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Executive summary

The climate oMarlboroughis changing, and these changes will continue for the foreseeable future.

It is internationally accepted that human greenhouse gas emissions are the dominant cause of recent
global climate change, and that further changes wiluteBom increasing concentrations of

greenhouse gases in the atmosphere. The rate of future climate change depends on how fast
atmospheric greenhouse gas concentrati@esitinue toincrease.

Envirolinkand MarlboroughDistrict Council commissioned NIWA to undertake a review of climate
change projections and impacts for tMarlborough regionThis report addresses expected changes
for a range otlimate variables out to 2100 and draws heavily on climate model simntafiom the
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report. The following bullet
points outline some key findings of this report:

A

The projected temperature changes increase with time and greenhouse gas
concentration pathway. Futerannual average warming spans a wide rangel1G&C
by 2040, an®.52.0°C (medium concentration pathway) or Z&°C (high
concentration pathway) by 2090.

Annual average mxmum temperatures are expected to increase by-0.5C by 2040
under RCP4.8By 2090, mximum temperatures are projected to increase by-3.0°C
(medium concentration pathway) @.0-5.0°C (high concentration pathway).

The average number of hot days is expected to increase with timénareasing

greenhouse gas concentrationéellargest increases are projected fow elevation
locations, wherel-15more hot days are projected by 204thedium concentration
pathway), and B-65more daysare projectedoy 2090 (high concentratiopathway).

Annualaverageminimum temperatures are expected to increaseuyyto 1.0°C by
2040. By 2090, mimum temperatures are projected to increase @p-1.0°C (medium
concentration pathway) ot.0-2.5°C (high concentration pathway).

The average number of frost days is expectedécrease with time and greenhouse
gas concentrations. The largest decreases are projected for high eleaatioinland
locations, wherel-20 fewer frost days are projected by 2040, andeDOfewer days by
2090 (high concentratiopathway). Smaller decrases are generally projected for
coastal locations because fewer frosts currently occur in these locations.

Projected changes in rainfall show variability acidsslborough By 2040 under both
medium and high greenhouse gas concentration pathways, amaindll is expected
to changeby onlya small amount fomost of theregion(¥5%). By 2090, larger and
more extensivehangedo rainfall are projectedht the seasonal scal&or some parts,
summer decreases of up to 20%daninter increases of up t@0%are projected (high
concentration pathway).

Extreme, rare rainfall events are projected to become more severe in the fighat
duration rainfall events have the largest relative increases compared with longer
durationrainfall events.

Drought potential is projected to increase acrddarlborough with annual
accumulated Potential Evapotranspiration Deficit (PED) totals increasing with time and

Climate change projections and impacts for Marlborough 9



increasing greenhouse gas concentratidsg.2040, PED totals are projected t
increase byp0-150 mm. By 2090, PED totals are projected to increasHap0 mm
(medium concentration pathway) a15-250 mm (high concentratiopathway).

¢tKS STFF¥FSOGa 2F OftAYIFGS OKFy3dS 2y K@RNRf23IAOL
national hydrological model with downscaled Global Climate Model outputs from-2092 under
different greenhouse gas concentration scenarios

A

A

Annualaverage discharge is projected to remain stable or slightly increase d&wothss
greenhouse gas concentration pathwaysd future time periods.

Mean annual low flow (MALR)agnitudesare expected to decrease acrdssth
greenhouseagas concentration pathwaand futuretime periods for most catchments.
Adecrease in MALF is expected to exceed 50% for most of the river systems in the
region with increased greenhouse gas concentration and time.

One of the most certain consequences of increasing concentraibasnospheric greenhouse gases
and associated warming is the rising sea level. Rising sea level in past decades has already affected
human activities and infrastructure in coastal areas is New Zealand, with a higher base mean sea
level contributing to ineased vulnerability to storms and tsunami.

A

Rising sea level has already been obsemddarlborough Absolute sedevel rise

(SLR), calculated from satellite altimetry, shows the region is trending at an increase of
around 4mml/year (trend for 1993resent), which is close to the New Zealamide

average of 4.4gnm/year (calculated up to the end of 2015).

As sea levels rise, so will the probability of current higiter marks being exceeded,
while the average recurrence interval of rare stetige event will become smaller. A
0.65m SLR (estimated to be reached by @2155)would mean that any coastal

locaion currently affected by the presestay mean high water spring (MHWS

level), which is exceeded by only 10% of all high tides (tide only), will be exceeded by
all high tides (under highreenhouse gasoncentrations).

The following points summarise going and potential future impacts of a changing climate on
different sectors and environments Marlborough:

A

Increasing temperatures due to hum#mduced climate change will likely impact
primary sector activities through increasing the incidence of pastd diseases.
Increasing temperatures affect the rate of plant growthich may affecthe quality

and quantity of harvested fruit and vegetable crops, as well as the productivity of
forestry and pasture. Human health will also be affected by a chaitjingte due to

the increasing prevalence of hot conditions and heatwaves. Warmer temperatures in
the future may provide opportunities for new crops to be grown.

A warmer atmosphere in the future is expected to result in increases to rainfall
intensity. Ircreased rainfall intensity increases the risk of reduced quality of fruit and
vegetables, as well as causing soil saturation issues for horticulture and agricilture.
also increases the risk of flooding eventsich have associated adversepacts such

as damag toinfrastructure.

10
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A Future reductions in rainfall and increases in drought severdy causdire riskto
increasein Marlborough affecting forestryandthe natural environmentWith ongoing
risk of wildfire, smoke taint may be an issue for crepsh as wine grapes

A Ongoing sedevel rise is likely to increase exposure of infrastructure and primary
sector activities to extreme coastal flooding, as well as cause habitat loss at the coastal
margins where ecosystems are not able to move furthemidlécoastal squeeze).
Exposure is likely to increase over time in response to higher sea levels.

A Warming oceans will induce pressures on the distribution and abundance of marine
species, and ocean acidification will affect species with carbonate shellpéeia,
oysters).In aquacultureheatwaves can lead teeduced growth and yield#creased
mortality, and an associated loss in revenue.

A Increased concentrations atmosphericcarbon dioxide should increase forest,
pasture, crop, andhorticulture productivity, if not limited by water availability.

Climate change projections and impacts for Marlborough 11



1 LYUGNRRdAzOUGAZ2Y
Climate change is already affecting New Zealand andiftndborough regiorwith downstream

effects on our natural environment, the economy, and communities. In the coming decades, climate
OKI'y3aS Aa KAIKte tA1Ste G42 AyONBlFaay3ate LRAS OKI

Envirolink andMarlboroughDistrict Council commissioned the National Institute of Water and
Atmospheric Research (NIWA) to undertake a review of climate change projections and impacts for
the Marlboroughregion(regional extent shown ifigurel-1). This work follows the publication of

the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report in 2013 and 2014,
and the New Zealand climate change projections report published by thetMifos the
Environment(Ministry for the Environment, 2018} he contents of this technical report include

analysis of climate projections for tiarlboroughregion in greater detail than the nationatale
analysisRegionaiscale climate projection maps have been providedlfodifferent climateand
hydrologicalvariablesand indices

This technical report describes changes whidhlikely tooccur over the 2% century to the climate

of the Marlboroughregion. Consideration about future change incorporates knowledge of both
natural variations in the climate and changes that may result from increasing global concentrations
of greenhouse gases that are contributed to by human activiGéimatic vaables discussed in this
report include temperature, rainfaind potential evapotranspiration deficit (a measure of drought
potential). Projections for sekevel rise and river flows are also discussed. Commentary on climate
change impacts and implications for some of the different environments and sectbfartiforouch

are provided, including horticulturdquman andecosystem healthandforestry.

Some of the information that underpins portions of this report resulted from academic studies based

on the latest assessments of the Intergovernmental Panel on Climate Ctil@fe, 2013; 2014c;

2014a; 2014h)Details specific tMarlboroughwere based on scenarios for New Zealand that were

generated by NIWA from downscaling of global climate model sinonistiThis effort utilised several

Lt/ / NBLNBaSyilulldA@S O2yOSYiGN)r GA2Yy LI GKglea F2NI 0
core-funded Regional Modelling Programme. The climate change information presented in this

report is consistent with recentiypdated nationaiscale climate change guidance produced for the

Ministry for the Environment (2018and sedevel rise information is consistent with the coastal

hazards guidance manual dighed byMinistry for the Environment (2017)

The remainder of this chapter includes a brief introductiorglobd 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 explains the modelling approach for the
climate change projections thatepresented for theMarlborough region

12 Climate change projections and impacts for Marlbagbu



— State highways

2 Urban areas

0777} National parks and forests

Figurel-1:  Marlborough regional boundary. Sourced from Chappell (2016).
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1.1 Global and New Zealand climate change
Key messages

A The global climate systemvsarming and many of the recently observed climate
changes are unprecedented.

A Global mean sea level has risen over the past century at a rate of about 1.7
mm/year and has very likely accelerated to 3.2 mm/year since 1993.

A Human activities (and associatedegnhouse gas emissions) are estimated to hay
caused approximately 1.0°C of global warming abovenmastrial levels.

A Estimated huma#sinduced global warming is currently increasing at 0.2°C per
decade due to past and ongoing emissions.

A Continued increasein greenhouse gas emissions will cause further warming an
impacts on 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 mi{gnaia)

2013) These changes include warming of the atmosphere and ocean, diminishing of ice and snow,
sealevel rise, and increases in the concentration of greenhouse gases in the atmosphere. Climate
change is already influencing theemisity and frequency of many extreme weather and climate

events globallylncreassin average temperaturgwill result inrelatedincreases in the occurrence

2F SEGNBYS GSYLISNI (dzNB& d ¢ K SpproximstElk.865C oh dvatagd LIK S NB
over the period 188e2012. The rate of selevel rise since the miti9" century has been larger than

the mean rate of change during the previous two millen@aNR2 ¥ (G KS adlF NI 2F bSg ¢
(1901)to 2018 national mean coastal sea levels havemise81 ¢0.05)millimetres per yea(MFE &

STATS NZ, 2019)

Globalatmospheric concentrations of carbon dioxide have increased to levels unprecedented in at
least the last 3 million yeafWilleit et al,, 2019) Carbon dioxide concerdtions have increased by at
least 40% since primdustrial times, primarily from fossil fuel emissions and secondarily from net
land use change emissioi®CC, 2013)n January 2020the globalcarbon dioxide concentration of

the atmospheravas415.5 parts per million(NOAA, 2021)The ocean has absorbed about 30% of the
emitted anthropogenic carbon dioxide, causing ocean acidification. Due to the influence of
greenhoug gases on the global climate system, it is extremely likely that human influence has been
the dominant cause of the observed warming since the-2@i 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 assessme(Reégingeet

al., 2014)as well as a report published by the Royal Society of New Ze@aydl Society of New
Zealand, 2016Xey findings from these publications include:

The regional climate is changinheAustralasia region continues to demonstrate letegm trends
toward higher surface air and sea surface temperatures, more hot extremes and fewer cold
extremes, and changed rainfall patterns. Over the past 50 years, increasing greenhouse gas
concentrationshave contributed to rising average temperatures in New Zealand. Changing
precipitation patterns have resulted in increases in rainfall for the south and west of the South Island
and decreases in the north of the North IslgiMFE& STATS N2020) Some havy rainfall events

14 Climate change projections and impacts for Marlbagbu



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 mois{ireanet al., 2013) Frosts

have become less commpwhile the number ofvarm days and heatwaves days is increasing (MFE
& STATS Nz, 2020)

The regbn has exhibited warming to the present and is virtually certain to continue to ddas®d
onobservationsh S g %Sl I yRQa YSIy | yydz analefyeldSHer (& dzNBS
0.25°C) per century since 19(Edurel-2).

