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1. Executive Summary

The Taiari River is the second-largest river in Otago and flows from the sub-alpine uplands in the
Maniatoto for more than 280 km to Taiari Mouth. The river catchment contains several key
freshwater values and unique ecosystems. In this report, the Taiari is split into four subcatchments,
each with their own unique freshwater values and climate change risks. The four subcatchments
are the lower Taiari basin, the Mid Taiari, the Maniatoto and the Taiari/Waipouri uplands. The
Taiari scroll plain in the Maniatoto basin is one of the only inland scroll plains in New Zealand,
Sutton Salt Lake in the Mid Taiari is the only inland saline lake wetland system in New Zealand,
and the Waipouri-Waihora wetland complex represents a significant wetland system in the lower
Taiari basin. There is also a second upland environment above the Waipouri-Waihora wetland
complex which contains Lake Mahinerangi and several alpine wetlands. The Taiari River is one of

14 rivers in DOC’s Nga Awa River Restoration Programme.

Using the best available data and expert knowledge this report summarises the key freshwater
ecosystem and species values within the catchment, describes how climate change could impact
these values, and outlines the future management and research options to mitigate the effects of

climate change on the catchment.

The first part of this report examines the historical context of the Taiari catchment and
implications for the future and outlines the climate-change scenarios and projections for the Taiari.
The report then deals separately with the four main subcatchments. For each subcatchment, the
key freshwater values are outlined, placed in the context of their sensitivity to climate change, then
how predicted climate change exposure may affect these values is discussed. Finally, we propose
an initial selection of management options that could be employed to protect these key freshwater

values.
Climate change impacts

The local climate change projections for the catchment are described by, and sourced from,
Goldsmith (2023). The historic rainfall and temperature records, and future climate and
hydrological projections were produced by the National Institute of Water and Atmospheric

Research (NIWA) and Filmer and Fitzharris (2002). These projections are outlined below.
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Lower Taiari Basin

Increases in projected mean
annual flows, and flood flows.
No change in annual low
flows except for Silver
Stream which increases.
Increases in historical and
projected annual
temperature, projected
extreme hot (+30°C) days.
Decrease in annual frost
days.

Increases in projected annual
rainfall, historical annual
max 1-day rainfall, annual
projected heavy rain days.
Decrease in annual dry days.

Historical decreases in
annual wind speed.
Decreases in projected

extreme wind.

Sea level rise, 13.5cm from
the last century.

13-30cm projected to 2040,
and 40 to 100cm to 2090.

Mid Taiari

No change in projected mean
annual flows in the north, but
increases downstream. Increases
in flood flows.

Decrease in annual low flows.
Increases in projected annual
temperature, projected extreme
hot (+30°C) days.

Decrease in annual frost days.

Increases in projected annual
rainfall, and annual projected
heavy rain days.

Increase in annual dry days in
the north and decrease
downstream.

Historical decreases in annual
wind speed.

Decreases in projected extreme
wind initially, changing to an

increase in the north and west.

Maniatoto

No change in projected mean
annual flow initially, changing to a
slight increase. Decrease in annual
low flows. Increases in projected
annual flood flows.

Increases in historical and
projected annual temperature,
historical maximum and projected
minimum air temp, projected hot
(+30°C) days. Decrease in annual
frost days.

No change in historical rainfall but
an increase in projected annual
rainfall.

Increase in annual heavy rain days
and annual dry days.

Historical decreases in annual wind
speed.

Increase in projected extreme daily
wind speeds.

Taiari/Waipouri Uplands

Increases in projected mean
annual flows, and flood
flows.

Decrease in annual low
flows.

Increases in projected
annual temperature,
projected extreme hot
(+30°C) days.

Decrease in annual frost
days.

Increases in projected
annual rainfall, annual
projected heavy rain days,
and annual dry days.

Increases in projected
extreme daily wind speeds.



