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Executive summary

The climate of Taranaki is 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 will result from increasing concentrations of
greenhouse gases in the atmosphere. The rate of future climate change depends on how fast
atmospheric greenhouse gas concentrations continue to increase.

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

=  The projected temperature changes increase with time and greenhouse gas
concentration pathway. Future annual average warming spans a wide range: 0.50-
1.00°C by 2040, and 1.00-1.50°C (medium greenhouse gas concentration pathway:
RCP4.5) or 2.50-3.00°C (high greenhouse gas concentration pathway: RCP8.5) by 2090.

=  Annual average maximum temperatures are expected to increase by 0.75-1.00°C by
2040 (RCP4.5). By 2090, maximum temperatures are projected to increase by 1.25-
2.00°C (RCP4.5) or 2.50-3.50°C (RCP8.5).

=  The average number of hot days is expected to increase with time and increasing
greenhouse gas concentrations. Up to 15 more hot days are projected by 2040 (RCP4.5
and RCP8.5), and up to 63 more days are projected by 2090 (RCP8.5).

=  Annual average minimum temperatures are expected to increase by up 0.50-0.75°C by
2040 (RCP4.5). By 2090, minimum temperatures are projected to increase by 1.00-
1.25°C (RCP4.5) or 2.00-3.00°C (RCP8.5).

=  The average number of frost days is expected to decrease with time and greenhouse
gas concentrations. The largest decreases are projected for high elevation and inland
locations, with up to 15 fewer frost days projected by 2040 (RCP8.5), and up to 15
(RCP4.5) or 23 (RCP8.5) fewer days by 2090.

=  Projected changes in rainfall show variability across Taranaki. Annually, rainfall is
projected to increase for most of the region under both RCP4.5 and RCP8.5. By 2090,
larger and more extensive changes to rainfall are projected at the seasonal scale. For
some parts, winter increases of 8-22% (RCP8.5) and spring decreases of up to 6%
(RCP4.5) are projected.

=  Extreme, rare rainfall events are projected to become more severe in the future. Short
duration extreme rainfall events (e.g. thunderstorms) have the largest relative
increases compared with longer duration extreme rainfall events (e.g. ex-tropical low
pressure systems).

=  Drought potential is projected to increase across Taranaki, with annual accumulated
Potential Evapotranspiration Deficit (PED) totals increasing with time and increasing
greenhouse gas concentrations. By 2040, PED totals are projected to increase by 25-90

Climate change projections and impacts for Taranaki 9



mm. By 2090, PED totals are projected to increase by 25-90 mm (RCP4.5) or 30-110
mm (RCP8.5).

The effects of climate change on hydrological characteristics were examined by driving NIWA's
national hydrological model with downscaled Global Climate Model outputs from 1971-2099 under
different greenhouse gas concentration pathways:

=  Annual average discharge is projected to remain stable or slightly increase across both
greenhouse gas concentration pathways and future time periods.

=  Mean annual low flow (MALF) magnitudes are expected to decrease across both
greenhouse gas concentration pathways and future time periods for most catchments.
A decrease in MALF of up to 50% is expected for most of the river systems in the
region with increased greenhouse gas concentration and time.

One of the most certain consequences of increasing concentrations of atmospheric 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 increased vulnerability to storms and tsunami.

=  Rising sea level has already been observed in Taranaki. Absolute sea-level rise (SLR),
calculated from satellite altimetry, shows the region is trending at an increase of
around 4 mm/year (trend for 1993-present), which is close to the New Zealand-wide
average of 4.4 mm/year (calculated up to the end of 2015).

= By 2090, sea-level rise of 0.5 m (RCP4.5) or 0.7 m (RCP8.5) is projected (relative to
1986-2005 baseline).

The following points summarise ongoing and potential future impacts of a changing climate on
different sectors and environments in Taranaki:

= A warmer atmosphere in the future is expected to result in increases to rainfall
intensity. Increased rainfall intensity can cause soil saturation issues for the
agricultural sector. It also increases the risk of flooding events which have associated
adverse impacts such as damage to infrastructure.

=  Increased risk of land degradation resulting from landslides and soil erosion.
=  Warmer winter and spring periods will allow increased seasonal pasture growth rates.

® Increased concentrations of atmospheric carbon dioxide should increase forest,
pasture, crop, and horticulture productivity, if not limited by water availability.

=  Human health will also be affected by a changing climate, for example due to the
increasing prevalence of hot conditions and heatwaves.

=  Ongoing sea-level rise is likely to increase exposure of infrastructure to extreme
coastal flooding, as well as cause habitat loss at the coastal margins where ecosystems
are not able to move further inland (coastal squeeze). Exposure is likely to increase
over time in response to higher sea levels.

10 Climate change projections and impacts for Taranaki



1 Introduction

Climate change is already affecting New Zealand and the Taranaki region with downstream effects on
our natural environment, the economy, and communities. In the coming decades, climate change is
highly likely to increasingly pose challenges to New Zealanders’ way of life.

Taranaki Regional Council (TRC) commissioned the National Institute of Water and Atmospheric
Research (NIWA) to undertake a review of climate change projections and impacts for the Taranaki
region (regional extent shown in Figure 1-1). 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 the Ministry for the Environment
(Ministry for the Environment, 2018). The contents of this technical report include analysis of climate
projections for the Taranaki region in greater detail than the national-scale analysis. Regional-scale
climate projection maps have been provided for 16 different climate and hydrological variables and
indices.

This technical report describes changes which are likely to occur over the 21° century to the climate
of the Taranaki region. 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 activities. Climatic variables discussed in this
report include temperature, rainfall, and potential evapotranspiration deficit (a measure of drought
potential). Projections for sea-level rise and river flows are also discussed. Commentary on climate
change impacts and implications for some of the different environments and sectors of Taranaki are
provided, including erosion and landslides, human and ecosystem health, and pasture growth.

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 Change (IPCC, 2013; 201443;
2014b; 2014c). Details specific to Taranaki were based on scenarios for New Zealand that were
generated by NIWA from downscaling of global climate model simulations. This effort utilised several
IPCC representative concentration pathways for the future and this was achieved through NIWA's
core-funded Regional Modelling Programme. The climate change information presented in this
report is consistent with national-scale climate change guidance produced for the Ministry for the
Environment (2018), and sea-level rise information is consistent with the coastal hazards guidance
manual published by the Ministry for the Environment (2017).

A brief introduction to global and New Zealand climate change, based on the IPCC Fifth Assessment
Report, is provided in Appendix A. Components of interannual climate variability are described in
Appendix B.

Climate change projections and impacts for Taranaki 11
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Figure 1-1: Regional and district boundaries for Taranaki. The green border about Mt Taranaki indicates
the extent of the Egmont National Park.
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2 Condensed methodology and limitations

A detailed methodology explaining the modelling approach for the climate change projections
presented for Taranaki is provided in Appendix C. This section provides a brief introduction to
representative concentration pathways (RCPs) (Section 2.1), how the maps and tabulated climate
projections are derived (Section 2.2), and limitations on the results and use of data presented in this
report (Section 2.3).

2.1 Representative concentration pathways

In this report, the downscaled results of the selected global climate models based on two RCP
scenarios (RCP4.5 and RCP8.5) are presented. The RCPs are scenarios of how greenhouse gas
concentrations and other atmosphere pollutants might change during the course of the 21st Century.
The rationale for choosing these two scenarios was to present a ‘high end’ scenario if atmospheric
greenhouse gas concentrations continue to rise at high rates (RCP8.5) and a scenario which could be
realistic if moderate global action is taken towards mitigating greenhouse gas emissions (RCP4.5).
Including all four RCP scenarios within the body of this report would make it unwieldy, but GIS
datasets for climate projections of the four RCPs were provided to the Council. For sea-level rise,
projections for all four scenarios from the Ministry for the Environment (2017) coastal guidance,
comprising RCP2.6, RCP4.5 and RCP8.5 (with a second high-end H* scenario to cover the potential for
runaway polar ice sheet instabilities), are presented in the sea-level rise and coastal impacts
assessment (Section 4).

RCP8.5 is described as a high-risk scenario, with greenhouse gas concentrations continuing to
increase at the current or an accelerated rate. Whilst global emissions are unlikely to continue
increasing at current rates to the end of the 21° century (Hausfather & Peters, 2020), the RCP8.5
projections serve the purpose of defining the upper envelope of likely futures required for high-risk
impacts. Additional unaccounted risks resulting from other mechanisms (e.g. positive feedback
loops) may result in impacts similar to those projected in the RCP8.5 scenario, even if the emissions
scenario doesn’t play out as projected. Examples of positive feedback loops include the melting of
permafrost in Arctic regions, melting ice (e.g. Arctic sea ice) and clouds. Notably, RCP8.5 most closely
resembles the total cumulative carbon dioxide emissions from 2005-2020, thus remaining RCPs
assume a level of mitigation during the 2005-2020 period that did not occur (Schwalm et al., 2020).

The RCPs inform projections which provide plausible futures under climate change. However, climate
change over the remainder of the 21 century and beyond is uncertain. This is because:

= |tis unknown how greenhouse gas concentrations will actually change over this period.
Emissions may be significantly reduced, or they may continue to increase, or they may
plateau. The two RCPs selected represent two representative choices among a wide
range of possible options.

=  Limitations in understanding of climate processes and how they are represented in the
climate models used to predict how the climate will change. There is considerable
complexity and inherent uncertainty in climate modelling (e.g. the response of the
Antarctic ice sheet to increasing temperatures resulting in increased sea level rise).

=  Uncertainty in natural climate variability.

Climate change projections and impacts for Taranaki 13



This inherent uncertainty is the basis for why projected climate changes (for the globe and for New
Zealand) are modelled based on a suite of RCPs. For risk assessments, it is best practice (e.g. as was
done for the National Climate Change Risk Assessment; Ministry for the Environment, 2020) to
consider climate change projections based on a range of RCPs, including a high concentration
pathway. The RCP8.5 projections serve the purpose of defining the upper envelope of likely futures
required for high-risk impacts.

2.2 Maps and tabulated climate projections

Downscaled climate projection data is presented as 5 km x 5 km square pixels over New Zealand.
Data were downscaled only where low-resolution cells in the climate model consisted of land
coverage and where they overlapped high-resolution cells on land. For display purposes, NIWA has
undertaken interpolation to continue the climate projections to the coast for the climate change and
historic climate maps presented in Section 3. 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 these coastal locations may go unmentioned in this report.

Climate projections are presented as a 20-year average for two future periods: 2031-2050 (termed
2040’) and 2081-2100 (termed ‘2090’). All maps show changes relative to the baseline climate of
1986-2005 (termed ‘1995’). At the start of each subsection in Section 3.1 to Section 3.4, summary
tables present an overview of the projected changes, relative to the 1995 baseline, across Taranaki.
These span the entire range of projections illustrated in the associated maps. As such, only isolated
portions of the area may observe projected changes at the lower and upper limits of the range
presented in the summary tables. The reader is referred to the maps for detailed projections, and
also referred to the limitations (Section 2.3) associated with the interpretation of these maps.

Note, the legend increments for many of the maps presented in this report are not linear. This is
necessary to encapsulate the observed spatial variability across Taranaki. Historic maps are not
provided for mean wind speed, strong wind, surface solar radiation and relative humidity as these
have not been bias-corrected, and therefore do not provide a reliable representation of the observed
magnitude of these variables.

GIS datasets for climate projections of all four RCPs were provided to TRC.

2.3 Limitations

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

=  Though only a small number of model simulations (six) were possible due to the large
computing resources required for running climate model simulations, they were very
carefully selected to cover a wide range of climate model projections.

=  The average of six models is used in this report, however data from individual models
is available for further assessment if required in the future. The six models chosen
represented historic climate conditions in New Zealand well, and span a range of
future outcomes. The climate signal is better represented by ensemble averages since
the uncertainty due to climate models and internal variability is much reduced.
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=  The time periods chosen for historic and future projection span 20-year 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 of underlying low frequency
climate variability (e.g. decadal signals from climate drivers like the Interdecadal Pacific
Oscillation etc.). However, as climate data is subject to significant trends, a short
period is more homogenous and representative. Moreover, the IPCC uses 20-year
periods, so we have followed that approach for consistency.

=  Care needs to be taken when interpreting grid-point-scale projections such as those
available in the GIS layers provided to TRC. The data have been bias-corrected,
downscaled and interpolated from the 30 km regional climate model grid to the 5 km
grid across New Zealand using physically based models and interpolation. The regional
climate model and bias correction may not accurately reproduce the role of Mt
Taranaki in blocking rainfall from the Tasman Sea, or the maritime influence of the sea
on temperature indices, for example. Therefore, the data from these grid points does
not correspond to on-the-ground observations. It is more appropriate to consider
relative patterns rather than absolute values, e.g. the magnitude of change at different
time periods and scenarios.

=  The distinctive topography of Mount Taranaki (i.e. volcanic cone, where the land area
decreases rapidly as elevation increases) is not well accounted for by the climate
model grids. Therefore, the modelled historic data (and resultantly, the projected
changes) over the mountain’s upper slopes is not an accurate representation of what
would be recorded in those parts. For example, the models will underestimate rainfall
and frost days for Mount Taranaki’s highest elevations, and modelled temperatures
will be higher than observed. Again, the reader is encouraged to consider relative
patterns of projected change, rather than absolute values.

Although there are some limitations and caveats in the approach used here, considerable effort has
been made to generate physically consistent climate change projections for Taranaki at
unprecedented temporal and spatial resolutions. A considerable research effort has also been
dedicated to validating simulated climate variables, and thus the projections provide a good basis for
risk assessments and adaptation plans.
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3 Current and future climate of Taranaki

3.1 Temperature

3.1.1 Mean temperature

Projected mean temperature changes (°C) across Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 +0.50-1.00 +0.75-1.00
2090 +1.00-1.50 +2.50-3.00
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +0.50-1.00 +1.00-1.50 +0.75-1.00 +2.00-3.50
Autumn +0.75-1.00 +1.25-1.50 +0.75-1.25 +2.50-3.50
Winter +0.50-0.75 +1.00-1.25 +0.50-1.00 +2.00-3.00
Spring +0.50-1.00 +1.00-1.50 +0.50-1.00 +2.00-3.00

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for
mean temperature are shown in 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 are on a
different colour scale to the future projection maps.

For the modelled historic period, coastal and low elevation portions of Taranaki have the highest
annual and seasonal mean temperatures whereas some areas further inland have lower mean
temperatures, particularly the higher elevations of Mount Taranaki (Figure 3-1 and Figure 3-2).

Representative concentration pathway (RCP) 4.5

By 2040, annual and seasonal mean temperatures are projected to increase by 0.50-1.00°C under
RCP4.5 (Figure 3-3 to Figure 3-4).

By 2090, annual mean temperatures are projected to increase by 1.00-1.50°C (Figure 3-3). At the
seasonal scale, projected increases to mean temperature also range from 1.00-1.50°C (Figure 3-5).
The highest projected increases by 2090 under RCP4.5 are in the range of 1.25-1.50°C, and occur
throughout Taranaki in autumn.

Representative concentration pathway (RCP) 8.5

By 2040, annual mean temperatures are projected to increase by 0.75-1.00°C (Figure 3-3). This is also
the case for majority of the region during summer and winter, while mean temperatures for most
the region are projected to increase by 1.00-1.25°C during autumn (Figure 3-6).
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By 2090, annual mean temperatures under RCP8.5 are projected to be around 2.50-3.00°C higher for
Taranaki (Figure 3-3). At the seasonal scale, projected increases to mean temperatures are generally
higher for summer and autumn (up to 3.00-3.50°C in northern areas), with the majority of the region
projected to increase by 2.50-3.00°C in winter (Figure 3-7).
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Figure 3-1: Modelled annual mean temperature, average over 1986-2005. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x S5km.
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Figure 3-2: Modelled seasonal mean temperature, 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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Figure 3-3:  Projected annual mean temperature changes by 2040 and 2090 under RCP4.5 and RCP8.5.
Relative 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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Figure 3-4: Projected seasonal mean temperature changes by 2040 under RCP4.5. Relative 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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Figure 3-5:  Projected seasonal mean temperature changes by 2090 under RCP4.5. Relative 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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Projected seasonal mean temperature changes by 2040 under RCP8.5. Relative 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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projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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3.1.2 Maximum temperature

Projected maximum temperature changes (°C) for Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 +0.75-1.00 +0.75-1.25
2090 +1.25-2.00 +2.50-3.50
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +0.75-1.25  +1.25-2.00 +0.75-1.25  +2.50-3.50
Autumn +0.75-1.25 +1.25-2.00 +1.00-1.50 +2.50-4.00
Winter +0.50-1.00 +1.00-1.50 +0.50-1.25 +2.00-3.50
Spring +0.50-1.00 +1.00-2.00 +0.75-1.25 +2.00-3.50

Maximum temperatures are generally recorded in the afternoon hours of the day, and therefore are
known as day-time temperatures. Historic (average over 1986-2005) and future (average over 2031-
2050 and 2081-2100) maps for mean maximum temperature are shown in this section. The historic
maps show annual and seasonal mean maximum temperature in units of degrees Celsius (°C) and the
future projection maps show the change in mean maximum 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, annual mean maximum temperatures of 16-18°C are common in Taranaki
(Figure 3-8). Summer mean maximum temperatures of 20-23°C are typical in the region, while
autumn mean maximum temperatures are approximately 2°C higher than in spring.

Representative concentration pathway (RCP) 4.5

By 2040, annual mean maximum temperatures are projected to increase by 0.75-1.00°C under
RCP4.5 (Figure 3-10). At the seasonal scale, winter and spring maximum temperatures are projected
to increase by 0.50-1.00°C, while increases for summer and autumn range from 0.75-1.25°C (Figure
3-11).

By 2090, projected changes to annual mean maximum temperatures are higher than 2040, with
increases of 1.25-2.00°C for the region (Figure 3-10). Summer and autumn maximum temperatures
are projected to increase by 1.25-2.00°C, while winter is projected to have maximum temperature
increases ranging from 1.00-1.50°C.

Representative concentration pathway (RCP) 8.5

By 2040, annual mean maximum temperatures are projected to increase by 0.75-1.25°C under
RCP8.5 (Figure 3-10). At the seasonal scale, autumn maximum temperatures are projected to
increase by 1.00-1.50°C with projected increases of 0.75-1.25°C in summer and spring (Figure 3-13).
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By 2090, projected increases to maximum temperatures are considerable, and much greater than
under RCP4.5, with annual increases of 2.50-3.50°C projected for Taranaki (Figure 3-10). At the
seasonal scale, autumn maximum temperatures are projected to increase by the most across the
region, with increases of 2.50-4.00°C (Figure 3-14). The smallest increases (although still
considerable) are projected around New Plymouth in winter, and southern parts of the region in

spring, with projected increases of 2.00-2.50°C.
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Figure 3-8: Modelled annual mean maximum temperature, 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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Figure 3-9: Modelled seasonal mean maximum temperature, average over 1986-2005. Results are based on
dynamical downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x
5km.