0NZ 7-station annual average temperature, minus 1981-2010 normal (adjusted for site changes)
1 ‘

[ w— Trend: 1.04x0.25°C/century (1909-2020)

0.5}
0.0

-0.51

femperature anomaly (°C)

-1.0t

1539910 1920 1930 1040 1950 1960 1970 1080 1990 2000 2010 2020

Year

Figurel-22 New Zealand national temperature series, 192920. More information about the New Zealand
sevenstation temperature series can be foundlatps://www.niwa.co.nz/oursdence/climate/information
andresources/nzemp-record/sevenstation-seriestemperaturedata

Warming is projected to continue through the 2Icentury along with other changes in climate.
Warming is expected to be associated with rising snowdlaeatiors, more frequent hot extremes,
less frequent cold extremes, and increasing extreme rainfall related to flood risk in many locations.
Annual average rainfall gojectedto decrease in the north and east of the North Island, and to
increase irsouthern andvesternparts ofthe South Island (Ministry for the Environment, 2018)ye
hazard is projected to increase in many parts of New Zealksyukeciallyon the eastern coast in the
southern half of both islands (Watdt al., 2019) Regional sea level risellwiery likely exceed the
historical rate, consistent with global mean tren@éinistry for the Environment, 2017)

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

Additional information about recent New Zealand climate change can be fouvidhistry for the
Environment (2018)
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1.2 Year to year climate variability and climate change

A

Keymessages

Natural variability is an important consideration in addition to the underlying
climate change signdkt will continue to affect the yeato-year climate of New
Zealand into the future.

El NineSouthern Oscillation is the dominant mode of ineemual climate variability
and it impacts New Zealand primarily through changing wind, temperature and
rainfall patterns.

The Interdecadal Pacific Oscillation affects New Zealand through drier conditio
the east and wetter conditions in the west duritige positive phasandthe
opposite in the negative phase.

The Southern Annular Mode affects New Zealand through higher temperatures
settled weather during the positive phase and lower temperatures and unsettle
weather during the negative phase.

Much of the material in this report focuses on the projected impact on the climate of the
Marlborough regiorover the coming century due to increases in global anthropogenic greenhouse

gas concentrations. However, natural variations will also continuetam Much of the variation in

bS¢ »%SIflyRQa OfAYI UGS A& NIYR2Y | YR feyclei a
variations in climate can be attributed to different factors. Three lesgale oscillations that
influence climate in New Zeaid are the El Nift®outhern Oscillation, the Interdecadal Pacific

Oscillation, and the Southern Annular Mo(déinistry for the Environment, 2008 hose involved in

(or planning for) climatesensitive activities in tharlborough regiorwill need to cope with the
combinationof both anthropogenic change and natural variability.

1.2.1 Theeffect of El Nifio and La Nifia

El NifieSouthern Oscillation (EN$ a natural mode of climate variability that has wrdaeging
impacts around the Pacific BagMinistry for the Environment, 2008ENSO involves a movement of
warm ocean water from one side of the equatorial Pacific to the other, changing atmospheric
circulation patterns in the tropics and subtropics, with corresponding shifts for rainfall across the

Pacific.

T2NJ 2y

During El Nifio, easterlyN} RS gAY R& 6SIF 1Sy YR 6FN)Y &I 0§SNJ WaL
Pacific, accompanied by higher rainfall than normal in the ceetat Pacific. La Nifia produces

opposite effects and is typified by an intensification of easterly trade windsntieteof warm ocean

waters over the western Pacific. ENSO events occur on average 3 to 7 years apart, typically becoming
established in April or May and persisting for about a year thereafter.

During EI Nifio events, the weakened trade windsallycause Mw Zealand to experience a
stronger than normal soutlwesterly airflow. This generally brings lower seasonal temperatures to
the country and drier than normal conditions to the north and east of New Zealand, including the
Marlborough region(Salinger and Mullan, 199%igurel-3). During La Nifia conditions, the

strengthened trade windasuallycause New Zealand to experience more negisterly airflow than

normal, highesthan-normal temperatures (especially during summer), and wetter conditions in the
north and east of the North Islands well as coastal Marlborou@Rigurel-3).
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Average Summer Percent
of Normal Ranfal
during El Nifio'

Figurel-3:

Average Summer Porcont

of Normal Raintall
during La Nla

Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (rightjlifio

composite uses the following summers: 1963/64, 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, 1975/788B/84, 1984/85, 1988/89, 1995/96, 1998/99, 1999/2000,
2000/01. This figure was last updated in 2005. © NIWA.

According tdPCC (2013ENSO is highlikely to remain the dominant mode of natural climate
variability in the 21 century, and that rainfall variability relating to ENSO is likely to incréasdo
increased moisture availabilityHowever, there is uncertainty about future changes to thgltude

and spatial pattern of ENSO.

1.2.2 The effect othe Interdecadal Pacific Oscillation

Thelnterdecadal Pacific Oscillation (IPO) is a laggde, longperiod oscillation that influences
climate variability over the Pacific Basin including New ZeaRalihgeset al., 2001).The IPO
operates at a multdecadal scale, with phases lasting around 20 to 30 yBansng the positive

phase of the IPO, sea surface temperatures around New Zealand tend to be lower, and westerly
winds stronger, resulting in dnieonditions for eastern areas of both North and South Islands
(includingMarlborough. The opposite occurs in the negative phase. The IPO can modify New

%BSEEFYRQA&
phases) and La Nifia (during Hpfbases).
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1.2.3 The effect othe Southern Annular Mode
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

O2dzLJt SR gA0GK 9b{hzZ

Iy R

9b{hz YR AlG I faz2

0 2 i KimatdknSeynss BfSvgsterly wildF S O (i

Climate change projections and impacts for Marlborough

17

L2 &aA0A

bSg



strength and storm occurreng&enwick and Thompson, 2008) its positive phase, the SAM is
associated with relatively light winds and more settled weather over New Zealand, with stronger
westerlywinds further south towards 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 SANhBuenced by the size of the ozone 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 ahidjthe
southern latitudes would have an impact on westerly wind strength in thehig latitudes.

1.2.4 The influenceof natural variability on climate change projections

It is important to consider humaimduced climate change in the context of natural climate

variability. An example of this for temperature is showirigurel-4. The solid black line on the left

hand side represents the annual average temgpere for New Zealand based on the average of a
number of climate simulations forced by historic greenhouse gas concentrations. All the other line
plots and shading refer to the modelled air temperature averaged over the New Zealand region from
individualsimulations. PosR005, the coloured line plots show the annual temperature changes for
the New Zealand region under four different scenarios of future greenhouse gas concentrations, with
the heavier lines showing the axodel average temperature projdons for each concentration
scenario, and the lighter lines showing the restgtseach of thesix downscaled climate models for

both historical and future periods.

For the future 2006100 period, the models show very little warming trend after about®QBder

the low greenhouse gas concentrationd w/ t H ®c £ ¥ 0 f dzS & KteniparafuBed a OSy | NA
changedetween +2.0°C and +3.5°C by 2406 projectedunder the high concentration ¢ w/ t y ®p € X
red shading) scenario.

Figurel-4 should not be interpreted as a set of specific predictions for individual years. However, it
illustrates that although we expect a long tewoverall continuing upward trend in temperatures

(other than for the RCP2.6 scenario), there will still be some relatively cool years. For this particular
example, a year which is unusually warm under our present climate could become the norm by about
205> FYR |y dadzydzadg /i t @SIOMNINY £ RBS NO deyg ROMI 1 KS KA IK!
is likely to be warmer than anything we currently experieridee strength of future anthropogenic

trends in other climate variables will be smaller in relatiortheir large yeato-year variability, with

the notable exception of selevel rise.
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Figurel-4:

New Zealand air temperature historical (black) and future projections for four RCPs and six

downscaled imate models, illustrating future yeato-year variability. (See text for full explanation). From
Ministry for the Environment (2018).
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2.1 Climate modelling

NIWAhas used global climate model simulations from the IPCC Fifth Assessment to generate climate
change projections for New Zealand using both dynamical (regional climate modelling, RCM) and
statistical downscaling procedureBhese are described in more détia a climate guidance manual
prepared for theMinistry for the Environment (2018put a short explanation for the dynamical
procedure is provided belowAll climate variables and indicpeesented in this report are based on

the dynamical downscaling approach.

Coupled global atmosphet@cean general circulation models (GCMs) are used to generate climate
change projections for prescribed future greenhouse gas concentration scenariogsatid from

these models are available through the Fifth Coupled Model dooenparison Project (CMIP5)
archive(Tayloret al., 2012) Simulations from six GCMs were selected by NIWA for dynamical
modelling, and the bias corrected sea surface temperat(Ts) from these six CMIP5 models were
used to drive a global atmospheomly GCM, which in turn drives a higher resolution regional

climate model (RCM) for the New Zealand domain. These CMIP5 models were chosen because they
produced the most consistenesults when compared to historical climate and circulation patterns in
the New Zealand and Southwest Pacific region. Additional selection criteria for the parent global
models was that they were the least similar to each othiech thatthey spamedthe likely range of

model differences. The dynamical downscaling procedure involves forcing a-hégloéution

regional climate model (RCM) with data from a coarser global model (GCM) at the lateral boundaries
to obtain finer scale detail over a limited area.

The six GCMs chosen for the sea surface temperatures wereCB®11.1, CESMIAMS5, GFDCM3,
GISE2R, HadGEMES and NorESMM. The NIWA downscaling (RCM) produced simulations that
contain daily climate variables, including precipitation and surface teatpeg, from 1971 through

to 2100. The native resolution of the regional climate model is approximatetyn3@.27 degres).
However, climate models are known to have considerable biases due to inadequate representation
of some criticaprocesses antkatures €.g9.clouds, precipitation)The daily precipitation projections,

as well as daily maximum and minimum temperatures, were bias corrected so that the probability
distributions from the RCMrere aligned witithosederivedfrom the Virtual Climate Statio

Network (VCSN) data on the model resolution when the RCM is driven by the observed large scale
OANDdz F GA2Y | ONR & a -rbyS-of &4SA 3 QS¢ea! 200 Yhanihd REMiis W NS
driven from the freerunning GCM, forced by CMIPSea surface temperatueeSSTys additional

biases occur due to biases in the lagale circulation in the global model without data assimilation.
Therefore, the climate variables frothe RCM nested in the free running GE€Nrced by historic
greenhouse gas concentrations (RCPpasteapected to have larger biases than where the lateral
boundaries of the RCM are forced by reanalysis (REAN) data derived from observations.

