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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.

ü

ü
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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 
Calgary is located in one of Canada’s driest regions. In recent years, the area’s 

temperatures have been rising and precipitation patterns have been changing. River flows 

have declined. These patterns are expected to continue. The city’s population is projected 

to double by 2064. Its sole water supply comes from the Elbow and the Bow Rivers with 

their headwaters in the Rockies, and through a provincial licensing system, the city is 

limited to maximum annual and daily withdrawals. It shares the water resource with high-

demand industrial and agricultural users and industry within the watershed. 

In the face of population growth, the city has been successful in reducing per capita 
water use through system improvements and demand measures. For now, Calgary can 

meet water demand within its license allotment. The essential questions posed in this 

research study were: 

Will the Bow River be able to meet future demand as temperature and  

population increase? 

When will the future demand exceed approved license limits? 

The modelling undertaken through this study is the first to quantify the future impacts of 

climate change on water supply in relation to demand for Calgary. The results suggest 

that the city will need to achieve a 50% reduction in per capita use by 2064 in order 

to provide a sustainable water supply. Even then, cyclical climate patterns indicate 

particularly low river flow and higher temperature periods in the 2060s that could lead to 

water demand exceeding supply allotments.

This research study focuses on determining when climate change will affect the quantity 

of water available to be withdrawn from the watershed, in addition to impact on water 

demand, thereby adding new scientific information for consideration by the City’s policy 

analysts and decision-makers. While the study did not specifically explore potential 

adaptations, it was a positive collaboration between City officials and the scientific 

community. A City-sponsored educational program for elementary and high school 

teachers helps to communicate the findings of the study. 

ü

ü
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The Local Partnership
In 2005, NRCan partnered with the City of Calgary to undertake a study of future water demand in 

the Calgary Region. The scientific team was led by research hydrogeologists Stephen Grasby and 

Zhuoheng Chen from the Calgary office of the Geological Survey of Canada, Natural Resources 

Canada. Paul Fesko, Manager, Strategic Services, Water Resources was the primary contact at 

the City of Calgary. The City’s participation was an inkind contribution in two ways: providing 

detailed data on water consumption patterns; and co-authoring a journal article. NRCan’s team 

of scientists analyzed Calgary’s data through multi-faceted modelling, generating a climate trend 

analysis and a future climate time series projection. 

The results of this research are fully described in the article, “Historical Climate and Stream Flow 

Trends and Future Water Demand Analysis in the Calgary Region, Canada” (Vol.53, No.10). The 

article has been published in the journal, Water Science and Technology, one of the International 

Water Association’s (IWA) leading publications. IWA is a worldwide organization with a mission 

to support a global network for water professionals and advance best practices in sustainable 

water. Scientists, engineers, consultants, managers and policymakers regularly use this publication 

to access information on leading-edge practice. To learn more about water science and resources, 

go to www.iwapublishing.com.

This research is the first to provide quantitative projections on the likely impact of climate change on 

Calgary’s water supply. These quantitative measures identify future vulnerabilities that, in turn, will 

help inform policy and decision-making by the City of Calgary. 

The Setting for this Research 
Calgary is Canada’s fastest growing city, on pace to break through the one million population mark 

by 2009. The greater Calgary area, which includes Cochrane, Airdrie, Bragg Creek and Chestermere, 

relies solely on water from the Bow and Elbow Rivers, which have their headwaters high in the 

snow pack and glaciers of Alberta’s Rocky Mountains. The waters of the Bow and Elbow flow 

eastward as part of the South Saskatchewan River Basin, eventually reaching the Arctic Ocean via 

Hudson’s Bay. Every user who withdraws water from the Bow/Elbow watershed is licensed by 

Alberta Environment. Calgary is licensed for an annual average withdrawal of 626.4 megalitres 

(ML)/day from the Bow River. This combined with production from the Glenmore Reservoir on the 

Elbow River gives a total production capacity of 1,000 ML/day. Calgary currently uses about 46% of 

the total annual volume allowed under the provincial licenses. But the unused portion of Calgary’s 

water allocation is valid only if there is sufficient water available in the rivers to divert.

Calgary is situated in one of the driest regions in Canada, with potential evapotranspiration rates 

exceeding precipitation. Historic climate records indicate a warming trend in the Canadian 

prairies, with the average annual temperature increasing at a rate about 1.0˚C/100 years. This rate 

of increase is expected to continue. An Alberta Environment study (2004) of rivers flowing from 

the Rockies indicates that rivers in southern Alberta have experienced the fastest decline in flow 

rates in recent years.

