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Executive Summary  

Research purpose 

This research programme is focussed on developing a consistent framework for considering the 

different areas of potential vulnerability to climate change in New Zealand and on how social or 

structural resilience can be developed so as to deal with potentially adverse effects.  

Dealing with the effects of climate change is a new type of problem, both for New Zealand and 

internationally, because during the 21st century our physical environment is likely to become 

quite different from what it has been at any time during the period of human civilisation. Many 

characteristics of the climate change that will occur can be anticipated with some confidence 

including warmer temperatures, more intense flooding, and a significant rise in sea level. 

However, the magnitudes and rates of these changes cannot be defined precisely so that 

planning for the future now requires consistent approaches for dealing with uncertainty.  

Furthermore these environmental changes will run in parallel with continuing changes in 

technology, economics, international relationships, population growth and migration, and other 

aspects of societal development. In this context, there are major challenges for developing a truly 

comprehensive summary of the key issues for New Zealand. However, anticipating the effects of 

climate change is now becoming increasingly urgent and so developing a comprehensive 

framework for assessing the social and economic nature of climate change impacts, and 

responses to them, is important. 

Our programme focuses on the effects of climate change in three different contexts to enable a 

start to be made towards a synthesis that frames the issues, options and priorities for adaptation 

as well as the range of circumstances that apply. These initial areas are:  

 Māori community responses to climate change 

 local government management of the risks related to climate 

 some of the broad range of climate effects on human health.  

This report summarises the key issues that have emerged so far, and the extent to which these 

have set up a basis for developing more comprehensive approaches in future. 

The context  

Future climate change should be considered relative to the past natural variations that systems 

have become adapted to. This applies for temperature, humidity, rainfall and storm damage 

where some changes in New Zealand’s mild climate are expected to be larger, relative to the 

past, than will occur in much of the Northern Hemisphere.  

Extreme events are likely to become more frequent and may start creating conditions that have 

not been experienced previously. Several studies have shown that extreme events are becoming 

more severe over wide areas in the Northern Hemisphere and so the potential for this to occur in 

New Zealand must be considered.  
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While there is an increasing ability to estimate future climate changes, these have sometimes 

occurred more rapidly than had been estimated from analyses that tend to be based on past 

conditions. So while it is important to consider the full range of climate model estimates for 

future changes, it is also important to recognise that these may have some limitations. For 

example, in the last four years new analyses of future sea level rise have resulted in projections 

for 2100 becoming more than twice as large as they were previously. This has major implications 

for New Zealand’s large proportion of capital investment and traditional values that are on low 

lying coastal land. 

Observed warming in New Zealand over the last century has been larger than the global average, 

whereas climate models currently produce estimates for our future warming that are less than 

the global average. This may be caused by past natural variability but may also relate to current 

uncertainties in climate modelling for regions the size of New Zealand where the influence of 

mountains on air flow and a sensitivity to small changes in ocean circulation can be significant.   

Some ecosystems are undergoing structural change because different species have different 

degrees of adaptive capacity to changes in the environment that they are dependent on. In New 

Zealand this is likely to lead to some structural changes in both natural and managed ecosystems, 

but is also likely to be more complex as other species start to become established in the different 

climate.   

Local government responsibility 

Local governments are responsible for much of the decision making that deals with climate-

related impacts. This involves management of infrastructure such as water supply, sewage 

treatment, roads and coastlines, which can all be significantly affected by weather related risks 

such as drought, floods and storm damage. These issues are covered in New Zealand by the 

Resource Management Act, the Local Government Act and other statutes, and they involve all 

levels of government in interlinked ways.  

Our research has covered three local government issues that are directly affected by climate 

change:  

 managing changing flood risk in the Hutt Valley, Welington 

 dealing with sea level rise in Auckland 

 ensuring the security of water availability in the greater Wellington region.  

Flood risk in the Hutt Valley 

Detailed treatment of flood risk in the Hutt Valley has shown that, for two future climate change 

scenarios that result in an increase in global average temperature of about 2°C and 4°C, 

significant increases in approaches used for flood management will be necessary to maintain the 

same levels of risk for housing and infrastructure. For the lower amount of global warming, flood 

events that are currently 1% likely each year will become about 2.5% likely, and for the higher 

amount of warming, what is now 1% likely will become about 6% likely.  

Our study has also shown that, when councils or property owners lack a comprehensive 

perception of flood risk, the impacts can become larger. An example of a potentially maladaptive 

response has been found to occur when those who have experienced flooding, and have the 
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means and experience to cope with it in future, tend to move away from the areas at risk and are 

then replaced by new arrivals who are less prepared for the next flood.  

This research shows how residual risks, especially at the extremes, could affect property and 

people in the Hutt Valley if risk mitigation planning is based on “best estimates” by underplaying 

potential damages. This has significance for decision making about long-lived assets and 

settlements.  

Communication of risk and its framing emerged as a significant finding and this research has 

developed an alternative flood risk analysis and mapping method that avoids the bias in risk 

perception associated with framing effects. 

Sea level rise in Auckland 

Our analysis of sea level rise in Auckland has done a detailed comparison of the two coastal areas 

of Mission Bay/Kohimarama and Kawakawa Bay, with a focus on the adaptation response 

opportunities and their barriers. It is clear that councils are at an early stage in developing 

responses to sea level rise, and the approaches set out by the Ministry for Environment in 2008 

are not yet widely accepted. There is a case for more active consideration of long-term response 

options. 

The need to start dealing with a more rapidly changing coastline has to overcome some 

institutional barriers. However, a top-down response from any council is likely to elicit a strong 

resistance from local communities, so it is clear that adaptation strategies need to be developed 

at the local scale and have community involvement to be successful.  

A survey of views held by those involved in management has shown an acceptance of the need to 

identify thresholds above which sea level rise would become serious so that reconsideration of 

‘hard protection’ and retreat options would be necessary. The survey also identified a need for 

more central government guidance, some of which was signalled in early 2009, but which is still 

not as clear in New Zealand as in some countries.   

Wellington’s water security 

Our analysis of change in the greater Wellington region’s water security has shown that there can 

be significant effects during this century, but that this involves an interaction between the trends 

and dynamics that are likely to occur in both water supply and demand. Climate change is 

expected to decrease the overall supply of water, but analysis of the long-term trends suggests 

that this can be addressed by a reduction in per capita demand of about 20%. Larger risks are 

likely to come from an increasing variability in rainwater supply to the major reservoirs which can 

result in an increasing frequency or duration of periods when water supply becomes strictly 

limited. Developing ways of anticipating drought so that demand management can be actioned as 

early as possible is becoming important. 

Adaptation to this changing risk should follow a balanced approach that covers better public 

acceptance of water conservation measures but also some increase in storage capacity. New 

Zealand has some highly developed approaches for managing water resources as well as some 

plans to extend these. Our work has shown that there is also some reluctance to experiment with 

innovative approaches to water conservation, including residential water meters, based on equity 
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concerns. This implies that the design of further use of water meters should consider establishing 

a sufficient base availability to avoid such concerns.  

Public health  

There has been a growing international recognition that climate change will cause changes in 

public health risk. This is related to a spread in communicable diseases but also to heat stress and 

a wide range of issues affecting social infrastructure such as housing, income and livelihoods.  

Work carried out in this programme has:  

 started specific monitoring of heat exposure in outdoor workers 

 developed empirical models for relating communicable disease to social and climatic 

factors 

 assessed the effect of rainfall variability on households and others relying on 

rainwater tanks 

 assessed vulnerability for those who use prepayment electricity meters. 

Heat stress in some places 

Our study of forestry, agriculture and other trades people in the Tasman District Council region 

found that they were experiencing temperatures several degrees hotter than recorded by 

weather stations in the area. Heat stroke and heat stress reduce productivity and adaptation to 

increasing temperatures in future will require the development of heat prevention methods as 

well as some avoidance of working at the hottest time of day. 

Studies of disease risk 

Our work has confirmed that there is a relationship between ambient temperature and 

salmonella in New Zealand. However, changes in diseases such as cryptosporidiosis and giardia 

appear to have more complex patterns and, while these are likely to be affected by change in 

water quality, their sensitivity to extreme events is difficult to determine. Related work on global 

risk of dengue and malaria is showing that New Zealand is not at risk of local transmission of 

these diseases by the 2050s, but risks are expected to increase subsequently. 

Security for use of water tanks 

New analyses of changes in the rainwater supply patterns for water tanks have shown that even 

by 2100 little change is expected for the frequency of empty tanks in the Auckland and 

Wellington regions but preliminary results show that regions already prone to water scarcity will 

be more seriously affected in future. Water security conservation measures have been found to 

be as effective as the addition of extra tanks or extension of the collection area. However, our 

work has shown that a very location specific approach is necessary for decisions leading to more 

resilience in water supply. 

Potential health impacts and access to electricity 

Energy supply, like water supply, is an essential service. An extensive survey of electricity 

consumers was supported by three of New Zealand’s major electricity retailers. It has shown that 

a significant number of people have become dependent on prepayment systems and that in 
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many cases they have experienced ‘self-disconnection’ repeatedly within the past year. Electricity 

is more expensive when purchased this way and a concern is that people in this situation can 

become increasingly vulnerable to the potential health impacts caused by more extreme weather 

in future.  

Māori perspectives  

Ngāti Huirapa - links between human and biophysical systems 

This programme has overseen the first Māori community-based participatory research project 

that is related to climate change issues. Involving Ngāti Huirapa community members from 

Arowhenua Pā – Te Umukaha (Temuka), and researchers from NIWA’s Māori Environmental 

Research Centre and the National Climate Centre, the study has led to a better appreciation of 

the range of complex relationships that can exist between human and biophysical systems.  

A high degree of commitment to ‘place’, social cohesion and continuity is evident in the 

community from Arowhenua Pā and this is closely linked with the elemental belief that all things 

are related through whakapapa [genealogy, inter-connectedness, literally = to place in layers]. 

Our interactions with the community have led to a better understanding of how their experience 

with change in a dynamic fluvial environment, can be retained collectively and lead to better 

recognition of local climate hazards and risks.  

This has led to the identification of four principal determinants of community sensitivity and 

adaptive capacity, consistent with previous studies of contextual vulnerability and adaptation:  

 social networks, conventions and transformation;  

 knowledge, skills and expertise;  

 resourcing and finance; and  

 institutions, governance and policy.  

