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6.1 INTRODUCTION

When Health Canada decided to launch Human Health in a Changing Climate: A Canadian
Assessment of Vulnerabilities and Adaptive Capacity in 2003, several factors contributed
to the development of a more detailed regional component that addressed Quebec.

Research projects on the health impacts of climate change have been underway since 1999.
They have addressed several themes (northern environments, airborne organic particulates
such as pollen, crime, the effects of heat waves), with the support of the Canadian
Climate Impacts and Adaptation Research Network (C-CIARN), Health Canada, the
Ministère de la Santé et des Services sociaux (Quebec department of health and social
services) (MSSS) and the Ouranos Consortium (Ouranos).1 In addition, these partners discussed
other initiatives—in particular, adaptation to climate change by the public and related
public services, and modelling of climate change on a finer scale than global climate models
to predict future health impacts, along with several other projects. This research was
intended to foster a better understanding of public health adaptation measures in the near
future and to facilitate their implementation.

The severe European heat wave in summer 2003 was
a pivotal incentive to further action by these partners,
and prompted a more detailed look at Quebec. This
extreme climate event (ECE) joined others that had
deeply affected Canadians in the past decade: the
1996 floods in Saguenay and the 1998 Ice Storm that
primarily affected the region south of Montreal.
These events cost taxpayers and organizations several
billion dollars, and there were other non-monetary
costs that perhaps were longer lasting. The number of
Quebeckers (currently 90%) in favour of international
commitments to greenhouse gas (GHG) reduction
(Centre de recherche sur l’opinion publique (CROP),
2002) was also a determining factor in going ahead
with this research on adaptation to the health-related
effects of climate change in Quebec.

In fall 2003, MSSS formed a five-year partnership
with Ouranos. In the beginning of 2004, the
ministry formally asked eight regional public health
departments to implement, no later than 2007,

emergency intervention plans in case of severe heat waves. At the same time, the Institut
national de santé publique du Québec (Quebec national institute of public health) (INSPQ)
was asked to conduct several research projects on impacts and adaptations in cooperation
with Ouranos, and to coordinate the related research with the public health network,
universities and Health Canada.

It was possible to launch such an assessment for Quebec because of the well-developed
governance for public health interventions already active on climate change. The presence
of Ouranos, and its multi- and interdisciplinary approach linking the climate sciences and
research on adaptations, enabled the mobilization of resources and competencies in this area.
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In addition, recent Quebec reforms in health surveillance and emergency management,
as well as an existing public health network active at the sub-regional level on climate change
issues, are all underlying reasons for this more detailed regional approach.

There are seven sections in this chapter, including the introduction. Section 6.2 presents
contextual data to describe some of the province’s basic geographic, socio-economic,
administrative and health characteristics to provide some background for the sections
that follow. The next sections address research that was conducted for this chapter.
Section 6.3 is an overview of the useful public health adaptation activities that already exist.
Section 6.4 reports some of the results of a modelling of historic mortality for the period
from 1981 to 2001, with future simulations for 2020, 2050 and 2080, using two climatic
scenarios. Section 6.5 refers to investigations into climate change-related perceptions
and adaptations among Quebeckers, and Section 6.6 to those among municipal and health
managers. Section 6.7 presents a synthesis of the current situation, a summary of the key
findings, and recommendations or suggestions for future steps for public health adaptation
to climate change.

Note that northern Quebec (located above the 50th parallel), which includes the vast
James Bay, Hudson Bay and Ungava regions (Figure 6.1), is not discussed in this
chapter because the impact assessment for northern Quebec appears in Chapter 7, Health
Impacts of Climate Change in Canada’s North.

6.2 A BRIEF LOOK AT QUEBEC

6.2.1 Geography
Quebec is one of 10 Canadian provinces. It is 1,667,441 km2 in size, and is located between
45° and 62° latitude north and between 57° and 79° longitude west. More than 99% of
Quebeckers live south of the 50th parallel (Government of Quebec, 2006d). The province
is bounded by the Arctic Ocean to the north, the United States (U.S.) and the province
of New Brunswick to the south, James and Hudson Bays and Ontario to the west, and by
the Atlantic Ocean and Labrador to the east. The topography is rather flat and there is a very
well-developed highway network. The area includes 3% of the earth’s freshwater reserves
(Ministère du Développement durable, de l’Environnement et des Parcs (MDDEP), 2002b).
The 3,058-km-long St. Lawrence River is the most important waterway in Quebec. More than
80% of the population lives along its shores or those of its tributaries, and more than 50% of
Quebeckers draw their drinking water from this river.

Quebec has a diverse climate with four distinct seasons. Depending on the latitude, average
temperatures in summer vary between 5 and 20°C and in winter from -25 to -10°C. Total
annual precipitation (rain and snow) also varies depending on the region, with accumulation
from 500 to 1,200 mm. There are four main types of climate in Quebec: a temperate humid
continental climate south of the 50th parallel, a sub-arctic climate characterized by colder
temperatures and less precipitation in the North, an arctic climate in the far North and a maritime
climate in the Gulf of St. Lawrence region.

The diverse climate supports several types of vegetation, from deciduous forest in the
south and, progressing northward, a mixed forest zone, a boreal forest zone, taiga forest and
then tundra in the far North. Forests cover more than half the province; the population is
concentrated in the deciduous and mixed forest zones.
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Figure 6.1 Quebec

Note: The 50th parallel is located between Sept-Iles and Matagami.

6.2.2 Basic Socio-Economic Data
6.2.2.1 Population and demography
In 2006, the population of Quebec was 7.6 million, 3.6 million of whom live in the Greater
Montreal area. This region has an area of approximately 4,000 km2 and its municipalities
are distributed over five administrative regions (Ville de Montréal, 2005; Institut de la
statistique du Québec (ISQ), 2006f). Overall demographic density is very low, with 5.8 inhabitants
per km2, but the density is 36 inhabitants per km2 for permanently inhabited areas. In addition
to a Francophone majority (82%), there is an Anglophone community of approximately
590,000 people, close to 600,000 recently arrived allophones and approximately 80,000Aboriginal
people (Amerindian and Inuit).The Aboriginal population generally lives on reserves or in
settlements administered by a band council. Inuit people inhabit the far North and live in villages
directed by a mayor and councillors. Ethnic communities, other than French or English,
represent approximately 18% of the Quebec population (ISQ, 2003b). Quebec receives some
40,000 immigrants annually; in 2001, these were mainly European (40.3%), Asian (26.9%),
African (11.5%) and American (11.2%).

The territory is divided into 17 administrative regions, 103 regional county municipalities,
1,264 municipalities and 78 Amerindian territories. Nine municipalities (Montreal, Quebec,
Longueuil, Laval, Gatineau, Sherbrooke, Saguenay, Lévis and Trois-Rivières) have more
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than 100,000 inhabitants. Migration to the Montreal region and its bordering regions and the
Outaouais has begun and is expected to continue for the next 20 years. The Montreal Census
Metropolitan Area has the greatest linguistic and ethnic diversity, with 67% speaking French as
their first language and 12% speaking English (ISQ, 2006e). The non-official languages most
frequently spoken in Quebec are Spanish (3.2%), Italian (2.7%) and Arabic (1.6%) (Canadian
Heritage, 2006).

As in most industrialized countries, Quebec’s population is aging, with an average age of
39.3 years in 2004. Demographic trends (fertility, mortality, migration) indicate that the population
will become one of the oldest in the world in approximately 40 years. In 1986, there were
seven people between the ages of 15 and 64 for each person 65 years and older; projections
for 2031 indicate there will be only 2.2 (ISQ, 2003a; Government of Quebec, 2006c).

6.2.2.2 Economy
Quebec had a gross domestic product (GDP) of more than C$250 billion in chained (2002)
dollars in December 2005, or approximately 20% of the total Canadian GDP (ISQ, 2006b).
Almost three quarters of this comes from the service sector. Quebec’s GDP ranks it alongside
the 20 most industrialized member countries in the Organisation for Economic Co-operation and
Development (OECD). The Quebec per-person GDP may be compared with that of England and
Japan; it is almost 5% greater than that of the 20 most industrialized OECD countries. However,
disposable income2 per person is still about 8 to 10% lower than the Canadian average, based
on historic data. It was estimated at C$23,240 per person in 2006 (ISQ, 2006a).

Each of Quebec’s administrative regions has strong economies in the science and technology
sector (aerospace, information technology, biotechnology, ground transportation materials, forest
products, pharmaceuticals) and in tourism; 27.5 million tourists visit Quebec annually and close
to 130,000 people work in some 30,000 tourism-related businesses. Natural resources (forestry
and mining) and energy resources are also at the heart of the Quebec economy. Hydroelectricity
accounts for 96% of electricity production. This high percentage occurs only rarely elsewhere in
the world (Manitoba, 99%; Norway, more than 99%) (Energy Information Administration, 2002;
Manitoba Energy, Science and Technology, 2003). Peak demand is in winter, and a great many
homes use electric heat. Quebec mineral resources rank it among the world’s 10 major mining
producers. There is currently an increase in exports as a result of international trade agreements
and the North American Free Trade Agreement, which have increased Quebec’s ability to compete
on the international market. The U.S. is Quebec’s principal economic partner (88% of exports).
Total exports from Quebec in 2006 were valued at C$150 billion, or approximately 54% of its
GDP (Ministère du Développement économique, de l’Innovation et de l’Exportation, 2007).

6.2.3 Health Administration Organization
Health and social services are combined under one administration, the MSSS, and are divided
into central, regional and local levels (Figure 6.2). Quebec has 18 socio-health regions governed
by the Agences de la santé et des services sociaux (health and social services agencies), within
which are the Directions de santé publique (public health branches). These regions are the same
as the governmental administrative regions, with the exception of Mauricie and Centre du
Québec, which form one socio-health region, and the northern Quebec administrative region,
which is divided into three parts (Nunavik, Terres-Cries-de-la-Baie-James and Nord-du-Québec)
mainly because of the size of the territory and the ethnocultural characteristics of the population.
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Figure 6.2 Public health within the Quebec health and social services system

Source: MSSS, 2005.

At the provincial level, MSSS establishes the general direction and allocates budget resources. At
the regional level, the Agences de la santé et des services sociaux are responsible for regional
planning and resource management, as well as budget allocations to institutions. At the local level,
the 95 Centres de santé et de services sociaux (CSSSs) (health and social services centres) and
other stakeholders share responsibility for the local population through a clinical and organizational
project. A regional public health branch within each agency coordinates regional public health
program activities, in cooperation with the CSSSs and other partners outside the health network.
The regional director of public health is directly appointed by the minister on the recommendation
of the regional agency, and has a great deal of professional latitude within the legislative framework.

The public health network also relies on INSPQ and its mandate to improve the population’s health
and well-being (INSPQ, 2006c). INSPQ has more than 500 employees and provides MSSS and
the regional agencies with support in the form of expertise, research, laboratories, training and
international affairs. For 20 some years, roundtables on public health, occupational health,
environmental health, infectious diseases, health surveillance and health promotion have helped
to coordinate the various public health sector stakeholders. A permanent secretariat periodically
assembles representatives from the 18 regions, from INSPQ and MSSS, as well as several guests,
depending on the files, for the roundtables. These meetings help to coordinate, plan, transfer
knowledge and share resources.

In December 2005, the Quebec health and social services network included 315 institutions, 199 of
which were public. These include health and social services centres (acute hospital services,
home care, social services), university hospitals, youth centres, rehabilitation centres, long-term
hospitalization centres and nursing homes. The remaining 116 institutions are privately owned
and are almost exclusively long-term care facilities. There are also approximately 1,500 private
medical clinics and 4,000 community organizations active in health and community services.
Almost 7% of the Quebec labour force (approximately 250,000 people) work in health and social
services. Each of the 18 socio-health regions includes one or more CSSS, hospitals, rehabilitation
centres, and child and youth protection centres.
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18 health and social services agencies

Regional institutions

RAMQ: Régie de l’Assurance-maladie du Québec (Quebec health insurance board)
OPHQ: Office des personnes handicapées du Québec (Quebec office for the disabled)
CHQ: Corporation d’hébergement du Québec (Quebec accommodations corporation)
CM: Conseil du medicament (medication board)

Administrative or consultative agencies
RAMQ, OPHQ, CHQ, CM, Héma Québec

Minister of Health
and Social Services

Institut national de
santé publique du Québec

Ministry of Health and Social Services/
Public Health Branch

Local health and social
services centres
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6.2.4 Public Health Goals and Programs of Interest
The Loi sur la santé publique (Quebec public health act), which came into effect in
December 2001, is intended to protect and maintain public health through a provincial
health program, regional action plans and increased health surveillance. In 2003, the
Programme national de santé publique (2003–2012) (provincial public health program)
was launched. Its general objective is to improve determinants of health and well-being
by reducing health and psychosocial problems and trauma. In the context of climate change,
the maintenance of air quality, surveillance of infectious diseases and reduction of poverty
are very relevant. These issues are addressed specifically through research and innovation
as well as through environmental health intervention (MSSS, 2003b). INSPQ is involved
in research, which includes working on climate change, training researchers and publishing
their work (INSPQ, 2006a).

6.2.5 Other Provincial and Municipal Policies
Various governmental policies on social housing, emergency preparedness, water management
and sustainable development complement the above-mentioned public health programs in being
able to implement steps that are needed to address climate change. The Société d’habitation du
Québec (SHQ) (Quebec housing corporation) administers several programs to improve the
supply and quality of social housing in Quebec (SHQ, 2006). Since 2001, the Civil Protection
Act has defined areas of organization and action for organizations and agencies responsible for
civil protection, as well as their responsibilities, such as those of municipalities in implementing
their emergency plans (Ministère de la Sécurité publique (MSP), 2005). Section 16 of the Act
obliges municipalities to define their objectives for reducing vulnerability to risks associated
with major disasters, and to identify actions required to achieve these objectives. This change
focuses on prevention versus reaction (i.e. reacting to disasters).

In 2002, the Ministère du
Développement durable
de l’Environnement et des
Parcs (MDDEP) adopted
the water policy (Politique
nationale de l’eau), which
is a comprehensive synthesis
of water issues in Quebec
(MDDEP, 2002c). As a result
of this policy, changes were
made to regulations on the
quality of drinking water to
ensure that small distribution
networks provided quality
drinking water and that water
treatment plant employees
were appropriately trained (MDDEP, 2005b). An international agreement on sustainable
water resources in the Great Lakes-St. Lawrence River Basin was signed by two Canadian
provinces (one of which was Quebec) and eight U.S. states (MDDEP, 2005c). The purpose
of the recent Loi sur le développement durable (sustainable development act) is to guide
sustainable development in Quebec; it is a first step toward a sustainable development policy
(MDDEP, 2006a). The most recent Policy on Health and Well-Being dates back to 1992 and
does not include measures to address climate change (MSSS, 1992). However, public health
measures are outlined in the Government of Quebec Climate Change Action Plan 2006–2012,
announced at the end of June 2006 (Government of Quebec, 2006e), and are discussed in the
following two sections.
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Certain municipal initiatives should also be recognized. Because of their responsibilities
in land use and urban planning, municipalities are responsible for zoning. Many are currently
revising urban boundaries within which future construction of all types will be permitted.
The use of new flood-risk area maps will also be considered more frequently over the
next few years. The Union des municipalités du Québec (UMQ) (association of Quebec
municipalities) has also adopted a number of policies and programs on climate change.
The GES-Énergie municipalités (GHG-municipal energy) program aims to reduce municipal
GHG emissions. More than 200 municipalities already participate in the program
(UMQ, 2006). For example, in 2004, Quebec City adopted a plan to reduce GHG
emissions by 22% by 2010 (Ville de Québec, 2004). This plan has already begun to yield
results (Ville de Québec, 2006). The key roles that municipalities play in developing
and implementing recycling, transportation and environmental policies, as well as in the
leadership of emergency preparedness plans, make them key players in adapting to
climate change.

6.2.6 Status of Surveillance and Monitoring

The provincial public health program includes a surveillance program to learn about and
share information on the status of population health, including the acquisition, production
and distribution of data (MSSS, 2003b). The current surveillance program tracks more than
150 indicators (mortality, morbidity, health determinants, services, etc.), and will develop
several dozen more over the next five years. The program could be adapted for the surveillance
of health issues related to climate change because of its flexibility in analyzing priority
or emerging issues, and its capability for prospective analyses (simulations) targeting certain
health issues.

In 2004, INSPQ’s Infocentre de santé publique (public health information centre)
centralized data acquisition and implemented provincial surveillance tools—an essential
step to understanding health problems on a large scale. All large databanks are now,
or will be, hosted by INSPQ (or accessible under agreements with INSPQ), including
data on meteorology, climate simulations, environmental pollution, etc.. The current
plan provides for the development of indicators related to climate change within the
Infocentre de santé publique. These will include a component that incorporates spatial
and temporal analyses related to climate for some notifiable diseases, the implementation
of a system for the surveillance of physical and mental health during ECEs, and improvements
to the alert system for heat waves for a coordinated, real-time follow-up. INSPQ is also
participating in the development of an Internet atlas of public health vulnerability to
climate change (Gosselin, 2005). All these recent initiatives will be implemented between
2006 and 2012.

6.2.7 Ouranos Consortium and Public Health

The Ouranos Consortium is a multidisciplinary research and development (R&D)
organization that studies climate change and adaptation; it includes some 250 scientists
from 10 provincial ministries, one federal department, a Crown corporation (Hydro-Québec)
and four universities. MSSS became a formal member in 2004, although it had been involved
in joint health projects since 2002. Research activities include 10 programs and approximately
60 projects, 10 of which are part of the 2006–2009 health plan adopted in March 2006.
MSSS has mandated INSPQ to coordinate and conduct part of the research on the health
effects of climate change and required adaptations, in cooperation with regions, Ouranos
partners and Health Canada.
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6.3 STATUS OF CLIMATE CHANGE ADAPTATION
INITIATIVES, 2004–07

6.3.1 Context
Climate change will have diverse effects. According to international authorities (World
Health Organization (WHO), 2003; United Nations, 2007a, 2007b) and several multinational
corporations (Earth Institute, 2007), proactive solutions to create measures to adapt to and
mitigate the impacts must be implemented immediately. National and international health
authorities have targeted six areas essential to human health: heat waves and urban heat islands;
preparation for extreme climatic events (ECEs); water and food; vector-borne and zoonotic diseases
(WHO, 2003; Warren et al., 2004; Menne and Ebi, 2006); exposure to ultraviolet (UV) rays;
and air quality. MSSS, INSPQ and Ouranos are addressing these areas on a regional scale in
Quebec. This section provides an overview of the efforts that are starting or underway to
prevent or mitigate the negative health effects associated with climate change.

6.3.2 Methodology
Literature review and semi-structured telephone interviews provided the information on current
adaptation initiatives in each of the six targeted areas. The literature review (of scientific and
government documents) was conducted using general (Google) and specialized (e.g. Medline,
Web of Science) search engines, and from sources published either in French or English
between 1995 and 2005 that were applicable to Quebec. Semi-structured telephone interviews,
averaging approximately 15 minutes each, were conducted with key informants from public
and private institutions (e.g. health care, occupational health and safety, air quality protection,
urban climates, land management and environmental measures, air conditioning technology,
environmental law and public safety). These key informants were from the 15 administrative
regions in southern Quebec; the northern regions are addressed in Chapter 7, Health Impacts
of Climate Change in Canada’s North.

The initiatives identified for the period 2004–07 were assessed by comparing them with
Canadian, American or international recommendations from various organizations such as
the Government of France, U.S. Environmental Protection Agency (USEPA), U.S. Centers for
Disease Control, the World Meteorological Organization, the World Health Organization and
Health Canada. Emphasis was on the following subjects: heat waves and urban heat islands;
preparation for ECEs; water and food; and vector-borne and zoonotic diseases. National and
international health recommendations were compared with current adaptation initiatives in
Quebec to address issues related to the various themes studied, and a synthesis of the required
adaptations was prepared. The results of these overviews were recently published (Giguère
and Gosselin, 2006a, 2006b, 2006c, 2006d). Two other areas, UV rays and air pollution, have
not yet been investigated in depth because of limited available resources. The relationship
between air quality and climate change in Canada is reviewed in Chapter 4, Air Quality, Climate
Change and Health.

6.3.3 Heat Waves and Urban Heat Islands
6.3.3.1 Context
In southern Quebec, global climate models predict that by the end of the century, average
temperatures will increase by an additional 2 to 3°C in the summer (Ouranos, 2004).
This would likely be accompanied by an increase in the frequency and intensity of heat
waves (Warren et al., 2004). The definition of a heat wave varies a great deal from one
location to another (Institut de veille sanitaire (InVS), 2003b). For Quebec, a heat wave
warning is currently issued when the Environment Canada forecast for a period indicates
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no less than three consecutive days during which
daytime outdoor air temperatures are greater than
33°C and the minimum nighttime temperatures
are 20°C or greater, or two nights during which the
temperature remains at 25°C or more (Direction
de santé publique (DSP) de Montréal, 2004, 2006).

