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SUMMARY
The warming of the climate system measured throughout the planet over the last decades is unequivocal.
Human influence on the emission of greenhouse gases (GHG) is clearly established. In Quebec, society and the
natural environment are adapted to the climate in which we live. Rapid climate change poses risks to the wellbeing of society and sustainable development if Quebec does not adapt to this new reality. The full report is
based on more than 1000 references and its elaboration included nearly 100 experts from all relevant fields
who participated in the coordination, writing, editing, consultation and data collection. This document is a
summary of the full report available at Ouranos’ website. The numbers shown in parentheses refer to the
chapters and sections of the report.

Climate evolution and its impact in Quebec
1. Temperature: how does global warming affect us?
The effects of rising temperatures on the economy and the well-being of populations will be felt in all regions
and business sectors, for example:
ff Health : rising temperatures contribute to extend the pollen and forest fire seasons and will cause respiratory

and cardiovascular problems. They will also have negative impacts on mortality and morbidity mainly due to
urban heat islands. (2.2)

ff Biodiversity

: under the effect of global warming, the distribution areas of hundreds of species could
move north 45 to 70 km per decade. At the end of the century, Quebec would have favourable climate
conditions for the arrival of many new species, while some native species will probably not be able to
follow the accelerated pace of climate change. (2.4)

ff Forestry and Agriculture : the lengthening of the growing season caused by the warming influence of rising

temperatures could boost productivity of forests (2.1.1) and cultures (2.1.2). However, in the forest, these
gains could be cancelled out when trees will adapt to new CO2 concentrations. They could also be limited by
droughts or the lack of nutrients in the soils. In the case of agriculture, the risk of colonization of new crop
pests, weeds and plant diseases would be amplified by climate change. Moreover, pressure from certain
pests already present in Quebec could increase, as they may expand their territory (2.1.2).

ff Invasive

and harmful species : future climate conditions will be favourable to the proliferation of these
species. These organisms have the potential to harm native species, modify the structure of ecosystems (2.4)
and affect forestry (2.1.1) and agriculture (2.1.2). Several cases have been well documented in Quebec,
particularly invasive plants — like Japanese knotweed and invasive reed — and the vector species of Lyme
disease, which are already advancing rapidly in southern Quebec (2.2 and 2.4). Species introduced in aquatic
ecosystems could also affect fish habitat and aquaculture (2.1.3).

ff Energy : increased temperatures in winter will lead to a reduced energy demand for heating, which will be

only partially compensated in summer by a higher demand for air conditioning. Overall, energy demand
in all sectors (residential, industrial, commercial and institutional) would be reduced based on the median
scenario for the 2050 horizon by 2.7% compared to what it would be without climate change. (2.1.4)
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Temperatures (1.2) We see upward trends of approximately 1 to 3 degrees of mean annual temperatures over a period of

62 years (1950 - 2011). We expect this trend to continue so that annual temperatures rise by approximately 2 to 4 degrees for
the 2041-2070 period, and by 4 to 7 degrees for the 2071-2100 period. According to the high emissions scenario, this warming
could reach up to 15 degrees in winter in the north of Quebec towards the end of the century.
We forecast significant increases in the maximum temperature of the warmest day of the year. Depending on the region, the
results show median increases in the order of 3 to 5 degrees for a moderate emissions scenario and of 4 to 7 degrees for a
high emissions scenario. We also expect significant increases in the length of heat waves and the frequency of warmer nights.
Climate projections also indicate a significant warming for the minimum temperature of the coldest day of the year.

2. Precipitations: what are the consequences of the variation of precipitation on the population?
Precipitation (1.3) In southern Quebec, historical data from the 1950-2010 period indicate upward trends for spring and
fall rainfall. This is also the case for certain stations in the summer. The downward trend of precipitation in the form of snow
is significant for many stations in southern Quebec. The maximum quantity of precipitation within an event of 5 consecutive
days shows a significant upward trend during the fall that increases flood risks.