Adaptive capacity and cultural values 

Also it is becoming clear that a considerable capacity to cope with climate hazards and related 

stresses is rooted in cultural values and approaches such as tikanga [tribal rules and customs] and 

kawa [ceremony, etiquette, correct procedure] and then actioned through whanaungatanga 

[mutual support, relationships], manākitanga [care, reciprocity] and kotahitanga [collective 

action]. 

Adaptive capacity is deeply connected to existing social-economic-political and environmental 

conditions but there are also numerous complexities and uncertainties. Further analysis is 

needed to integrate information that comes from scientists, policy analysts and decision-makers. 

At the same time it is clear that new educational initiatives are necessary to raise awareness of 

climate change and develop more effective communication of future risks.  

This does not require more detailed climate information from models or improvement of climate 

“predictions”. Rather it requires strategies and policies to tackle vulnerability and enhance an 

ability to adapt that intersects with existing issues of whānau/hapū development and greater 

social-ecological well-being. 

Risk management  
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Uncertainty needs to be linked to values 

Scientific projections of future climate change always come with significant uncertainties. 

Furthermore it should not be expected that these uncertainties will be removed quickly by 

continuing scientific analysis. History has shown that, while our understanding of the climate 

system is continually improving, new issues arise and this should be expected to continue. 

Also, while the United Nations Framework Convention on Climate Change (UNFCCC) process has 

led to international agreement on limiting future global average warming to 2°C, it is not clear 

whether or how this will be achieved and risk management should take account of the full range 

of what is likely to occur. This means that we should develop approaches for dealing with a 

possible global warming of around 4°C later this century. 

A risk management perspective on climate change uses the current scientific understanding to 

develop a probability for the range of potential changes that may occur, but then combines that 

with an analysis of the magnitude of the effects that could be caused over the full range. This risk 

based approach is consistent with planning processes that are used for major public or private 

investments and shows that there are well established approaches for managing some degree of 

uncertainty. 

When this approach is used to consider adaptation to climate change it shows there is much 

more importance in focussing on how a small shift in the range that occurs for some climate-

related variable, such as temperature or river flow, can lead to a much larger relative change in 

risks due to an increase in the frequency of damaging events. However, damages are difficult to 

quantify as they can involve different value systems in society. Despite this, we show that 

planning for change based on risk management tends to be quite consistent whether a high or 

low sense of damage is being considered.  

For example, in the context of sea level rise, we show that a risk management perspective for 

either high or low potential damages means that one should plan to deal with an amount of rise 

that is towards the upper end of the full range currently considered as being likely, and this 

should be about 1.4 m by 2100. But planning for the next 100 years needs to consider the year 

2112 and that can increase this number by 10%. Longer term planning requires an even higher 

level again.  

Adapting to rates of change 

A risk management perspective now requires that planning approaches cover continuing changes 

into the future so that a range of different time horizons should be used depending on the 

circumstances. Furthermore for some structural changes, such as sea level rise, the rate of 

change should also be expected to increase throughout this century. This means that delays in 

adaptation can lead to an escalating demand for limited capital investment resources which 

would then limit adaptive capacity and close off some adaptation options.  

The need for synthesis 

The research that has been done in this programme has covered several different perspectives on 

dealing with climate change. At the same time there has been a growing recognition that there 
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are no simple indicators of vulnerability or of adaptive capacity and so these cannot be measured 

directly [Hinkel, 2011]. More needs to be done to develop a synthesis in a New Zealand context 

so as to have a comprehensive framework for allocating our resources to adaptation that takes 

into account continuing changes in our climate. 

However, our work so far has shown that there are some common features across the different 

aspects that we have covered. In particular: 

 Planning for the future has to be based on the drivers for change in the context of socio-

economic development, but our changing climate means that the environment in which 

these will occur now involves other accelerating effects that will interact in diverse ways.  

 Unwanted changes will occur, place increasing stress on society and create more 

vulnerable communities. So the development of adequate responses is becoming urgent 

and needs to be linked to the social perceptions of values in both natural and managed 

resources. 

 The need to now plan for long-term continuing change in our environment raises major 

structural and social issues over a wide spectrum of domains, such as private and public 

sector dependence on property values to inter-generational responsibility.  

 Two-way interactions, between those who are discovering more about the changes in 

our climate system and those who have to deal with the implications, are now becoming 

increasingly important.  
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1 Introduction 

1.1 The context 

This report summarises the results from the first three years of a research programme ‘Community 

Vulnerability, Resilience and Adaptation to Climate Change’ which was funded by the New Zealand 

Foundation for Research Science and Technology (now included in the Ministry for Science and 

Innovation). The research is being led by the New Zealand Climate Change Research Institute at 

Victoria University of Wellington in collaboration with the Māori Environmental Research Centre & 

National Climate Centre at the National Institute of Water and Atmospheric Research, the New 

Zealand Centre for Sustainable Cities in the Department of Public Health at the University of Otago, 

Wellington, the School of Population Health at the University of Auckland, the Health and 

Environment International Trust, and PS Consulting Ltd. 

Research in this programme has been designed to develop a broader understanding of several 

different aspects of how New Zealand might adapt to climate change in the future with a focus on 

their common features and implications. It has also been developed using a ‘bottom-up’ approach 

focussing on community perceptions of risk in the context of climate change, as well as the 

institutions and processes that already exist for managing environmental risks. The importance of 

this type of bottom-up analysis of adaptive capacity has become recognised increasingly over recent 

years [van Aalst et al., 2008; McEvoy et al., 2010].  

1.2 The structure 

Adapting to change will always be influenced by social-cultural contexts and values. In order to 

examine such determinants in the context of  climate change in New Zealand, our programme has 

had a particular focus on considering how Māori communities respond to climate risks as well as the 

factors and processes that enable and constrain their choices and actions. 

Much of the responsibility for climate-related risk management of both property and general 

welfare in New Zealand communities lies with local governments, and so our programme has also 

focused on how the institutions and processes used by them currently deal with climate-related risks 

and how these might be adapted to deal with increasing and more dynamic changes in the future.  

Climate change can also have direct and indirect effects on human health and this is the focus of our 

third major objective which has covered changes in heat stress and communicable diseases as well 

as how water availability and disruption of electricity supply can lead to changes in health risk that 

are related to living and working conditions.  

An important part of the programme has been increasing interactions with a range of potential end-

users by developing effective working relationships with them so that they will be able to use results 

from this research. This has led to relationships being built with some Māori iwi and with several 

local government groups and very productive sharing of information. A synthesis of these different 

perspectives has been a key focus for our research so as to develop a clear sense of priorities for 

adaptation to climate change in New Zealand. 

The following sections of this report cover: 
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 setting a New Zealand context for climate change 

 a perspective, at local government level, on flood risk, water security and sea level rise 

 a public health perspective on resilience to health risk, heat exposure, rainwater supply, 

and private access to energy resources 

 a Māori community perspective on the effects and the capacity for adaptation to 

change;  

 frameworks and approaches for describing changing risk that can be related to decision 

making processes. 

1.3 Terminology 

The wide ranging nature of this research means that the terminology used in relation to climate 

change adaptation needs to be consistent across the objectives.  A summary of the key terms that 

are being used and their relationships is shown in the following flow diagram. 

 

Figure 1. A schematic diagram of adaptation elaborating on one by the Allen Consulting Group 

and defining vulnerability and resilience [Allen Consulting Group, 2005]. Climate change causes 

an increasing exposure to impacts with different levels of sensitivity. Adaptation occurs either 

autonomously or as a planned process and acts to reduce both sensitivity and exposure. But 

that requires potential impacts to be identified either from past experience or from a science-

based anticipation of change and is motivated by the need for a continuing development of 

adaptive capacity. A residual vulnerability may still exist and building resilience to adverse 

effects requires a continuing identification of that followed by an ongoing development of 

adaptive capacity and adaptation strategies. 
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Terminology used in this field of science can vary depending on the context in which it is used, but in 

general our use of some key terms is as follows: 

Vulnerability 
Consistent with the IPCC [2007a], vulnerability is “the degree to which a system is 
susceptible to, and unable to cope with, adverse effects of climate change”. It is a function 
of exposure, sensitivity, and adaptive capacity (defined below). 
Some researchers have emphasised that statements about vulnerability are only meaningful 
if they are specific about who is vulnerable, the attribute of concern, the hazard causing the 
concern, and a temporal reference [Füssel, 2007; Polsky et al., 2007] 

Exposure Exposure generally refers to the state and change in external stresses that a system is 
exposed to. In the context of climate change, these are normally specific climate and other 
biophysical variables (including their variability and frequency of extremes). It also includes 
other components of the biophysical environment that may not be subject to change but 
that determine the degree to which a system is exposed to external stress factors at any 
given location (e.g. with regard to coastal inundation: distance from the coast; with regard 
to erosion: hill slope). 

Sensitivity Sensitivity is the degree to which a system is affected by a given exposure, consistent with a 
dose-response model. Sensitivity can incorporate mechanistic impact models (e.g. how a 
given change in rainfall affects the water supply of a city) as well as socio-economic 
determinants (e.g. how age structure of a population influences the degree to which 
mortality increases during a heatwave). 

Impact:  
potential and 

actual 

Exposure and sensitivity together describe the potential impact of a given change in climate. 
Both components are necessary to understand and quantify the potential impact. Potential 
impacts are those impacts that occur prior to adaptation; in contrast, impacts that occur 
despite or after adaptation are called actual impacts. 

Adaptation Adaptation is the adjustment in natural or human systems in response to actual or expected 
climate changes and their effects. Adaptation can be autonomous or reactive (i.e. in direct 
and not necessarily conscious response to observed climate changes and/or their effects), 
or anticipatory or proactive (i.e. in anticipation of future changes and effects). The phrase 
planned adaptation is used where adaptation is the result of deliberate policy decisions to 
respond to climate change [IPCC, 2007a]. 

Adaptive 
capacity 

Adaptive capacity describes the ability of a system to adapt to climate change to moderate 
potential damages, make use of opportunities, or cope with adverse impacts [IPCC, 2007a]. 
Note that this describes a potential, not an actual outcome. 
The definition of adaptive capacity covers two distinct aspects: one is coping capacity (i.e. 
take impacts on the chin and recover back to the system state prior to the impact), and one 
may be regarded as an ability to adapt (i.e. change exposure or sensitivity of a system so as 
to reduce future impacts, or to increase coping capacity by diversifying incomes etc). Both 
coping capacity and ability to adapt can change over time (because of socio-economic 
changes); however, coping capacity usually implies a return to a state prior to a temporary 
shock, while the ability to adapt does not assume that an original state should or can be 
maintained, but that response to climate change lead to lasting changes somewhere in the 
system [Eriksen and Kelly, 2007]. 