The urban heat island effect (UHIE) is generated by
asphalt surfaces and various infrastructure materials
that absorb heat, thereby increasing the outdoor air
temperature by 0.5 to 5.6°C (Oke, 1982) (Figure 6.3).
This phenomenon affects a significant proportion
of the population, especially socio-economically
disadvantaged individuals living in urban areas
and people with chronic illnesses or cardio-
respiratory diseases (including children and seniors)
(Patz et al., 2000; Michelozzi et al., 2005; Haines
et al., 2006).

A general provincial plan is not in place for adaptation measures to address heat waves and UHIEs.
However, MSSS has stipulated that, for 2007, public health units in the seven socio-health
regions in southern Quebec are to include specific intervention strategies for periods of extreme
heat in their emergency measures plans (MSSS, 2006a). Initiatives also include various brochures
and training programs related to the risk of heat waves to the general population and certain
vulnerable groups, such as seniors or certain groups of workers (Commision de la santé et de la
sécurité du travail (CSST), 2004; MSSS, 2004).

Figure 6.3 Example of heat islands in the Montreal region, summer 2001
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6.3.3.2 Current adaptations
In 2004–05, heat wave warning systems were prepared for nine cities with more than
100,000 inhabitants. As yet, none of the cities has had to deal with a long-lasting heat
wave. However, some of the initial steps before a full alert have been successfully
implemented in real-life situations. A simulation in Montreal (Health Canada, 2005) also
identified some improvements that could be made to existing plans. In addition,
Ouranos is currently planning or conducting research projects on heat waves and
UHIEs (Table 6.1).

Table 6.1 Projects under the Ouranos health program, 2006–09

Various initiatives (using pamphlets and other communication tools to address the risks
associated with extreme heat) have been put in place to inform the general public and some
of the more vulnerable clients, such as seniors and their families, and certain groups
of workers. A similar awareness-raising initiative was undertaken with health institutions
and other groups (e.g. CSST, Réseau public québécois de la santé au travail (Quebec
public occupational health network) and organizations (e.g. medical clinics, pharmacies,
Fédération des locataires d’habitations à loyer modique (federation of low-cost housing
tenants). A recent exploratory study in the Estrie region on medication use during
periods of oppressive heat illustrates the importance of cautions by pharmacists (Albert
et al., 2006). A significant percentage (30.2%) of people aged 65 and over take a type
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1. Additional historical analyses of hospital morbidity, emergency room visits and
general mortality as a function of historic temperatures and simulated analyses
for the 2020, 2050 and 2080 horizons.

2. Implementation of roundtables to assess the measures required for adaptation
to climate change: institutional and clinical components.

3. Identification of sectors vulnerable to intense heat in a Canadian metropolis
for intervention and research on public health.

4. Feasibility study for the development of real- and non-real time tools for
surveillance of the health effects of extreme climate events.

5. Estimation of future smog levels with the Unified Regional Air-quality Modelling
System (AURAMS) and the Canadian Regional Climate Model (CRCM).

6. Fine spatial variations in mortality and hospitalization with extreme climate
events in urban environments.

7. Feasibility study of water management projects using current Ouranos
water projects.

8. Incidence and distribution of gastrointestinal illnesses among populations
at risk and the risk factors associated with climate and agricultural practices.

9. Development of an interactive atlas on health vulnerabilities associated
with climatic change.

10. Integration, dissemination and transfer of knowledge and support for Ouranos
activities by the Quebec MSSS and its networks, Health Canada and the
World Health Organization.
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of prescription medication whose absorption can be affected by dehydration, or that can
impede caloric loss or alter kidney function. Nearly 5% of seniors were taking three
or more medications of this type at the same time.

Several municipalities (e.g. Quebec, Gatineau, Montreal, Laval, Saint-Eustache) are increasing
tree plantings along streets, improving tree maintenance and making their replacement
mandatory. Province-wide standardization of fines for cutting down trees should contribute
to their conservation (Government of Quebec, 2005a). The increasing interest in green
roof systems and high-albedo roofs3 that lower the absorption of solar energy, and increasing
use and availability of public transportation in some regions help to reduce the UHIE
(Ducas, 2004; Ville de Montréal, 2005).

6.3.3.3 Required adaptations
In light of literature reviews and semi-structured telephone interviews (Giguère and
Gosselin, 2006d), the following could be developed in Quebec to decrease the negative
effects of heat waves and urban heat islands, according to the authors:

• increased training for health professionals;

• popular education pilot projects on personal protection during heat waves and on helping
to combat the UHIE;

• economic measures to encourage the implementation of various initiatives to mitigate
the effects of heat waves, specifically measures related to better residential insulation;

• improvement of knowledge related to aeration, ventilation and air conditioning for health
and long-term care centres;

• new guidelines for the management of health care centres during heat waves; and

• ongoing reinforcement of initiatives that have already been implemented, specifically
those addressing real-time monitoring of the effects of heat waves.

A record of existing air conditioning in hospitals and long-term care centres is suggested to
ensure knowledge of the resources, target where improvements can be made, and complete the
information being collected for current extreme-heat research projects. MSSS is currently
implementing such a system. Regulations on energy efficiency in buildings date back to 1983,
and are currently being re-evaluated by the government.

6.3.3.4 Synthesis
Current heat wave adaptation efforts appear fragmented. However, although certain key
preventative measures are lacking, ongoing and completed research projects (Table 6.2),
legislation, heat wave-related emergency plans and surveillance measures represent a very
good start for the implementation of adaptation measures. Preventative measures, notably
to combat the effects of urban heat islands and to improve the energy efficiency of homes
and institutions, in addition to the commitment to increasing air conditioning in care
facilities (Government of Quebec, 2006e), are to be implemented, likely in the coming
years. To date, the initiatives represent a balanced portfolio of short-term measures as
well as long-term preventative ones.
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3 High-albedo roofs reflect most of the solar energy away from their surface before it is absorbed and converted into heat energy.
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Table 6.2 Other ongoing or completed (C) health projects in Quebec
except for northern regions (2002–2008)

6.3.4 Emergency and Extreme Climate Event Preparedness
6.3.4.1 Context
In Quebec, as elsewhere in the
world, climate scenarios predict
an increased frequency and
intensity of certain ECEs including
hurricanes, heat waves and heavy
rainfall causing floods (Ouranos,
2004). The ice storm that hit
the Montreal region in 1998 was
a turning point in Quebec’s
awareness of civil protection;
in 2001, the Civil Protection
Act reorganized the civil
protection system (MSP, 2005).

The consequences of ECEs include damage to physical structures and individuals (both the
people who are affected and those who work with them) who experience short- and long-term
physical and psychological effects (Maltais et al., 2001a, 2001b; Auger et al., 2003). Displacement
of affected populations, the gravity of health effects, insurance coverage and material losses
may all lead to psychological sequelae.
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1. Awareness of risks encountered by outpatients suffering from chronic pulmonary
disease and measures to be taken during periods of intense heat (2008)

2. Historic variability analysis of general mortality (in relation to temperature) and
simulations for 2020, 2050 and 2080 with downscaling (C)

3. Survey of personal and family perceptions, vulnerabilities and adaptations (C)

4. Increase in concentrations of organic particulate (pollen) caused by climate
change and potential consequence for respiratory disease and vulnerable
populations in urban environments (Climate Change Action Fund ) (C)

5. Geosimulation of the progression of West Nile virus infection as a function
of climate in Quebec (2007)

6. Survey of health and municipal managers on perceptions, vulnerabilities
and adaptations (includes extreme climatic events) (C)

7. Post mortem on adaptations to disasters and catastrophes (including extreme
climatic events), for the period between 2004 and 2007 (C)

8. Post mortem on adaptations to vector-borne diseases in Quebec, for the period
between 2004 and 2007 (C)

9. Post mortem on adaptations to heat waves and urban heat islands in Quebec,
for the period between 2004 and 2007 (C)
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6.3.4.2 Current adaptations
Recent changes to provincial legislation have improved civil protection (MSP, 2005) and
the linkages among stakeholders appear to have improved. Most of the adaptation initiatives
have their roots in the surveillance and monitoring, training and education, and regulation
and policy sectors. A storm and flood detection system and real-time surveillance of dams and
rivers is in place for the entire province. A new, standardized approach to risk analysis
and management in municipalities for 19 risks is being implemented, and is complete for
two risks: forest fires (natural) and fires (human-induced) (Table 6.3). The involvement
of public health branches, MSSS and INSPQ is planned as part of the implementation
of emergency plans and measures. Land use plans for cities and regions intend to include
climate change considerations that are consistent with provincial regulations (flood
plain management) and advice from public health branches, and MSSS will provide
feedback on development plans and urban planning. Ouranos will be undertaking
a research project on the ECEs (Table 6.1) that involves assessing the feasibility of
developing real- and non-real-time surveillance tools for the health effects of these events.

Table 6.3 Types of natural or human-induced risks that will be included
in risk analysis in Quebec municipalities

Source: MSP, 2004.

6.3.4.3 Required adaptations
Based on the summary of the adaptations recommended by the various agencies that were
consulted, the authors of this study concluded that Quebec should further develop prevention
programs or invest in programs to address ECEs (Giguère and Gosselin, 2006b). Investments
have increased over the past 10 years, but they have recently declined. The following initiatives
for adaptation to ECEs in the context of climate change are encouraged:

• improvement of planning and preventative investment for ECEs, such as the protection
of buildings and critical infrastructure (e.g. power supplies, specifically for heating and food
storage), and water treatment facilities;

• measurement, modelling and the communication of risks for the various types of ECEs over
the short-, medium- and long-term to develop appropriate initiatives;
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• research on the short- and long-term effects of ECEs on health and the improvement
of emergency health measures; and

• implementation of a system for the surveillance and epidemiological follow-up of health
effects (deaths, injuries, infectious diseases, psychosocial effects) of ECEs.

6.3.4.4 Synthesis
Quebec has one of the most advanced health surveillance and environmental monitoring
systems in Canada, as well as a good emergency response system according to the study
led by Giguère and Gosselin (2006b). However, none of these health surveillance systems
specifically addresses ECEs, a gap the authors recommend to correct. Disaster and ECE
adaptation initiatives should be developed by adding a component relating to the effects
of climate change, as well as a significant component relating to the prevention of impacts
on health. The risk analysis approach used by civil protection stakeholders (implementation
is beginning) will play an important role in achieving this. These suggestions have been
integrated into the 2006–2012 action plan of the Quebec government (Government of
Quebec, 2006e).

6.3.5 Water
6.3.5.1 Context
The current abundance of water resources is reflected in the 326-litre average per capita
daily water consumption (Center for Research and Information on Canada (CRIC), n.d.)
and the many private swimming pools in Quebec (50% of pools for 23% of the population).
The projected effects of climate change include the drop in levels, flow and quality
of watercourses; changes in the rainfall regime; and an increase in the salinity of the
St. Lawrence River (Environment Canada, 2005b). These changes will have a significant
impact because surface water is the source of drinking water for more than 70% of
Quebeckers (MDDEP, 2002a). The quality and quantity of current abundant water
resources could be compromised. The possible impacts are substantial and briefly
described here.

Water-borne diseases can occur when pathogenic microorganisms migrate to underground
or surface water sources (Canadian Council of Ministers of the Environment (CCME),
2004, 2005). Phosphorus, nitrogen, sunlight and heat are the primary factors associated
with the formation of cyanobacterial water blooms (Magnuson et al., 1997; Giani
et al., 2005; Rolland et al., 2005). In Quebec, this phenomenon was reported in 84 lakes
and streams between 1999 and 2003 (INSPQ, 2006c), and led to bans on consuming
and bathing in the water from these sources, although no cases of human disease have
been reported to date. The cyanotoxins produced by cyanobacteria can cause skin
irritation, as well as severe liver and nerve damage when contaminated water comes
into contact with skin or is ingested (American Water Works Association, 1999;
Agriculture and Agri-Food Canada, 2003). Young children, seniors and people with
chronic diseases are at higher risk of developing severe symptoms from contaminated
water. People who are engaged in water sports are also particularly vulnerable to
natural biotoxin contamination (Agence de développement de réseaux locaux de
services de santé et de services sociaux, 2003; MDDEP, 2005a). The larger population
could be affected both physically and psychologically by water shortages, and
families at risk could experience a higher degree of food insecurity if they were
required to purchase their water (DSP de la Montérégie, 2004).
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6.3.5.2 Current adaptations

Water quality surveillance is generally well organized by MDDEP and the St. Lawrence
Centre. Training for regional public health branches on water issues is excellent, and
abundant information is available to the public and professionals. Several environmental
initiatives to decrease contaminants are underway in cities and industry, including the
forestry and agricultural sectors. The recent changes made to water quality (MDDEP, 2005b)
and pesticide legislation should have a beneficial effect on water quality by decreasing
surface runoff waste.

Surveillance of illness outbreaks associated with water and food is not well developed
among the general population but is better established in institutional and commercial settings.
Ouranos is planning public health research projects on water quality (Table 6.1).

6.3.5.3 Required adaptations

Comparison of existing adaptations with those recommended (Giguère and Gosselin,
2006a) indicates the following should be developed or more widely applied throughout
the province:

• accelerated implementation of various methods for maintaining optimal water quantities
to ensure the safety of persons (fire, basic hygiene, food requirements) and quality
drinking water (pressure, dilution). These include specifically:

– optimization and standardization of leak detection for water supply systems

– education of individuals and businesses about the importance of and methods for
conserving drinking water

– inclusion of low water use techniques in the Building Code;

• strict control of water quality surveillance in small drinking water supply systems;

• financial support to implement watershed management, to accelerate implementation
and preserve multiple uses;

• development of management policies for cases of conflict over supply; and

• improved epidemiological surveillance of health impacts related to drinking water
and recreational water to ensure faster and more sensitive detection of outbreaks by public
health authorities.

6.3.5.4 Synthesis

Climate change will likely have a major negative impact on the quality and quantity of
water resources in Quebec due to more frequent and severe low-flow and drought periods,
as well as diminished flow from Lake Ontario (into the St. Lawrence) and the Ottawa
River (Environment Canada, 2002; Croley, 2003; Fagherazzi et al., 2005). Because these
sources provide drinking water for the Greater Montreal area, major difficulties in water
use management are expected (Vescovi, 2003). Water quality also seems to be affected
by climate change, and abundant rainfalls have been associated with increased rates
of gastroenteritis in recent studies from the U.S. (Curriero et al., 2001) and Canada
(Thomas et al., 2006). The legislative frameworks for drinking water quality, watershed
management, and pesticide management are basic tools for adapting to climate change,
and have recently been updated significantly. Their implementation has begun, and
water resource management practices and water treatment infrastructures should be
better coordinated because currently several controversial files affect land management
and public health.
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6.3.6 Vector-Borne and Zoonotic Diseases
6.3.6.1 Context
In Quebec, the trend toward warmer temperatures (which has been observed and predicted
by climatic scenarios) could encourage the appearance of vector-borne and zoonotic
diseases that do not normally occur here, or could increase the range for some diseases
currently present. According to models, Lyme disease is expected to appear in southern
Quebec within 10 to 20 years (Ogden et al., 2006) (Figure 6.4). Climate influences several
aspects of infectious disease cycles, such as the reproduction of animals, insects and
ticks; the ease with which insect vectors can transmit the disease; and human behaviour
leading to exposure to various vectors (Ontario Forest Research Institute, 2003). Other
than the West Nile virus, there are currently no other significant cases of vector-borne
diseases; only one isolated case of hantavirus has been reported to this point (Giguère
and Gosselin, 2006c).

Figure 6.4 Simulation of changes in the range for Lyme disease, toward 2050

Chapter 6

Source: Ogden et al., 2006.

6.3.6.2 Current adaptations
Surveillance of zoonotic and vector-borne diseases is well organized by the various
departments involved, in part because the public system subsidizes a portion of the research.
Certain diseases require mandatory reporting; this measure helps to limit outbreaks.
The Public Health Agency of Canada and MSSS make information about infectious
diseases available to the public and professionals. Public health branches distribute
pamphlets and provide information on Internet sites to keep the public informed about
current infectious diseases. The Laboratoire de santé publique (public health laboratory)
is very well organized and provides excellent support for any analyses that are required.
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West Nile virus was the most closely monitored disease until recently (Gosselin et al., 2005),
as sampling campaigns and larvicide control measures ended in 2006. Several research
projects have been completed or are underway (Table 6.2). A decision-support tool is being
designed for West Nile virus, based on the geosimulation approach and including the
climate change context (Bouden et al., 2005). Several very effective zoonotic surveillance
networks have been established by the Ministère de l’Agriculture, des Pêcheries et de
l’Alimentation (MAPAQ) (department of agriculture, fisheries and food) (MAPAQ, 2006)
and the Institut national de santé animale (national animal health institute). Since 1997,
they have regularly collaborated with MSSS and the public health branches on epidemiological
research. MAPAQ has also invested heavily in research and laboratories over the last few
years (MAPAQ, 2006).

6.3.6.3 Required adaptations
Experts consulted in the Giguère and Gosselin study (2006c) outlined several important
steps for improved adaptation to the emergence and increase of zoonotic and vector-borne
diseases related to the effects of climate change in Quebec:

• maintain, encourage and implement integrated surveillance systems for zoonotic and
vector-borne diseases that may present new risks with climate change;

• include indicators related to the effects of climate change—such as consideration of
the epidemiological and ecological changes related to these diseases—in surveillance
systems for zoonotic and vector-borne diseases;

• heighten awareness and education initiatives for individuals, farmers, and human
and animal health professionals to address emergence, intensification, detection and
protection issues as they relate to zoonotic and vector-borne diseases in the context
of climate change; and

• continue research into methods for the control of zoonotic and vector-borne diseases;
specifically, the implementation of preventative technologies to prevent natural and
artificial aquifers from becoming suitable mosquito breeding areas and the inclusion
of these technologies in infrastructure construction standards.

6.3.6.4 Synthesis
Considering the several climate change adaptation initiatives underway in this area
of public health, it is the area that offers the most extensive coverage of the population.
However, Giguère and Gosselin (2006c) note that Quebec has been spared to a great
extent from vector-borne health risks until now. In the future, climate change will likely
increase the importance of vector-borne diseases in the province. Legislative reform
with a view to better control of vector-borne and zoonotic diseases has led to significant
investment in monitoring and laboratory testing in the agricultural sector. The importance
of food safety in a context of commercial agricultural production has helped to stimulate
various adaptation initiatives that are also related to reducing risks associated with
vector-borne and zoonotic diseases; the significance accorded to these initiatives by
the health sector has increased. However, difficulties exist, such as how to effectively
reach the thousands of farmers scattered across the province and how to deal with
millions of potential mosquito breeding grounds. Existing vector-borne and zoonotic
surveillance systems have not yet been tested in a large scale event in such a
way as to demonstrate their capacity to handle a major epidemiological situation
affecting humans.
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6.3.7 Other Subjects

6.3.7.1 Ultraviolet rays (UV)

With climate change, it is expected that the warm
season will be extended, and public exposure
to UV rays will increase (Hill et al., 1992).

The incidence of health problems associated with
over-exposure to UV rays, particularly sunburns
and skin cancer, could continue to increase at
a greater rate than in previous decades. An increase
in the number of cataracts can be expected, as
well as an immunosuppressant effect that could,
for example, have a negative effect on vaccine
effectiveness and foster the development
of epidemics (WHO, 2003). Despite this fact,
there has been very little research into climate
change and public exposure to UV rays in Quebec.
Furthermore, UV protection is rarely considered
in proposed climate change adaptation measures
in Quebec despite its priority nationally (Warren
et al., 2004). The effects on public health are
serious, with more than 80,000 new cases of skin
cancer in Canada each year. This is the most
common type of cancer (Canadian Cancer Society, 2005). The health effects associated with
UV rays are preventable with modified personal protection behaviours and with the creation
of shade. Moreover, UV risk-awareness programs are cost effective. For example, in Australia,
the prevention of the negative effects of UV rays costs an average of eight cents (US)
per capita whereas cancer treatment costs $5.70 (US) per capita (WHO, 2003).

Tools currently available include the UV index issued by Environment Canada, which
is widely available to the public. In addition, the National Sun Safety Committee brings
together scientists from every Canadian province to encourage cooperation and intersectoral
action in reducing the incidence of UV-caused skin cancer (Canadian Strategy for Cancer
Control, 2001). Required adaptation measures include increased educational programs about
the dangers of UV exposure, research projects to measure the effects of climate change
on population behaviour in terms of UV exposure, and measuring the effectiveness of the
various adaptation measures designed to decrease UV exposure. Preventative measures
for shade creation will also be useful.