Climate change sensitivity and exposure

The four main subcatchments each face different challenges based on the variation in ecosystems,

habitat, and species they contain. The key risks each subcatchment faces are:

Lower Taiari basin

1 The Waipouri/Waihora lake-wetland complex represents a significant habitat for fish,
invertebrates, and birds. Rising sea level, and extreme weather events, could cause the loss
of aquatic plants in the lakes causing a permanent shift to a turbid, eutrophic system.

9 In the surrounding hill streams, increased rain events leading to elevated flow may allow
for trout incursions into areas where only native fish are present.

Mid Taiari

9 Several species of threatened native fish inhabit the Mid Taiari. If minimum flow and water
quality is maintained in the mainstem, fish communities should be minimally impacted,
but for smaller streams projected extreme flood and drought events could have a greater
impact.

9 Sutton Salt Lake is the only inland, saline lake in New Zealand. Due to the delicate water
balance of the system, it is considered a high-risk environment.

Maniatoto

9 The scroll plains are an internationally significant wetland complex hosting significant
native biodiversity.

9 Several native and introduced fish species live within the Maniatoto area. These fish
communities will be exposed to the impacts of climate change given that the area is
relatively arid and has high water demand for usage in agriculture.

9 Increasingly dry and hot summers will reduce the water level in the main stem and

tributaries to those that stress or kill fish. Extreme flood events can be followed by low

oxygen/blackwater events which can cause mass fish and/or bird die offs.

Taiari/Waipéuri Uplands

1

Many inland and alpine wetlands exist within the uplands of the catchment and are already
at moderate to high risk from climate change.

The effects on these wetlands may be partly determined by water draw-down rates and
irrigation water storage in the surrounding area and in part by changes to more woody

vegetation in response to increased temperatures and altered fire management.

10



1 ‘Nationally Endangered’ Eldon’s and dusky galaxias have fragmented distributions across
the uplands which are most of the last remaining habitat for the species.

9 Changes to vegetation could alter the hydrology of the upland catchment and increase the
risk of wildfire which could impact Eldon’s and dusky galaxias habitat.

1 Maintaining barriers for trout migration and other pest species is critical for ensuring

protection of the non-migratory galaxiids in the area.
Climate change management

Several management options are discussed for each subcatchment and a table outlining all
management options has been produced. Many options are unique to the subcatchment but some

are relevant for all subcatchments. Some of these catchment-wide management options include:

9 Wetland protection and restoration of riparian habitats to ensure more stable in-stream
habitat conditions. Wetlands mitigate the impacts of both drought and floods as well as
supporting highly diverse aquatic flora and fauna (including fish and birds).

 Management of invasive species to maintain predator exclusion and to manage the
increased risk of fire from wilding invasive plants such as pines.

9 Development of a regional non-migratory galaxiid conservation plan to protect these
unique species, several of which are found nowhere else on Earth outside Otago.

1 Land-use diversification to reduce reliance on irrigation and decrease debt-servicing thus

increasing resilience to climate change on multiple fronts.

The management options listed here and throughout the report are presented to stimulate
discussion about how the community may proactively address the challenges that may arise from

climate change within the Taiari catchment.
Previous work

Orchard (2022 & 2023) held strategy workshops with mana whenua, community members, regional
council, and DOC to discuss Te Mana o Taiari Matatt ki te Taiao, a climate resilience strategy for
the natural environment of the Taiari catchment. This focused on identifying the important values
within the catchment, developing potential adaptation pathways for climate change, and shorter-
term objectives. The ecological, socio-economic, and cultural values and solutions of the
community were explored. This report complements those workshops by providing an assessment
of the impact’s climate change could have on the freshwater ecosystems and species of the Taiari
catchment. Many of the freshwater features discussed in this report overlap with those identified

by the community and mana whenua.

11
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Figure 1. The Taiari catchment, showing the course of the Taiari River and its main tributaries



2.
Purpose of

this Report

~Taiari scroll plain,

Maniatoto

The Taiari River catchment extends approximately 150 km inland, to
the north and west of Dunedin. It comprises approximately 5,700 km?,
rising to an altitude of 1,643 m asl and contains many diverse

landscapes and water bodies (Fig. 1).