Resilience 
Resilience is defined as the ability of a system to absorb disturbances while retaining the 
same basic structure, ways of functioning and self-organisation [IPCC, 2007a]. 
In other words, a resilient system is a system that has minimised its vulnerability through 
successful application of adaptive capacity, including through autonomous and planned 
adaptation measures. 
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2 Setting a New Zealand context 

2.1 Dealing with change 

Over the last 50 years there has been an increasing recognition that the Earth’s global climate 

system is being changed by human activities. Four assessments of the science, that were each 

carried out by large groups of scientists for the Intergovernmental Panel on Climate Change (IPCC), 

have produced an increasing amount of detail on the underlying science [IPCC, 2007b], the impacts 

of change [IPCC, 2007a], and the options for reducing emissions of greenhouse gases which are the 

primary cause of recent climate change [IPCC, 2007c].  

While some results of climate change, such as warmer temperatures and heavier rainfall, can have 

some similar characteristics over wide regions, the detailed effects of these changes and the options 

that are available for managing them can be very dependent on local circumstances. This means that 

it is becoming increasingly important for New Zealand to understand how we should adapt to the 

changes, and do so in ways that will minimise our vulnerability to increasingly significant changes in 

future. Three key factors for achieving this are:  

 better understanding of the extent and rate of future changes in our climate  

 identifying new ways of developing social and structural capacity to deal with 

adverse changes  

 basing these on new approaches to risk management that take account of the 

continuing changes that will occur for more than 100 years.  

International research in the last decade has shown that adaptation to climate change requires us to 

address a wide range of flow-on issues that arise from significant changes in the physical 

environment that we are dependent on. This will become a growing issue for New Zealand’s unique 

environment and for our social and economic systems. There has also been an increasing recognition 

that adaptation requires greater social awareness of the changes as well as the development of 

consistent approaches to planning at all levels of government and across sectors so as to deal with 

change. It is also important to avoid possible ‘maladaptation’1 through the lock-in of unsustainable 

settlement patterns and infrastructure investment.  

To set out the New Zealand context for these issues, this section summarises some of the recent 

changes in climate and developments of the underlying science.  

2.2 Our climate is changing 

New Zealand has meteorological records of temperature, humidity, rainfall, wind and other data 

that started in the 1850s, and that have shown an average warming trend of 0.96 ± 0.29°C over the 

period from 1910 to 2010. These records have been developed and scrutinised several times leading 

to a high level of confidence in the trend [Salinger et al., 1992; Salinger et al., 1993; Mullan et al., 

2010] and the data is being continually updated and is freely available2. Average temperatures over 

                                                             
1
 Maladaptation refers to actions that increase the vulnerability of some groups or sectors to future outcomes,  

although they may be judged as successful adaptation by one group, [Barnett and O’Neill, 2010]. 
2
 http://www.niwa.co.nz/climate/nz-temperature-record  

http://www.niwa.co.nz/climate/nz-temperature-record
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an area the size of New Zealand show more inter-annual variability than global average 

temperatures, but New Zealand is big enough to determine a climate pattern and a warming trend 

which has been slightly larger than the global average for both oceans and land which was 0.74 ± 

0.18°C over the period 1906 to 2005 [Trenberth et al., 2007].  

More detailed summaries of New Zealand’s average weather patterns are available from NIWA3 and 

they show many features of a benign climate when compared to some other land areas. For 

example, the monthly average temperature over most of New Zealand varies from winter to 

summer by about 10°C, except in some inland areas of the South Island where the seasonal range of 

temperatures is larger. This annual variation in our temperature is larger than occurs in the warmer 

tropics, but is only about half of the winter to summer change that occurs across most of North 

America, Europe and Asia [Knutti et al., 2006]. Similarly, the year to year variations of temperatures 

in New Zealand for a particular month of the year are smaller than occurs across much of the major 

continents in the Northern Hemisphere.  

This context of a mild climate is important when considering the effects of future change. Recently 

there has been growing recognition that the effects of climate change on biological systems are now 

larger in the tropics, because the past temperature variations in those regions have been small and 

consequently the recent changes are large, relative to the range that systems have become adapted 

to [Dillon et al., 2010]. It is becoming clear that ecosystems which have evolved in regions where 

there are large temperature variations can be expected to be more resilient to future warming, 

whereas ones in a benign climate are likely to be less tolerant to change. Similarly seasonal hot 

temperatures can leave small margins of ‘liveability’ in humans and farmed animals [Bridger, 2003] 

and increasing extreme temperatures can cause major mortal risk [Poumadère et al., 2005]. This 

shows that the amount of future warming should be considered relative to the past variations, 

rather than just as an absolute change in temperature. This can have implications for the effects on 

biological systems including human physiology where absolute levels of heat stress also need to be 

considered [Parsons, 2003].  

2.3 Science produces projections into the future 

In this context, projections of future climate change for a range of greenhouse gas emission 

scenarios have shown that New Zealand is expected to warm by less than the global average, and by 

about two thirds of what will occur in much of the extra-tropical Northern Hemisphere [Meehl et al., 

2007]. However, when that amount of warming is compared with the winter to summer range that 

our ecological systems have become adapted to, then it will be relatively larger for New Zealand 

than for much of the Northern Hemisphere. This shows that the adaptive capacity of different 

natural systems has to be considered in relation to the way they have developed in the past. It is 

likely that this will also be important for the socio-economic and planning structures that our society 

is dependent on. 

Work carried out in this research programme has extended the range of future scenarios for climate 

change that can be considered for New Zealand. This produced climate model results for a scenario 

based on rapid and worldwide ‘decarbonisation’ so that global warming remains less than 2°C, and 

has compared that with a scenario of continuing increases in greenhouse gas emissions leading to a 
                                                             
3
 http://www.niwa.co.nz/education-and-training/schools/resources/climate  

http://www.niwa.co.nz/education-and-training/schools/resources/climate
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warming of 4°C by 2100 [Reisinger et al., 2010]. In both scenarios the warming for New Zealand, 

when averaged over 12 different climate models, was 60-65% of the global average. However, the 

full range of warming values for New Zealand produced by the different climate models varies by 

about ±30% around their average value and this is consistent with other studies showing that 

projections of change in climate over a few thousand kilometres have larger uncertainties than the 

global average.  

It should also be noted that over the last 100 years, New Zealand has actually warmed by more than 

the global average, rather than by just 65% of that. So planning for future changes should recognise 

that this uncertainty in projections for regional change may underestimate future change.  

Climate model analyses have also shown that changes in extreme events were likely to be significant 

in New Zealand, and this is still a rapidly developing area of climate science. For example, a recent 

analysis has shown that climate models have significantly underestimated the rates of change in 

heavy rainfall events that have already been observed across the northern hemisphere over the last 

50 years [Min et al., 2011]. This shows that from a national risk management perspective it is 

important to keep the full range of model estimates in mind and to also recognise that they may all 

have some limitations. 

2.4 New issues keep coming – sea level rise is an example 

A clear case of rapid changes in scientific understanding of climate change can be seen in the 

significant changes in estimates for future sea level rise that have occurred in the last four years and 

are now starting to take account of increasing rates of loss of glaciers and ice sheets.   

The IPCC assessment report in 2007 produced estimates for sea level rise that were due 

predominantly to thermal expansion of the oceans and with the global average estimated as being 

between 0.18 and 0.47 m for a low greenhouse gas emissions scenario and between 0.25 and 0.76 m 

for a high emissions scenario. These estimates had contributions from glacier and ice sheet loss 

reaching 25 – 30% of the total by 2100 [Meehl et al., 2007]. 

The IPCC assessment report specifically noted that there were new questions about sea level rise 

and said that it was not possible to provide either an upper bound or a best estimate [Solomon et al., 

2007]. A major change in this area of science has recently come from a more detailed analysis of 

past changes in ocean temperature as well as loss of glaciers and ice sheets over the period 1961 – 

2003 [Domingues et al., 2008]. This showed much more consistency between the sum of estimates 

for contributions due to different causes and the observed changes in sea level derived from both 

tide gauges and satellite measurements. Furthermore, it had identified that more than 50% of the 

recent rise was already due to loss of glaciers and ice sheets, and that fraction has been continually 

increasing.  

Projections of future sea level rise that have been carried out since 2007 are all significantly higher 

than was given in the IPCC assessment4. A recent report by the Royal Society of New Zealand 

summarised this as showing a wide range from 0.3 to 2.2 m by 2100 [Weston, 2010]. It remains a 

very active area of research and new types of data are showing evidence for a continuing 

                                                             
4
 One peer reviewed paper [Siddall et al., 2009] did present a value consistent with the last IPCC assessment, 

but was subsequently withdrawn by its authors. 
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acceleration of the loss of ice from Greenland and Antarctica [Rignot et al., 2011]. In addition, a new 

analysis of change in sea level along the eastern side of North America over the last 2,000 years has 

shown that global average temperature drives the rate at which sea level changes rather than the 

amount of the change [Kemp et al., 2011].  

This major change in the scientific analyses of future sea level rise is very significant for New 

Zealand. New and larger estimates are based on projections of accelerating loss of the major ice 

sheets and that is currently significantly larger for Greenland  than for the Antarctic. This large 

change in ice mass is altering the Earth’s gravitational field which will lead to more of the ocean 

moving to the other side of the world and so to a higher sea level rise for New Zealand than the 

global average [Milne et al., 2009].  

Potentially significant change in our coastal environment has major implications because of the large 

proportion of population, facilities and investment that New Zealand has based on low lying coastal 

land. It is also showing that the implications of climate change go far beyond average temperature.  

2.5 Adaptation to the effects of climate change 

Climate change effects for New Zealand were covered in the last IPCC assessment report and 

showed that there is likely to be a wide range of implications, with some regions being affected 

much more than others [Hennessy et al., 2007]. This arises from different levels of sensitivity to 

storms and flooding as well as increases in drought and fire damage. It was also suggested that the 

human systems in Australia and New Zealand should have a considerable level of adaptive capacity 

to forthcoming changes. However, recent research is showing a growing awareness that more 

attention needs to be paid to changes in the frequency and intensity of extreme events and that the 

extent to which one can rely on climate models for detailed projections of future change appears to 

be limited.  

