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Even though almost everyone grumbles 

about our local weather, we have become 

accustomed to it. We have adapted. 

Depending on where we live and the season, we 

sport umbrellas, snow boots or ball caps. Our 

homes are insulated, crops are irrigated, and we 

shop in weather-conditioned, indoor malls. So, 

when scientists tell us our climate is changing 

and about to change more quickly, it is difficult 

to grasp the significance in our daily lives. 

Our regional climate, wherever we live in 

Canada, has always been changing — gradually 

and naturally. But, in the past 20 years, 

international scientific research has determined 

that the pace of climate change is accelerating, 

with some areas becoming more and more 

vulnerable. With the early 2007 release of the 

latest report from the Intergovernmental Panel 

on Climate Change (IPCC), the reality of climate 

change and the growing challenges of adaptation 

are increasingly recognized and accepted. So too 

is the need for national governments to respond 

with efforts to mitigate these effects. 

Five Municipal Case Studies

In 2004, the Earth Sciences Sector of Natural Resources Canada (NRCan) and the Canadian 

Institute of Planners agreed to co-sponsor ways to help build capacity at a local government 

level related to planning for climate change. This partnership led to a number of activities, 

including this series of case study brochures. The brochures have been produced to help 

community planners learn more about scientific practices and terminology, along with ways 

they might approach assessing local risks and developing locally appropriate responses. 

There are five case study communities. In different ways and for different reasons, these 

communities are already experiencing the effects of accelerated climate change. 

In Calgary, warmer weather and changing precipitation patterns are affecting the  

city’s sole water supply. 

In Salluit, a Northern Quebec coastal community, rapidly melting permafrost is 

threatening to undermine existing infrastructure. 

In Delta and Graham Island, BC and along the New Brunswick coast in the Gulf of St. 

Lawrence, rising sea levels and increased storm frequency and severity are impacting 

habitats, property and infrastructure.

Each case study was led by scientists and involved the participation of local planners, 

municipal managers/engineers and, in some cases, elected officials. Wherever possible, the 

study included broader community consultation through workshops and focus groups.
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Closer to home, in urban and rural settings across 

the country, discussions will be focussed on what 

local climate changes are likely, how they will 

impact our physical and built environments, and 

how we should respond. It is easier to discuss 

what is happening locally and what we can do 

about it, instead of grappling with the monumental 

global challenge of greenhouse gas emissions. 

Community planners and municipal engineers will 

find themselves at the crux of local discussions, 

especially in relation to assessing potential impacts 

and developing policy responses. The vocabulary 

of these discussions will embrace terms such as 

“vulnerabilities”, “maladaptations”, “mitigations”, 

“risk management” and “adaptive capacity”.

Forward-looking local governments are starting 

to factor anticipated climate changes into their 

planning and budgeting. However, few, if 

any, local governments have climate change 

researchers within their administrations. Most 

rely on research undertaken by other levels of 

governments and universities.
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Summary 
Salluit is located in Nunavik, Québec’s most northern region. This community of 

approximately 1,100 people sits in a narrow, steeply-sloped valley with homes, 

infrastructure and community buildings built on permafrost. The population is projected 

to increase, driving a need for more housing, infrastructure, community amenities 

and more land area to accommodate growth. Yet land available for expansion near 

the existing village is limited. Much of the permafrost is rich in ice and vulnerable to 

degradation and failure that accompanies a warming climate. 

Climate models predict that northern regions of the planet will undergo accelerated 

warming in the 21st century. Canadian communities already know this is happening. 

Salluit experienced a 2.6°C temperature increase between 1990 and 2003, and has 

witnessed the problems that such increases can inflict – damaged buildings, roads and 

embankments, and the relocation of 20 new homes from unstable land.

The study examined permafrost conditions and future patterns of warming and stability, 

and provided knowledge about permafrost instability to local government in Salluit to 

support future land-use decisions.

Using data from multiple sources, the study modelled future permafrost conditions 

under warming temperatures. The results revealed that land near the village is unstable 

and not safe for construction. Specifically:

• much of the land surrounding the village could experience settlement between  

 40 and 100 cm in the next 20 years;

• landslides are likely to occur in this area on slopes as low as 1°; 

• the possibility of landslides could be increased by local conditions, such as   

 erosion of a river’s edge or melting of a snow bank; and

• land east of the village is on soil that is lower in ice content but is, nevertheless,  

 likely to experience settlement in the order of 10 cm.