Projected precipitation changes vary according to seasons and regions. However, climate models throughout Quebec show
increases on precipitation totals in winter and spring, as well as summer and fall increases in the northern and central regions.
The range of values for the expected changes for the south of Quebec and the Gulf of St. Lawrence in summer and fall varies
between slight decreases and increases.
All regions of Quebec can expect an increase in the maximum annual amount of precipitation for all durations and for all
return periods. Return periods of annual maximum daily precipitation would be significantly shortened. In fact, an annual
maximum whose return period is 20 years on the 1986-2005 horizon could have a return period of 7 to 10 years towards 20462065 for Quebec as a whole. We expect a significant increase in all indicators of abundant and extreme precipitation in all
regions of Quebec. The increases will generally be more substantial in the North than in the South.

ff Built

environment : in urban areas, frequent and more intense rainfall causes localized flooding and
episodes of overflow, a tendency that would likely increase with climate change. Management of rainwater
is based on a portfolio of measures that allow a more efficient rainwater management: source control
measures, use of minor (underground infrastructures) and major networks (roads, parks) and retention
basins downstream of the networks. (2.3)

ff Water management : climate change will have an effect on both the availability and quality of underground

and surface water sources (2.5.1). Protection of water sources and natural ecosystems like wetlands (2.4)
and a better management of water demand, such as the implementation of water conservation measures
(2.5.1), are « no regret» adaptation options.

4

TO WA R D S A D A P TAT I O N

2

Hydrological regime: flows (1.7) ) We expect an increase in average winter flows of rivers for all of Quebec for the 20412070 horizon. Consensus is high (above 90 %) across all the hydrological projections used.

In northern Quebec, we anticipate an increase in average flows of rivers in spring and fall for the same horizon (moderate
consensus). In southern Quebec, we expect a decrease in average flows for most rivers in summer, spring and fall (moderate
consensus).

ff Water management :
ff

The change in the frequency of precipitation events or intense flooding, the increase in the severity of
low-water flow and the increase in water temperature carry the risk of adversely affecting water quality
(2.5.1) and fish habitat. (2.1.3)

ff

It is highly probable that low-water flow will be more severe and longer in the 2050 horizon. (2.5.1)

ff

There are many improvements to be made to the projections before the impact of climate change on
the most significant floods can be evaluated with a high degree of confidence. Knowledge of the impact
of climate change on the replenishment and evolution of groundwater needs to be developed. (2.5.1)

ff Energy : for the 2050 horizon, increases (very probable) of average flows in the order of 12% are expected

in the northern region of Quebec, whereas for the south, the increases (probable) are in the order of 5%.
(2.1.4)

ff Forestry : the soil water content in maple, balsam fir and spruce forest ecosystems will decrease by 20-40%

during the summer in 2041 - 2070, whereas soil temperature will increase by 3-4°C. This could potentially
reduce forest yield. (2.1.1)

Droughts (1.9.1) For southern Quebec, observations show a slight downward trend of meteorological drought indicators
(events of consecutive days without precipitation).
For the 2081-2100 horizon, we forecast a decrease in the maximum number of consecutive days without precipitation on an
annual and winter scale, but a longer duration of these events for the summer season.
Projections of soil moisture anomalies show annual dryer conditions, especially in for summer season of 2081-2100.

3. The sea: what are the risks of rising sea level, reduced sea ice and ocean acidification for
Quebec?
Sea level rise (1.9.3) In the Gulf of St. Lawrence, the median projection modeled by the IPCC, based on the high emissions

scenario, implies an increase of 30 to 75 cm in relative sea level. The latest IPCC projections indicate a decrease in relative sea
level of 0.3 to 1.5 meters depending on scenarios of high and moderate GHG emissions along the coasts of the Hudson Strait
and Hudson Bay.

Sea ice (1.8) We expect that around 2041-2070, the period when the Hudson Bay is ice-free, will be prolonged by more
than two months. For the St. Lawrence Gulf and estuary, we forecast a late freeze-up in the order of 10 to 20 days whereas ice
melting could be accelerated by 20 to 30 days for 2041-2070 with respect to the period of 1982-2011. Moreover, the maximum
annual ice concentration is expected to decrease by 67% in this region. The Arctic Ocean will be largely ice-free in September
before 2050 according to the high emission scenario.
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ff Coastal

erosion : the reduction of the ice cover along the coasts increasingly exposes the shoreline to
extreme events like storm waves and stimulates coastal erosion, with increasing risks for buildings and
infrastructures. (2.3)

ff Biodiversity

: in the Gulf of St. Lawrence, the coastal ecosystems of gentle slopes are now directly
threatened by submergence and marine erosion due to climate change. Yet, these shoreline ecosystems
play an important role in the dynamics of the coastal area and bring essential ecological services for the
sustainable development of maritime regions. (2.4)

ff Built environment : the erosion of the shoreline in marine coastal environments is a major problem for the

Côte-Nord, Bas-Saint-Laurent and Gaspésie-Îles-de-la-Madeleine regions. In recent decades, it has caused
considerable expenses related to the moving of roads and the construction of protective structures (2.3
and 2.5.2)

ff Fishery

and aquaculture : certain economically important molluscs and crustaceans in Quebec are
sensitive to the acidification of the oceans, which is due to increased concentrations of carbon dioxide in
oceans. (2.1.3)

