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Executive summary

Kaipara District Council commissioned NIWA to prepare a report summarising both the current and

future projected state of climate in the Kaipara District.

The climate of Kaipara District can be characterised as mild, humid and rather windy; owing to its

northern location, low elevation and proximity to the sea. Summers are warm and tend to be humid,

while winters are mild, with much of the district only observing a few light frosts per year. Rainfall is
typically plentful yearround, with occasional very heavy falls. However, dry spells and drought can

occur, especially during summer and autunfn2 YS 2 F GKS 1Sé& FSI (dzNBa
climate include:

A

A

A

Annualaveragetemperature of14.8°C to 15.4C. Summerveragemaximum
temperaturesin Dargaville average 224°C, with winteraverageminimum
temperatures averaging/-8°C.

Average anual rainfallof 1,100 mnto 1,400mm, with summer being the driest
season On average, Dargaville obsend&®)wet days per year.

Averageannual sunshine df,850 hours tdl,950 hours.

AAAAA

2F Y

Climatechangd & LINRE 2SO0 SR (2 A Y LdnSderatlyS $omexs thd keyyfdatrés Of A Y

AAAAA

2F YFALIFNF S5Aa0GNRAOGQa LINP2SOGSR TFTdzidzaNB Of AYFGS A

A
A

>\

Annualaveragetemperature increases &.0-3.5°C (by 2090 under RCP8.5).

Annual hot days and heatwave days increasing b8@®6aays (by 2090 und&CP8.5)

Growing degree day increases250-300 GDD by 2040 under RCP4.5, and increases of

900-1,000 GDD by 2090 under RCP8.5.

Average annual rainfallecrease®f 2-6%for northern inland areagby 2090 under
RCP8.5)ut little change%2%) forthe Distict overall underemaining future
scenariosincreases to autumn rainfall of15% projected under all future scenarios.
Winter and spring rainfall projected to decrease by by 2090 under RCP8.5.

Annual wet days decreasiiy 1622 days (by 2090 wer RCP8.5)

Extreme rare rainfall events are projected to become more severe in the future. The
depth of a current 1:10§ear thour duration rainfall event is projected to increase by
approximately 35% by 2090 under RCP8.5.

Increase in amount of accunaiéd potential evapotranspiration deficit (PED)
resulting in a projected increase in drought potential. An increase in PEIDA60
mm per yeaiis projectedby 2090 under RCP8.5.

Mean annual discharge generally decresisg midcentury acrosshe Kaipara District.
By late century, mean dischardecrease is accentuated in the nomtlastern area of
the district with increasing greenhouse gas concentrations

Floods(characterised by the Mean Annual Flg@ehnual peak flood)are expected to
become larger for many parts tfe district under high radiative forcing scenarios.

Current and future climate of the Kaipara District



Under RCP4.5, flood peaks are expected to increase bgenitiry while decreasing
by the end of the century

A Coastal flooding from extreme sea leveld wicrease in frequency and magnitude as
global climate change forces skwvel rise.

A Projected climate changesill bring challengege.g.higher PEDesulting inincreased
demand for water resourcésind opportunitiege.g.warmer temperatures more
suitable to warm climate cropgo the horticulture industryof Kaipara District

Current and future climate of the Kaipara District 9



1 LYUGNRRdAzOUGAZ2Y
Climate change is already affecting New Zealand and the Kaipara District with downstream effects on

our natural environment, the economy, and communities. In the coming decades, climate change is
KAIKte tA1Ste (2 AyONBraiay3ate LasS OKFHftSyasSa (2

Kaipara District Coun@ibmmissionedhe National Institute of Water and Atmosetic Research
(NIWA to undertake @ assessment of the current and futucBmate change projections for the
KaiparaDistrict(Figurel-1). This workfollowsthe publiation of the Intergovernmental Panel on
Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014, and the New Zealand climate
changeprojectionsreport published by the Ministry for the Environmefupdated 2018)Ministry

for the Environment, 2018Yhe contents of this technical report include analysis of climate
projections for the Kaipara District in greater detail than the natieatalle analysis.

Thistechricalreport describeghe current climate of Kaipara District, andangedo the climateof
the areawhich may occur over th21* century. Consideratioabout future changéncorporates
knowledge oboth natural variations in the climate and changes timaty result from increasing
global concentrations of greenhouse gasiest are contributed to byhuman activities. Climatic
variables discussed this reportinclude temperaturerainfall, anddrought indicatorsas well as
additional sections on sea lewide and changes to hydrology

Some of thanformationthat underpins portions of this reporesulted from academic studies based

on the latest assessments of the Intergovernmental Panel on Climate Cig@fe, 2013, IPCC,

2014c, IPCC, 2014a, IPCC, 20Iad&tailsspecific toKaipara Districtvere based on scenarios for New
Zealandhat weregenerated by NIWA from downscaling of global climate methellatiors. This

effort utilisedseveral IPCC representative concentration pathways for the futndethis was
achievedhroughb L 2 IStagegic Science Investment Fund (SSIF) programme on Regional Climate
Modelling The climate change information presented in this report is consistent with reeently
updatednationalscale climate changguidance produced for th®linistry for the Environment

(2018)

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

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

climate change projections that are presented Kaipara District Chapter 2 presentthe current

climate of Kaipara District, and climate projections for the area are presented in Chapter 3.
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Figurel-1: Map of Kaipara District.
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1.1 Global and New Zealand climate change

Key messages

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

1 Global mean sea level has risen othex past century at a rate of about 1.7 mm/year, and h
very likely accelerated to 3.2 mm/year since 1993.

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

1 Estimated humasinduced global warming is currently increasing at 0.2°C per decade due
past and ongoing emissions.

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

Warming of the global climate system is unequivocal, and since the 1950s, many of the observed

climate changes are unprecedented over short and long timescales (decades to millennia) (IPCC,

2013). These changes include warming of the atmosphere and pdeaimishing of ice and show,

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

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

the averagerate of change during the previous two millennia. Over the period 4810, global

mean sea level rose by 0.19 m.