Adaptation also relies on how the underlying governance structures, and the capacity of the people 

who operate in them at all levels, can develop rates of response that deal with changes, as well as 

the extent to which society as a whole responds. For these reasons, more recent research has been 

showing a growing need to focus on both limits and barriers to adaptation [Adger et al., 2009; Moser 

and Ekstrom, 2010; Abel et al., 2011]. Climate change is also an area where better communication 

between science and society is becoming a critical factor [Pidgeon and Fischhoff, 2011]. 

This summary has set the context for the issues being addressed in the rest of our report. Climate 

change will have significant implications for the New Zealand environment, economy and society. It 

is raising the issue of how planning systems and management practices can be developed in order to 

deal with continuing changes rather than continuing to assume that we live in a static environment. 

There is a need for further research into how different perspectives of risk across a wide range of 

time scales can be dealt with effectively at local, regional and national levels. However, it  is 

increasingly important to have much closer interaction between those doing research on the effects 

of climate change and the wide range of experts and decision makers that are involved in the 

systems, processes and institutions that will need to change. Developing a framework in the New 

Zealand context for that type of interaction is one of the long-term goals of this research 

programme. 
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3 Local government perspectives 

Three case studies were undertaken in a local government context to better understand:  

 how climate change impacts were currently being addressed  

 the barriers to change  

 the implications for decision making.  

The institutional context for flood management, sea level rise and water security in New Zealand is 

highly devolved to the local government level. Local government comprises a two tiered structure of 

regional councils and territorial authorities (city and district councils) within their borders. Some 

authorities have combined regional and territorial functions. These councils operate under a number 

of statutes5 for flood control, storm water management, flood warning and land drainage, water 

management, land-use controls and the avoidance or mitigation of natural hazards, consideration of 

climate change effects and for the management of assets including infrastructure, water, and for 

emergency management. The Local Government Act provides the governance umbrella for their 

operations including a wide consultative framework for decision-making with the community and 

the development of strategic plans through the Long-Term Plans (LTP).   

3.1 Flooding case study 

The purpose of this case study in the Hutt Valley in the lower North Island of New Zealand was to 

gain a better understanding of how a possible increase in heavy rainfall, sea level rise and the 

associated increase in flood risk arising from climate change could affect different parts of the 

community, and how councils and their communities can respond to those increasing risks and 

reduce their vulnerability and thus increase their resilience.  

The study was structured around answering the following four research questions and is covered in 

more detail in the reports that are cited here: 

1. Projected changes in flood frequency of the Hutt River. How will climate change affect the 

frequency and severity of flooding over the next century?  

[Reese and Ramsay, 2010; Ballinger et al., 2011a; Ballinger et al., 2011b] 

2. The impacts of Hutt River flooding. What are the impacts of a range of different flood events 

on the Hutt Valley community?  

[Lawrence et al., 2011a; Quade and Lawrence, 2011] 

3. Socio-economic factors. What factors influence the community’s ability to adapt to flood 

risk; and to cope with, and recover from flooding?  

[Lawrence et al., 2011a; Quade and Lawrence, 2011] 

4. Barriers and opportunities. What social and institutional barriers constrain adaptation and 

what opportunities are present for improving adaptive capacity?  

[Lawrence and Quade, 2011] 

                                                             
5
 The Land Drainage Act 1908, the Soil Conservation and Rivers Control Act 1941, the Resource Management 

Act 1991 (RMA), the Local Government Act 2002, the Local Government (Rating) Act 2002, the Civil Defence 

and Emergency Management Act 2002 and the Building Act 2004 [MfE, 2008a]. 
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Context and methodology 

The location of this case study is the Hutt Valley (below Taita Gorge) through which the Hutt river 

flows in the southern North Island of New Zealand. The river is 54km long with a catchment area of 

655km2 [Wellington Regional Council, 2001]. Approximately 130,000 people live in the Valley mostly 

on its floodplain [Wellington Regional Council, 2001], protected by one of the largest flood 

protection schemes in New Zealand [Greater Wellington Regional Council, 2009].  

The Greater Wellington Regional Council (GWRC) area comprises four city and four district councils 

and the case study area is for one of these that falls under the Hutt City Council. GWRC developed its 

40 year non-statutory blueprint for flood protection in the Valley in 2001 after wide community 

consultation – the Hutt River Floodplain Management Plan (HRFMP) – with a review every 10 years 

or earlier if flood hazard factors change. An interagency emergency management system and a flood 

warning system address the residual risk from the structural flood protection works when flood 

events occur.  

The research was undertaken using a mix of methods based on a risk approach as follows:  

 modelling of the Hutt River flood frequency changes and inundation modelling of the 

potential damages from a range of flood events using a RiskSscape flood damage model 

 a survey of households to gauge whether previous floods had long-lasting effects on the 

community, how communities responded to flood risk and their views on future flood 

risk associated with climate change that was quantitatively, and qualitatively analysed by 

themes 

 a workshop with practitioners across a number of councils in the Wellington region and 

follow-up interviews with a sample of them. The workshop and interview records were 

analysed thematically. 

Key findings 

Projected changes in flood frequency with climate change: 

• Flooding is generally projected to become more frequent in the Hutt Valley and degrade the 

flood protection standards of existing and planned stopbanks, with a large range of 

uncertainty. 

• The uncertainty of climate change projections collides with councils’ expressed need for 

‘robust’ or definitive planning guidance. A need for definitive guidance has led councils to use 

the ‘best estimate’ scenario, a practice which underplays the risk of more extreme events. 

• Our analysis of increasing flood frequency and intensity for the Hutt Valley is summarised in 

Figure 2 which shows projected changes in 2100 based on a range of 12 climate models and 

two different greenhouse gas emission scenarios that cover: rapid global emission reductions 

and keep global average temperature change below 2oC (lower panel), or continuing increase 

in emissions leading to a global temperature change of 4 oC (upper panel). Full details are 

available in another report produced by this research programme [Lawrence et al., 2011b]. 

Figure 2 Changes in flood frequencies under different greenhouse gas emission scenarios. The 
black squares and fitted line show present-day flood volumes and their estimated return 
periods. The purple circles show model average future flood volumes and return periods under 
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two different emission scenarios (top: rapid global emissions reductions (2°C stabilisation); 
bottom: continued global emissions increases (A2)). The purple band shows the 10 to 90% 
range across 12 different climate models, and the light pink band shows the lowest and 
highest results across all models. 
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The impacts of floods: 

• Flood impacts increase non-linearly beyond 2300 cumecs as increasing flood volumes damage 

more properties to greater depths.  

• Flood impacts can have a disproportionate impact on different social groups. 

The ability to adapt, cope and recover from flooding: 

• Past experience of floods affects households behaviour and willingness for flood protection 

• When councils lack comprehensive flood risk communication, impacts can reinforce 

potentially maladaptive responses as those with the means and experience to cope with 

flooding move away and are replaced by new arrivals 

• It is difficult to quantify psychological aspects of flood impacts such as depression and ongoing 

anxiety from flood impacts.  

• The majority of survey respondents prefer flood risk to be managed and paid for at collective 

local and regional levels, and prefer land use planning approaches over structural measures 

such as stopbanks. 

• The framing of the flood risk for its communication can affect how households perceive the 

level of risk and thus take preparedness actions.  

Barriers and opportunities for adaptive capacity 

• A lack of integration and strategic oversight within and between the different levels of 

government can act as a barrier to adaptation. 

• Leadership (or lack thereof) at both the central and local government levels can strongly 

influence the integration of climate change and long-term risk issues into council planning. 

• Leadership on risk issues often emerges after significantly damaging events. Future flood 

events present opportunities to review current practices, learn from mistakes, and institute 

more adaptive and resilient practices 

• There are a number of practices that can improve adaptive capacity: pooling of resources, 

improved access to LIDAR6, use of aerial photos and other visual media of past floods, and the 

LTP process are examples of opportunities for improved assessment and communication of 

climate change and flood risks.  

The significance of the findings for local government 

The projected changes in flood frequency and degradation of the design flood level highlight the 

need for a review of available risk reduction measures and their implementation including the use of 

planning provisions to avoid future flood damages and possible retreat in some areas. The 

importance to local government of further national statutory policy guidance integrated with flood 

protection and planning policies and rules at the three levels of government has emerged as a 

finding from this research. 

A flood event in the distant past (1976) triggered a reassessment of flood risk management in the 

Hutt Valley, suggesting that there may be a possible window of opportunity after future major flood 

events to review flood risk management options for changing risk.  

                                                             
6
 Light Detecting and Ranging-highly accurate method of mapping topographic features through airborne laser 

scanning 
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Political leadership and a clear strategic framework (e.g. resilience and sustainability), along with 

ongoing community conversations, has been shown to support a broader and more integrated 

approach to hazard risk in general and climate change adaptation in other areas in the region.  These 

factors appear to be necessary conditions for changing the way future flood risk associated with 

climate impacts is addressed and holds potential for greater sharing of the learning across councils, 

as a way of speeding up the diffusion of new approaches elsewhere in the region.  

The case study shows how residual risks, especially at the extremes, could affect property and 

people in the Hutt Valley. If risk mitigation planning is based on “best estimates”, it could 

significantly underestimate potential damages in the future. The significance of this for decision 

making today, especially for long-term assets and settlements, was highlighted.  

Socio-economic factors 

The importance of socio-economic factors for the vulnerability of certain groups in the community 

emerged as a finding. These factors have implications for land use planning, emergency 

management, and for the egress of more vulnerable groups from flood affected areas. Importantly, 

those who have experienced risks have a heightened awareness of future flood risk and an ongoing 

anxiety whenever it rains heavily. There was an ongoing frustration expressed at delays in the 

implementation of the Waiwhetu Stream mitigation measures due to a perceived lack of political 

voice by residents.  

Councils have prioritised flood risk management across the region. The Hutt Valley community 

generally look to councils to keep them safe. Survey respondents in the Hutt have a low tolerance 

for flooding generally and are prepared to take individual actions in the face of changing flood risk, 

but ultimately want councils to act responsibly and to spread the costs across the whole community 

in an equitable manner. 

The general understanding of flood risk levels was low in the Hutt Valley and few people had seen 

flood hazard maps. This raises issues of the best form for communication with communities about 

changing flood risk. This research has developed an alternative flood risk analysis and mapping 

method that avoids the bias in risk perception associated with framing effects. The method 

incorporates climate change modelling by depicting  the broad likelihood of above floor level 

inundation in the floodplain for a particular emission scenario over long time periods.   