26 Climate change projections and impacts for Taranaki



RCP 4.5

RCP 8.5

2031-2050

2081-2100

0

110 20

Kilometers

10 20 30

Kilometers

0 10 20

30

Kilometers

10 20

Kilometers

@/’ Taihoro Nukurangi

Annual Mean Maximum Temperature

Projected change relative to 1986-2005 baseline

Increase
in °C
3.5

3.0

2.5

g 2.0
S 1.5
—1.25
—1.0

—0.75

Figure 3-10: Projected annual mean maximum temperature changes by 2040 and 2090 under RCP4.5 and

RCP8.5. Relative 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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Figure 3-11: Projected seasonal mean maximum temperature changes by 2040 under RCP4.5. Relative 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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Figure 3-12: Projected seasonal mean maximum temperature changes by 2090 under RCP4.5. Relative 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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Figure 3-13: Projected seasonal mean maximum temperature changes by 2040 under RCP8.5. Relative 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.

30 Climate change projections and impacts for Taranaki



Summer s [[Autumn

0 10 20 30 0 10 20 30

Kilometers Kilometers

Winter Spring

Increase
in °C
4.0
35
3.0

2.5

10

0 20

20 30

10

Kilometers Kilometers 2 : 0
N NIwA Seasonal Mean Maximum Temperature
j’ Tahoro Nukurangi Projected change by 2081-2100 (from 1986-2005) | RCP: 8.5

Figure 3-14: Projected seasonal mean maximum temperature changes by 2090 under RCP8.5. Relative 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 S5km.
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3.1.3 Minimum temperature

Projected minimum temperature changes (°C) for Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 +0.50-0.75 +0.50-1.00
2090 +1.00-1.25 +2.00-3.00
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +0.50-1.00 +0.75-1.50 +0.50-1.00  +2.00-3.50
Autumn +0.50-1.00 +1.00-1.25 +0.75-1.00  +2.00-3.00
Winter +0.50-0.75 +0.75-1.25 +0.50-1.00 +2.00-2.50
Spring +0.50-0.75 +0.75-1.25 +0.50-0.75 +1.50-2.50

Minimum temperatures are generally recorded in the early hours of the morning, and therefore are
known as night-time temperatures. Historic (average over 1986-2005) and future (average over
2031-2050 and 2081-2100) maps for mean minimum temperature are shown in this section. 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 historic maps are on a different colour scale to the future
projection maps.

For the historic period, coastal portions of Taranaki have the highest annual and seasonal mean
minimum temperatures (8-10°C at the annual scale; Figure 3-15).Winter mean minimum
temperatures between 1-4°C are observed for some inland and high elevation parts of Taranaki
(Figure 3-16).

Representative concentration pathway (RCP) 4.5

By 2040, annual mean minimum temperatures are projected to increase by 0.50-0.75°C under
RCPA4.5 (Figure 3-17). Mean minimum temperatures are projected to increase by 0.50-1.00°C in
summer and autumn, and 0.50-0.75°C in winter and spring (Figure 3-18).

By 2090, increases to annual mean minimum temperatures of 1.00-1.25°C are projected for Taranaki
(Figure 3-17). Winter and spring minimum temperatures are projected to increase by 0.75-1.25°C,
while summer is projected to have minimum temperature increases ranging from 0.75-1.50°C (Figure
3-19).

Representative concentration pathway (RCP) 8.5

By 2040, annual mean minimum temperatures are projected to increase by 0.50-1.00°C under
RCP8.5 in Taranaki (Figure 3-17). At the seasonal scale, projected increases are similar to RCP4.5 by
2040, with summer and winter minimum temperatures projected to increase by 0.50-1.00°C for the
region (Figure 3-20).
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By 2090, projected increases to minimum temperatures are greater than under RCP4.5, with annual
increases of 2.00-3.00°C projected for Taranaki (Figure 3-17). At the seasonal scale, summer and
autumn minimum temperatures are projected to increase the most compared with the other
seasons, with increases of 3.00-3.50°C projected for northernmost parts of Taranaki (Figure 3-21).

Increases of 1.50-2.50°C are projected for spring.
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Figure 3-15: Modelled annual mean minimum temperature, 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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Figure 3-17: Projected annual mean minimum temperature changes by 2040 and 2090 under RCP4.5 and
RCP8.5. Relative 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.

Annual Mean Minimum Temperature
Projected change relative to 1986-2005 baseline

Climate change projections and impacts for Taranaki

35



Summer

0 10 20 30

Kilometers

Autumn

0 10 20 30

Kilometers

Winter

0 10 20

30

Kilometers

Spring

10 20

Kilometers

)> NIWA
/’ Taihoro Nukurangi

Seasonal Mean Minimum Temperature

Projected change by 2031-2050 (from 1986-2005) | RCP: 4.5

Increase
in °C

1.0

0.75

0.5

Figure 3-18: Projected seasonal mean minimum temperature changes by 2040 under RCP4.5. Relative 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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Figure 3-19: Projected seasonal mean minimum temperature changes by 2090 under RCP4.5. Relative 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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Figure 3-20: Projected seasonal mean minimum temperature changes by 2040 under RCP8.5. Relative 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 S5km.
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Figure 3-21: Projected seasonal mean minimum temperature changes by 2090 under RCP8.5. Relative 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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3.1.4 Diurnal temperature range

Projected diurnal temperature range changes (°C) for Taranaki region

Annual:

Period RCP4.5 RCP8.5

2040 Up to 40.5 Up to +0.5
2090 Up to +0.5 Up to +1.0

Diurnal temperature range is the difference between the daily maximum temperature and the daily
minimum temperature. In New Zealand, diurnal temperature ranges are largest in dry inland areas
such as Central Otago, and smallest in humid coastal areas including Wellington and the West Coast.
Diurnal temperature range may change over time due to land use change, cloud cover, urban heat
effects, and greenhouse gases.

Present-day (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for
diurnal temperature range are shown in this section. The present-day maps show annual average
diurnal temperature range and the future projection maps show the change in diurnal temperature
range compared with present. Note that the present-day maps are on a different colour scale to the
future projection maps. Units are degrees Celsius (°C).

The historic diurnal temperature range is highest at southern, eastern and inland locations, and
lowest about western and northern areas (Figure 3-22). The annual diurnal temperature range varies
from 9-10°C about eastern areas of the Stratford and South Taranaki Districts, to 7-8°C for western-
most areas of each District.

Representative concentration pathway (RCP) 4.5

By 2040 and 2090, increases in diurnal temperature range of up to 0.50°C are projected throughout
Taranaki (Figure 3-23). Greatest increases of 0.25-0.50°C are projected for the majority of the region
by 2090.

Representative concentration pathway (RCP) 8.5

By 2040, increases in diurnal temperature range of up to 0.50°C are projected throughout Taranaki
(Figure 3-23). By 2090, diurnal temperature range increases of up to 1.00°C are projected for the
region, with largest increases of 0.75-1.00°C for inland areas around and to the east of Stratford and
Eltham.

The projected increases in diurnal temperature range (under both RCP4.5 and RCP8.5) are due to
higher projected increases in maximum temperatures compared to minimum temperatures. Further
research is needed to establish the robustness of these differences in projected maximum and
minimum temperatures, and the consequent effect on diurnal temperature range (MFE, 2018).
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Figure 3-22: Modelled annual diurnal temperature range (Tmax minus Tmin), 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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Figure 3-23: Projected annual diurnal temperature range (Tmax minus Tmin) changes at 2040 (2031-2050
average) and 2090 (2081-2100) for RCP4.5 and RCP8.5. Relative to 1986-2005 average, based on the average
of six global climate models. Results are based on dynamical downscaled projections. Resolution of projection

is 5km x 5km.
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3.1.5 Frost days

Projected frost day changes (days) for Taranaki region

Annual:

Period RCP4.5 RCP8.5

2040 Up to 10 fewer  Up to 15 fewer
2090 Up to 15 fewer  Upto 23 fewer

A frost day is defined in this report when the modelled daily minimum temperature is equal to or
lower than 0°C. This is purely a temperature-derived metric for assessing the potential for frosts over
the 5 km x 5 km climate model grid. Frost conditions are influenced at the local scale (i.e. finer scale
than 5 km x 5 km) by temperature, topography, wind, and humidity, so the results presented in this
section can be considered as the large-scale temperature conditions conducive to frosts. Note also
that the topography of Mt Taranaki’s highest elevations is not well accounted for by the climate
model grid. As a result, the modelled annual number of frost days over the mountain’s upper slopes
is not an accurate representation of what would be recorded in those parts.

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) 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 days compared 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, frost days are uncommon for coastal portions of Taranaki from
Opunake to Waitara (Figure 3-24). Inland and mountainous parts of the region have the highest
number of frost days, with 5-20 days per year typical for many central and southern parts of the
region.

Representative concentration pathway (RCP) 4.5

By 2040, decreases to frost days are projected throughout Taranaki (Figure 3-25), with highest
decreases of 2-10 days projected for inland parts of the region.

By 2090, decreases of up to 15 frost days are projected for the region. Decreases of 2-5 days are
common for southern and eastern parts of Taranaki (Figure 3-25).

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change under RCP8.5 is very similar to that projected for the same
time period under RCP4.5 (Figure 3-25).

By 2090, decreases of up to 23 frost days are projected for Taranaki (Figure 3-25). This would result
in frosts becoming an uncommon occurrence for most areas of Taranaki. Decreases of 5-10 days are
common for southern and eastern parts of the region.
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Figure 3-24: Modelled annual number of frost days (daily minimum temperature <0°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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Figure 3-25: Projected annual number of frost days (daily minimum temperature <0°C) changes by 2040 and
2090 under RCP4.5 and RCP8.5. Relative 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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3.1.6 Hot days

Projected hot day changes for Taranaki region

Annual:
Period RCP4.5 RCP8.5
2040 Up to 15 more Up to 15 more
2090 Up to 30 more Up to 63 more

In this report, a hot day is considered to occur when the maximum temperature is 25°C or higher.
Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for hot
days are shown in this section. The historic maps show the annual average number of hot days and
the future projection maps show the change in the number of hot days compared with the historic
average. Note that the historic maps are on a different colour scale to the future projection maps.

For the historic period, hot days occur most regularly about southern, inland and northern parts of
Taranaki. Here, the annual number of hot days averages 10-15 days per year, with isolated areas
about Urenui and east of Waverley averaging 15-30 days per year (Figure 3-26). Other coastal and
low elevation areas typically observe 5-10 hot days per year. Hot days are uncommon in the elevated
terrain around Mount Taranaki.

Representative concentration pathway (RCP) 4.5

By 2040, increases to hot days are projected throughout Taranaki (Figure 3-27), with increases of 5-
10 days projected for most of the region. Highest increases of 10-15 days are projected for isolated
inland areas and near Urenui.

By 2090, increases of 10-20 hot days are projected for most of the region. Smaller increases of 5-10
hot days are projected for some inland areas near Mount Taranaki including Kaponga, Stratford and
Midhurst (Figure 3-27).

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change under RCP8.5 is similar to that projected for the same time
period under RCP4.5. The main difference is a more widespread projected increase of 10-15 hot
days, including about New Plymouth, Patea and Waverley (Figure 3-27).

By 2090, considerable increases of up to 63 hot days are projected for Taranaki (Figure 3-27). Largest
increases of 50-63 days are projected for coastal areas of New Plymouth District, and eastern parts of
the Stratford and South Taranaki Districts. This is the equivalent of approximately 7-9 additional
weeks of hot days compared to the historic climate. For coastal areas about Rahotu and Opunaki, an
additional 30-40 annual hot days are projected.
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Figure 3-26: Modelled annual number of hot days (days with maximum temperature 225°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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Figure 3-27: Projected annual hot day (days with maximum temperature 225°C) changes by 2040 and 2090,
under RCP4.5 and RCP8.5. Changes relative 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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3.1.7 Growing degree days

Projected growing degree day (base 10°C) changes for Taranaki region

Annual:
Period RCP4.5 RCP8.5
2040 +90-300 +90-300
2090 +90-450 +450-950

Growing degree-days (GDD) express the sum of daily temperatures above a selected base
temperature (e.g. 10°C) that represent a threshold for plant growth. The average amount of growing
degree-days in a location may influence the choice of crops to grow, as different species have
different temperature thresholds for survival. The daily GDD total is the amount the daily average
temperature exceeds the threshold value (e.g. 10°C) per day. For example, a daily average
temperature of 18°C would have a GDD base 10°C value of 8. The daily GDD values are accumulated
over the period 1 July to 30 June to calculate an annual GDD value.

Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) maps for
GDD are shown in this section. The historic maps show annual average GDD and the future
projection maps show the change in GDD compared with the historic average. Note that the historic
maps are on a different colour scale to the future projection maps.

The number of historic growing degree-days follows a similar spatial pattern to mean temperature,
with the highest number along the coastal and low elevation areas (1100-1550 GDD), and the lowest
number of 190-800 GDD about Mount Taranaki (Figure 3-28). GDD about Kaponga, Stratford and
Midhurst (800-1000 GDD) are relatively low compared to much of Taranaki.

Representative concentration pathway (RCP) 4.5

By 2040, increases to GDD are projected throughout Taranaki (Figure 3-29), with increases of 200-
250 GDD projected for most of the region.

By 2090, increases of 90-450 GDD are projected for Taranaki. Largest increases of 350-450 GDD are
projected for most of New Plymouth District, Stratford District east of Stratford, and coastal areas
west of Hawera (Figure 3-29).

Representative concentration pathway (RCP) 8.5

By 2040, increases of 90-300 GDD are projected for Taranaki. Largest increases of 250-300 GDD are
projected for most of New Plymouth District, and coastal areas west of Hawera (Figure 3-29).

By 2090, considerable increases of 450-900 GDD are projected for Taranaki (Figure 3-29). The largest
increases of 900-950 GDD are projected for coastal areas north of Mount Taranaki. The increase in
GDD will likely influence the types of crops that can be grown at a location, and harvesting times 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
Taranaki may shift to an earlier time in the season.
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Figure 3-28: Median annual Growing Degree-Days (GDD) base 10°C. Results are based on dynamical
downscaled projections using NIWA's Regional Climate Model. Resolution of projection is 5km x 5km.
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Figure 3-29: Projected increase in number of growing degree days per year (base 10°C) at 2040 (2031-2050)
and 2090 (2081-2100) for RCP4.5 (left panels) and RCP8.5 (right panels). Projected change is relative to 1986-
2005. Results are based on dynamically downscaled projections and show the average of six global climate

models. Resolution of projection is 5km x 5km.
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3.2 Rainfall

3.2.1 Rainfall totals

Projected rainfall total changes (%) for Taranaki region

Annual:
Period RCP4.5 RCP8.5
2040 -2% to +4% Up to +8%
2090 Up to +8% Upto +12%
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer + 4% -2% to +8% -2% to +8% -4% to +12%

Autumn -6% to +2% -2% to +8% -2% to +8% -6% to +8%
Winter -2% to +8% +2-12% +2-12% +8-22%

Spring Up to +8% Up to -6% -4% to +2% -4% to +8%

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 year or season (average over 1986-2005) and
future (average over 2031-2050 and 2081-2100) 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 higher
elevations near Mount Taranaki, and northeast of Inglewood, with 2000-3000 mm/year (Figure 3-30).
For higher elevations of Mount Taranaki, annual rainfall totals of 3000-6500 mm are recorded. The
lowest annual rainfall totals are recorded in coastal areas about and south of Manaia, with 1000-
1200 mm/year. Summer is typically the driest season, and winter is usually the wettest season
(Figure 3-31).

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annual rainfall ranges from -2% to +4% throughout the region (Figure
3-32). Greater changes are projected seasonally, with decreases of 2-6% projected for inland parts in
autumn, and increases of up to 8% projected for Taranaki in winter (Figure 3-33).

By 2090, Taranaki is projected to experience increased rainfall of up to 8% (Figure 3-32). Again, there
are more noticeable changes projected at the seasonal scale (Figure 3-34). Increases of 4-8% are
projected for most of the region in winter, whilst decreases of up to 6% are projecte in spring.

Representative concentration pathway (RCP) 8.5

By 2040, Taranaki is projected to experience increased annual rainfall of up to 8% (Figure 3-32).
Increases of 2-12% are projected for winter, while a decrease of up to 4% is projected for northern
and inland parts of Taranaki in spring.
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By 2090, a stronger pattern of change is evident, especially seasonally. At the annual timeframe,
rainfall is projected to increase by up to 12% (Figure 3-32). Seasonal changes project a winter
increase of 8-22% for Taranaki (Figure 3-36). Rainfall increases of 2-8% are projected for southern
parts in summer, and northern parts in autumn. Spring sees a projected decrease in rainfall of 2-4%
for much of the Stratford District.
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Figure 3-30: Modelled annual rainfall (mm), 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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Figure 3-31: Modelled seasonal rainfall (mm), 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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Figure 3-32: Projected annual rainfall changes (%). Relative 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 S5km.
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Figure 3-33: Projected seasonal rainfall changes (%) by 2040 for RCP4.5. Relative 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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Figure 3-34: Projected seasonal rainfall changes (%) by 2090 for RCP4.5. Relative 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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Figure 3-35: Projected seasonal rainfall changes (%) by 2040 for RCP8.5. Relative 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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Figure 3-36: Projected seasonal rainfall changes (%) by 2090 for RCP8.5. Relative 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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3.2.2 Drydays

Projected dry day changes (days) for Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 +1-8 +1-8
2090 +1-12 +2-17
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer +1-3 -1to +2 +1-3 +1-5
Autumn -1to+3 +1-4 -1to +2 +1-5
Winter -1to +2 +2 -2to+1 +3
Spring -1to +2 +1-4 -l1to +4 +2-7

A dry day considered here is when less than 1 mm of rainfall is recorded over a 24-hour period.
Historic (average over 1986-2005) and future (average over 2031-2050 and 2081-2100) 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 compared with 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 southern parts of Taranaki about
Patea and Waverley (220-235 days per year; Figure 3-37). Many remaining areas of Taranaki average
around 200-220 dry days per year. Fewer annual dry days are generally recorded as proximity to
Mount Taranaki increases, with places such as Stratford, Eltham and Kaponga averaging 180-200 dry
days per year. There is a notable seasonality in distribution of dry days throughout Taranaki, where
winter and spring typically average approximately 10 fewer dry days compared to summer and
autumn (Figure 3-38).