The atmospheric concentrations of carbon dioxide have increased to levels unprecedented in at least
the last 3 million year (Willeit et al., 2019). Carbon dioxide concentrations have increased by at least
40% since préndustrial times, primarily from fossil fuel emissions and secondarily from net land use
change emissions (IPCC, 2013). In May 2019, the carbon dioxide catioantf the atmosphere

reached 415 parts per million. The ocean has absorbed about 30% of the emitted anthropogenic
carbon dioxide, causing ocean acidification. Due to the influence of greenhouse gases on the global
climate system, it is extremely likalyat human influence has been the dominant cause of the
observed warming since the m&0" century (IPCC, 2013; IPCC, 2018).

Published information about the expected impacts of climate change on New Zealand is summarised
and assessed in the Australasia chapter of the IPCC Working Group Il assessment report (Reisinger et
al., 2014)s well as a report published by the Royal Sgp@éNew Zealand (Royal Society of New
Zealand, 2016XKey findings from these publications include:

The regional climate is changinghe Australasia region continues to demonstrate loergn trends
toward higher surface air and sea surface temperatumesie hot extremes and fewer cold

extremes, and changed rainfall patterns. Over the past 50 years, increasing greenhouse gas
concentrations have contributed to rising average temperatures in New Zealand. Changing
precipitation patterns have resulted in irgases in rainfall for the south and west of the South Island

12 Current and future climate of the Kaipara District



and west of the North Island and decreases in the northeast of the South Island and the east and
north of the North Island. Some heavy rainfall events already carry the fingerprint of a changed
climate, in that they have become more intense due to higher temperatures allowing the
atmosphere to carry more moisture (Dean et al., 2013). Cold extremes have become rarer and hot
extremes have become more common.

The region haalreadyexhibited warming Y R A a @ANIidz- £ £ & OSNIFAYy (2
averageannual temperature has increased, on average, by 1.00°C (£ 0.25°C) per century since 1909
(Figurel-2).

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

Trend: 1.00+0.25°C/century (1909-2018)
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Figurel-2. New Zealand national temperature series, 192@918. More information about the New
Zealand sevestation temperature series can be foundlatps://www.niwa.co.nz/our
science/climate/informatiorand-resources/nzemp-record/sevenstation-seriestemperaturedata.

Warming is projected to continue througthe 2% century along with other changes in climate.
Warming is expected to be associated with rising snow lines, more frequent hot extremes, less
frequent cold extremes, and increasing extreme rainfall related to flood risk in many locations.
Annual aerage rainfall is expected to decrease in the northeast South Island and north and east of
the North Island, and to increase in other parts of New Zealand. Fire hazard is projected to increase
in many parts of New Zealand. Regional sea level rise willikely exceed the historical rate,

consistent with globadveragetrends.

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

Additional informaion about recent New Zealand climate change can be found in Ministry for the
Environment (2018).

Current and future climate of the Kaipara District 13
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1.2 Year to year climate variability and climate change

Key messages

1 Natural variability is an important consideration in addition to the underlgingate change
signal.

1 El NifieSouthern Oscillation is the most dominant mode of ird@nual climate variability an
it impacts New Zealand primarily through changing wind, temperature and rainfall patter

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

1 The Southern Annular Mode affects New Zealand through higher temperatures and sett
weather during the positivphase and lower temperatures and unsettled weather during t
negative phase.

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

Much of the material inthis reportfocuses on the projected impact on tikémate of Otagoover the

coming centunydue toincreases in global anthropogenic greenhouse gas coretéaris. However,

natural variationswill also continue to occua dzOK 2 F G KS @I NAI GA2y Ay bSs
random and lasts for only a shorépod, but longer term, quasiyclic variations in climate can be

attributed to different factors. Three largecale oscillations that influence climate in New Zealand

are the El NifisBouthern Oscillation, the Interdecadal Pacific Oscillation, and théh&aufAnnular

Mode (Ministry for the Environment, 2008)adse involved in (or planning for) climasensitive

activitiesin the Kaipara Districwill need to cope with the sum of both anthropogenic change and

natural variability.

1.2.1 The effect of BNiflo andLa Nifia

El NifieSouthern Oscillation (ENSO) is a natural mode of climate variability that hasanigiag

impacts around the Pacific Basin (Ministry for the Environment, 2008). ENSO involves a movement of
warm ocean water from one side of the equatorialcic to the other, changing atmospheric

circulation patterns in the tropics and subtropics, with corresponding shifts for rainfall across the
Pacific.

5dzNAy 3 9f bA323 SIFLadSNIeée GNIYRS égAyRa ¢SSy |yR
Padfic, accompanied by higher rainfall than normal in the centiadt Pacific. La Nifia produces

opposite effects and is typified by an intensification of easterly trade winds, and retention of warm

ocean waters over the western Pacific. ENSO events occawerage three to seven years apart,

typically becoming established in April or May and persisting for about a year thereafter.

During EIl Nifio events, the weakened trade winds cause New Zealand to experience a stronger than
normal southwesterly airflow.This generally brings lower seasonal temperatures to the country and
drier than normal conditions to the north and east of New Zealand, incluiaigara District

(Salinger and Mullan, 1999). During La Nifia conditions, the strengthened trade winds cause Ne
Zealand to experience more nordasterly airflow than normal, higheéhan-normal temperatures
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(especially during summer), and generally drier conditions in the west and south of the South Island

(Figurel-3).

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

Average Summer Percent
of Normal Rainfall

during La Nifia'

Figurel-3: Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (rightyifio
composite uses the following summef963/64, 1965/66, 1968/69, 1969/70, 1972/73, 1976/77,
1977/78, 1982/83, 1986/87, 1987/88, 1991/92, 1994/95, 1997/98, 2002/03. La Nifia composite
uses the following summers: 1964/65, 1970/71, 1973/74, 1975/883184, 1984/85, 1988/89,
1995/96, 1998/99, 1999/2000, 2000/01. This figure was last updat@)05 © NIWA.