Due to the dry climate, Calgarians are large consumers of water. Over the past decade, the amount 

of water consumed per person has remained higher than in many other North American cities. 

Municipal water demand exhibits a strong seasonal variation, with summer demand being about 

170% of winter demand during “normal” years and up to 250% of winter demand in “hot and 

dry” years. Summer water consumption increases dramatically when the weekly mean temperature 

exceeds 10˚C, or when weekly precipitation accumulation is less than 30 mm.
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Demand for water from the Bow/Elbow watershed exists outside the city limits. Both upstream and 

downstream, the rivers are a resource shared by diverse users – other communities, rural areas, 

industrial users, ranchers, farmers and irrigation districts – who, cumulatively, exert pressure on 

the overall watershed and add to the complexity of managing the resource. In particular, there are 

downstream irrigation districts that have high-priority, high-volume licenses to withdraw water 

during the growing season. This coincides with Calgary’s highest consumption period. For most 

months of the year, the city returns as much water as it takes in but, in summer, there is a net loss 

due to outdoor water use – lawns, gardens and pools.

Research Methodology 
The analysis undertaken by the scientific team focussed on establishing a quantitative relationship 

among climate variation, population growth, and water demand. The team used a  

three-component model for fitting historical climate and stream flow records. The next step was 

additional modelling in order to simulate a future demand time series – from 2005 to 2064, at 

which time the city’s population is projected to double.

Climate Trend Analysis

Four historical time series data sets were assembled as the basis for the first  

modelling exercise:

1. Climate Indicators

2. Stream Flow Data

3. Water Production Data

4. Population

1. Climate Indicators

Climate records, provided by Environment Canada, consist of annual and daily minimum and 

maximum temperature records, as well as snow and rain fall recorded at the Calgary International 

Airport. The annual maximum temperatures were used to identify general trends and natural 

cycles. The daily records were used to study the correlation with daily city water production and 

to extract statistics for the simulation of future climate time series.

The analysis of mean maximum and minimum temperatures showed a multi-decadal cycle and 

a linear trend increasing at a much higher rate. Both the historical annual mean minimum and 

maximum temperatures have increased, but at different rates, – 1.5˚C and 0.45˚C respectively 

over the past 100 years. The analysis of mean annual temperature showed a linear increase of 

0.9˚C/100 years, consistent with the findings of other researchers. The analysis also revealed a 

difference between the length of the cycles between maximum and minimum temperatures – the 

former a cycle of 64 years; the latter a cycle of about 30 years. From a scientific perspective, this 

suggests that the two may be governed by different external, “climate forcing” mechanisms.

The analysis of the annual precipitation records shows that the number of days with precipitation 

has increased, but the annual variation in precipitation has declined. But, importantly, because 

the potential evapotranspiration rate is higher than precipitation in the Calgary area, the trend to 

more wet days with less precipitation could increase evapotranspiration, resulting in less recharge, 

thereby reducing water flow to rivers.

Research Terms
Megalitres (ML)  

The unit of measurement used 

by a municipal water supplier 

for the total city production 

and consumption of water. 

One megalitre is equivalent to 

one million litres of water. 

Evapotranspiration  

The total amount of water 

transferred from the earth to  

the atmosphere.
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2. Stream Flow Data

Stream flow data were daily flow-rates from six locations along the Bow and Elbow Rivers. The 

longest records, dating from 1909, were from gauges at Banff and Calgary. A trend analysis of 

the total annual flow-rate in Calgary indicates a decline of 5.7% over 90 years. The researchers 

suggest that this decline in river flow into Calgary may be primarily through increased upstream 

evapotranspiration, with a very small amount (between 1% and 5% in extremely low flow years) 

accounted for by glacial wastage (melt minus accumulation). 

Historical river flow data show multi-decadal cycles varying by up to 12% of the average value, 

which means that, in a low flow period, the river has only 88% of the average flow rate. 

3. Production Data

Calgary Water Services provided water production data, including an annual production time 

series from 1933 to 2003, and a daily production profile from 1986 through 2004. In this study, 

production is used as the indicator of demand, although actual consumption is likely to be 

somewhat less than production due to leakage within the system. Actual water use has not been 

historically metered. There are three prominent features in the water production time series: 

Total production – Annual production has nearly doubled over the past 35 years, reaching 

177,731 ML in 2003, compared to 92,605 ML in 1969. Calgary’s average day production 

continues to rise at a rate of about 5% annually.

Seasonal variation – Water production peaks in the summer, sometimes up to two and a half 

times larger than winter values. 