6.3.7.2 Air quality

In addition to producing carbon dioxide (CO2), the burning of fossil fuels affects air quality.
Various pollutants and tropospheric ozone precursors, as well as the fine particulates involved
in the production of urban smog, have been proven responsible for harmful health effects.
More than 80.4% of Quebeckers live in urban areas, and 25% of them live in the Montreal
area (ISQ, 2006e, 2006f), which is already greatly affected by poor air quality (ISQ, 2006e,
2006f; INSPQ, 2006c). Climate change will also increase the time periods conducive to smog
formation (Warren et al., 2004). Further, climatic warming will have an additional negative
impact on air quality because there will be longer growing seasons, causing an increase in
concentrations of airborne pollens (Warren et al., 2004; House and Brovkin, 2005).
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Climate models predict an increase in the frequency of ECEs, including droughts, wildfires
and storms (increased pollen dispersion is among the associated effects), all of which have
a negative impact on air quality (Warren et al., 2004; U.K. Department for Environment,
Food and Rural Affairs (DEFRA), 2005). In Montreal, links have been established between
climate and pollen concentrations, as well as among pollen concentration, visits to the
doctor and socio-economic status (Garneau et al., 2005). Poor air quality is responsible
for premature deaths among vulnerable populations, such as individuals with respiratory
disease, allergies or cardiac disease, in particular children and seniors. The effects of
pollen can compound this and are significant in terms of health effects and costs, given
the existing high rate of allergies. It is estimated that 10% of the population suffers
from respiratory diseases and allergies (Agence de la santé et des services sociaux de
la Montérégie (ASSSM), 2002); in Quebec in 1992, the annual direct cost of hay fever
amounted to $49 million.

This area of concern is the subject of current research projects (Table 6.1) as well as one
recently completed project (Table 6.2). Existing adaptations in place include air quality
indices (e.g. InfoSmog) available throughout the year (Environment Canada, 2006b), but their
usefulness appears minimal according to recent studies (Bélanger et al., 2006a; Tardif
et al., 2006) and they will likely need to be enhanced. The required adaptations include
preventative measures to encourage decreased activities during periods of high air pollution,
and the promotion of measures to improve air quality, such as using public transportation,
travel by bicycle or on foot, and the purchase of smaller vehicles that consume less energy
and raw materials to manufacture and operate. Further information and data on the
relation between air quality and health should be considered a priority, given the burden
that poor air quality imposes on health.

6.3.7.3 Strategic communication and research tools

Climate change adaptation efforts should be conducted in a concerted manner, based on reliable
and accessible data, to respond effectively to new demands and to involve all stakeholders.
Current initiatives include an atlas of health vulnerabilities, and projects under the Ouranos
health program (Table 6.1) and the INSPQ Infocentre (INSPQ, 2006b). However, a permanent
knowledge-based distribution and transfer program to address climate change adaptations has
yet to be developed and implemented. This program would be intersectoral, given the wide
range of adaptations and the various stakeholders involved. This activity is included under the
Ouranos health program outlined in Table 6.1.

6.3.8 Synthesis

Currently, several climate change adaptation initiatives are being implemented—a positive
indication for the province. These include an integrated and planned research and surveillance
effort that addresses the connection between health status and climate; and certain products
are being distributed to managers in various provincial departments and the regions and
used for policy formulation and program development. The recent implementation of
several significant legislative and regulatory tools to protect public health and to implement
preventative measures is also a positive element in the context of adaptation to climate
change. The excellent history of interministerial and intersectoral cooperation in Quebec
will be a considerable asset in the highly complex domain of adaptation. But as yet,
there is no integrated public health program that could launch a coordinated charge on
the priorities in this area and address the gaps that have been identified (Bélanger
et al., 2006a).
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In light of the research conducted and experts who were consulted (Giguère and
Gosselin, 2006a, 2006b, 2006c, 2006d), the following initiatives in the areas listed here
should be developed.

For extreme heat:

• training for health professionals;

• implementation of popular
education pilot projects on
personal protection during heat
waves and on contributing
to controlling the UHIE;

• addition of economic measures
to encourage the implementation
of initiatives to mitigate extreme
heat phenomena, specifically
measures related to better
housing insulation;

• improvement of knowledge about aeration, ventilation and air conditioning for health
care centres and nursing homes;

• new guidelines for the management of health care centres; and

• ongoing reinforcement of initiatives that have already been implemented, particularly
with respect to real-time surveillance of the effects of heat waves.

For adapting to ECEs in the context of climate change:

• promotion of a culture of preventative planning for ECEs, such as building protection,
critical infrastructure (e.g. transportation, power supply, water treatment plants);

• measurement, modelling and communication of risks of the various types of ECEs
in Quebec over the short, medium, and long terms to develop the appropriate initiatives;

• research on the effects of ECEs on health over the short and long terms, in addition
to the improvement of emergency health measures; and

• implementation of a surveillance and follow-up system on health effects of ECEs as
a function of the climate.

For water resources:

• accelerated implementation of the various methods for the maintenance of optimal
water quality to ensure human safety (fire, basic hygiene, food needs) and drinking water
quality (pressure, dilution). These include:

– optimizing and standardizing leak detection in water supply systems

– educating individuals and businesses on the importance and means of conserving
drinking water

– integrating low-water use techniques into the Building Code;

• strict control of water quality surveillance in small drinking water supply networks;
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• financial support for watershed management and infrastructure to accelerate its implementation
and preserve the multiple uses of the watershed;

• development of management policies for conflicts over supply; and

• improvement of surveillance of health effects related to drinking and recreational water.

For zoonotic and vector-borne diseases:

• implementation and maintenance of integrated surveillance systems for zoonotic and
vector-borne diseases that may present new risks with climate change;

• inclusion of indicators related to the effects of climate change—such as consideration
of the epidemiological and ecological changes related to these diseases—in surveillance
systems for zoonotic and vector-borne diseases;

• intensified awareness and education initiatives for individuals and human and
animal health professionals that address emergence, intensification, detection and
protection issues as they relate to zoonotic and vector-borne diseases in the context
of climate change; and

• continuation of research into methods for the control of zoonotic and vector-borne
diseases, specifically the implementation of preventative technologies to prevent
natural and artificial aquifers from becoming suitable breeding areas for mosquitoes,
and on the inclusion of these technologies in infrastructure construction standards.

For protection against increased
exposure to UV rays:

• increase in the visibility of
educational programs on the
dangers of UV exposure and on
effective prevention measures;

• research projects to measure the
effects of climate change on
population habits in terms of UV
exposure and measurement of
the effectiveness of the various
adaptation measures designed
to decrease UV exposure; and

• creation of more shade in urban
environments.

For air quality:

• assessment of the usefulness of air quality indices for behavioural changes related
to preventative and protective measures;

• implementation of measures to improve air quality, such as the promotion of public
transportation, travel by bicycle or on foot, and purchase of smaller, cleaner vehicles; and

• maintenance and development of available knowledge and new data on air quality
and health.
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6.4 HISTORICAL AND SIMULATED MODELLING OF MORTALITY
FOR 2020, 2050 AND 2080

6.4.1 Introduction

In Canada, as in many other countries, climatic warming means an increase in average
temperatures and a rise in sea level, as well as a greater probability of ECEs (e.g. periods
of intense heat, freezing rain, floods) (Natural Resources Canada (NRCan), 2002).
This situation is recognized as a public health concern (WHO, 2000, 2002; Donaldson
et al., 2001) because of the effects of climate change on increased mortality and
morbidity related to heat stroke, skin cancers, cardiovascular and respiratory diseases
(e.g. asthma), vector-borne and zoonotic diseases, kidney disease, liver disease,
neurological disease (e.g. epilepsy) and mood disorders (e.g. depression) (McGeehin
and Mirabelli, 2001).

Some of the research undertaken for this chapter was to identify and simulate certain
future climate-related health effects in Quebec. The first goal was to quantify the
relationships among mortality, some morbidities and climate. The second goal was to
project future rates of mortality and hospitalization for a given future Quebec climate.
Analyses were carried out using mortality (1981–1999) and morbidity data (number
of hospitalizations, individuals hospitalized or emergency room visits between 1981 and
2002) in tandem with chronological series on several climatic parameters (e.g. temperature,
diurnal range, Humidex) to create statistical models. These models were then paired
with regional projections for climatic variables generated by Ouranos to identify variations
in mortality and morbidity for simulated future periods.

The first part of the results is presented here; this includes selected statistical mortality
models for several cities and regions in Quebec, as well as projections associated
with these models for three future periods (2020, 2050 and 2080 horizons). The other
analyses on hospital morbidity and emergency room visits are underway and will
become available in 2008. The main data sources used in this project are presented
(under section 6.4.2 Methodology) along with a few details on data processing, as
well as the creation of the database. The project methodology and results are then
presented and discussed.

6.4.2 Methodology

Health data (deaths, hospitalizations, emergency room visits) are all from MSSS. Only
non-traumatic deaths were included (codes 1 to 799 in the International Classification
of Diseases (ICD-9)). Deaths for the period between 1981 and 1999 were used for the
following two reasons:

• Beginning in 1981, death data were more reliable (before 1981 data were not exhaustive
or not collected by area) and the format was easier to use; and

• Until 1999, cause of death was classified according to the ninth revision of the ICD
(ICD-9) whereas beginning in 2000 the tenth revision (ICD-10) was used, making
comparison more difficult.

Meteorological data were taken in part from Environment Canada airport weather stations.
These stations collect by far the most complete data and include a large number of
meteorological parameters. The airport station data sets were complemented by data from
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other Environment Canada stations (Environment Canada, 2005a). While the latter are
numerous, they produce only temperature and precipitation data. Each truncated postal
code was associated with the closest meteorological station. Thus, mortality and morbidity
models could be created as a function of the climate for quite a variety of areas. The
climate average for a given geographic area was obtained by using all stations associated
with the postal codes in this area.

Ouranos provided climate data for future periods. These included daily maximum,
minimum and average temperatures for the 2020, 2050 and 2080 horizons. The data are
from a specific general circulation model known as the HadCM (Hadley Centre coupled
model) (Gordon et al., 2000) paired with scale-reduction techniques (or statistical scaling)
(Nguyen et al., 2005). General circulation models are developed on a planetary scale
and simulate, among other things, the effects of increases in GHGs for future periods.
For this research, two specific emissions scenarios were considered: A2 and B2
(Nakicenovic et al., 2000). These scenarios were established by the Intergovernmental
Panel on Climate Change (IPCC), and correspond to various worldwide changes in
social, demographic, economic, technological and other domains. It should be noted
that the A2 scenario is based on a higher concentration of GHGs (approximately
twice the current levels in 2080) than the B2 scenario (IPCC, 2007). Scale-reduction
methods make it possible to scale down the simulation results from global models
to more local proportions (e.g. town, region). Historic data from weather stations are
used to make this change in scale. In the present study, the percentage of explained
variance for each predictor-predictand pair is equal to the same order of magnitude
(between 65% and 90%) found in the study by Gachon et al. (2005). The predictands
considered here are minimum, maximum and average daily temperatures. The various
sensitivity analyses carried out to verify the accuracy of the climate models used have
shown a high level of reliability—with the exception of the 2020 horizon period,
which could be problematic because of the weakness of the expected changes and
the lack of statistically significant climate signals (Gachon and Dibike, 2006).

Projections of mortality variations were assessed for certain cities and administrative
regions in the province. All cities considered have a weather station close by; this
makes it possible to reduce the scale. However, the size of the administrative regions
may have reduced the accuracy of projections for these areas. Finally, there are several
general circulation models, each of which produces a different version of future
climates. The model used here (HadCM3) generates projections close to the average
of the other models with the possible exception of winter, where temperature increase
projections are below the average (Chaumont, 2005).

Identifying the effect of climate on mortality relies mainly on methods initially developed
by Schwartz et al. (1996) for research on the effects of air pollution on health. Use
of the Poisson regression made it possible to obtain a statistical relationship between
the number of deaths per day and the various meteorological parameters available.
More formally, this is a general linear model with specific link functions (McCullagh
and Nelder, 1989). A parametric cubic spline function was chosen by the authors
of this study (Doyon et al., 2006) to represent the link between deaths and a given
climatic parameter. To obtain this relationship, one must control for confounding
factors (effects of the day of the week, seasons, long-term mortality trends). As an
example, Figure 6.5 presents the relationship between temperature and mortality
for three cities in Quebec with and without controlling for confounding factors.
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Figure 6.5 Relationship between mortality and average daily temperature
for Montreal and Quebec City and the Saguenay Region

Chapter 6

Note: Graphs (a), (b) and (c) are taken from the model in which confounding
factors are disregarded. Graphs (e), (f) and (g) illustrate those taken
from the model in which confounding factors are taken into consideration.
Graphs (d) and (h) are overlays of (a), (b), (c) and (e), (f), (g), respectively.
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Several meteorological parameters may be included in the mortality model. A first
scan was conducted by adding the climatic variables available to the model, one by one.
Preliminary analyses were conducted for several cities (Montreal, Quebec, Gatineau,
Sherbrooke, Saguenay) for deaths due to all causes, and certain more specific classifications
(death due to diseases of the circulatory or respiratory systems). Models have been
built that consider various combinations of maximum, minimum and average temperatures
and the Humidex. These analyses have made it possible to select only average temperature
as the temperature indicator in the model. This variable stood out above others from a
statistical point of view. The Akaike (1973) information criterion was used as a performance
indicator. The addition of the diurnal range had practically no effect on the model.
Nor did dew point, humidity or atmospheric pressure improve residual deviation from
the model. Various groupings for time variables were then considered. Once again, the
various groupings for time variables were added one by one. For example, the average
temperature one to three days prior to death was added to the average temperature model.
Another scan was then conducted on all climatic variables in addition to trying various
time groupings on each scan. The final model that was selected contained groupings
of average temperature up to 14 days prior to death.

This model was then paired with long-term climate simulations to estimate variations
in future mortality. The results presented here do not include demographic forecasts;
therefore, it is assumed that the size or population of a city or region will not change in the
future. This is common practice for these types of simulations, and allows for comparison
with the current situation. A detailed discussion of the methodology, sensitivity analyses
and a presentation of the selected equations and terms, by city and region is found in
Doyon et al., 2006.

6.4.3 Results
6.4.3.1 Historical modelling
One of the project goals was to provide a provincially scaled description of current and
future climate effects on the population. First, daily mortality was assessed for several
cities in southern Quebec. Statistics by administrative region were added to complement the
numbers for cities for which modelling could be problematic; the methodology described
in the preceding text may be problematic when death rates are low (<2 deaths/day). The low
numbers also prevented modelling age and cause of disease for all cities and regions.

For an in-depth portrait of climate effects on the population, a relationship was established
between climate and deaths from all non-traumatic causes for the cities and regions for
which the models were significant. Only Montreal was selected for comparison of the
effects of heat on causes of death. The causes chosen were deaths due to diseases of the
circulatory system (ICD-9, codes 390–459), the respiratory system (ICD-9, codes 460–519)
and tumours (ICD-9, codes 140–239).

Figures 6.5 and 6.6 demonstrate the relationship between mortality and average daily
temperature for some cities and regions in Quebec. Note that the curves represent relative
mortality as a function of temperature. For a specific temperature, the curves compare
mortality to the average mortality for all other temperatures, taking into account the seasons,
long-term trends and days of the week. (For example, 130% mortality at a given temperature
indicates that there were 30% more deaths at this temperature than the average.)
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Figure 6.6 Relationship between mortality and average daily temperature
for some regions in Quebec
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Figure 6.6 makes it possible, on a qualitative basis, to compare the effects of temperature on
mortality for each region. The relationship with daily temperature was used because the latter
is the climatic variable with the greatest effect on mortality. Generally, for all cities and regions,
there seems to be a point beyond which the number of deaths increases almost linearly with
temperature. In addition, the slope of the linear portion seems practically identical from one
city or region to another. As for the effects of cold, no similar trends could be identified; the
effects of cold seem to be more directly related to relative mortality as a function of temperatures
in the weeks preceding death.4

Despite the size of the administrative regions and the different microclimates of those regions,
the same quasi-linear relationship between mortality and temperature can be identified (for
the “warm” part of the graph). For the Abitibi-Témiscamingue, North Shore, Lanaudière,
Centre-du-Québec, Gaspésie-Îles-de-la Madeleine and Nord du Québec regions, no significant
link between the temperature and the number of deaths seems apparent; consequently, these
results are not presented. With the exception of Lanaudière and Centre-du-Québec, these
regions are sparsely populated and are located in the northern and eastern parts of the province.

6.4.3.2 Estimating mortality for simulated future climates
The HadCM model with scenarios A2 and B2 was used for selected cities and regions to project
the variation in mortality due to climate change for different periods. Figures 6.7 and 6.8 show
projections for summer and annual mortality, respectively, for several cities. Figures 6.9 and 6.10
illustrate these projections for several administrative regions. Variations in mortality are expressed
as a percentage of historic mortality (between 1981 and 1999) and presented for the future periods
of 2020, 2050 and 2080. Projections for the summer seasons are presented because variations are
most significant during this period. In general, there is a small drop in mortality in winter and
a slight increase in spring and fall. Annual variations in mortality are also presented to provide
information on a complete year. Because variations in summer mortality are much greater
than in other seasons, there is an increase in annual mortality in a warmer future climate.

4 For example, see Figure 7 in Doyon et al. (2006).
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Figure 6.7 Variations in summer mortality for several cities in southern Quebec
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Figure 6.8 Variations in annual mortality for several cities in southern Quebec

Note: This figure presents expected
variations in summer mortality
in several cities in Quebec for
scenarios A2 and B2. Variations
are expressed as a percentage
of historic mortality for the
period from 1981 to 1999.
Black error bars indicate the
95% confidence interval.

Note: This figure presents
expected variations in annual
mortality in several cities in
Quebec for scenarios A2 and B2.
Variations are expressed as a
percentage of historic mortality
for the period from 1981 to 1999.
Black error bars indicate the 95%
confidence interval.
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Figure 6.9 Variations in summer mortality for several regions in southern Quebec

Figure 6.10 Variations in annual mortality for several regions in southern Quebec

Note: This figure presents
expected variations in summer
mortality in several of
Quebec’s administrative
regions for scenarios A2
and B2. Variations are
expressed as a percentage
of historic mortality for
the period from 1981 to 1999.
Black error bars indicate
the 95% confidence interval.

Note: This figure presents
expected variations in annual
mortality in several of
Quebec’s administrative
regions for scenarios A2
and B2. Variations are
expressed as a percentage
of historic mortality for
the period from 1981 to 1999.
Black error bars indicate
the 95% confidence interval.
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The differences in the projections for cities are not significant, but those for the regions are.
Regional projections were obtained using the average of monthly forecast temperature anomalies
for stations located in or near the region; this crude approximation may explain some of
the differences. Also, climatic variability within a single region may have some effect on the
statistically established relationship between mortality and temperature. Nevertheless, projections
for the Estrie, Outaouais and Saguenay-Lac-St-Jean regions are similar to those of a major city
located within each region (Sherbrooke, Gatineau and Saguenay, respectively).

6.4.3.3 Models and projections by age group
For Montreal and Quebec, models were created by age group. Only two groups were considered:
15 to 64 years of age, and 65 years and over.5 The 15 to 64 age group seems less vulnerable to
heat (the slope is less oblique for temperatures greater than 15°C), but seems more vulnerable
to cold, especially in Quebec City, where there is a negative slope for temperatures below 10°C.
For the summer period, variations in mortality are approximately two to three times more
significant for the 65 and over group than for the 15 to 64 age group.

The main results for the simulations are as follows:

• For the A2 scenario, there was an increase in summer mortality of approximately 2%
for 2020, 6% for 2050 and 10% for 2080, as well as an increase in annual mortality of
approximately 0.5% for 2020, 1.5% for 2050 and 3% for 2080. In terms of the absolute
number of deaths per year6 for southern Quebec, this would be an increase on the order
of 150 deaths annually in 2020, 550 annual deaths in 2050 and 1,400 in 2080. However,
the 95% confidence interval for these figures demonstrates a wide range of possible
values that also vary with the climatic scenarios used. On the other hand, these data
do not reflect the predictable aging of the population, which will likely tend to increase
the number of deaths related to warming.

• This increase affects most regions in Quebec (with the exception of Côte-Nord and Gaspésie)
and increases in intensity from east to west.

• There does not seem to be any significant difference among the major cities in Quebec
with respect to the vulnerability of their populations to climate change.

• Increase in mortality for the population aged 65 and over is approximately two to three times
more significant than that for the group between 15 and 64 years of age.