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

1.2.2 The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation (IPO) is alssgke, longperiod oscillation that influences

climate variability over the Pacific Basin including New Zealand (Salinger et al., 2001). The IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 years. During the positive
phase of thePO, sea surface temperatures around New Zealand tend to be lower, and westerly
winds stronger, resulting in drier conditions for eastern areas of both North and South Islands. The
yS3Il GA DS Ekdonto ENSOLakaSt Lt h C
also positively reinforces the impacts of El Nifio (during IPO+ phases) and La Nifia (during IPO

212 aAGS 200dz2NE AY

phases).

1.2.3 The effect of the Southern Annular Mode

iKS

The Southern Annular Mode (SAM) represents the variability of circumpolar atmospheric jets that

encircle the Southern Hemisphere that extend out to the latitudes of New Zealand. The SAM is often

O2dzLX SR 6AGK 9b{h=

by R

0 2 (I KimatdKnSeyngs v Svg/sterly wiridk S O
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strength and storm occurrence (Renwick and Thompson, 2006). In its positive phase, the SAM is
associated with relatively light winds and more settled weather over New Zealandstwaitiger

westerly winds further south towals Antarctica. In contrast, the negative phase of the SAM is
associated with unsettled weather and stronger westerly winds over New Zealand, whereas wind and
storms decrease towards Antarctica.

The phase and strength of the SAM is influenced by the $ittee@zone hole, giving rise to positive
trends in the past during spring and summer. In the future other drivers are likely to have an impact
on SAM behaviour, for example changing temperature gradients between the equator and the high
southern latitudesvould have an impact on westerly wind strength in the +high latitudes.

1.2.4 The influence of natural variability on climate change projections

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

Overthe 19062014 historical period, thblew Zealand observed temperature curve lies within the

simulations of all models (purple shadingpr the future 2012100 period, the RCP2w6odels(blue

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

shadingWi I {S 2FFQ (2 0S FyesgKSNBE 06SGoSSy bHc/ YR b

Figurel-4 should not be interpreted as a set of specific predictitoxdndividual yearsHowever,it

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

RCP8.5), there will still be some relatively cool ydamsthis example, a year which is unusually

warm under our presen®f A Yl 6 S O2dzZ R 6S02YS (KS y2NXY o6& | 02 dz
yvearin30pn &SI NBQ (GAYS 6dzyRSNJ 4KS KAIKSNI SYAdaaArzy &«
we currently experience.

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

For rainfall, nalti-decadal variability associated with the IPO can enhance or countémibectsof
anthropogenic climate chang&hisinfluencemaygenerateeither slightly above normadr below
normalrainfallfor parts ofNew Zealand during summer. For the preseatipd, IPGnegative

conditions coupled with more frequent La Nifia episodes could increase rainfall during spring and
summer, essentially ithe opposite direction as expected froanthropogenic factors (i.e. a potential
reduction in spring and summer radil). A subsequent further reversal of the IPALtR20& S | NB& Q
time could have the opposite effect, enhancing part of the anthropogenic (drying) trend in rainfall for
a few decadesThe message from thsection isnot that anthropogenic trends in climatean be

ignored because of natural variability. In the projections, we have discussed these anthropogenic
trends because they become the dominant factor locally as the century progresses. Nevertheless, we
need to bear in mind that at some times natural aility will be adding to the humaimduced

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

1 Future climate change projections are considered under four scenairiogure atmospheric
greenhouse gas concentrationsalled Representative Concentration Pathways (RCPSs) by
IPCC.

1 The four RCParerelated toprojectedeconomic, political and sociphthways ovethe 21
century.

1 RCP2.6 is a mitigation scenario requiring significant reduction in greenhouse gas emissi
RCP4.5 and RCP6.0 are-naidge scenarios where greenhouse gas concentrations stabilig
HMAnZ YR w/tydp A& | W6 dza Ay Sdércentrafiondza dzl
continuingto increaseat current rates.

1 Projections for the future climate iKaiparaare presented for RCP4.5 and RCP8.5 in this
report.

Assessinggssiblechangedor our future climate due tohumanactivity is difficult because climate
projections dependtronglyon estimates forfuture greenhouse gas concentrations. Those
concentrations depend on global greenhouse gas emissions that are driven by factors such as
economic activity, population changgtechnological advances and policies for sustainable resource
use. In addition, for a specific future trajectory of global greenhousegasentrationsdifferent

climate model simulations produced somewhat different results for future climate change.

Thisrange of uncertainthas been dealt with by thlPCQ@i K NR dz3 K O2y aARSNI A2y 27F
describe concentrations of greenhouse gases in the atmosphédre wide range of scenarios are

associated with possible economic, political, and social deweénts during the ZLcentury, and via
consideration of results from several different climate models for any given scenario. In the 2013

IPCC Fifth Assessment Report, the atmospheric greenhouse gas concentration compbtiese

scenarios are calleldepresentative Concentrations Pathways (RAPgse ara@bbreviatedas

RCP2.6, RCP4.5, RP6.0, and RCP8.5, in order of increasing radiative forcing by greenh@use gases

the change in energy in the atmosphere due to greenhouse gas emis§@i?.6 kds to low

anthropogenic greenhouse gas concentrations (requiring removal pfr@® the atmosphere, also

OFft SR (KS WYAGATIGAZ2YQ AO0SYFINAR20X w/tndp FYyR w/
greenhouse gasoncentrationsand therefore radiativedrcing stabilises by 2100) and RCP8.5 has

GSNE KAIK INBSYyK2dzaS Il a 02y OSYyiNridAzya oGKS WwWod
represent a range of 2century climate policiesTablel-1 shows the projected global mean surface

air temperature for each RCP.
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Tablel-1:

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

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

. Alternative 20462065 (midcentury) 2081-:2100 (endcentury)
Scenario
hame Mean Likely range Mean Likely range
Mitigation
RCP2.6 i 1.0 0.4to 1.6 1.0 0.3t0 1.7
scenario
tabilisati
RCP4.5 Stabilisation 1.4 0.9102.0 1.8 1.1102.6
scenario
Stabilisation
RCP6.0 . 1.3 0.8t0 1.8 2.2 1.4t03.1
scenario
Business as
RCP8.5 . 2.0 1.4t02.6 3.7 2.6t04.8
usual scenario

The full range of projectedloballyaveraged temperature increases for all scenarios for 20810
(relative to 19862005) is 0.3 to 4.8°Eigurel-5). Warmingwill continue beyond 2100 underl&CP

scenarios except RCP2.6. Warming will continue to exhibit-ariaualto-decadal variability and will
not be regionally uniform.