Representative concentration pathway (RCP) 4.5

By 2040, annual increases of 1-8 days are projected for Taranaki (Figure 3-39). Seasonal changes
ranging from -1 to +2 days are projected in winter and spring.

By 2090, annual increases of 1-12 dry days are projected for the region (Figure 3-39). An increase of
1-4 days in autumn and spring is projected for the region (Figure 3-41), with little change (1 day)
projected for the majority of Taranaki in winter.

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of annual change under RCP8.5 is similar to that projected for the
same time period under RCP4.5 (Figure 3-39). This is also the case seasonally, with the main
difference being a projected increase of 1-4 dry days in spring for much of the region (Figure 3-42).

By 2090, increases of 2-17 dry days per year are projected for Taranaki (Figure 3-39). Projected
patterns of seasonal change show increases throughout the region in summer, autumn and spring.
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Greatest increases of 4-7 dry days are projected for large parts of Taranaki in spring. Little change (+1
day) is projected for most of Taranaki in winter, although decreases of 1-3 dry days are projected for
coastal parts of New Plymouth District.
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Figure 3-37: Modelled annual number of dry days (daily rainfall <lmm), 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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Figure 3-38: Modelled seasonal number of dry days (daily rainfall <lmm), 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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Figure 3-39: Projected annual number of dry day (daily rainfall <imm) changes by 2040 and 2090, under
RCPA4.5 and RCP8.5. Changes relative 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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Figure 3-40: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2040 for RCP4.5.
Relative 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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Figure 3-41: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2090 for RCP4.5.
Relative 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
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Figure 3-42: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2040 for RCP8.5.
Relative 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

Skm.
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Figure 3-43: Projected seasonal number of dry day (daily rainfall <lmm) changes by 2090 for RCP8.5.
Relative 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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3.2.3 Extreme, rare rainfall events

Projected extreme, rare rainfall event changes in Taranaki (average of the 4 selected sites)
50-year return period rainfalls:
RCP4.5 RCP8.5
Rainfall duration 2040 2090 2040 2090
1-hour +10% +16% +11% +35%
6-hours +9% +14% +10% +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 (e.g. 1-in-100-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 probability distributions 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 exceeded in any
one year (also known as the Average Recurrence Interval, ARI). For example, a 1-in-10-year rainfall
event has a 1/10 = 0.1 ARI or 10% chance of being exceeded in any one year, and a 1-in-100-year
rainfall event has a 1/100 = 0.01 ARI or 1% chance of being exceeded in any one year. However, this
does not mean that a 1-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 20-year
period in which they are defined. For instance, if extreme heavy rainfall events become a lot more
frequent under climate change, then the 1-in-50-year rainfall event for 2040 (defined as the 2031-
2050 period) will be less extreme than the 1-in-50-year rainfall event for 2040 if it was defined as the
2011-2070 period. This is because the average of the latter period would be dominated by the more
frequent heavy rain events during the 2050s and 2060s. The events with larger return periods (i.e. 1-
in-100-year events) have larger rainfall amounts for the same duration as events with smaller return
periods (i.e. 1-in-2-year events) because larger events occur less frequently (on average).

NIWA'’s High Intensity Rainfall Design System (HIRDS version 4) allows rainfall event totals (depth;
measured in mm) at various recurrence intervals to be calculated for any location in New Zealand
(Carey-Smith et al., 2018). The rainfall event durations presented in HIRDS range from 10 minutes to
120 hours (5 days). HIRDS calculates historic rainfall event totals for given recurrence intervals as well
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 across New 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 accessed at https://hirds.niwa.co.nz/,
and more background information to the HIRDS methodology can be found at
https://niwa.co.nz/information-services/hirds/help.
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HIRDS rainfall projections for selected sites in the Taranaki region are presented in this section. For
each site there are two tables; the first table presents data for 1-in-50-year rainfall events, and the
second table presents data for 1-in-100-year rainfall events, with each of these tables listing the
modelled historical and projected rainfall depths for one to 48-hour rain events. The results for New
Plymouth, Stratford, Opunake and Waverley are presented in Table 3-1 to Table 3-8.

For each of the selected locations, rainfall depths are projected to increase across all the future
scenarios, and both return periods. For example, Table 3-1 shows that the projected rainfall depth
for a 12-hour rainfall event at New Plymouth (50-year ARI) is projected to increase under RCP4.5
from 133 mm (historical depth) to 143 mm by 2040, and 149 mm by 2090. Under RCP8.5 and for the
same rainfall event duration, the projected amounts are 144 mm by 2040, and 167 mm by 2090,
which indicate a 11 mm and 34 mm rise respectively compared with historical depth.

Table 3-1: Modelled historical and projected rainfall depths (mm) for New Plymouth for different event
durations with a 50-year return period (0.02 ARI) Source: HIRDS v4. Location selected: -39.071, 174.082
(WGSs84).

Projected depth (mm)

Rainfall Historical

event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration (mm)

RCP4.5 RCP8.5 RCP4.5 RCP8.5

1-hour 53.1 58.4 59.2 61.8 71.6

6-hour 105 114 115 119 136
12-hour 133 143 144 149 167
24-hour 166 176 178 183 202
48-hour 204 215 217 222 243

Table 3-2: Modelled historical and projected rainfall depths (mm) for New Plymouth for different event
durations with a 100-year return period (0.01 ARI) Source: HIRDS v4. Location selected: -39.071, 174.082
(WGSs84).

Projected depth (mm)

Rainfall Historical

event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration (mm)

RCP4.5 RCP8.5 RCP4.5 RCP8.5

1-hour 60.3 66.4 67.3 70.3 81.5

6-hour 119 130 131 136 155
12-hour 151 163 164 170 191
24-hour 189 201 203 208 231
48-hour 232 245 247 253 277
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Table 3-3:  Modelled historical and projected rainfall depths (mm) for Stratford for different event
durations with a 50-year return period (0.02 ARI) Source: HIRDS v4. Location selected: -39.337, 174.305
(WGS84).

Projected depth (mm)

Rainfall Historical
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCPS.5
1-hour 50.3 55.3 56.0 58.5 67.8
6-hour 113 123 124 129 146
12-hour 154 164 166 171 192
24-hour 203 216 217 224 247
48-hour 264 278 280 287 314

Table 3-4:  Modelled historical and projected rainfall depths (mm) for Stratford for different event
durations with a 100-year return period (0.01 ARI) Source: HIRDS v4. Location selected: -39.337, 174.305
(WGS84).

Projected depth (mm)

Rainfall Historical
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCPS.5
1-hour 57.1 62.8 63.7 66.5 77.1
6-hour 128 139 140 146 166
12-hour 173 186 187 194 218
24-hour 229 244 246 253 280
48-hour 297 314 316 324 355

Table 3-5:  Modelled historical and projected rainfall depths (mm) for Opunake for different event
durations with a 50-year return period (0.02 ARI) Source: HIRDS v4. Location selected: -39.450, 173.850
(WGS84).

Projected depth (mm)

Rainfall Historical
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCPS.5
1-hour 449 49.4 50.0 52.2 60.5
6-hour 93.0 101 102 106 120
12-hour 119 127 129 133 149
24-hour 147 156 158 162 179
48-hour 177 187 188 193 211
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Table 3-6:

Modelled historical and projected rainfall depths (mm) for Opunake for different event

durations with a 100-year return period (0.01 ARI) Source: HIRDS v4. Location selected: -39.450, 173.850

(WGSs4).
Rainfall Historical Projected depth (mm)
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 50.8 55.9 56.6 59.1 68.6
6-hour 105 114 115 120 136
12-hour 134 144 145 150 169
24-hour 166 177 178 183 203
48-hour 200 211 212 218 236
Table 3-7:  Modelled historical and projected rainfall depths (mm) for Waverley for different event
durations with a 50-year return period (0.02 ARI) Source: HIRDS v4. Location selected: -39.764, 174.629
(WGSs84).
Rainfall Historical Projected depth (mm)
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 37.7 41.5 42.0 43.9 50.8
6-hour 73.1 79.2 80.1 83.1 94.4
12-hour 93.5 100 101 105 117
24-hour 119 126 127 131 144
48-hour 149 158 159 163 178
Table 3-8:  Modelled historical and projected rainfall depths (mm) for Waverley for different event
durations with a 100-year return period (0.01 ARI) Source: HIRDS v4. Location selected: -39.764, 174.629
(WGSs84).
Rainfall Historical Projected depth (mm)
event depth Mid-century average (2031-2050) Late-century average (2081-2100)
duration  (mm) RCP4.5 RCP8.5 RCP4.5 RCP8.5
1-hour 43.1 47.4 48.1 50.2 58.2
6-hour 82.9 90.0 91.0 94.4 108
12-hour 106 114 115 119 133
24-hour 134 142 144 148 164
48-hour 168 177 179 183 200
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3.3 Drought

3.3.1 Potential evapotranspiration deficit

Projected potential evapotranspiration deficit accumulation changes (mm) for Taranaki region

Annual:
Period RCP4.5 RCP8.5
2040 +25-90 +25-90
2090 +25-90 +30-110

The measure of meteorological drought? that is used in this section is ‘potential evapotranspiration
deficit’ (PED). Evapotranspiration is the process where water held in the soil is gradually released to
the atmosphere through a combination of direct evaporation and transpiration from plants. As the
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 moisture-constrained and evapotranspiration can no longer meet
atmospheric demand.

The difference between this demand (evapotranspiration) and the actual evapotranspiration is
defined as the ‘potential evapotranspiration deficit’ (PED). In practice, PED represents the total
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 demand is not 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 available water capacity (AWC), where an AWC of 150 mm for silty-
loamy soils is consistent with estimates in previous studies (e.g. Mullan et al., 2005). PED, in units of
mm, can be thought of as the amount of missing rainfall needed in order to keep pastures growing at
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 period, the highest PED accumulation is experienced in coastal areas about
and south of Manaia (150-200 mm). For remaining areas of Taranaki, annual PED totals of 50-150
mm are common, although lower totals of 30-50 mm are observed near New Plymouth and
Stratford. Low annual PED totals of 10-30 mm are observed about and immediately north of Mount
Taranaki (Figure 3-44).

For all future scenarios, annual PED accumulation is projected to increase throughout the region
(Figure 3-45). The greatest increase is projected by 2090 under RCP8.5, with an increase of 30-110
mm PED accumulation in Taranaki.

1 Meteorological drought happens when dry weather patterns dominate an area and resulting rainfall is low. Hydrological drought occurs
when low water supply becomes evident, especially in streams, reservoirs, and groundwater levels, usually after an extended period of
meteorological drought.
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Figure 3-44: Modelled annual potential evapotranspiration deficit accumulation (mm), 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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Figure 3-45: Projected annual potential evapotranspiration deficit accumulation (mm) changes by 2040 and
2090 under RCP4.5 and RCP8.5. Relative 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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3.4 Other climate variables

3.4.1 Mean wind speed

Projected mean wind speed changes (%) for Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 -2% to +1% -1% to +2%
2090 +1% -3% to +2%
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer Upto-3% -2% to +1% -1% to +6% -3% to-9%
Autumn Up to -3% Up to +2% Upto-2% -3% to -6%
Winter +2% -1% to +6% +2% +2% to +9%
Spring Up to +2% -2% to +1% +1% to +6% Up to +6%

This section contains maps showing future projected change in mean wind speed. Future (average
over 2031-2050 and 2081-2100) maps show the percentage change in annual and seasonal mean
wind speed compared with the historic average. The change signal in mean wind speed is due to
changes in atmospheric circulation and local variables (e.g. temperature).

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annual mean wind speed is small, with changes of -2% to +1%
throughout the region (Figure 3-46). Seasonal changes are slightly more pronounced, with increases
of up to 2% projected in spring, and decreases of up to 3% in summer and autumn (Figure 3-47).

By 2090, projected change to annual mean wind speed remains small (-1% to +2%; Figure 3-46).
Seasonal changes are more notable, particularly in spring, with increases of 2-6% projected for
eastern parts of the Stratford and South Taranaki Districts in winter (Figure 3-48).

Representative concentration pathway (RCP) 8.5

By 2040, the projected pattern of change to annual mean wind speed is very similar to that projected
for RCP4.5, with changes of +1% (Figure 3-46). Seasonal projected changes differ to RCP4.5, with a
summer decrease of 1-6% projected, and a spring increase of 2-6% east of Mount Taranaki (Figure 3-
49).

By 2090, a stronger pattern of change is evident. Annual projected changes in mean wind speed
ranging from -3% to +2% (Figure 3-46). Seasonal changes project a winter and spring increase in
mean wind speed of 1-6% for most of Taranaki, with projected decreases of 3-6% in autumn and 3-
9% in summer (Figure 3-50).
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Figure 3-46: Projected annual mean wind speed changes by 2040 and 2090, under RCP4.5 and RCP8.5.
Changes relative 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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Figure 3-47: Projected seasonal mean wind speed changes by 2040 for RCP4.5. Relative 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.

Climate change projections and impacts for Taranaki

77



Summer

0 10 20 lo 10 20

Kilometers Kilometers

Winter Spring

in %
6
3
2
— 1
— 0
— -1
0 10 20 30 0 10 20
Kilometers Kilometers s _2
N NIWA Seasonal Mean Wind Speed
/’ Taiharo Nukurangi Projected change by 2081-2100 (from 1986-2005) | RCP: 4.5

Figure 3-48: Projected seasonal mean wind speed changes by 2090 for RCP4.5. Relative 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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Figure 3-49: Projected seasonal mean wind speed changes by 2040 for RCP8.5. Relative 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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Figure 3-50: Projected seasonal mean wind speed changes by 2090 for RCP8.5. Relative 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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3.4.2 Strong wind (99t percentile of mean wind speed)

Projected 99" percentile daily mean wind speed changes (%) for Taranaki region

Annual:
Period RCP4.5 RCP8.5
2040 +2% to +1% Up to -2%
2090 +1% +2% to +1%

Strong wind is considered here as the 99" percentile of daily mean wind speeds. This equates to the
wind speed that is exceeded by the top 1% of daily mean winds recorded, i.e. the wind speed
exceeded by about the top three windiest days each year.

For all future scenarios, projected changes to strong winds throughout Taranaki are relatively small,
ranging from -2% to +1% (Figure 3-51).
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Figure 3-51: Projected annual 99" percentile daily mean wind speed changes (%) by 2040 and 2090 under
RCP4.5 and RCP8.5. Relative 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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3.4.3 Surface solar radiation

Projected surface solar radiation changes (%) for Taranaki region
Annual:
Period RCP4.5 RCP8.5
2040 +1% -1% to +2%
2090 +1% 2%
Seasonal:
RCP4.5 RCP8.5
2040 2090 2040 2090
Summer -1% to +4% -4% to +1% -2% to +4% +4%
Autumn Upto +2% +1-4% +1% +1%
Winter Upto -2% Up to -4% Up to -4% Up to -6%
Spring Up to -4% -1% to +4% +1-6% -2% to +7%

This section contains maps showing future projected change in surface solar radiation (solar
radiation received at the land surface). The solar radiation reaching the surface is not accurately
modelled as the changes presented here reflect modelled changes in clouds which have a low degree
of confidence. However, these results are useful to provide an indication of direction of change in
solar radiation for Taranaki. Since surface solar radiation is determined by cloud cover, it can also be
thought of as a proxy for changes in sunshine. Future (average over 2031-2050 and 2081-2100) maps
show the change (in %) in annual and seasonal surface solar radiation compared with the historic
average.

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annual surface solar radiation is £ 1% throughout Taranaki (Figure 3-
52). Projected changes are slightly more amplified seasonally, with decreases of up to 4% projected
in spring, and summer increases of 2-4% in a large area about New Plymouth (Figure 3-53).

By 2090, projected changes to annual surface solar radiation (Figure 3-52) are similar to 2040.
Projected changes for summer and winter of up to -4% are common, with autumn and spring
increases of 1-4% projected for most of the region (Figure 3-54).

Representative concentration pathway (RCP) 8.5

By 2040, projected change to annual surface solar radiation ranges from -1% to +2%, with increases
projected for the majority of Taranaki (Figure 3-52). Seasonal changes project a spring increase of 1-
6%, with highest increases of 4-6% about North Egmont Village and Inglewood (Figure 3-55). A winter
decrease of up to 4% is projected, with greatest decreases of 2-4% in northern and eastern areas.

By 2090, a stronger pattern of change is evident seasonally, however annual changes in surface solar
radiation of just 2% are projected (Figure 3-52). Seasonal changes project a spring increase in
surface solar radiation of up to 7% for most of Taranaki, with small decreases of up to 2% for the
northernmost part of the region (Figure 3-56). Winter decreases of up to 6% are projected for
Taranaki, with greatest decreases of 4-6% in the north of the region.
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Figure 3-52: Projected annual mean surface solar radiation changes by 2040 and 2090, under RCP4.5 and
RCP8.5. Changes relative 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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Figure 3-53: Projected seasonal mean surface solar radiation changes by 2040 for RCP4.5. Relative 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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Figure 3-54: Projected seasonal mean surface solar radiation changes by 2090 for RCP4.5. Relative 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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Figure 3-55: Projected seasonal mean surface solar radiation changes by 2040 for RCP8.5. Relative 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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Figure 3-56: Projected seasonal mean surface solar radiation changes by 2090 for RCP8.5. Relative 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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3.4.4 Relative humidity

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

This section contains maps showing future projected change in relative humidity. Future (average
over 2031-2050 and 2081-2100) maps show the percentage change in annual and seasonal mean
relative humidity compared with the historic average. A note about relative 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 effect is larger; the rate of decrease in relative humidity over New
Zealand is mostly 1-2% per degree increase in mean temperature. This is in line with evidence in the
recent observations (Simmons et al., 2010) in reanalysis and station data over low and mid latitudes.

Representative concentration pathway (RCP) 4.5

By 2040, projected change to annual mean relative humidity is small, at just £1% for the region
(Figure 3-57). Similar changes are projected seasonally, although in winter only decreases of up to 1%
are projected (Figure 3-58).

By 2090, projected change to annual mean relative humidity remains small, at just £1% (Figure 3-57).
Projected seasonal decreases of up to 2% occur in winter, with changes ranging from -2% to +1% in
spring (Figure 3-59). In all seasons, small decreases of up to 1% are projected for the majority of
Taranaki.

Representative concentration pathway (RCP) 8.5

By 2040, annual mean relative humidity is projected to decrease by up to 1% in Taranaki (Figure 3-
57). This represents little change from the historic climate. Seasonal projected changes are similar to
RCP4.5, with the exception of spring where a decrease of 1-2% is projected for most of inland
Taranaki, and coastal parts of New Plymouth District (Figure 3-60).