The study produced a map showing areas deemed safe and unsafe for development, 

and has led to the production of a revised zoning map for Salluit. The study is a good 

example of how locally relevant scientific research and the effective transfer of that 

knowledge can help a community adapt its future planning and development to the 

impacts of climate warming. 
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Introduction
Canadian and international climate models predict that northern regions will undergo accelerated 

warming in the 21st century. The Canadian Centre for Climate Modelling and Analysis predicts 

increases in average annual temperatures of 1° to 2°C over the next 25 years. Actual temperature 

records indicate that these predictions may be underestimated. In Salluit, Québec, the annual 

temperature increased 2.6°C over 13 years from 1990 to 2003. In the encompassing region of 

Nunavik, scientists observed the highest rate of climate warming on record during the 1990s.

The impacts of climate warming are acutely felt in northern communities where homes, 

infrastructure and community facilities are often built on permafrost. Engineering and construction 

techniques for building on permafrost have been in place for some time and, until recently, 

permafrost has typically been considered a sound substrate for construction when appropriate 

engineering practices are applied. More recently, there has been evidence of permafrost 

degradation and soil failure related not to poor engineering practices, but to rising temperatures. 

In Salluit, there are numerous signs of permafrost degradation, including damage to a public 

building, a community facility, roads and embankments. In September 1998, there were two 

significant landslides in Salluit-2, an area being developed for new residential development in 

the Salluit Valley, south of the existing village. The landslides occurred at the end of the warm 

summer months and in a year that experienced warmer than average temperatures. The nature of 

the slides was such that the development was abandoned, with 20 homes being constructed in 

another location. 

Permafrost is not homogeneous in nature. It varies in ice content, distribution in the soil/rock, 

temperature and salinity. All of these factors determine the sensitivity of permafrost to increasing 

temperatures and the degree of instability under warming conditions. 

For northern planners, making land use decisions without knowledge of stable and unstable areas 

involves financial and safety risk. Given Salluit’s growing population and the need for more land 

for housing, infrastructure and public amenities, knowledge of stable and unstable land areas is 

of immediate importance. In response to this need, a multi-agency team of scientists, led by the 

Université Laval, undertook a study in the Salluit region:

to deepen knowledge of permafrost characteristics, conditions and future patterns of warming 

and stability; and

to provide knowledge related to permafrost stability to support local governments in land use 

decisions under conditions of demographic growth and climate warming.

To do this, the team:

mapped permafrost conditions;

assessed the impacts of climate warming on permafrost;

modelled future patterns of permafrost warming and instability;

instituted a monitoring and early warning system to assess risk of landslides; and

produced a zoning map of stable and unstable land conditions. 
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The Local Partnership 
Scientists and students from the Centre d’études nordiques at Université Laval and the Geological 

Survey of Canada began a two-year research program in Spring 2002 to study the impacts 

of climate warming on permafrost in Salluit, and to identify the risks and challenges for the 

community. The study was commissioned by the Ministère de la Sécurité publique, Northern 

Village Corporation of Salluit and the Qaqqalik Landholding Corporation. The Kativik Municipal 

Housing Office and community meetings provided local knowledge about housing, community 

and accompanying land use needs. Data and knowledge provided by the study are being shared 

with decision-makers at all levels of government who have responsibility for the safety and well-

being of the population and its social and economic development. The team was led by  

Dr. Michel Allard from Université Laval.

The Setting for this Research 
The northern community of Salluit and its surrounding area is the setting for the research. Located 

in Nunavik, Québec’s northernmost region, Salluit is a coastal village on the shore of Sugluk Inlet, 

which opens into Hudson Strait. The Inuit village has a population of approximately 1,100. There 

is no road access to Salluit, but daily flights connect the village to other northern communities. 

This isolated community has had a permanent presence since 1920 and experienced a period 

of growth in the late 1960s and early 1970s. Over the past 30 years, substantial infrastructure 

investment has been made, including primary and secondary schools, a local community health 

centre, an arena, city hall, hotel and an airport. The population is projected to increase, driving 

a need for more housing, infrastructure and community amenities, and more land area to 

accommodate growth.  