Respondents identified the need for councils to take greater responsibility to anticipate and inform 

communities about flood risk, with stronger guidance and direction from central government using 

national statutory instruments, to ensure some consistency of approach across New Zealand and as 

the backstop that councils need to support their planning action in the event of legal challenge.  

Several barriers emerged in relation to flood risk information. There was inconsistency in 

information bases among councils and in some cases simply a lack of data. Each council is 

attempting to address similar issues from its own resources; this is insufficient to get an adequate 

risk and vulnerability assessment carried out across the region. It was suggested that councils pool 

funding to get better cost efficiencies in collecting information about flood risk and that this could 

speed up the assessment of climate change risks, e.g. future damage assessments would be more 

robust with better access to LIDAR.   
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A mismatch of timeframes was identified as a barrier to better flood risk management. The long-

term dynamics of climate change and changing flood risk with the possibility of surprises collides 

with a tendency to make decisions over timeframes no longer than the human lifetime, a reliance on 

historical experience as representative of future risk, a desire for certainty to support councils under 

potential legal challenge, and the 3 year political cycles of decision-makers. These issues contribute 

to a short-term decision-making focus, leading to a transfer of risk to future generations. 

The predominant focus on the costs of flood management investments, rather than benefits (i.e. 

avoided damage) was another highlighted barrier to addressing increasing flood risk associated with 

climate change. Some of the smaller councils lacked the resources to conduct analyses and cost-

benefit assessments that take account of the uncertainty of future impacts.  

It was also considered crucial that councillors have confidence in the robustness of the information 

on which they base their decisions, and participants noted that this confidence was often lacking. In 

part, this may be due to the nature of climate change information, a lack of information on climate 

change effects on flood risk, a lack of knowledge and experience with alternative options, and a lack 

of experience with stakeholder and community-based evaluation of such options. 

These barriers highlight the need for a more comprehensive approach to increases in flood risk 

across New Zealand, supported by more active use of statutory instruments put at the disposal of 

local government by central government (i.e. national policy statements and national environmental 

standards). Additional requirements highlighted include:  

 financial and technical support for better quality risk assessments across regions 

 the sharing of experiences and approaches across councils to build capacity 

 better communication of the risks associated with climate change impacts and the 

options for addressing them. 

These have emerged as critical elements in the adequate consideration of climate change risks going 

forward into the future. 

3.2 Coastal sea level rise vulnerability and adaptation case study 

The purpose of this case study of the management of sea level rise in the Auckland region was to 

investigate:  

 how Auckland may be affected by changing coastal conditions as sea level rises;  

 adaptation options for responding to sea level rise and barriers to their implementation;  

 the potential that different management options offer for reducing vulnerability and 

increasing resilience of existing coastal settlements. 

The study focused on two small coastal settlements in Auckland: Mission Bay/Kohimarama and 

Kawakawa Bay and was structured around answering the following four research questions: 

1. What effect will sea level rise have on extreme sea levels at the study sites and how will the 

impacts related to a 1 in 100 year event vary under a range of sea level rise scenarios (in the 

absence of adaptation)?  

2. How are coastal hazards and projected sea level rise managed now? 

3. What adaptation opportunities and barriers exist at the two study sites?  
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4. Could managed retreat be implemented at either of the study sites? What are the particular 

issues for and barriers to implementing managed retreat? 

Context and methodology 

The study sites allowed assessment and comparison of adaptation response opportunities and 

barriers. Both areas have existing settlements that are likely to be affected by sea level rise, due to 

their low-lying elevation and proximity to the coast. Mission Bay/Kohimarama is a centrally located 

settlement with high density, high value development, existing coastal defence structures, and a 

very low social deprivation scores. In contrast, Kawakawa Bay is a small settlement with low levels of 

development, on the fringes of the Auckland region, with lower value property, and high to mid 

social deprivation scores. The two sites are significant since Auckland is a coastal region with major 

areas of existing development at risk from coastal hazards, such as erosion and episodic inundation, 

which are expected to be exacerbated by projected sea level rise 

The research used mixed methods including:  

 GIS analysis of 3 sea level rise scenarios for the impact analysis,  

 census information for population data,  

 property information from Auckland Regional Council,  

 property valuations from 2007/2008 rating valuations.  

The ArcGIS software ArcMap was used to conduct GIS analyses to extract property numbers and 

values, and the numbers of people residing seaward of mapped inundation contours. Semi-

structured in-depth interviews of local government practitioners were conducted across a range of 

responsibilities and disciplines to investigate adaptation opportunities and barriers at the study sites. 

The interview transcripts were then analysed thematically.  

Key findings 

For the current situation: 

• Significant social and institutional barriers continue to constrain responses to the emerging 

sea level rise challenge.   

• Uncertainty surrounding sea level rise projections; climate change scepticism; the low-priority 

of coastal hazards; and the perceived unpopular nature of sea level rise information and 

adaptation options have favoured responding to near-term development pressures rather 

than attempting long-term thinking to manage Auckland’s coastal environment and 

development. 

• Current coastal management at the councils participating in the study is just at the early 

stages of taking sea level rise effects into consideration. 

• Guidance information generated by participating councils has not taken into account the 

potential for high rates of sea level rise by 2100. 

• No comprehensive strategic approach, or process, has been established regionally or locally, 

to prepare for projected coastal change, or climate change more generally.  

• A process (such as the risk management framework in the MfE guidance) has not yet been 

adopted; however, several natural hazards guidance notes exist that recommend the same/or 

similar risk based management. 
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For prospective reconsideration of adaptation strategies: 

• When respondents were asked to consider the implications and response required for higher 

sea level rise scenarios, more substantial, costly and controversial management responses 

were considered as necessary. 

• Limited options for managing sea level rise are seen within existing coastal hazard 

management avenues; this suggests that wider perspectives and alternative avenues need to 

be considered and developed. 

• It seems unlikely that many of the planning issues will be resolved without central government 

guidance (e.g. a forthcoming National Environmental Standard signalled in early 2009, but yet 

to eventuate). However, the New Zealand Coastal Policy Statement does provide some 

important direction, and could provide much of the national level guidance required if it is 

proactively implemented. 

• Alternative strategies could include a strategic regional perspective and Māori, social justice 

and equity focused perspectives to analyse the needs for, implications of, and values 

associated with specific areas and response options. 

• A top-down response from any council is likely to elicit strong resistance from local 

communities. Adaptation strategies need to be developed at the local scale and have 

community buy-in to be successful.  

• The process should involve a regional strategic approach; a physical and social scientific 

evidence base; the identification of at risk areas of all types (residential, commercial, rural and 

natural ecological systems, including areas with exposed long-term public infrastructure such 

as bridges and coastal amenities) and their respective socio-economic vulnerability. 

• The process should also involve an initial analysis of response options for each affected area, 

with priority accorded to the most vulnerable areas; provision of coordination and 

information by the council; local scale community plan development and decision-making; the 

restriction of further development in ‘coastal change’ zones. 

• Importantly, planning approaches should signal dynamic coastal hazard risk for at-risk 

properties, assets and infrastructure; and acknowledge the long-term nature of adaptation 

and strategies for ensuring that adaptation efforts are not short lived. 

The option of managed retreat: 

• Planned retreat from the coast, while representing a reduction in risk by removing people 

from hazard prone areas, also represents significant disruption and loss (of property/assets in 

land and psychological sense of security) to those affected. 

• Significant barriers to attempting planned retreat in developed settlements exists; even for 

small settlements public opposition to retreat is seen as making it highly unlikely, unless 

strategically presented.  

In conclusion, a great deal rests on understanding and framing the issues around sea level rise, its 

ongoing nature and the case for early adoption of a strategic approach to coastal management.  

Communicating with and educating the public about the risks and response options is central, as is 

local scale decision making on the relevant response for existing areas of development. At the same 

time, avoiding further coastal development and intensification of existing development are seen as 

important. 
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3.3 Water security case study 

The purpose of this study was to investigate the vulnerability and resilience of the greater 

Wellington region’s water security to the impacts of climate change over this century. Climate 

change and water demand scenarios for 2040 and 2090 were generated using GWRC’s ‘sustainable 

yield’ model and downscaled climate model data. These data were used to provide a general 

understanding of trends and dynamics over time, by looking at interacting supply and demand 

drivers.  

A general analysis indicates that with a 20% reduction in per capita demand and additional storage, 

Wellington’s present supply capacity is sufficient to meet increased demand due to climate change 

and population growth, and cope with decreased supply due to climate change in all but the driest 

years to 2090. Nevertheless this level of water security could be challenged by unforeseen climate 

developments and difficulties in reducing per capita demand.  

Context and methodology 

This case study into climate change adaptation and urban water management used systems thinking, 

resilience and ‘complex systems science’ approaches, on the basis that water management is a 

complex, multi-dimensional system challenge. Water management requires decisions on long-term 

infrastructure projects that are highly dependent on human behaviour and actions (past and future) 

and environmental parameters including long-term climate change.  

A mix of methods were used to conduct the research including; a Sustainable Yield Model using 

three IPCC emissions scenarios to generate supply and demand projections; two systems modelling 

workshops comprising local government practitioners, a councillor, an NGO representative and five 

domestic water users (citizens). The workshops generated the analysis which was linked to the 

relevant literature.  

Key findings 

Contextual findings 

• As dry conditions become more frequent and severe, the risk of water shortages is 

exacerbated, which also increases the storage and supply capacity requirements for the 

Wellington water system. However, local-level climate projections under-represent climate 

variability due to necessary averaging within climate models, which increases the level of 

uncertainty for probability-based calculations for system capacity requirements. 

• It is not possible to rule out a water shortage for a coming summer, and since responding to a 

drought requires demand management measures be actioned as early as possible, 

management approaches that encourage sensible (moderated) summer water use are needed 

every summer. 

• An approach focused on supply management could increase vulnerability to water shortages, 

by reducing demand side responsiveness and practice. 

• At present, despite a lack of incentives and signals, Wellington’s water intensity is in decline. 

• There is also considerable potential to further reduce Wellington’s water intensity, with 

potentially large inefficiencies in Wellington’s metered CBD, and the general absence of 

residential water metering. 
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• Standards, regulation and financial and environmental concerns drive water conservation 

efforts at the local government level, while a perceived low priority for water conservation 

and political issues act as barriers. 

The adaptive capacity of the Wellington water system 

• The components of adaptive capacity and resilience in Wellington’s water system – diversity, 

modularity and overlap – are enhanced by the following factors: 

o a polycentric governance and management structure 

o treating mains water and rainwater sources as complementary, and fostering the latter. 