(@)

Figurel-5:

6.0

20 L
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| == RCP2.6
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39

Global average surface temperature change

1950

2000

2050

2100

Mean over
2081-2100

RCP2.6

RCP4.5

RCP8.5

RCPE.0

CMIP5 multimodel simulated time series from1950-2100 for change in global annual mean

surface temperature relative to 1982005. Timeseries of projections and a measure of uncertainty (shading)
are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the mzidetiat
evolution using historical reconstructed forcings. The mean and associated uncertainties averaged over
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projection is the solid line in the whille of the bars). The numbers of CMIP5 models used to calculate the multi
model mean is indicated on the graph. From IPCC (2013)

As global temperatures increase, it is virtually certain that there will be more hot and fewer cold
temperature extremes ovamost land areas. It is very likely that heat waves will occur with a higher
frequency and duration. Furthermore, the contrast in rainfall between wet and dry regions and wet
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and dry seasons will increase. Along with increases in global mean temperaidii@fimde and

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

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

In this report, global climate model outputs based aiRCPs (RCP4.5 and RCP8.5) have been

downscaled to produce futurelimateprojections forKaipara Distdt. The rationale for choosing

GKSaS G2 a0Syl NA 23 -asdkdddzl (f 20 LANSSHyS yNR 21 AW0 dFNESYSS/aKE2 dz
continue at current rates (RCP8.5) and a scenario which could be realistic if global action is taken

towards mitigating climate chrge, for example the Paris climate change agreement (RCP4.5).

1.4 Climate nodelling methodology
Key messages

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

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

1 Downscaled climate changegpections are at a 5 km x 5 km resolution over New Zealand

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

1 Climate projections are presented as a\&ar average for two future periods: 202050
00 SNYSR WH MU ¢ iy RNIKBRps$how chan@es @lative to the
baseline climate of 1988005(termed¥ m cp.chp QU

1 More details about the methods used in climate change modelling are fouAdpendix E

1.5 Limitations

As with any modelling exercise, there are limitations on the results and use of the data. This section
outlines some of these limitations and caveats that should be considened wsing the results in
this report.

A The maps and tables presented in this report show the average of six dynamically
downscaled global climate models. This is a relatively small number of models and a
clear shift in the distribution of potential futureubcomes is not available. This is
particularly important when considering extremes (e.g. extreme hot days and extreme
rainfall; not assessed in this report), where the models considered here may not
accurately capture how rare events are changing.
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A Theaverageof six models is used in this report, which gives no indication of the range
of results that the models project. However, the six models chosen represented
historic climate conditions in New Zealand well, and span a range of future outcomes.
Usingthe average balances out the errors that may be apparent in each model.

A The time periods chosen for historic and future projection spayer periods. This is
seen as a relatively short timeframe to understand average conditions in the historic
period ard in the future, as there is likely an influence of underlying climate variability
(e.g. decadal signals from climate drivers like the El4Sidiathern Oscillation etc.).
However, the IPCC uses-@€ar periods, so we have followed that approach for
consisency.

A Care needs to be taken when interpreting gpidint-scale projections such as those
presented in the tables in this report. The underlying climate data are Virtual Climate
Station data, which are interpolated from physical climate stations. Thergfioeedata
from these grid points may be slightly different to-the-ground observations, due to
the interpolation procedure (particularly if the grid point is surrounded by multiple
different stations or if there are no stations nearby). It is usefubtk at broader
patterns between grid points, e.g. coast vs. inland, and the magnitude of change at
different time periods and scenarios, when considering the values.

Although there are limitations and caveats to the approach used here, these climateechang
projections are the best currently available for New Zealand. A considerable amount of research time
has been dedicated to undertaking the modelling and validation of the results, and the projections
provide context to base risk assessments and adaptgtlans on.
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2 / dINNByYyd OftAYFGS 2F YIFALI NI 5Aad
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Zealand are often centred to the south. As a result, winds tend to be southeasterly folltwing t

passage of a trough (low pressure system) as the next anticyclone advances. These winds shift to the
northeast once the anticyclone moves off to the east. Northeast winds typically have an extended
passage over warm surface waters north of New Zealand the associated airmass is usually

relatively moist, resulting in high humidity over Kaipara District. Tropical cyclones, or storms of
tropical origin, affect Northland (and Kaipara District) from time to time. These weather systems
usually bring havy rain and strong easterly winds to the area. Characteristic weather sequences in
Northland include fine weather spells, showery weather and prolonged rainfallTI8e€limate ath
Weather of NorthlandChappell, 2013) for further detailSections 2.22.5 presentrecentclimate
observations for Kaipara Districote that climate station data is relatively sparse for Kaipara

District, so many of the sections below focus on obatowns recorded in Dargaville.

2.1 Temperature

Key messages

1 The anualaveragetemperatureis between 14.8C to 15.4C for most of Kaipara District.
Summeraveragetemperatures are between18.5°C to 19.8C while winteraverage
temperatures are between 11°Q and 12.€C.

1 For Dargaville, the annualeragedaily maximum temperatures 19.6C,reachinga high of
24.4°C during Februaryhe annuahveragedaily minimum temperature is 1.0°C,reaching a
low of 7.2°C duringlul.

1 Dargaville averages 3@t days (daily maximum temperature >€5 and 3 frost days (daily
minimum temperature < fC) per year.