The aims of this report are to:

©) assess climate change vulnerability of the aquatic biota
and habitats of the Taiari River catchment, and;

(i1) to explore catchment management opportunities to
protect biota and habitats in the face of a changing climate.
We assess the likely future trajectory of the climate and sea level based
on both statistically downscaled global climate model scenarios
(Goldsmith 2023) and on our analysis of relevant, empirical, historical
climate, weather, and sea-level trends. We assess the existing
published literature on the biota and habitats present within the
catchment to determine their vulnerability to the impacts of climate
change based on our
assessment of the likely
climate change scenarios
for the Taiari catchment.
We identify potentially
vulnerable aquatic biota
and habitats and make
some preliminary
recommendations  about
key management options
: that could improve aquatic
o ecology resilience to the
direct and indirect effects of climate change. Some of the opinions and
recommendations expressed are relatively speculative, being based on
extensive but incomplete knowledge and experience of what is a large,
complex ecosystem - appropriate critical thinking and caution should

be exercised in accepting any recommendations.

13



In this document

We divided the Taiari catchment into four distinct regions:

The Lower Taiari Plain and estuary

The middle gorge from Outram Glen and
upstream into the dry and rocky Mid
Taiari area

The Maniatoto Plain

The high country, which includes the
Lammermoor and Rock and Pillar Ranges,
and the uplands above Waipouri.

These landscape regions span a range of climatic conditions, geomorphologies, and vegetation

types.

The Taiari catchment has three distinct climatic zones (Filmer & Fitzharris 2002): a sub-humid
upper catchment with higher rainfall (including the Lammermoor and Rock and Pillar ranges), a
central semi-arid region with hot summers, cold winters and rainfall between 300 and 500
mm/year, and the lower Taiari Plain, which has milder temperatures and a relatively moderate

rainfall of 500 to 900 mm/year.

14



3.

Historical
context —
implications
for near-
future
impacts on
the Taiari

Information on inferred and measured historical climate in the Taiari
catchment indicates the natural range of climate variation that
occurred over different time scales: (1) over the past few thousand years
(inferred from palaeoecological proxies) and (2) over the past century
and decades (measured at weather stations in the catchment).
Together, these sources indicate the historical climate and climate
variability that have influenced the current species and habitat
distributions in the catchment during the latter half of the Holocene.
Such information is helpful in assessing the risk of future climate
change to these species and habitat distributions. For example, if past
climate variations had been small compared to the forecast climate
change, then the risk of future climate change to the species and
habitats is likely to be higher than if these species and habitats had

endured a larger or comparable range of climate variations in the past.

3.1. Holocene climate

Palaeo-ecological reconstructions suggest that, as the glaciers of the
late Pleistocene retreated and sea level rose during the early Holocene
(c. 10,000 to 7,000 years ago), the climate in Otago was warm and dry,
and scrub and grasslands dominated the vegetation in the interior,
while tall conifer forests were common in the coastal environment
(McGlone and Wilmshurst 1999). Towards the mid-Holocene (from
7,000 to 5,000 years BPY), pollen records from Otago show progressive
afforestation by conifers while conifer/broadleaf forests expanded in
coastal areas (Prebble and Shulmeister 2002). The global climate
during this period is referred to as the Holocene Global Thermal
Maximum (also known as the Holocene Climatic Optimum), when
global mean air temperature exceeded the late 19" century global
mean air temperature by around 0.7°C (95% CI = 0.3 to 1.8°C) (Kauffman
et al. 2020). From around 5,000 years BP, a cooling phase occurred,
culminating in the Little Ice Age roughly between 1400 and 1800 AD.
Pollen records from Otago indicate that during this period there was

progressive incursion of southern beech (Nothofagus menziesii) forest

1 BP (before present) years is a timescale used to specify when past events occurred using 1950 as the date considered present.

15



(from 4,000 to 2,000 years BP) along with an increase in rimu
(Dacryidium cupressinum), indicating that the winters became
increasingly cooler and wetter on the coast (McGlone & Wilmshurst
1999a). Inland Otago pollen records from this period suggest a
drying climate (McGlone & Moar 1998), and charcoal remains
indicate that much of the lowland forest in inland Otago was
destroyed by naturally occurring, lightning-induced fires at the time

(McGlone 1988).