• The effect of temperature on the 15 to 64 age group seems to change over time. This age group
is more vulnerable to temperature increases during the 1991 to 1999 period than during
the 1981 to 1989 period.7

6.4.4 Discussion
Statistical models were developed to establish the relationship between mortality and climate and
then predict effects for two scenarios of future climates for Quebec. Projections of mortality
were presented for several cities and administrative regions. Projections for the administrative
regions had several weaknesses. The development of models required that average temperatures
be established for relatively large geographical areas which sometimes included microclimates
(such as the Laurentian mountains). In addition, for these large administrative regions, projections
for future periods were derived using data from relatively distant stations. Such approximations
were not used for cities; therefore, the results for cities were not similarly affected.
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5 Not presented here. See Figure 17 in Doyon et al. (2006).

6 See Tables 3, 4, 5 and 6 in Doyon et al. (2006), for a detailed presentation.

7 Not presented here. See Figure 21 in Doyon et al. (2006).
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There is no significant difference among the projections for the various cities. The population
density limited the models to regions along the St. Lawrence River, in the Outaouais and in
Saguenay-Lac-St-Jean. Projected variations in future climates for this area are very similar and
do not show any significant differences in future mortality for the cities considered (Figure 6.11).

Figure 6.11 Current and simulated annual average number of hot days

Note: Hot days are those with maximum temperature >30°C.

Source: Based on the Canadian Regional Climate
Model (CRCM v3.6.1) and the IPCC IS92a emissions
scenario and conducted by the Ouranos Consortium
in 2005.

In the literature, several publications present projections for variations in mortality for future
periods. For example, Donaldson et al. (2001) published projections for the U.K. and several
of its large cities predicting annual decreases in mortality. Doyon et al. (2006) obtained the
opposite result—an increase in total mortality—for all the cities analyzed. Several factors may
explain this difference, such as the ability to adapt to cold and some of the methodology.

As reported by Wilkinson et al. (2001), the excess winter mortality in England between 1986
and 1996 was attributed, among other things, to the absence of central heating and to the high
cost of heating. Eventual temperature warming could therefore contribute to decreased winter
mortality in this region of Europe. In Quebec, however, the situation is different. In fact, it is
unlikely that warming, on average, will affect winter mortality. Over the years, Quebeckers
have developed various strategies to adapt to the cold. The Loi sur l’économie de l’énergie
dans le bâtiment (An act respecting energy efficiency in buildings) (1983), which is intended
to ensure minimum performance for heat insulation in walls and ceilings, is an example
of an adaptive strategy (Régie du bâtiment du Québec, 2006). Furthermore, natural resource
endowments in Quebec contribute to the availability of heat at a relatively low cost—one of
the lowest of several industrialized countries, including the U.K. (Filion and Lauzier, 2002).

Some methodological differences between the research in this report and that of Donaldson
et al. (2001) cannot be ignored. For example, their study did not control for the effect of
the seasons. As discussed earlier, controlling for seasons mainly affects the results for the cold
portion of the model (Figure 6.6). A model that does not control for this effect will predict
fewer winter deaths for future climates. In controlling for the seasonal effect, the increase
in summer mortality is not offset by a decrease for the other seasons.8 The control of seasonal
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8 If there is no control for the seasons, the relationship between deaths and cold temperatures seems more significant: the slope
of the graph is more significant for cold temperatures when there is no control. If these models are used to predict the variations
in winter mortality for future climates (which will be warmer), a significant drop in deaths in the winter is predicted. Inversely,
if the seasonal effect is controlled for, the relationship between cold temperatures and mortality decreases, and estimated
variations in winter mortality are less significant.



Human Health in a Changing Climate: A Canadian Assessment of Vulnerabilities and Adaptive Capacity 245

effects is necessary according to Doyon et al. (2006), so that mortality due to climate is not
confounded with mortality resulting from seasonal factors (e.g. epidemics). Some other
methodological differences also exist in Donaldson et al. (2001). Analyses of Doyon et al. (2006)
demonstrate that projections of mortality variations almost double in summer using monthly
rather than annual anomalies to derive future temperatures.

A different approach employs air masses in the synoptic scale to establish a relationship
between mortality and climate (Kalkstein and Greene, 1997). Using this approach, other
researchers have estimated that the number of deaths due to hot days would be approximately
three times greater than the decrease in deaths for cold days for several cities in the U.S.
This estimate is in line with conclusions by Doyon et al. (2006). It is difficult to compare
these results with unpublished work by Kalkstein and Smoyer (1993) cited in Last and
Chiotti (2001), who present figures of between 240 to 1,140 additional deaths per year
in Montreal; the details of this research (specifically the period for which the projections
were made) were not available. Nevertheless, the variations observed for Montreal are
within the lower range of those projected for 2050 and in the middle of the range for 2080.9

More recently, research that was conducted to establish future projections for a few cities
in south-central Canada, including climate warming and air pollution levels (Cheng et al., 2005),
found the same range of mortality impacts.

With the aging population in Quebec, the percentage of people over 65 will continue to
increase. This group grew from 9.7% in 1986 to 12% in 1996 (Pageau et al., 2001) and
will reach approximately 28% in 2040 (ISQ, 2000, 2003b). The projections discussed
in the preceding text and presented in the related figures were derived for the total population;
therefore, these mortality projections can probably be considered as a lower limit that
will continue to approach the predictions for a population of 65 years and over, which
are two to three times more susceptible to heat-related mortality.

The stability of the model over time is another important methodological issue. It is difficult
to anticipate how the population will adapt to climate change. Certain standards may
be applied for household air conditioning. Awareness campaigns may have an effect on the
vulnerability of individuals most at risk. This issue was addressed briefly, using two models:
the first was created with data from the 1981 to 1989 period and the second with data from
the 1991 to 1999 period. The idea was to quantify potential changes in the effects of climate
on population mortality. For the general population, there were no significant changes in the
model and its projections, at least for Montreal and Quebec.10

It was noted that the 15 to 64 age group seemed to be more vulnerable to climate change
over time. For Montreal, this change was greater for men than for women. An aging
population cannot be related to this finding. In the 15 to 64 age group there were more
people 50 years and older between 1981 and 1989 than there were between 1991 and
1999. One should therefore expect greater vulnerability to the effects of climate change
in this age group in the 1981 to 1989 period than in the 1991 to 1999 period; but the
reverse was the case.

This outcome could be attributed to an increase in air pollution that is not taken into
account in the models. Because pollution and smog episodes are sometimes correlated
with warmer temperatures, the relationship between temperature and mortality obtained
by Doyon et al. (2006) could also have been slightly distorted, particularly for the labour
force (between 15 and 64 years of age) and more specifically for individuals who work
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9 Data not presented here. See Tables 4 and 5 in Doyon et al. (2006).

10 Results not presented here. See Doyon et al. (2006).
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outdoors. If air pollution increased significantly between 1981 and 1999, deaths during that
period could be statistically attributed to higher temperatures and the conclusion would be
that the population is becoming more vulnerable to these temperatures.

It is also possible that this observed difference could be attributed to the small number
of deaths, which would modify the stability of the measurement of mortality. On the other
hand, average ozone concentrations (ozone being a pollutant associated with an increase
in deaths among individuals with chronic pulmonary disease (Lajoie et al., 2003)) in the
south of the province continued to increase between 1990 and 2003 (Statistics Canada, 2006).
During this period (1990–1999), an increase in deaths from respiratory illnesses, such
as obstructive pulmonary disease, specifically among men between 25 and 44 years of age
in the Montreal region (Eco-Santé, 2005a), was also noted. Because pollution and smog
episodes are sometimes correlated with warmer temperatures, it is possible that certain
population groups in the labour force are becoming increasingly vulnerable to higher
temperatures (e.g. outdoor workers).

This last hypothesis possibly could be verified by introducing pollution data into the models
for Montreal and Quebec. Some authors have already attempted to quantify the significance
of temperature effects compared with those for pollution (Kunst et al., 1993; Pattenden
et al., 2003; Keatinge and Donaldson, 2006) and agree on the fact that temperature has
a much greater effect on mortality than pollution. Recently, other authors have measured
this difference for Toronto (Rainham and Smoyer-Tomic, 2003) and reached the same
conclusions.11 Therefore, it is unlikely that the addition of pollution indicators to the models
could completely explain the changes in the mortality and temperature relationship for
the 15 to 64 age group.

It is important to realize that the models created for this chapter represent the average
effect of climate. It is difficult to measure the effect of one heat wave (or other ECE) on
death because such events have been historically rare. A binary term has been added to the
model to account for heat waves. Between 1981 and 1999, there were heat waves in the
province but none were comparable to the one that occurred in France in 2003 (InVS, 2003a).

6.4.5 Next Steps
The increases in mortality simulated by the models created for this report nevertheless
remain significant from the point of view of public health. These simulations probably
represent the lower limit of the increases in mortality, given the currently aging demographic
and the possible increase in global emissions of GHGs and global warming. There are
many public health programs addressing risk factors that have much less marked effects on
mortality and morbidity. Therefore, this information must be incorporated into planning for
the prevention of related risk factors and protection of the health of vulnerable populations.

The most populated areas of the province will be the most affected. Issues of warming
and heat waves and their related effects are often perceived in Quebec as affecting only the
Montreal area. The data here demonstrate a much larger challenge that affects almost
everyone in Quebec.

Finally, it will also be useful to pair these simulations with current demographic models
to account for changes in the proportion of seniors and in their residential locations.
The simultaneous effect of atmospheric pollution should also be subject to additional analyses.
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11 The authors demonstrate that the mortality and temperature relationship for men is the one most influenced by controlling
for pollution.
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6.5 HEATWAVES AND COLD SNAPS, AND CURRENT
AND FUTURE ADAPTATIONS

6.5.1 Introduction

Following on evaluations of the health effects of heat waves and cold snaps, particularly
in Europe and North America (Scottish Executive, 2001; Centers for Disease Control and
Prevention (CDC), 2004, 2006; WHO, 2005; Centre on Global Change and Health, 2006;
InVS, 2006), this section focuses on three studies conducted for this Assessment. These studies
examined perceptions and behaviours during heat waves (Bélanger et al., 2006b) and cold
snaps (Bélanger et al., 2006c), as well as those concerning the onset of climate change and
proposed solutions to alleviate or adapt to it (Bélanger and Gosselin, 2007). Some of the
results of a 2005 telephone survey in southern Quebec are summarized and provide an initial
response to issues raised by adaptations currently in use for heat waves and cold snaps.
Several future adaptation strategies are suggested, a number of which are already the subject
of national and international recommendations (e.g. Health Canada, 2001, 2006; Menne
and Ebi, 2006). These recommendations include more in-depth research to expand on the
investigations that have taken place to date and the implementation of public health measures
and public services.

6.5.2 Methodology

6.5.2.1 Research population

The study population was composed of individuals living in southern Quebec (Figure 6.12) and
covering 15 of the 18 socio-health regions (SHR), which include more than 99% of the Quebec
population (ISQ, 2006f). The health effects of climate change in the three northern regions
(Figure 6.12: regions 10, 17 and 18) are discussed and summarized in Chapter 7, Health Impacts
of Climate Change in Canada’s North.

Figure 6.12 Socio-health regions in Quebec
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6.5.2.2 Sample
The sample, stratified according to socio-health region (SHR), residence and post-stratified
for gender (Alavi and Beaumont, 2003), was calculated using 2001 Census data (ISQ,
2005b), with a 95% confidence interval and a precision level of 0.35 (Thompson, 1987). The
total sample included 5,080 Quebeckers aged 18 years and over; half were contacted during
the spring of 2005 and the other half during the fall of 2005.12 Sampling was conducted by
household, based on a random selection of published residential telephone numbers.

Among the respondents,13 5.7% lived in eastern Quebec (Figure 6.12: SHR 01, 03, 11);
5.9% in the north of the province (SHR 02, 08); 14.5% in the Quebec City region (SHR 03, 12);
6.5% in central Quebec (SHR 04); 21.0% and 15.7%, respectively, lived south of Montreal
(SHR 05, 16) and north of Montreal (SHR 07, 14, 15); 30.6% lived in Montreal (SHR 06)
and Laval (SHR 13).14 A slight majority of respondents were female (51.5%), and the
majority was between 35 and 64 years of age (54.7%; 18–34 years: 29.3%; 65 years and
over: 16.0%). French was the first language for 81.3% of respondents, English for 5.8%,
a language other than French or English for 10.1%, and English or French plus another
language for 2.9%.

6.5.2.3 Data collection
A polling company collected the data by telephone (average interview duration: 20 minutes),
seven days a week, between 9:30 a.m. and 9:30 p.m., with a computer system that permitted
random redistribution of the order of questions. To minimize any bias due to an association
with the outdoor temperature on the day of the interview, two rounds of data collection
were conducted. The first (from March 16 to April 19, 2005) was to collect information
on adaptations to heat waves; the second (September 15 to October 25, 2005) was to collect
information on adaptations to cold snaps. Each respondent was interviewed only once.

6.5.2.4 Questionnaire development
Particular attention was paid to the development of the survey questionnaire. It was
prepared as follows: (1) a preliminary questionnaire, based on the literature on health
and climate change issues, was developed for the interviews (Presser et al., 2004);
(2) exploratory interviews (average duration: 2 hours) were conducted with 21 volunteers
(>_18 years of age) to check for the comprehension of certain terms (e.g. chronic illness),
identify which measurement scales to use and which questions to exclude; (3) a first
draft questionnaire was developed; (4) the first draft questionnaire was tested for telephone
use (e.g. clarity and accuracy of questions) with 61 volunteers (>_18 years of age) who
were recruited by project researchers and public health practitioners working in the
15 socio-health regions under study; (5) the questionnaire content (English and French
versions) was validated by five experts working in the field of health and climate
change in Canada; and (6) a polling firm pre-tested the French and English versions
of the questionnaire (n=50) at the beginning of each round of data collection.
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12 For data collected during the spring: 70.2% of those selected (n=3,726) completed the questionnaire; 4.9% were not interviewed
because of survey time limits; 6.6% could not be reached; fewer than 1% (n=7) did not complete the interview; 18.2% refused
to be interviewed.
For data collected during the fall: 70.0% of those selected (n=3,731) completed the questionnaire, 5.8% were not interviewed
because of survey time limits; 7.7% could not be reached; fewer than 1% (n=11) did not complete the interview; and 16,5%
refused to be interviewed.
No difference between the percentage of respondents and non-respondents, depending on the SHR of residence, was noted
in either data collection (p>_0.4).

13 With respect to socio-demographic characteristics, no statistical difference was observed between respondents from the first
round of data collection (heat waves) and the second (cold snaps).

14 Due to rounding of percentages (to the nearest point), the sum may not total 100%.
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6.5.2.5 Information collected
Generally, the information collected from all respondents (first and second rounds of
data collection) related to socio-demographic characteristics (e.g. income); health status
(e.g. chronic illnesses); housing (e.g. perceived effectiveness of insulation); means of
transportation (e.g. use of a car); use of media to obtain weather information (e.g. wind
chill index); clothing adaptations as a function of weather; compliance with preventative
advisories issued during ECEs; perceptions about the occurrence of climate change
(e.g. heat waves); and on current suggested solutions to mitigate or adapt to them.15 Both
the first and second rounds of data collection (heat waves and cold snaps, respectively)
addressed ways of cooling (e.g. air conditioning) or heating (e.g. oven) homes, and protection
strategies (e.g. toque) for outdoor activities (e.g. running errands) that are used during
extreme temperatures.

6.5.2.6 Analysis

The collected data were weighted by calibrating for respondent age and language, on
the basis of the 2001 Census data (ISQ, 2005b). The analyses accounted for sampling
by socio-health regions. The Rao-Scott likelihood ratio test was used for the bivariate
analysis; logistic regression was used for the multivariate analysis (Sautory, 2005).16 The
statistical significance threshold of α < 0.0001 was selected because of the high number
of respondents.

6.5.3 Heat Waves
6.5.3.1 Current adaptations

Access to and use of air conditioners and fans
Of all respondents, 10.2% had neither
a fan nor an air conditioner in their home,
53.9% had only a fan, 26.2% had both
a fan and an air conditioner, and 9.6% had
only an air conditioner. Almost half of the
respondents with an air conditioner (35.8%)
had access to a central or wall-based
system (a “fixed” versus a “movable” system,
such as a window or portable unit).

Seniors (41.3%) more often had an air
conditioner at home than younger people
(35–64 years, 36.9%; 18–34 years, 31.0%).
The same is true for respondents who lived
with another person (38.4%) compared with
respondents who lived alone (26.1%)
and for respondents with higher incomes
(>_ $60,000 before taxes from all sources within the past 12 months17, 45.5%) compared
with those with lower incomes (<$15,000, 22.1%; intermediary strata between $15,000 and
$59,999, 28.5% to 39.4%) (Figure 6.13).
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15 Perceptions of climate are discussed in section 6.5.5.

16 The results are not presented here. For more information, see Bélanger et al., 2006b, 2006c.

17 All following income figures are before taxes from all sources within the past 12 months.
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Figure 6.13 Home air conditioning, by income levels
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Access to air conditioning also varied by region of residence: 5.4% in eastern Quebec,
24.1% in northern Quebec (south of the 49th parallel), 24.8% in the Quebec region, 28.4%
in central Quebec, 40.8% and 41.2% south and north of Montreal, respectively, and
44.6% in Montreal and Laval (Figure 6.14).

Figure 6.14 Home air conditioning, by region of residence
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During heat waves, 56.0% of respondents used their air conditioning on a continuous
basis (57.6% fixed systems, 42.4% movable systems), 20.1% used it only at night, 21.0%
used it only during the day and 1.4% never used it. During heat waves, those who used
air conditioning the least during the night were 65 years old and over and had an income
of less than $45,000 (58.5%). The second group referred to respondents under 65 years
old with approximately the same income (75.5%). Finally, the third and fourth groups
included those with better incomes (>_$45,000), first those 65 years and older (79.7%)
and then younger (84.8%). Household air conditioning, particularly for fixed systems,
was the main reason given by respondents for not opening their windows at night during
heat waves.

Four out of five respondents owned at least one fan; 42.8% used them during the day
and at night during extreme heat, 31.8% used them only at night, 17.3% used them only
during the day and 8.1% never used them. Households with air conditioning showed a
lower use of fans at night, which was more common among respondents under 65 years
(35–64 years, 76.8%; 18–34 years, 79.6%) than among those 65 years and older (55.7%)
and among respondents with chronic neurological disease (61.2% day and night, 16.1%
night only, 16.5% day only and 6.2% never) than among respondents with other illnesses
(43.0% day and night, 24.9% night only, 22.5% and 9.6% day only) or who were not
ill (42.2% day and night, 34.7% night only, 15.6% day only and 7.6% never). Respondents
who used fans only at night believed their home insulation was less effective, and opened
their windows at night more often than other respondents.

Preferred location to cool down during heat waves by housing type
To cool down during heat waves, 62.3% of respondents preferred to remain at home
(30.7% in the home and 31.6% on the balcony or in the yard). Approximately half of the
respondents had access to an outdoor pool. Others (37.2%) generally went to public
locations outdoors; preferred places included beaches or locations beside other bodies
of water (15.7%), gardens or parks (9.6%), outdoor pools (7.4%) and places with air
conditioning (9.5%).

Compared to apartment dwellers, respondents who
lived in houses most often preferred to remain at
home to cool down either inside or by their private
pools in equal proportions. They were more likely
to be between 35 and 64 years of age, have children
less than 18 years of age and incomes of $45,000
or more than apartment dwellers. Home dwellers
most often lived in a building that that had been
upgraded since its construction—either by adding
insulation or by replacing doors or windows—and
for which insulation was perceived as very effective
in controlling humidity. Almost 40% had an air
conditioner (fixed, 23.5%; movable, 15.9%).

There were also substantial differences between
apartment dwellers living in small versus large buildings,
as shown in Table 6.4.
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Table 6.4 Proportions (%) for some characteristics related to residence
and behaviour during heat waves

Source: Bélanger et al. (2006b)

Among residents of apartment buildings with five floors and more, 60.5% remained at home
during heat waves and more than half of them stayed inside only; 10.2% went out on their
balcony; 25.9% had a pool where they lived. These residents were more likely than other
respondents to be 65 and older (37.7%) compared to home owners (14.4%) or dwellers in
smaller buildings (15.2%). One in two had no children and lived alone. Compared with all
other respondents, they were less likely to live in an apartment that had undergone major
repairs. With regard to air conditioning, 19.9% had fixed systems and 21.6% had movable
systems, for a total of 41.5%.

Residents of buildings with fewer than five floors were the ones who most often left their
homes to cool down during a heat wave (48.7%). They were also more often between 18 and
34 years of age (40.1%) than other respondents and had incomes below $45,000. In addition,
they were the respondents most likely to consider that the insulation in their homes was not very
effective in controlling humidity and were less likely to have air conditioning (4.3% fixed
systems, 23.9% movable systems; total 28.2%).