1 The highest temperature on record for Dargaville is 32.@ 5 I NH | @teripbr&ues
on record is5.0°C.

2.1.1 Averaggemperature

This sectionincludes maps of annuaFigure2-1), summer Figure2-2), autumn Figure2-3), winter
(Figure2-4) and springKigure2-5) averagetemperature for Kaipara District. Monthéwerage
temperature maps foKaipara District are shown Appendix A
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Figure2-1:  Annualaveragetemperature for Kaipara District. Based o the 30year average from 1981
2010

°C
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Figure2-2: Summeraveragetemperature for Kaipara District. Based a the 30year average from 1981
2010
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Figure2-3: Autumn averagetemperature for Kaipara District. Based a the 30year average from 1981
2010
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Figure2-4:  Winter averagetemperature for Kaipara District. Based o the 30year average from 19841
2010
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Figure2-5: Springaveragetemperature for Kaipara District. Based a the 30year average from 1981
2010

2.1.2 Maximum temperature

Key messages

1 Most of Kaipardistrictobservesan average 025-40 hot days(days above 25°@gr year.

1 Averagedaily maximum temperatures in Dargaville range frd®.3°C in July t@4.4°C in
February.

1 Dargaville average®? hotdays per year, and thieighesttemperature on record occurred in
Februaryl998(32.4°C)

Monthly and annuamaximum temperature statistics for Dargaville are presente@iahle2-1.

Averagedaily maximum temperature anaveragenumber of hot days are based on the climate

normal period1981-2010. Highest recorded temperatures are based on all available data for

Dargaville, which spans the peri®@843-2019 Data were obtained fromb L 2 ! Q dnal Climéatd 2

Database (CliDByigure2-6 shows theaverageannual number ofot days observed in Kaipara

District.In this report, a hot day is when the daily maximumnmteerature is above 25°C. Hot days are
RSTAYSR a &adzOK 0SOldzaS GSYLISNI Gdz2NBa 20SN) GKAa
temperate maritime climate. This threshold is consisteithwlinistry for the Environment (2018).
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Table2-1:  Monthly and annual maximum temperature statistics for DargavilleStatistics included are
average daily maximum temperatur&\gTmax °CQ), highest temperature recordedtreme Tmax°C) and
average number of daysith a maximum temperature>25°C (Mearhot days).

Variable | Jan Feb | Mar Apr | May | Jun Jul Aug Sep | Oct Nov | Dec | ANN
Avg
241 | 244 | 229 | 208 | 182 | 16.1 | 153 | 156 | 17.0 | 181 | 199 | 22.2 | 19.6
Tmax
Extreme
- 318 | 324 | 321 | 289 | 249 | 244 | 21.7 | 232 | 245 | 256 | 27.3 | 29.9 324
max .
(vear) (1954) | (1998) | (1946) | (1998) | (1995) | (1998) | (1999) | (2001) | (1995) | (1949) | (1949) | (1998)
Y
Mean
hot 10 11 5 1 0 0 0 0 0 0 0 5 32
days
2
Hot Days
40
35 P e
30
25 o
20
15
10
% b = o £ 50Kilometers @/ !M»!HHA (1981-2010 Climatology)

Figure2-6:  Annual number of hot days foKaipara District. Based on the 3@ear average from 1982010.
A hot day is defined as the daily maximum temperature exceedifi@.25
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2.1.3 Minimum temperature

Key messages

1 Frosts are typically not observéu Kaipara Districafter 8 August in a giveyear.

1 Averagedaily minimum temperatures in Dargaville range from°C.2h July to 152C in
February.

1 Dargaville averages three frost days per year, and the coldest temperature on mmnded
in Augustl949(-5.0°C)

Monthly and annual minimum tempature statistics for Dargaville are presentedriable2-2.

Averagedaily minimum temperature andveragenumber of frost days are based on the climate

normal period 19842010. Lowest recorded temperatures are based on all available data for

Dargaville, which spans the period 1431 mgp® 5F G 6SNB 2060GFAYySR FTNRY b
Database (CIliDB).

A frostday is defined in this report when the daily minimum temperature falls below 0°C. This is
purely a temperaturederived metric for assessing the potential for frosts. Frost conditions are
influenced at the local scale by temperature, topography, wind, faurdidity, so the results
presented in this section can be considered as the lagetemperatureconditions conducive to
frosts. Figure2-7 depictsthe average day dast frost showingthat frosts typically do not occun
Kaipara Districafter 8 August (Julien day 220) in a given year.

Table2-2:  Monthly and annual minimum temperature statistics for DargavilleStatisticsincluded are
average daily minimum temperaturédygTmin), lowest temperature recorded®{treme Tmin) and average
number of days with a minimurir temperature <0°C (Mean frost days).

Variable | Jan Feb | Mar Apr May | Jun Jul Aug Sep Oct Nov Dec | ANN

Av
T(‘_:] 144 | 150 | 13,5 | 11.7 | 10.0 7.8 7.2 7.8 8.9 104 | 11.7 | 134 | 11.0
min

Extreme

i 4.0 1.7 0.0 -1.3 -3.3 -3.3 -5.0 -3.3 -1.9 0.6 2.2 1.2 £ 0
min -5.
( ) (1987) | (1950) | (1947) | (1992) | (1964) | (1959) | (1949) | (1965) | (1957) | (1973) | (1947) | (1961)
year

Mean
frost 0 0 0 0.1 0 1.0 13 0.3 0 0 0 0 2.7
days

Current and future climate of the Kaipara District 27



LFD 50th Percentile

250

240

230

= 220

= 210

1 200

= 190

180

170

160

150

5 - » % W - @/\’ NIWA Last Frost Day (50th percentile)

— T e Kilometers r———— (1981-2010 Climatology)

Figure2-7:  Average day of last frost in Kaipara DistricPresented as Julien daysg. 1 June is Julien day
152and 1 August is Julien d2¢3. Based on the 3@ear average from 1982010.