The RCM output is then downscaled using interpolation and physically based models from ~30 km to
a ~5km grid ata daily timestep. The ~5 km grid corresponds to the VCSN. drigure2-1 shows a
schematic for the dynamical downscaling method used in this report.

1Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the country. lizsga have
AY G SNLIRf I ( Snivate StatiBnYecoitNT@Ritet ah 2009.
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Global Climate Model: ~140 km

Regional Climate Model ~27 km

Bias corrected/downscaled RCM: ~5 kn

Figure2-1:  Schematic diagram showing the dynamical downscaling approach.

Thechange in the mean climatologies of climate variables averaged from the six model simulations,
the 6model ensemble mean, is presented for the climate simulations rather than for any individual
model. The model ensemble mean climatology of climate varible better representation of the
correspondingclimate change signéhlsotermed signal) since the averaging process reduces the
internal variability of the climate systerfalsotermednoise). This iparticularly relevantvhere the

signal to noise éo is small.Though only a small number of model simulations (six) were possible
due to largecomputing resources required for running climate model simulations, they weme
carefully selected to cover a wide range of the larger CMIP5 model ensembile.

dimate projections are presented as a-2€ar average for two future periods: 202050 (termed
WHANAQU-HIMYIR 6 A4\ WKIBHRps $how chan@eslabve to the baseline climate of

1986H nnp O60SNN¥SR Wwmdohp QHedce theipojazidcRangesby 2040/and 2@80 n mo 0 ®
should be thought of as 4¥ear and 95/ear projected trends. Note that the projected changes use

20-year averages, which will not entirely represent and smoothen the natural variability of the

selected period. The baselimeaps (19862005) show modelled historical climate conditions from

the same six models as the future climate change projection maps.

2.1.1 Representative Concentration Pathways

Assessingossible changes for our future climate due to human activity is challgrginause

climate projections strongly depend on estimates for future greenhouse gas concentrations. In turn,

those concentrations depend on global greenhouse gas emissions that are driven by factors such as
economic activity, population changes, technatad advances and policies for mitigation and

sustainable resource use. This range of uncertainty has been dealt with by the IPCC through
O2yaARSNIGA2Y 2F WaOSYyINAR2aQ (KI{d RSAONROGS 02y O0S
The wide range of soarios are associated with possible economic, political, and social

developments during the 2icentury. In the 2013 IPCC Fifth Assessment Report, a selection of these
scenarios were called Representative Concentrations Pathways (RCPs).

These representative pathways are abbreviated as RCP2.6, RCP4.5, RCP6.0, and RCP8.5, in the order
of increasing rdiative forcing in Watts/rhof area from increasing greenhouse gases (i.e. the change

in net energy in the atmosphere due to greenhouse gas concentrations). RCP2.6 requires net global
emissions to reduce to zero around th#® Guarter of this century, leadg to low anthropogenic

greenhouse gas concentrations (also requiring removabdion dioxiddrom the atmosphere), and
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Agreement of reducing global tguerature rise below ZC above prendustrial times)RCP4.5 and
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and RCP8.5 represents continuing high global emissions without effective mitigation, whleadwill

02 KAIK IAINBSYyK2dzaS Il a O2yOSYidNrdAzya o6F WKAIK S

Therefore, the RCPs represent the outcomes of a rangesé&dtury climate policies.

Table2-1 shows the projected global mean surface air temperature for each R@Hull range of
projected globally averaged temperature increases for all pathways for-208Q (relative to 1986
2005) is 0.3 to 4.8°Eigure2-2). Warming will likely continue beyond 2100 under all RCPs except
RCP2.6. Warming wilbntinue to exhibit interannualto-decadal variability and will not begionally
uniform.

Table2-1:  Projected change in global mean surface air temperature for the f@dd late- 21st century
relative to the reference period of 198@005 for different RCR#\fter IPCC (2013).

20462065 (midcentury) 2081-2100 (endcentury)
Scenario  Alternative name
Mean CC) Likely range{C) Mean (C) Likely range{C)

RCP2.6 Mitigation pathway 1.0 0.4t0 1.6 1.0 0.3t01.7
RCP4.5 Stabilisation pathway 14 0.9t0 2.0 1.8 11t02.6
RCP6.0 Stabilisation pathway 1.3 0.8t01.8 2.2 14t03.1
RCP8.5 High end pathway 2.0 1.41t02.6 3.7 26t04.8

Global average surface temperature change
6.0 ——— T — . Mean over

2081-2100

| e historical
| e RCP2.6
4.0 | === RCP8.5

Lo )
(o)

RCP8.5

RCP6.0

RCP4.5

RCP26

._20 i . . : X 1 i . . ; 1
1950 2000 2050 2100

Figure2-2: CMIP5 multimodel simulated time series from 1952100 for change iglobal annual mean

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

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

evolution using historical reconstructed forcing. The mean and associated uncegarteaged over

HanyMmbumnan NS IAGSYy F2NIFEt w/t AO0SyFNR2a | a O2f 2dzNBF
projection is the solid line in the middle of the bars). The numbers of CMIP5 models used to calculate the multi

model mean is indicatedn the graph. FronlPCC (2013)

22 Climate change projections and impacts for Marlbagbu



Cumulativegreenhouse gaemissions will largely determine global mean surface warming by the late
21% century and leyond. Even if emissions are stopped, the inertia of many changes in global climate
will continue for many centuries to come, with the longest lag effect beingesed rise. This

represents a substantial mutientury climate change commitment created figst, present and

future emissiong particularly for coastal areas facing ongoing-taeel rise.

In this report, the downscaled results of the selected global climate models based on two RCPs
(RCP4.5 and RCP8.5) are presentae.rationale for choosindpese two scenarios was to present a
WKAIK SYRQ d0SYyIFINRA2 AF FGY24LKSNAO INBSYyK2dzaS
(RCP8.5) and a scenario which could be realistic if moderate global action is taken towards mitigating
greenhouse gas ensibns (RCP4.5). Including all four RCP scenarios within the body of this report
would make it unwieldybut GIS datasets for climate projectionfsthe four RCPwere provided to

the CouncilFor sedevel rise, all four scenarios from tihinistry for the Environment (201¢pastal
guidance, comprising RCP2.6, RCP4.5 and RCP8.5 (with a secaamdihityjpcenario to over the

potential for runaway polar ice sheet instabilities), are covered by thdeses rise increments used

for the exposure assessment.

2.2 Maps andabulated climate projections

Downscaled climate projection data is presented as 5 km x 5 km square @eelNew Zealand.

Data were downscaled only where leesolution cells in the climate model consisted of land

coverage and where they overlapped higdsolution cells on landzor display purposes, NIWA has
undertaken interpolation to continue the climate projections to the coast for the climate change and
historic climate maps presented 8ection4 to Section/. The nearest neighbour interpolation

method was used to do this, where the value of the empty coastal cell was estimated using the value
of the nearest neighbouring cells. Because the values at these locations are estimates generated
simply for presentation purposes (i.e. not a direct output of the climate change model), mapped
climate change values at theseastallocations may go unmentiorkin this report.

At the start of each subsection ir@&ion4 to Section7, summary tables preseah overviewof the
projected changeacross MarlboroughThesespan the entire range of projections illustrated in the
associated map#s suchonlyisolated portionsof the region may observe projected changeshe
lower andupper limitsof the range presented in the summary tabl@$e reader is referred to the
maps for detailed projectiongndalsoreferred to the limitationgSection2.4) associated witlihe
interpretation of these maps.

Note that the historic maps anmeot providedfor mean wind speed, surface solar radiatemd
relative humidityas these have not been biasrrected, and thereforelo notprovide a reliable
representation of theobservedmagnitude othese variables

2.3 Hydrological modelling

To assess the potential impacts of climate change on agricultural water resources, a hydrological
model is required thatan simulate soil moisture and river flows continuously and under a range of
different climatic conditions, both historical and future. Ideally the model would also simulate

complex groundwater fluxes but there is no national hydrological model capabhéscdttpresent.

Because climate change implies that environmental conditions are shifting from what has been
observed historically, it is advantageous to use a physically based hydrological model over one that is
more empirical, with the assumption thateetter representation of the biophysical processes will

allow the model to perform better outside the range of conditions under which it is calibrated.
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The hydrological modeisedA y G KA & & G dzR& A ZClaikét al,!20D8) whichislo SG Y2 RSt
routinely used for surface water hydrological modelling applications in New Zealand. It is a spatially
semidistributed, timestepping modebf water balance, that is used commonly in New Zealand for
catchment, regional and national scale hydrological modelling. It is driven bysanmes of

precipitation and temperature, and of additional weather elements where available. TopNet

simulates wéer storage in the snowpack, plant canopy, rooting zone, shallow subsurface, lakes and

rivers. It produces timaeries of modelled river flow (without consideration of water abstraction,
impoundments or discharges) throughout the modelled river networkyelsas evapotranspiration,

and does not consider irrigation. TopNet has two major components, namely a basin module and a

flow routing module.

The model combines TOPMODEL hydrological model concepts @ealeri995) with a kinematic
wavechannel routing algorithm (Goring994) and a simple temperature based empirical snow
model(Clarket al., 2008) As a result, Top&t can be applied across a range of temporal and spatial
scales over large watersheds using smallerlzagins as model elements (Ibbitt and Woods, 2002;
Bandaragodat al., 2004).Considerable effort has been made during the development of TopNet to
ensuee that the model has a strong physical basis and that the dominant rainfedff dynamics are
adequately represented in the model (McMillahal., 2010).TopNet model equations and
information requirements are provided §larket al.(2008)and McMillanet al. (2013).

For the development of the national version of TopNet used here, spatial information in TopNet was
provided by national datasets as follows:

A Catchment topography based on a nationally available 30 m Digital Elevation Model
(DEM).

A Physiographical data based on the Land Cover Database version two and Land
Resource Inventory (Newsonet al., 2012).

A Soil daa based on the Fundamental Soil Layer information (Newsgtrag, 2012).

A Hydrological properties (based on the River Environment Classification version one
(REC1) (Snelder and Biggs, 2002).

¢tKS YSGK2R F2NJ RSNAGAY A ¢ 2 Lbreds D Alewldeadhd¥sHileSBINE 0 | & S
Table 1 ofClarket al.(2008) Due to the paucity of some spatiaformation at national/regional
scales, some soil parameters are set uniformly across New Zealand.

To carry out the simulations required for this study, TopNet was run continuously from 1971 to 2100,

with the spinup period 1971 excluded from the analysi$e climate inputs were stochastically
RAal33aINBIFGSR FTNRBY RIFIAf & (2 K2 dzNI-NHalyhA53a & (18ataapsS R
only on initial conditions, not updated with observations), comparisons between present and future
hydrological conditins can be made directly (as each GCM is characterised by specific physical
assumptions and parameterisation), but this also means that simulated hydrological hindcasts do not

track observational records.