• There is also an apparent degree of ‘transformability’, or the ability to fundamentally change 

the system if required. Participants in a study for this programme [Taptiklis, 2011] showed 

some flexibility in the mental models used to navigate complexity and were able to 

incorporate a broad range of perspectives in decision-making.  

• However, the study also found elements of vulnerability – in terms of exposure, sensitivity and 

adaptive capacity.  

• The areas of vulnerability are able to be addressed by:  

o adopting structural demand management policies potentially including water pricing 

o Trust and awareness building (e.g. around conservation options) 

o Participation and collaboration, particularly over long-term management options.  

In conclusion, while this study found considerable adaptive capacity in the Greater Wellington 

region, the perceived low current priority of water conservation, and some political issues around 

water system ownership, act as limiters on further adaptive action at present. A way forward based 

on the framework of ‘participatory adaptive management’ and social learning could be further 

explored, increasing the potential for future adaptation as conditions change. 
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4 Public health perspectives 

4.1 Public health resilience to climate-related threats  

Population health status is affected by multiple ‘upstream’ environmental factors including: climate, 

physical infrastructure such as housing, energy and social factors including education, income and 

livelihoods. Health status, in turn, is a key factor affecting resilience to adverse conditions, including 

those related to climate change, such as heat stress, floods, droughts, changes in productive 

ecosystems, altered distribution of communicable diseases and the downstream social and 

economic effects associated with these [McMichael et al., 2003]. A summary of these issues is 

shown in Figure 3. 

Consequently, the scope of potential climate change impacts, and policies needed to address these, 

is very broad. Urban heat island effects and climate change may interact to increase temperatures in 

cities more rapidly than either factor acting alone [Oke, 1973]. Relevant policies range from reactive 

(heat watch warning systems) to proactive (improved household insulation, passive cooling of 

buildings, green spaces and water bodies) to revolutionary (abandonment and resiting of 

settlements).  

Certain communities are more vulnerable to climate change impacts as a result of their location 

(exposed to climate extremes) poor health status, lack of infrastructure (poor housing quality, lack of 

services such as piped water supplies) lack of information or expertise in responding to climate 

hazards, or lack of economic resources (affecting ability to pay for services, such as electricity, or 

insurance). In addition, the type of work required by local people can create vulnerability as high 

levels of physical activity creates heat stress risks [Parsons, 2003; Kjellstrom et al., 2009].  

Several research approaches were used to address public health perspectives on climate change 

resilience as follows  

 Local heat exposure monitoring, risk analysis with a physiological model, and a qualitative 

interview study, were used to assess current and future-potential heat stress in outdoor 

workers.  

 Empirical models were developed of selected historical communicable disease reports, in 

relation to social and climatic factors, and the models used to project vulnerability to 

potential future climate impacts. 

 A hydrological process based model was used to assess the effect of rainfall variability and 

water consumption on water security, for households relying on rainwater tanks. 

 A questionnaire survey was used to assess energy security in a vulnerable population using 

prepayment electricity meters. 

The key findings from these approaches are briefly outlined below.
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Figure 3 Schematic showing the links between the driving forces behind actual changes in the climate and human exposures and 
health effects. (Kjellstrom and Crosbie, in preparation) 
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4.2 Heat exposure in rural workplaces 

A qualitative case study of heat exposure, perceived health and productivity impacts and preventive 

adaptation methods was carried out in the Tasman District Council area in 2011 (Kjellstrom, Hyatt 

and Lemke, in preparation). Interviews were carried out with a variety of professions, including 

forestry and agricultural workers as well as trades people like electricians. It was found that the 

afternoon temperatures in inland locations of the Council area were often several degrees hotter 

than the temperatures recorded at the official weather stations of the area. High occupational heat 

stress was recorded in some workplaces on a number of summer days. The interviews found that 

heat stroke cases had occurred and that heat stress on the hottest days would reduce hourly 

productivity.  

This study is a part of a larger global program on climate change and occupational heat stress 

[Kjellström et al., 2009], and further studies in rural and urban areas of New Zealand will create a 

good basis for assessing the impact of this health hazard as climate change continues. Adaptation in 

the form of training of workers and supervisors on heat effect prevention methods, as well as 

consideration of work task time management as the number of hot days increase will be of 

importance to protect health in the community [Hanna et al., 2011]. The results from these studies 

can be used for analysis of adaptation needs in vulnerable occupations in different parts of New 

Zealand.    

4.3 Empirical models of communicable disease, social factors and 

climate 

Several communicable diseases of public health importance are known or suspected to be sensitive 

to climate. These include enteric diseases with climate sensitive environmental transmission 

pathways (eg salmonella, cryptosporidiosis) and vector borne diseases (such as dengue fever, and 

malaria). A time series model of salmonella notifications confirmed the widely reported relationship 

with ambient temperature [Britton et al., 2010b]. Spatial models of cryptosporidiosis and giardia in 

relation to average climate, social deprivation and quality of community water supplies suggested 

that there were complex patterns, with a protective effect of good quality water supplies [Britton et 

al., 2010a]. The limitation of this method is that it may not be very sensitive to extreme events. The 

models are being extended to include land use, including presence of livestock, in an attempt to 

identify communities or community water supplies that may be affected by specific events such as 

floods and droughts. This information might enable upgrading of household or community water 

systems to be targeted more effectively.  

Empirical models of the global transmission of dengue and malaria suggest that New Zealand is not 

at risk of local transmission of these diseases by the 2050s, though risks is expected to increase in 

subsequent decades as a result of climate change. On global scales, the risks are strongly dependent 

upon economic conditions [Béguin et al., 2011].  
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4.4 Dependence on rainfall for water supply 

A rainwater tank simulation module (as part of the SimClim climate modelling software) was used to 

evaluate the frequency of empty rainwater tank under current climate conditions as well as for 2050  

and 2100 climate change scenarios. 

The main case studies were the Landcare Research building in Auckland, which uses harvested 

rainwater for toilets and irrigation for glasshouses and gardens; and review of small supplementary 

urban household water tanks (5,000 and 10,000L) in urban Wellington. Inputs into the SimClim 

module include tank size, roof catchment area, daily water use and NIWA data for historic rainfall at 

nearby weather stations.  

A key finding for the Auckland and Wellington case studies were that by 2100, even under a high 

emission climate change scenario, the frequency of empty rainwater tanks showed little change 

compared to the present (given the same intrastructure and daily water use). This is because 

changes in projected annual rainfall are small, while higher rainfall events become more frequent. In 

contrast, preliminary modelling for some other areas in New Zealand already prone to water scarcity 

suggest that the frequency of empty water tanks is likely to increase. This illustrates the importance 

of conducting location-specific analyses as current and projected rainfall patterns vary markedly 

across New Zealand. Of note, the estimated annual mains water savings for the Wellington urban 

household tanks were relatively low with a very long financial payback period. There are many 

potential reasons for considering rainwater tanks in New Zealand and these will depend on the 

location, the particular requirements and for reasons other than financial savings. 

Potential adaptation options were also explored in the case studies. In order to ensure water 

security, water conservation measures can be as effective as the addition of extra rainwater tanks or 

increased roof catchment area. Also of note, these case studies used the median result of the 

different climate change models. Given the increasing recognition of the importance of extremes, 

this work could be extended by additional analyses using the full range of climate change model 

outputs.  

The results from these case studies can be used to inform improved guidance for location-specifc 

decision-making and resilience regarding rainwater tanks. 

4.5 Access to electricity in poorer homes 

Fuel poverty, or the inability to obtain adequate household energy services, including maintaining 

healthy indoor temperatures [Boardman, 1991, 2010], is an important public health problem in New 

Zealand [Howden-Chapman et al., 2009; Howden-Chapman et al., 2011]. Prepayment metering is an 

electricity payment method often used by low-income consumers and fuel poverty is likely to be a 

particular problem for those using prepayment metering [O’Sullivan et al., 2011]. Concerns have 

been raised overseas about consumers not crediting their prepayment meters and going without 

electricity, which is referred to as “self-disconnection” [Drakeford, 1997; Graham, 2006]. Energy 

security is important in reducing the impact of climate extremes, and while this is especially true 

during heatwave events, anticipated increased variability due to climate change will continue to 

make achieving a warm indoor environment problematic for many households [Dear and 

McMichael, 2011]. The Electricity Prepayment Meter Users’ Survey 2010, a postal survey undertaken 
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with the support of three major electricity retailers in New Zealand, investigated the advantages and 

disadvantages of using prepayment metering from a consumer perspective.  

We surveyed 768 randomly selected consumers across the three companies, with a response rate of 

48%. The study found that while almost all respondents felt the benefits of using prepayment 

outweighed the risks of running out of credit or “self-disconnection”, 52% of respondents 

experienced “self-disconnection” in the past year.  Of concern, one third of respondents 

experiencing “self-disconnection” were without electricity for more than 12 hours. The frequency of 

“self-disconnection” was also high, with 17% reporting six or more events in the past year. One third 

of respondents had been in debt on their electricity account before moving onto prepayment, and 

18% reported disconnection for late or non-payment of bills in the year prior to starting 

prepayment. Although respondents indicated that prepayment metering provided better 

opportunities to manage their electricity use, only 30% of respondents were aware that the 

electricity purchased through prepayment metering is more expensive than on a comparable billing 

plan, as a price comparison survey has shown [O’Sullivan et al., 2011].  

This group of consumers captures an already vulnerable population, who would be relatively unable 

to respond to climate change impacts requiring a change in behavior with regards to electricity use.  

The study shows how a market-based solution is currently working for these electricity consumers 

with very little government intervention.  Government regulation could reduce the risks and 

disadvantages involved with using prepayment metering, which could then support initiatives aimed 

at reducing fuel poverty. Lessons can be taken from this study to inform policy, and may provide 

useful insights into using market based products to control consumption in other areas, for example 

domestic water use.  
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5 Māori community perspectives 

5.1 Ngāti Huirapa at Arowhenua Pā – Te Umukaha (Temuka)  

Climate impacts, vulnerability and the capacity to respond and adapt (i.e. resilience) are known to be 

the result of complex relationships between human and biophysical systems. Yet, few studies with 

specific populations and communities in Aotearoa/New Zealand have been carried out to ground-

truth the nature of the linkages between these factors and the various determinants of change, 

which vary on a range of spatial and temporal scales. The work undertaken in this study explores 

some of these complexities through a grounded analysis of Māori community vulnerability, 

resilience and adaptation to climate variability and change. The results reported below derive from 

the first community-based participatory research project involving Ngāti Huirapa community 

members from Arowhenua Pā – Temuka, the hapū [sub-tribal] representative body Te Rūnanga o 

Arowhenua Society Incorporated, NIWA’s Māori Environmental Research Centre (Te Kūwaha o 

Taihoro Nukurangi) and the National Climate Centre. 

