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relevant to certain areas. The environments of the Region can be characterised by its alpine/high
country environments, montane/hill country, lowlands, coastal and marine habitats, freshwater
systems and urban centres. An overview of these challenges is provided in Figure ES 1 below.

Figure ES 1: Regional summary of climate risks.

The alpine environment of Canterbury acts as an important water source to the Region’s alpine
rivers, supports unique biodiversity and generates tourism. Increased temperature, reduced snow
and changing rainfall patterns pose some of the highest rated risks to these systems.
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4 Climate Hazards for Canterbury 
The global climate system is showing unprecedented changes, which can be attributed to the effects 
of increasing greenhouse gas emissions. These changes are projected to continue over long 
timescales. The severity of climate changes will depend on global efforts to curb greenhouse gas 
emissions. Within this greater context, Canterbury’s climate is also changing. 

How climate responds to increasing levels of greenhouse gas emissions, and the timing of that 
response is uncertain.  This uncertainty is shown through the adoption of various scenarios 
representing possible futures under different concentrations of greenhouse gases in the atmosphere 
(Representative Concentration Pathways, RCP). This assessment considers RCP 8.5, which represents 
a ‘high-end’ emissions scenario with high future global greenhouse gas emissions. 

Climate projections relating to this scenario are considered at 2050, and 2100. The National Institute 
of Water & Atmospheric Research (NIWA) have developed national and regional projections based 
on the IPCC Fifth Assessment Report (2014). These assessments form the basis of climate change 
projections used within this report (Macara et al., 2020). Uncertainty in future projections creates 
ranges in potential climate changes.  

In general, Canterbury is projected to see warmer temperatures, including an overall increase in the 
daytime temperature range, with an increase in the number of hot days (defined as those hotter 
than 25oC), decrease in the number of snow days and a decrease in frosts. Average annual rainfall 
shows small changes for most of the Region. However, seasonal increases are likely in winter for 
most parts, alongside decreases in summer rainfall in some parts of Canterbury. Drought potential is 
projected to increase across most of the Region. Wind is generally likely to increase in speed. The 
frequency of extreme weather events is likely to increase, and events with small annual exceedance 
probability (i.e. events with a low chance of occurring in any one year) are likewise projected to 
increase (Carey-Smith et al., 2018). The sea level is projected to rise by up to 0.8 m by 2100 for 
Canterbury (Macara et al., 2020), with an increase in coastal hazards expected as a result of the 
additional influence of weather on storm surges and wave heights. Unless otherwise stated, this is 
the sea level projection used for 2100 timeframe, as requested by Environment Canterbury. 

Figure 4.1 provides an overview of climate change projections for the Canterbury Region. These 
projected changes contribute to risk in two ways: 

�x By acting as climate hazards to directly cause physical impacts, such as wind damage, 
increased temperature causing heat stress, sea level rise causing inundation.  

�x By causing effects that act as natural hazards, such as increased flooding and landslides, 
drought, coastal inundation and erosion, and increased instances of wildfire.  
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Figure 4.1�W���^�µ�u�u���Œ�Ç���}�(�����o�]�u���š�����Z���Ì���Œ���•���]�v���š�Z���������v�š���Œ���µ�Œ�Ç���Z���P�]�}�v���~�D�������Œ�������š�����o�X�U���î�ì�î�ì�•.
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6 Method 
Our risk assessment method is framed by the International Panel on Climate Change (IPCC), and uses 
the elements of hazard, exposure and vulnerability, with the overlap defining risk (see Figure 6.1). 
This is consistent with the method used during the screening stage in 2020 (refer 2020 Risk 
Screening Report).  

  

Figure 6.1�W���/�v�š���Œ�v���š�]�}�v���o���W���v���o���}�v�����o�]�u���š�������Z���v�P�����~�/�W�����•�������(�]�v�]�š�]�}�v���}�(���Œ�]�•�l. 

The method enables a qualitative assessment for risk across specific criteria: exposure, sensitivity 
and adaptive capacity, discussed below. This allows for more focus on risk prioritisation, including 
consideration of interactions between differing risks, and any urgency of action that may be required 
to address specific risks.  

6.1 Rating risk 

Risk has been rated based on an assessment of exposure and vulnerability (relating to sensitivity and 
adaptive capacity). This is shown in Figure 6.2 below. Risks were assessed against agreed climate 
hazards for RCP8.5, for three time-horizons (current, 2050 and 2100). This ensured alignment to the 
NCCRA approach and subsequent report. 
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Figure 6.�î�W���Z�]�•�l�����‹�µ���š�]�}�v�������•�������}�v�����Æ�‰�}�•�µ�Œ���U���•���v�•�]�š�]�À�]�š�Ç�����v�����������‰�š�]�À���������‰�����]�š�Ç�X�� 

We recognise that some risks may not suit assessment and subsequent rating of exposure and 
vulnerability, such as those risks associated with governance matters. Rating human related risks has 
been undertaken following the above method where possible. Associated assumptions and 
limitations with both human and governance related risks are discussed below. 

6.1.1 Human and Governance related risks 

Applying a risk rating to human related risks is difficult due to the range of individual, organisational 
and universal values and perspectives. The effects resulting from climate change are on a scale. Even 
within a single event, not all people experiencing the event will necessarily be affected in the same 
way. For example, people in locations close to coastal areas will be more affected by sea level rise as 
this will impact their home (they may need to move or they may experience repeated flood or storm 
events). They may also have strong familial links to the area. By comparison, a person living 40 km 
inland is far less likely to be impacted by the loss of asset (house) and cultural connection (strong 
familial links). For them, the personal effect might be limited to access to coastal areas. This 
variability in lived experience makes quantification of exposure and vulnerability harder than risks 
within other domains. As seen in Vallance (2011), community involvement after a disaster is 
complicated by intensity, variety and scale of needs and by the range of those involved. Accounting 
for this complexity is difficult when looking into the future. It is made harder still by climate change 
increasing the volume of disasters that our communities are likely to face in future. This is a 
recognised limitation of projecting into the future, and one that is considered within human related 
risks. 