Widespread charcoal remains in Otago dating from c. 700 years BP
show that forests were burnt again after Polynesian arrival in the
region. Subsequently, distinguishing the signatures of climate

change vs. anthropogenic impacts on the landscape becomes

difficult.

Analysis of sediment archives from Waihora (Lake Waihola; Fig. 2)
show that after Europeans settled the area, podocarp forests were
progressively displaced by grasslands in the Lower Taiari Plain and
the prevalence of exotic pine trees and pine forests increased

(https://lakes380.com/lakes/lake-waihola/).  Furthermore, the

abundance of kahikatea (Dacrydium dacrydiodes) declined
markedly shortly after Europeans began settling the Lower Taiari
Plain (Schallenberg et al. 2012). These changes were due to land-use

change, not climate change.

Climate reconstructions from plant phytolith data from a core
collected near the junction of the Taiari and Waipouri Rivers (Fig.

2) suggest that annual average precipitation at the site peaked at

10,000 to 7,000 years ago: sea
level rose, the Otago climate
was warm and dry. Interior
Otago dominated by shrubs
and grassland, coastal Otago
dominated by tall conifer
species

7,000 to 5,000 years ago:
temperature exceeded the late
19th century air temp leading
to progressive expansion by
conifers and broadleaf forest

5,000 years ago: cooling
phase until 1800 AD,
progressive incursion of
beech forest, increases in
rimu with colder and wetter
coastal winters. Inland Otago
became drier with lowland
forest being destroyed by
natural fire regimes

700 years ago: Polynesian
arrival in the region resulting
in further forest burning.
European arrival resulted in
further human-induced forest
displacement from podocarp
forest to grassland

Rainfall gradually decreased
from approx. 850mm/year

8000-6000 years ago to
750mm/year currently

approx. 850 mm between c. 8,000 and 6,000 years BP, after which precipitation gradually declined
to the current annual mean of 750 mm (Prebble & Shulmeister 2002). The same study inferred that
average autumn temperatures between c. 8,000 and 6,000 years BP were slightly cooler than the
current average autumn temperature in the lower Taiari; however, the authors admitted that their
ability to resolve small changes in temperature from the data was limited (Prebble & Shulmeister
2002). In contrast, most published mid-Holocene temperature reconstructions indicate that the

mid-Holocene was warmer than the present (e.g., Kauffman et al. 2020; Fig. 3).

16
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Figure 2. Lower Taiari catchment indicating lakes Waip&uri and Waihora which make up a larger lake/wetland
complex, the confluence between the Waipouri and Taiari rivers, and the general topography of the lower catchment.
The light green shading shows current areas of bush and forest.

3.2. Holocene sea level

Inferences about palaeo-sea level variation in waters around New Zealand are confounded by New
Zealand being a relatively tectonically active country. Consequently, to infer historical sea levels
on the Otago coast, one must first account for potential vertical land movements due to seismic
events and fault ruptures. The Akatore and Titri faults run parallel to the coast along the seaward
side of the Lower Taiari Plain (Litchfield & Norris 2000; Litchfield 2001). Evidence suggests that
the Titri fault did not rupture during the Holocene (Litchfield 2001). On the other hand, evidence
suggests two major ruptures of the Akatore fault have occurred in the past 3,800 years. However,
as this fault runs off the coast near Taieri Mouth, fault movements would not have directly altered
the configuration of the Taiari estuary or the mixing of marine and freshwater in the Taiari River
(except for the short-term impacts of a potential tsunami event). Therefore, we can interpret palaeo-
evidence of water level and salinity changes in the lower Taiari estuary, lakes and wetlands as
resulting from variations in sea level, freshwater inputs from the catchment and natural sediment

infilling, rather than from vertical land movements.