Hydrological simulations are based on the RHE(gjtal river network aggregated up to Strahler
catchment order three (approximate average catchment area of % kised within previous national
and regional scale assessments (Peatcd., 2017; 208); residual coastal catchments of smaller
stream ordergemain included. The simulation results comprise hourly tsages of various
hydrological variables for each computational statchment, and for each of the six GCMs and two
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RCPs considered. To manage the volume of output data, only river flows infonnasts preserved,;
all the other state variables and fluxes can be regenerated on demand.

Hydrological projections are presented as the average for two future periods:2086 (termed

climate (19862005 average). The periods analysed are slightly different from the corresponding time
slices of the atmospheric modelling because the modelling was done before this project was
initiated. We do not expect thahe conclusions drawn would be substantively different if the

periods were aligned. Hydrological projections were analysed for the following hydrological statistics:
Mean annual dischargendMean annual low flofMALF)

Because of TopNet assumptions,| swid land use characteristics within each computational
subcatchment are homogenised. Essentially this means that the soil characteristics and physical
properties of different land uses, such as pasture and forest, will be spatially averaged, and the
hydrological model outputs will approximate conditions across land uses. The data used in the
hydrology section of the report is consistent with Collins and Zammit (2016).

2.4 Limitations

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

A The maps and tables presented in this report show the average of six dynamically
downscaled global climate models.igTs a relatively small number of modéss a
quantitative probability assessment

A Theaverageof six models is used in this repdmgwever data from individual models
is available for further assessment if required in the futdneesix models chosen
represented historic climate conditions in New Zealand well, and span a range of
future outcomes.The climate signal is better representbd ensembleaverags since
the uncertainty due to climate models and internal variabilgynuch reduced

A The time periods chosen for historic and future projection spaiy@4r periods. This is
seen as a relatively short timeframe to understand average conditions in the historic
period and in the future, as there is likely an influence alentyinglow frequency
climate variability (e.g. decadal signals from climate drivers likénieedecadal Pacific
Oscillation etc.)As climate data is subject to significant trendsshort period is more
homogenous and representative. Moneer, the IPC uses 2Qear periods, so we have
followed that approach for consistency.

A Care needs to be taken when interpreting gpidint-scale projections such as those
presented in this report. The data have been kiasrected, downscaled and
interpolated from the30 km regional climate model grid to the 5 km grid across New
Zealand usig physically based modeisd interpolation Therefore, the data from
these grid pointgloes not correspontb on-the-ground observations. It imiore
appropriateto consider relativepatternsrather than absolute value®.g. the
magnitude of change at didrent time periods and scenarios.
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Although there aresomelimitations and caveats the approach used herepnsiderable effort has
been made to generatphysically consisterglimate change projections for New Zealaatd
unprecedented spatial and tenopal resolution A considerable research effort halsobeen

dedicated to validatig simulated climate variablesndthusthe projections providex goodbass for
risk assessments and adaptation plans.
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The maircharacteristic of the Marlborough climate its dryness. Summer droughts are frequent,
and the region is often swept by warm, dry northwesterlidewever, northern and elevated parts of
Marlboroughreceive ample rainfall, with annual totals of more thE800 mmcommon in these
areas.The climate type is rather continenta¥jth warm, dry summers and cool winters. However,
this effect issignificantly moderated in coastal are&now lies throughoutte winter on the
mountain tops but is very rare in the main cropping areas near the east ¢daisis not common,
with eastern coastal areas being more susceptibleemainwindflow over much of the region is
from the northwest, while southwesterlies dmortheasterliepredominate in the east. The most
severe rain and wind conditiomecur when the region is affected by intense depressions (low
pressure systems) of tropical origlt these occurrences are relatively rare. A feature of the
climate, espgcially in the northeast of the region, is thelativelylarge amount of sunshin@lenheim
isone of the sunniest towns in New Zealand.

More information about thehistoricclimate ofMarlborough outside of the information in this
report, can be found ilChappel(2016)
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4.1 Mean temperature

Projectedmean temperature changesC)
Annual:
Period RCP4.5 RCP8.5
2040 +0.515 +0.515
2090 +0.52.0 +2.035
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +0.51.5 +0.52.0 +0.51.5 +1.54.5
Autumn +0.51.5 +1.0-2.0 +0.51.5 +2.04.0
Winter Upto+1.0 +40.515 +0.51.0 +1.53.0
Spring Upto+1.5 +0.52.0 +0.51.5 +1.54.0

Historic (average over 198805) and future (average over 202050 and 2082100) maps for

mean temperature are shown this section. The historic maps show annual and seasonal mean
temperature in units of degrees Celsius (°C) and the future projection maps show the change in mean
temperature compared with the present day, in units of °C. Note that the historic maps @&e on
different colour scale to the future projection maps.

For the modelled historic period, coastaid low elevatiorportions ofMarlboroughhave the highest
annual and seasonatean temperatures whereas areas furttinland have the lowest mean
temperatures, particularly those at high elevatioR$gure4-1 and Figure4-2).

Representative concentration pathway (RCP) 4.5

By 2040, annual and seasonal mean temperatures are projected to increaget®$.5°C under
RCP4.5Rigure4-3 to Figure4-4). Only solated inland areas to the southwest of the reggme
projected temperature increases of 2105°Cin summer, autumn and spring.

By 2090, annual mean temperatures are projected to increaseH9.0°C Figure4-3). At the
seasonal scale, projected increases to meamperature range from 02.0°C(Figure4-5). The
highest projected increases by 2090 under RCP4.5 are in the range20ICand are restricted to
the southwesternportions of Marlboroughduring summeyautumn and spring.

Representative concentration pathway (RCP) 8.5

By 2040, annual mean temperatures are projected to increase by.5°E (similar to RCP4Eigure
4-3). This is also the case for majoritytloé regionat the seasonal scalajjth southwestern parts of
the region are projected to increase by 4.56°C during summeautumnand springFigure4-6).

By 2090, annual mean temperatures under RCP8.5 are projected to be ar@®8°L higher for
Marlborough(Figure4-3). At the seasonal scale, projected increases to mean temperatures are
generally higher fosummer(up to 3.54.5°C in southwestermigh elevation inland areasand
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autumn, with the majority ofthe regionprojected to increase by @-3.5°C(Figure4-7). Conversely,
projected warmings generally lower for winter, witmost ofthe regionprojected to increase by.5
3.0°C.
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Figure4-1: Modelled annual mean temperature, average over 192605.Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure4-2: Modelled seasonal mean temperature, average over 1988)5. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure4-3: Projected annual mean temperature changes by 2040 and 2090 uiiRleP4.5 and RCP8.5.
Relative to 198&005 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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Projected seasonal mean temperature changes by 2040 under RCHdhative to 1986005
average, based on the average of six global climate models. Results are based on dynamical downscaled
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Figure4-5:

Projected seasonal mean temperature changes by 2090 under RCH2dhative to 1986005
average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regional Climigliedel. Resolution of projection is 5km x 5km.
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Figure4-6: Projected seasonal mean temperature changes by 2040 under RCHefative to 198€005
average, based on the average of six global climate nso&asults are based on dynamical downscaled
projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure4-7:  Projected seasonal mean temperature changes by 2090 under8&CFRelative to 198€005
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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4.2 Maximum temperature

Projected mean temperature change%Q3)
Annual:
Period RCP4.5 RCP85
2040 +0.51.5 +0.52.0
2090 +1.03.0 +2.05.0
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +0.52.0 +0.53.0 +0.53.0 +1.57.0
Autumn +0.51.5 +1.03.0 +0.52.0 +2.05.0
Winter +0.51.5 +0.52.0 +0.51.5 +2.04.0
Spring +0.52.0 +1.03.0 +0.52.0 +2.06.0

Maximum temperatures are generally recorded in @igernoon hours of the dayand therefore are
known asdaytime temperatures. Historic (average ovE986-2005) and future (average over 20631
2050 and 2082100) maps for mean aximum temperature are shown in this section. The historic
maps show annual and seasonal meaaxmum temperature in units of degrees Celsius (°C) and the
future projection maps sbw the change in mean aximum temperature compared with the historic
period, in units of °C. Note that the historic maps are on a different colour scale to the future
projection maps.

For the historic period, coastahd low elevatiorportions ofMarlborough have the highest annual
and seasonahean maximum temperatures 16-18°C at the annual scalBjgure4-8), particularly
about Blenheim(18-20°C at theannual scale)inlandhigh elevation areabave the lowest mean
maximum temperatures.

Representative concentration pathway (RCP) 4.5

By 2040, annual meana®mum temperatures are projected to increase by-0.5°C under RCP4.5
(Figure4-10). At the seasonal scaljnter and autumnmaxmum temperatures are projected to
increase by 0.8.5°C, while increases for the remainingatseasons range froi.5-2.0°C Figure4-
11).

By 2090, projected changes to annual meaamxmum temperatures arelghtly higher thar?040,
with increases 00.5-2.0°Cfor the region(Figure4-10). Autumn andspringmaxmum temperatures
are projected to increase y.0-3.0°C while summeris projectedto have naximum temperature
increases ranging froi®.5-3.0°C.

Representative concentration pathway (RCP) 8.5

By 2040, annual meana®mum temperatures are projected to increase @p-2.0°C under RCP8.5
(Figure4-10). At the seasonal scale, projected increases are similar to RCP4.5 balgtziggh
summermaxmum temperaturesare projected to increase by 0-8.0°Cwith greatest projected
change occurring in the southwest of the regi@igure4-13).
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By 2090, projected increases tammum temperatures areonsiderable, andhuch greater than
under RCP4.5, withnnualincreases 02.0-5.0°C projected foMarlborough(Figure4-10). At the
seasonal scalsummermaximum temperatures are projected to increase by the most actoes
region, with increases 01.5-7.0°C(Figure4-14). Winter is projected to generally experience the
smallest increaseslthough they are stitonsiderablewith projected increases of.@4.0°C
Greatestincreases in maximutiemperature are projected over southwestern parts of Marlborough.
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Figure4-8: Modelled annual mean raximum temperature, average over 1988005.Results are based on
dynamical downscaled projections usingWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure4-9: Modelled seasonal mean aximum temperature, average over 1988005.Results are based on
dynamical downscaled projectionsing NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure4-10: Projected annual mean reximum temperature changes by 2040 and 2090 under RCP4.5 and
RCP8.5.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 5km x
5km.
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Figure4-11. Projected seasonal mean aximum temperature changes by 2040 under RCP4Relative to
19862005 average, based on the average of six global climate models. Results are based on dynamical
downscaled projections using NIWA's Regidlahate Model. Resolution of projection is 5km x 5km.
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Figure4-12: Projected seasonal mean aximum temperature changes by 2090 under RCP4Relative to
19862005 average, based on the average of sibagl 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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Figure4-13. Projected seasonal mean aximum temperature changes by 2040 under RCP8Relative 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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Figure4-14. Projected seasonal mean aximum temperature changes by 2090 under RCP8Relative 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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4.3 Minimum temperature
Projected minimum temperature changesq)

Annual:
Period RCP4.5 RCP8.5
2040 Upto+1.0 Upto+1.0
2090 +0.51.0 +1.025
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090

Summer Upto+1.0 +0.51.0 Upto+1.0 +1.0-2.0
Autumn Upto+1.0 +0.515 +0.51.0 +1.53.0
Winter Upto+1.0 Upto+1.0 Upto+1.0 +0.52.0
Spring Upto+1.0 +0.515 Upto+1.0 +1.02.0

Minimum temperatures are generally recorded in the early hours of the morning, and therefore are
known as nightime temperatures. Historic (average over 198805) and future (average over

2031-2050 and 2082100) maps for mean minimum temperature are shown is #ection. The

historic maps show annual and seasonal mean minimum temperature in units of degrees Celsius (°C)
and the future projection maps show the change in mean minimum temperature compared with the
historic period, in units of °C. Note that the toisc maps are on a different colour scale to the future
projection maps.