Applying risk ratings to human risks in the Canterbury Region is challenging due to the diversity of 
values, complexity of our current society, geographic location, where people live, and the potential 
uneven distribution of impacts and hazards. Further, the ability to cope with and adapt to risk 
(adaptive capacity) is variable across individuals, groups, communities. However, broad trends can 
be teased out for individuals and communities, to provide some indication of the risks. The risks to 
those living in the Canterbury Region are a result of the settlement histories, demographic 
characteristics and spatial distribution of people and things of value in the landscape.  

Exposure can be measured by a range of indicators, where availability of data is not necessarily 
sufficient to support a repeatable evaluation. Gaps have been identified in the body of research 
quantifying the health impacts of climate change for New Zealand, particularly relating to the 
interactions of climate change, demographic change and social change (RSNZ, 2017). Further 
consideration at a national scale would be beneficial to supporting qualitative evaluation of human 
risks at local and regional scales. 

Similarly, for governance related risks, assessing risks by rating exposure and vulnerability is 
problematic. This is because of their nature of being indirect risks, that is, risks that are not directly 
impacted by physical changes in climate. As such, priority risks for governance that were identified 
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during the Screening Project (2020) have been refined and described through stakeholder 
engagement and the literature review (discussed in section 7 below). They remain unrated, but are 
acknowledged as priority risks. 

6.2 Prioritising beyond risk rating 

Rating risks provides an initial method of prioritisation, with those risks that are rated ‘high’ and 
‘extreme’ being of higher priority than those rated ‘insignificant’ or ‘low’ for example. Risk 
prioritisation beyond this is required to best inform decision making. This prioritisation is based on 
value judgements, which will be different for differing individuals, organisations, and groupings. 
Following the assessment of risk, further work can be undertaken to understand urgency and 
consequence, two ways to capture value judgements around risk.  

How risks interact can also be considered when looking at prioritisation, with risks that have more 
interactions being of higher potential priority than those with limited interactions. Following 
detailed analysis of the priority risks, we explored the interrelationship between risks  during 
stakeholder engagement, in order to assist prioritisation as described above. Participants were asked 
to connect priority risks to each other in a dot-to-dot exercise, identifying where they saw 
connections between risks. Given that most risks have some level of connection, participants were 
asked to focus on those connections they felt were most prominent, or noteworthy (i.e. worth 
paying attention to, interesting, or significant). This activity was undertaken using the priority risks, 
which were within the five value domains of the NCCRA Framework. 

Beyond this, five case studies were taken forward to consider interactions across differing risks. 
These case study topics are reference points used to develop and document interactions, and may 
not denote risks in their own right. The five case studies are: 

�x Electricity outages. 
�x Community flooding. 
�x Mahinga kai. 
�x Tourism. 
�x Heat-stress related illnesses. 

To assess interacting risks, a qualitative approach was used that involved stakeholder consultation 
and literature review. In the interacting risks engagement workshop, an activity was undertaken 
using bow-tie analysis principles. Bow-tie analysis allows for visualisation and depiction of direct 
‘upstream’ and ‘downstream’ risks, often referred to as ‘causes’ and ‘effects’ respectively.  

Based on the outputs of this session (bow-tie diagrams), a literature review was undertaken to:  

a Investigate non-climate related risks which can compound the upstream climate risks. 
b Investigate the values and frameworks which these direct effects impact. 
c Consider the complex flow-on and feedback effects of the cascading risks.  

The results of this analysis are captured within section 20. 

6.2.1 Opportunities 

Opportunities that result from physical changes in the climate for the Canterbury Region have been 
documented and agreed. A narrative has been provided to understand the impact of each identified 
opportunity for the Region. However, these opportunities have been neither rated in a quantitative 
way, nor assessed.   
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�x Providing ratings for the individual criteria of risk (where possible). 
�x Further identifying information that could assist with prioritisation.  

7.2.5 Interacting risks workshop 

The interacting risks (also known as “cascading” risks) workshop sought to enable a cross-domain 
(cross-values) approach to understand the interacting risks. Understanding these risks is important 
given their foundational nature, as, left unaddressed, this could lead to maladaptation and lock in. 
Inclusion of interacting risks has not been undertaken as part of a climate change risk assessment in 
New Zealand before, therefore the key objectives for this workshop included: 

�x Increasing the knowledge and understanding of interacting risks in the Canterbury Region. 
�x Gaining specific examples for inclusion in the final report as case studies. 
�x Further identify information around prioritisation.  

  







16 

 
 

Tonkin & Taylor Ltd 
Regional Climate Change Risk Assessment - FINAL 
Environment Canterbury 

February 2022 
Job No: 1012026.1000.v5.0 

 

 

 
Figure 8.�î: Regional summary of climate risks. 
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Table 9.1: Summary of highest rated risks to biodiversity 
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Figure 9.1�W���d�Z�Œ�����š���v�������]�v���]�P���v�}�µ�•���o���v�������}�À���Œ�����v�����o���v�����}�(���v���š�]�}�v���o���•�]�P�v�]�(�]�����v�������]�v���š�Z���������v�š���Œ���µ�Œ�Ç���Z���P�]�}�v. 
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(up to at least 1800-1900 m), invertebrates, and birds (such as kea, pipits, and rock wren) that are 
only found in these parts of New Zealand (Department of Conservation, 2021). 