Decline in maximum day per capita water use – Despite population growth, summer 

consumption has declined over time, such that the current maximum day per capita water 

use is about half the amount for the period in the 1930s and 1940s. This decline reflects the 

success of the City’s water conservation campaigns, in place for almost 20 years.

4. Population Data

The population data consist of annual population statistics from 1884 through 2003, plus the civic 

population forecast for the period 2004 through 2015. This data set was used by NRCan researchers 

to project population through to 2064, by which time the population was estimated to double. 

Projecting Future Demand
Historical data indicate that climate has a close relationship with municipal water demand. 

Consumption increases dramatically when mean weekly temperatures exceed 10˚C. The researchers 

used an exponential model to quantify the relationship between per capita water use and daily 

maximum temperature in order to project Calgary’s water demand under given future climate and 

population scenarios. The period 1996 to 2000 was selected as a basis for modelling, as it best 

reflects the reductions achieved in summer per capita water demand. 

To project future water demand, the researchers needed to link both the climate and population 

growth models. The results of the integration of the two models were revealing. Even with a scenario 

of 50% conservation over the next 60 years, the projected water demands could still exceed the 

1,000 ML/day during prolonged “hot and drought” periods. 

ü

ü

ü

Calgary’s 
Consumption

Total water demand has 
almost doubled since 1969 
and is rising about 5%  
each year.

Summer water demand 
peaks at up to 250% of 
winter demand in “hot and 
dry” years.

There has been improvement 
on a per capita basis, but 
consumption is still high 
compared with other cities.

ü

ü

ü
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Water Demand and Sustainable Supply
The current withdrawal licenses provide about 1,000 ML/day for the City of Calgary’s municipal 

water use. Peak summer water production has almost reached this limit. The supply capacity of 

the smaller Elbow River is up to 400 ML/day, including reliance water storage in the Glenbow 

Reservoir. The Bow River is now, and will continue to be, the major supplier of municipal water. 

In its efforts to maintain a sustainable growth pattern, the city is challenged by two key questions: 

Will the Bow River be able to meet future demand as climate change occurs and  

population increases? 

When will the future demand exceed approved license limits? 

The research team undertook scenario modelling of population growth and water demand to 

identify potential shortfalls in sustainable supply, using conservation strategies of 25% and 50% 

reduction in demand. 

25% Conservation Scenario 
Under a scenario of 25% conservation over the next 60 years, the base line water use 

increases about 75%, and the maximum daily water demand is generally less than 1,600 

ML/day, except during extremely hot days when water demands are expected to exceed 2,000 

ML/day. Given the current water withdrawal limit of about 1,000 ML/day, the research shows 

that summer water demand would start to exceed the current daily withdrawal limits around 

2015. In the worse case scenario that was modelled (historical minimum monthly river flow-

rate), Calgary could need 40% of the daily discharge from the Bow River in peak summer 

months. The research findings clearly demonstrate that a 25% conservation strategy will not 

be sufficient to balance Calgary’s demand growth and supply availability. 

50% Conservation Scenario 
The results of the modelling indicate that, with a strategy of a 50% conservation effort by the 

time the population doubles, the city will be able to provide a sustainable water supply on an 

annual basis, although there could be hot summer days where demand exceeds supply. Even 

with 50% conservation, however, the simulation also predicts low river flows by the 2060s, 

so that demand could exceed the total river discharge licensed to the City of Calgary. This 

happens when the multi-decadal river discharge cycle comes to its low period, coupled with 

temperature at its high period in the 2060s.

ü

ü

ü
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In addition to the supply and demand analysis, the research study also points out that, if the 

climatic cycles continue as projected, the next expected low water periods could occur in the 

late 2010s and early 2060s. This is based on analysis of historical river flow data which show 

multi-decadal cycles varying by up to 12% of the average value. In a low flow period, the 

river has only 88% of the average flow rate. 

The research team makes it clear that the projected demand figures are for discussion purposes 

only, as the City cannot withdraw more than its license limits. 

ü

In 2005, Calgary published and circulated a draft of the document, Water 
Efficiency Plan (http://www.aipa.org/Adobe_Files/Conservation_Efficiency_

Productivity_Etc/2005_City_of_Calgary_DRAFT_Water_Efficiency_Plan.pdf). 

This describes Calgary’s water system, water use profile and past efforts in 

water conservation. Importantly, it also provides a framework for Calgary’s 

ongoing water conservation efforts. 