For the historic period, coastal portionsMarlboroughhave the highest annual and seasomadan
minimum temperatures (80°C at the annual scaleigure4-15). Winter mean minimum
temperatureshetween 0°C ané4°C areobserved for inland ahhigh elevation parts of Marlborough
Figure4-16.

Representative concentration pathway (RCP) 4.5

By 2040, annuand seasonahean minimum temperatures are projected to increaseupyto 1.0°C
under RCP4.9~{gure4-17 and Figure4-18).

By 2090jncreasego annual mean minimum temperatures of 8150°Care projected for
Marlborough(Figure4-17). Autumnand springninimum temperatues are projected to increase by
0.5-1.5°C,while summer igrojected to have minimum temperature increases ranging from1008C
(Figure4-19).

Representative concentration pathway (RCP) 8.5

By 2040, annual mean minimum temperatures are projected to increasg by 1.0°Qunder RCP8.5
in Marlborough(Figure4-17). At the seasonal scale, projected increases are similar to RCP4.5 by
2040, with autumn minimum temperatures projected to increase byl008C for the region, and
remaining seasons projected to increaseupyto 1.0°C Figure4-20).
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By 2090, projected increases to minimum temperaturesgaeater than under RCP4.5, wahnual
increases of D-2.5°C projected foMarlborough(Figure4-17). At the seasonal scale, autumn
minimum temperatures are projected to increase the mosimpared with the other seasorfsl.5
3.0°C;Figure4-21). Increases of 1:2.0°Care projected br summer and spring

Annual Min Temperature
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Figure4-15. Modelled annualmean minimum temperature, average over 198805.Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x

5km.
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Figure4-16: Modelled seaonal mean minimum temperature, average over 198605.Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure4-17: Projected annual mean minimum temperature changes by 2040 and 2090 under RCP4.5 and
RCP8.5.Relative to 198005 average, based on the average of six global climate models. Results are based
on dynamical downscaled prajgons using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure4-18. Projected seasonal mean minimum temperature changes by 2040 under RCHRetative to
19862005 average, ksed 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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Figure4-19: Projected seasnal mean minimum temperature changes by 2090 under RCP&Rglative 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 oftjprojecskm x 5km.
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Figure4-20: Projected seasonal mean minimum temperature changes by 2040 under RCH&Hative to
19862005 average, based on the average of six global climate models. Resultsedt@balynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure4-21. Projected seasonal mean minimum temperature changes by 2090 uiRieP8.5. Relative 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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4.4 Diurnal temperature range
Projecteddiurnal temperature rangechanges C)

Annual:
Period RCP4.5 RCP8.5
2040 Upto+1.0 Upto .0
2090 Upto+2.0 Upto +3.0

Diurnal temperature range is the difference between the daily maximum temperature and the daily
minimumtemperature. Diurnal temperature ranges are largest in dry desert areas and smallest in
humid tropical areas of the world. Diurnal temperature range may change over time due to land use
change, cloud cover, urban heat effects, and greenhouse gases.

Presentday (average over 1988005) and future (average over 202050 and 2082100) maps for
diurnal temperature rangare shown in this section. The presatay maps show annual average
diurnal temperature rangand the future projection maps show the changaliurnal temperature
rangecompared with present. Note that the preseday maps are on a different colour scale to the
future projection mapsUnits are degrees Celsid€}.

The historic diurnal temperature rangg highest at low elevation and inland locations, and lowest
about coastal area@-igure4-22). This is largely a result of the moderating influence of the sea on
dailymaximum and minimum temperature$he annual diurnal temperature range varies from 11
12°C about Blenheim and Wairau Valley/t8°C near Wardnd other coastal areas.

Representative concentration pathway (RCP) 4.5

By 2040jncreasesn diurnal temperatue range of up to D°C areprojected throughout
Marlborough Figure4-23). By 2090jncreases otip to 20°Care projected foMarlborough, with
greatestincreases towards the southwest of the region

Representative concentration pathway (RCP) 8.5

By 2040jncreasesn diurnal temperature range of up to 20 areprojected throughout
Marlborough(Figure4-23). By 2090diurnal temperature rangécreases otip to 30°Care
projected for Marlboroughwith largest increases of.@3.0°Cfor the inland area around
Molesworth.

The projected increases in diurnal temperature range (under Rg4.5 and RCP8.5) are due to
higher projected increases in maximum temperatures compared to minimum temperatugber
research is needed testablish the robustness of these differenceprojected maximum and
minimum temperatures, and the consequent effect on diurnal temperature rahtfeE( 2018

Climate change projections and impacts for Marlborough 53



Annual Diurnal Temperature Range

d

A 5 ™ - !
L _:.. \ —— 1=
AR
) ) (....u_....,ﬂn\)r JJ/.J/JH/, )

')

1986 - 2005

-
-

;

Figure4-22: Modelled annualdiurnal temperature ranggTmax minus Tmi)) average over 1982005.

Results are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of

projection is 5km x 5km
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Figure4-23. Projected annual diurnal temperature range (Tmaxnus Tmin) changes at 2040 (262050
average) and 2090 (2082100) for RCP4.5 and RCP&R&lative to 198&005 average, based on the average

of six global climate modelResults are based on dynamical downscaled projections. Resolution of projection
is 5km x 5km.
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4.5 Frost days
Projected frost day changeslays

Annual:
Period RCP4.5 RCP8.5
2040 Up to 20 fewer 1-20 fewer
2090 Up to 40 fewer 1-60 fewer

A frost day is defined in this report when the modelled daily minimum temperasuegual to or

lower than0°C. This is purely a temperatuilerived metric for assessing the potential for frosts over
the 5 km x 5 km climate model grid. Frost conditioresiafluenced at the local scale (i.e. finer scale
than 5 km x &m) by temperature, topography, wind, and humidity, so the results presented in this
section can be considered as the lagmle temperature conditions conducive to frosts.

Historic (averagever 19862005) and future (average over 202050 and 2082100) maps for

frost days are shown in this section. The historic maps show annual average numbers of frost days
and the future projection maps show the change in the annual number of frost daysased with

the historic period. Note that the historic maps are on a different colour scale to the future
projection maps.

For the modelled historic period, coastal portionddriborough(whereminimumtemperatures
are generally higher) have the loweasimber of frost daysKigure4-24). This idargely the result of
the influence of the sea, whialnoderates daily extreme temperatures compared to inlémchtions
Inland and mountainous parts tfe regionhave the highest amber of frost days, with0-150days
per yeartypical about and west of MolesworthVairau Valley observdsetween25-50 frost days per
year on average for the modelled historic perjadth 10-25 frost days per yeabout Blenheim.

Representative concenaition pathway (RCP) 4.5

By 2040, decreases to frost days are projedt@dughout MarlboroughFigure4-25), with highest

decreases of 120 daysprojected towards the southwest of the regiobecreases of-30 days are
projected aboutWairau Valley, with decreases obldays projected about Blerlm, Seddon and

Ward.

By 2090, decreases of® frost daysare projected for most of the regiolecreases of-b days are
projected about Seddon and Wa(HBigure4-25). Larger decreases are projected southwestern
parts of the regionwith isolated decreases of 240 days projected

Representative concentration pathway (RCP) 8.5

By 2040the projected pattern of change under RCP8.5 is very similar to that projected for the same
time period under RCP4(bigure4-25).

By 2090, decreased 1-60 frost days argorojected for Marlborougt{Figure4-25). This would result
in frosts becoming an uncommon occurrence fany areas of Marlboroughear the coast.
Decreases of 480 days are projected west of Molesworth
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Figure4-24: Modelled annual number of frost days (daily minimum temperatui§°C), average over 1986
2005.Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.

Resolution of projection is 5km x 5km
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Figure4-25: Projected annual number of frost days (daily minimum temperatui§°C) changes by 2040 and
2090 under RCP4.5 and RCP8Relative to 1986005 average, based on the average of six global climate

models. Results are based dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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4.5.1 Frost season length

Thissection provides an analysis of the changing length of frost seasonsgecHiclocation in
Marlborough(-45.525, I73.775 approximately halfway between Blenheim and Wairau Valegily
climate model data between 1972 and 210@8r@analysed to understand trends in frost occurrence
and seasonality of frosts. Data from six dynamically downscaled global climate nmbdedarfe
models used for the other projections in this repor@m used, forRCP4.5 and RCP8.5.

The number of frost days as well as the length of the frost season (first to last frost date per year)
declines under both RCPs in the fut@iféggure4-26). By 2100 under RCP8.5, tlogationin

Marlborough is projected to experience approximateb/ftbst days per yeag abouthalf

experienced there currenthBeyond about 2060 the RCPdécreasindgrend in number of frost days
flattens off, whereas the RCP8.5 trefd number of frost daysontinues to decline. Both RCP4.5 and
RCP8.5 series exhibit high intmnual variability.

Marlborough: frost season duration (days) Mariborough: nb of frost days
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Figure4-26. Frost season changes for a Marlborough locatioopeft: frost season duration; topight:

number of frost days; bottonteft: date of the first frost of the seasobpttom-right: date of the last fret of

the season. Bold lines show the average of six global climate models for two RCPs, dynamically downscaled to
New Zealand (5km x 5km resolution). The blue line is the historic perio@Q@%). The shading is the

minimum and maximum model resulto@tion selected:41.525, 173.779WGS84

Tofurther illustratethe changing dates of the frost seasons in Marlborguigure4-27 shows the
distribution of model results for the start date of the frost seasonZ040 0312050 and 2090
(2081-2100, underRCR.5and RCP8.5his result clearly shows the movement of gtart of the

frost season to be later in thealendar yeatmoving from early May, on average, in the historic

period to early June, on average, by 2090 under RCP8.5). Note, however, that there is a large degree
of variability in the historic start dates the frost season (ranging from as early as early March to as
late as midJune) as well as the future projected frost season start dates-fpid to early July

under RCP8.5 at 2090)
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Mariborough: climatology (1986 - 2005)
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Figure4-27. Projedions for the start date of the frost season at a Marlboroudbcation, for the historic

period 19862005, RCP4.5 and RCP8.5 at 2040 and 2@@xplots show the % and 93" percentile frost

season start dates (end whiskers), thé"2id 75" percentile range (box boundsindthe median (line in

middle of the box). The blue dots are the individual model results and the vertical blue line is the average of all
results Locaton selected:41.525, 173.775 (WGS84).