Running errands or participation in physical activity during a heat wave
Heat waves affected respondents differently with respect to their tendency to go out to do
errands (e.g. shop for groceries): 28.7% always went out to do errands during heat waves,
20.2% often, 26.9% occasionally, 15.0% rarely and 8.0% never. Respondents who went
out at least occasionally were more often employed (80.0%) than unemployed (74.0%),
students (74.4%) or retired (68.3%). Respondents who considered themselves in very
good (80.1%) or good (77.0%) health were more likely to go out to do errands during
a heat wave than those who considered their health to be average (69.3%) or poor (54.3%).
Respondents who did not use a cane, wheelchair or other self-help device (77.8%) were
also more likely to go out than those who sometimes (59.4%) or always used them (37.0%)
(Figure 6.15).

Chapter 6

Apartment dwellers
(less than 5 floors)

Home owners

Stay home to cool down

Between 35-64 years of age

With children below
18 years of age

No children at all

Incomes over $45,000

Insulation improved since
its construction

Doors or windows replaced
since construction

Insulation perceived as effective
in controlling humidity

Living alone

Access to air conditioning

Some characteristics Apartment dwellers
(5 floors and more)

69.9

61.3

36.2

26.9

50.3

41.6

65.6

40.2

11.0

39.4

51.2

44.7

24.3

49.4

25.4

26.2

55.7

22.4

35.0

28.2

60.5

36.8

12.5

50.7

29.4

12.1

40.7

32.2

50.4

41.5



Human Health in a Changing Climate: A Canadian Assessment of Vulnerabilities and Adaptive Capacity 253

Figure 6.15 Likelihood of going out to do errands (at least occasionally) during a heat
wave in relation to the use of a cane, wheelchair or other self-help device

With regard to more intense outdoor activity (e.g. running, mowing the lawn) during extreme heat,
the response was: 14.4% always, 16.4% often, 20% sometimes or rarely, 28.5% never. Men
(60.2%) were more likely to do so than women (41.5%). Those 18 to 34 years of age (58.6%)
were more likely to do so than those 35 to 64 years of age (49.9%) or those 65 years of age and
over (37.2%). Students (68.0%) and workers (58.4%) were also more likely to perform manual
work and be exposed to the heat than those with less physical demands: professionals (49.3%),
unemployed (48.7%) or retired (40.5%). Respondents who believed that ECEs (such as heat
waves) had no effect on their own health (56.9%) were more likely to go out than respondents who
believed that ECEs had negative effects (44.8% a little, 44.6% moderately, 30.5% a great deal).

Use of sunscreen, sunglasses and hats during heat waves
When it was sunny, 64.7% of respondents often or always used sunglasses (11.8% sometimes,
23.4% rarely or never), 48.3% used sunscreen (16.5% sometimes, 35.2% rarely or never)
and 43.4% used a hat (14.3% sometimes, 42.3% rarely or never). When there was cloud cover,
48.1% used sunglasses (15.0% sometimes, 36.9% rarely or never), 34.2% used sunscreen (15.5%
sometimes, 50.3% rarely or never) and 31.0% used a hat (14.7% sometimes, 54.3% rarely
or never).

When it was sunny, women (76.1%) used sunscreen more often than men (52.8%). Parents of
children <18 years old (74.3%) used it more often than parents of children >_18 years old (60.6%)
or respondents without children (59.9%). Respondents with higher incomes used sunscreen more
often than those with lower incomes (72.8% with incomes >_$60,000, 52.7% with incomes
<$15,000, 61.2% to 67.7% intermediary strata). Respondents who often or always followed
preventative advice issued during ECEs (such as heat waves) (70.3%) also used sunscreen more
often than those who followed preventative advice sometimes (63.9%) or rarely or never (49.4%).
Gender (80.7% women, 72.1% men) and compliance with preventative advice (81.0% often or
always, 73.7% sometimes, 67.2% rarely or never) were also associated with wearing sunglasses,
as with the use of a car (80.8% air conditioned, 75.9% no air conditioning, 64.3% no car).
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Hats seemed to be worn more by men (66.7%) than women (49.0%) and those over 65 years of
age (61.1%) than those 35 to 64 years of age (57.6%) and 18 to 34 years of age (55.7%). It should
be noted that some behaviours had become ongoing practices among some respondents; they
used sunscreen, sunglasses or a hat even when it was cloudy. There also seems to be a high
correlation among these three preventative behaviours relative to their adoption (or not).

6.5.3.2 Suggestions for future adaptations
Air conditioning
The use of air conditioning has been increasing in Quebec for several decades. It has
grown from 4.7% of households in 1972 to 15.2% in 1993 to 30% in 2003 (ISQ, 2006c)
to 35.8% in 2004 (Figure 6.16).

Figure 6.16 Percent of households with air conditioning in Quebec, 1972 to 2005

Chapter 6

0

5

10

15

20

25

30

35

40

1972 1976 1980 1984 1988 1992 1996 2000 2004

Year

P
er

ce
nt

ag
e

of
ho

us
eh

ol
ds

w
it

h
ai

r
co

nd
it

io
ne

rs

Source: Based on ISQ, 2006c and Bélanger et al., 2006b.

The increase, which appears to have moved from east to west geographically, seems to have
started with the temperature warming observed between 1960 and 2003 in southern Quebec
(Yagouti et al., 2006) (Figure 6.17). Projected demographic trends for 2026 based on the
2001 census suggest that warming will be more intense in regions where population will grow
(ISQ, 2003b). Population increase will inevitably augment the need for air conditioning,
particularly because of the increase in urban heat islands associated with greater population
densities in southwestern Quebec (Giguère et al., 2006d). As a result, suggestions have
been made (Bélanger et al., 2006b) to monitor trends in population growth, heat islands and
percent of households with air conditioning to:

• clarify statistics collected on air conditioning (e.g. type of equipment);

• conduct periodic research on temperature changes in correlation with demographic trends; and

• add previous data to an interactive atlas that presents information on maps and graphs,
and that is accessible via the Internet to climate change managers and the general public.
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Figure 6.17 Percent of household air conditioning in 2005 and increases
in average temperatures (1960–2003), southern Quebec
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Source: Based on Bélanger et al., 2006b and Yagouti et al., 2006.

Those who are economically disadvantaged were less likely to have air conditioning in their homes.
In 2003, 15.8% of households in Quebec with incomes below $20,000 had an air conditioning
unit compared with 44.3% of households with incomes of $80,000 and more (ISQ, 2006d).
Because those who are economically disadvantaged may be in poorer health (Phipps, 2003), a
subsidy program for air conditioning could be considered for homes of the most disadvantaged
(including assessment of the space to be air conditioned, purchase, installation and maintenance),
especially if health of one of the family members is seriously affected by heat waves according
to Bélanger et al. (2006a).

During extreme heat, those 65 years of age and over are one of the most vulnerable groups
(InVS, 2004a, 2006). However, although they have air conditioning in the home more often
than those who are younger, they use it less frequently at night during heat waves. Identifying
the reasons for this would help in the development and assessment of appropriate public
health messages and interventions directed at this group.

Respondents who lived in apartments more often had movable air conditioning systems than
fixed units; fixed systems are associated with decreases in mortality due to heat (Dixsaut, 2005;
Jacques and Kosatsky, 2005) and provide greater comfort than movable units (Vadnais, 2005).
An estimate of the number of hours required for movable systems to reach a comfort zone
equivalent to that of fixed systems would make an appreciable contribution to public health.

The use of air conditioning in Quebec contributes little to GHGs and air pollution because the
power source in Quebec is hydro-electrical. In addition, the power demand for air conditioning
occurs during a low energy usage period; peak demand in Quebec is during the winter for
residential heating (Hydro-Québec, 2006a). The only other similar situation in North America
is in Manitoba; everywhere else, the use of air conditioning generates additional GHGs and
air pollutants.
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Housing insulation
Several respondents who perceived the insulation in their homes as ineffective in controlling
humidity lived in housing built before 1983 and before the adoption of the Loi sur l’économie
de l’énergie dans le bâtiment (An act respecting the conservation of energy in buildings); this
legislation ensures minimum performance for thermal insulation in walls and ceilings (Régie
du Bâtiment, 2006). More funding for an energy efficiency program—such as that announced in
the recent government action plan on climate change (Government of Quebec, 2006e)—should
make it possible to improve housing insulation. First priority should be given to economically
disadvantaged people, whether they are home owners or tenants, who live in buildings that require
major repairs (Bélanger et al., 2006b).

Perceived effectiveness of insulation in controlling humidity was associated with various
housing characteristics (e.g. not air conditioned, built before 1983) that may be related in some
way to mortality during heat waves (Last and Chiotti, 2001; Auger and Kosatsky, 2002;
InVS, 2004a). This perception could be a useful indicator in the area of public health and
climate change.

Solutions for cooling homes other than air conditioning and insulation
Respondents who had movable air conditioner systems or who did not have air conditioning
at all opened their windows at night during heat waves more often than those who had
fixed systems. In certain cases, opening windows may be sufficient to cool the home
(Dixsaut, 2005) as could other solutions not documented in this research, such as neigh-
bourhood revegetation (Giguère and Gosselin, 2006d) or the use of basements. In the
context of sustainable development, the efficiency and effectiveness of these types of
solutions should be explored so more diverse options for heat adaptation (versus only
air conditioning) could be assessed.

Neurological illnesses
Individuals with chronic neurological disease used fans at night more often during heat
waves than other respondents. This result is not surprising because their health may
deteriorate irremediably during extreme heat (Semenza et al., 1999; Green et al., 2001;
McGeehin and Mirabelli, 2001). Of particular note was the number of respondents in
this group who did not have air conditioning at home. The results of this study indicate
that socio-economic factors may contribute to this situation. On the other hand, fans
may be preferred over air conditioners for health-related reasons. More information
on this issue is extremely important, such as identifying the determinants for the use of
fans and air conditioners among this group. However, first priority should be given to
understanding what makes those with neurological disease so vulnerable to heat. Such
research would support the development of better adapted health care and services,
guide public health initiatives implemented during episodes of extreme heat, and likely
encourage the expansion of medical criteria and increase the lump sum allocated for
the purchase and installation of an air conditioner (maximum of $400) under government
programs for assistance with the activities of daily living (MSSS, 2003a).

People living alone
Individuals who lived alone and who were 65 years of age and over, economically disadvantaged
and/or had a chronic health problem, lived in housing without air conditioning more often
than other respondents. Each of these characteristics (including the absence of an air
conditioner) has been considered a “risk factor” during heat waves (InVS, 2003b). “Living
alone” could be a useful synthetic indicator for population studies on health and climate
change; this characteristic may also be available through census data (Pageau et al., 2001).
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It would be desirable to examine, in more detail than in this research, the subgroups of individuals
who live alone and who are most at risk during extreme heat (Klinenberg, 2002), in addition
to identifying the services these subgroups would need to ensure their safety during ECEs. This
information could support front-line workers associated with emergency measures, and the
implementation and assessment of such measures. In addition, research to understand why
“reclusive” people or those who “feel alone” are difficult to reach would be a major asset in
identifying appropriate and timely actions to take during ECEs for individuals in this group,
whether they live alone or not. It would be important to distinguish between social factors
(e.g. support, socialization) and housing factors (e.g. location in the building, such as on the
top floor, or in a building with several floors) in relation to their effects on health during
extreme heat (Auger and Kosatsky, 2002; InVS, 2004b). The examination of various cultural
communities (Klinenberg, 2002) that are often grouped together in certain neighbourhoods
(Laverdière, 2001) would also add important information.

Running errands during heat waves
Respondents who usually use canes, wheelchairs or other self-help devices when going out
of the home rarely if ever went out to do errands (e.g. groceries) during heat waves, particularly
if they were seniors. The reasons they stayed at home were not collected during this research,
but it is likely that those in the Enquête québécoise sur les limitations d’activités (Quebec survey
of activity limitation) (ISQ, 2001) may be applicable—in particular, feeling insecure outside
the home, aggravation of health problems, the need for help upon arrival at the destination, the
use of non-portable self-help aids, unavailability of an attendant and the lack of adapted public
transportation. Such findings are of concern (Bélanger et al., 2006b) because they relate to the
additional stresses that may be faced by individuals in this group during heat waves, as well as
to the range of services that can be provided for their assistance in the absence of adequate social
support. From the point of view of assistance and public health, it would be crucial to collect
information on the needs of this group and propose a range of services that respects their physical
limitations and attendant fears (e.g. fear of opening the door to a delivery person).

Public places used during heat waves
To cool down during heat waves, people who live in apartments are much more likely to go to
public areas than those who live in houses. For this group, the most effective collective
actions to address the health effects of extreme heat would be financial support to municipalities
and neighbourhood organizations to (1) improve and conserve “free,” cool, public areas
located in urban environments (e.g. parks and gardens) and (2) implement a support program
for municipalities and neighbourhood organizations (Government of Quebec, 2002) to develop
the public access network to bodies of water. Over one million Quebeckers participate in
swimming and beach-related activities annually (Government of Quebec, 2002). Temperature
warming will increase participation in these activities as well as the size of beaches because
of drops in water levels (NRCan, 2002). Consequently, better surveillance and vigilance
will be needed to protect both the environment (e.g. erosion, pollution) and the population
(injuries and drownings.)18

Private pools
The number of private pools throughout the province is impressive: 31% of respondents had pools
at home compared with 24% in 1997 (NRCan, 1997). An assessment of their effectiveness
would be useful; however, filling pools will inevitably become a source of conflict during times
of water use restrictions. Regulating the use of water to fill private pools and implementing
mechanisms to ensure enforcement would also be potential adaptation strategies (Giguère and
Gosselin, 2006d).
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18 Drowning was the main cause of death during recreational and sport activities in Canada between 1991 and 2000
(Canadian Red Cross, 2003).
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Safety practices for sun exposure during heat waves
The adoption of preventative behaviour to protect against sun exposure (whether or not there
is sun) and the close correlation of the use of sunscreen, sunglasses and a hat (Bélanger et al.,
2006b) demonstrate the importance of habit in maintaining behaviours (Triandis, 1979; Van der
Pols et al., 2005). It also suggests that certain common factors, such as habits, will facilitate the
design, short-term adoption and long-term integration of a behaviour into daily life (Ory et al.,
2002; Solomon and Kington, 2002; Strecher et al., 2002). Currently, very little is known in the area
of the complex interactions among the factors that contribute to certain preventative behaviours
(e.g. sequentially, concomitantly). Information on the various factors that contribute to the
observance and reinforcement of safe behaviours related to sun exposure could complement public
health interventions. Improving knowledge in this little-known area could also significantly
improve the understanding of other environment-related behaviours (e.g. recycling, composting,
reclamation).

6.5.4 Cold Snaps
6.5.4.1 Current adaptations
Type of heating used in the winter
More than three quarters of respondents had access to only one source of energy for heating
their homes in the winter, primarily electricity (60.8%), while 22.2% combined more than one
source, particularly electricity and wood. The prevalence of wood heat (18.5%) was higher
among those who lived in houses (28.1%) than apartments (3%) and among those (23.6%)
with the highest incomes (>_$45,000) than among those (16.8%) with lower incomes (<$45,000).
The use of wood for heat is more frequent outside of Montreal and Laval (Figure 6.18). The
use of wood for heat is not affected by smog warnings or by the perception of living in a region
subject to winter smog.

Figure 6.18 Percentage and frequency of residences using wood heat, by region of residence
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Caulking of openings
In the winter, 12.4% of respondents caulked all windows and doors in their homes
and 19.3% caulked some. This strategy was used more often by respondents living in
buildings built before 1983 (35.9%) than in or after 1983 (21.8%) (Figure 6.19) as
well as by respondents who perceived their home insulation to be ineffective against
the cold (55.9% compared to 24.1% when very effective), and ineffective in controlling
humidity (49.6% compared to 27.1% when very effective).

Figure 6.19 Prevalence of caulking of openings in houses, by year of construction
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Adaptation strategies for heating homes during cold snaps
During cold snaps, 27.7% of respondents at least occasionally added weather stripping
to their windows (e.g. rags) and doors (e.g. carpeting) in their homes. Inefficient
home insulation against cold or for controlling humidity seemed to encourage such
solutions, particularly among respondents who had never caulked openings in
their home.

During periods of intense cold, 23.3% of respondents increased heat during the day,
if at home (34.2% sometimes, 42.5% never); 33.8% of respondents at least occasionally
increased it at night compared with 67.1% who never did. The tendency to increase
heat during the day was greater among men aged 18 to 34 years and women of
any age, but particularly among young women (Figure 6.20). At night, it was more
common among those aged 18 to 34, allophones and those who had increased it
during the day.

More than 10% of respondents used a portable heater during cold snaps: 3% often
or always, 8.7% occasionally, 88.6% never. Respondents who used portable heaters
most often considered the insulation of their homes to be only somewhat effective,
or even ineffective, in fighting the cold. They also most often lived in a home built
before 1983.



Human Health in a Changing Climate: A Canadian Assessment of Vulnerabilities and Adaptive Capacity260

Figure 6.20 Tendency to increase heat during the day during cold snaps, by age
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Twelve percent of respondents used their oven to heat their home during cold snaps: 3.7% often
or always, 8.2% occasionally and 88.0% never. These respondents also used various other
strategies to adapt, particularly portable heaters.

Most respondents (85.9%) opened the draperies or blinds on sunny days during periods
of intense cold (6.5% sometimes, 7.6% never), while one-third at least occasionally closed
them when it was windy (17.8% often or always, 17.1% sometimes, 65.1% never). Most
allophones closed their curtains.

When temperatures dipped below normal, respondents—particularly men aged 18 to 34 and
women of all ages, but particularly younger women—used other ways to keep warm at home,
including wearing warmer clothes than usual (47.7% often or always, 29.2% sometimes, 20.3%
never), using a blanket (e.g. to read or watch television) (39.4% often or always, 30.5% sometimes,
30.0% never), or taking hot showers or baths (10.9% often or always, 28.3% sometimes,
60.7% never).

Finally, 52.7% of respondents reported using at least six coping strategies for keeping warm
at home (e.g. using a blanket) or heating their home (e.g. using the oven) during cold snaps,
while 37.8% mentioned three to five and 8.7% mentioned one or two (0.8% mentioned none).
Five groups of respondents used a higher number of solutions (i.e. women aged 18 to 34,
respondents who considered their home insulation to be ineffective in controlling humidity,
respondents who did not caulk the windows or doors of their homes, and respondents residing
in the socio-health regions covering Montreal, Laval, the Montérégie and the Outaouais).

Outings for shopping or intense physical activity during cold snaps
Approximately 50% of respondents often or always ran errands (e.g. groceries) during abnormally
cold temperatures, whereas 28.6% did so occasionally and 19.9% rarely or never did so.
Similarly, one third of respondents, or 33%, often or always engaged in intense, physical outdoor
activities (e.g. shovelling snow, sports), whereas 26.1% did so sometimes, 18.1% rarely and
21.8% never. Respondents who ran errands or engaged in intense, physical outdoor activities
were more often men than women, as well as those who saw themselves as being in good
or very good health. In addition, workers and students went shopping more often than people
who were unemployed or retired. Those living in houses engaged in intense outdoor physical
activities more often than respondents living in apartments.
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During such outings, some 75% of respondents always wore warmer clothing than usual. Only
44.4% of respondents always wore warmer footwear than usual. The most popular accessory
was gloves (74.3%, always), followed by neck warmers and head coverings (63.5%, always).
Face coverings were the least used (25.2%). Generally, those aged 18 to 34 and 35 to 64 (to
a lesser degree) used these adaptation strategies more often than older respondents. Use of an
automobile also seems to be associated with the greater use of gloves and warmer clothing.
No difference was noted in behaviour according to knowledge of the wind chill factor for any
type of outing during a cold snap.

Use of a remote car starter in the winter
More than one half of respondents (56.8%)
used a car every day, while 27.0% used
a car less than once per day and 16.2%
never did. The use of a remote starter in
the winter was 32.9% among respondents
using their car on a daily basis and 27.4%
among those using it less frequently.
More women (35.3%) than men (27.1%)
used a starter. Use of a starter was also
more common in the colder regions of
southern Quebec. Bélanger et al. (2006c)
reported that neither smog warnings
nor the perception of living in a region
subject to winter smog influenced the
use of a remote starter in the winter.

6.5.4.2 Suggestions for future adaptations
Wood heating
In Quebec, residential wood heating increased by approximately 60% from 1987 to 2000
(MDDEP, 2006b), particularly following the 1998 Ice Storm (Télasco, 2004). This trend
is worrisome because this type of heat is responsible for half of human-made fine particulates
released in Quebec. These particulates, like some gases generated by wood combustion,
can affect human health. Two factors should not be underestimated: the increased frequency
and intensity of ECEs (NRCan, 2002), which could encourage Quebeckers to burn more
wood, and the recent and future increase of the Quebec population in the regions surrounding
Montreal (ISQ, 2006f) where the prevalence of wood heating is already relatively high.