Gibb’s (1986) late-Holocene sea-level curve for New Zealand indicates that, post-ice age, rapidly

rising sea levels reached a relatively stable plateau (very near the current sea level) around 7,000

17



years ago. However, his analysis also showed that sea level slightly over-shot the current level by
0.6 to 0.9 m between 3,000 and 4,000 years ago. This period of higher sea levels is known as the

mid-Holocene sea level high stand.

Sediment cores collected from Lake Waihora (Schallenberg et al. 2012), the Waipouri/Waihora
Lake Wetland Complex (Cadmus 2004), and the lower Taiari Plain (Prebble & Shulmeister 2002)
provide insights into sea-level variations in the Lower Taiari Plain during the Holocene (Figs 2
and 3). These studies found that increases in salinity occurred during the mid-Holocene in the
Lower Taiari Plain, as evidenced by 4,000-year old estuarine cockle beds (Austrovenus stutchburyi)
that covered the bottoms of Lakes Waihora (Schallenberg et al. 2012) and Waipouri (Cadmus
2004). To support cockles, mean salinity would have been around 15 ppt at the time compared to
today which is typically less than 2 ppt. Diatom analyses from the Lake Waihora core by Margaret
Harper (Victoria University Wellington) indicate that starting around 4,000 years ago, salinity in
Lake Waihora declined to its current state, which is characterised by infrequent, minor, and
transient saline intrusions (Schallenberg & Burns 2003). Thus, today, the lakes have

kakahi/freshwater mussel (Echyridella

Now freshwater
dominated

y

menziesii) beds instead of estuarine
cockles (M. Schallenberg pers. obs.). All

of this evidence indicates that, over the

>4000ya saline
Dominated

past 4,000 years, the Lower Taiari lakes

and associated wetlands transitioned
from estuarine conditions to mainly

freshwater conditions (Fig. 3).

3.3. Historical weather station records and climate projections

The recording of measurements of Otago’s climate and sea levels began after European settlement
of the region. Goldsmith (2023) analysed temporal trends in historical air temperature, wind speed
and rainfall records from some Otago weather stations (Table 1). Care must be taken in
interpreting these historical data because some time series are composites from different
instruments and different sites (Goldsmith 2023). In addition, air temperature records can be
affected by urbanisation and other local factors which may affect local near-ground temperatures.
The data generally suggest that temperatures have increased, that wind speeds have decreased,
and that there has been little change in rainfall at the sites presented in the Goldsmith (2023)
report. It is not clear to what extent the recorded trends from a few weather stations can be

generalised across the Taiari catchment, but these records allow comparisons of trends shown in

18
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The weather station data extracted
by Goldsmith (2023) indicate that
air temperatures have been rising at
between 0.15°C to 2.4°C per decade
at the four sites in the Taiari
catchment (Table 1). This range
encompasses the approximately 0.5°C
per decade rise in mean annual
temperature for the Taiari catchment
projected in earlier analyses, as

summarised in Goldsmith (2023). Thus,

Inferred global mean annual air temperature
anomaly (Kauffman et al. 2020

Late 19" century global annual mean

Present autumn mean

05- Inferred mean autumn air temperature
' (Prebble &hulmeiste2002)

¢ S YLISNI (0 dzNB
o
o

Inferred (Gibb 1986; Schallenberg et al. 20

0.75-
C. 0
E
K]
>
Q
[1M]
o
8t
Years (BP)
10k i
\ | | | | j
o N Q N N <
S S S S S
'$\ %\ (o\ v\ [\/\

Figure 3. Approximate Holocene climate and sea-level
variations relevant to the Lower Taiari Plain. a. Inferred effective
precipitation (precipitation - evaporation) based on phytolith
assemblages for the Lower Taiari Plain and from present actual
precipitation at Momona airport (Prebble & Shulmeister 2002). b.
Temperature anomaly compared to the late 19t century mean
global air temperature (Kauffman et al. 2020) and to the the
Lower Taiari Plain mean autumn air temperature (Prebble &
Shulmeister 2002). c. mean sea level jointly inferred for New
Zealand (Gibb 1986) and for Lake Waihora (Schallenberg et al.
2012).

the historical air temperature trends are broadly consistent with the projections in Goldsmith

(2023), which project increasing trends for all greenhouse gas emission scenarios to 2090.