The research team’s work involved quantifying these needs. They drew on knowledge of the 

Kativik Municipal Housing Office and held a meeting with the local community to identify 

immediate, short term and future community needs. They determined that approximately  

89,100 m2 of land area is required to accommodate:

57 units of housing immediately;

a police station, recreation centre, shopping centre, hotel and five private homes in the short term;

60 housing units over the next 20 years to accommodate projected growth; and

roads and infrastructure to support new development.

Salluit is designated a Northern Village Municipality. Both the Municipality and the Qaqqalik 

Landholding Corporation, a non-profit association that owns and administers Inuit lands, have 

roles in the approval of new construction. The Municipality issues development permits and the 

Landholding Corporation enters into memoranda of understanding with contractors for occupation 

and use of the land during construction. The northern village is part of the Kativik Regional 

Government, which provides technical support for land use planning and management activities.

Geophysical Context

The village sits on a steep-sided valley bottom, running roughly perpendicular to the coast. The 

valley walls protect Salluit from high winds, but restrict the land available for growth. The village 

has already undergone expansion towards the west and south. Landslides in the area known as 

Salluit-2 to the south led to the abandonment of a new residential development, and put this area 

in question for possible future development. 

ü

ü

ü

ü

Research Terms
Permafrost  

A soil or rock that remains 

below zero degrees Celsius for 

at least two consecutive years.

Porosity  

The volume of pore space in 

the soil compared to the total 

volume of soil.

Colluviums  

Deposits of eroded soil and rock 

that are very high in ice content.
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Salluit Valley was formed by glaciers within the last two and a half million years. After the glaciers 

retreated, the valley was submerged in water (marine transgression). These geological processes 

left behind various kinds of rock and sediment, including a thick layer of fine-textured clay soils 

across the valley floor. Part of the existing village and much of the surrounding area sits on these 

soils, which have accumulated ice over the years and formed ice-rich permafrost. The permafrost 

conditions vary throughout the valley; some areas are made from solid ground and considered 

stable under warming temperatures; others are on ice-rich soils that are likely to be unstable as the 

climate warms.

Living with  
Permafrost
Potential slumping and 
landslides are hard to detect. 
Even shallow slopes can be 
vulnerable, making it difficult 
to find suitable sites for 
building. Wrong decisions 
about siting can be costly, 
affecting buildings, roads, 
utility poles and pipes.

Permafrost is soil or rock that remains below 0°C for at least two 

consecutive years. The thickness of permafrost can be altered by changes 

in climate or disturbance of the surface. 

The active layer is the uppermost part of the permafrost that rises above 

0°C for part of the year and undergoes annual cycles of freezing and 

thawing. As ground temperatures rise, the active layer thickens and the 

permafrost below thins.

Excess ice. Soils vary in their degree of porosity – that is the volume of 

pores in the soil that can contain water. Certain types of soil, for example 

fine textured clays, can accumulate more ice than their natural porosity 

allows. This is called excess ice. When permafrost containing excess ice 

thaws, the ground subsides in proportion to the volume of excess ice. 

The soil cannot contain all of the excess melt water. Fine-textured clays, 

in conjunction with frozen impermeable layers below, make drainage 

difficult, reduce friction and the structural integrity of the permafrost 

– conditions conducive to slumping and landslides. Pooling of water 

may also occur as the melt water has no place to go.

There is a direct relationship between the nature of the surface rock/soil 

and permafrost characteristics:

 • Solid ground made of bedrock, till or sand contains small amounts   

  of ice, so that when thawing occurs there is little impact on the   

  structural integrity of the substrate;

 • Clay-rich sediments deposited in the post-glacial sea can contain   

  large amounts of ice. Those with particularly high concentrations of  

  ice in the uppermost layers, are vulnerable to thawing, settlement and  

  landslides; and

 • Colluviums, deposits of eroded soil and rock found on the steep   

  slopes of Salluit Valley, are very high in ice content and prone to   

  landslides under warming temperatures.

High salinity in the clay soils lowers the melting point of the permafrost, 

increasing its vulnerability to increasing temperatures.