Alpine ecosystems support high biodiversity due to the large number of specialist species adapted to 
these environments. There is an inherent limit on the available habitat areas for alpine species due 
to the unique geographical nature of the alpine environment. Alpine species are directly exposed to 
projected decreasing snow and ice resulting from increasing temperatures, which directly impact 
their primary ranges. Water availability and seasonality are also likely to change as a result of 
reduced snow and ice and increasing temperatures. Although NIWA project a reduction in annual 
snow days, there is also a projected increase in winter rainfall. The implications of this for 
permanent snow fields and snow melt-run-off are uncertain (Macara et al., 2020).   

Additionally to warming temperatures shifting alpine habitats to ever higher elevations, the 
elevation tolerance of more competitive low-land species will shift upwards (Halloy & Mark, 2003). 
This will likewise force alpine species into smaller geographic areas and may result in a tendency for 
alpine species to become “islanded” (Triantis & Matthews, 2020), leading to a slow loss of 
biodiversity in these ecosystems.  

Many alpine plant species have slow reproductive rates and dispersal mechanisms, which contribute 
to a low adaptive capacity. Range limitations and geographic isolation of individual alpine terrestrial 
communities also contribute to a low adaptive capacity for many alpine species. This means that 
isolated pockets of alpine species are vulnerable to mortality/loss. For example, the Canterbury 
knobbled weevil (Figure 8.2) was assumed extinct, but was rediscovered in 2004 and is now 
considered one of New Zealand’s rarest species. Such species are specifically adapted to alpine 
environments, with limited adaptive capacity ,and are extremely sensitive to habitat degradation 
from fires and rodent predation (Hayward, 2018). 

  

Figure 9.�î: �����v�š���Œ���µ�Œ�Ç���l�v�}�����o�������Á�����À�]�o���~�o���(�š�•�����v�����]�š�•���v���š�µ�Œ���o���Z�����]�š���š���•�‰�����Œ�P�Œ���•�•�U�������]�‰�Z�Ç�o�o�������µ�Œ�������~�Œ�]�P�Z�š�•���~�^�}�µ�Œ����: 
�E���Á���•�����o���v�������}�v�•���Œ�À���š�]�}�v�����µ�š�Z�}�Œ�]�š�Ç�U���î�ì�î�í�U���^�Z���µ�v�������Œ�v���š�š�l���o�����l���Z�}���]�v���W�Z�}�š�}�P�Œ���‰�Z�Ç�U���t�]�o�����Œ�v���•�•���D���P���Ì�]�v���U��
�î�ì�í�ð �•�X��  

9.3 He Kura Taiao (living treasures) in montane/hill country ecosystems 

Risks to terrestrial montane/hill country ecosystems environments from climate change include 
those from drought, increased fire weather, storms, wind and higher mean temperatures. Exposure 
of montane/hill country to fire, storms and wind is rated to rise to extreme by late century. These 
hazards will contribute to erosion, damage to the ecosystem and species loss. The adaptive capacity 
of montane/hill country species is rated low due to slow recovery rates. 
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Decreasing biodiversity (species loss) is likely to be observed following severe event scale 
disturbances such as fire and sustained/frequent/severe droughts. These types of events are 
expected to have a greater impact on ecosystems than gradual shifts in mean temperature and 
rainfall (Jentsch & Beierkuhnlein, 2008; Rogers et al., 2005). For event-type disturbances, native 
biodiversity can be considered to have a low adaptive capacity if sufficient individuals in the area 
affected by the event perish, and habitats are fragmented reducing the potential for seed 
distribution. 

Native vegetation, particularly montane/hill-country ecosystems and some terrestrial plant species, 
typically have naturally slow self-recovery mechanisms following event type disturbances (Perry et 
al., 2014). In addition, some terrestrial animal species, such as some lizard and bird species, have 
naturally low reproductive output. Combined with small homing ranges and a reliance on the 
availability of specific and/or continuous habitat, this reduces their ability to recover from natural 
disturbances (Cree, 1994).  

Without intervention by people, the populations of many native terrestrial species are likely to suffer 
from habitat loss and/or be displaced by exotic species during succession phases (e.g. native 
coloniser species are outcompeted by exotic coloniser species). This greatly prolongs – and in some 
cases even prohibits – the succession and recovery of native species, leading to potential species 
extinction.  

There is likely to be an increase of effects resulting from increased exposure to seasonal extremes 
(wetter winters, severe storms, increased wind, and drier, hotter summers). For example, the 
Mackenzie Basin is a characteristic montane/hill-country ecosystem that is particularly susceptible to 
these extremes (Figure 9.3). Its sandy soil is susceptible to erosion, which is triggered by high wind 
and overland flow. This is most severe where bare soil is exposed, due to loss of vegetation 
associated with over grazing and damage from rabbits and other pest species (Basher and Webb, 
1997).  