By 2090, annual projected changes in mean relative humidity range from -3% to +1% (Figure 3-57).
Winter and spring decreases of 1-3% are projected for most of parts of Taranaki (Figure 3-61). Small
increases of up to 1% are projected for coastal South Taranaki District in summer and autumn.
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Figure 3-57: Projected annual mean relative humidity changes by 2040 and 2090, under RCP4.5 and RCP8.5.
Changes relative 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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Figure 3-58: Projected seasonal mean relative humidity changes by 2040 for RCP4.5. Relative 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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Figure 3-59: Projected seasonal mean relative humidity changes by 2090 for RCP4.5. Relative 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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Figure 3-60: Projected seasonal mean relative humidity changes by 2040 for RCP8.5. Relative 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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Figure 3-61: Projected seasonal mean relative humidity changes by 2090 for RCP8.5. Relative 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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3.4.5 Air pressure

Key messages

. Mean sea level pressure (MSLP) is projected to increase in summer, causing more north
easterly airflow and more anticyclonic patterns (high pressure systems).

Ll MSLP tends to decrease in model simulations during winter, especially over and south of the
South Island, resulting in stronger westerly winds over central New Zealand.

Mean sea level pressure (MSLP) varies over New Zealand from day to day as different weather
systems pass over the country. Figure 3-62 shows average seasonal MSLP over the Southwest Pacific,
including New Zealand. Overall, MSLP is relatively low to the south of New Zealand, and relatively
high at similar latitudes to the North Island. This pressure pattern creates a general westerly wind
flow that dominates over most of New Zealand (including Taranaki) throughout the year. However,
topographic features such as Mt Taranaki play an important role in modifying the actual wind
directions observed throughout the Taranaki region. For example, the prevailing wind direction in
New Plymouth is southeast. This is due to the deflection by Mt Taranaki of winds from a southerly
quarter to a south-easterly direction, and south-easterly drainage of cold air (katabatic wind) from
the slopes of Mt Taranaki (Chappell, 2014).
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Figure 3-62: Average seasonal mean sea level pressure over the Southwest Pacific, 1981-2010. Top left:
summer, top right: autumn, bottom left: winter, bottom right: spring. Sourced from:
https://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl.

Future mean sea-level pressure projections have been derived from the Regional Climate Model
(RCM) simulations. The key projected changes in mean sea-level pressure (MSLP) and mean winds
are as follows (for more detail see Mullan et al., 2016; MFE, 2018):

MSLP tends to increase in summer (December—February), especially to the south-east
of New Zealand. In other words, the airflow becomes more north-easterly, and at the
same time more anticyclonic (high pressure systems).

MSLP tends to decrease in winter (June—August), especially over and south of the
South Island, resulting in stronger westerlies over central New Zealand.

In the other seasons (autumn and spring), the pattern of MSLP change is less
consistent with increasing time and increasing emissions. There is, however, still
general agreement for autumn changes to be like those of summer (i.e., more
anticyclonic), and for spring changes to be like those of winter (lower pressures south
of the South Island, and stronger mean westerly winds over southern parts of the
country).
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4 Sea-level rise and coastal impacts

4.1 Impacts of sea-level rise

One of the major and most certain (and so foreseeable) consequences of increasing concentrations
of greenhouse gases and associated warming, is the rising sea level (Parliamentary Commissioner for
the Environment, 2015). IPCC (2013) found that warming of the climate system is unequivocal, and
many of the changes observed since the 1950s are unprecedented over timescales of decades to
millennia. The atmosphere and ocean have warmed, and the amounts of snow and ice globally have
diminished, causing sea level to rise.

Rising sea level in past decades is already affecting human activities and infrastructure in coastal
areas of New Zealand, with a higher base mean sea level contributing to increased vulnerability to
storms and tsunami. Key impacts of an ongoing rise in sea level are:

=  gradual inundation of low-lying marsh and adjoining dry land on spring high tides;

= escalation in the frequency of nuisance and damaging coastal flooding events (which
has been evident in several low-lying coastal margins of New Zealand);

= exacerbated erosion of sand/gravel shorelines and unconsolidated cliffs (unless
sediment supply increases);

= increased incursion of saltwater in lowland rivers and nearby groundwater aquifers,
raising water tables in tidally-influenced groundwater systems.

These impacts will have increasing implications for existing development in coastal areas, along with
environmental, societal and cultural effects. Infrastructure and its levels of service or performance
will also be increasingly affected, such as wastewater treatment plants, potable water supplies, and
particularly capacity and performance issues with stormwater and overland drainage systems
(particularly gravity-driven networks). Transport infrastructure (roads, ports, airports) in the coastal
margin will also be affected, both by increased nuisance shallow flooding of saltwater (e.g., vehicle
corrosion) and more disruptive flooding and damage from elevated storm-tides and wave
overtopping.

There are three types of sea-level rise (SLR) in relation to observations and projections:

=  absolute (or eustatic) rise in ocean levels, measured relative to the centre of the Earth,
and usually expressed as a global mean (which is used in most sea-level projections
e.g., IPCC);

= offsets (or departures) from the global mean absolute SLR for a regional sea, e.g., the
sea around New Zealand, which will experience slightly higher rises (5-10%) than the
global average rate. There can be significant variation in the response to warming and
wind patterns between different regional seas around the Earth;

= relative sea-level rise (RSLR), which is the net rise in sea level experienced on coastal
margins from absolute, regional-sea offsets and local vertical land movement
(measured relative to the local landmass). Local or regional adaptation to SLR needs to
focus on RSLR, particularly if the coastal margin is subsiding.
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The first two types of SLR are measured directly by satellites, using radar altimeters, or by coalescing
many tide-gauge records globally (after adjusting for local vertical land movement and ongoing re-
adjustments in the Earth’s crust following ice loading during the last Ice Age?).

RSLR is measured directly by tide gauges. One advantage of knowing the RSLR from gauge
measurements is that this directly tracks the SLR that needs to be adapted to locally, or over the
wider region represented by the gauge. If, for instance, the local landmass is subsiding, then the RSLR
will be larger than the absolute rise in the adjacent ocean level acting alone.

4.2 Historic trend in sea-level rise

Hannah and Bell (2012) analysed SLR trends at 10 gauge sites around New Zealand, to extend the
picture of local trends at a wider range of locations than just the four main port sites (Auckland,
Wellington, Lyttelton, Dunedin), where records exist from 1900 onwards. While the additional 6 sites
(Whangarei, Moturiki, New Plymouth, Nelson, Timaru, and Bluff) comprised shorter records, longer
term SLR could be inferred by connecting the modern digital records with historic tide measurements
(from LINZ archives) used to establish the local vertical datums around New Zealand.

Records from all four main New Zealand port tide gauges (> 110-year records) indicates a doubling in
the rate of sea-level rise around the New Zealand coastline over the last five to six decades, from an
average of approximately 1 mm/year earlier last century to nearly 2 mm/year from 1961 to 2015
(Ministry for the Environment, 2017). A summary of historic rates of relative SLR across 10 sites in
New Zealand is provided in Figure 4-1, with the New Zealand wide average of nearly 1.8 mm/year up
to 2015.

Global coverage (between 66°N and 66°S) of satellite altimeters, which measure the ocean surface,
commenced in 1993. The global-average rate for absolute SLR from satellite altimetry in the period
1993 to 1 June 2018 is running at ~ 3.2 mm/year, which is about twice the long-term global rate since
1900. In the ocean waters around New Zealand, the trend since 1993 to present has been higher
than the global average, with absolute SLR in the Taranaki region trending at around 4 mm/year
(Figure 4-2). The NZ-wide average was 4.4 mm/year up to the end of 2015 (see Figure D3,
Appendices; Ministry for the Environment, 2017). Some of this increase in the rate of rise is due to
the Interdecadal Pacific Oscillation (IPO), a 20—30-year climate cycle, which is in its negative phase at
present, leading to increased sea-surface temperature and therefore sea-surface height in the
Western Pacific (see darker colours in Figure 4-2), but also is influenced by a warming atmosphere.

2 Scientific term is glacial isostatic adjustment (GIA)
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Figure 4-1:  Relative SLR rates up to and including 2019 (excluding Whangarei), determined from longer
sea-level gauge records at the four main ports (Auckland, Wellington, Lyttelton, Dunedin) and shorter
records from the remaining sites. Determined from > 100-year gauge records at the four main ports (black
circles) and inferred rates from gauge station records, used in the first half of the 1900s to set the local vertical
datums, spliced with modern records (blue circles). Standard deviations of the trend are listed in the brackets.
Source: Figure 19; Ministry for the Environment (2017).
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Figure 4-2: Map of regional trend in SLR from 1993 to 1 September 2020 based on satellite altimetry
missions. Source: NOAA/NESDIS Center for Satellite Applications and Research.
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Relative SLR along the Taranaki coast also incorporates a component due to vertical land movement
(VLM). The Taranaki region is located to the northeast of an extremely active tectonic zone along a
continental plate boundary (about the lower North Island and upper South Island), and is subject to
occasional land movements. It should be noted that benchmarks used for the work pertaining to sea-
level within this chapter have all been surveyed post Kaikoura earthquake. Continuous GPS stations
have been operated GeoNet and LINZ since the early 2000s, although station distribution near
Taranaki is sparse (Beaven and Litchfield, 2012). Up to 2011, the average vertical land movement for
stations near Taranaki was either close to 0, or small subsidence? (Figure 4-3; Beaven and Litchfield,
2012). Estimated vertical rates for locations nearest Taranaki include sites WANG (0.0 mm/yr) and
MAHO (-1.3 mm/yr). Further updated analysis on vertical land movement around New Zealand, and
the implications for long-term sea-level rise, is a component of an Endeavour Fund research project
NZSeaRise, coordinated by Victoria University of Wellington. Recent research by Denys et al. (2020)
included the effects of vertical land movement on observed sea level in New Zealand, and calculated
an absolute sea level of +1.45 mm/year + 0.28 mm/year (1891-2013).
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Figure 4-3:  Average vertical land movement for near-coastal continuous GPS Sites across the North Island
and upper South Island, New Zealand. Blue arrows show average uplift and red arrows average subsidence
over around a 10-year period up to 2011. Source: Beavan and Litchfield (2012).

3 Subsidence means the relative SLR is higher than the absolute rise in the ocean surface (uplift means it is smaller).
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4.3 Projections for New Zealand sea-level rise

A synthesis of the historic and future projections of SLR, both globally and for New Zealand, is
available in the Ministry for the Environment (MfE) guidance for local government: Coastal Hazards
and Climate Change (Ministry for the Environment 2017) and an accompanying Summary* and set of
Fact Sheets.”

Chapter 5 of the Coastal Guidance provides four specific New-Zealand based SLR scenarios to use
when assessing and planning adaptation to coastal climate change in New Zealand (Figure 4-4). The
SLR scenarios in the Coastal Guidance largely follow the synthesis of the IPCC Fifth Assessment
Report (IPCC, 2013; Church et al., 2013), but are extended from 2100 to 2150, utilising the longer-
range probabilistic projections of Kopp et al. (2014). Further, an adjustment has been made for ocean
waters around New Zealand, where climate-ocean models have shown that SLR in our Pacific region
will be somewhat higher than the global average rise — with IPCC projections couched in terms of the
global average. The adjustment built into the New Zealand scenarios, for the regional ocean around
New Zealand, is up to 0.05 m by 2100 for the higher RCP scenarios. A lesser pro-rata increment
applies for the lower concentration RCPs.

The Coastal Guidance also listed a table of the time periods for which particular increments of SLR
(relative to the 1986-2005 baseline) could be reached for the four different scenarios (Table 4-1).
This information on time brackets can be applied to low-lying coastal areas, once the adaptation
threshold SLR is known and agreed on from hazard and risk assessments, beyond which outcomes
are not tolerable. All the details on developing firstly, hazard and risk assessments, then adaptation
plans using the SLR scenarios, are available in the Coastal Guidance and Appendices (Ministry for the
Environment 2017).

Table E-1, Appendices of Ministry for the Environment (2017) lists local values of sea level to use
around New Zealand for the baseline (generally the 1986-2005 average MSL), to which the SLR
projections are added - being 0.155 m TVD-70 for the Taranaki region when adding future SLR
projections from Table 4-1 or Figure 4-4.

Figure 4-4 shows the projected SLR for the four scenarios (Ministry for the Environment, 2017). Due
to the closeness of trajectories between the high and low projections in the near term, it is not
possible to distinguish which path New Zealand SLR measurements will follow and may require
another 1-2 decades of monitoring to conclusively determine which RCP trajectory applies. But, SLR
trajectories (relative to the RCP scenarios) may change again in the future if polar ice-sheet
instabilities emerge later this century and/or global emissions continue to track high or indeed global
emissions may be substantially reduced if the 2015 Paris Agreement is adhered to. This future
uncertainty is the reason why the Coastal Guidance (Ministry for the Environment, 2017)
recommends the use of all four SLR scenarios to plan for and test adaptation options in an adaptive
planning framework.

4 https://environment.govt.nz/publications/preparing-for-coastal-change-a-summary-of-coastal-hazards-and-climate-change-guidance-for-

local-government/

5 https://environment.govt.nz/publications/preparing-for-coastal-change-fact-sheet-series/
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Table 4-1:  Approximate years, from possible earliest to latest, when specific sea-level rise increments
(metres above 1986-2005 baseline) could be reached for various projection scenarios of SLR for the wider
New Zealand region. The earliest year listed is based on the RCP8.5 (83rd percentile) or H* projection and the
next three columns are based on the New Zealand median scenarios, with the latest possible year assumed to
be from a scenario following RCP2.6 (median), which approximates the fully globally-implemented Paris
Agreement. Source: Table 11 in Ministry for the Environment (2017). Note: year for achieving the SLR is listed
to the nearest five-year value.

Approximate year for the relevant New Zealand-wide SLR percentile scenario to reach increments of SLR
(relative to baseline of 1986-2005)

Year achieved for Year achieved for Year achieved for Year achieved for
RCP8.5 H* (83%ile) RCP8.5 (median) RCP4.5 (median) RCP2.6 (median)
SLR (m)

0.3 2045 2050 2060 2070

0.4 2055 2065 2075 2090

0.5 2060 2075 2090 2110

0.6 2070 2085 2110 2130

0.7 2075 2090 2125 2155

0.8 2085 2100 2140 2175

0.9 2090 2110 2155 2200

1.0 2100 2115 2170 >2200

1.2 2110 2130 2200 >2200

15 2130 2160 >2200 >2200

1.8 2145 2180 >2200 >2200

1.9 2150 2195 >2200 >2200
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NZ sea-level rise projection scenarios to 2150
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Figure 4-4:  Four scenarios of New Zealand-wide regional SLR projections, with extensions to 2150. Based
on Kopp et al. (2014)-K14. New Zealand scenario trajectories are out to 2120 (covering a minimum planning
timeframe of at least 100 years), and the NZ H+ scenario trajectory is out to 2150 from K14. No further
extrapolation of the IPCC-based scenarios beyond 2120 was possible, hence the rate of rise for K14 median
projections for RCP2.6, RCP4.5 and RCP8.5 are shown as dashed lines from 2130, to provide an indication of the
extension of projections to 2150. Note: All scenarios include a small SLR offset from the global mean SLR for the
regional sea around New Zealand. Source: Figure 27, Ministry for the Environment (2017).

5 Impacts and implications from climate change in Taranaki

5.1 River flows

Key messages

. Mean annual discharge generally remains stable or slightly increases by mid-century across
some coastal and northern parts of Taranaki. By late-century, an enhanced spatial pattern of
increase in mean discharge is identified in coastal parts of Taranaki under RCP8.5, however
mean annual discharge generally remains stable for the remainder of the region.

] Mean annual low flow is expected to decrease across the region by mid-century. This pattern
is similar by late-century, with decreases of up to 50% for most of the river systems in the

region.

This section covers the projected differences in several hydrological statistics between the baseline
period (1986-2005) and two future periods. These are mid-century (2036-2056) and late-century
(2086-2099), and are slightly different from the corresponding time slices of the atmospheric
modelling because the hydrological modelling was done before this project was initiated. We do not
expect that the conclusions drawn would be substantively different if the periods were aligned. The
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hydrological modelling analyses presented here were extracted from a national scale assessment
(Collins & Zammit, 2016; Collins et al., 2018; Collins, 2020). The statistics included in this report are:

=  Mean annual discharge;
=  Mean annual low flow;

Projected changes to high flows, river flood levels and associated inundation maps for all New
Zealand is the subject of a new 5-year research project. Interested readers of this report are asked to
contact NIWA for more information.

5.1.1 Mean annual discharge

The projected future changes in the mean annual discharge for RCP4.5 and RCP8.5 at two future time
periods are presented in Figure 5-1 for Taranaki. At the annual scale, mean discharge across the
Taranaki region remains relatively stable by mid-century across both RCPs, with a slight increase in
mean annual discharge in some coastal areas (particularly in the west and north) under RCP8.5. The
end of the century is characterised by an enhanced spatial pattern of increased mean annual
discharge for coastal parts of Taranaki under RCP8.5, with projected increases of 10-20% for some
coastal areas. Mean annual discharge generally remains stable (+ 5%) for the remainder of the region
across time periods and RCPs.

104 Climate change projections and impacts for Taranaki



A RCP 4.5 RCP 8.5

9G0¢-9€0¢

660¢-980¢

Percent change in
Discharge

—>100
——50to0 100
20to 50
10 to 20
§t0o 10
5to5
-10to -5
-20to -10
—-50 to -20
——-100to -50

Figure 5-1:  Percent changes in multi-model median of the mean discharge across Taranaki for mid (top)
and late-century (bottom). Climate change scenarios: RCP4.5 (left panels) and RCP8.5 (right panels). Time
periods: mid-century (2036-2056) and end-century (2086-2099).
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5.1.2 Mean annual low flow

The mean annual low flow (MALF) is defined as the mean of the lowest 7-day average flows in each
year of a projection period. Median projected changes in the MALF are presented for RCP4.5 and
RCP8.5 for two time periods in Figure 5-2 for Taranaki. At the annual scale, MALF decreases for at
least 95% of the simulated river reaches across both RCPs by mid-century across the Taranaki. Large
increases in MALF (i.e. above 50%) is associated with isolated aggregated Strahler 3 reaches for
which the baseline simulated MALF is expected to be small, and as such sensitive to any absolute
change. Those few reaches are not consistent with subregional behaviour. By the end of the century,
the projected changes in MALF are broadly similar to those of the mid-century, with decreases of up
to 50% projected for most of the region. The exceptions are southern parts of South Taranaki District,
where small increases of 5-10% are projected.
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Figure 5-2:  Percent changes in multi-model median of the mean annual low flow (MALF) across Taranaki
for mid (top) and late-century (bottom). Climate change scenarios: RCP4.5 (left panels) and RCP8.5 (right
panels). Time periods: mid-century (2036-2056) and end-century (2086-2099).
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5.2  Hill country erosion and landslides

In New Zealand, hill country is defined as land with slope angles above 15° and located below an
altitude of 1,000 m above sea level (Cameron, 2016). According to this definition, 37% (10 million ha)
of New Zealand’s total land area is classified as hill country, with the majority (63%, or 6.3 million ha)
located in the North Island (Cameron, 2016). Much of the North Island hill country was converted
from forest to pasture in the late-19™ century, leaving slopes susceptible to landsliding during heavy
rainstorms (Dymond et al., 1999). Landsliding and wind are causes of soil erosion, which is
characterised by the denudation of slope materials among hill country land (Brown, 1991). Erosion
causes the loss of productive soils on farms and increases sediment entering waterways, with
significant impacts on the environment, economy and local communities. Erosion and its effects in
hill country areas are estimated to cost New Zealand’s economy $250-350 million a year (Ministry for
Primary Industries, 2022).