Figure4-28 shows the distribution of model results for tkeed date of the frost season fd&040
(2031-2050 and 2090 @081-2100), underRCR.5 and RCP8.9 he end date of the frost season is
projected to move earlier in thealendar yeaffrom early October, on average, in the historic period,
to early September, on average, by 2090 under RCPBi&)e is high variability arountthe average
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for the end dates, ranging from as early as {Aitjust to as late as early December for the historic
period, and midAugust to late October for RCP8.5 at 2090

Mariborough: climatology (1986 - 2005)

Marlborough: RCP 4.5, 2081 - 2100

Jdn Jul A(Jg Sép Oct Nov Dec
end of the frost season

Figure4-28. Projectionsfor the end date of the frost season at a Marlboroudtcation, for the historic

period 19862005, RCP4.5 and RCP8.5 at 2040 and 2@@xplots show the % and 93" percentile frost

season end dates (end whiskers), thd"2Hd 73" percertile range (box bounds), the median (line in middle of
the box). The blue dots are the individual model results and the vertical blue line is the average of all results
Location selected41.525, 173.775 (WGS84).

Climate change projections and impacts for Marlborough 61



4.6 Hotdays

Projected hot day changes

Annud:

Period RCP4.5 RCP8.5
2040 Up to 15 more Up to 25 more
2090 Up to 25 more  Up to 65 more

In this report, a hot day is considered to occur when the maximum temperature is 25°C or higher.
Historic(average over 1988005) and future (average over 202050 and 2082100) maps for hot
days are shown in this section. Thistoricmaps show annuaverage number of hot days and the
future projection maps show the change in the number of hot days comparedhégthistoric

average Note that thehistoricmaps are on a different colour scale to the future projection maps.

For the historic perioghotdays occur most regularly aboBtenheim Here, the annual number of
hot days averagel0-40 days per yearHgure4-29). Other coastal and low elevati@reas typically

observe 1630 hot days per yeat 2 (i

RFe@&d FFNB dzy02YY2y Ay al NI

Representative concentration pathway (RCP) 4.5

By 2040jncreases tdot days are projected throughout MarlborougRigure4-30), with highest
increases 0b-15days projectedor most coastal and lower elevation$ the region.

By 2090jncreases of 25 hot days are projected for most of the regidrargesincreases 015-25
hot days are projected about Blenheand Wairau ValleyFigure4-30).

Representative concentration pathway (RCP) 8.5

0 2 N2 dz

By 2040the projected pattern of change under RCP8.5 is similar to that projected for the same time
period under RCP4.5he main differencesia higherprojected increase of 125 hot days about

Blenheim(Figure4-30).

By 2090considerable inreases ofip to 65 hot days are projected for MarlborougFRigure4-30).
Largest increases d6-65 days are projected abo@&lenheim Wairau Valley andther low elevation
locations This ighe equivalent of approximately-8 additional weeks of hot days compared to the

historic climate.
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Figure4-29: Modelled annual number of hot days (days with maximum temperatusg5°C), average over
1986-2005. Results are based on dynamical downscaled projections using NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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Figure4-30: Projected annual hot day (days with maximum temperatur@5°C) changes by 2040 and 2090,
under RCP4.5 and RCP8Zhanges relative to 198805 average, based on the average of six global climate
models. Results are based on dynamical downscaled projfectising NIWA's Regional Climate Model.
Resolution of projection is 5km x 5km.
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4.7 Growing degree days
Projected growing degree dafpase 10C)changes

Annual:
Period RCP4.5 RCP8.5
2040 Up to +200 Up to +300
2090 +50-400 +150800

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

GSYLISNI GdzZNBE 6S®3d mne/ 0 GKIFIG NBLNBASYOH | GKNBaKz
degreedays in a location may influence the choice of crops to growifeesent species have

different temperature thresholds for survivalhe daily GDD total is the amount taily average

temperature exceedthe threshold value (e.g. 10°C) per day. For example, a daily average

temperature of 18°C would have a GDD baB&lvalue of 8The daily GDD values are accumulated

over the period 1 July to 30 June to calculate an annual GDD value.

Historic(average over 1988005) and future (average over 202050 and 2082100) maps for
GDDare shown in this section. Thnéstoric maps show annual averaggDDand the future
projection maps show the change@DDcompared withthe historic averageNote that thehistoric
maps are on a different colour scale to the future projection maps.

The number ohistoricgrowing degreeadays follows the same spatial pattern as mean temperature,
with the highest number along the coastal and low elevation a(@3601400 GDD)and the lowest
numberof 100400 GDDna I NI 0 2 MBhdrdlé/&ian terrain(Figure4-31). In the historic

period, Blenheim experienatabout 12001400 GDD per year with base 10°C.

Representative concentration pathway (RCP) 4.5

By 2040jncreases taGDDare progcted throughout MarlboroughRigure4-32), with highest
increases 0150-200 GDDprojectedfor most coastal and lower elevation$ the region.

By 2090jncreases 0200-300GDDare projected for most of the regiohargest increases 800-400
GDDare projected about Blenheirtrigure4-32).

Representative concentratiggathway (RCP) 8.5

By 2040the projected pattern of change under RCP8.5 is similar to that projected for the same time
period under RCP4.5he main difference is a higher projected increas20®300GDDabout
Blenheim(Figure4-32).

By 2090considerable inreases 0150-800 GDDare projected for MarlboroughHigure4-32). The

largest increases @00-800GDDare projected abouBlenheimandWairau ValleyThe increase in

GDD will likely influence the types of crops that can be grown at a location, and thagwvéses for

crops into the future; one would expect to see crops only suitable for warmer northern climates at
present move further south as the climate warms, and harvesting times for crops presently grown in
Marlboroughmay shift to an earlier timenithe season.
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GDD
1,400

1,200
1,000

200
100

0 W 20 30 40 R0
£ p .p b a2 . 1 2z 8

L
Period: 1986 - 2005 Kilometers

Figure4-31: Median annual Growing DegrePays (GDD) base 10°@QResults are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection i&kkm x
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2031-2050 2081-2100

Annual Growing Degree Days (base 10°C)

projected change

Figure4-32: Projected increase in number of growing degree days per year (base 10°C) at 2043Z2868)1
and 2090 (20812100) for RCP4.5 (left panels) and RCP8.5 (right pariétsjected change ielative to 1986
2005.Results are based on dynamically downscaled projections and tsioaverage of six global climate
models Resolution of projection is 5km x 5km.
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5.1 Rainfall totals

Projected rainfall total changes (%)
Annual:
Period RCP4.5 RCP8.5
2040 -5% to +15%  -5% to +10%
2090 -10% to +15%  -10% to +30%
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer -10% to +15% -10% to +20% + 100 -20% to +30%
Autumn  -5% to +10% + 10% -5% to +10% -10% to +30%
Winter -5% to +20% -20%to +30% -10% to +20% -20% to +40%
Spring -5% to +10% + 10% -10% to +5% +10%

This section contains maps showing historic total rainfall and the future projected change in total
rainfall. Historic rainfall maps are in units of mm per yeaseason (average over 198605) and
future (average over 2032050 and 2082100) maps show the percentage change in rainfall
compared with the historic total. Note that the historic maps are on a different colour scale to the
future projection maps.

For the modelled historic period, the highest annual rainfall totals are recorded in the high elevations
andabout the Marlborough Sound45002000 mm/year) Figure5-1). In the RichmondrRange north

of Wairau Valley, annuaainfall totals of 2006B000 mm are recordedlhe lowest annual rainfall

totals are recordedn low elevation areas about Bleeim, Seddon and Ward, and heading

southwest along théwatere \alley towards Moleswortl{500-750 mm). Rainfall isnostlyevenly
distributed throughout the yeamvhere summer is typically the driest seas(Figure5-2).

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annual rainfatiges from5% to+15% throughout the regio(Figure
5-3). Greater changes are projectasgasonally, with decreases of up to 10% projected for
southwestern parts in summer, and increases of ug@ projected fopartsof Marlborough in
winter (Figure5-4). Smalér changes 0f5%to +10%are projected in autumn and spring throughout
the region.

By 2090, projected annual change is not dissimilar to that projected for the 2040 period, e8th m
locations projected to experience smellangedgo rainfall of +5%(Figure5-3). Again, there are more
noticeable changes projected at the seasonal sffilgure5-5). Changes a£10% are projected for
autumn and springwhilst decreases of up 80% are projected iwinter. Increases iwinter rainfall
of 5-15% areprojectedfor most of the northern halbéf Marlborough.
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Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change to annual rainfall is similar to that projected for RCP4.5,
with changegsanging from5%to +10%(Figure5-3). Seasonal projected changes are also similar to
RCP4.5yith the exception ofvinter andspring wherea decrease of up to 10% is projected fiairts

of Marlborough

By 2090, a stronger pattern ochangeis evidenfespecially seasonally. At the annuahéframe,
projected rainfall changes range from a decreas&@%b to an increase 0% Eigureb-3). Seasonal
changes project a summer reduction andteir increase fomost of Marlborough.For much of the
region, simmer reductions of 20% are projected, ith winter increase®f 10-40% projectedFigure
5-7). Spring sees a projected decrease in rainfall of up to fb@¥hany parts.
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Figure5-1: Modelled annual rainfall (mm), average over 198®%05. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure5-2: Modelled seasonal rainfall (mm), average ové®86-2005. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure5-3:  Projected annual rainfall changes (%Relativeto 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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Figure5-4: Projected seasonal rainfall changes (b§) 2040 for RCP4.5Relative 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. Resoluigorojection is 5km x 5km.
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Figure5-5: Projected seasonal rainfall changes (B§) 2090 for RCP4.5Relative to 1986005 average,
based on the average of six global climate models. Results are baslythamical downscaled projections
using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure5-6: Projected seasonal rainfall changes (B§) 2040 for RCP8.5Relative to 1986005 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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Figure5-7:  Projected seasonal rainfall changes (B§) 2090 for RCP8.5Relative to 1986005 average,
based on the average of six global climate models. Results are based on dynamical downscaled projections
using NIWA's Regional Climate Mod®ésolution of projection is 5km x 5km.
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5.2 Dry days

Projected dry day changes (days)
Annual:
Period RCP4.5 RCP8.5
2040 -5to +10 -1to +15
2090 -1to +15 -5 to +30
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer -1to +5 +5 -1to +5 -5to +10
Autumn -1to +5 -1to +5 -1to +5 -5to +10
Winter -+5 +5 +5 -5 to +10
Spring -1to+5 -1to +5 -1to +5 -1to +10

A dry day considered here is whigss thanl mm of rainfall is recorded over a-Béur period.

Historic (average ove986-2005) and future (average over 202050 and 2082100) maps for dry

days are shown in this section. The historic maps show annual and seasonal average numbers of dry
days and the future projection maps show the change in the number of dry days cetnpih the

historic period. Note that the historic maps are on a different colour scale to the future projection
maps.