 
Figure 9.3�W���d�Z�����D�����l���v�Ì�]�������}�µ�v�š�Œ�Ç���•�}�]�o�•�����Œ�����‰�Œ�}�v�����š�}�����Œ�}�•�]�}�v�U���‰���Œ�š�]���µ�o���Œ�o�Ç���Á�Z���v���o���(�š�������Œ�������µ�����š�}���(�]�Œ�����}�Œ���‰���•�š��
�����u���P�����~�^�}�µ�Œ������– �>�/�E�•�U���î�ì�î�í�•. 
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Figure 9.4: �<���v���l���v���l�W�]�Z���Œ���µ �~�oamprey�• �]�•�����v���]�u�‰�}�Œ�š���v�š���u���Z�]�v�P�����l���]���Œ���•�}�µ�Œ���������v�����‰�Œ�]�Ì�����������o�]�������Ç�X���/�š���]�•������
�š�Z�Œ�����š���v�������•�‰�����]���•���Á�]�š�Z�]�v �����v�š���Œ���µ�Œ�Ç���š�Z���š���]�•���(�}�µ�v�����]�v�����}���•�š���o�����v�����(�Œ���•�Z�Á���š���Œ���Z�����]�š���š�•���š�Z���š���u���Ç���������š�Z�Œ�����š���v������
�(�µ�Œ�š�Z���Œ�����Ç���o�}�•�•���}�(�����}���•�š���o���u���Œ�P�]�v�•���~�E�/�t���U���î�ì�î�í�•���~�^�}�µ�Œ������- ���v�À�]�Œ�}�v�u���v�š�������v�š���Œ���µ�Œ�Ç���î�ì�î�í�•�X 

9.5 He Kura Taiao (living treasures) in wetland environments 

Risks to wetland environments from climate change include those from sea level rise and salinity 
stress, coastal erosion, and flooding (refer Table 9.5). Inland wetlands are also exposed to increasing 
temperature, changes in rainfall and event type disturbances associated with flooding and fires. 
However, the screening of risks identified that coastal wetlands were a priority, and they are 
therefore the focus of this assessment. Exposure of coastal wetlands to erosion, sea level rise and 
flooding is rated to rise to extreme by late century. These systems are sensitive to salinity and 
sedimentation which can lead to changing species, and habitat loss.  
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Some types of wetland species (some plants and birds) are mobile and have a high tolerance to local 
changes in salinity and sedimentation. However, many species adapted to coastal wetland 
conditions are not mobile and cannot tolerate large changes in salinity or sediment volumes, these 
include invertebrates, some species of plants (e.g. the New Zealand mouse tail) and fish species such 
as the Canterbury kowaro (mudfish) (NZFOA, 2021). These species are likely to rapidly decline in 
coastal wetlands affected by these projected changes. Additionally, many species that are 
specifically adapted to wetlands, such as the Australasian Bittern (Figure 9.5), are rare and 
threatened and therefore have very little adaptive capacity (Environment Canterbury, 2021).   

 
Figure 9.5: ���µ�•�š�Œ���o���•�]���v�����]�š�š���Œ�v �~���v�À�]�Œ�}�v�u���v�š�������v�š���Œ���µ�Œ�Ç�U���î�ì�î�í�•. 

9.6 He Kura Taiao (living treasures) in native freshwater biodiversity 

Risks to native freshwater biodiversity from climate change include those from higher mean 
temperatures, changes in mean annual rainfall, and fluvial and surface water flooding (refer 
Table 9.6). Freshwater ecosystems are rated to be highly exposed to raised temperatures, and 
changes in rainfall may result in both increased flooding and extended periods of low or no flow. 
While some species are highly adaptive, many others are specifically adapted to their environments, 
and have a low tolerance for change. Some aquatic species are sensitive to temperature increases, 
changes in water quality, and habitat loss associated with low flows.  
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Table 9.7: Risk to aquatic coastal and marine ecosystems 

 
Sea temperatures are increasing (Sutton et al., 2019) and the frequency of marine heatwaves is 
increasing, resulting in instances of extremely high sea surface temperatures lasting for days to 
months (Ministry for the Environment & Statistics New Zealand, 2016). As global marine 
temperatures increase, the Canterbury marine environment is likely to experience increasing ocean 
temperatures through seasonal shifting of ocean currents (Boyd & Law, 2011). Over the next century 
sub-tropical currents will penetrate further south than the present bringing warmer ocean water 
along the Canterbury coast (Law et al., 2018). Marine species are generally very sensitive to 
temperature changes bringing about both physiological and behaviour changes, such as reduced 
phytoplankton abundance and alterations to species migration routes in fish (Ministry for the 
Environment & Statistics New Zealand, 2016; Dunn, et al., 2009). 

Marine heatwaves are defined as warm water anomalies occurring for up to months in duration, 
that are thousands of kilometres in size (Hobday et al., 2018). They are becoming increasingly 
common and can impact the life history and overall health of immobile marine species (such as kelps 
– macroalgae and coralline algae, sponges, sea squirts and bivalves) (Boyd & Law, 2011). This could 
lead to a reduced abundance of such species within Canterbury waters. For example, macroalgae, 
which are primary producers and habitat formers in coastal ecosystems in Canterbury and 
throughout New Zealand, may be more vulnerable to increases in temperature. Recent research in 
Canterbury observed elimination of the bull kelp species Durvillaea during heatwaves in 2017/2018 
in one bay in Lyttelton Harbour, with replacement by the invasive kelp �h�v�����Œ�]�����W�]�v�v���š�]�(�]���� (Thomsen 
et al., 2019).  

Ocean acidification is occurring as oceans absorb excess CO2 from the atmosphere. This is expected 
to continue until atmospheric GHG concentrations stabilize (Ministry for the Environment & 
Statistics New Zealand, 2016). As the absorption happens, carbonic acid forms, contributing to a 

Present 2050 
�~�Z���W�ô�X�ñ�•

2100 
�~�Z���W�ð�X�ñ�•

2100 
�~�Z���W�ô�X�ñ�•

Risk to native marine 
biodiversity - flora & 
fauna due to marine 
heatwaves

Low Low High High

Sea temperatures and marine heatwaves are 
projected to increase with climate change as 
sub-tropical currents penetrate further south. 
Marine species are sensitive to temperature 
changes which can cause physiological and 
behaviour changes, such as reduced 
phytoplankton abundance and alterations to 
species migration routes in fish, immobile 
species are likely to be particularly sensitive. 
Mobile species may adapt through migration to 
new habitats which may also see new species 
entering Canterbury's cooler waters.