Wind-speed records from weather stations in the catchment show historically decreasing mean

annual wind speeds from -0.16 to -0.25

m s™ per decade (Table 1). This trend is at odds with the

predicted wind-speed trends, which indicate little change in wind speeds to the year 2090 at

Ranfurly, Middlemarch and Dunedin Airport under both the RCP 4.5 and RCP 8.5 scenarios

(Goldsmith 2023).
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Table 1. Approximate historical climate trends from sites in the Taiari Catchment, estimated from graphs presented

in Goldsmith (2023).

Site(s)

Record length

Approximate trends

Mean annual air temperature

Naseby

1923 to 2016

+0.15°C per decade

Ranfurly at Eweburn

1897 to 1922

+2.4° C per decade

Ranfurly EWS

2002 to 2021

+1.0°C per decade

Dunedin airport

1963 to 2021

+0.17°C per decade

Extreme maximum air temperature

Naseby

1923 to 2016

+0.3°C per decade

Extreme minimum air temperature

Naseby

1923 to 2016

+0.4° C per decade

Mean annual wind speed

Ranfurly

2001 to 2021

-0.25 m s per decade

Middlemarch

2001 to 2021

-0.2 m s per decade

Dunedin airport

1992 to 2021

-0.16 m s™ per decade

Highest daily wind run

Ranfurly 2003 to 2019 -125 km per decade
Middlemarch 2003 to 2018 0

Dunedin airport 2005 to 2021 0

Mean annual rainfall

Ranfurly 1897 to 2021 0

Middlemarch 1909 to 2021 0

Annual maximum 1-day rainfall

Mosgiel

1952 to 2021

+2.9 mm per decade

Outram

1948 to 2019

+3.1 mm per decade
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No apparent trend in historical mean annual rainfall was observed in the weather station data from
Ranfurly and Middlemarch; however, increases in annual maximum 1-day rainfall of 2.9 to 3.1 mm
per decade were observed at Mosgiel and Outram (Table 1). The climate models predict that mean
annual rainfall will increase towards the coast by up to 15% for the RCP 8.5 scenario by 2090, with
little increase further inland (e.g., in the Maniatoto). Rainfall seasonality is predicted to increase
(i.e., drier in summer, wetter in winter), especially inland, and frequency of heavy rain days is
predicted to increase slightly, by 1 to 2 days per year by 2090 (Goldsmith 2023). Thus, the historical
trends for mean annual rainfall (no trends) are at odds with the projections (increasing trend), but
historical trends for maximum 1-day rainfall events show an increase over time, which is consistent

with a slight increase in the frequency of heavy rain days predicted by the climate model.

3.4. Historical Sea level records and projections

Denys et al (2020) analysed century-long sea-level trends from tide gauge data at five New Zealand
ports. The data were corrected for vertical land movement. The records showed linear increases in
sea level of 1.35 mm yr? for Dunedin (Fig. 4). These linear rates contrast with the accelerating
projected rate of sea level rise predicted in the Otago Climate Change Risk Assessment, under
which sea level is expected to rise 0.9 m to 1.2 m by 2090 under RCP 8.5 (Tonkin & Taylor 2021). To
achieve these projected rates of sea level rise, the average future rate would be around 10 times the

average historical rate observed at Dunedin over the past century (1.35 mm yr’; Denys et al. 2020).
500 - Dunedin |

T

1900 1920 1940 1960 1980 2000 2020
Year

Figure 4. Sea level measured from tide gauges at Dunedin, adjusted for vertical land movement. Vertical axis scale is
in mm, but the vertical axis values are arbitrary. Slope of the red line is 1.35 mm year-1. Adapted from Denys et al. (2020).

The most recent MfE guidance (Ministry for the Environment, 2024) notes firstly that sea level rise
lags behind other climate impacts (i.e,, like heatwaves) that respond to emissions. Secondly, while
reaching the higher emissions scenarios currently being modelled (i.e., SSP5-8.5) has become less
likely, nonetheless ‘high emissions cannot be ruled out for many reasons’ such as ‘higher than
anticipated population and economic growth’. SSP5-8.5 projections can also result from strong
feedback from climate change, meaning high-end projected climate impacts might also materialise

while following a lower emission path™.