With a view to protecting public health, the trend toward heating with wood should be
monitored (Bélanger et al., 2006c). Additional information to characterize the exposure and
potential risk (e.g. type of equipment, year acquired) would be an asset. At the same time,
as suggested in a Canadian Council of Ministers of the Environment feasibility study for
a program to raise awareness and replace conventional residential wood heating equipment
(Del Matto et al., 2004), it seems important to implement a strategy in stages, with various
actions to be taken jointly. These include (1) the adoption of national legislation prohibiting
the sale of wood heating equipment not certified by the U.S. Environmental Protection Agency
(USEPA, 1988), along with the application of enforcement measures; (2) the implementation
of an awareness campaign regarding certified equipment; and (3) the implementation of a
long-term national program for replacing conventional equipment, including recycling and
promoting various solutions to address the obstacles to using the new wood heating equipment,
such as the cost of purchasing and installation. Incentives to replace uncertified wood stoves
(set at $320 per stove) seem to be insufficient in some cases (Del Matto et al., 2004). More
generous support of low-income households so they can access new, less polluting technology
is also suggested (Bélanger et al., 2006c).

Chapter 6



Human Health in a Changing Climate: A Canadian Assessment of Vulnerabilities and Adaptive Capacity262

Winter adaptation strategies used at home during cold snaps
The combination of certain characteristics of housing and occupant income provides a
reasonable basis for identifying certain subgroups of people at high risk during periods of
intense cold (Wilkinson et al., 2001). With a view to public health and energy savings,
however, it would be best to develop assistance programs for improving home insulation,
more suited to the economic reality of less well-off Quebeckers (Hydro-Québec, 2006c),
whether owners or tenants (Bélanger et al., 2006c), and to implement attractive incentive
programs for energy efficiency.

The preventative caulking of doors and windows in the winter—a concrete, cost-effective
measure for conserving energy at home (NRCan, 2006c)—could be used more. A study
identifying the reasons for the use of caulking would help further messages about conserving
energy (Bélanger et al., 2006c).

The parameters of this study did not include identifying physiological and psycho-social
factors that affect strategies for keeping warm at home during periods of intense cold
(e.g. wearing warmer clothes than usual). From a sustainable development perspective,
further examination might be warranted because, although a major decrease in the number
of heating degree-days is likely in the future (compared with the period from 1961 to 1990)
(Chaumont, 2005), it is also possible that the physiological ability of young people to adapt
to the cold could be reduced and in turn this could reduce possible energy savings.

Immigrants, particularly those from tropical regions, must make greater adjustments to
extremely low temperatures compared with the residents of colder regions, who are much
better adapted to the cold physiologically, socially and culturally (Beaudreau et al., 2004).
These immigrants are among the most vulnerable in winter, particularly those of the first
generation. Included among their difficulties are language and lack of resources, often
including lack of family support; during emergencies, such as a widespread power outage,
their abilities to cope are further compromised by these difficulties (Bélanger et al., 2006a).
If they have not already done so, emergency measures officials should collaborate with
Hydro-Québec, which has already implemented programs aimed at cultural communities in
partnership with welcome and integration organizations. These active outreach programs
in several languages are aimed at communities of unilingual allophones (Hydro-Québec,
2006c). This approach may be increasingly important if certain ECEs increase in frequency
and intensity.

Simultaneous broadcast of wind chill index and clothing recommendations
The study by Bélanger et al. (2006c) did not measure understanding of the wind chill index
but documented the absence of behavioural response to it. It appeared that the wind chill
index and accompanying Environment Canada recommendations for clothing during intense
cold warnings play little or no
part in the choice of clothing
for outings. This may be because
adaptive behaviour depends on
many factors (e.g. attitudes, habits,
social and cultural influences)
other than knowledge (Fishbein
et al., 2001; Core Group, 2003).
It may also be because the
wind chill index is not clearly
understood. This index combines
two measurements—temperature
and wind speed—in a formula that
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attempts to quantify a sensation (Tremblay, 2003), and that can vary by gender, age and
the body part exposed (Harju, 2002), as well as other factors, such as the state of health
(Beaudreau et al., 2004) and the geographic location of residence (Mäkinen et al., 2004).
The validity of the wind chill index among the general population had been questioned
(Bélanger et al., 2006c) on the basis of its development; just six men and six women,
aged 22 to 42, wearing appropriate cold weather clothing were exposed with only the
face showing (Environment Canada, 2001). Assessing the understanding of the wind chill
index and its impact on the use of appropriate clothing worn outside in the winter is
important. It would also be very useful to verify the influence and validity of this index
for the general public, including several age groups, socio-economic conditions (e.g. ability
to buy thermal clothing) and health conditions (e.g. heart, respiratory), and to identify
indicators of compliance with the clothing recommendations issued by Environment Canada
during intense cold warnings.

Use of a remote car starter
Four out of five respondents owned a car, and approximately a third used a remote starter
in the winter, particularly women (Belanger et al., 2006c). No information helped to identify
the reason for this variation by gender, such as a greater perception of cold among the
latter (Harju, 2002) or distinct clothing habits (e.g. hats worn by men). There could be other
reasons as well (e.g. the habit of idling and the popular belief that “it is good for the engine”)
(NRCan, 2006b). More specific research into determinants in remote starter use could clarify
this matter. The identification of determinants in remote car starter use could be useful
in developing initiatives to discourage idling (Bélanger et al., 2006c). Such research is also
recommended in terms of public health and environmental protection. Idling contributes to
atmospheric pollution which is a major cause of health concerns, given its effects on mortality
and morbidity, particularly among children, people with respiratory or cardiovascular illnesses
and seniors (Quénel et al., 2003)—all groups deemed to be highly vulnerable during ECEs
(MacCracken et al., 2001).

Smog warnings
Info-Smog informs the public of meteorological conditions that are conducive to increased
atmospheric pollution. It also gives advice on how to reduce the health effects of smog
and sources of pollution, such as automobile combustion and wood heating (Environment
Canada, 2006a, 2006b; Health Canada, 2006). This program was created in 1994; a
winter component has been included since 2001. The geographic area covered has increased
over the years and Info-Smog currently covers almost all of southern Quebec. The new
national health risk-based Air Quality Health Index (AQHI) is also planned for demonstration
in 2007–2008 (Health Canada, 2006).

Studies indicate that smog warnings do not significantly affect the behaviour of the population
where and when they are issued (Bélanger et al., 2006c; Tardif et al., 2006); they have not
affected the use of cars, remote car starters or wood heat in winter. A possible explanation
is that respondents most frequently using a car or wood heat live in regions where smog
warnings have been only recently introduced. However, respondents living in the greater
Montreal region act no differently than others and they have had access to the information
almost since its inception (in 1994 for summer smog and 2001 for winter smog). Identification
of the determinants related to the adoption of advice given in winter smog warnings could
improve the Info-Smog program. This being said, it is essential to invest in other concrete
measures to reduce atmospheric pollution, such as mass transit infrastructure and the
development of cycling paths (Government of Quebec, 2006a). In this regard, the recent
announcement in the Québec and Climate Change, A Challenge for the Future. 2006–2012
Action Plan is a major signal in this direction (Government of Quebec, 2006e).
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6.5.5 Current Perceptions of Climate Change and Future Adaptations
6.5.5.1 Current perceptions
Extreme climate events and smog
The extreme climate events that were perceived as being the most likely to occur in each study
region (Bélanger and Gosselin, 2007) were cold waves (35.1% very likely, 45.1% moderately
likely, 15.3% somewhat likely, 3.9% not at all likely) and heat waves (27.4% very likely, 47.9%
moderately likely, 18.5% somewhat likely, 6.1% not at all). However, respondents residing in the
northernmost portion of southern Quebec viewed their region as far more subject to wildfires
than to heat waves. As for other extreme weather events, approximately 60% of respondents
considered their region to be very or moderately subject to storms; 50% to ice storms; 40% to
droughts; 20% to floods or wildfires; and fewer than 10% to tornadoes, landslides or avalanches.
Finally, 20% of respondents thought their region of residence was very likely to experience smog
in summer (27.5% moderately likely, 27.4% somewhat likely, 25.3% not at all), whereas 7.6%
thought their region was very likely to experience smog in winter (20.8% moderately likely, 28.1%
somewhat likely, 40.0% not at all); this was particularly true of Montreal and Laval residents.

Strategies to reduce greenhouse gases and adapt to climate change
Most respondents “agreed completely” with many of the 32 strategies (Table 6.5) put forward
to reduce GHGs, adapt to climate change and reduce the harmful effects of these changes
on population health and well-being (Bélanger and Gosselin, 2007).

Table 6.5 Greenhouse gas and climate change adaptation strategies

Chapter 6

Business and industry

• increase monitoring of commercial and/or industrial pollution

• increase monitoring of forestry practices

• increase monitoring of agricultural pollution

• ban construction of oil- and gas-fired power plants

Land use

• plant trees in recreational areas and schoolyards

• plant trees in city centres

• turn vacant lots and public lands into parks and gardens

• rehabilitate beaches and river banks

• prevent construction of houses, cottages and other residences in risk zones (e.g. flood zones)

• plant trees in large outdoor parking lots

Infrastructures

• increase recycling in all municipalities

• repair and improve water supply systems and aqueducts

• rebuild roads to make them more resistant to freeze-thaw cycles and erosion

• increase the number of municipal pools and parks with fountains

• introduce a consumption tax on drinking water

Buildings

• install air conditioning in homes for sick persons and seniors

• install air conditioning in hospitals

• improve insulation standards for residences and rental housing

• subsidize home air conditioning for seniors and low-income people

• subsidize air conditioning for daycare centres

• ban wood burning in the winter when smog is severe
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Source: Bélanger and Gosselin, 2007.

On average, respondents agreed with 19 strategies; 4.2% with fewer than five strategies, 7.6%
with five to nine strategies, 13.0% with 10 to 14 strategies, 21.4% with 15 to 19 strategies,
29.1% with 20 to 24 strategies, and 24.6% with 25 to 32 strategies. Some results are presented
for transportation (Figure 6.21) and housing (Figure 6.22).

Figure 6.21 Transportation: Solutions to reduce the harmful effects of climate change
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Transportation

• increase public transportation (car pooling, buses)

• implement financial incentives for the purchase of “green” vehicles

• reduce the use of cars in large urban centres

• increase the number of transit shelters

• make vehicle inspections mandatory (seven years and older)

• expand air conditioning on buses

• make air conditioning a standard feature in new vehicles

• increase the sales tax on new vehicles

Social measures and research

• expand home care services for sick persons and seniors on low incomes

• increase the number of homeless shelters

• increase funding for health and climate change research
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Figure 6.22 Housing: Solutions to reduce the harmful effects of climate change
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Almost 67% of respondents were in favour of at least three of the four strategies relating to
business and industry. Some 82% were in favour of increased monitoring of commercial and
industrial pollution, 78% were in favour of stricter controls over forestry practices, 67% were
in favour of increased monitoring of agricultural pollution and 53% were in favour of banning
the construction of oil- and gas-fired power plants.

Some 66.9% were in favour of at least four of the six land use strategies. Approximately 75% of
respondents wanted trees planted in recreational areas, schoolyards and city centres. Some 66% of
respondents were in favour of creating beaches (including along rivers) and transforming vacant
lots and public lands into parks and gardens. Slightly more than 60% were in favour of planting
trees in large outdoor parking lots in cities and also banning residential construction in risk zones.

A little over 70% of respondents were in favour of at least three of the strategies pertaining to
infrastructures. Specifically, 83% of respondents wanted more recycling; 76% were in favour
of rebuilding roads to make them more resistant to freeze-thaw cycles and erosion, as well as
repairing and improving drinking water supply systems; 43% were in favour of increasing the
number of municipal pools and the number of parks with fountains; and 32% were in favour
of a consumption tax on drinking water.

Half of the respondents were in favour of at least four of the six building-related strategies. Fully
66% approved of air conditioning in hospitals and homes for sick persons and seniors; 63% were
in favour of improving residential insulation standards; 52 and 45% were in favour of subsidizing
home air conditioning for seniors and low-income people, as well as for daycare centres,
respectively; and 37% were in favour of banning wood burning at times when smog is severe.

Close to 60% of respondents agreed with at least four of the eight transportation strategies. Some
70% were in favour of increasing public transportation; 60% approved of financial incentives for
the purchase of “green” vehicles; 58% approved of reducing the use of cars in large urban centres,
as well as increasing the number of transit shelters and introducing mandatory inspections for
vehicles seven years old and older. Finally, 36% favoured air conditioning for buses, 29% wanted
air conditioning as a standard feature in new vehicles and 18% favoured higher sales taxes
on new vehicles.
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6.5.5.2 Suggestions for future adaptations
Extreme climate events and smog
Perceptions of ECEs demonstrate that some events (e.g. such as cold snaps) are of concern
to everyone to some degree whereas others (e.g. wildfires) are contingent upon regional
geophysical and geomorphological characteristics. Overall, these perceptions also appear to
reflect reality (Klaassen et al., 2003; Warren et al., 2004; Yagouti et al., 2006). It is of note
that respondents did not mention flooding more often than other extreme events, given that
it is of concern for 80% of shoreline municipalities (NRCan, 2006a). Municipal and public
health officials have classified flooding as one of the three primary environmental vulnerabilities
of southern Quebec (Bélanger et al., 2006a). It is also of note that respondents residing south of
Montreal and in Montérégie in particular did not view their region as highly vulnerable to smog,
when atmospheric emissions from the two primary sources of pollution—transportation and
industry—are higher there than in Montreal itself (INSPQ, 2006a, 2006c). A better understanding
of the processes that influence the perceptions of ECEs and smog would be an asset to managers
who deal with these issues.

Greenhouse gas reduction and climate change adaptation strategies
Strategies related to business and industry
Implementation of the provincial government’s 2006–2012 Action Plan should make it possible
to positively address the concerns of the Quebec population, particularly through the consolidation
of climate monitoring systems (Government of Quebec, 2006e). The systematic monitoring of
environmental indicators (such as atmospheric emissions of primary pollutants) and their effects
on health (INSPQ, 2006c, 2006d) is also a step in the right direction. Similar to the existing
health-monitoring measures and the associated reporting required under the Public Health Act
(Éditeur officiel du Québec, 2006c), the Ministère du Développement durable, de l’Environnement
et des Parcs (Ministry of Sustainable Development, Environment and Parks) should improve
current monitoring practices with respect to the state of the environment and its determinants
to gain a better understanding of unfolding trends, as well as to support informed decision
making at the local, regional and provincial levels (Bélanger and Gosselin, 2007). Various criteria
for monitoring and reporting could be used, such as a five-year profile of environmental trends
in Quebec and thematic overviews (e.g., water, air, soil) that could be updated annually.
Monitoring data (e.g. health data, environmental data) should be mapped, and the maps made
available on the Internet.

Land use strategies
Land use regulations related to flood plains were tightened in 2005 through the Politique
de protection des rives, du littoral et des plaines inondables (policy on shorelines, coasts and
flood plains) (Éditeur officiel du Québec, 2005b) and through the requirement to integrate risk
maps into the Municipalités régionales de comtés (regional county municipalities) development
plans under the Loi sur l’aménagement et l’urbanisme (Act respecting land use planning and
development) (Ministère des Affaires municipales et des Régions, 2006b). The implementation
of these measures—including the development of geomatics at the municipal level and the
application of research findings on climate change impacts and adaptations, particularly with
regard to drainage in Quebec’s urban centres (Mailhot et al., 2007)—will help to characterize
and reduce regional vulnerabilities. Moreover, the increased attention being paid to revegetation
in urban centres and the various measures taken in this direction in recent years (e.g. inventories
of municipal tree stands and various regulations) will likely bring about improvements in
the management of urban forestry assets (Giguère and Gosselin, 2006d). These measures are
considered as adaptations to reduce urban heat island effects. Efforts to preserve, restore
or transform natural sites (e.g. beaches), as well as managed sites (e.g. parks), appear to be
crucial in terms of quality of life, particularly for apartment dwellers. Apartment dwellers
are more likely to seek out public places for respite during heat waves than house dwellers
(Bélanger et al., 2006b).
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Strategies related to infrastructures
Quebec’s waste management policy for 1998 to 2008 targeted a recovery and reclamation rate
of 65% (MDDEP, 1998); by 2004, a rate of 49% had already been achieved (Recyc-Québec,
2004). This environmentally sound management approach is in line with expectations in the area
of recycling, and contributes to the reduction of greenhouse gases. Moreover, the initiation of
a major investment cycle targeting Quebec’s aging public infrastructures (e.g. viaducts, roads,
water supply systems) provides an excellent opportunity to establish standards and practices
that reflect the potential impacts of climate change (Bélanger et al., 2006a). Steps in this direction
will generate benefits for the next 50 years, particularly in the areas of health and road safety
(Canadian Automobile Association, 2006). However, far less consensus exists for other strategies,
such as increasing the number of municipal pools and the number of parks with fountains,
or introducing a consumption tax on water. It would seem that the first of these strategies is
aimed at apartment dwellers, the underprivileged, non-drivers, and in short those least likely
to have a home pool or the means to travel to recreational areas during heat waves (Bélanger
et al., 2006b). A consumption tax on water finds greater acceptance among those whose ability
to pay is greater (Villemaire, 1998) and among those from more populated areas where they
are more likely to have been exposed to various proposals for taxing potable water.

Strategies related to buildings
In the study by Bélanger and Gosselin (2007), the majority of respondents agreed on the need
for air conditioning in hospitals and homes for sick persons and seniors—two groups at high
risk during periods of extreme heat (Doyon et al., 2006; InVS, 2006). According to some
researchers (Giguère and Gosselin, 2006d), Quebec data on air conditioning in health facilities
are incomplete. Addressing this gap (including the condition of existing air conditioning
and ventilation systems) would be desirable for health protection and public safety.

Those most in favour of subsidizing home air conditioning for seniors, people on low
incomes and daycare centres were among the more disadvantaged respondents (many of
whom lived in apartment buildings)—in other words, they were the least likely to have home
air conditioning (Bélanger et al., 2006b). In 2003, for example, 15.8% of Quebec households
with an income below $20,000 had air conditioning, whereas this proportion rose to 44.3% among
those who had incomes of $80,000 or more (ISQ, 2006d). Such statistics argue in favour
of initiatives (such as air conditioning) directed at those who are economically disadvantaged,
some or many of whom are at risk of experiencing serious health problems due to extreme
heat. Also, among those most in favour of air conditioning were allophones; related housing
and socio-economic conditions may be an explanation (Citizenship and Immigration Canada,
2005; Leloup, 2005). Studies examining the heat adaptation strategies of various ethnic
communities would be helpful to increase knowledge about health and climate change, and
to optimize the support given to these communities.

The implementation of a more attractive incentive program for energy efficiency, similar to that
announced in the provincial government’s recent action plan on climate change (Government
of Quebec, 2006e), would help to improve home insulation and facilitate adaptations to heat
waves. It is hoped that measures will be introduced for persons whose dwellings require major
repairs, the case for 7.8% of all private dwellings in Quebec in 2001 (INSPQ, 2006d).

The number of households that use wood burning equipment has now reached 20% (Bélanger
et al., 2006c); the number of households using this form of heating increased by approximately
60% between 1987 and 2000 (MDDEP, 2006b). These are worrisome statistics from the standpoint
of air quality and public health (MSSS, 2006b), particularly because close to two thirds of
respondents in the study saw no reason to prohibit this type of heating during severe winter smog.
Closer monitoring of residential wood burning trends and their impact on human health is in
order (Bélanger et al., 2006c). Moreover, the determinants of burning wood for heat need to be
identified so public awareness campaigns can be improved.
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Strategies related to transportation
It is reassuring to note that the majority of respondents were in favour of measures to reduce
carbon emissions, including the use of eco-friendly transportation options, the acquisition
of energy-efficient cars and various other positive practices. This support should facilitate
government efforts to reduce or eliminate transportation-related GHGs (Government of Quebec,
2006e), which accounted for 37.4% of all emissions in Quebec in 2003 and contributed to a
host of other negative impacts, including human health impacts (Judek et al., 2005; Ontario
Medical Association, 2005). Increasing public awareness of adaptation strategies to climate
change constitutes a crucial step. It is very likely that those who drive a car every day will be
less enthusiastic about these kinds of transportation strategies than non-drivers or occasional
drivers. To optimize awareness efforts, initiatives should be undertaken to identify the primary
determinants of transportation choices; to estimate the air pollution associated with each of
these choices; and to evaluate people’s knowledge of the link between air pollution and their
transportation choices (Aubin, 2002). Few respondents were in favour of making air conditioning
a standard feature in new cars. This is an encouraging sign because air conditioning consumes

gas and therefore contributes to pollution
(Environment Canada, 2002). Still, motor
vehicle air conditioning trends should
be monitored, particularly in light of the
observation that people will probably
travel more as the cold season grows
shorter and may increase their use of air
conditioning due to rising temperatures
(Lafrance and Desjarlais, 2006). Only
one third of respondents were in favour
of air conditioning on buses. A study to
elucidate the reasons for this response
would be useful in developing marketing
approaches to promote greater use of
public transportation.