Risk to native marine 
biodiversity - flora & 
fauna due to ocean 
chemistry changes

Low Low Moderate High

Ocean acidification is occurring as oceans 
absorb excess CO2 from the atmosphere. These 
changes to ocean chemistry are projected to 
increase as atmospheric greenhouse gas 
concentrations rise. Ocean acidification may 
result in reduced availability of calcium 
carbonate, which impacts on the life cycle of  
calcifying organisms such as molluscs and 
echinoderms. Wider ecosystem disruption may 
result in increased mortality and population 
decline.

Risk statement
Risk

High level description
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Table 9.8: Risk to terrestrial, freshwater, and marine ecosystems from pests and diseases 

 
Due to its geographical isolation, New Zealand’s unique biota and ecosystems are particularly 
vulnerable to the impact of non-indigenous pest species and diseases. The introduction of non-
indigenous pest species and diseases has occurred only over the last ~300 years, through human 
activity. This has been either through intentional release (e.g. trout and possums) or accidental 
introduction (e.g. ship rats, mice, and numerous marine species). This has already resulted in the 
decline or displacement of many native plant and animal species.  

The success of introduced species is largely attributed to their ‘invasive’ traits. These include their 
ability to tolerate varying abiotic conditions, high fecundity, multiple reproductive strategies, rapid 
growth potential, long-distance natural dispersal potential, wide environmental tolerances, and a 
tendency to be habitat generalists; they are often also opportunistic feeders. The absence of 
predators in their new regions also contributes to their success. As a result, many invasive species 
are better equipped than native species to survive in changing environmental conditions. Introduced 
species will often out-compete native species in stressed environments, and are likely to more 
rapidly occupy habitat left vacant by the mortality of native species. This threat has in part been 
reduced by conservation efforts to control pest populations in some areas of Canterbury 
(Department of Conservation, 2016). 

There are over 100 native terrestrial and aquatic species (flora and fauna) categorised as 
“threatened” or “at risk” in the Canterbury Region (NZFOA, 2021). While loss of habitat due to 
human land-use changes is a major cause for the decline of many native species, competition and 
predation from pest plant and animal species is another important factor. The projected changes in 
temperature, drought, rainfall, and snow and ice extent across the Canterbury Region (discussed in 

Present 2050 
�~�Z���W�ô�X�ñ�•

2100 
�~�Z���W�ð�X�ñ�•

2100 
�~�Z���W�ô�X�ñ�•

Risk to terrestrial, 
freshwater, and 
marine ecosystems 
from pests and 
diseases due to higher 
mean temperatures

Moderate Extreme Extreme Extreme

Risks to biosecurity are likely to increase in 
response to projected rising temperatures. This 
may result in an increased range of invasive 
species, particularly where exotic species have 
higher temperature tolerance relative to 
indigenous species. Native species are often 
specifically adapted to the environment and 
climate, and may be out-competed by versatile 
invasives.  

Risk to terrestrial, 
freshwater, and 
marine ecosystems 
from pests and 
diseases due to 
change in mean 
annual rainfall 

Moderate High High Extreme

Risks to biosecurity are likely increase in 
response to projected changes in rainfall. 
Increasing peak flows in rivers may disturb 
habitats resulting in opportunities for exotic 
species to establish. Reduced rainfall or 
drought may further contribute to habitat loss 
and provide conditions for drought tolerant 
exotic species. Native species are often 
specifically adapted to the environment and 
climate, and may be out-competed by versatile 
invasives.  

Risk to terrestrial, 
freshwater, and 
marine ecosystems 
from pests and 
diseases due to 
reduced snow & ice

Low High High Extreme

Risks to biosecurity are likely to increase in 
response to projected decreasing snow and ice. 
Reducing occurrence of frosts mean that frost 
sensitive invasive species may have an 
increased survival rate.   

Risk statement
Risk

High level description



36 

 
 

Tonkin & Taylor Ltd 
Regional Climate Change Risk Assessment - FINAL 
Environment Canterbury 

February 2022 
Job No: 1012026.1000.v5.0 

 

Section 9.2 above) are expected to increase the exposure of terrestrial, freshwater and marine 
ecosystems to pest plants and species. 

The tolerance of native species to both predation by and competition from invasive pest species is 
low. New Zealand native species are generally highly specialised, whereas pest species are typically 
more generalist. Further, the predation mechanisms of invasive mammals (e.g. scent hunters) are 
outside the biological adaptations to predation evolved by most native species, as the traditional 
predators were birds or other invertebrates (which do not hunt using scent). Likewise, mammal 
browsers were absent from terrestrial ecosystems until the last ~150 years, therefore native plant 
species (particularly young seedlings) have few defence mechanisms for these. 

9.8.1 Terrestrial  

Increasing temperatures will allow range expansion of many pest plant and animal species, such as 
wilding pines, into higher elevation areas with reduced snow and ice. Pests and diseases such as 
myrtle rust, which are presently limited to the North Island/northern South Island, are likewise 
projected to migrate their ranges further southward. Pest and weed species most likely to have 
greatest impact in Canterbury include increasing populations of established species such as rabbits 
moving into higher altitude regions as temperatures rise (Figure 9.8), as well as lowland and 
woodland species such as possums, mustelids, rats, goats, deer, tahr, chamois, pigs and wasp. These 
may all outcompete native species, and damage flora and habitats. Existing pest plants, including 
banana passionfruit, bell heather, boneseed, wilding conifers, Mexican daisy, grey willow, broom 
and gorse, are likely to continue to outcompete and smother native plants (Environment Canterbury 
et al., 2008). Frost sensitive species, such as Argentine ants and the passionfruit vine, may also 
become better established as frost days reduce (Ministry of Agriculture and Fisheries, 2010). 
Warmer temperatures can also support higher pest populations and influence complex biological 
systems such as the mast3 response (McGlone & Walker, 2011) thus creating more pressure on 
native species.  