From 19-20 June 2015, heavy rainfall caused landsliding in the Taranaki Hill Country, which was
characterised as severe (> 10% of hill slopes affected) about Waverley, and moderate (1-10% of hill
slopes affected) for many eastern parts of the Taranaki region (Page et al., 2015). Rainfall totals
observed in Taranaki for the 48-hour period ranged from 100-250 mm, with return periods for these
rainfall totals generally ranging between 10 and 50 years (Page et al., 2015). Observed landsliding
was largely confined to areas in pasture, or recently planted or logged forest (Page et al., 2015).
Farmers were affected financially by the event though damage to infrastructure and lost production
(Taranaki Regional Council, 2019). Notably, long-term consequences of the event include slip scars
with depressed dry-matter production (Taranaki Regional Council, 2019). A study by Derose et al.
(1995) noted slow pasture recovery on landslide scars in Taranaki, taking 40 years for dry-matter to
reach approximately 74% of uneroded levels.

Given the projected increase in severity of extreme, rare rainfall events (Section 3.2.3), increased risk
of land degradation resulting from landslides (including debris flows; Gariano and Guzzetti, 2016) and
soil erosion may be anticipated in Taranaki. However, it is important to note that although there is a
strong theoretical reason for increasing landslide activity due to intensification of rainfall, empirical
evidence of climate change contributing to landslides is currently lacking (Olsson et al., 2019).
Indeed, human disturbance (e.g. removal of trees) may be a more important future trigger of
landslides than climate change (Olsson et al., 2019). Meanwhile, erosion control initiatives (e.g.
planting trees) are a means of retaining productive soils on farms, and reducing sediment entering
waterways (Ministry for Primary Industries, 2022). When compared to pasture, 90% less erosion
occurs under bush/forestry, 80% less under scrub and 70% less where soil conservation trees are
planted (Taranaki Regional Council, 2019). This suggests land management will be a crucial tool for
addressing soil erosion (Olsson et al., 2019).

5.3 Impacts of drought and future pasture growth

It is likely that much of Taranaki will experience more frequent and severe drought conditions in the
future than at present, with larger potential evapotranspiration deficit accumulations and more days
of soil moisture deficit (discussed in Sections 3.2.2 and 3.3.1). Drought can have significant impacts
on primary industries in Taranaki.

For primary production, rainfall is one of the most important climate drivers, as there are limits (both
too much and not enough water) where plants cease to grow or experience harm. When other
climatic factors are not limiting, precipitation levels within these limits can have a direct and
proportional relationship to productivity (Clark et al., 2012). Changes in rainfall patterns are
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important when considering future yield variability of crops and pasture grass. This is because crops
respond to both amounts and timing of water supply in relation to demand.

Low rainfall (and therefore drought) can limit crop and grass growth in different ways. When water
supply is less than demand, crop and grass yield is mainly reduced by limited canopy expansion and
increased leaf aging, thereby decreasing sunlight interception, and reduced photosynthesis rates due
to stomatal closure (Clark et al., 2012). In pasture grasses, legumes, and maize, reductions in plant
growth are manifested by reduced leaf appearance and extension rates, as well as increased tiller
(shoot) and plant mortality. The extent of reduction in growth depends on factors such as the
severity and duration of the water deficit as well as the plant species, as some species are more
sensitive to water deficits than others.

A plant’s demand for water and its sensitivity to water stress varies throughout the plant’s annual
cycle. Therefore, timing of drought is critical: drought in late summer when plants have largely
completed growth does not have the devastating impact of late winter/early spring drought that
prevents achievement of full productive potential (McGlone et al., 2010).

For fruit, rainfall can have positive or negative effects. Girona et al. (2006) found that for grapes, the
best fruit-quality parameters were obtained when plants were well watered for the first part of the
growing seasons, but then deficit irrigated until harvest to avoid excess vegetative growth. While
rainfall in spring and early summer provides needed water and reduces irrigation costs, rainfall later
in the season can reduce fruit (and therefore wine) quality. In other fruit crops, similar principles
apply. Miller et al. (1998) found that the main effect of early-season water stress on kiwifruit was to
reduce vine yields, so rainfall early in the season has demonstrable benefits. Deficit irrigation late in
the season had little impact on yield, but did improve fruit quality.

Primary industries may turn towards increased irrigation as a method for dealing with increased
incidence of drought (Clark et al., 2012). However, this approach may not be suitable depending on
the future changes to rainfall and availability of water for irrigation.

The effect of increased carbon dioxide levels on plants under limited water supply may help with the
effects of drought. Under limited water supply conditions, the effect of carbon dioxide fertilisation is
more evident. Higher carbon dioxide concentrations reduce the loss of water vapour through leaf
transpiration and, therefore, improve the water use of crops (Leakey et al., 2009; Clark et al., 2012).
The faster growth of plants due to carbon dioxide fertilisation may enable plants to avoid exposure
to late-season droughts. However, extreme heat and severe drought (deficits of around two to three
weeks in duration) override the effect of carbon dioxide fertilisation in pastures and crops (Clark et
al., 2012).

Temperature will also influence the seasonality of pasture growth in Taranaki. Warmer winter and

spring periods will allow for increased seasonal growth rates, however growth during summer may
be suppressed due to temperatures being too hot and water availability being limited (Clark et al.,

2012).

5.4 Forestry

Climate change-induced hazards, such as changes in the temperature, rainfall and carbon dioxide
concentration, could impact natural and modified forests substantially (Kirilenko and Sedjo, 2007;
FAO, 2018). The possible impacts of climate change on forests include, but are not limited to, shorter
or longer growing seasons, modifications in the forest’s biodiversity including its macro and
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microbiota, changes in the pests and disease factors and their spread pattern, and increase of
bushfire frequency (FAO, 2018; Kirilenko and Sedjo, 2007; Whitehead et al., 1992).

New Zealand'’s forestry, as the nation’s third-largest export sector, has been impacted by global and
local hazards induced by a changing climate, and the impacts are expected to continue or accelerate
under the future scenarios of climate change (Ministry for Primary Industries, 2018; Watt et al.,
2019; Whitehead et al., 1992). Research indicates there are potential impacts of climate change on
New Zealand’s natural and plantation forests such as: alteration in the forest productivity due to an
increase in the growth rate, more wind-related damage, amplified bush fire risk (very high to
extreme), and a possible surge in the pest and weed population (Watt et al., 2019). Both exotic and
native forest plantation play an important part in soil conservation in the Taranaki region. About half
(14,738 hectares) of the 27,278 hectares of exotic forestry in Taranaki is established on erosion-
prone land (Taranaki Regional Council, 2022).

Increases to temperature and changing rainfall patterns could negatively influence P. radiata
productivity. However, the effect of increased carbon dioxide fertilisation is modelled to outweigh
these negative impacts, significantly increasing P. radiata productivity across New Zealand by 2040
and 2090 some 19% and 37%, respectively (Watt et al., 2019). Note, the extra growth caused by
carbon dioxide fertilisation may make trees more susceptible to wind damage.

Extreme rainfall intensity, as discussed earlier in this report, is likely to increase in Taranaki. This may
have implications for the forestry sector through exacerbating erosion, landslides, movement of
slash, and impacts on access to forests for trucks and machinery. Such impacts may be more
prominent in recently harvested forestry sites, as harvesting practices can cause soil compaction
(Ares et al., 2005), which in turn decreases the water infiltration capacity of the soil (Viglione et al.,
2016). In contrast, severe droughts are likely to become more frequent for the region, which may
have implications for forestry through reducing water availability for trees and increasing fire risk.

Fire risk is projected to increase in the future in New Zealand, due to the following conditions (Pearce
etal., 2011):

=  Warmer temperatures, stronger winds, lower rainfall and more drought for some
areas will exacerbate fire risk. Note that projected changes to mean wind speed for
Taranaki are generally small at the annual scale, with greater change projected at the
seasonal scale (e.g. larger increases to mean wind speed during winter and spring).
Further work is needed to evaluate changes to wind at the regional scale;

=  The fire season will probably be longer - starting earlier and finishing later;
=  Potentially more thunderstorms and lightning may increase ignitions;

= Fuel will be easier to ignite (because of increased drying due to increased
evapotranspiration/less rainfall); and

=  Drier conditions (and possibly windier periods) may result in faster fire spread and
greater areas burned.

110 Climate change projections and impacts for Taranaki



The following projections for fire risk are based on the IPCC Fourth Assessment Report emission
scenarios (Pearce et al., 2011). For Seasonal Severity Rating (SSR)®, the 17-model average projection
shows minimal change for New Plymouth Aero (a representative climate station for the Taranaki -
Whanganui Fire Climate Region) by the 2050s (2040-2059) compared to the 1980-1999 historical
period. Similar patterns were observed for the 2080s (2070-2089). The average SSR over fire season
months (October-April) for New Plymouth Aero is projected to increase from 0.62 over the historical
period to 0.74 in the 2050s, and 0.76 in the 2080s.

The number of days of Very High and Extreme (VH+E) forest fire danger is projected to increase
marginally for New Plymouth Aero by the 2050s and the 2080s compared to 1980-1999. The
historical number of VH+E forest fire danger days for New Plymouth Aero is 1.1 days, and this is
projected to increase to 1.4 days in the 2050s and 1.5 days in the 2080s. Note that some individual
models project a higher increase in Very High and Extreme forest fire danger days, as noted by
Reisinger et al. (2014). The reader is directed to Pearce et al. (2011) for more information on the
projections of Seasonal Severity Rating and Very High and Extreme forest fire danger days in New
Zealand.

Pest species are likely to shift to new habitat areas due to climate change. Increasing average
temperatures and changing rainfall patterns across the country may make conditions more suitable
for climate-limited tree pathogens such as pitch canker (currently present in northern coastal areas).
Insect pests may become more of an issue for forestry plantations with climate change, as the major
limiting factor for most insect pests is cold stress. Therefore, subtropical insect pests may be able to
establish in a warmer New Zealand in the future, and existing insect pests may increase their
distribution within New Zealand. Climate change may also affect the severity of damage from
existing insect pests because warmer temperatures can be expected to accelerate insect
development and therefore lead to an increase in population levels, especially in species that can
complete more than one generation per year (e.g. the Monterey pine aphid Essigella californica).

Increasing competition with weeds is also a concern for the forestry industry. New Zealand’s future
climate may become more suitable for some weeds which are already established in some parts of
New Zealand but have not spread, so-called “sleeper weeds” (Kean et al., 2015). An example of this is
Melaleuca quinquenervia, an exotic tree that is currently established in Auckland and Northland. If
the species’ thermal requirement for reproduction is reached with a warming climate, this could
become quite invasive and difficult to control. Also, woody tree species that are native to Australia
(e.g. Acacia spp.) have very high growth rates and vigorously compete with P. radiata seedlings. As
tree species, they can compete further into the plantation rotation than other weed species which
are predominantly shrubs. Wilding conifers have become a significant threat to New Zealand’s
ecosystems, covering more than 1.8 million hectares and spreading at a rate of 5% annually (Greene
et al., 2020). The climate change impacts on the distribution of wilding pines in NZ has not yet been
thoroughly researched. However, without large scale funding and control it is estimated 20% of New
Zealand will be covered by wilding conifers within 20 years (Department of Conservation, 2021).
Given the rapid spread of wilding conifers, modern technology such as remote sensing (e.g. Greene
et al., 2020) may become a critical tool to identify wilding conifer distributions.

6Seasonal Severity Rating (SSR) is a seasonal average of the Daily Severity Rating (DSR), which captures the effects of both
wind and fuel dryness on potential fire intensity, and therefore control difficulty and the amount of work required to
suppress a fire. It allows for comparison of the severity of fire weather from one year to another. Source: Rural Fire
Research (2022).
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Overall, there are several potential impacts on the forestry sector from climate change. Tree growth
may be more vigorous due to increasing concentrations of carbon dioxide in the atmosphere and
warmer temperatures, but this may be counteracted by reduced water availability and risk of fire.
Forestry operations may be negatively affected by increasing rainfall intensity causing more erosion,
flooding, and site access issues, as well as more frequent and prolonged droughts as well as fire risk
which may affect safety of workers.

5.5 Horticulture

The Taranaki horticultural sector is small, although large areas of land have been classified as suitable
for intensive horticulture, particularly on the ring plain that surrounds Mount Taranaki (Greer, 2014).
Therefore, it is worthy to explore the impacts and implications from climate change on the
horticultural sector.

The horticulture industry is likely to be subject to increasing impacts of climate change over time
(Ministry for Primary Industries, 2012). The production of horticultural crops is projected to be
influenced by changes in precipitation patterns, temperature variability, and greenhouse gas
concentrations (Ministry for Primary Industries, 2012). For example, temperature rise, either annual
or seasonal, alters the evaporation rate, hydrological cycles of the catchment, and water availability;
therefore, influencing the quality and quantity of horticultural products (Rehman et al., 2015). Table
5-1 shows a snapshot of the potential impacts of climate change on some horticultural products.

Table 5-1:  Overall impacts of climate change on the main horticultural crops in New Zealand. Source:
Clothier et al. (2012).
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Increasing temperatures will impact all types of crops, as plant phenological development may occur
at a faster rate. Different stages of plant growth (e.g. bud burst, flowering, and fruit development)
may happen at different times, which may affect the harvested crop. For example, the hottest
summer on record for New Zealand in 2017/18 saw wine grapes in multiple New Zealand regions
ripen faster than usual, including very early Sauvignon Blanc wine-grape maturation in Marlborough
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(Salinger et al., 2019). In Central Otago, this resulted in the earliest start to harvest of Pinot Noir
grapes on record (almost a month earlier than usual). In Wairarapa, the period from flowering to
harvest for wine grapes was about 10 days shorter than usual’.

Extreme heat affects the rate of evapotranspiration, or the uptake of water by plants. Therefore,
increases to extreme heat may affect water availability, as under hot conditions, plants use more
water. Extreme heat may also result in current varieties of crops and pasture becoming
unsustainable if they are not suited to growing in hot conditions. Extreme heat may also affect fruit
quality, such as sunburn on apples and kiwifruit, and ‘shrivelling’ of grapes (Clothier et al., 2012).

Reductions in cold conditions may have positive impacts for diversification of new crop varieties that
are not able to currently be grown in Taranaki. In the future, with a warmer climate, there may be
opportunities for growers in Taranaki to take advantage of the overall warmer climate to diversify
their crops. However, future warmer temperatures may create issues for horticulture in the region.
The increasing risk from pests (plants and animals) and diseases is a concern. Currently, many pests
are limited by cold conditions, so that they cannot survive low winter temperatures, and therefore
their spread is limited (Kean et al., 2015). Under a warmer climate, these pests may not be limited by
cold conditions and therefore cause a larger problem for farmers and growers in Taranaki.

Increased prevalence of drought and longer dry spells in Taranaki will likely have impacts on water
availability for irrigation and other horticultural uses. The amount of irrigation may need to increase
to maintain productivity, however this may be limited by future water availability. Should water
availability become increasingly problematic, increased investment in storage options may be
required. More frequent and severe droughts may negatively affect horticultural productivity,
particularly for crops that require larger quantities of water. Soils may be more exposed to wind
erosion with increasing drought severity.

Increases in extreme rainfall event magnitude and frequency may impact horticulture in several
different ways. Slips on hill country land may become more prevalent during these events (Basher et
al., 2012), and soils may become waterlogged more often. This has impacts on the quality of soil for
horticulture, the area of land available for production, and other impacts such as sedimentation of
waterways (which can impact flooding and water quality). Slips may also impact transport
infrastructure (e.g. roads, farm tracks) which may, in turn, affect the connectivity of farms and
orchards to markets. Heavy rain at harvest times for fruit may cause a decline in fruit quality, with
skins splitting and increased prevalence of diseases.

Overall, climate change impacts on horticulture are likely. Increasing temperatures may provide
opportunities for new crop types to be grown in Taranaki but this may also cause issues for some
existing crop types and encourage the spread of new pests. Droughts are likely to cause significant
issues for the sector in terms of water availability for irrigation and resulting productivity. However,
increasing rainfall intensity is likely to have impacts on soil erosion, sedimentation, and saturation of
soils.

5.6 Ecosystem health

The impact of climate change on terrestrial, aquatic and marine ecosystems has been the subject of
much research in the past couple of decades (Brodie and Pearson, 2016; Rapport et al., 1998; Wang
and Cao, 2011; Malhi et al., 2020). Climate change is expected to be a stressor on terrestrial,

7 https://michaelcooper.co.nz/2018-regional-vintage-overview-report/
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freshwater, coastal and marine ecosystems, particularly under high-warming scenarios. For example,
wetlands are highly sensitive areas and are amongst the most threatened ecosystems in New
Zealand. In the future, wetlands will be threatened by changes to rainfall patterns, drought and
surface and groundwater hydrology. Wetlands close to the coast will also be at risk from sea-level
rise (inundation and erosion) and changes to the salinity of groundwater which may impact the
distribution and assemblage of species. Although many of New Zealand’s ecosystems are being
degraded due to climate change-oriented hazards, some of them, such as alpine, freshwater and
coastal ecosystems, are more vulnerable than others (Department of Conservation, 2020). For
example, rising sea level, coastal inundation and flooding may lead to the loss of habitat for coastal
and estuary species, which could cause an interruption in the food chain for a wider range of
biodiversity (DOC, 2020).

Climate change hazards could impact the ecosystem’s health from two different, but interrelated
aspects including: biodiversity and habitat loss, and pests and biosecurity issues.