Strategies related to social measures and research
Fully 77% of respondents were in favour of providing more home services for seniors and persons
with low incomes; 62% were in favour of increasing the number of homeless shelters; and 56%
wanted to see more funding for research related to health and extreme climate events. In addition,
60% were in favour of adopting at least two of these three strategies—particularly women,
seniors, allophones, the unemployed, the economically disadvantaged, those living alone, apart-
ment dwellers, persons with chronic diseases and those who report their health status as poor.
These are the social subgroups most likely to experience social or economic conditions that make
it difficult to adapt to heat waves and extreme weather (Bélanger et al., 2006b, 2006c; InVS, 2006).
Relocation is not an option for many of these people; therefore, concrete interventions should be
incorporated into action plans, particularly in certain urban neighbourhoods (Laverdière, 2001).

6.5.6 Conclusion
From the community to the individual
Based on the study by Bélanger and Gosselin (2007), GHG reduction strategies that call on
governments, municipalities and institutions to take action tend to find more support than those
directly aimed at individuals. There may be many reasons for this. Some authors contend
that the public feels powerless in the face of a global problem of this magnitude and therefore
expects government and industry to find appropriate solutions (Dotto, 2000). Consequently,
people feel less involved and less inclined to change their behaviour. It would seem that most
people are prepared to support national and international initiatives as long as they themselves
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are not required to make significant changes in their lives (Bord and O’Connor, 1997), sacrifice
their comfort for the greater good (Leiss et al., 2001), or incur costs. Finally, most people are
strongly attached to the status quo, and will often do more to maintain it than they will to improve
things (Rachlinski, 2000).

In fact, little is actually known about the cognitive processes that underlie the adoption of
adaptive behaviours in social and environmental contexts that are multifaceted (everything from
droughts to floods), multidimensional (from the local to the international), and characterized
by multiple vulnerabilities (affecting individuals, communities and institutions). Similarly
unknown is the nature of groups who prefer to maintain the status quo and of those who are
unwilling to pay to effect change (Gelbspan, 2000; Sandalow and Bowles, 2001). Finding
answers to these questions would surely help to advance knowledge in the area of climate change.
That being said, researchers are not starting from scratch. For example, it is known that individual
adaptation measures must be joined by societal and institutional changes to be effective (O’Brien
et al., 2004); that sustained Canadian leadership is needed and expected to ensure that everyone
is playing according to the same rules (Office of the Auditor General of Canada, 2006); and
that individual contributions (e.g. behaviour, responsibility) to climate change received too
little coverage in the Canadian media between 1990 and 2004 (Bouchard et al., 2005).

Because the media reinforce and amplify individual representations, Bélanger and Gosselin (2007)
recommend that non-governmental organizations, researchers, journalists, municipal and
public health managers—all those who have a key role to play—refocus the climate change
debate on consequences, including direct and indirect costs (particularly health sector costs)
(Crawford and Williams, 2006; Rittmaster et al., 2006). Such education and communication
efforts could potentially generate rapid results (Kempton, 1993). In the study by Bélanger
and Gosselin (2007), the respondents who were most accepting of the idea of anthropogenic
causes were also more likely to support a larger number of GHG reduction and climate
change adaptation strategies. Indeed, 70.4% of the respondents who felt that at least 30 of
the 32 proposed strategies should be implemented also believed that human activities were
causing climate change, whereas this proportion was only 28.8% among respondents who
supported at most four strategies.

6.5.7 Synthesis
In industrialized countries, the heat waves of recent decades, particularly those that occurred in
Chicago in 1995 and in Europe in 2003, have provided the impetus for a range of publications
that have identified the segments of society most at risk in situations of extreme heat. This
chapter examined how Quebeckers are adapting to heat waves. Because climate change does not
necessarily occur in a linear fashion, it is important to bear in mind that Quebec will still
experience very cold winters. For this reason, studies commissioned for this Assessment also
examined adaptations to intense cold. Some adaptations to extreme heat and cold are designed
to protect the health of the population, while others appear less effective in the long term. Many
of the adaptations, some of which are both possible and desirable, are already well accepted
by society while others continue to be poorly understood in terms of their link to climate change
or may be unacceptable for reasons that have yet to be elucidated.

Based on the results of this study and the literature on climate change, much remains to be
done to protect public health and the environment from the effects of ECEs that are likely to
become more frequent and more severe. It is important to continue to monitor both impacts
and better understand adaptations. The adaptation strategies proposed in this report are a step
in the right direction.
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6.6 PERCEPTIONS OF MUNICIPAL AND PUBLIC
HEALTH MANAGERS

6.6.1 Introduction
By the end of the 1990s, municipal managers in Canada had indicated their concerns about
climatic changes (Municipalities Issue Table (MIT), 1998) and proposed measures to reduce
GHG emissions in partnership with all levels of government, the private sector and volunteer
organizations (MIT, 1998). The following sectors of concern were identified: water supply,
waste management, transport, operation of municipal equipment and facilities (e.g. recreational
equipment, social housing), energy consumption and GHG emissions (e.g. municipal regulations,
urban planning, zoning standards, public relations). Between 100 and 200 of the approximately
4,000 incorporated Canadian municipalities (in about the year 2000) were able to respond to ECE
events (MIT, 1998). The Green Municipal Fund, created by the federal government and managed
by the Federation of Canadian Municipalities, has supported some 350 projects19 since 2000
(Federation of Canadian Municipalities, 2006), whereas there are currently 3,700 municipalities
across the country according to the Federation. Findings in Quebec are similar; only 93 of
1,110 municipalities20 (Ministère des Affaires municipales et des Régions (MAMR), 2005c)
are registered with the GES Énergie program (Government of Quebec, 2000, 2005b).

In terms of public health, the Climate Change and Impacts Adaptation Programme has
funded only 13 research projects relating to health impacts and human adaptation since 1998
(Government of Canada, 2005). In Quebec, MSSS did not join the Ouranos Consortium
until 2004. In 2002, very few public health professionals were concerned with climate change
(Bélanger et al., 2002). In southern Quebec, interest was piqued by the 2003 heat wave
in France, essentially to implement emergency measures for extreme heat (Giguère, 2005).

It is unlikely that the lack of awareness of the issue or general information is a key factor
in the reluctance of municipal and public health managers to be involved in climate
change issues. In fact, the media have widely broadcasted climate change information in
recent years, particularly because of the Kyoto Protocol. Several synthesis documents
(including some available on the Internet) have also been developed for managers (Isuma,
2001; Auger and Kosatsky, 2002; Gosselin and Grondin, 2002; Ouranos, 2004) and
are widely available in various publications and on Quebec and Canadian government
web sites. Consequently, other factors more incisive than awareness and general knowledge
of climate change would influence public managers in their decisions whether or not
to act on this issue, such as the degree of concern regarding such occurrences in their areas,
various conditions facilitating or hindering action (MIT, 1998; Canadian Public Health
Association (CPHA), 2001), as well as the degree of involvement by partners (Azzah et al.,
2002; Wittrock et al., 2001) and the community (MIT, 1999; CPHA, 2001). To facilitate
communication and collaboration in Quebec between municipal and public health managers,
both of whom are involved in managing the causes and effects of climate change, a better
understanding of their respective perceptions was deemed necessary.

Highlights of a study conducted in 2005 among municipal and public health managers in southern
Quebec are presented here. The study investigated the relationship between managers’ concerns
about climate change and its effects and their perceptions of the importance of planning mitigation
and/or adaptation measures to be taken over the next 10 or 20 years (Bélanger et al., 2006a)
(Figure 6.23).
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19 Examples: feasibility studies, pilot projects, field tests.

20 As of January 1, 2005, prior to reconstitution and pursuant to the decree of December 2004, there were 1,110 municipalities in
Quebec, excluding Aboriginal reserves, federal land, unorganized territories and Inuit land. That number increased to 1,141 as
of January 1, 2006, with reconstitution.
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Figure 6.23 Managing the causes and effects of climate change
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Source: Adapted from models presented by WHO and the National Institutes of Health (NIH)
Committee on Climate, Ecosystems, Infectious Diseases and Human Health, 2001; WHO, 2001;
WHO and European Environment Agency, 2002).

In the context of organizational learning theory (Tebourbi, 2000; Berkhout et al., 2004), the study
findings provided some answers to the following questions:

• What socio-economic groups of people in their cities, municipalities or socio-health regions
do managers see as most vulnerable to climate change, in terms of health and the environment?

• How do managers perceive the frequency and severity of climate change in their regions
and in the province? Are they concerned?

• What regional effects of climate change are of concern to managers, particularly in terms
of health, civil security, the built or natural environment, infrastructure and the economy?

• How do managers perceive the need to implement, in their respective regions, specific
programs in relation to climate change? Why are these programs necessary?

• What actions do they feel have already been taken in their regions to deal with climate
change? What key stakeholders are currently involved in this area—locally, regionally
and/or nationally—or could possibly be involved?
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6.6.2 Methodology
The study (Bélanger et al., 2006a) dealt with municipal and public health managers in
southern Quebec, representing more than 99% of the Quebec population (ISQ, 2000). It dealt
particularly with 15 of the 18 socio-health regions (Figure 6.12: excluding regions 10, 17 and 18).
Each of these health regions is served by a regional health and social services agency which
has been responsible for ensuring the delivery of local services since 2003 (Éditeur officiel
du Québec, 2005a). Each regional agency has a public health director—who works in close
cooperation with other institutional partners in the region (e.g. hospitals)—as well as emergency
measures, occupational health, environmental health and infectious disease officials. Each
of these professional groups plays a key role in the climate change file (Cassel, 1990; Royal
Society of Canada, 1995; Patz et al., 2000; Warren et al., 2004), due to the diversity of clients
that may be affected by climate change (e.g. seniors or the chronically ill) and the scope of these
health effects (e.g. social and mental stresses caused by catastrophes, heat stroke in workers,
water and food contamination) (Warren et al., 2004).

In 2005, there were 86 municipalités régionales de comté (MRC) (regional municipalities)
in Quebec, as well as 14 cities (including nine with more than 100,000 residents) that were
not in a regional municipality but exercised some of their authority (MAMR, 2005c). Forty
municipalities were used for the study. This choice was made to reflect the variability of weather
in southern Quebec, in coastal regions (e.g. sea level rises), agricultural regions (e.g. drought),
forests (e.g. wildfires), tourist areas (e.g. erosion of beaches, less snow and skiing) and urban
areas (e.g. heat islands) (Warren et al., 2004). All of the municipalities managed files related to
the effects of climate change, in particular those relating to development, urban planning and
agricultural land (e.g. plans, regulations); civil security; services and infrastructure (e.g. housing,
roads, mass transit, waterworks, sewers); culture, recreation and tourism; communications and
public relations; and administration (e.g. economic development).

A total of 70 health managers and 84 municipal managers were asked to take part in the study.
The response rate was 84.4% (58 health managers, 72 municipal managers); more than two thirds
of the respondents had at least 10 years of experience as managers. The interview questionnaire
was based on health and climate change literature (MIT, 1998; CPHA 2001; Fishbein et al., 2001;
Wittrock et al., 2001; Federation of Canadian Municipalities, 2002; Academy for Educational
Development, 2003). To better examine the perceptions of managers, these key variables referred
to various psycho-social theories rather than a single one. The contents and validation procedures
are set forth in Bélanger et al. (2006a).

Three interviewers conducted the data collection by telephone (39 minutes average duration, by
appointment) from May 16 to July 8, 2005. The content of the interviews was coded using N’Vivo
software (Gibbs, 2002; Quality Systems Registrars, 2005). Two-way interaction between the coder
and the researchers or interviewers allowed progressive validation of grouping the data into
intermediate response categories (e.g. water management: potable water, wastewater, recreational
water) and preliminary descriptive generalizations (Huberman and Miles, 1991; Erlandson et al.,
1993). Finally, the thematic content (Paillé and Mucchielli, 2003) was analyzed based on the
following five criteria: internal homogeneity (consistent within a single category), external
heterogeneity (mutually exclusive or clearly different categories), relevance and comprehensiveness
of data, and explanatory productivity (construction of a logical chain of indications and evidence
to support the result observed) (Patton, 1990).

The second stage of the analysis was based on a theoretical organizational learning cycle (Tebourbi,
2000; Berkhout et al., 2004) (Figure 6.24). The learning cycle outlines the processes that
can help an organization learn from its experiences, guide its objectives and select the relevant
information (including the consideration of social, political and structural factors) needed
to resolve its problems (Tebourbi, 2000). The processes assist in the interpretation and
communication of decision-making knowledge, including the formal and informal mechanisms,
used in management and planning.
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Figure 6.24 Learning cycle
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6.6.3 Results
All respondents (municipal and health managers) perceived vulnerabilities in their regions,
whether environmental, socio-economic or health-related. All also reported regional
impacts, as a result of climate change, on the general population or more vulnerable subgroups,
on natural or built environments, on recreational, sporting or tourism activities, and on
the economy (Table 6.6).

Table 6.6 Distribution of managers, by number and percent, and the impacts
of climate change on public health in their regions, by category

Continued on next page
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Notes: As one respondent may identify more than one impact, the total number of respondents does
not correspond to the total respondents by category or subcategory.

i Other impacts on physical health: obstacles to physical activity, dehydration/heat stroke, accidents,
high blood pressure and cardiac problems, chilblains, illnesses of unknown origin, respiratory problems.

ii Other mental health problems : poverty, depression, passive-aggressive behaviour, post-traumatic
stress, suicide.

iii Other causes: pollution, tornadoes, winter temperature fluctuations, snowstorms, forest fires,
acclimitization, cold, lack of information.

Source: Bélanger et al., 2006a.

At the regional level, most managers felt that average annual temperatures had risen noticeably
over the past few years. They also felt that winters were not as harsh as they were in the past,
winter rains and fluctuations in temperature were more common, and snowstorms and the
amount of snow on the ground had decreased. Increases in the frequency and violence of climatic
events were more commonly noted than rises in temperature. Reference was often made
to events that occurred during the summer and winter, particularly heat waves and cold snaps,
heavy rainfalls or freezing rain (including their effects, such as flooding), and large variations
in temperature. At the provincial level, perceptions of these climatic events were generally
the same as those regionally. A majority of respondents felt that climatic events could be
accelerated by certain human activities, though not all were convinced that the climatic events
they perceived were due to climate change, nor did they did directly relate their observations
to ECEs that had occurred in recent decades in their regions or in the province.

Most municipal and health managers were concerned about the regional and provincial
impacts of climate change over periods of 10 and 20 years. Similarly, most managers
identified the need over the next decade to implement intervention programs related to
the effects of climate change. However, regional emergency measures aimed at adapting
to these effects have been relatively modest to date, are not uniform provincially, and
mostly deal with heat waves. Some respondents noted that the responsibility for and the
management of climate change files should rest primarily with regional municipal health
officials rather than with various organizational levels, as is the current situation.
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The following obstacles to facilitating the implementation of intervention strategies were noted:

• ambiguous messages from upper levels of government decision makers;

• lack of a mandate defining the respective responsibilities and roles of decision makers; and

• lack of financial and technical support, particularly for small and medium-sized municipalities,
to implement measures for mitigating and adapting to the effects of climate change.

6.6.4 Discussion
6.6.4.1 Rising average temperature in winter
The perception of municipal and health managers that average annual temperatures had not
risen noticeably over the last few decades on a regional basis and, to an even lesser degree
provincially, may be due to the microclimates of southern Quebec. These microclimates may
contribute to a reduced ability to detect “annual” variations that have fluctuated from only 0.5 to
1.2°C between 1960 and 2003 on an east-west trajectory (Yagouti et al., 2006). Furthermore,
warming is not necessarily linear (MacCracken et al., 2001). Compared with annual warming,
the average rise in temperature in the winter, which is corroborated in the literature (Warren
et al., 2004), was most often reported by managers.

6.6.4.2 Increased extreme climate events in summer and winter
The increased frequency and violence of climatic events
had more consensus than increased average temperatures,
both regionally and provincially. No region was exempt:
only the type of events differed, based on the geomorphic
characteristics of the area (e.g. strong winds and erosion
of shores in the east of the province, tornadoes and violent
storms in the west). Some climatic events were mentioned
more frequently, such as heat waves, major fluctuations
in temperature, heavy rainfalls causing floods and ice
storms. Overall, the incidence of these events worries
much of the Quebec population, particularly the many
summer floods that have affected more than 80% of
shoreline communities (NRCan, 2006a). The public has
also been affected by ECEs covered widely by the
media, including heat waves and various catastrophes
over the last 10 years, in particular the Saguenay flood
in 1996 (Warren et al., 2004), the Ice Storm in 1998
and the numerous wildfires caused by lightning in the
summer of 2002 (NRCan, 2002).

6.6.4.3 Contribution of human-made causes to climate change
Recent global warming of 0.5°C can be partially attributed to GHG emissions generated
by human activity (IPCC, 2007). Many managers seemed to be fully convinced of this, some
agreed but were not fully convinced of a direct connection, and some did not agree at all.
Some respondents appeared to have been influenced by the controversial media coverage of
this issue over the last few years (Villeneuve and Richard, 2001). The lack of clarity in the
debate on the causes of climate change is not without consequence; first, because decreasing
the emission of GHGs associated with human activities is important in reducing the rate and
extent of climate change (Warren et al., 2004); second, because this lack of clarity can affect
the decision-making process (Prochaska et al., 1995) by influencing the pace at which changes
in managers’ behaviour take place—from denying the contribution of human-made causes, to
“reacting” to climatic events when they occur and, then, to being “proactive” with regards
to both GHG emissions and the development of adaptation measures.
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6.6.4.4 Certainty about the reality of climate change
Not all managers were certain that they were observing a period of climatic change. It is difficult
to categorically state that changes already exist, and the controversy surrounding the causes of
climate change may have influenced the perception of some managers. Various factors related
to the organization with which they were affiliated may also have contributed; municipal
managers seem somewhat less convinced of the reality of climate change than health managers.

The sources of information preferred by municipal and health managers may have had
an influence on their different perceptions of the reality of climate change (Tebourbi, 2000).
Municipal managers primarily consult publications from government departments and
agencies, and economic development organizations21 (Ippersiel and Morissette, 2004) (i.e. a more
general literature focusing on the impacts on infrastructure or territory (MAMR, 2005b)),
while health managers usually refer to the scientific literature on the relationships between
certain risk factors (e.g. climatic variables) and morbidity and/or mortality (e.g. Patz et al., 2005;
McMichael et al., 2006).

The perception that climate change is in progress also has different implications for managerial
practices. In the municipal sector, the formal development of numerous procedures and
regulations specify what is to be done and how it will be done, and directives specify how
to proceed (Tebourbi, 2000). Legislation, policies and best practice guides often direct the
actions of municipal managers. Consequently, the information related to climate change must
be perceived (and then integrated) as being sufficiently strong, foreseeable and reliable to
justify the implementation of the procedures and regulations. The same is not true for public
health managers; the system allows for greater ambiguity or uncertainty, particularly because
it is mandated to protect public health from risks that may be incurred, even in the absence
of irrefutable evidence (the precautionary principle) (Chevalier et al., 2003).

6.6.4.5 Concerns about climate change
Most managers were concerned about climate change over a period of 10 years and others, with
some exceptions, over a period of 20 years. The main concern, regionally and provincially,
related to the health impacts of climate change. Some managers indicated the need to improve
public awareness. Few managers commented on actions that had been taken; the small budgets
allocated to this area are probably instrumental in this regard.