9.8.2 Freshwater 

Many types of invasive algae, invertebrates, and freshwater plants thrive in warmer water 
temperatures. When combined with the high sensitivity of many native species to warm 
temperatures, water stagnation during low flows and disturbed habitats during high flows, invasive 
species are likely to out-compete native species in freshwater environments. Weed invasion of 
riverbeds, animal pests predating on native fauna and invasive exotic species such as didymo 
(���]���Ç�u�}�•�‰�Z���v�]�����P���u�]�v���š��, or rock snot) are likely to continue to threaten native freshwater 
ecosystems (Environment Canterbury et al., 2008).   

9.8.3 Marine  

Regional port marine pest surveys for Canterbury are undertaken by Environment Canterbury 
(Palmer, 2021). An annual survey of Lyttelton Harbour is done as part of the Ministry for Primary 
Industries (MPI) Marine High Risk Site Surveillance programme ( since 2002) (Woods et al., 2019). 
Across these areas, non-indigenous bivalve, sea squirt, crustacea, nudibranch and macroalgae 
species have been detected and reported. Many of these are range extensions from other New 
Zealand locations (Woods et al., 2019), but some are newly discovered invaders (Inglis et al., 2006). 
Surveys of Canterbury ports and harbours has identified Mediterranean fanworm (S�������o�o����
spall���v�Ì���v�]�]), the clubbed tunicate (�^�š�Ç���o�������o���À���• (Figure 9.8), and wakame Asian kelp (�h�v�����Œ�]����
�W�]�v�v���š�]�(�]����) (Palmer, 2021; Woods et al., 2019). These are among invasive species listed on the MPI 

 
3 A mast response describes the tendency for trees across large areas to synchronously flower, causing abundant fruits and 
seeds. This increase in food availability can support increased breeding and population surges of native and non-native 
species. 
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unwanted marine organisms list. Being highly fecund, these invasive species can reach high densities 
in a short timeframe, resulting in an ability to outcompete or displace other species. They can also 
decrease the productivity of cultured species, and increase aquaculture processing and harvesting 
costs. As changes within the marine environment due to climate change take place, it is predicted 
that these and many other marine pests will be able to tolerate and, in some cases, thrive under new 
environmental conditions compared to their native predecessors. This leads to higher competitive 
strength within introduced marine pests, and potentially a depleted availability of resources and 
space for their native counterparts.  For example, a study from Tauranga Harbour comparing the 
salinity and temperature tolerance of wakame Asian kelp (�h�v�����Œ�]�����W�]�v�v���š�]�(�]����) to two native kelp 
species (Lessonia variegata, �����l�o�}�v�]�����Œ�����]���š��) showed that the introduced species had a broader 
tolerance to the experimental salinity and temperature conditions than the native species (Bollen et 
al., 2016). 

  

Figure 9.8�W���/�v�À���•�]�À�����•�‰�����]���•���}�(�������v�š���Œ���µ�Œ�Ç���]�v���o�µ�������š�Z�������o�µ�����������š�µ�v�]�����š�� �~�^�š�Ç���o�������o���À���• – a type of invasive sea 
�•�‹�µ�]�Œ�š���~�o���(�š�U���•�}�µ�Œ������– �D�W�/�U���î�ì�í�ï�•�U�����v�����Œ�������]�š�•���~�Œ�]�P�Z�š�•�X 
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Figure �í�ì.1�W�������v�š���Œ���µ�Œ�Ç���Á���š���Œ���u���v���P���u���v�š���Ì�}�v���•���~���v�À�]�Œ�}�v�u���v�š�������v�š���Œ���µ�Œ�Ç�U���î�ì�ì�õ�•�U���]�Œ�Œ�]�P���š�]�}�v���•���Z���u���•�����v����
aquifers. 
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Figure �í�ì.�î�W���Z�]�À���Œ���š�Ç�‰���•���Á�]�š�Z�]�v�������v�š���Œ���µ�Œ�Ç���~�^�}�µ�Œ�������������E�U���î�ì�ì�õ�•. 

10.2 Summary of risks 

Risks to wai (water) are identified through consideration of surface water availability and quality, 
groundwater availability and quality, water supply infrastructure and flood defences. The highest 
rated risk relating to these aspects of water are listed in Table 10.1. These, and other highly rated 
risks, are presented below, with discussion of the main issues supporting the rating of the risks. 
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Table 10.1: Summary of highest risks to wai (water) 

 

 

10.3 Surface water quality in major lakes and rivers 

The highest rated risks to surface water (lakes and rivers) availability and quality include those from 
changes in mean annual rainfall, snow and ice, flooding, erosion, sedimentation, higher mean 
temperatures and sea level rise/salinity stress. 

Lakes and rivers will experience decreased water quality as the occurrence of low flows and warm 
temperatures increase. Water quality may also decrease as a result of sedimentation associated with 
increased peak flows and flooding.  
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Table 10.2: Summary of risks to surface water availability and supply 

 
 

Present 2050 
�~�Z���W�ô�X�ñ�•

2100 
�~�Z���W�ð�X�ñ�•

2100 
�~�Z���W�ô�X�ñ�•

Risk to surface water 
availability and supply 
due to drought

High Extreme Extreme Extreme

Projected increases in drought are likely to 
impact water availability and supply. Water 
supply is highly sensitive to drought due to 
extensive water abstraction. Reduced 
availability due to drought is likely to coincide 
with increasing demand. Strategies are 
currently in place to monitor and manage water 
sources to adapt to climate change. Further, 
measures to reduce demand may be adopted.