2.1.4 Growing degree days

Key messages

1 Annual mean growing degree days (baséC)danges between,100-2,000 GDDfor most of
Kaipara District.

1 In higher elevation terrain to the north of Kaipara District, grondegree days (base 10)
ranges between 200-1,400GDD

1 Monthly mean Growing Degree Day maps for Kaipara District are shodppendix B

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

GSYLISNI GdzZNBE 6S®3d mne/ 0 GKIFG NBLINBASY IGDDnal KNS & K 2
location may influence the choice of crops to grow, as different sgdtave different temperature

thresholds for survival. The daily GDD total is the amountidily average temperature exceete

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

GDD base 10°C value oH&re, GDD are accumulated from July to Jamel presented for the

historic1981-2010 averageNigure2-8 to Figure2-12).
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Figure2-8: Annual mean growing degredays (base 1tC). Basedon the 30year average from 1982010,
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Figure2-9: Summer mean growing degree days (bas€@)) Basedonthe 30year average from 1981
2010 Note the change in colour scalerapared to the annual figure above.
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Figure2-10: Autumn mean growing degree days (base°D). Basedon the 30year average from 1981

2010
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Figure2-11: Winter mean growing degree days (base°0). Basedonthe 30year average from 1982010
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Figure2-12: Spring mean growing degree days (bas€@p Basedonthe 30year averagérom 19812010
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2.2 Rainfall

Key messages

1 The annuahveragerainfallis between 1100 mm and 1,400 mior most of Kaipara District
western areas typically drier than eastern areas.

1 Summer typically the driest season, withmmer total rainfall ranging fror225 mm to 300
mm for much of the District

1 Winter typically the wettest season, with winter total rainfall ranging from 350 mi50©
mm for much of the District.

1 Dargaville averags 140 wet days per year (i.e. days with at leasind total rainfall)
Dargaville averagedwet days in January and Februamth 17 wet days in August.

2.2.1 Averagerainfall

This section includes maps of annugib(re2-13), summer Figure2-14), autumn Figure2-15),
winter (Figure2-16) and springKigure2-17) average rainfalfor Kaipara District. Monthlgiverage
rainfallmaps for Kaipaa District are shown iAppendix C
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Figure2-13: Annualaveragetotal rainfall (mm). Based o the 30year averag from 19812010.
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Figure2-14: Summeraveragetotal rainfall (mm). Based o the 30year average from 1982010.
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Figure2-15. Autumn averagetotal rainfall (mm). Based o the 30year average from 1982010.
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Figure2-16: Winter averagetotal rainfall (mm). Based o the 30year average from 1982010.
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Figure2-17. Springaveragetotal rainfall (mm). Based a the 30year average from 1982010.
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2.2.2 Wet days

Ly G4KAa&a NBLER2NIZ WwgSi RIFIe2aQ NP RI Manthwa&n8y 3IANBI G SN
annual wet days statistics for Dargaville areqented inTable2-3. Averagenumber ofwet days are

based on the climate normal period 192010. Minimum and maximum number of wet dagse

based on all available data for Dargaville, which spans the perigst2®19. Data were obtained

FNRY bL2! Q& bliAz2zytt [/ fAYIGS 5FGF06FasS o6/ fA5. 0@

Table2-3:  Monthly and annual wet day statistics for DargavilleStatistics includedre average number of
wet days Avgwet days) minimumnumber ofwet days on recor@Fewest wet dayspand maximumnumber of
wet days on recordMost wet days)

Variable Jan | Feb | Mar Apr | May | Jun Jul Aug Sep | Oct Nov | Dec | ANN
Avgwet

7 7 9 10 14 16 16 17 13 12 9 9 140
days
Fewest

0 1 1 4 4 7 3 8 5 3 2 1 108
wet days
Most wet
d 15 14 18 24 26 24 28 25 22 21 20 18 178
ays

2.2.3 Dry spells and drought

Periodsof AT iSSy RIF&ad 2N f2y3aSNI gAlGK fSaa Ky m YY 3
aLJSt t aé dn Kaipaiarendtdtomeon andccur most frequentlyluring summer and early
autumn. There is usually at least or@ad frequently two dry spells el year between December

and March NIWA recently developed standardised climate indealled the New Zealand Drought
Index (NZDI), in order to keep track of drought conditions across New Ze®atwlthat this index is

a measure of meteorologicdrought? andis not to be confused witlbovernment declarations of
adverse events due to droughfigure2-18 shows the NZObr Kaipara District from January 2007 to
September 2019According to this index, Kaipara Distitiets regularly observed periods of drought,
with three severe droughst occuring since 2007The most severe drougisince 2007 occurred in

early 2013, when the NZDI value peaked at 2425 March 2013An adverse event due to drought
was declared in Northland by the Government on 27 February 2013. Subsequent analyses
determined that the potential evapotranspiration deficit (PED) accumulation for the period July 2012
to May 2013 exceeded 450 millimetres in southern Northland, making it the highest PED
accumulation for the area since 1989 (Porteous and Mullan, 2013).

2 Meteorological droughhappens when dry weather patterns dominate anaaad resulting rainfall is lowHydrologicatiroughtoccurs
when low water supply becomes evident, especially in streams, reservoirs, and groundwater levels, usuallyeaftended perioaf
meteorological drought
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Figure2-18: New Zealand Drought Index values calculated for Kaipara District, 20079. For more
information about this index selttps://niwa.co.nz/climate/informatiorand-resources/droughimonitor.
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2.3 Soil moisture deficit
Key messages

1 Annualaveragedays ofsoil moisture deficibetween40-60 daysfor majority of Kaipara
District.

1 Days obkoil moisturedeficit highest in summe30-50 days), and lowest in winter (< 1 day).

1 Monthly averageSoil Moisture Deficit maps for Kaipara District are showippendix D

Soil moisture deficifSMD)is calculated based on incoming daily rainfall (mm), outgoing daily

potential evapotranspiration (PET), and a fixed available water capacity of 150 mm (the amount of

g GSNI AYy GKS az2AiAf WNibtheSaiafioh NBpotianspiration.dontinyisata O y  dza
its potential rate until about half of the water available to plants is use@&mm out of the total

150 mm availableSubsequentlythe rate of evapotranspiratiodecreases, in the absence of rain, as

further water extraction takes place. Evapotranspiration is assumed to cease if all the available water

is used ugi.e. all 150 mm)