The Ngāti Huirapa ‘community’ at Arowhenua Pā is defined first and foremost by whakapapa 

[ancestral and kinship linkages between people and place] and thereafter underpinned by a high 

degree of commitment, social cohesion and continuity through time linked to locality. Although 

hapū-based, the community needs to be understood as consisting of many different whānau [family 

groups] and sub-groups with varying internal and external relationships – of which an assortment of 

perceptions, values, beliefs, professions and aspirations are all found.  Many of the members from 

the community reside within the boundaries of Arowhenua Pā - approximately 120 full-time 

residents (~90% Māori) – which is situated between Temuka River and Opihi River on the coastal 

plains of southern Canterbury. The Pā is one of a number of traditional settlements and has been 

occupied by generations of whānau who link to Ngāti Huirapa. Other community members who are 

involved with (and hold interest in) Arowhenua Pā reside in nearby hamlets or across the river in 

Temuka Township. 

Cross-disciplinary research approaches and methods in the physical and human systems sciences 

were integrated in this study to help explore the current (and past) climate conditions and risks that 

the ‘community’ at Arowhenua Pā contend with. This necessarily involved considering how the 

community responds to such challenges as well as the factors and processes that enable and 

constrain their choices and actions. Downscaled projections of future climate change also enabled 

examination of future impacts and risks - with attention given to flooding of the Temuka River and 

inundation of the coastal zone surrounding the Opihi River due to sea level rise. This mixed approach 

to exploring community risks and contextual vulnerability7 to climate variability and change led on to 

the identification of entry points for decision-making and strategies to reduce and/or at least 

minimise vulnerabilities and to enhance the different skills and capacities across the community to 

cope with (and adapt to) future climate threats and stresses. Such a research approach (embedded 

within a complex systems framework and conducted using grounded theory methodology) proved 

                                                             
7 A key premise for this study is that vulnerability in the context of climate change is a function of the exposure 
and sensitivity of a system and the adaptive capacity of the system to deal with those risks (IPCC, 2007). 



New Zealand Climate Change Research Institute 

 

34 

 

effective in appreciating the complexity of local climate risks, sensitivities and adaptive capacities 

held by the ‘community’ at Arowhenua Pā.  

Through semi-directive group-based, paired and individual interviews (including many informal 

discussions and land-walks), 42 ‘home-people’ who reside within, or in close proximity to, the 

Arowhenua Pā, shared their experiences, values and concerns surrounding climate induced hazards 

and stresses. Early dialogue was dominated by references to local flooding and impacts on whanau; 

historical changes in river courses, flows and mahinga kai [food species and techniques]; causes and 

amplification of flood risks due to human modification of the environment; as well as the important 

role of local planning in setting regulations and managing climate-related hazards and risks. 

Community insights were offered also on the ‘things’ that contribute or influence the way people are 

affected by (and deal with) climate hazards and stresses. Not surprisingly, the matters discussed 

often intersected environmental, economic, social, political and cultural aspects of community life. 

However, what was not expected was that our attempts to analytically distinguish between 

community sensitivities and adaptive capacities led to the recognition that one could not be 

discussed without the other.  

Four principal determinants of community sensitivity and adaptive capacity were subsequently 

identified as:  

 social networks, conventions and transformation 

 knowledge, skills and expertise 

 resourcing and finance 

 institutions, governance and policy.  

While this analytical outcome is contrary on the one hand with a number of vulnerability-based 

studies conducted with other indigenous communities that commonly consider exposure-sensitivity 

jointly (rather than sensitivity-adaptive capacity) the interconnected nature of human-biophysical 

(social-ecological) interactions is not dissimilar. 

To expand on the determinants identified, our work demonstrates that the community at 

Arowhenua Pā possess considerable capacity to deal (i.e. cope) with climate hazards and related 

stresses – much of which is rooted in elemental cultural values and approaches such as tikanga 

[tribal rules and customs] and kawa [ceremony, etiquette, correct procedure] and actioned through 

whanaungatanga [mutual support, relationships], manākitanga [care, reciprocity] and kotahitanga 

[collective action]. In addition to the importance of internal (as well as external) social networks and 

conventions, knowledge of place and closer human-environment relationships through mahinga kai 

were often expressed as central to community strengths and well-being (resilience) and thereafter 

being able to deal with environmental risks. However, such capacities are not uniform across the 

community and some individuals are better equipped to cope and adapt than others. Rapid 

transformations in local community structure, decreases in Māori-owned land holdings, lack of 

financing for infrastructural maintenance and insurance, a growing reliance on modern services, 

land-use change, resource management regimes, and whānau spending more time away from 

traditional areas for employment and education (among other social and institutional changes) were 

readily identified as increasing the sensitivity of the community to climatic risks and inversely 

undermining certain aspects of adaptive capacity. Notwithstanding these insights, new interactions 

and the development of new skills and expertise were also identified as opportunities for helping to 
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meet the emerging demands of increasingly complex social, economic, political and bio-physical 

system issues facing the community.  

What is clear from this work is that considerations of community vulnerability and adaptation to 

climate variability and change are inseparable from issues linked to sustainable development and 

natural hazards management. That is, even without on-going climate variability and extremes, Māori 

from Arowhenua Pā remain affected by social-economic and political processes that influence their 

capacity to cope in the short-term and adapt in the longer-term. This point is critically important for 

leaders and decision makers across a range of scales and institutions, as well as te hau kainga 

[home-people] on the ground who often indicated how overwhelming, contentious and complex the 

climate change issue can be. However, in spite of these insights few of the people interviewed 

actually regarded themselves as vulnerable – but many nonetheless agreed that new community 

driven strategies and actions would be needed to confront existing community challenges and those 

likely to be exacerbated by future changes in climatic conditions.  

5.2 Constraints and strengths for adaptive capacity 

As in other studies of vulnerability and adaptation to climate stress, we see also that the constraints 

and strengths identified represent points of entry for strategic community, iwi and government level 

planning and policy development that can minimise (or eliminate) existing sensitivities and enhance 

(as well as introduce new) coping and adaptive capacities. It is also clear as mentioned above that 

such points of entry are deeply connected with existing social-economic-political and environmental 

conditions. The capacity of the community to deal with future climate risks such as damage to 

community infrastructure from heightened river flood peaks and loss of hapū-owned coastal lands 

due to sea level rise rests upon responding to existing issues linked to resourcing, political 

participation, community governance, whānau health and education, cultural capital and natural 

hazards planning. There are numerous complexities and uncertainties that are likely to affect the 

management of future climate risks facing the community - including the establishment of a formal 

community hazards plan (and associated management practices) that can accommodate changing 

environmental conditions. However, as pointed out by a number of interviewees this is not unusual 

but rather a process that has always been followed based on resourcefulness, partnerships and 

learning from experience which help to improve decisions (and management) over time about risk. 

In spite of the range of matters explored in this place-based study, much more remains to be done. 

Deeper analysis of the extent to which projected impacts can be dealt with in the future is required; 

as too is the need to be better integrate information from other scientists, policy analysts, and 

decision-makers to strengthen the conclusions reached and to help facilitate actual plans and actions 

that respond to existing vulnerabilities and support different adaptation options. A further issue that 

remains to be addressed is how to engage with the most vulnerable members/groups within 

communities – and, how to reaffirm traditional ways as well as increase the ability of different 

stakeholders to use scientific knowledge for adaptation. Communicating the complexity of risks and 

the uncertainties surrounding potential climate change was also challenging. Public educational 

initiatives such as short video clips to raise awareness about climate change and key concepts (that 

can be confusing amidst the flood of information now available) would be valuable. Further, given 

that perceptions of risks are known to be important in influencing communities’ actions, tailored 

information as well as the ‘right people’ would greatly assist effective communication in the future. 
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Finally, for other Māori communities interested in examining in their own climate change challenges 

it is important to know that consideration of community vulnerability does not require detailed 

climate information generated by models and nor does it require the science of climate “prediction” 

to be more developed. Rather, strategies and policies to tackle vulnerability and enhance 

adaptability to climate variability and future change can be developed in spite of the uncertainties 

because most (if not all) of the factors and processes that constrain choices and actions intersect 

existing issues of whānau/hapū development and greater social-ecological well-being. 
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6 Dealing with changing risks 

6.1 The need to adapt 

Widespread use and continuing development of engineering standards, together with our reliance 

on insurance schemes such as the Earthquake Commission, show that much of the infrastructure in 

society is clearly based on risk management and acceptance of a certain level of risk. However, when 

risks increase over time, due to continuing change in climate, more complexity is introduced into the 

necessary responses. The global insurance industry treats earthquake and weather related risk in 

similar ways but they have become increasingly concerned at the increase in risks that are 

attributable to change in climate and extreme events which they see as occurring around the world 

[Munich Re Group, 2011]. 

For the context of climate change a major issue is that scientific estimates for the extent and rate of 

future changes, particularly in the second half of this century, have to be based on assumptions 

about the amount of greenhouse gases that will be emitted to the atmosphere. This is a major issue 

and has led to extensive use of emission scenarios that are intended to cover a reasonably wide 

range of what could happen. Over the last decade, increases in greenhouse gas emissions have been 

near the top end of the range covered by scientific research [Nakicenovic and Swart, 2000; Manning 

et al., 2010]. At the same time there are continuing international negotiations in the UNFCCC aimed 

at reducing future greenhouse gas emissions. From a local planning perspective that raises the 

question as to which scenario one should base decisions on.  

Consideration of future climate change needs to be based on a careful treatment of uncertainties 

that take account of the range of future changes that could occur and their consequences. Recent 

climate modelling has shown that while some estimates of global warming based on a scenario that 

was designed to keep that below 2°C will have a greater than 50% chance of success [Meinshausen 

et al., 2011], others have found that this is much less likely [Arora et al., 2011]. Given the seriousness 

of such future changes, it is necessary to use a risk management perspective that is based on 

consideration of the range of what could happen rather than just some average or conservative 

estimate.  