Risk to surface water 
availability and supply 
due to change in 
mean annual rainfall 

Moderate High High High

Projected changes in rainfall are likely to impact 
water availability and supply, with reductions 
in surface water  availability in some parts of 
the region. Reduced availability due to low 
rainfall and river flows is likely to coincide with 
increased demand. Strategies are currently in 
place to monitor and manage water sources to 
adapt to climate change. Further, measures to 
reduce demand may be adopted.

Risk to surface water 
availability and supply 
due to reduced snow 
& ice

Low Moderate Moderate High

Projections of reduced snow and ice are a 
component of complex hydrological changes 
that may contribute to reduced water 
availability. Reduced snow and ice may result in 
lower summer flows in the headwaters of many 
major Canterbury rivers.    

Risk statement
Risk

High level description
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Lakes and rivers will be exposed to projected increased intensity and frequency of storm events, 
leading to increased peak river flows and flooding. These events increase the risk of erosion and 
have the potential to change river and lake morphology.  

Canterbury has many large, braided rivers which historically have large flood plains associated with 
them. Many flood plains have been developed and constrained for human land use and flood 
protection.  Rivers with modified or constrained channels and flood plains are likely to be highly 
sensitive to projected climate changes, as there is limited capacity to convey increased flow. These 

Present 2050 
�~�Z���W�ô�X�ñ�•

2100 
�~�Z���W�ð�X�ñ�•

2100 
�~�Z���W�ô�X�ñ�•

Risk to water quality 
(lakes and rivers) due 
to river and surface 
flooding

Low Low High High

The frequency and intensity of storms are 
projected to increase over time, which may 
cause increased flooding. Erosion and scour 
resulting from flooding may result in 
increased sediment in waterways, reducing 
water quality and disturbing habitats. Runoff 
entering rivers may also introduced increased 
nutrient and other contaminants. Modified 
rivers with constrained floodplains may be 
particularly sensitiveto degradation from 
flooding, and have l imited adaptive capacity 
to adjust with changing flows. 

Risk to water quality 
(lakes and rivers) due 
to change in mean 
annual rainfall  

Insignificant Low Moderate High

Projected changes in rainfall  are l ikely to 
result in increased frequency of low flows in 
most rivers. Increased frequency of low flows 
may reduce flushing flows and compound the 
effects of warmer temperatures, promoting the 
growth of algae and macrophytes.  

Risk to water quality 
(lakes and rivers) due 
to reduced snow & ice

Insignificant Low Moderate High

Projected changes to snow and ice are l ikely 
to contribute to the increasing occurance of 
low flows. Increased frequency of low flows 
may reduce flushing flows and compound the 
effects of warmer temperatures, promoting the 
growth of algae and macrophytes.  

Risk to water quality 
(lakes and rivers) due 
to higher mean 
temperatures

Low High Extreme Extreme

Projected increases in temperature are l ikely 
to be detrimental to water quality in lakes and 
rivers. Warmer temperatures can be harmful 
to native frehwater biodiversity and promote 
the growth of algae and macrophytes. Smaller, 
shallow waterbodies, and those that are not 
snowmelt fed are l ikely to be most sensitive to 
warming temperatures.   

Risk to water quality 
(lakes and rivers) due 
to increasing 
landslides and soil  
erosion

Moderate High High High

Increased erosion and sediment from 
landslides may result in increased sediment 
in waterways, reducing water quality and 
disturbing habitats.  

Risk to water quality 
(lakes and rivers) due 
to sea-level rise and 
salinity stresses

Insignificant Low High High

Projected sea level rise may cause 
salinization and flooding or coastal rivers 
and lakes with increasing frequency. 
Saltwater intrusions have a profound impact 
on the water quality of lakes and rivers 
changing the types of ecological communities 
they can support.

Risk statement
Risk

High level description
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are often also rivers with existing abstraction schemes providing water for drinking and/or irrigation. 
(refer to Section 10.5). Constraints on permanent riverbank morphology will limit the adaptive 
capacity of rivers to respond to changing flow conditions, and extreme weather events are likely to 
cause more damage to the river environment when the flood plain is cut off from the river. 
Conversely, those rivers with fewer (natural or anthropogenic) constraints may have a higher 
tolerance for changes, with new channels forming naturally. Increased erosion results in increased 
sediment in waterways, reducing water quality and disturbing habitats. The injection of sediment 
into rivers (and subsequently into lakes or into the sea) from large floods thus can mobilise large 
volumes of nutrients (and potential contaminants), affecting water quality in the receiving 
environment. 

Increased projected low flow conditions in rivers contribute to warmer water temperatures due to 
reduced velocity and volume of water. The lack of flushing flows contribute to the build-up of 
sediment and nutrients (Jowett et al. 1990). Warm temperatures and reduced flushing flows favour 
the growth of algae and macrophytes, which lower water quality. 

Projected temperature increases are likely to affect the water quality in lakes by increasing the 
likelihood of thermal stratification during summer months. Maximum temperatures are projected to 
rise by up to 6°C under RCP8.5 in inland areas. This strong summer warming will lead to higher water 
temperatures in lakes and rivers, particularly those in the low country with little or no shading of 
water bodies. Small or shallow lakes have a low tolerance of prolonged high summer temperatures. 
This increases the chance of prolonging thermal stratification. These types of lakes are likely to be 
sensitive to poor or reducing water quality measures earlier than larger/deeper lakes (Hamilton et 
al. 2013). Deeper lakes, and lakes in locations more exposed to the wind (such as some of the large 
hydro-lakes in inland Canterbury) will have a lower sensitivity to projected changes than shallow, 
sheltered lakes such as some of the inland lakes (e.g. Lake Lindon) and small shallow coastal lakes 
(Hamilton et al., 2013). 