Snow acts as an insulator of permafrost. Deep snow cover warms the 

underlying permafrost and works to accelerate melting.  
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Research Methodology
The study used multiple data collection techniques to describe the region’s landforms, permafrost 

and climate. Surface deposits have a direct relationship with permafrost characteristics so 

geomorphological interpretations were an important starting point for identifying permafrost 

conditions. Surface material was mapped to show the location of bedrock, till, sands, colluviums, 

deep-water marine sediments, deltaic sediments and coastal beach sediments. 

Scientists used a range of techniques to provide a detailed description of permafrost 

characteristics. Ice content, distribution, temperature profile, salinity and depth of active layer 

were measured at sites across the valley, including the existing village and areas of Salluit-2.  

The techniques included:

25 drill cores;

three cone penetration tests;

6.8 km of ground penetrating radar surveys;

thermistor cables to measure temperature profiles; 

microdataloggers to measure soil surface temperature; and

laboratory tests. 

The information gathered was used to compile a map showing permafrost conditions in the valley. 

The research found that:

permafrost is several hundred metres thick;

the average depth of the active layer in clay-rich soils is 75 cm. Under the village it is 

approximately one metre;

the soil has increased in temperature by 1.0°C in 10 years;

scattered areas of the village are built on solid ground made of bedrock, till or sand. Some 

areas of solid ground remain available for building, but they are fairly steep; 

a large part of the existing village sits on clay-rich soils that do not have a high concentration 

of ice in the top three metres. However, deeper down in these soils, there are layers of almost 

pure ice, as well as layers of high salinity;

ü
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areas of recent expansion and much of the area surrounding the existing village,   

including Salluit-2, are located on clay-rich soils that have high ice content in the top   

three metres with high saline but ice-poor layers below; and

surface temperatures are 30% warmer than the air due to roughly half a metre of snow   

cover that acts to insulate the soil.

Modelling Future Permafrost Behaviour

The study team used a computer model called Tone to simulate the thermal regime of permafrost 

soils in Salluit over the next 20 years. The thermal regime is key to understanding the patterns 

of temperature change in the soil, which are affected by changes in air temperature. Average 

air temperatures for the next 20 years were estimated, using a rate of temperature increase of 

0.26°C/year, based on measurements recorded in the region between 1990 and 2003. The model 

applied changing air temperatures to a thermal profile typical of the clay soils in Salluit under 

snow conditions observed in 2003.

Note that there is consensus that climate is changing, not solely as a result of natural cycles, but 

there is uncertainty about the nature of this change. Therefore, the choice of rate change is a 

sensitive one. The modelling scenario applied here is based on actual observed rates of change 

over the past 13 years, making it a realistic and reasonable assumption on which to base future 

land use planning strategies.

The model indicates that:

the active layer will increase to 2.2 m in 2012 and close to 3 m in 2022;

the active layer will refreeze much later in the season; and

the temperature profile below the active layer will increase by 1.7°C in 20 years.

As the active layer increases, the thaw front approaches the ice-rich layers closest to the surface. 

Eventually, these ice-rich layers will begin to melt. Melt water will accumulate and drainage will 

be poor because of the impermeable ice layers below, and the low permeability of surrounding 

clay soils.  Interpreting the results of the model for the various permafrost conditions in Salluit 

reveals that if the ice near the surface melts:

soils under the east part of the village with little excess ice could experience settlement in the 

order of 10 cm;

ice-rich soils surrounding the village could experience between 40 and 100 cm of slumping;

landslides caused by slipping of the active layer are likely to occur, more frequently in August 

or September when the active layer reaches maximum depth;

landslides could occur on slopes as low as 1°; and

the possibility of landslides could be increased by local conditions, such as erosion of a river’s 

edge or local melting of a snow bank.

Using the findings of the study, scientists constructed a map of areas deemed safe and unsafe for 

construction. Sites suitable for construction are generally located at some distance from the existing 

village or on exposed rock that is steep and would require some levelling. Unsafe sites, those with 

sloping and high-ice content soils, are located in the Salluit-2 area and on colluviums at the foot of 

the valley walls.
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Thermal regime 

modelling found that 

the active layer of 

permafrost will increase, 

leading to slumping and 

landslides, even in areas 

with slopes as low as 

one degree.
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A shared 

understanding of the 

risks of a warming 

climate is the first step 

to adaptation.

