of this map. the provision of this map.

FigureA-2: Daily mean air temperature (°C) by season in the Waimakariri District for the historic period
(1986:2005).
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Figure A3:  Average daily minimum air temperature (°C) for Waimakariri District for the historic period
(19862005).
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FigureA-4: Average daily minimum air temperature (°C) by season in Waimakariri District for the
historic period (19862005).
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