Historically, the largest annual number of dry days is experienced in eastern p&féslbbrough
about Blenheim, Seddon and W&2b0-300 days per yeaFigure5-8). Many remaining areas of
Marlboroughaverage around 26250 dry days per yeaBouthwesterrareas of the region
experiene the fewest annual dry days for the region, averagis@200 dry days per yearThe
seasonal distribution of dry dayslimarlboroughis relatively even, although there tends to fesver
dry days in winter and spring comparedsommerand autumn(Figure5-9).

Representative concentration pathway (RCP) 4.5

By 2040northeasternpartsof Marlboroughsee relatively little change in dry yi& withprojections
of £1 dayper year(Figure5-10). For central and southern parts of the regiamcreases ofl-10 days
per yearare projectedSeasonal changes $5 days are projecteth winter, with projected changes
ranging from-1 to +5 days for remaining seasons

By 2090annualincreases 05-15 dry days are projected fahe southwestern half of the region
(Figure5-10), with minimal change projected about Blenheim and Sedddrdéy).Seasonal
patterns of change are much the same as those projected by 20dh@ugh an increase dt5 days
in spring is projected for most ¢he region(Figure5-12).

Representative concentration pathway (RCP) 8.5

By 2040the projected pattern ofinnualchange under RCP8.5 is similar to thadjected for the
same time period under RCP4Fgure5-10). This is also the case seasonallyth themain
differencebeinga projected increase df-5 dry daysin spring for a larger proportion of the region
(Figue 5-13).
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By 2090jncreases of -30dry daysper yearare projected fothe southwestern half of
Marlborough Figure5-10). Projected matterns of seasonal changee varied but within the range of
5 fewer to D more dry days

Number of Annual Dry Days

0 10 20 30 40 S0
1
Period: 1986 - 2005 Kilometers

Figure5-8: Modelled annual number of dry days (daily rainfall <lmm), average over 19865. Results
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection
is 5kmx 5km.
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Figure5-9: Modelled seasonal number of dry days (daily rainfall <lmm), average over 188#. Results
are based on dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection
is 5km x 5km.
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Figure5-10: Projected annual number of dry day (daily rainfalllmm) changes by 2040 and 2090, under
RCP4.5 and RCP8.&Ehanges relative to 198805 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 pojection is 5km x 5km.
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Figure5-11:. Projected seasonal number of dry day (daily rainfall <lmm) changes by 2040 for RCP4.5.
Relative to 198&005 average, based on the average of six global climate sddekults are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure5-12: Projected seasonal number of dry day (daily rainfallmm) changes by 2090 for RCP4.5.
Relative to 198&005 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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Figue 5-13: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2040 for RCP8.5.
Relative to 198&005 average, based on the average of six global climate models. Results are based on
dynami@l downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.
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Figure5-14: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2090 for RCP8.5.
Relative 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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5.3 Extreme rare rainfall events

Projected extrene, rare rainfall event changeis Marlborough (average of thel selected sites)

50-year return period rainfalé:

RCP4.5 RCP8.5
Rainfall duration 2040 2090 2040 2090
1-hour +10% +16% +12% +35%
6-hours +8% +14% +9% +29%
12-hours +7% +12% +8% +25%
24-hours +6% +10% +7% +22%
48-hours +6% +9% +6% +19%

Extreme rainfall events are often considered in the context of return periods (éngld0-year

rainfall events). A return period, is an estimate of the likelihood of an event. It is a statistical measure
typically based on historical data and probabilitistributions which calculate how often an event of
a certain magnitude may occur. Return periods are often used in risk analysis and infrastructure

design.

The theoretical return period is the inverse of the probability that the event will be exceadauyi

one year(also known as the Average Recurrence Interval, ABt)example, a-ih-10-year rainfall
event has a 1/10 = 0ARIor 10% chance of being exceeded in any one year, ant-d00-year

rainfall event has a 1/100 = 0.@Rlor 1% chance dieing exceeded in any one year. However, this
does not mean that a-in-100-year rainfall event will happen regularly every 100 years, or only once
in 100 years. With a changing climate, the return periods used below should be thought of only
within the 20year period in which they are defined. For instance, if extreme heavy rainfall events

are becoming a lot more frequent under climate change then the-100-year rainfall event for
2040 as defined as the 202D50 period will be less than theid-100-year rainfall event when

defined under 20022080, because the latter is dominated by the more frequent heavy events during

the 2070s. The events with larger return periods (i-&-100-year events) have larger rainfall
amounts for the same duration as ews with smaller return periods (i.e-if-2-year events)
because larger events occur less frequently (on average).

bL2! Qa | A3IK LydSyaAriue wlAyFlLff 5Sairady {eadasSy
measured in mm) at various recurrenceeirvals to be calculated for any location in New Zealand
(CareySmithet al., 2018) The rainfall event durations presented in HIRDS range from 10 minutes to
120 hourdq5 days)HIRDS calculates historic rainfall event totals for given recurrence intas/aisl|

as future potential rainfall event totals for given recurrence intervals based on climate change

scenarios. The future rainfall increases calculated by the HIRDS v4 tool are based on a percent

change per degree of warming, which is averaged adiess Zealand. The short duration, rare

events have the largest relative increases of around 14% per degree of warming, while the longest

duration events increase by about 5 to 6%. HIRDS v4 can be accek#pd:Ahirds.niwa.co.nz/
and more background information to the HIRDS methodology can be found at
https://niwa.co.nz/informationtservices/hirds/help

HIRDS rainfall projections for selecteasiin theMarlborough regiorare presented in this section.

For each site there are two tables; the first table presents data-iar30-year rainfall events, and
the second table presents data fofid-100-year rainfall events, with each of these tablissing the
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modelled historical and projected rainfall depths for one tehir rain eventsThe results for
Blenheim Molesworth, Picton and Rai Valleye presented irTable5-1 to Table5-8.

For each of the selected locations, rainfall depths are projected to increase acrossfatitte
scenarios, and both return periodsor exampleTable5-1 shows that the projected rainfall depth
for a 12hour rainfall event aBlenheim(50-year ARI) is projected to increase under RCP4.5 @
mm (historical depth) t®6.7mm by 2040, and01mm by 2090. Under RCP8.5 and for the same
rainfall event duration, the projected amounts &@&.6mm by 2040, and13mm by 2090, which
indicate al1 mm and23 mm rise respectively compared with historical depth.

Table5-1:  Modelled historical and projected rainfall depths (mm) f@lenheimfor different event
durations with a 50year return period 0.02ARI) Source: HIRDS Mhcation selected:41.514, 173.957
(WGS84)

Rainfall ~ Historical Projected depth (mm)

event depth Mid-century average (2032050) Late-century average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 274 30.2 30.6 31.9 37.0
6-hour 66.9 725 73.3 76.0 86.4
12-hour 90.1 96.7 97.6 101 113
24-hour 116 123 124 128 141
48-hour 140 148 149 153 167

Table5-2:  Modelled historical and projected rainfall depths (mm) f@lenheimfor different event
durations with a 100year return period 0.01ARI) Source: HIRDS Wocation selected41.514, 173.957
(WGS84).

Rainfall  Historical Projected depth (mm)

event depth Mid-century average (2032050) Latecentury average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 314 34.5 35.0 36.5 42.4
6-hour 75.9 824 834 86.5 98.5
12-hour 102 110 111 114 129
24-hour 131 139 140 144 160
48-hour 158 167 168 172 189
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Table5-3:  Modelled historical and projected rainfall depths (mm) fédolesworth for different event
durations with a 50year return period 0.02ARI) Source: HIRDS Mocation selected42.080, 173.260

(WGS84).

Rainfall  Historical Projected depth (mm)

event depth Mid-century average (2032050) Latecentury average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 25.5 28.0 28.4 29.7 344
6-hour 60.2 65.3 66.0 68.5 77.8
12-hour 80.7 86.6 87.5 90.3 101
24-hour 104 110 111 114 126
48-hour 126 133 134 137 150

Table5-4:  Modelled historical and projected rainfall depths (mm) fdfdolesworth for different event
durations with a 100year return period 0.01ARI) Source: HIRDS Mocation selected42.080, 173.260

(WGS84)

Rainfall ~ Historical Projected depth (mm)

event depth Mid-century average (2032050) Late-century average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 29.0 31.9 324 33.8 39.2
6-hour 68.2 74.0 74.9 7.7 88.5
12-hour 91.2 98.0 99.0 102 115
24-hour 117 124 125 129 143
48-hour 142 150 151 155 169

Table5-5:  Modelled historical and projected rainfall depths (mm) fé&tictonfor different event durations
with a 50year return period 0.02ARI) Source: HIRDS Wocation selectedi41.291, 174.007 (WGS84).

Projected depth (mm)

Rainfall ~ Historical

event depth Mid-century average (2032050) Latecentury average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 40.1 44.2 44.8 46.7 54.1
6-hour 117 126 128 133 151
12-hour 168 180 182 188 210
24-hour 230 244 246 253 280
48-hour 297 313 316 324 354
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Table5-6:  Modelled historical and projected rainfall depths (mm) fé&ictonfor different event durations
with a 100year return period 0.01ARI) Source: HIRDS Wocation selected41.291, 174.00TWGS84).

Rainfall ~ Historical Projected depth (mm)

event depth Mid-century average (2032050) Latecentury average (2082100)

duration — (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 455 50.1 50.7 53.0 61.4
6-hour 132 143 144 150 171
12-hour 189 203 205 212 238
24hour 259 275 278 286 316
48-hour 334 352 355 364 399

Table5-7:  Modelled historical and projected rainfall depths (mm) f&ai Valleyfor different event
durations with a 50year return period 0.02ARI) Source: HIRDS Wocation selected41.230, 173580
(WGS84).

Rainfall Historical Projected depth (mm)

event depth Mid-century average (2032050) Late-century average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 52.5 57.7 58.5 61.1 70.8
6-hour 151 163 165 171 194
12-hour 212 228 230 237 266
24-hour 282 300 302 311 343
48-hour 350 369 372 382 417

Table5-8:  Modelled historical and projected rainfall depths (mm) fd&tai Valleyfor different event
durations with a 10@year return period 0.01ARI) Source: HIRDS Mdocation selected41.230, 173.580
(WGS84).

Rainfall Historical Projected depth (mm)

event depth Mid-century average (2032050) Latecentury average (2082100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 59.2 65.1 66.0 68.9 79.9
6-hour 170 184 186 193 220
12-hour 239 257 259 268 301
24-hour 318 338 341 351 388
48-hour 394 416 420 430 471
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6.1 Potential evapotranspiration deficit
Projected potential evapotranspiration deficit accumulation changes (mm)

Annual:
Period RCP4.5 RCP8.5
2040 +50-150 +50-150
2090 +50-200 +75250

One measure of meteorological drouglit K G A& dzaSR Ay (KAa aSoOlAizy A&
RSTFAOAGQ 6t 950 9@ LRGN YALIANI GAZ2Y A& (GKS LINROSa
the atmosphere through a combination of direct evaporation and transpiration from plastthe

growing season advances, the amount of water lost from the soil through evapotranspiration

typically exceeds rainfall, giving rise to an increase in soil moisture deficit. As soil moisture decreases,
pasture production becomes moistumnstrainedand evapotranspiration can no longer meet

atmospheric demand.