Coastal rivers and lakes are also likely to be exposed to rising sea level and subsequent salinisation 
through intrusion of saltwater. This is likely to be ephemeral at first but become more frequent 
towards the end of the Century as mean sea level increases, and storm events increase the inland 
intrusion of saltwater up rivers and into low-lying coastal lakes. Saltwater intrusions have a profound 
impact on the water quality of lakes and rivers changing the types of ecological communities they 
can support.  

10.4 Groundwater availability and quality 

The highest risks to groundwater availability and quality from climate change include those from 
changes in rainfall, drought, and salinity stress. Exposure of aquifers to reduced rainfall and drought 
may lower recharge rates, leading to reduced volume and potential water quality deterioration. 
Exposure of coastal aquifers to increasing sea levels may cause salinisation. Impacts on aquifer 
recharge rates and salinisation are not well understood, so are presented with a high level of 
uncertainty.  
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Canterbury’s extensive braided alpine rivers provide the water to the groundwater aquifers that 
together provide fresh drinking and irrigation water to the Region’s population and economy. 
(Environment Canterbury, 2021). Regulation of water supply within the Region is managed by 
Environment Canterbury. The management of water availability and quality is achieved through 10 
water management zones, with boundaries reflecting the natural hydrological systems (Figure 10.1).  

Throughout the Region, water is sourced from both groundwater and surface water, for both town 
supply (Figure 10.5), and irrigation (Figure 10.6). Most stock water is sourced from surface water, 
although this is dominated by the high volume of surface water consented in the Ashburton Zone 
(Figure 10.7). There are 34 irrigation schemes in Canterbury over 500 hectares (Figure 10.1). They 
are relatively small, and were established with the needs of particular catchments and localities in 
mind. Currently, all of the Region’s surface water is fully allocated, and 94% of groundwater is 
allocated (Land Air Water Aotearoa, 2021).  

Regionally, irrigation demands the highest water use, followed by stock water (Figure 10.3). These 
water uses translate to a high demand for water in rural areas, with consented water takes highest 
in the water management zones of Lower Waitaki South Coastal Canterbury, Ashburton and Selwyn-
Waihora (Figure 10.4). Town water supply is a relatively small proportion of the regional water 
demand, with only 4% of the Region’s consented water allocated to this use (Figure 10.3) (Land Air 
Water Aotearoa, 2021).  

Surface water availability will be exposed to complex hydrological changes, including changing 
rainfall intensity, duration, and timing, and changing snowfall and snowmelt, as well as changing 
temperature, which impacts on evaporation and evapotranspiration, and complex groundwater 
interactions.4 Projections show differing responses of surface water availability between inland and 
coastal areas (Macara et, al., 2020). Under RCP8.5, the mean annual discharge from rivers in eastern 
Canterbury is projected to increase by late century, while decreases are projected for rivers in inland 
areas. High flows are projected to increase in eastern areas by 50% by late century (RCP8.5), while 
decreases of 20% are projected for inland areas east of the main divide. This decrease in high flows 
within montane/hill country appears counter-intuitive when considering the significant increases in 
high flows in eastern (downstream) areas. These changes are thought to be associated with a 
projected decrease in the duration of large rainfall events, where although the rainfall intensity is 
increasing, the reduced rainfall duration results in a decrease in high flows (Macara et, al., 2020). 

While some increases are projected for river flows in the alpine headwaters, flows are likely to 
become more seasonal due to a reduction in snow and ice. Snowmelt-fed rivers are sourced from 
alpine snow and ice that is stored through winter and released as spring and summer snowmelt. 
Ongoing reductions in the extent of snow and ice will reduce spring and summer snowmelt volumes, 
leading to lower summer flows in the headwaters of many major Canterbury rivers and their 
tributaries.  

Mean annual low flows are projected to decrease across most of Canterbury under RCP 8.5 by late 
century, with reductions of over 20% in many parts of the Region. The notable exception is the 
south-eastern catchments, along the Waimate and southern Timaru coast. These are projected to 
see a 20% increase in low flows. In the montane/hill country, low flows typically occur during winter 
months. There is some uncertainty relating to how these low flows will be affected, where projected 
increases in winter rainfall could reasonably be expected to increase low flows during this time. 
However current models suggest that this is not the case, and that flows will remain unchanged 
(Macara, et al., 2020).  

 
4 Hydrological modelling using a water balance model provides an indication of surface water availability in Canterbury 
(Macara et al., 2020). This projection of surface water availability considers projections of rainfall, temperature, and other 
weather elements where available. The model simulates storage in the snowpack, plant canopy, rooting zone, shallow 
subsurface, lakes and rivers, taking into account approximate land cover and land use. 
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Figure �í�ì.3�W�����}�v�•���v�š�������Á���š���Œ�������u���v�������Ç���š�Ç�‰�����}�(���µ�•�����]�v�������v�š���Œ���µ�Œ�Ç���~�>���v�������]�Œ���t���š���Œ�����}�š�����Œ�}���U���î�ì�î�í�•�X 

 
Figure �í�ì.4�W�����}�v�•���v�š�������Á���š���Œ���À�}�o�µ�u�����������}�Œ���]�v�P���š�}���•�}�µ�Œ���������Ç���Á���š���Œ���u���v���P���u���v�š���Ì�}�v�����]�v�������v�š���Œ���µ�Œ�Ç���~�>���v�������]�Œ��
�t���š���Œ�����}�š�����Œ�}���U���î�ì�î�í�•�X 
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