A number of strategies and efficiency measures are outlined in the draft 

plan. The central focus of the City’s vision is to reduce overall water use 

and achieve sustainable management of the Calgary’s water resources. 

The stated goal is to accommodate Calgary’s future population growth 

with the same amount of water used today. This means reducing demand 

from approximately 500 litres per capita/day (lpcd) to 350 lpcd by the time 

the population reaches 1.5 million. Although the draft plan identifies the 

exploration of source substitution opportunities (i.e., other than the Elbow 

and Bow Rivers) as one strategy, the main thrust is on conservation. 

In addition to its strategic planning, the Water Services Department has 

produced a number of guides to assist Calgarians in making the most 

efficient use of limited water supply (www.calgary.ca/portal/server.

pt/gateway/PTARGS_2_104_0_0_35/http:/content.calgary.ca/CCA/

City%20Hall/Business%20Units/Water%20Services/Water%20Conservation/

Water%20Conservation.htm). These include:

Indoor Water Conservation

Commercial Water Efficiency

Lawn and Garden

Water Conservation for Multi-Family Residents

Water Management in Calgary Parks

Why Conserve Water

Calgary also has staff dedicated to educating youth about water. Currently, 

the following programs are under way (http://www.calgary.ca/portal/server.

pt/gateway/PTARGS_0_2_771_203_0_43/http;/content.calgary.ca/CCA/

City%20Hall/Business%20Units/Water%20Services/Youth%20Education/

Youth%20Education.htm):

Yellow Fish Road Program

Water Works! School Program

Bow River Basin Waterscape poster (in partnership with GSN/NRCan)
Teacher Resources

Teachers’ Guides to the Bow River Basin

ü

ü
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The central focus of  

the City’s vision is to  

reduce overall water  

use and achieve  

sustainable management  

of Calgary’s  

water resources.

http://www.calgary.ca/portal/server.pt/gateway/PTARGS_0_2_771_203_0_43/http;/content.calgary.ca/CCA/City%20Hall/Business%20Units/Water%20Services/Youth%20Education/Youth%20Education.htm
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…a 50% conservation 

effort will be 

essential to achieve 

a sustainable water 

supply by 2064.

Relevance of this Research
The research confirms unmistakably that the Calgary area is already experiencing climate 

variability, and has been doing so since records were first kept a century ago. When future climate 

change projections are superimposed on this pattern, the variabilities – and the vulnerabilities 

– are significantly magnified. 

The City of Calgary has been actively involved in all aspects of water supply management and 

water conservation for many years. As one of Canada’s largest cities, it has a full complement of 

water engineers and environmental professionals, and has staff resources to plan strategically and 

with long-term foresight. (Refer to the previous page for an outline of the City’s current planning 

and programs connected with water supply.)

City officials are already using the NRCan research findings to further assist their ongoing policy 

development and water conservation programs. In addition, members of the NRCan research team 

have been called on to speak about climate change as part of a City-sponsored outreach program 

to elementary and junior high school teachers. The City is working with the Calgary Science 

Network to deliver this program through teacher workshops on the topic of water supply and 

demand in the Bow Valley. 

Relevance for Other Communities
The effect of climate change on stream flow and ground water recharge varies regionally and 

between climate scenarios, largely following projected changes in precipitation. Although this 

research is focussed entirely on hydrological changes in the Bow and Elbow watersheds, the 

methods and findings will be of interest to other municipalities in several respects:

Research methods are available on a place-specific basis to model the relationship between 

climate change and future demand for water. The same method can be applied by any 

municipality that uses surface water as its primary supply.

Changing climate patterns, particularly in climatic areas similar to Calgary, challenge policy 

analysts and decision-makers to re-examine their own water strategies. How sustainable 

are current supply sources to meet future demands? When will the tipping point occur? 

Will accelerated climate change mean accelerated responses? What emphasis is needed on 

conservation methods and measures to achieve a sustainable supply? 

More knowledge of the potential impacts of climate change on municipal water supply may 

increase civic awareness of the need to consider locally-appropriate responses. Planned 

mitigation and adaptation have the potential to reduce future problems and 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, the state of existing 

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

capacity to respond may face more risks in the future.

What role do community planners and land use planning measures have to play in developing 

strategies to assure sufficient future water supply? Historically, planners have been facilitators of 

change, helping to make progressive choices as societal values, needs, resources and capacities 

change. The continuing role of planners is likely to be facilitating awareness and adaptation as it 

relates to climate change in settlements across Canada. 

ü

ü

ü
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In relation to water supply/demand challenges, planners may be centrally involved in assembling 

information about the problems and potential solutions, developing and assessing options, and 

making recommendations. They will collaborate with engineers and scientists in these activities. 