5.6.1 Native biodiversity (terrestrial, aquatic and marine biodiversity)

Climate change is continuously impacting all aspects of biodiversity on the planet, from terrestrial to
marine ecosystems and biodiversity. Anthropogenic climate change is already impacting 19% of
threatened species recorded in the IUCN Red List, and pushing them toward extinction (IUCN, 2019).
Climate change-induced hazards, such as temperature rise, have significant impacts on native
biodiversity, including their abundance, behaviour and genetic properties (IUCN, 2019). Changing the
features of the food chain, increasing invasive species, habitat loss, and ocean acidification are only a
few examples of climate change impacts that threaten native biodiversity, both globally and in New
Zealand (Christie, 2014). For example, changes in temperature and rainfall, and sea-level rise, are
expected to lead to secondary effects, including erosion, landslips, and flooding, affecting coastal
habitats and their dependent species, for example, loss of habitat for nesting birds.

About 4000 of New Zealand’s threatened species are pushed towards the brink of extinction, partly
due to climate change (MFE, 2019). Many indigenous New Zealand species are already and will be at
further risk from climate-related impacts such as river water abstraction for irrigation (in response to
reductions in rainfall and higher drought incidence), hydroelectric power schemes (a potential
mitigation response to greenhouse gas emissions), and non-climate-related impacts such as
predation, habitat loss and fragmentation from land use change, urban area and infrastructure
expansion, and pollution (McGlone and Walker, 2011). Many species will be at risk from new and
existing pests that are able to colonise and spread further in New Zealand because of climate change
(Kean et al., 2015).

The direct responses of terrestrial biodiversity to future climate changes will be challenging to
predict, due to uncertainty about climate projections, species’ responses to climate change and the
ability of species to adapt (McGlone and Walker, 2011; Christie, 2014). This is particularly because of
the existing pressures of invasive species and human-related habitat loss on native biodiversity. The
capacity of native species and ecosystems to adapt to a changing climate is unknown, especially
given New Zealand’s oceanic setting and existing highly variable climate regime. However, the
indirect responses of terrestrial biodiversity to climate change can be predicted with more certainty.
Indirect impacts involve the exacerbation of existing invasive species problems and human-related
threats, such as habitat loss (Christie, 2014). Land use and land management practice change in
anticipation of climate change may result in further restrictions of native species abundance and
distribution.

114 Climate change projections and impacts for Taranaki



The New Zealand National Climate Change Risk Assessment (AECOM et al., 2020) highlights the ten
most significant climate change risks to New Zealand, based on urgency. Two of the top ten are in
the ‘natural environment’ domain, with ‘major’ consequence ratings and urgency scores greater than
70. They are:

=  Risks to coastal ecosystems, including the intertidal zone, estuaries, dunes, coastal
lakes and wetlands, due to ongoing sea-level rise and extreme weather events; and

=  Risks to indigenous ecosystems and species from the enhanced spread, survival and
establishment of invasive species due to climate change.

Ten other risks in the natural environment domain were identified which incorporate most
ecosystem types in New Zealand and a range of climate-related impacts.

Some mitigation aspects of climate change might have negative impacts on terrestrial biodiversity.
Afforestation with exotic tree species (e.g. Pinus radiata) may lead to reductions in catchment water
yield, with negative impacts on streamflow and freshwater biodiversity, stabilisation of previously
dynamic systems (e.g. pines on coastal dunes) with consequent loss of indigenous flora, invading
areas where the native forest was either absent or limited and creating flammable forest
communities (McGlone and Walker, 2011). The conversion of native scrub and shrubland to forestry
may also cause the direct loss of native ecosystems.

Changes to rainfall patterns and river flows, as well as the human impact of greater abstraction of
freshwater for irrigation and increasing storage (in the form of reservoirs) for hydroelectricity and
urban water supply, will impact freshwater ecosystems (Parliamentary Commissioner for the
Environment, 2012). The role of floods in New Zealand rivers is extremely important for maintaining
ecological integrity, so changes to the hydrological regime may have dramatic impacts on biological
communities (Death et al., 2016; Crow et al., 2013). Altered natural flow patterns may result in
invasive predators gaining increased access to habitats crucial for sensitive life cycle stages (e.g.
islands in river channels used by nesting birds) and changes in habitat type, and some aquatic species
(e.g. invertebrates) are likely to be impacted more than others, depending on their life cycles
(McGlone and Walker, 2011). Habitat size, availability and quality may be reduced for some species,
and drought may threaten already isolated fish and invertebrate populations.

Egan et al. (2020) carried out a climate change vulnerability assessment for freshwater taonga
species in New Zealand. Increasing risk of drought is likely to have negative impacts on several
taonga species, for example tuna (longfin eel), due to changes in habitat availability. The timing of
seasonal rainfall and changes to river levels may affect inanga (whitebait) reproduction cycles.
Increasing water temperature may be beneficial in the cooler part of the year for tuna (shortfin eel),
because feeding activity increases when temperatures exceed 12°C. However, changes to
temperature regimes throughout the year may impact environmental cues for spawning for a
number of species including giant kokopu (whitebait) and kakahi (mussels).

Sea-level rise may increase salinity at river mouths and further upstream than at present, thereby
reducing freshwater habitats, particularly in short catchments. Increases in extreme rainfall intensity
may lead to more sedimentation and turbidity in waterways, with consequent habitat loss. Banded
kokopu (Galaxias fasciatus) have been found to have reduced abundance in turbid streams, so
increasing runoff and sediment flowing into streams could limit their distribution (Rowe et al., 2000).
Other oceanic changes (e.g. changes to salinity, sea temperatures, and pH (Law et al., 2018) may also
have an impact on diadromous fish species and their migration patterns.
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Coastal lakes and lagoons are sensitive to potential climate change impacts resulting from sea-level
rise, changes to inflows, rainfall and air and water temperature (Tait and Pearce, 2019). These
impacts include:

® Increased sedimentation from extreme rainfall, runoff, and higher flood inflows;

= Reductions in inflows and lower water levels due to reduced rainfall and increased
drought conditions;

=  The water may become more brackish due to sea-level rise;

= Increased water temperature may increase the abundance of algae and algal blooms
and cause heat stress for aquatic species;

=  Habitat may become less suitable for aquatic and terrestrial species due to the above
physical changes to the lake.

Coastal systems are particularly sensitive to three key drivers related to climate change: sea level,
ocean temperature, and ocean acidity (Wong et al., 2014). Soft shorelines (beaches and estuaries)
are likely to be more severely affected by sea-level rise than hard (rocky and consolidated cliffs)
shores. Due to the extensive development near beaches, estuaries and marshes, it is unlikely that
natural adjustment of the coast will be readily allowed in the future (i.e. coastal retreat and
reconfiguration as sea level rises). A potential human response to sea-level rise will be by building
hard barriers, protecting sand dunes, replenishing beaches, and infilling estuaries to prevent erosion
and to protect property and infrastructure.

The lack of space for natural coastal adjustment is often termed coastal squeeze. Coastal squeeze has
varying definitions, but a narrower focus is the definition by Pontee (2013): “Coastal squeeze is one
form of coastal habitat loss, where intertidal habitat is lost due to the high water mark being fixed by
a defense or structure (i.e. the high water mark residing against a hard structure such as a sea wall)
and the low water mark migrating landwards in response to sea level rise”.

Consequently, running in parallel with the impacts of climate change and sea-level rise (SLR) on
coastal and estuarine/marsh systems will be the ongoing direct and indirect pressures of society’s
responses to climate-change adaptation (Swales et al., 2020). If cascading climate-change effects are
not thoroughly explored and evaluated in a holistic manner, attempts to counteract the SLR impacts
on the built environment and existing land-use rights (e.g. shoreline protection works, reclamations
to reinstate shoreline buffers, stopbanks and alteration to drainage schemes), will invariably lead to
coastal squeeze and loss of intertidal habitats and beaches (Kettles and Bell, 2015).

There are numerous examples of coastal squeeze around New Zealand as coastal erosion affects the
areas around hard defenses. In one such example, Figure 5-3 shows erosion next to a sea wall in
Whitianga, Coromandel. In addition, the potential erosion and inundation of coastal areas caused by
a significant storm event (e.g. ex-tropical cyclones) will be enhanced under future sea-level rise
projections. See Paulik et al. (2019) for further information on national, regional and district-level risk
exposure to inundation in low-lying coastal areas of New Zealand.
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Figure 5-3:  Erosion beside a sea wall in Whitianga. Credit: R. Bell, NIWA.

Loss of productive estuarine habitats and biota is likely to accelerate with SLR and other climate-
related impacts discussed above, with the more visible ecological effects being reduced populations
and altered migratory patterns of coastal birds, and declines in certain commercially important
marine fishes that use estuaries for part of their life cycle (e.g. snapper, Pagrus auratus) (McGlone
and Walker, 2011). The effects of changes in waves and freshwater inputs will also have significant
adverse impacts on coastal ecosystems (Hewitt et al., 2016).

Warming has been observed in coastal and oceanic waters around New Zealand over the past few
decades, with the strongest warming happening off the coast of Wairarapa and the weakest warming
signal between East Cape and North Cape (Sutton and Bowen, 2019). Projections for the Southwest
Pacific show an increase in SST by mid- and end-century, regardless of RCP and climate model (Law et
al., 2016). The mean increase is ~1°C by mid-century, and ~2.5°C by end-century for RCP8.5. Figure
5-4 shows the spatial variation of change in SST for end-century under RCP8.5, with surface warming
across the entire Southwest Pacific. The most striking feature is the strong warming of +4°C in the
western Tasman Sea (in region 2 on Figure 5-4) associated with the southerly penetration of the East
Australian Current off southeast Australia (Ridgeway, 2007). The western Tasman Sea region is
warming at a rate four times that of the global average as a result of the climate-driven spin-up of
the South Pacific gyre (Roemmich et al., 2016). This warming propagates across the northern Tasman
Sea (region 3) along 35°S in association with the Tasman Front, causing the most significant regional
SST increase in the New Zealand Exclusive Economic Zone.

Warming oceans are likely to have impacts on the distribution of marine species as well as pests from
warmer areas. For example, distribution shifts and changes in abundance of numerous fish species
have been observed in the southeast Australia region due to substantial ocean warming that has
already occurred there (Last et al., 2011). During the 2017/18 marine heatwaves in the South Island,
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bull kelp suffered losses in Kaikoura and was completely lost from some reefs in Lyttelton (Thomsen
el al., 2019). In aquaculture, heatwaves can increase mortality with associated loss of revenue
(Ministry for the Environment & Stats NZ, 2019). In Marlborough Sounds, the 2017/18 marine
heatwave impacted mussel growth and yields, and led to an algal bloom that can cause Paralytic
Shellfish Poisoning in humans (Sanford, 2018). Warming waters in summer are already affecting fish,
with the reproduction of some fish species (e.g. snapper and hoki) appearing to be affected by sea-
surface temperature (Ministry for the Environment & Stats NZ, 2019).
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Figure 5-4: Regional variation of the projected change in SST for the End-Century (2081-2100) compared
with present-day (1976-2005) under RCP8.5. Source: Law et al. (2016).

As pH is primarily determined by atmospheric carbon dioxide exchanging with the surface waters and
there is no upwelling of low pH water in the Southwest Pacific, surface pH is relatively uniform. The
decline in surface pH at mid- and end-century is clearly apparent in Figure 5-5, which shows that the
effect of future changes in atmospheric carbon dioxide concentration on pH override spatial variation
arising from natural processes. Minor regional variation is evident, with higher pH in northern
subtropical waters and the East Australian Current, and lower pH in the south. This meridional
gradient of ~0.03 partially reflects the higher solubility of carbon dioxide, and so lower pH, in colder
water. Surface waters in the Subtropical Front on the Chatham Rise have marginally higher pH, due
to carbon dioxide uptake by phytoplankton in this region.
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Figure 5-5:  The spatial variation in mean surface pH in the Southwest Pacific. For the present-day (1976-
2005, left panel), and projected for Mid-Century (2036-2055, central panel) and End-Century (2081-2100, right
panel) using the GFDL-ESM2G model under RCP8.5. The legend shows pH.

Marine species are likely to be affected by ocean acidification. Growth rates and shell development
of species with carbonate shells, such as oyster, paua, and some phytoplankton are reduced in more
acidic waters (Cummings et al., 2013). An investigation into the effects of ocean acidification and
heatwave conditions on juvenile snapper (Pagrus auratus) was undertaken in New Zealand by
McMahon et al., (2019). They found that critical swimming speed and maximum metabolic rates
increased with higher temperatures but decreased with higher carbon dioxide (i.e. higher acidity),
which means ocean acidification could have negative effects on snapper population recruitment.
However, it is uncertain at this stage whether the same behaviours will be affected in a wider range
of New Zealand temperate and subantarctic fish species (Law et al., 2018).

5.6.2 Pests and biosecurity

Climate change hazards such as rising temperatures, heatwaves, and changes in precipitation
patterns are likely to increase biosecurity issues including rising numbers of invasive species, pests
and pathogens (Luck et al., 2014).

Terrestrial biosecurity

Climate change is widely regarded as one of the greatest challenges facing indigenous ecosystems in
the coming century. As New Zealand has an economy based on very efficient primary production
systems, the risk of exotic pests and diseases affecting the primary industries also needs to be
minimised. Climate change will create new biosecurity challenges by enabling the establishment of
new exotic pest animals, weeds and diseases which are currently prevented by New Zealand'’s
climate. The potential establishment of subtropical pests and current seasonal immigrants are of
greatest concern, along with species that are already recognised as high risk (Kean et al., 2015).

Although climate change may affect organisms and ecosystems in a range of ways, the most
important driver of pest invasion is likely to be temperature, modified by rainfall, humidity and
carbon dioxide (Kean et al., 2015). In addition, changes in large-scale weather patterns will influence
the frequency and intensity of extreme weather events (e.g. flooding, drought, damaging wind).
Regional winds and currents may affect the ability of potential invaders to reach New Zealand and
establish. Myrtle rust (Austropuccinia psidii) is a fungus that has been recently (in 2017) found in
northern New Zealand. It attacks plants belonging to the Myrtaceae family, including pohutukawa,
manuka, rata, and feijoa. There is concern that myrtle rust may spread further in New Zealand as the
climate warms and other fungi that are spread by wind may become established in the country in the
future with changes to atmospheric circulation, temperature, wind patterns, and storminess.
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Big headed (Pheidole megacephla) and Argentine (Linepithema humile) ants are some of the worst
invasive pest species in the world, as they can wreak havoc on the native arthropod fauna, and they
are already present in New Zealand. Continued warming and drying of climate is likely to encourage
their spread. Wasps are highly responsive to climate conditions; wet winters with flooding do not
favour nest survival and can lower populations, while warm, dry conditions are ideal for explosive
population growth (McGlone and Walker, 2011). Subtropical fruit flies are already considered major
threats to the New Zealand horticulture industry. A modelling exercise done for the Queensland
fruitfly (Figure 5-6) shows that in the historic period, only the northern parts of New Zealand are
suitable for population establishment. However, the envelope of suitability (indicated by red and
orange shades) spreads further south during the future periods of 2030-2049 and 2080-2099.
Taranaki had low suitability under the historic climate, but suitability increases over time to cover
most low elevation parts of the region between 2080-2099 (Kean et al., 2015).
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Figure 5-6:  Ecoclimatic Index scores for the Queensland fruitfly, Bactrocera tryoni, for three periods 1980-

1999, 2030-2049, and 2080-2099. El scores >19 indicate a high probability that the site is suitable for long-
term population persistence (e.g. red and orange shades). The climate data are for the A1B scenario
(equivalent to RCP6.0) and the CM2.1-GFDL general circulation model. Source: Kean et al. (2015).
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The arrival of new pest plants and the increased invasiveness of existing weeds is one of the most
significant likely consequences of climate change. More plant species are present in warmer regions,
so as frost declines in frequency, winters warm, and more insect pollinator species are able to survive
in warmer temperatures, a much larger range of weed species will be able to compete with local
species (McGlone and Walker, 2011). Ornamental plants may escape cultivation when climatic
constraints (such as frosts) are reduced and subsequently may naturalise and become invasive
(Sheppard et al., 2016). Sheppard (2013) modelled the potential distribution of recently naturalised
plant species in New Zealand with future climate change (Archontophoenix cunninghamiana
(bangalow palm), Psidium guajava (common guava), and Schefflera actinophylla (Queensland
umbrella tree)). All three species, which are currently only present in northern New Zealand
(Northland and Auckland), have the potential to significantly increase their range further southward
in the future, particularly into coastal areas around the country.

The shift towards reliance on drought and heat tolerant plants (in particular, pasture grasses) may
cause new pest species to spread and for new host/pest associations to develop (Kean et al., 2015).
The 2014 emergence of two native moths (Epyaxa rosearia and Scopula rubraria) as major plantain (a
variety of pasture grass) pests demonstrates how a large increase in usage elevated these previously
harmless species to pest status. In addition, as kikuyu grass (Cenchrus clandestinus) is likely to
become the most prevalent forage grass with increasing temperatures, pests that affect kikuyu grass
are likely to be important. Some pest species from Australia (e.g. the Sphenophorus venatus vestitus
weevil) have already been recorded on kikuyu in Northland and pests such as this are likely to spread
further in New Zealand as the climate warms. However, the projected reduction in rainfall and
humidity in some areas may actually reduce certain fungal disease pressures that require a wetter
environment (Coakley et al., 1999).

It is important to note that although much of the biosecurity risk with climate change will come from
beyond New Zealand’s borders, many of the future’s pest, disease and weed problems are currently
dormant in New Zealand, awaiting some perturbation, such as climate change, to allow them to
spread and flourish. These types of pests are often weeds but may also be invertebrates. A few
examples of sleeper invertebrate pests that are affected by temperature include (after Kean et al.
(2015)):

=  Migratory locust Locusta migratoria, found in grassland from Christchurch northwards.
Because existing temperatures are not usually high enough to trigger swarming
behaviour, the insect currently is not regarded as a pest. However, the locusts have
retained the capacity to swarm with a small swarm observed near Ahipara, Northland
in the 1980s.

=  Tropical armyworm Spodoptera litura. While this pest can be found through many
lowland North Island districts, epidemic outbreak populations, when caterpillars move
‘like an army’ through crops and pastures, are rare. However, the combination of
events that cause outbreaks will be more common under projected climate change
scenarios and include above-average summer and autumn temperatures, allowing for
additional generations to develop.