A day ofSMDis considered in this report to be when soil moisture is below 75 mm of available soil
water capacity. The timing of changes in the days of soil moisture deficit projections indicates how
droughts may changim timing throughout the year

N
Days
120
100
80
60
40
20
10
5
\ = & o
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— — e Kilometers /’ Tohoro Nukurangi (1981-2010 Climatology)

Figure2-19: Annual mean days of soil moisture deficitBased a the 30year average from 1982010.
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Figure2-20: Summer mean days of soil moisture deficiBased a the 30year average from 1982010.
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Figure2-21: Autumn mean days of soil moisture deficitBased o the 30year average from 1982010.
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Figure2-22: Winter mean days of soil moisture deficitBased a the 30year average from 1982010.
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Figure2-23. Spring mean days of soil moisture deficiBased o the 30year average fnrm 19812010.
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2.4 Sunshine
Key messages

1 Median annual sunshine hours in Kaipgmaicallyrange betweeril,8501,950hours.
9 5 NHI Wghdstnm®rhdy sunshine hours typically observed in January.

Median annual sunshine houfsr Northland are shown ifigure2-24. For Kaipara Districgnnual
sunshine hours typically range between 1,85050 hours. In Dargaville, highest monthly sunshine
hours are typically observed in January (approximately 210showith fewest sunshine hours
observed inlune (approximatelg00 hous) (Chappell, 2013).

Median Annual Sunshine Hours Total
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0 10 20 30 40 50 N IWA
— T = Kilometers / Taiharo Nukurengi Based on the 30 year period 1981 - 2010.

Figure2-24: Median annual sunshine hoursBased o the 30year average from 1982010.
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2.5 Wind

Key messages

1 Median annual average wind spe8é m/s for much of Kaipara District.

1 Strongest windén Dargavilleare typically from the west or southwest direction.

Median annual average wind speed faipara Districis shown irFigure2-25. Median annual
average wind speefbr the Districtis 35 m/s. A wind rose for Dargaville is shownHigure2-26,
illustrating that strongest windthere are typically between the directions of west and southwest.

Median Annual Average Wind Speed
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Figure2-25. Median annual average wind speed (m/s)Based o the 30year average from 1982010.
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Figure2-26: Wind rose for Dargaville.Based a data measured from 1992002.
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Theprojectedfuture chaages presented in this report consider differences between the historical
period (based on thel986:2005averageand two future timeslices, 20322050(2040)and 2081
2100(2090) Note, e modelled differences between two time periosisould not be attfuted

solely to climate change, as natural climate variability is also present and may add to or subtract from
the climate change effecThe effect of natural variability has been reduced by averaging results

from six GCM simulations, but it will still peesent.

3.1 Temperature

3.1.1 Averageemperature

Key messages

1 ProjectedKaipara Districtemperature changes increase with time agietenhouse gas
concentrations

1 Futureannual and seasonal average warming spans a wide rarig#:5C by 2040, and 1.0
3.5°C by 2090.

Annualaveragetemperatureis projected to increase by B:1.0°C for all seasons (and annual) by
2040 under RCP4.5igure3-1). The same is projected for 2040 under RCP8.5, except autumn is
projected to warm by 1.41.5°C Figure3-2). By 2090, most of the region is projected to warm by 1.0
1.5°C under RCP4.5 for all seasons and at the annual igilee3-3). Under RCP8.Figure3-4),
warming is projected to be around®3.5°C for most of the region at the annuald seasonadcale
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Figure3-1:  Projected annual ad seasonal mean temperature changes by 2040 for RCP&élative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projedilon x 5km
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Figure3-2:  Projected annual and seasonal mean temperature changes by 2040 for RCR&Rtive to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-3: Projected annual and seasonal mean temperature changes by 2090 for RCIReRtive to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regi Climate Model. Resolution of projection is 5km x 5km.
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Figure3-4: Projected annual and seasonal mean temperature changes by 2090 for RCIiR&Rtive to
19862005 average, based on the averadeia global climate models. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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3.1.2 Hot days
Key messages

1 Partsof Kaipara Districare projected to observe a considerable increase in hot dags-80
days per year (by 2090 under RCP8.5).

1 Anincrease in annual hot days 628 days is projected for Kaipara District by 2040 under
RCP4.5 and RCP8.5.

In this section,dture projectbns of hot day¢days above 25°@jere calculated athe difference

from modelled historic averageumber of hot dayg¢based o the 19862005 average)n the future,
the number of hot days per year shows similar patterns under both RCP4.5 and RCP&8 by 20
(Figure3-5), with increases of around-20 daysBy 2090, the projected magnitude of changes in hot
days are quite different between the two scenarios, althoughgpatial pattern is similar. Under
RCP4.515-40 more hot days per year are projectied most of Kaipara District. In contrastder
RCP8.50-80 more hot days per year are projected tbe District

Annual Change in Hot Days
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o e <
o

:/'—ﬁ

RCP 4.5

Days

RCP 8.5

2031-2050 2081-2100
@),NIWA 0 25 50 75 100 Kilometers

Taidaco Nukurangi L ' 1 1

Figure3-5: Projected annual hot day (maximum temperature >Z5) changes for RCP4.5 and RCP8.5, by
2040 and 2090.Relative 1019862005 average, based on the average of six global climate models. Results are
based on dynamical downscaled projectionsngdNIWA's Regional Climate Model. Resolution of projection is
5km x 5km
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3.1.3 Extreme hot days

Key messages

1 Western partof Kaipara Districare projected to observeraincrease irextremehot days of
10-12 days per year (by 2090 under RCP8.5).

1 A minorincrease(<2 days)n annual extreme hot dayis projected formost ofKaipara District
by 2040 under RCP4.5 and RCP8.5.