4. Extreme meteorological events: will they affect our life-style?
Lightning, freezing rain, thunderstorms and storms. It is still not possible to make projections for lightning and
freezing rain with the current state of knowledge on these phenomena. With regards to thunderstorms, a few preliminary
studies imply an increase in their frequency and intensity the closer we get to the year 2100, without, however, being able
to establish a level of certainty for these projections (1.3.3). It is not yet possible to determine if the frequency and intensity
of post-tropical cyclones («hurricane remnants»), which cause extreme weather conditions events (torrential rains, violent
winds, strong waves and storm surges) will change in the upcoming decades in Quebec (1.6). It is however possible to assert
that post-tropical cyclones will bring greater quantities of precipitation and that those reaching the Gulf of St. Lawrence will
hit the coastal regions having undergone a rise in sea level, increasing the risks of erosion and submergence. The analysis of
low-pressure systems (1.6.2) did not detect a significant trend for the 1951-2010 period.
ff Agriculture : the increase in the frequency and intensity of extreme climate conditions would be damaging

for cultures, livestock and the quality of surface water. (2.1.2)

ff Fisheries and aquaculture : climate hazards such as storms, violent winds or freezing rain also represent a

threat for fishery equipment and harbour and aquaculture facilities. (2.1.3)

ff Energy : the frequency and intensity of certain extreme climate events could significantly affect electricity

transportation and distribution infrastructure exposed to these weather hazards. (2.1.4)

ff Health

: adaptation to extreme weather events still remains an important challenge in order to avoid an
impact on the health of populations, in terms of knowledge of risks, preparing for emergencies, urban
prevention and planning not only for organizations but also for individuals and families. (2.2)

ff Land

use planning : problems associated with extreme meteorological events are increasing in Quebec
and Canada. Flood hazard constitutes the main natural risk in Quebec and it generates important expenses
in compensation, among others, for the government. Damages associated with flooding are increasing
and occur now in all seasons, whereas in the past, floods in Quebec were essentially linked to the rising of
waters in spring often associated with ice break-ups. (2.5.2)
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5. Cascading effects and cumulative risks of climate change
ff Fisheries

and aquaculture : climate change modifies the physicochemical properties of water and fish
habitat quality. It also has a direct impact on the physiology, phenology and distribution of aquatic
species. We expect therefore consequences on the dynamic of populations and the composition of fish
communities, and ultimately on fishery productivity (recreational and commercial) and aquaculture
activities. (2.1.3)

ff In

the St. Lawrence River ecosystem, the increase in temperatures, the low levels of water and the
expansion of certain invasive plants, in particular the invasive reed, will cause the loss of the quality of
riverside habitats for the fauna and bring significant loss of spawning areas, especially in Lake Saint-Pierre
(2.4), which could have repercussions on fish populations and fishing. (2.1.3)

ff In

the fresh water estuary, several ecological, geomorphological, meteorological and hydrodynamic
factors could simultaneously affect, under the direct influence of climate change, the erosion of high
marshes and therefore threaten certain endangered or vulnerable plants for which this habitat is essential.
(2.4)

ff In northern Quebec, the

degradation of permafrost and the resulting compacting of soil, as well as the
changes in ice coverage and storm regime, affect buildings as well as industrial and transport infrastructure.
Mapping of the at-risk zones of northern villages helps to better plan their development (2.3). Climate
change will further affect native populations because of increasing difficulties to access the territory
(melting of permafrost and modification of winter roads) and their traditional food. (2.3 and 2.4)

ff Nordic

ecosystems are very vulnerable to climate change and are already experiencing its effects: The
rise in temperatures and the change in the precipitation regime, and the freeze-thaw cycle already have
a cumulative effect on the behaviour of species, their biological cycle and their use of habitat. This is the
case of migrating caribou and salmonids. Yet, these species and many others offer several ecological
services on which the traditional life-style and culture of native populations rely entirely. (2.4)

ff In

boreal areas, climate change will also have impacts on the forest ecosystem since changes in
temperatures, precipitation and CO2 concentrations directly influence the growth of trees and the specific
composition of the boreal forest (2.1.1). These impacts will add to the changes in the forest fire regime
and to the insect and illness epidemics anticipated due to climate change, which therefore have the
potential to influence the severity, frequency and spread of disturbances on forestry activities. (2.1.1)

ff Land use planning : in view of the expected effects of climate change on precipitation and floods (2.5.1),