For more detailed information about the potential effects of climate change on current and potential
terrestrial biosecurity pests and diseases in New Zealand, see Kean et al. (2015).
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Aquatic biosecurity

The primary source of entry for aquatic biosecurity risk organisms into New Zealand is and will
continue to be through international shipping. These risk organisms are contained within ballast
water or attached to the hulls of ships. However, changes in water temperature and ocean currents
into the future, because of climate change, may result in species (including pests and pathogens) not
usually seen in New Zealand waters to arrive and establish. Sea temperatures are projected to
increase around New Zealand, particularly to the west of the country, and seawater is likely to
become more acidic (Law et al., 2018).

Long-term changes in marine environmental variables, such as seawater temperature, may lead to
new ecological compatibilities and may alter existing host-pathogen interactions. It is commonly
accepted that warmer sea and freshwater temperatures modify host-pathogen interactions by
increasing host susceptibility to disease. Such changes could contribute to the emergence of aquatic
diseases in new regions (Castinel et al., 2014).

In terms of freshwater biosecurity, increased water temperatures are likely to favour the expansion
of warm water species such as koi carp, goldfish, tench, rudd, and catfish (Office of the Prime
Minister's Chief Science Advisor, 2017). These fish can cause water quality degradation and reduced
indigenous biodiversity. Increased water temperatures may also facilitate the establishment of
tropical fish that are sold in the New Zealand aquarium trade and intentionally or accidentally
released. Increasing water temperatures will also favour warm-climate invasive aquatic plant species
such as water hyacinth (Eichhornis crassipes) and water fern (Salvinia molesta).

As discussed above for terrestrial biosecurity, aquatic organisms already established within the New
Zealand region that are not currently pests may become problematic under changed environmental
conditions with climate change — these are called “sleeper pests”.

5.7 Human health

Most of the information in this section is summarised from Royal Society of New Zealand (2017) —a
report titled Human health impacts of climate change for New Zealand.

Around the world, climate change has already contributed to increased levels of ill health,
particularly in connection with summer heatwaves. Climate change affects human health in
numerous ways. The ideal healthy human has complete physical, mental and social wellbeing, and
not merely the absence of disease or infirmity. Changes to the climate can impact on these:

= Directly via air and sea temperature, flooding or storms;
= |ndirectly due to changes to the environment and ecosystems; and

= Indirectly due to social and economic changes, such as migration stresses, health
inequality and socioeconomic deprivation.

In New Zealand, children, the elderly, people with disabilities and chronic disease, and low-income
groups are particularly vulnerable to climate change-related health impacts. Maori are also
particularly vulnerable due to existing health inequalities, having an economic base invested in
primary industries, housing and economic inequalities, and a greater likelihood of having low-income
housing in areas vulnerable to flooding and sea-level rise.
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5.7.1 Direct health impacts

Increased flooding, fires and infrastructure damage

Increased frequency and magnitude of fires, floods, storm tides and extreme rainfall events will
affect public health directly through injury (e.g. being burnt by fire or swept away by floods or
landslides). These extreme events may also have negative effects on wellbeing through disease
outbreaks, toxic contamination, effects of damp buildings, mental health issues, disruption to
healthcare access and damage to homes (lasting from weeks to months after the initial event).

Displacement

Sea-level rise and coastal erosion, as well as river flooding, may require people to leave their homes.
This can cause uncertainty and lead to mental health issues from the trauma of leaving familiar
surroundings, the breaking of social ties, and the difficulty of resettlement.

Extreme heat

Hot days have well-established negative impacts on the levels of iliness and death, and diabetes and
cardiovascular disease increase sensitivity to heat stress. Heat stress is particularly significant when
hot spells occur at the beginning of the hot season before people have become acclimatised to
hotter weather. The increasing number of hot days in Taranaki will likely cause detrimental impacts
on health.

Heat also poses health risks for people who work outdoors, including heatstroke and renal (kidney)
impairment. The increased heat is also associated with increased incidences of aggressive behaviour,
violence, and suicide. Individuals with mental health conditions are especially vulnerable to high
temperatures or heat waves, primarily due to not drinking enough fluids, getting access to cool
places, or recognising symptoms of heat exposure.

5.7.2 Indirect health impacts

Harmful algal blooms

Increasing temperatures will increase the likelihood of blooms of harmful algae, including blue-green
algae (cyanobacteria). These algae produce toxins that can, by either contact or ingestion, cause liver
damage, skin disorders, and gastrointestinal, respiratory and neurological symptoms. These blooms
can be widespread and long-lasting and can have impacts on commercial seafood harvesting and
people reliant on non-commercial harvesting (particularly Maori and Pasifika people), as well as
drinking water supplies and recreational water use.

Microbial contamination

Changing weather patterns, including more extreme rainfall events, flooding, and higher
temperatures, are likely to interact with agricultural runoff and affect the incidence of diseases
transmitted through contaminated drinking and recreational water. Conditions may also be more
suitable for bacterial growth — extreme rainfall may be a key climatic factor influencing the incidence
of waterborne diseases like Norovirus. Vibrio marine bacteria are highly responsive to rising sea
temperatures and may cause infected wounds, diarrhoea and septicaemia.
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Food availability, quality and safety

Climate change-induced changes to weather patterns and sea-level rise have direct effects on food
production, which can affect food affordability and availability, locally and globally. Changes in air
and water temperatures, rainfall patterns and extreme events can also shift the seasonal and
geographic occurrence of bacteria, viruses, parasites, fungi and other pests and chemical
contaminants. This can lead to reduced food safety prior to, during and after harvest, and during
transport, storage, preparation and consumption. For example, higher temperatures can increase the
number of microorganisms already present on fruit and vegetables, and flooding is a factor in the
contamination of irrigation water and farm produce and the E. coli contamination of shellfish.

Mental health and wellbeing

Increased temperatures, extreme weather events, and the displacement of people from homes and
communities will have significant mental health and wellbeing consequences. These range from
minimal stress and distress symptoms to clinical disorders such as anxiety, depression, post-
traumatic stress and suicidal thoughts. For New Zealanders, the natural environment is at the heart
of the nation’s identity. Disruption of bonds with the natural environment (e.g. through relocation of
communities) can cause grief, loss and anxiety.

Outdoor air quality

Changes in temperature, rainfall, and air stagnation can affect air pollution levels and human health.
Chronic health conditions such as asthma and chronic obstructive pulmonary disease are particularly
affected by outdoor air quality. Climate change is expected to increase the risk of fire, which may
cause more particulate emissions (PM10 and PM2.5) as well as ozone. Particulate matter smaller
than 2.5 um in diameter (PM2.5) is associated with severe chronic and acute health effects, including
lung cancer, chronic obstructive pulmonary disease, cardiovascular disease, and asthma
development and exacerbation. The amount of soil-derived PM10 dust in the air may also increase in
areas more frequently affected by drought. Due to extended growing seasons with climate change
(due to higher CO and higher temperatures), allergenic pollen may become more abundant in the
atmosphere (seasonally, spatially and at higher volumes).

However, improvements in outdoor and indoor air quality may be realised with ongoing warming
and consequent reductions in wintertime domestic fire use, as well as a move towards an electrified
vehicle fleet.

Carriers of new diseases

There are a number of organisms, including mosquitoes, ticks, and fleas that can transmit infectious
diseases between humans or from animals to humans. The seasonality, distribution and common
occurrence of diseases spread by these carriers are largely influenced by climatic factors, particularly
high and low-temperature extremes and rainfall patterns. Therefore, climate change may create
favourable conditions and increase the risk of infectious disease transmission in some areas.
Increased temperature, in particular, heightens the risk for mosquito-borne diseases which are
currently absent from New Zealand because the mosquitoes that carry these diseases (Aedes aegypti
and Aedes albopictus) are not established in our current climate (it is too cold) (Derraik and Slaney,
2015). These diseases include West Nile virus, dengue fever, Murray Valley encephalitis, Japanese
encephalitis, Ross River virus, and Barmah Forest virus (most of these are present in Australia).
Mosquito-borne diseases like Zika and chikungunya that are already present in the Pacific Islands
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could become more of a risk for New Zealand if climate change allows important disease-
transmitting mosquitoes to become established here. Disease-carrying mosquitoes are often
intercepted in New Zealand, particularly at seaports.

Summary

Overall, climate change-induced hazards are likely to expose Taranaki to a variety of direct and
indirect health impacts. Both types of impacts could threaten residents’ life (existential threats) or
degrade their health and wellbeing. Increased flooding and extreme heat are examples of direct
drivers of potential health issues in this region. The indirect impacts include the drivers that cause
some secondary health issues over time. These impacts include harmful algal blooms and microbial
contamination which release toxic substances to drinking water resources, reduced rainfall or
flooding that impact food production and distribution system, or increased abundance and
distribution pattern of pathogens and disease due to rising temperature. Mental health and
wellbeing are other aspects of human health issues that could be impacted by climate change-
oriented hazards such as heat stress, flooding and fire events.

6 Summary and conclusions

This report presents climate change projections for Taranaki. Historic climatic conditions are
presented to provide a context for future changes. The future changes discussed in this report
consider differences between the historical period 1986-2005 and two future time-slices, 2031-2050,
“2040”, and 2081-2100, “2090”.

It is internationally accepted that further climate changes will result from increasing amounts of
anthropogenically produced greenhouse gases in the atmosphere. The influence from anthropogenic
greenhouse gas contributions to the global atmosphere is the dominant driver of climate change
conditions, and it will continue to become more dominant if there is no slowdown in emissions,
according to the IPCC. In addition, the climate will vary from year to year and decade to decade
owing to natural variability.

Notably, future climate changes depend on the pathway taken by the global community (i.e. through
mitigation of greenhouse gas emissions or an ongoing high emissions trajectory). The global climate
system will respond differently to future pathways of greenhouse gas concentrations. The
representative concentration pathway approach taken here reflects this variability through the
consideration of multiple scenarios (i.e. RCP4.5, a mid-range scenario, and RCP8.5, a high-end
scenario). The six climate models used to project New Zealand'’s future climate were chosen by NIWA
because they produced the best results when compared to historical climate and circulation patterns
in the New Zealand and southwest Pacific region. They were as varied as possible to span the likely
range of model sensitivity. The average of outputs from downscaling simulations derived from all six
models (known as the ‘ensemble average’), is presented in the climate change projection maps in
this report. The ensemble-average was presented, as taking averages over a number of simulations
reduces the effect of ‘noise’ in the climate signal.

Changes to the future climate of Taranaki are likely to be considerable. Some of the main impacts
projected include an increase in hot days, a reduction in frost days, a shift to larger extreme rainfall
events and increased potential for drought. The following list summarises the projections of different
climate variables in Taranaki:
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=  The projected temperature changes increase with time and greenhouse gas
concentration scenario. Future annual average warming spans a wide range: 0.50-
1.00°C by 2040, and 1.00-1.50°C (RCP4.5) or 2.50-3.00°C (RCP8.5) by 2090.

=  Annual average maximum temperatures are expected to increase by 0.75-1.00°C by
2040 under RCP4.5. By 2090, maximum temperatures are projected to increase by
1.25-2.00°C (RCP4.5) or 2.50-3.50°C (RCP8.5). Increasing maximum temperatures will
result in more hot days (days with the maximum temperature above 25°C). Up to 15
more annual hot days are projected by 2040, with up to 63 more annual hot days by
2090 (RCP8.5).

=  Annual average minimum temperatures are expected to increase by 0.50-0.75°C by
2040 under RCP4.5. By 2090, minimum temperatures are projected to increase by
1.00-1.25°C (RCP4.5) or 2.00-3.00°C (RCP8.5). Increasing minimum temperatures will
likely result in fewer frost days for the region (days with the minimum temperature
below 0°C). The largest decreases are projected for high elevation and inland locations,
with up to 15 fewer frost days projected by 2040, and up to 23 fewer days by 2090
(RCP8.5). Smaller decreases are generally projected for coastal locations from Opunake
north to Waitara because fewer frosts historically occur in those locations.

= Maximum temperatures are projected to increase more than minimum temperatures,
resulting in an increased diurnal temperature range (i.e. the difference between the
daily maximum and minimum temperature will increase). Diurnal temperature range is
projected to increase by up to 0.50°C by 2040 under RCP4.5, and by up to 1.00°C by
2090 under RCP8.5.

=  Projected changes in rainfall show variability across Taranaki. Annually, rainfall is
projected to increase for most of the region, with greater increases by 2090 and under
RCP8.5 (up to +12%). Larger rainfall increases as well as rainfall decreases are
projected at the seasonal scale for parts of Taranaki. By 2090, some parts of the region
have projected winter increases of 8-22% (RCP8.5), and spring decreases of up to 6%
(RCP4.5).

=  Extreme, rare rainfall events are projected to become more severe in the future. Short
duration extreme rainfall events (e.g. thunderstorms) have the largest relative
increases compared with longer duration extreme rainfall events (e.g. ex-tropical low
pressure systems). For the selected locations analysed in this report, rainfall depths for
1-in-50-year and 1-in-100-year events are projected to increase across the
representative concentration pathways and future time periods.

=  Drought potential is projected to increase across Taranaki, with annual accumulated
Potential Evapotranspiration Deficit (PED) totals increasing with time and increasing
greenhouse gas concentrations. By 2040, PED totals are projected to increase by 25-90
mm. By 2090, PED totals are projected to increase by 25-90 mm (RCP4.5) or 30-110
mm (RCP8.5).

The effects of climate change on hydrological characteristics were examined by driving NIWA’s
national hydrological model with downscaled Global Climate Model (GCM) outputs from 1971-2099
under different global warming scenarios. Using a combination of six GCMs and four warming
scenarios allows us to consider a plausible range of future trajectories of greenhouse gas
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concentrations and climatic responses. The changing climate over this century is projected to lead to
the following hydrological effects, resulting in the region’s hydrological regime shifting towards more
hydrological extremes (wet or dry):

= Annual average discharge is projected to remain stable or slightly increase across RCPs
and future time periods.

=  Mean annual low flows (MALF) are expected to decrease across RCPs and future
periods for most catchments. Reduction in MALF of up to 50% is expected for most of
the river systems in the region with increased greenhouse gas concentrations and

time.

One of the major and most certain (and so foreseeable) consequences of increasing concentrations
of greenhouse gases and associated warming, is the rising sea level. Rising sea level in past decades
have already affected human activities and infrastructure in coastal areas is New Zealand, with a
higher base mean sea level contributing to increased vulnerability to storms and tsunami.

=  Absolute sea-level rise (SLR) in Taranaki, calculated from satellite altimetry, is trending
at around 4 mm/year (trend for 1993-present): close to the New Zealand-wide average
of 4.4 mm/year (calculated up to the end of 2015).

= By 2090, sea-level rise of 0.5 m (RCP4.5) or 0.7 m (RCP8.5) is projected (relative to
1986-2005 baseline).

A changing climate will have impacts on different sectors and environments in Taranaki, which are
summarised in the table below:

Sector/Environment

Potential climate change impact/opportunity

Hill country erosion
and landslides

Pasture growth

Exotic forestry

Ecosystems

Human health

Increased risk of land degradation resulting from landslides and soil erosion may be
anticipated due to projected increase in severity of extreme rainfall events.

Erosion control initiatives (e.g. planting trees) will remain a useful way to retain
productive soil on farms and reduce sediment entering waterways.

Warmer winter and spring periods will allow increased seasonal growth rates.

Summer growth may be suppressed by i) temperatures that are too high, and ii) limited
water availability due to increased potential evapotranspiration deficit.

Increased productivity due to increased temperatures and carbon dioxide.

The extra growth caused by carbon dioxide fertilisation may make trees more
susceptible to wind damage.

Projected increase in fire risk, and drier conditions may result in faster fire spread and
greater areas burned.

Loss of habitat due to sea-level rise and coastal erosion (coastal squeeze) — this could
be made worse by human responses to climate impacts e.g. sea walls.

Risks to indigenous ecosystems and species due to the increased spread of invasive
species.

Warming oceans may impact the distribution of marine species (native and invasive).

Direct impacts on health via increased flooding, fires, and infrastructure damage,
displacement of people, extreme heat.
Indirect impacts on health via things such as harmful algal blooms, microbial

contamination, food availability and quality, mental health and wellbeing, outdoor air
quality, and carriers of new diseases.
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6.1 Recommendations for future work

This report provides the most comprehensive and up-to-date climate change projections for Taranaki
currently available. However, there are areas that were out of scope for this report, or where there is
currently no Taranaki-specific information available, which may be considerations for future work.
Some of these are indicated below:

= In relation to Freshwater:

— Projections of changes to large floods (magnitude and frequency) are not
currently available, but investigations into how large floods may change in the
future are the subject of an ongoing 5-year research programme led by NIWA. It is
anticipated that data will likely become available for use by councils in due
course.

— Further work to understand climate change impacts on surface water low flows,
groundwater recharge, lake levels, and wetlands, to inform policy development.
This is particularly relevant regarding water availability for water allocation limits,
which need to consider the foreseeable impacts of climate change (Ministry for
the Environment, 2022).

— Additional work using SedNetNZ (Dymond et al., 2016) to understand the impacts
of climate change on soil erosion and suspended sediment loads in Taranaki.

=  Given the projected increases in temperature, an investigation could focus on the
potential changes to heat stress in the agricultural sector (e.g. projected change in
occurrence of heat stress conditions for dairy cows).

=  Adetailed analysis of wildfire risk in the context of projected climate change was
beyond the scope of this report and there is much potential for future research on this
front. One possibility for such work could be to analyse and map future areas of high
fire risk by combining projected climate data such as temperature, precipitation, and
wind with relevant fire risk factors such as vegetation type and flammability. Such
work would likely require a collaborative research effort between NIWA and an
institute specialised in wildfire research such as Scion.

=  Potential changes to crop suitability with climate change — modelling specific to
Taranaki could be carried out as this has been done for other parts of New Zealand for
a range of crop types (e.g. Ausseil et al., 2019; Teixeira et al., 2020)2.

7 Acknowledgements

Victoria McKay and Abby Matthews at Taranaki Regional Council are thanked for their feedback on
this report in its draft form, as well as their contribution to identifying recommendations for future
work.

8 For additional information about this work, refer to the “Climate change & its effect on our agricultural land” project at:
https://www.deepsouthchallenge.co.nz/projects/climate-change-its-effect-our-agricultural-land
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8 Glossary of abbreviations and terms

CMIP5 Fifth Coupled Model Inter-comparison Project
ENSO El Nifio-Southern Oscillation

GCM General Circulation Models

GPS Global Positioning System

HIRDS High Intensity Rainfall Design System

IPCC Intergovernmental Panel on Climate Change
IPO Interdecadal Pacific Oscillation

MALF Mean annual low flow

MSLP Mean sea level pressure

NIWA National Institute of Water and Atmospheric Research
RCM Regional climate modelling

RCP Representative Concentrations Pathway

RSLR Relative sea-level rise

SAM Southern Annular Mode

SST Sea surface temperature

TRC Taranaki Regional Council

VCSN Virtual Climate Station Network

VLM Vertical land movement
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Appendix A Global and New Zealand climate change

Key messages

= The global climate system is warming and many of the recently observed climate changes
are unprecedented.