The team subsequently used a Geographic Information System to compare land required for 

community needs to land identified as safe for construction. They found that:

the north end of Salluit Valley has just enough land to accommodate immediate and  

short-term needs, although some of the land is on sloping bedrock; and

the south part of the valley has land area available, but in isolated pockets far from the  

existing village.

Adaptation Strategies

The study highlights possible adaptation strategies for Salluit:

Improving public understanding of the risks associated with climate change. By sharing the 

findings of the study with local community members, planners and decision-makers, as well 

as regional, provincial and federal government officials, decisions will better consider and 

account for possible future impacts of climate warming.

Avoiding risk and accepting loss. The study recommends not building on areas of land 

deemed unsafe. Recognizing that there is very little suitable land available for development in 

Salluit and Salluit-2, consider some expansion at other locations. Alternatives identified in the 

study include:

creating new land near the village by filling in coastline. This would entail environmental risks 

and geotechnical studies to ensure structural capacity of the seafloor to carry the increased 

load; and

expanding on other sites with appropriate soil conditions, for example:

 • Valley of Kiggaluk – similar orientation to Salluit, good soil conditions, but 9 km away; or

 • Tikiraatsiaq Point – ample space, easy access to the coast, road construction begun,  
  but very high winter winds, untouched archaeological remains and wastewater  
  discharge problems.

Using legislative or policy change. Implement new planning regulations, policies or bylaws 

can limit future growth to safe areas or regulate behaviours (for example, practices that are 

destructive to the surface layer protecting the permafrost or that minimize snow accumulation). 

Relevance of This Research
The research produced an output directly relevant to Village of Salluit decision-makers  

– a land use planning tool in the form of a map identifying safe and unsafe areas for development. 

The findings of the study were shared with the community in a meeting in Salluit in the summer 

of 2006. At the time of writing, municipal staff were preparing a zoning bylaw revision that 

incorporates the study findings, including a revised zoning map identifying stable and unstable 

lands. This place-specific planning tool will guide municipal staff and council in making 

immediate and long-term decisions regarding safe and sustainable locations for future growth. 

The community of Salluit will continue to benefit from the work of the scientific team by 

instituting ongoing monitoring, using equipment installed during the study to gather data on 

climatic changes, permafrost temperature changes and land slumping patterns. Data collected 

will feed into an advance warning system – a computerized statistical analysis tool that evaluates 

the potential risk of an active layer landslide, and provides at least minimal advance notice of a 

possible slide. 

ü

ü

ü

ü

ü

ü

ü



Municipal Case Studies – Climate Change/Salluit�

Relevance for Other Communities
This research is relevant to other northern communities in Canada and around the world. As the 

climate warms, communities with housing, infrastructure and community facilities on permafrost 

will be at increased risk of damage and financial loss. 

The study produced a unique, comprehensive and detailed body of knowledge about temperature 

change, permafrost characteristics and permafrost behaviour in a northern community. Sharing 

this extensive knowledge of permafrost will contribute to a better understanding of the possible 

climate risks and impacts among other northern communities. 

The zoning map produced by the study is a tangible example of how science can help 

communities adapt to climate change. Directly relevant and familiar to planners, the zoning map 

is a highly effective way of illustrating to other planners and decision-makers why it is important to 

consider climate change adaptation in planning, and how it might be accomplished. 

The scientists who carried out the research are an important resource for other northern 

communities who may wish to undertake their own studies of local climate change land use risks. 

Role of Community Planners
The ability of Canadian communities to respond effectively to climate change depends on a range 

of factors, including scientific information, access to financial resources and the state of existing 

infrastructure, education, technology, and management capabilities. Some communities with 

lesser capacity to respond may face more risks in the future.

Historically, planners have been facilitators of change, helping to make progressive choices as 

societal values, needs, resources, and capacities change. Recognizing change, and helping others 

adapt to that change, is likely to be planners’ most enduring role in relation to climate change in 

northern communities. 

Most small northern communities like Salluit do not have a land use or community planner on staff. 

In these situations, it is often other municipal staff who undertake planning-related tasks. In relation 

to the impacts of climate change on permafrost, those responsible for planning will be required to 

learn about the science of permafrost, understand the impacts of permafrost on community land use, 

identify and evaluate options for community growth and make recommendations. They will work 

with scientists and engineers in these activities and be called upon by elected officials, stakeholder 

groups and the public to clearly communicate scientific and technical findings. Much of this will 

happen in a public setting – a community hall or a council chamber. Ongoing exchanges of existing 

and new information, between researchers and planners, need to continue as follow-up to studies 

like this one as developments are made in permafrost science.