and because of urban development in areas susceptible to landslides, the losses and consequential
damages resulting from landslides are likely to increase. (2.5.2)

ff Tourism

and leisure : despite the domino effect that we can anticipate for this industry, very little
information currently exists on the impact of climate change and its consequences for tourism SMEs in
Quebec. According to projections for 2020, the Eastern Township and the Laurentian regions will benefit
from economic gains in summer whereas losses are expected for winter activities. However, without
adaptation measures, the summer gains would not be enough to compensate for winter losses in these
two regions. (2.1.5)
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A more resilient Quebec :
Towards the implementation of adaptation to climate change
This section presents a transversal and integrated analysis of adaptation solutions and options that is based on
various examples taken from recent studies (sectorial information described in the previous section) that will help
Quebec to become less vulnerable to climate change.
The impacts of climate change add to existing environmental, social and economic vulnerabilities of society.

ff Built

environment : the lack of knowledge about the state of infrastructure as well as the sometimes faulty
management and maintenance practices are important sources of vulnerability for infrastructure. (2.3)

ff Land use planning : in an urban environment, vulnerability is tied to the complex interdependence between

infrastructures and population density. The analysis of this vulnerability is essential to detect the at-risk sectors.
(2.3 and 2.5.2)

Quebec already possesses a considerable number of tools to support the implementation of adaptation. This
capacity is based on several elements, including core studies, the identification of adaptation strategies for different
issues and activity sectors, communication tools, as well as government adaptation plans at municipal, provincial
and federal levels.
From science to action : in general, there are many evaluations about vulnerability, the impact of and adaptation to
climate change, but they haven’t necessarily led to the implementation of adaptation. Researchers are currently
working on understanding the barriers to adaptation and the transition from science to action. This is why the role
of «boundary» organizations such as Ouranos is increasingly valued internationally. (3.1)
Adaptation solutions can take a variety of forms (3.3). The solutions identified more often are those involving the
modification of the physical properties or the structure of a system so that it increases its resilience. Physical and
structural adaptation is based on engineering, technology and ecosystem-based approaches.
Engineering and technological options are important, but the development of adaptation solutions that offer
flexibility to respond to different types of risks is essential and it is currently consider as a new research path.
Associated with this approach, ongoing learning, which includes follow-up and evaluation systems (3.4.5) allows to
guarantee continuous adaptation.
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Physical and structural adaptation (3.3.1)
Examples of engineering options:
Sector
Forestry (2.1.1.3)
Agriculture 2.1.2.3)
Energy (2.1.4.2)

Adaptation measure
Modification of forestry infrastructure ( e.g.: increase the size of culverts to adapt to the increase of precipitation)
Design of hydro-agricultural infrastructure and manure storing structures based on criteria that take climate change
into consideration
Modification of outlet canals or piping dimensions
Increased spillway capacity
Modification of pavement geometry and design to face the increase in precipitation
Construction of hard protection structures against the rising of sea level and coastal erosion (seawalls, rubblemound
revetment, wave deflectors, etc.)
Beach replenishment against the rising of sea level

Buildings and infrastructure Implementation of rainwater management systems (with or without vegetation)
(2.3)
Use of reflecting materials (high albedo) on urban infrastructure (roofs, wall panels, pavement)
Favor bioclimatic architecture (construction of smart infrastructure)
Use of thermosyphons to maintain the integrity of permafrost in Nordic regions
Ressources en eau (2.5.1.2)

Upgrading water management infrastructure to integrate various possible climate change scenarios (e.g.: resizing of
infrastructure, relocation of water intake, mechanisation of a valve, etc.)

Examples of technological options :
Sector
Forestry (2.1.1.3)

Adaptation measure

Modification of forestry machinery (e.g.: use high-flotation tires when the soils are unfrozen)
Installation of ventilation systems in livestock buildings or other technologies (fogging) to face periods of intense heat

Agriculture (2.1.2.3)
Agriculture (2.1.2.3)
Fisheries and aquaculture (2.1.3.4)

Energy (2.1.4.2)

Micro-irrigation (precision irrigation system, drip irrigation system)
Development of plant/cultivar/hybrid varieties adapted to new conditions
Real-time monitoring and other technologies that supports the productivity of irrigated farming
Breeding of new species adapted to new climate conditions
Modification of the characteristics of electric components (generators, transformers, transport lines, etc.)
Use of effective hydric distribution systems (automatic fogging) on golf courses

Tourism (2.1.5.4)
Buildings and infrastructure
(2.3.2.3)

Biodiversity and ecological
services (2.4.2.2)