According to Bélanger et al. (2006a), no data are available on the portion of public
sector (federal, provincial and municipal) budgets in Canada or Quebec that are allocated
specifically to preventative environmental activities or preventative public protection
purposes. No category other than the allocation of public funds for pollution prevention
exists (Statistics Canada, 2000). This category included expenditures for such activities
as drinking water supply and purification; waste removal and destruction (and recycling);
and other expenses, such as soil decontamination, atmospheric pollution, environmental
assessments and administration of environment departments. This publication is currently
being revised, but the numbers have probably remained similar (i.e. approximately 4.5%
of the total public sector budget allocated to all of these activities, which are only partially or
not at all of a preventative nature). Of these expenditures, totalling approximately $10 billion,
66% was assumed by municipal administrations, approximately 21% by the provinces and
approximately 13% by the federal government. Allocation by province was not presented, but
it can be assumed that this proportion also applies to Quebec.
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21 This observation is likely. According to Ippersiel and Morissette (2004), the five main sources of information that
municipalities in Quebec consult or would consult are: (1) government departments and agencies and their publications;
(2) economic development organizations and their publications; (3) seminars, conferences and fairs; (4) associations
or non-profit organizations and their publications; and (5) specialized publications and print media.
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The situation is clearer for the health sector. In 2005, approximately $8 billion or 5.6% of
public sector budgets was allocated to preventative public health activities (Canadian Institute
for Health Information, 2005). The vast range of such activities covers all areas of health,
including food and drug safety; health and environmental inspections; health promotion
activities; community mental health programs; public health nursing services; measures to
prevent the spread of infectious diseases; and measures to promote and improve workplace
health and safety in public agencies. A breakdown of expenditures by province was not
possible. Specific data for Quebec for these types of expenditures are not available either
from ISQ or MSSS. It is assumed here, given the lack of information, that proportions (5.6%)
are similar in Quebec and the rest of Canada

6.6.4.6 Regional impacts of climate change
All municipal and health managers reported that climate change could have regional
impacts on the general public; more vulnerable subgroups; natural and/or built environments;
recreational, sports and tourism activities; and/or the economy. Generally, the climatic
impacts perceived by respondents referred to regional vulnerabilities that they saw as already
existing, whether environmental, socio-economic or health-related. Overall, however, the
impacts and vulnerabilities most indicated by municipal managers differed from those of
health managers. This is partially attributable to their respective duties and the legislative
framework within which they work.

Municipal managers must ensure that municipal services meet the diverse needs of the
community or region, particularly from the perspective of socio-economic development
(especially among elected officials) while taking into account an aging population, major
environmental issues and the globalization of markets (Soucy, 2002). A considerable number
of laws and regulations govern the activities of these managers, including the Municipal
Powers Act (e.g. water management, transportation) (MAMR, 2006c), the Land Use Planning
and Development Act (e.g. planting and cutting trees, shared agricultural use, erosion and
flooding) (MAMR, 2006b), the Environment Quality Act (e.g. waste management ) (Éditeur
Officiel du Québec, 2006a), the Act to amend various legislative provisions concerning
municipal affairs (e.g. hog farming) (MAMR, 2006a), the Civil Protection Act (e.g. civil
protection) (MSP, 2005), and the Municipal Code of Quebec (e.g. housing) (Éditeur
officiel du Québec, 2006b).

Public health managers are mainly accountable under the Public Health Act (Éditeur
officiel du Québec, 2006c) to protect, maintain or enhance public health and well-being.
Their focus is on a range of illnesses—their causes, prevention and treatment—and the
related risk factors, including pollution and environmental phenomena.

6.6.4.7 Need to implement regional programs specific to climate change
Some respondents felt there was a need to implement regional programs specific to the
effects of climate change over a period of 10 years. To date, very few measures have
been developed and those that have deal mainly with heat waves.

Decision makers in southern Quebec were greatly influenced by the heat wave in
France in 2003 (Giguère, 2005). This highly publicized heat wave demonstrated that some
members of the general public—particularly seniors and the socially or economically
disadvantaged—can die from heat. It also underscored the need to take quick political
and administrative action; to do so, however, first the actions to be taken must be
completely planned. Thus, plans were developed throughout the province to mitigate
the negative effects of heat waves, particularly for major urban centres (Giguère and
Gosselin, 2006d).
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On the other hand, although heavy rains and their impacts on waterways, wastewater and
drinking water were often mentioned by municipal and health managers, few indicated they
had taken relevant action to include considerations of the effects of climate change. However,
flooding affects 80% of shoreline communities in Quebec (including Montreal and Quebec
City) and, on average, costs an estimated $10 to $15 billion per year (NRCan, 2006a). They
are, in fact, the most commonly occuring natural disaster and the consequences of which
can be major, as illustrated by the Saguenay flood in 1996 (Warren et al., 2004). Despite the
observed increase in ECEs over the last 15 to 20 years, the evidence does not seem to be
enough to motivate immediate implementation of adaptation programs integrating climate
change considerations. A similar situation applies to the road networks that are perceived
as highly vulnerable, due to increasingly common sudden temperature changes in the winter
possibly resulting in rains, flooding and damaged infrastructure (NRCan, 2006a).

The question that arises relates to the mandate of managers to implement regional programs to
better manage the effects of climate variability and long-term climatic change. According to some
managers, responsibility in this area falls to federal and provincial levels of government, and
to municipal organizations and public health branches. Some managers also felt involved, given
their respective duties. However, for authorities to become involved, their mandates in this area
must be clear and precise; this does not seem to be the case. For example, the guide to develop an
action plan for the renewal of drinking water and sewer lines, developed in October 2005
(MAMR, 2005a), referred only to the numerous downstream factors in this process (e.g. ability to
pay, opportunity costs, discounted costs based on the funding rate). A federal and provincial
mandate to adapt to climate change would have provided the necessary incentive and direction to
also consider possible upstream factors, including climatic factors such as heavy rains and flooding.

To date, political consideration of climate change seems centred on GHG emissions and
associated rising temperatures, including heat waves. However, increases in flooding and
snowstorms are serious climate change concerns (Warren et al., 2004). In Quebec, they
are also much more common and widespread than heat waves and have a major impact on
public health and well-being, and the economy.

Public service organizations in Quebec place more
importance on organizational innovation than on
technological innovation (Ippersiel and Morissette,
2004). The lack of capital and qualified personnel
for developing and using new technologies might delay
some decisions, but it would be likely that managers
and the public would be not be interested in investing
in such innovations, even if the necessary funds were
available. There could be greater publicity and better
use of various existing “no regrets”22 measures that
are perceived by managers as being already effective
and not necessarily innovative: for example, the
construction of dykes, retention ponds and highway
diversions; development of mass transit and cycling
paths; construction away from flood zones; public
health surveillance systems; public health emergency
measures training and simulation; and programs
on daily life and domestic life aids offered by MSSS.
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22 No regrets measures are those for which benefits, such as energy savings and reduced pollution, at least equal their costs
to society, regardless of the benefits stemming from the mitigation of the effects of climate change.
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Budget constraints were also mentioned by managers. Even “no regrets” measures incur
direct costs (e.g. specialized equipment for clearing icy roads in the winter) and indirect costs
(e.g. personnel). The amalgamation of municipalities could facilitate the implementation of
certain strategies for adapting to the effects of climate change (e.g. pooling of specialized material
and human resources) that exceed the financial capacity of many smaller municipalities. For
instance, the additional cost of building all-season roads (other than on permafrost) and bridges
was estimated, respectively, at $85,000 per kilometre and between $65,000 and $150,000 per
bridge (in 2001 dollars), for average increases of 5% in temperature and 10% in precipitation
in this century (Dore and Burton, 2004). However, it is unlikely that amalgamations will remedy
all regional program issues, such as the problems inherent in interaction between numerous
stakeholders during a disaster (e.g. values, training, varying procedures). With respect to
technological innovation, public services in Quebec rarely have access to funds for such
development or to encourage innovators (Ippersiel and Morissette, 2004). As early as 1999,
the Municipalities Issue Table (MIT) noted limited access to capital and limited experience
with external capital sources in relation to the funding of energy savings or GHG emissions
reduction programs (MIT, 1998). In the area of public health, it is primarily research funds
that permit the exploration of new technology and innovation (Bédard et al., 2003).

Unlike federal and provincial
government managers often
working at macro policy levels,
regional and municipal managers
are responsible for implementing
in the field and managing programs
specifically related to climate
change in their areas. Managers
identified municipal branches and
their land use and urban planning
services, public health branches
and environmental health teams,
as possible key players in dealing
with the effects of climate change.
They also remarked that the support of colleagues, leaders (elected officials) and the public
was insufficient. This adds to the difficulties faced particularly by municipal managers who
must ensure that actions taken are approved by the public (Ippersiel and Morissette, 2004) and
contribute to improving the services already offered, while reconciling economic constraints
(Soucy, 2002). Even with popular support for a large number of adaptations, managers have many
other considerations. For example, public health managers must work in close cooperation
with other institutional partners in the region (e.g. hospitals), which have priorities other than
climate change and are not necessarily convinced of its impact on health care services
because its impacts on health are not yet readily observable (McMichael et al., 2006).

Bélanger et al. (2006a) suggested it would be highly desirable to add a component on
reducing existing vulnerabilities to those actions targeted at mitigating GHGs and adapting
to climate change. This would facilitate viewing vulnerability not as the net result of
climate change once the adaptations are in place, but as a characteristic (such as available
income) or a condition (such as being disabled) generated by various social and environmental
processes and exacerbated by climate change (O’Brien et al., 2004). In their opinion, this
approach would solidify the integration of this “human” dimension as the cornerstone of the
entire process to address climate change.
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6.6.4.8 Comments on the validity and reliability of results

In this research, the rate of participation was 84.4% (n=130). Managers from various
activity sectors of public and regional interest were interviewed in the 15 socio-health
regions in southern Quebec to reflect the variability of climate impact in coastal, agricultural,
forestry, tourist and urban areas. Respondents included public health directors, emergency
measures officials, occupational health officials, environmental health officials and
infectious disease officials from health and social services agencies in each of the 15 regions.
They also included municipal managers from 40 of the 86 municipalités régionales
de comtés (MRC) and 14 cities that would be concerned with land-use planning (including
agricultural), civil protection, services and infrastructure, culture, recreation and tourism,
communications and public relations, and administration. This sample includes managers
who play key roles in the area of climate change in the various sectors of southern
Quebec’s 15 regions.

Consideration was given to whether some managers answered the questions so that their
statements would be in keeping with media coverage on climate change, particularly
in the context of debates over the Kyoto Protocol (Paulhus, 1991). However, Bélanger
et al. (2006c) believe that the influence of media coverage in favour of ratifying the
Kyoto Protocol in Quebec has had little influence on the data for the following reasons.
First, distribution of responses covered a wide range of possibilities (e.g. from completely
“for” to completely “against” the idea that climate change is a reality). Second, some
managers did not hesitate to indicate their scepticism about the actual reality of climate
change. Before the interviews were concluded, views on the reality of climate change
were confirmed and, if needed, responses were clarified.

It is possible that one-on-one interviews, or longer telephone interviews, would have
allowed for a more detailed response to certain questionnaire topics, such as existing
vulnerabilities or obstacles to the implementation of specific climate change programs.
However, this is highly unlikely for the following reasons. During data collection,
the information provided a diminishing return and the data saturated (which means
that little or no new information showed up from interviewees after the initial period,
a methodological criterion used to assess a qualitative survey’s validity) (Deslauriers,
1991). In addition, although increased ECEs were noted as significant, as was the
rise in winter temperature (based on certain climatic indicators, such as rain, snow
cover), few managers considered this information as significant and sufficiently
predictable to include climate change issues in their agendas. Apart from heat wave
plans, very few new measures are currently in place to systematically mitigate or
counter the impacts of climate change.

This situation is not surprising (Berkhout et al., 2004). Evidence of climate change is
not readily apparent because the signal of such change is “muddied” by natural climate
variability (increased frequency and severity of existing situations). In addition, the
interpretation of that signal depends on specialists outside the organizations with which
managers are associated, and these specialists use complex mathematical modelling
that is not familiar to managers. At this stage of evolving knowledge, the specialists
(scientists) cannot provide, with absolute certainty, exact responses to crucial questions
managers would ask about the scope and timing of climate changes. Therefore, it is
difficult for municipal and health managers to translate the signals of climate change
into concrete action.
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6.6.5 Synthesis
Based on the preceding findings, Bélanger et al. (2006a) inquired if immediate action
on climate change was possible—considering that currently the scope of its effects is more
expected than experienced, and its effects will be most evident in populations that for
various other reasons are already vulnerable. In an affirmative response, they put forward
a “no regrets” intervention strategy, adapted for use by municipalities and public health
agencies. It integrates various proven methods for preventing the negative effects of climate
change and includes the following five components.

1. Clarify the mandate for consideration of climate change
Federal and provincial levels of government must present a clear, consistent message about
climate change, including a clear definition of the mandates and roles of the parties involved
in addressing this issue. According to interviewees, this is necessary for municipal and
public health managers to feel that they can proceed with implementing concrete measures
and, as required, start internal processes to develop innovative responses. To support
managers, this message should likely be in the form of a legal obligation to consider the risks
of climate change in the decision-making processes of health and social services agencies,
municipalities and provincial departments.

2. Benefit from the present cycle of investment in public infrastructure
Under the present cycle of investment in public infrastructure, standards and practices
that reflect the possible impact of climate change should be adopted. Several adaptations to
climate change would involve improvements to infrastructures, often those with a life span
of 30 to 50 years (e.g. water treatment plants, buildings, roads). A cycle of major investment
in Canada is beginning as a result of aging infrastructures, many having been constructed
more than 40 years ago. Great opportunities are available at this time for action in the area
of climate change, at minimal additional cost. Taking this opportunity will have beneficial
effects for the next 50 years.

3. Support strengthened standards, procedures and organizational routines
Standards, procedures and organizational routines should be strengthened, particularly
by implementing training to develop skills (e.g. risk assessment, including maps of risk
areas), developing intervention protocols or structured guides that are easy to use,
and creating ad hoc provincial committees with various experts and managers with
field experience who can provide technical assistance to disadvantaged areas facing
uncommon situations.

4. Transfer and share knowledge more effectively
Knowledge about R&D activities, particularly those undertaken to date within Ouranos,
should become more widely available. This transfer of knowledge would facilitate decision
making and the definition of standards and procedures that could be used locally by
organizations and municipalities throughout Quebec. This approach would help to remove
the “high-tech cloud” that seems to surround the climate sciences in the minds of managers.
Some adaptations to climate change have already been implemented by local authorities as
local and regional interventions to address issues other than climate change. The knowledge
gained by sharing “know-how” in this area could be a significant asset for those who do not
have the expertise or resources to implement climate change adaptations.

5. Raise public awareness of climate change
The public and elected officials must be aware of current and future climate change
issues so that initiatives taken by managers receive timely support. A structured, long-term
program to raise public awareness would be a valuable contribution to taking action on
climate change.
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6.7 CONCLUSION

The first Canada Country Study: Climate Impacts and Adaptation (Bergeron et al.,
1997) included a chapter on Quebec, which incorporated a health component. The report
concluded that information on impacts and adaptations about health and the effects
of climate change were poor or sketchy. Several recommendations were made, the
first being:

“Initiate multidisciplinary studies
to quantitatively assess the
direct impacts of oppressive
heat waves, intense cold
waves and winter storms on
morbidity and human mortality
and on the social behaviour
of people living in urban and
semi-urban environments
in Quebec.” (p. 196)

It has taken almost 10 years since the study to implement this recommendation; the
summary results are presented in this chapter in brief. Since the study, the base of
scientific knowledge in Quebec has grown significantly, and the understanding of climate
change issues in Canada and globally has evolved. Therefore, the expected scope of
certain effects can be estimated, and preparations for the required adaptations can be
made immediately.

With regard to southern Quebec, these effects are likely to have a negative effect on
health; the effects appear be major in scope, if judged by the simulated future deaths
presented here. In absolute number of deaths per year, there would be an increase of
150 deaths per year by 2020, 550 annual deaths by 2050 and 1,400 by 2080 in southern
Quebec. This is likely a lower value, considering the range of expected impacts. The
simulations do not take into account the fact that the Quebec population will age considerably
during that period; the percentage of people aged 65 and over (who are much more
sensitive to climate variations) will more than double during that period. These estimates
also do not include increases in mortality from extreme weathers events such as heat
waves or storms, or a possible future outbreak of water-, vector- or food-borne infectious
diseases. Other illnesses related to climate change have not yet been accounted for.
It is predicted that the general health of the population could further deteriorate; for
example, the current epidemic of obesity and diabetes—conditions that increase vulnerability
to the effects of climate change—could also complicate this picture over 20 or 30 years.
These simulations also assume that GHGs will be stabilized at twice the current level,
which may be considered optimistic. Important impacts are also expected in Quebec’s
northern regions; these are presented in Chapter 7, Health Impacts of Climate Change
in Canada’s North.

In comparison with the preceding estimates of mortality, traffic accidents kill some
700 people a year in Quebec, while approximately 6,000 are seriously injured (Société
de l’assurance automobile du Québec, 2006). Major programs are directed toward
prevention of traffic accidents and the mitigation of their consequences, and the costs
of these accidents to society are hundreds of millions of dollars each year (Société de
l’assurance automobile du Québec, 2006). The negative health effects of climate change
are not yet of the same scope, but could be in 30 or 40 years according to the simulations,
or possibly earlier.
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The good news is that much of the expected effects can be minimized and even prevented.
Just as traffic injuries have fallen by 60% over 25 years because of effective awareness
and prevention programs directed to the public and involving institutions across all sectors,
it is possible to act as effectively with regard to the effects of climate change. This
chapter has outlined a number of opportunities and examples that can be supported and
reinforced that confirm that Quebec has many of the tools and means to undertake such
a challenge.

The other good news is that Quebec has begun to take action in the last few years in certain
areas that will be useful in adapting to climate change. The provincial 2006–2012 action
plan on climate change (Government of Quebec, 2006e) and most of its planned measures are
generally supported by the population. These province-wide measures include the northern
regions where the majority of Aboriginal and Inuit populations reside.

The research results and recommendations emanating from the research projects commissioned
for this Assessment and reported in this chapter have already helped to raise awareness
among health officials in Quebec about the need to implement concrete measures.
The importance of the health research program (and the dissemination of this research)
for the period 2006 to 2009 supported by Ouranos with INSPQ, MSSS, Health Canada,
Environment Canada and university researchers must be noted. Some significant measures
to reinforce health surveillance during ECEs and heat waves are also planned for this
same period. A program for promoting cool islands in urban areas has also been announced,
as have efforts to upgrade ventilation and air conditioning in health care establishments.
Finally, a program to train health care providers is planned. Under the safety of people
and property component of the action plan, the government also recently put in place
a program to prevent and minimize the impact of major natural hazards. The approximately
$75 million program (Government of Quebec, 2006b), administered in collaboration
with municipalities and regional stakeholders, will address problem situations related
to coastal erosion, flooding and landslides. This initiative will guide all future planning
in regards to infrastructure and buildings.

A number of sectors of society have already begun work on adaptation. At the municipal
and provincial level, the priority issue is the reduction of GHG emissions, because no
new or existing adaptation measures will be effective if action is not taken now to stabilize
the future climate. Cities and towns, for example, are capturing the gas emitted by sanitary
landfills, taking preventative measures to reduce emissions through changes in zoning and
incorporating weather emergencies into emergency plans. Businesses are buying hybrid
vehicles, working to lower trucks’ maximum speed to save gasoline and reduce GHGs,
replacing trucks by maritime transport, and moving towards geothermal heating systems.
There is a long list of such initiatives, including the future carbon exchange in Montreal
and the sustainable development and climate change response plan to be released in the near
future by Quebec’s health network.

Still, programs remain to be defined, systematized, solidly budgeted and implemented.
These programs must also be directed in particular to the people and communities who
need or will need them and to those who do not or will not have the means of funding
required infrastructures, services or other adaptations. Great differences, based on
income and state of health, must be taken into account as well, as shown in this chapter
with regard to access to air conditioning and pools during heat waves and adequate
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heat during cold snaps. Differences in behaviours
that vary according to age, gender, habits,
ethnic origin and/or social environments must
also be taken into account, particularly for
effective awareness campaigns and warnings.
With these considerations, an integrated
public health program on adaptations to climate
change can be realized. Many other factors
that are brought forward in this chapter also
warrant consideration. Most adaptations
to climate change are interventions that have
already been implemented (or could be imple-
mented) by existing departments, agencies
and local or regional municipalities. Nevertheless,
these interventions exist for reasons other
than the effects of climate change, and must be
adjusted, better targeted and strengthened to
address these effects.

Climate change presents a challenge of societal equity, between generations and regions,
between the disabled and the able-bodied, and between the rich and the poor. It also
presents the challenge of global equity. The World Health Organization recently reported
that climate change already results in the death of more than 150,000 people each year,
primarily in developing countries that cannot afford the infrastructure needed to address
its effects or reduce GHGs, which are predominantly generated by the developed and
wealthier countries, including Canada (Basu, 2005).

While investments in adaptation are on the rise, a single ingredient still seems to be
lacking in order to maximize the opportunities present in all sectors of society: a clear
and unequivocal message from senior levels of government regarding the need to think
“adaptation” to the effects of climate change and a legal obligation for institutions to consider
this in their daily decisions for the next two or three generations. The public in Quebec
continues to deem this issue a very important one (Léger Marketing, 2006), as it has for
several years.
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