Planners have other skills and tools to help their communities adapt to climate change impacts. 

These might include:

changes in policy, such as community master plans that consider climate change impacts and 

adaptation measures as part of future growth plans; 

changes in regulations, such as zoning bylaws related to safe and vulnerable land areas for 

construction, or regulations that prohibit use of vehicles on land other than roads; and

changes in the development review process, such as requiring applicants to demonstrate that 

the soil structure is capable of supporting new construction.

ü
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Planners will help 

northern communities 

understand and adapt to 

accelerated warming. 
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Pass it On ...
This case study may be 

interesting to municipalities 

throughout northern Canada. 

Pass it on to others.

In Conclusion
This research study deepened a community’s knowledge of permafrost conditions, future patterns 

of warming and stability, and provided directly relevant information about areas of permafrost 

instability. A key finding was that, over the next 20 years and under climate warming conditions 

such as those experienced in the past decade, much of the land available for development near 

Salluit could undergo landslides and settlement of 40 to 100 cm. 

Thanks to locally relevant scientific research and the effective transfer of that knowledge to the 

community, Salluit is now in a position to adapt its future planning and development to the 

impacts of climate warming. 
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Sources, Contacts and Additional Resources
Climate Change Impacts and Adaptation Program, Earth Sciences Sector, Natural Resources 

Canada. The objectives of the program are to: improve knowledge of Canada’s vulnerability 

to climate change; better assess the risks and benefits posed by a changing climate; and build 

the foundation upon which appropriate decisions on adaptation can be made. The program 

supports research to: fill critical gaps that limit knowledge of vulnerability; undertake and 

support assessment of impacts and adaptation; enhance collaboration between stakeholders and 

researchers; and facilitate policy development. 

Canadian Climate Impacts and Adaptation Research Network (C-CIARN) – www.c-ciarn.ca 
– is a national network that facilitates the generation of new climate change knowledge by 

bringing researchers together with decision makers from industry, governments, and non-

government organizations to address key issues.

The Partners for Climate Protection (PCP) program – is a network of more than 132 Canadian 

municipal governments that have committed to reducing greenhouse gases and acting on 

climate change. PCP is the Canadian component of ICLEI’s Cities for Climate Protection (CCP) 

network that comprises more that 600 communities world wide making the same efforts. 

www.sustainablecommunities.ca

The UK Climate Impacts Programme (UKCIP) – www.ukcip.org.uk – provides scenarios that show 

how our climate might change and co-ordinates research on dealing with our future climate.

The Tyndall Centre – www.tyndall.ac.uk/general/about.shtml – brings together scientists, 

economists, engineers and social scientists, who together are working to develop sustainable 

responses to climate change through trans-disciplinary research and dialogue on both a 

national and international level – not just within the research community, but also with 

business leaders, policy advisors, the media and the public in general.

Arctic Climate Impact Assessment (ACIA) – www.acia.uaf.edu – is an international project 

of the Arctic Council and the International Arctic Science Committee (IASC) to evaluate 

and synthesize knowledge on climate variability, climate change, and increased ultraviolet 

radiation and their consequences.

ArcticNet – www.arcticnet-ulaval.ca/ – is a Network of Centres of Excellence of Canada that 

brings together scientists and managers in the natural, human health and social sciences with 

their partners in Inuit organizations, northern communities, federal and provincial agencies 

and the private sector to study the impacts of climate change in the coastal Canadian Arctic. 

Ouranos Consortium – pools the expertise and disciplines of numerous researchers in order 

to advance the understanding of the issues and the associated requirements for adaptation 

resulting from climate change on the scale of the North American continent. www.ouranos.ca
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Glossary of Terms
The Intergovernmental Panel on Climate Change (IPCC) assesses scientific, technical and socio-

economic information relevant for the understanding of climate change, its potential impacts and 

options for adaptation and mitigation. IPCC maintains a glossary of terms used in the science and 

study of climate change. The following terms are selected from that glossary as terms that will be 

increasingly used by community planners and municipal engineers.