Greenhouse gas emissions that have already occurred mean that there is a commitment to further 

significant amounts of climate change [Ramanathan and Feng, 2008]. New studies of the long-term 

commitment due to increasing CO2 have shown an increasing risk of irreversible changes [Solomon 

et al., 2009], and that this commitment can be larger again when the other greenhouse gases are 

taken into account [Armour and Roe, 2011]. Growing recognition of a need to consider the full range 

of what could happen is also now being considered by some economists [Weitzman, 2009].  

For these reasons, planning our adaptation to climate change needs to go beyond an assumption 

that global average warming will be kept to 2°C. This was stated clearly in 2008 by Robert Watson, 

chief scientific adviser for the United Kingdom’s Department for Environment, Food and Rural 

Affairs, as “There is no doubt that we should aim to limit changes in the global mean surface 

temperature to 2C above pre-industrial. But given this is an ambitious target, and we don't know in 
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detail how to limit greenhouse gas emissions to realise a 2C target, we should be prepared to adapt 

to 4C."8  

6.2 Managing changing risks 

It needs to be emphasised that even a 2°C global warming does not lead to a uniform temperature 

increase of 2°C everywhere and all year. Studies of past change are showing that the frequency and 

magnitude of extreme events are both increasing [Min et al., 2011] and that there are significant 

levels of vulnerability in relation to a range of issues including health [Poumadère et al., 2005] and 

agricultural production [Ciais et al., 2005]. Projections of future climate change show that for a 

global average increase of 2°C heat extremes are likely to increase by as much as 6°C and that this is 

strongly influenced by local conditions [Clark et al., 2010]. This is leading to a growing recognition 

that local responses designed to cope with extreme events is becoming a critical part of adaptation 

to future climate change [McEvoy et al., 2010].  

Approaches to risk management generally combine estimates of the probability of something 

happening with the magnitude of the damages that will occur. This is used extensively in engineering 

and for dealing with issues like flood frequency. Such approaches combine estimates of the 

likelihood of an extreme event with the magnitude of damages that it would cause. However, for 

climate change it is also necessary to cover continuing changes in both the magnitude and the 

frequency of such events.  

It is therefore important to recognise that for climate change risks that will arise in New Zealand 

there is no single or simple measure for the damages that could be caused. This can affect both the 

direct costs arising from an extreme event as well as implicit or longer term costs that can flow on 

from progressive devaluation of property in risky areas. There is also a need to recognise that much 

of what is valued in society goes beyond a simple monetary measure. Community and individual 

values can be deeply entrenched in community relationships, experience, social structure and 

culture.  

Thus the full range of values needs to be considered as reflected schematically in Figure 4. The upper 

panel shows a probability distribution covering the natural variability for some climate-related 

aspect of the environment, as well as a wide range for potential damages that increase as conditions 

depart from the average. The risk curves are given by the product of these two factors and show 

that, despite a very wide spread in potential damages, the associated risks remain comparable, 

because there has been a long-term inherent adaptation to the range of events that do occur and 

this range has been fairly stable. 

The lower panel in Figure 4 shows a shift (by 1 standard deviation) and spread (20% increase in the 

original standard deviation) in the distribution of natural variability which then leads to an increase 

in the risks on one side. This change in natural variability is comparable with some types of change 

that have already occurred [Min et al., 2011]. In the example shown, risks associated with high 

damages are initially about 30% larger than for low damages, but the change in the probability 

distribution for events increases this to being 70% larger. Thus the upper end of the range given by 

the risk curves show conditions that lead to vulnerability. 

                                                             
8
 See http://www.guardian.co.uk/environment/2008/aug/06/climatechange.scienceofclimatechange   

http://www.guardian.co.uk/environment/2008/aug/06/climatechange.scienceofclimatechange
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Figure 4 A schematic diagram for changing risk associated with extreme events. The blue 
shaded region shows a probability distribution for a climate-related variable such as 
temperature, and the shaded regions on the sides cover the lower and upper 1% for that 
distribution. The mauve regions show a low and high potential damage that can occur as 
conditions move increasingly away from the average, and the green regions show the 
corresponding range for risks which are the products of probability and damage. The upper 
panel shows how adaptation to past climate keeps risks to a narrow range despite the wide 
range of potential damages. The lower panel shows both a shift and a spread in the probability 
distribution and the consequent changes in risk. The red dashed line shows the upper 1% for 
the new distribution. See text for more details. 

6.3 Accelerating rates of sea level rise 

As noted in Section 2.3, scientific estimates of sea level rise during the 21st century have increased 

significantly over the last four years. There has also been growing evidence that the amount of sea 

level rise accelerates as temperature increases [Kemp et al., 2011] which supports a range of 

estimates produced by Vermeer and Rahmstorf [2009] and others.  

A risk based perspective for considering sea level rise is shown schematically in Figure 5. The lower 

panel shows 20 different estimates for sea level rise by 2100 provided by scientists. The four 
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magenta coloured bars are estimates based on paleoclimatic studies9, the nine grey bars are based 

on semi-empirical modelling for the 21st century10, and the seven blue bars are from recent review 

papers or peer reviewed statements by groups of experts11. The upper panel shows in blue a 

corresponding probability distribution for sea level rise based on these estimates; the red area 

represents a wide range for increasing potential damages caused by sea level rise; and the green 

area represents the corresponding range of risks. 

 

Figure 5 A schematic representation of risks due to sea level rise is shown by a probability 
distribution for the rise by 2100, based on 20 recent papers, combined with a range of 
potential damages and the corresponding range of risks. More details and literature references 
for these estimates are provided in the text. 

While the maximum probability for sea level rise by 2100 is shown as spanning the range from 0.65 

to 1.1 m, the maximum risk levels are at 1.25 m or 1.4 m for the lower and upper ends of a wide 

range of potential damages. So for both types of circumstance a risk management approach should 

plan for the more than the most likely amount of sea level rise.  

Much of the planning that has to take account of future sea level rise is strategic in nature and has 

long-term implications for management of coastal properties and resources and so should take into 

account a 100-year planning horizon, or a longer term one. That raises the need to take account of 

                                                             
9
 See [Berger, 2008], [Rohling et al., 2008], [Carlson et al., 2008], [Kopp et al., 2009] 

10
 See [Pfeffer et al., 2008], [Horton et al., 2008], [Cayan et al., 2009], [Vermeer and Rahmstorf, 2009], 

[Vellinga et al., 2009], [Titus et al., 2009], [Jevrejeva et al., 2010], [Grinsted et al., 2010], [Katsman et al., 

2011] 

11
 See [Deltacommissie, 2008], [Dahl-Jensen et al., 2009], [Allison et al., 2009], [Australian Government 

Department of Climate Change, 2009], [Sea-Level Rise Task Force of the Coastal and Ocean Working Group of 

the California Climate Action Team, 2010], [Shearer et al., 2011], [Nicholls et al., 2011] 
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increasing rates of rise into the 22nd century. One perspective for this comes from evidence that, 

during the last interglacial period, rises occurred at rates that probably varied but which averaged 

about 1.6 m per century [Rohling et al., 2008]. It has also been proposed that the average rate is 

unlikely to now be larger than 2 m per century [Pfeffer et al., 2008], although there is not a lot of 

evidence for this type of upper limit to the rate of change in sea level.  

If one extrapolates the amounts of rise shown in Figure 5 to the year 2111, i.e. 100 years from now, 

on the basis that continuing increases will occur at a rate somewhere between 1 m per century and 

2 m per century, then the maximum values for the low and high range of risk levels shift to 1.45 m 

and 1.65 m. This shows that planning for coastal development will have to take account of a rapidly 

changing risk factor in future.  

Development of a better scientific understanding of future sea level rise might start to allow 

narrower planning ranges at some stage in the future, but that is not likely to happen for at least 10 

years and probably longer. Also from a planning perspective it should be recognised that it is very 

likely sea level will continue to rise for at least 200 years. This approach was covered in an extensive 

review carried out for The Netherlands and which concluded that they should plan for a rise of up to 

4 m by 2200 [Vellinga et al., 2009].  

These new analyses have produced estimates for continuing rates of long-term sea level rise that are 

twice as large as were given in the 2008 Ministry for Environment report on coastal hazards [MfE, 

2008b]. However, that report set out a critical aspect for new planning standards, when considering 

coastal management, because it noted that there was a need to plan for continuing rise through the 

coming centuries. This now requires a major shift in thinking for how we use our coastlines.  

New Zealand has a large fraction of its urban areas, as well as major transport corridors, on low lying 

land. While this has led to some general analysis of coastal risks [Gardiner et al., 2009] there needs 

to be wider recognition that scientific estimates of sea level rise have changed significantly in recent 

years and that this does have new consequences for New Zealand [Reisinger et al., to be published 

2012].  

While these structural risks to our coastal environment are not as large as in countries like 

Bangladesh, Vietnam, Cambodia or parts of China, the scientific advances that have led to estimates 

of significantly larger rates of change require more emphasis on precautionary planning. In 

particular, it is important to adopt a long-term anticipatory approach through means such as 

relocation of housing and roadways, so as to avoid desperate responses or economic side effects of 

accumulating risks that could occur otherwise.  

The increasing need for long-term strategic planning of coastal management, and in some cases 

anticipatory coastal retreat, also shows that wide social acceptance of structural changes in our 

environment now has to become a key part of planning processes. 

6.4 Perceptions of risk 

There is a growing recognition that public perception of risk is a major issue for addressing the 

effects of climate change [Reser et al., 2011]. Our analysis of response to flooding in the Hutt Valley 

shows that people tend to move away from risk but, where this is difficult, they expect others to 

minimise it for them. Other studies have also shown that while some take precautionary action, 
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others do not [Grothmann and Reusswig, 2006]. Consequently a major challenge for adaptation to 

climate change is to understand whether adaptation will tend to separate society into different 

groups or lead to some form of consensus for adaptive responses.  

An example of this in a New Zealand context is seen in the Tasman District Council’s development of 

a Mapua Structure Plan [Tasman District Council, 2010]. The Council has been working on new 

planning initiatives that included control of land use at risk from sea level rise, coastal erosion and 

river inundation at a coastal area between Richmond and Motueka. Concerns have also been 

expressed by a local community association which submitted a substantial list of suggestions for 

adaptation measures. 

A scientific perspective on future sea level rise was provided for the Mapua Structure Plan case study 

and discussed with council staff during 2010. This was reflected in the final draft of that plan, 

however, there are some objections and the decisions on hazard zones and restricted land-use still 

need to become formally established. 
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