= 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.

. Human activities (and associated greenhouse gas emissions) are estimated to have caused
approximately 1.0°C of global warming above pre-industrial levels.

L] Estimated human-induced global warming is currently increasing at 0.2°C per decade due to
past and ongoing emissions.

. Continued increases in greenhouse gas emissions will cause further warming and 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 millennia) (IPCC,
2013). These changes include warming of the atmosphere and ocean, diminishing of ice and snow,
sea-level rise, and increases in the concentration of greenhouse gases in the atmosphere. Climate
change is already influencing the intensity and frequency of many extreme weather and climate
events globally. Increases in average temperatures will result in related increases in the occurrence
of extreme temperatures. The Earth’s atmosphere has warmed by approximately 0.85°C on average
over the period 1880-2012. The rate of sea-level rise since the mid-19%" century has been larger than
the mean rate of change during the previous two millennia. From the start of New Zealand’s records
(1901) to 2018, national mean coastal sea levels have risen 1.81 (+0.05) millimetres per year
(Ministry for the Environment & Stats NZ, 2019).

Global atmospheric concentrations of carbon dioxide have increased to levels unprecedented in at
least the last 3 million years (Willeit et al., 2019). Carbon dioxide concentrations have increased by at
least 40% since pre-industrial times, primarily from fossil fuel emissions and secondarily from net
land use change emissions (IPCC, 2013). In December 2021, the global carbon dioxide concentration
of the atmosphere was 416.9 parts per million (NOAA, 2022). The ocean has absorbed about 30% of
the emitted anthropogenic carbon dioxide, causing ocean acidification. Due to the influence of
greenhouse gases on the global climate system, it is extremely likely that human influence has been
the dominant cause of the observed warming since the mid-20™ 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 Sixth Assessment Report
(Lawrence et al., 2022), as well as a report published by the Royal Society of New Zealand (Royal
Society of New Zealand, 2016). Key findings from these publications include:

The regional climate is changing. The Australasia region demonstrates long-term trends toward
higher surface air and sea surface temperatures, more hot days and heatwaves, fewer cold extremes,
and changed rainfall patterns. Increasing greenhouse gas concentrations have 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 Island
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(Ministry for the Environment & Stats NZ, 2020). Some heavy rainfall events already carry the
fingerprint of a changed climate, in that they have become more intense due to higher temperatures
allowing the atmosphere to carry more moisture (Dean et al., 2013). Frosts have become less
common, while the number of warm days and heatwaves days is increasing (Ministry for the
Environment & Stats NZ, 2020).

The region has exhibited warming to the present and is virtually certain to continue to do so. Based
on observations, New Zealand’s mean annual temperature has increased by an average of 1.07°C (+
0.24°C) per century since 1909 (Figure A-).
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1.0 T \ \ T \ T T T

T T T T
- Trend: 1.07+£0.24°C/century (1909-2021)

| || \ LUl

| | | L | | | L
1070 1020 1930 1940 1050 1060 1970 1080 1090 2000 2010 2020

Year

0.5
0.0

-0.5

Temperature anomaly (°C)

-1.0

-1.5

Figure A-1: New Zealand national temperature series, 1909-2021. More information about the New
Zealand seven-station temperature series can be found at https://niwa.co.nz/seven-stations.

Warming is projected to continue through the 21* century along with other changes in climate.
Warming is expected to be associated with ongoing significant glacier retreat, more frequent hot
days, less frequent cold days, and increasing rainfall intensity. Annual average rainfall is projected to
decrease in the north and east of the North Island, and to increase in southern and western parts of
the South Island (Ministry for the Environment, 2018). Fire hazard is projected to increase in many
parts of New Zealand, especially on the eastern coast in the southern half of both islands (Watt et al.,
2019). Regional sea level rise will very likely exceed the historical rate, consistent with global mean
trends (Ministry for the Environment, 2017).

Impacts and vulnerability: Without adaptation, further climate-related changes are projected to
have substantial impacts on water resources, coastal ecosystems, infrastructure, health, agriculture,
and biodiversity. However, uncertainty in projected rainfall changes and other climate-related
changes remains large for many parts of New Zealand, which creates significant challenges for
adaptation.

Additional information about recent New Zealand climate change can be found through the Ministry
for the Environment (2018), and the Ministry for the Environment & Stats NZ (2020).
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Appendix B Year to year climate variability and climate change

Key messages

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

Ll El Nifio-Southern Oscillation is the dominant mode of inter-annual climate variability and it
impacts New Zealand primarily through changing wind, temperature and rainfall patterns.

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

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

Much of the material in this report focuses on the projected changes to the climate of Taranaki over
the coming century due to increases in global anthropogenic greenhouse gas concentrations.
However, natural variations will also continue to occur. Much of the variation in New Zealand’s
climate is random and lasts for only a short period, but longer term, quasi-cyclic variations in climate
can be attributed to different factors. Three large-scale oscillations that influence climate in New
Zealand are the El Nifio-Southern Oscillation, the Interdecadal Pacific Oscillation, and the Southern
Annular Mode (Ministry for the Environment, 2008). Those involved in (or planning for) climate-
sensitive activities in Taranaki will need to cope with the combination of both anthropogenic change
and natural variability.

The effect of El Nifio and La Nifa

El Nifio-Southern Oscillation (ENSO) is a natural mode of climate variability that has wide-ranging
impacts around the Pacific Basin (Ministry for the Environment, 2008). ENSO 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.

During El Nifio, easterly trade winds weaken and relatively warm water moves eastward across the
equatorial Pacific, accompanied by higher rainfall than normal in the central-east Pacific. La Nifia
produces opposite effects and is typified by an intensification of easterly trade winds, retention of
warm ocean waters over the western Pacific. ENSO events occur on average three to seven years
apart, typically becoming established in April or May and persisting for about a year thereafter.

During La Nifa events, the strengthened trade winds usually cause New Zealand to experience a
stronger than normal north-easterly airflow. This generally brings higher seasonal temperatures to
the country and wetter than normal conditions to the north and east of the North Island, as well as
to Taranaki (Figure B-2).
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Figure B-2: Average summer percentage of normal rainfall during El Nifio (left) and La Nifia (right). El Nifio
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, 1975/76, 1983/84, 1984/85, 1988/89, 1995/96, 1998/99, 1999/2000,
2000/01. This figure was last updated in 2005.

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

The effect of the Interdecadal Pacific Oscillation

The Interdecadal Pacific Oscillation (IPO) is a large-scale, long-period oscillation that influences
climate variability over the Pacific Basin including New Zealand (Salinger et al., 2001). The IPO
operates at a multi-decadal scale, with phases lasting around 20 to 30 years. During the positive
phase of the IPO, sea surface temperatures around New Zealand tend to be lower, and westerly
winds stronger, resulting in wetter conditions for western areas of both North and South Islands
(including Taranaki). The opposite occurs in the negative phase. The IPO can modify New Zealand’s
connection to ENSO, and it also positively reinforces the impacts of El Nifio (during IPO+ phases) and
La Nifia (during IPO- phases).

The effect of the 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
coupled with ENSO, and both phenomena affect New Zealand’s climate in terms of westerly wind
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strength and storm occurrence (Renwick & Thompson, 2006). In its positive phase, the SAM is
associated with relatively light winds and more settled weather over New Zealand, with stronger
westerly winds 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 SAM is influenced 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 and the high
southern latitudes would have an impact on westerly wind strength in the mid-high latitudes.

The influence of natural variability on climate change projections

It is important to consider human-induced climate change in the context of natural climate
variability. An example of this for temperature is shown in Figure B-3. The solid black line on the left-
hand side represents the annual average temperature 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
individual simulations. Post-2005, 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 six-model average temperature projections for each concentration
scenario, and the lighter lines showing the results for each of the six downscaled climate models for
both historical and future periods.

For the future 2006-2100 period, the models show very little warming trend after about 2030 under
the low greenhouse gas concentration (“RCP2.6”, blue shading) scenario, whereas temperature
changes between +2.0°C and +3.5°C by 2100 are projected under the high concentration (“RCP8.5”,
red shading) scenario.

Figure B-3 should not be interpreted as a set of specific predictions for individual years. However, it
illustrates that although we expect a long term overall 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 typical by about
2050, and an “unusually warm” year in 30-50 years’ time (under the higher concentration scenarios)
is likely to be warmer than anything we currently experience. The strength of future anthropogenic
trends in other climate variables will be smaller in relation to their large year-to-year variability, with
the notable exception of sea-level rise.
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Figure B-3: New Zealand modelled air temperature. Historical (black) and future projections for four RCPs
and six downscaled climate models, illustrating future year-to-year variability. See text for full explanation.
From Ministry for the Environment (2018).
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Appendix C  Methodology

Climate modelling

NIWA has 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 procedures. These are described in more detail in a climate guidance manual
prepared for the Ministry for the Environment (2018), but a short explanation for the dynamical
procedure is provided below. All climate variables and indices presented in this report are based on
the dynamical downscaling approach.

Coupled global atmosphere-ocean general circulation models (GCMs) are used to generate climate
change projections for prescribed future greenhouse gas concentration scenarios, and results from
these models are available through the Fifth Coupled Model Inter-comparison Project (CMIP5)
archive (Taylor et al., 2012). Simulations from six GCMs were selected by NIWA for dynamical
modelling, and the bias corrected sea surface temperatures (SSTs) from these six CMIP5 models were
used to drive a global atmosphere-only 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 consistent results 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 other such that they spanned the likely range of
model differences. The dynamical downscaling procedure involves forcing a higher-resolution
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 were BCC-CSM1.1, CESM1-CAM5, GFDL-CM3,
GISS-E2-R, HadGEM2-ES and NorESM1-M. The NIWA downscaling (RCM) produced simulations that
contain daily climate variables, including precipitation and surface temperature, from 1971 through
to 2100. The native resolution of the regional climate model is approximately 30 km (0.27 degrees).
However, climate models are known to have considerable biases due to inadequate representation
of some critical processes and features (e.g. clouds, precipitation). The daily precipitation projections,
as well as daily maximum and minimum temperatures, were bias corrected so that the probability
distributions from the RCM were aligned with those derived from the Virtual Climate Station
Network (VCSN) data on the model resolution when the RCM is driven by the observed large scale
circulation across New Zealand (known as ‘re-analysis’ data, REAN; Sood, 2015). When the RCM is
driven from the free-running GCMs, forced by CMIP5 sea surface temperatures (SSTs), additional
biases occur due to biases in the large-scale circulation in the global model without data assimilation.
Therefore, the climate variables from the RCM nested in the free running GCMs forced by historic
greenhouse gas concentrations (RCPpast) are expected 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~5 km grid at a daily time-step. The ~5 km grid corresponds to the VCSN grid®. Figure C-4 shows a
schematic for the dynamical downscaling method used in this report.

? Virtual Climate Station Network, a set of New Zealand climate data based on a 5 km by 5 km grid across the country. Data have been
interpolated from ‘real’ climate station records (Tait et al., 2006).
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Figure C-4: Schematic diagram showing the dynamical downscaling approach. This approach utilises
outputs from global climate models (relatively low spatial resolution; ~140 km) to generate regional climate
model projections of a relatively high spatial resolution (~5 km) that better accounts for New Zealand’s
complex topography.

The change in the mean climatologies of climate variables averaged from the six model simulations,
the 6-model ensemble mean, is presented for the climate simulations rather than for any individual
model. The model ensemble mean climatology of climate variables is a better representation of the
corresponding climate change signal (i.e. projected change of climate variables compared to historic
average; also termed signal), since the averaging process reduces the internal variability of the
climate system (also termed noise). This is particularly relevant where the signal to noise ratio is
small. Though only a small number of model simulations (six) were possible due to large computing
resources required for running climate model simulations, they were very carefully selected to cover
a wide range of the larger CMIP5 model ensemble.

Climate projections are presented as a 20-year average for two future periods: 2031-2050 (termed
‘2040’) and 2081-2100 (termed ‘2090’). All maps show changes relative to the baseline climate of
1986-2005 (termed ‘1995’), as used by IPCC (2013). Hence the projected changes by 2040 and 2090
should be thought of as 45-year and 95-year 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 baseline maps (1986-2005) show modelled historical climate conditions from
the same six models as the future climate change projection maps.

Representative concentration pathways

Assessing possible changes for our future climate due to human activity is challenging because
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, technological advances and policies for mitigation and
sustainable resource use. This range of uncertainty has been dealt with by the IPCC through
consideration of ‘scenarios’ that describe concentrations of greenhouse gases in the atmosphere.
The wide range of scenarios are associated with possible economic, political, and social
developments during the 21 century. In the 2013 IPCC Fifth Assessment Report, a selection of these
scenarios were called Representative Concentrations Pathways (RCPs).
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These representative pathways are abbreviated as RCP2.6, RCP4.5, RCP6.0, and RCP8.5, in the order
of increasing radiative forcing in Watts/m? of 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 the 3™ quarter of this century, leading to low anthropogenic
greenhouse gas concentrations (also requiring removal of carbon dioxide from the atmosphere), and
called the ‘mitigation’ pathway (and the scenario closest to the aspirational goal of the 2015 Paris
Agreement of reducing global temperature rise below 2°C above pre-industrial times). RCP4.5 and
RCP6.0 are two ‘stabilisation’ pathways (where greenhouse gas concentrations stabilise by 2100),
and RCP8.5 represents continuing high global emissions without effective mitigation, which will lead
to high greenhouse gas concentrations (a ‘high end’ pathway). Therefore, the RCPs represent the
outcomes of a range of 21%-century climate policies.

Table C-1 shows the projected global mean surface air temperature for each RCP. The full range of
projected globally averaged temperature increases for all pathways for 2081-2100 (relative to 1986-
2005) is 0.3 to 4.8°C (Figure C-5). Warming will likely continue beyond 2100 under all RCPs except
RCP2.6. Warming will continue to exhibit inter-annual-to-decadal variability and will not be regionally
uniform.

Table C-1:  Projected change in global mean surface air temperature. For the mid- and late- 21st century
relative to the reference period of 1986-2005 for different RCPs. After IPCC (2013).

. 2046-2065 (mid-century) 2081-2100 (end-century)
. Alternative
Scenario
name . .
Mean (°C) Likely range (°C) Mean (°C) Likely range (°C)

RCP2.6 Mitigation 1.0 041016 1.0 03to1.7
pathway

RCP4.5 Stabilisation 14 0.9t0 2.0 18 111026
pathway

RCP6.0 Stabilisation 1.3 08t01.8 2.2 14t03.1
pathway

RCP8.5 High end 2.0 141026 3.7 2.6t04.8
pathway
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Figure C-5: CMIP5 multi-model simulated time series from 1950-2100 for change in global annual mean
surface temperature relative to 1986-2005. 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 uncertainties averaged over
2081-2100 are given for all RCP scenarios as coloured vertical bars to the right of the graph (the mean
projection is the solid line in the middle of the bars). The numbers of CMIP5 models used to calculate the multi-
model mean is indicated on the graph. From IPCC (2013).

Cumulative greenhouse gas emissions will largely determine global mean surface warming by the late
21°t century and beyond. 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 being sea-level rise. This
represents a substantial multi-century climate change commitment created by past, present and
future emissions — particularly for coastal areas facing ongoing sea-level rise.

Hydrological modelling

To assess the potential impacts of climate change on agricultural water resources, a hydrological
model is required that can 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 capable of this at present.
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 that a better representation of the biophysical processes will
allow the model to perform better outside the range of conditions under which it is calibrated.

The hydrological model used in this study is NIWA’s TopNet model (Clark et al., 2008), which is
routinely used for surface water hydrological modelling applications in New Zealand. It is a spatially
semi-distributed, time-stepping model of water balance, that is used commonly in New Zealand for
catchment, regional and national scale hydrological modelling. It is driven by time-series of
precipitation and temperature, and of additional weather elements where available. TopNet
simulates water storage in the snowpack, plant canopy, rooting zone, shallow subsurface, lakes and
rivers. It produces time-series of modelled river flow (without consideration of water abstraction,
impoundments or discharges) throughout the modelled river network, as well as evapotranspiration,
and does not consider irrigation. TopNet has two major components, namely a basin module and a
flow routing module.
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The model combines TOPMODEL hydrological model concepts (Beven et al., 1995) with a kinematic
wave channel routing algorithm (Goring, 1994) and a simple temperature based empirical snow
model (Clark et al., 2008). As a result, TopNet can be applied across a range of temporal and spatial
scales over large watersheds using smaller sub-basins as model elements (lbbitt and Woods, 2002;
Bandaragoda et al., 2004). Considerable effort has been made during the development of TopNet to
ensure that the model has a strong physical basis and that the dominant rainfall-runoff dynamics are
adequately represented in the model (McMillan et al., 2010). TopNet model equations and
information requirements are provided by Clark et al. (2008) and McMillan et al. (2013).

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

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

=  Physiographical data based on the Land Cover Database version two and Land
Resource Inventory (Newsome et al., 2012).

=  Soil data based on the Fundamental Soil Layer information (Newsome et al., 2012).

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

The method for deriving TopNet’s parameters based on GIS data sources in New Zealand is given in
Table 1 of Clark et al. (2008). Due to the paucity of some spatial information 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 spin-up period 1971 excluded from the analysis. The climate inputs were stochastically
disaggregated from daily to hourly time steps. As the GCM simulations are “free-running” (based
only on initial conditions, not updated with observations), comparisons between present and future
hydrological conditions 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 REC 1 digital river network aggregated up to Strahler
catchment order three (approximate average catchment area of 7 km?) used within previous national
and regional scale assessments (Pearce et al., 2017; 2018); residual coastal catchments of smaller
stream orders remain included. The simulation results comprise hourly time-series of various
hydrological variables for each computational sub-catchment, and for each of the six GCMs and two
RCPs considered. To manage the volume of output data, only river flows information was preserved;
all the other state variables and fluxes can be regenerated on demand.

Hydrological projections are presented as the average for two future periods: 2036-2056 (termed
‘mid-century’) and 2086-2099 (termed ‘late-century’). All maps show changes relative to the baseline
climate (1986-2005 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 that the conclusions drawn would be substantively different if the
periods were aligned. Hydrological projections were analysed for the following hydrological statistics:
Mean annual discharge and Mean annual low flow (MALF).
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Because of TopNet assumptions, soil and 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).
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