Adaptation Adjustment. Adaptation to climate change refers to adjustment in natural or 

human systems in response to actual or expected climatic stimuli or their effects, which 

moderates harm or exploits beneficial opportunities. Various types of adaptation can be 

distinguished, including anticipatory and reactive adaptation, private and public adaptation, 

and autonomous and planned adaptation.

Adaptation Assessment. The practice of identifying options to adapt to climate change 

and evaluating them in terms of criteria such as availability, benefits, costs, effectiveness, 

efficiency, and feasibility.

Adaptation Benefits. The avoided damage costs, or the accrued benefits, following the 

adoption and implementation of adaptation measures.

Adaptation Costs. Costs of planning, preparing for, facilitating, and implementing adaptation 

measures, including transition costs.

Adaptive Capacity. The ability of a system to adjust to climate change (including climate 

variability and extremes) to moderate potential damages, to take advantage of opportunities, 

or to cope with the consequences.

Aquifer. A stratum of permeable rock that bears water. An unconfined aquifer is recharged 

directly by local rainfall, rivers, and lakes, and the rate of recharge will be influenced by 

the permeability of the overlying rocks and soils. A confined aquifer is characterized by an 

overlying bed that is impermeable and the local rainfall does not influence the aquifer.

Capacity Building. In the context of climate change, capacity building is a process of 

developing the technical skills and institutional capability in developing countries and 

economies in transition to enable them to participate in all aspects of adaptation to, mitigation 

of, and research on climate change, and the implementation of the Kyoto Mechanisms, etc.

Climate. Climate, in a narrow sense, is usually defined as the “average weather” or, more 

rigorously, as the statistical description in terms of the mean and variability of relevant 

quantities over a period of time ranging from months to thousands or millions of years. The 

classical period is 30 years, as defined by the World Meteorological Organization (WMO). 

These relevant quantities are most often surface variables such as temperature, precipitation, 

and wind. Climate, in a wider sense, is the state, including a statistical description, of the 

climate system. 

Climate Change. Climate change refers to a statistically significant variation in either the mean 

state of the climate or in its variability, persisting for an extended period (typically decades or 

longer). Climate change may be due to natural internal processes or external forcings, or to 

persistent anthropogenic changes in the composition of the atmosphere or in land use. 

Demand-side Management. Policies and programs designed for a specific purpose to 

influence consumer demand for goods and/or services. In the energy sector, for instance, it 

refers to policies and programs designed to reduce consumer demand for electricity and other 

energy sources. It helps to reduce greenhouse gas emissions.
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Ecosystem. A system of interacting living organisms together with their physical environment. 

The boundaries of what could be called an ecosystem are somewhat arbitrary, depending on 

the focus of interest or study. Thus, the extent of an ecosystem may range from very small 

spatial scales to, ultimately, the entire Earth.

Extreme Weather Event. An extreme weather event is an event that is rare within its statistical 

reference distribution at a particular place. Definitions of “rare” vary, but an extreme weather 

event would normally be as rare as or rarer than the 10th or 90th percentile. By definition, the 

characteristics of what is called extreme weather may vary from place to place. An extreme 

climate event is an average of a number of weather events over a certain period of time, an 

average which is itself extreme (e.g., rainfall over a season).

Habitat. The particular environment or place where an organism or species tend to live; a 

more locally circumscribed portion of the total environment.

(Climate) Impact Assessment. The practice of identifying and evaluating the detrimental and 

beneficial consequences of climate change on natural and human systems.

(Climate) Impacts. Consequences of climate change on natural and human systems. 

Depending on the consideration of adaptation, one can distinguish between potential impacts 

and residual impacts.

Infrastructure. The basic equipment, utilities, productive enterprises, installations, 

institutions, and services essential for the development, operation, and growth of an 

organization, city, or nation. For example: roads; schools; electric, gas, and water utilities; 

transportation; communication; and legal systems would be all considered as infrastructure.

Potential Impacts. All impacts that may occur given a projected change in climate, without 

considering adaptation.

Residual Impacts. The impacts of climate change that would occur after adaptation.

(Climate) Vulnerability. The degree to which a system is susceptible to, or unable to 

cope with, adverse effects of climate change, including climate variability and extremes 

Vulnerability is a function of the character, magnitude, and rate of climate variation to which 

a system is exposed, its sensitivity, and its adaptive capacity.
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