And, as often is the case, they will be called upon by elected officials, stakeholder groups and the 

public to communicate scientific and technical findings clearly. Much of this will take place in 

a public setting – a community hall, a council chamber. Knowing this, it will be helpful for land 

use planners to become increasingly familiar with the basic components of local hydrology and 

potential impacts resulting from regional climate change. 

In addition to being effective communicators and analysts, community planners have other 

professional skills and experience to add to the mix. Between 1993 and 2003, an average of  

93 km of pipe were added each year to meet Calgarians’ water needs – very costly infrastructure! 

Although the Calgary case study did not tackle any aspect of water supply and demand from a 

land use perspective, land use planners reading this case study might see opportunities to bring 

their knowledge and experience to the discussion within their own communities. Appropriate 

subdivision design, site regulations, land uses and densities may be measures that merit further 

consideration. These might be accomplished through:

changes in policy, such as statements in official plans dealing with water conservation 

through demand management, and consideration of water supply and demand issues within 

neighbourhood or area planning processes;

changes in regulation, such as building bylaws related to water conserving measures, and 

changes to zoning related to maximum amount of impervious surfaces; and

changes in development review processes, such as requiring applicants to demonstrate their 

plans take into account water conservation measures. This could apply to subdivision design, 

site planning and individual projects/buildings.

Water Works!
The City of Calgary believes the most effective way to encourage water management is to give 

people the knowledge and skills to take responsibility for their own actions. One way the City 

is doing this is through the Water Works! school program. For grades four to six, Water Works! 

explores the need to conserve water and reduce water consumption. Curriculum links are related 

to science, social studies, language arts, math and health.

The program package includes a class set of student workbooks, a teacher’s guide and tools 

for completing activities. The activities can be completed one at a time led by a teacher, or the 

workbook can be given to students to complete on their own time.

ü

ü

ü

Planners and 

engineers will be key 

agents of adaptation 

in their local 

communities. 
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Pass it On ...
This case study may be 

interesting to stewardship 

groups, developers, businesses 

and others in Calgary and the 

Bow Valley watershed. Pass it 

on to others.

In Conclusion
This research study quantified the potential impacts of climate change on Calgary’s water supply 

over the next 50 years. A key finding was that a 50% conservation effort will be essential to 

achieve a sustainable water supply by 2064. If that cannot be achieved, Calgary may be faced by 

the challenge of how to increase supply – a decidedly difficult problem in light of the provincially-

regulated limits and a lack of any other nearby source of supply.

Owing to the focus of the study on water supply, the City’s Water Services Department was the 

obvious key agency contact for NRCan. This led to a positive and productive working relationship 

between the two groups. And, it is evident that the research findings are being used, not only 

within the City administration, but also through an educational outreach program to Calgary’s 

school system. 

Sources, Contacts and Additional Resources
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.

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.  www.adaptation.nrcan.gc.ca

The UNESCO Water Portal – www.unesco.org/water – provides links to the current UNESCO 

and UNESCO-led programs on fresh water and serves as an interactive point for sharing, 

browsing and searching websites of water-related organizations, government bodies and NGOs. 

Users can also add or modify links to help maintain an accurate online resource.

Canada Mortgage and Housing Corporation. Canadian Municipal Water Conservation 

Initiatives. A survey of municipalities to measure the success of water conservation programs. 
www.cmhc-schl.gc.ca

UK Climate Impacts Programme (UKCIP) helps organizations and communities assess their 

vulnerability to climate change, helping them prepare for possible impacts. www.ukcip.org.uk

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 National Water Research Institute (NWRI) is Canada’s largest freshwater research 

institution. A number of research studies are funded in connection with climate change effects 

on water quantity and quality. www.nwri.ca/research/climatechangeeffects-e.html

ü
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City of Calgary www.calgary.ca/portal/server.pt/gateway/PTARGS_2_104_0_0_35/

http:/content.calgary.ca/CCA/City%20Hall/Business%20Units/Water%20Services/

Youth%20Education/Youth%20Education.htm 

 • Elementary Teacher’s Guide to the Bow River Basin Waterscape Poster  

 • Junior High Teacher’s Guide to the Bow River Basin Waterscape Poster. This poster is   

  part of a series of posters developed by the Geological Survey of Canada (part of Natural  

  Resources Canada) in partnership with many different agencies. 

 • Water Works! – Student Handbook

 • Water Works! – Teacher’s Guide

ü
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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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