In this report, an extreme hot dagwhen the maximum temperature is above 30FQture (average
over 20312050 and 2082100) maps for@reme hot days are shown in this sectidfigure3-6).
Minor increasesn extreme hot daysf between 01 daysare projectedoy 2040 under RCP4.5 and
RCP8.9n contrast by 2090 under RCP8western parts of Kaipara Distriate projected to see a
10-12 dayincrease in extreme hot days

Annual Change in Extreme Hot Days
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Figure3-6: Projected annual extreme hot day (maximum temperature >8)changes for RCP4.5 and

RCP8.5, by 2040 and 209®Relative to 198005 average, based on the average of six global climate models.
Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of
projection is 5knx 5km.
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3.1.4 Heatwave days

Key messages

1 Muchof Kaipara Districis projected to observe mincrease imeatwavedaysof 60-80 days
per year (by 2090 under RCP8.5).

1 Anincrease 0l0-20 heatwavedays is projected for most of Kaipara District by 20d0er
RCP4.5 and RCP8.5.

The definition of a heatwave as considered here is a period of three or more consecutive days where
the maximum daily temperature exceeds 25°C. This calculation is an aggregation of all days per year
that are included in aheatdS o6 A dS P> x UGKNBS O02yasSoOdzii dS RI &a
no matter the length of the heatwave. The annual heatwave days are then averaged overyhar20

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

future projections.

Future (average over 2032050 and 2082100) maps for heatwave days are shown in this section
(seeFigure3-7). The future projection mas show the change in the annual number of heatwave
days compared with the historidimatology(in this case 1982005).

The number of heatwave days per year shows similar pattefebangeunder both RCP4.5 and
RCP8.5 by 204With projected increasesfdl0-20 days for much of Kaipara Distr{Eigure3-7). By
2090, the projected magnitude of changes setwavedays are quite different between the two
scenariosUndea RCP4.520-30 more heatwave days are projected foost of Kaipara District
Under RCP8.80-80 more heatwave days per year are projectedrfmst of the area
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Annual Change in Number of Heatwave Days
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Figure3-7: Projectedannuak S| G g1 S Rl & o0x GKNBS 02y aSOdzir@S RlI&a ¢
changes for RCP4.5 and RCP8.5, by 2040 and 2B@ativeto 19862005 average, based on the average of

six global climate models. Results are based on dynamical downscaled iprigacting NIWA's Regional

Climate Model. Resolution of projection is 5km x 5km

3.1.5 Growing degree days
Key messages

1 Mostof Kaipara Districis projected to observe mincrease irgrowing degree daysf 900-
1,000 GDDper year (by 2090 under RCP8.5).

1 Anincrease 0250-350 GDDis projected for most of Kaipara District by 2040 under RCP4.
and RCP8.5.

Future (average over 2032050 and 2082100) maps for Growing Degree Days (GDD) are shown in
this section (se€&igure3-8). The future projection maps show the annual change in GDD compared
with the historicperiod (in this case 1982005).

In the future, the number of GDD is projected to increase umdlexcenarios. By 2040 under RCP4.5,
most of theDistrictobserves a projecteihcrease of 30-300 GDD per yeaBy 2040 nder RCP8.5,
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most of theDistrictobserves a projected increasé300-350 GDD per yeaBy 2090 under RCP4.5,
increases ofl00-450 GDD per yeare projected By2090 under RCP8.5, increasesa®0-1,000 GDD
per yearare projected for the majority of Kaipara District

Annual Change in Growing Degree Days (base 10°C)
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Figure3-8: Projected annual growing degreday (base 10°C) changes for RCP4.5 and RCP8.5, by 2040 and
2090. Relative t01986-2005 average, based on the average of six global climate models. Results are based on
dynamical downscaled projections using NIW/AgiBnal Climate Model. Resolution of projection is 5km x

5km.
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3.2 Rainfalland drought

3.2.1 Rainfall
Key messages

1 Little change in anual rainfall(x2%)projected for most oKaipara Districby 2040 under both
RCR.5 and RCP8.andby 2090 under R@.

1 Annual rainfall projected to decrease By6%in northern inland areaby 2090 under RCP8.5

1 Increases imutumn rainfallbetween2-15% are projected fomost of the Districunder all
future scenarios

1 Decreases iwinter andspring rainfall of6-15% are projectedor many partof Kaipara
Districtby 2090 under RCP8.5

This section contains maps showing the future projected change in total rainfall. Future (average
over 20312050 and 2082100) maps show the peratage change in rainfall compared with the
historictotal (based on the 1988005 average)

Kaipara Districis generally projected to obsengnall changes téuture annual rainfall By 2040
under RCP4.8-igure3-9), projected changes to annual rainfall are typicaffjo, with2-4% more
annual rainfall projected fonorthern coastal areas. By 2040 und®€P8.%Figure3-10), annual
rainfall is projected t@whangeby +2%throughoutKaipara DistrictAt the seasonal scale, increases in
autumnrainfall of betweert-15% are projected fomuch of Kaipara Distritty 2040 under RCP4.5
(Figure3-9), with a decrease in summer rainfafl4-8% projected under thiscenario. By 2040
underRCP8.5/igure3-10), increases in autumn rainfall of betweer8% are projected for much of
Kaipara District, with a decreasegring rainfall of2-10% projectedn most parts

By 2090 under R@m (Figure3-11), annual rainfalthangesof +2%are projected foKaiparaDistrict.
By 2090 nder RCP8.f-igure3-12), a decrease in annual rainfall 6% is projected fonorthern

and inland parts oKaipara District At the seasonal scale, increases in autumn rainfall of betwieen
10% are projected for much of Kaipara District bRander RCP4.%¥igure3-11Figure3-9), with a
decrease inpringrainfall of4-10% projected under this scenario. BydRQunder RCP8.%Figure
3-12), increases in autumn rainfall of betwe6+15% are projected fosouthern partsof Kaipara
District, with a decrease wWinter and springainfall of6-15% projeted in most parts.
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Figure3-9:  Projected annual and seasonal mean rainfall changes by 2040 for RCHRetive to 1986
2005 average, based on the average of six global climate models. Results at@bagmamical downscaled
projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-10: Projected annual and seasonal mean rainfall changes by 2040 for RCHF&:ktive to 1986
2005 average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure3-11: Projected annual and seasonal mean rainfall changes by 2090 for RCHRetive to 1986
2005 average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regioi@imate Model. Resolution of projection is 5km x 5km.
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