2 See Box 3, page 41, MfE 2024 for further context. SSP5-8.5 is one of the emissions scenarios modelled in
the IPCC6th Assessment Report from Working Group III after the Otago Climate Change Risk
Assessment was published in 2021. SSP = Shared Socioeconomic Pathway.
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4.
Climate-
Change

Scenarios

4.1 Summary of Climate and Sea-Level Projections in
Goldsmith (2023)

The following text is largely derived from NIWA (2018), as described
in Goldsmith (2023).

4.1.1 Climate models and the temporal and spatial resolution

Six global climate models (GCMs) using data from the IPCC Fifth
Assessment with a resolution of 27 km have been chosen for dynamical
downscaling to simulate future climate change within New Zealand by
NIWA (BCC-CSM11, CESMi-CAMs5, GFDL-CM3, GISSE2-R,
HadGEM2-ES and NorESMi-M; IPCC 2013, Ministry for the
Environment 2018). These downscaled climate change projection
models are at a 5 km x 5 km resolution over New Zealand and are
presented over a 20-year average temporal scale across two time
frames, 2031-2050 (termed ‘2040’) and 2081-2100 (termed 2090"). The
General Climate Model outputs have also been downscaled to produce
future climate projections for the Otago Region based on two

representative concentration pathways (RCPs) discussed below.

Model assumptions
The GCMs rely on several underlying assumptions, with the main one

being the different greenhouse gas emission scenarios, known as
RCPs. There are four main RCPs used for the NZ predictions based on
potential future emissions. RCP2.6 is the best-case scenario requiring
a significant reduction of greenhouse gas emissions, RCP4.5 and 6.0
are mid-range scenarios requiring stabilization of emissions based on
intergovernmental agreements (e.g. Paris Climate Change
Agreement), and RCP8.5 is the ‘business as usual’ case with
greenhouse gas emissions continuing at the current rate. Predictions
for each milestone year (2040 and 2090) are based on the modelled
average from the decade before and after as this will likely be an
accurate representation of climatic events in this time period (IPCC
2013, Ministry for the Environment 2018). For the Taiari catchment,

GCMs using RCP 4.5 and RCP 8.5 were computed.
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Key climate parameters and their
predicted change over time
From these models, several key climate

parameters within the Taiari catchment have
been predicted to change over time. These
parameters are temperature (average,
extreme hot days, and frost days),
precipitation (annual rainfall, extreme rainfall
events, and annual dry days), hydrological
flow, and wind speed. Average temperature
increases with time and emission scenario to
0.5-1.5°C by 2040, and 0.5-3.5°C by 2090. The
number of extreme hot days (days >30°C) is
also expected to increase while the number of
frost days (days <0°C), which have already
been falling, will continue to decrease. These
predictions are more drastic under RCP8.5.
Annual rainfall is also expected to increase
particularly during winter seasons with
extreme rainfall events becoming more
severe. The number of annual dry days varies

on a regional scale with a decrease projected

for coastal areas and an increase inland (ie,

more dry days in the Maniatoto). Mean annual
flows and flood events are also expected to
increase within the Taiari catchment. Across
the four distinct geographical regions of the
Taiari catchment these changes vary, as

detailed below.

Geographical variation in predicted
change across the Taiari catchment
More extreme hot days are predicted (an

increase of 0 to 4 by 2040 and 8 to 20 by 2090
depending on the scenario) with larger
increases likely to occur in the upper

catchment.