The difference between this demand (evapotranspiration) and the actual evapotranspiration is
RSTAYSR a4 (GKS WLRGSY(GALt SOIFLRIONFYALANFGA2Y RST
amount of water required by irrigation, or that needs to be replenished by rainfall, to maintain plant

growth at levels unconstrained by water shortage. As such, PED estimates provide a robust measure

of drought intensity and duration. Days when water dem#ndot met, and pasture growth is

reduced, are often referred to as days of potential evapotranspiration deficit.

PED is calculated as the difference between potential evapotranspiration (PET) and rainfall, for days
of soil moisture under half of availablvater capacity (AWC), where an AWC of 150mm for silty

loamy soils is consistent with estimates in previous stu(ieg Mullaret al., 2005) PED, in units of

mm, can be thought of as the amount of missing rainfall needed in order to keep pasturesgaiwi
optimum levels. Higher PED totals indicate drier soils. An increase in PED of 30 mm or more
corresponds to an extra week of reduced grass growth. Accumulations of PED greater than 300 mm
indicate very dry conditions.

For the modelled historic periothe highest PED accumulation is experienced iaesworth
(500-600 mm).Low elevation easterareasnear Blenheim, Seddon and Waygdnerally experience
300-400 mm of PED per yed®EDaccumulation of 10800 mmper year is typical for the remainder
of Marlborough(Figure6-1).

For all future scenarios, annual PED accumulation is projected to indreasghou the region
(Figure6-2). The greatest increase is projected by 2090 under RCP8.5amvititrease 075-250
mm PED accumulation Marlborough.

2 Meteorological droughhappens when dry weather patterns dominate an aaeal resulting rainfall is lowHydrologicatiroughtoccurs
when low water supply becomes evident, especially in streams, reservoirs, and groundwater levels, usualtyeaftended perioaf
meteorological drought
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Figure6-1: Modelled annual potential evapotranspiration deficit accumulation (mm), average over 1986
2005.Results are based on dynamical downscaled projections using NIWA's Regional Kabiheite
Resolution of projection is 5km x 5km.
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Figure6-2:  Projected annual potential evapotranspiration deficit accumulation (mm) changes by 2040 and
2090 under RCP4.5 and RCP8Relative to 1986005 arerage, 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.

Climate change projections and impacts for Marlborough 91



7 hGKSNJ OfAYIFGS OFNARIOE Sa
Modelled wind, surface solar radiation arelative humidity data have not had bias correction
processes applied as has been carried out for temperature and raisufalldo not validate welith

observations For this reason, only the futurelative change# these variables have been reported
here using the modelled climate data.

7.1 Mean wind speed

Projected mean wind speed changes (%)
Annual:
Period RCP4.5 RCP8.5
2040 +5% +5%
2090 +5% -5% to +10%
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +5% Up to +5% +5% -5% to +10%
Autumn +5% Up to +5% +5% -5% to +10%
Winter +5% -5% to +10% +5% -15% to +20%
Spring +5% +5% Upto +10% Up to +15%

This section contains maps showing future projected changeeizn wind speedruture (average
over 20312050 and 2082100) maps show the percentage changarimual and seasonalean
wind speedcompared with the historiaverage The change signal mean wind speet dueto
changes in atmospheric circulation and local variatagey. temperature)

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annuadan wind speeds small, withchanges o#5% throughout the
region Eigure7-1). Similarchangeof t5%are projected seasonallfFigure7-2). By 2090projected
change to annuaheanwind speedemainssmall ¢£5% Figure7-1). Projected seasonal changes
typically fall withint5% for the regiorfFigure7-3).

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change to anneman wind speeds very similar to that projected
for RCP4.5, witbhanges of5%(Figure7-1). Seasonal projected changes are also similar to RCP4.5,
with the exception of spring wherenancreaseof 5-10% is projectedboutMolesworth By 2090, a
stronger pdtern of change is evidentyith annual projectecchangesn mean wind speedanging

from -5% to 40% Figure7-1). Seasonal changes projectvanter and springncreasein mean wind
speed of 510%for most of Marlboroughwith projected increases df0-20% in some areasbout
Blenheim and MoleswortfFigure7-5).
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Figure7-1:  Projected annual mean wind speed changes by 2040 and 2090, under RCP4.5 and RCP8.5.
Changeselative 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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Figure7-2:  Projected seasonal mean wind speed changes by 2040 for RCHehative to 198005
average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regionéih@ate Model. Resolution of projection is 5km x 5km.
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Figure7-3:  Projected seasonal mean wind speed changes by 2090 for RCHelative to 198005
average, based on the average of six global climaidets. Results are based on dynamical downscaled
projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure7-4:  Projected seasonal mean wind speed changes by 2040 (& 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 5km x 5km.
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Figure7-5: Projected seasonal mean wind speed changes by 2090 for RCHRhative to 19862005
average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regional Clienlodel. Resolution of projection is 5km x 5km.
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7.2 Surface solar radiation

Projected surface solar radiation changes (WAm
Annual:
Period RCP4.5 RCP8.5
2040 +25 +25
2090 £25 -2.5t0 +10
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer -5.0 to +10 +10 -5.0to +10 -15 to +20
Autumn +25 -2.5t0 +5.0 +25 +5.0
Winter Up to-5.0 -10to +2.5 Up to-5.0 -10 to +5.0
Spring +25 -2.5to0 +5.0 Up to +10 -2.5to +15

This section contains maps showing future projected changariace solar radiatiosolar
radiation received at the land surfac@he solar radiatiomeaching the surface is not accurately
modelled. The changes inrface solar radiatiomeflects modded changes in clouds with a low
degree of confidence. Since surface solar radiasaleterminedby cloud coverit canalsobe
thought of as a proxy for changes in sunshidure (average over 2032050 and 20842100) maps
show the change iannual anl seasonasurface solar radiationompared with the historiaverage
and the units are watts per square metre

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annsairface solar radiatiois +2.5 W/m? throughout the region
(Figure7-6). Similarchanges are projecteduringautumn and springwith decreases of up tb
W/m? projectedin winter (Figure7-7).

By 2090projected changeto annualand seasonaHjgure7-8) surface solar radiatioare similar to
2040

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change to annsiafface solar radiatiors very similar to that
projected for RCP4.5, witthangef +2.5 W/m? throughout the regionKigure7-6). Seasonal
projected changes are also similar to RCP4.5, with the exception of sgrérg an increaseof up to
10W/m?is projectedfor some parts of the regiofFigure7-9).

By 2090, a stronger pattern of change is eviderith annual projectecchangesn surface solar
radiation ranging frona decrease of 2.5 W/ftio an increase 010 W/m? (Figure7-6). Seasonal
changes project aummerchangein surface solar radtéoon ranging froma decrease 0f5W/m?to
an increase of 20v/m? for Marlborough(Figure7-10). Winter decreases of up to 10 Wkare
projected for the southwest of the region.
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Figure7-6: Projected anual mean surface solar radiation changes by 2040 and 2090, under RCP4.5 and
RCP8.5.Changes relative to 1988005 average, based on the average of six global climate models. Results are
based on dynamical downscaled projections using NIWA's RegiognatécModel. Resolution of projection is

5km x 5km.
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Figure7-7:  Projected seasonal mean surface solar radiation changes by 2040 for RCR&lative 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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Figure7-8: Projected seasonal mean surface solar radiation changes by 2090 for RCR&lative to 1986
2005 average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regidi@imate Model. Resolution of projection is 5km x 5km.
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Figure7-9: Projected seasonal mean surface solar radiation changes by 2040 for RCR&/ative 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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Figure7-10: Projected seasonal mean surface solar radiation changes by 2090 for RCPR&Rtive to 1986
2005 average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's RegarClimate Model. Resolution of projection is 5km x 5km.
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7.3 Relative humidity

Projected relative humidity changes (%)
Annual:
Period RCP4.5 RCP8.5
2040 -2 to +1 -3to +1
2090 -3to +1 -10 to +1
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer -3to+1 -3to +1 -3to +1 -10 to +2
Autumn -2t0 +1 -3to +1 -3to +1 -10 to +2
Winter -2to+1 -3to +1 -2to+1 -10to +1
Spring -5to +1 -5to +1 Up to-5 -10 to +1

This section contains maps showing future projected changelative humidity Future (average

over 20312050 and 2082100) maps show the percentage changarnmual and seasonal mean
relative humiditycompared with the historiaverage A note about rdative humidity compared to
specific humidity:Projected decreases in relative humidity are a consequence of the higher
temperatures. The absolute water content of the air, as measured by specific humidity, increases
with time, but the temperature effectsilarger; the rate of decrease in relative humidity over New
Zealand is mostlycR% per degree increase in mean temperature. This is in line with evidence in the
recent observationgSimmonset al., 2010)in reanalysis and station data over low and mid latitudes.

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annua¢anrelative humidity is small, withdecreasef up to 2%for
mostthe region Figure7-11). Similarchanges are projected seasolyaéxcept forsummer and
springwheredecreases 02-5%are projectedwest ofMolesworth (Figure7-12).

By 2090projected change to annuateanrelative humidity remainsrelativelysmall,ranging from a
decrea® of up to 3%to an increase of up to 1¢¥igure7-11). Projected seasonalecreaseof up to
3%occur in eacheason with 3-5%deaeases projected in the far southwest of Marlborough in
spring Eigure7-13).

Representative concentration pathway (RCP) 8.5

By 2040, annuaheanrelative humidityis projectedto decrea® by up to 3%in some parts of the
region(Figure7-11). Seasonal projected changes are similar to RCP4.5, with the excejpsionng
where adecreaseof 2-3% is projectedor a much larger portion of the southern half of the region
(Figure7-14).

By 2090, annual projectetkcreases in mearelative of 3-10%are common throughout
Marlborough(Figure7-11). Seasonal changese relatively pronounced, witprojected decreasesf
3-10%commonfor most ofMarlborough(Figure7-15).
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Figure7-11. Projected annual mean relative humidity changes by 2040 and 2090, under R@R4.BRCP8.5.
Changes relative to 198805 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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Figure7-12: Projected seasonal mean relative humidity changes by 2040 for RCPRdlative to 198€005
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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Figure7-13: Projected seasonal mean relative humidity changes by 2090 for RCPRdlative to 198€005
average, based on the average of six global climate models. Results are based on dynamical downscaled
projections using NIWA's Regionah@ite Model. Resolution of projection is 5km x 5km.
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Figure7-14: Projected seasonal mean relative humidity changes by 2040 for RCPRdlative to 198€005
average, based on the average of six globaiatk 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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Figure7-15. Projected seasonal mean relative humidity chandas 2090 for RCP8.5Relative to 198&€005
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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