Rainfall is generally predicted to become
heavier catchment-wide, with an increase in
mean annual rainfall likely. Changes may be
relatively small by 2040 (between -5% and
+5%), but larger increases are predicted by
2090, particularly in the lower catchment
downstream of the Taiari Gorge, which could
expect a 15% increase in rainfall. Heavy rain

days are also likely to increase across the

(Below) Taiari Scroll plain after snowfall which could become less frequent under the climate
model predictions.

r A -%
. t ”
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catchment (by between zero and six days),
with the highest increase in heavy rain days
occurring in the wupper Silver Stream
catchment, north of the Taiari plain, and the
lowest increase occurring in Mid Taiari and
Maniatoto. Some parts of the catchment may
also see the number of dry days increasing.
The Maniatoto, which is already very dry,
could have an increase in the number of
annual dry days (between four and six
additional days) and some areas like Patearoa,
may receive up to ten additional dry days.
This increase will also likely be larger in the
upper catchment (between six and ten days)
under the high range scenario by 2090 (RCP
8.5). The Mid Taiari is not likely to see a
marked increase in the number of dry days.
The lower Taiari plain, which receives the
fewest number of dry days, may see between

four and six fewer dry days a year by 2090.

The number of snow days is predicted to
decrease across the catchment with the
largest reduction occurring in the coldest,
mountainous areas of the upland catchment.
The duration of snow cover is also likely to
decrease, especially at lower elevations. This
decrease will likely cause changes to the
annual cycle of river flow, as areas that
currently receive snow will experience
increasing rainfall as snowlines rise in
altitude (Ministry for the Environment 2018).
Therefore, tributaries of the Taiari River

which are influenced by snow and snowmelt

will have a higher likelihood of large winter

floods occurring.

Current wind patterns across the catchment
vary considerably and this is reflected in
future climate predictions. Currently higher
and more exposed areas tend to experience
windier conditions with higher wind gusts.
Most of the catchment should experience
little change in extreme winds under the lower
emissions scenario (RCP4.5), but some areas
such as Ranfurly and Naseby may experience
a significant increase in extreme daily wind-
speed under the higher emissions scenario
(RCP8.5). There is currently a downwards
trend in extreme daily wind-speed in the
Lower Taiari Plain observed at the Dunedin
Aero Site over the past 30 years, and NIWA
modelling suggests this trend will continue

with a decrease by 1 to 2% by 2090.

The average discharge of the Taiari River
catchment as a whole, will remain largely
unchanged in future predictions; however, the
upper and lower flow limits are predicted to
become more pronounced with lower water
levels due to extended dry periods being more
severe in the mid and upper catchment. Some
localized changes in mean flows may also
occur. Under RCP4.5 the Silver Stream
catchment, which flows into the Lower Taiari
Plain, may show an increase in mean annual
flow between 5 and 20%, while under RCP8.5
this flow may increase by as much as 50% by
2090. High-flow and flood events are also

predicted to become more extreme across
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most of the catchment, more so under the higher
emissions scenario (RCP8.5), with the largest increases
predicted for the tributaries which flow into the

Maniatoto.

Uncertainty

For the models discussed, there are two main areas of
uncertainty. Firstly, future greenhouse gas emission
scenarios are difficult to predict and therefore the actual
outcome may be lower or higher than what is predicted.
Secondly, several large-scale climate oscillations (e.g., El
Nifio/ La Nifia, Interdecadal Pacific Oscillation, etc.) can
occur which can introduce significant natural variability

to climate trends that GCMs cannot always account for.

4.2 Climate change and hydrology of the
Taiari Catchment (Filmer & Fitzharris 2002)

In 2002, a University of Otago climatologist and his
student produced a report called ‘Impacts of climate
change on the hydrology of the Taiari and Waipori River
Systems’ for Marc Schallenberg (Filmer & Fitzharris
2002). This report was commissioned to help understand
how future climate change could impact the water
balance of the Lower Taiari Plain, and in particular, the
Waipouri/Waihora Lake-Wetland Complex. The report
used a water-balance approach (based on catchment
precipitation, runoff, evaporation, and storage), which
was calibrated to data from numerous weather stations
and hydrological sites in the Taiari catchment. The model
had a monthly temporal resolution and was, therefore,
able to resolve changes in seasonal water balance
parameters. Two  NIWA/IPCC  carbon-emission
scenarios were used to drive the model: Scenario 1
assumed rapid economic growth, no curtailment of CO,

emissions and an increase of atmospheric CO,
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