Snow production
Application of treatments (lime, cement, emulsion) to soils and pavement materials to render them less water sensitive
Introduction of communication technologies (GPS, satellite telephones) and of new means of transportation to assure
hunting and fishing activities of aboriginal communities
Use of geomatics tools to elaborate maps of wetlands to support decision making, diagnostic evaluation and local
intervention

Land and use planning
(2.5.2.1)

Use of geographic information systems (GIS) to better identify climate vulnerabilities (e.g.: develop development of risk
maps)

All sectors

Use of information technologies to develop early warning systems and weather forecasting specific tools for the health
sector (heat waves), the water management sector (floods and low flows) or for agriculture (droughts), etc.
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According to the Secretariat of the Convention on Biological Diversity, ecosystem-based adaptation (EbA)
« integrates the use of biodiversity and ecosystem services into an overall adaptation strategy in order to help
people to adapt to the adverse impacts of climate change. » In Quebec, and around the world, there is a growing
awareness of ecosystem-based adaptation. The difference between ecosystem-based adaptation (3.3.1.3) and
adaptation measures that aim for the conservation and management of biodiversity, such as the establishment
of ecological corridors or protected areas networks (2.4.2.4 and 2.5.2.2), is not always clear. Ecosystem-based
adaptation builds around the implementation of « green measures » or « green infrastructure » designed for
objectives other than biodiversity conservation, such as the reduction of urban heat islands or the management
of urban rainwater. They are complementary approaches and, in both cases, the underlying principle of using
ecosystem services for multi-sector adaptation reinforces the importance of protecting our natural capital
(2.4).

Examples of ecosystem based adaptation options :
Sector
Forestry (2.1.1.3)

Land and use planning (2.5.2.2)

Adaptation measure

Benefit

Ecosystem-based forest
management (EFM)
Creation of multi-categories
protected areas, combining
high conservation areas
with polyvalent areas for a
sustainable exploitation of
natural resources

Sustainable management of forest resources
Conservation of large ecosystems
Maintenance of landscape connectivity
Maintenance of ecological services

Agriculture (2.1.2.3)

Creation or preservation of
buffer strips along the rivers in
agricultural areas

Habitat protection
Maintenance of water quality
Creation of thermal refuges for fishes in rivers

Health (2.2.2.1)

Tree planting at large scale

People protection against UV rays
Creation of shaded areas
Reduction of urban heat islands

Health (2.2.2.1)

Development of green
infrastructure in cities (parks,
green alleyways, green roofs,
green walls, vegetation systems
for rainwater management)

Land use planning in an urban
setting (2.5.2.1)

Water management (2.5.1.1)

Regulation of flow regimes
based on the “ freedom space of
rivers “ concept

Biodiversity and ecological
services (2.4.2)

Ecological and economic
evaluation of wetlands

Health and well-being of populations
Reduction of urban heat islands
Management of rainwater

Protection of riverine habitats
Conservation of wetlands
Maintenance of habitat quality for the flora and fauna
Maintenance of water quality and quantity

Finally, ecosystem-based adaptation solutions offer benefits to the population and society that go beyond
climate change adaptation, or the strict conservation of biodiversity, which makes them attractive options in
the context of sustainable development.
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Institutional leverage (3.3.2)
Adaptation to climate change must also rely on other avenues and tools like institutional leverage. Many of
these tools have been developed and studied in Quebec: adaptation plans from provincial and municipal
governments, guides and regulations for adaptation, and economic and financial tools (insurance, taxes and
subsidies). In many cases, the integration of greenhouse gas reduction is targeted to achieve several
complementary objectives at the same time.
ff Health :

a strong convergence exists between various adaptations measures in urban environments that
aim to fight against the effects of intense heat. Greener urban settings, promoting active transportation,
managing local precipitation on land and fighting against atmospheric pollution are all aspects that
improve the physical and mental health of the population, while contributing to the reduction of GHGs.
Their integration into municipal and tax regulations or into everyday practices remains to be strengthened
to be more efficient. (2.2)

ff Built

environment : an analysis of regulations and standards shows they remain very effective tools to
promote and implement robust practices to adapt to climate change, but the challenge is to apply these
regulations and standards in an evolving risk context. (2.3)

ff Tourism : Diversification of activities with an extended program over four seasons is a method of adaptation

often employed by the tourism industry (2.1.5).

Knowledge and information (3.3.3)
Depending on the context of use and target audience, this information can take different forms: specialized
information to support decision making in adaptation, hybrid knowledge combining traditional and scientific
knowledge, education and awareness to change behavior. Producing more and better information does not
guarantee its use. In Canada and elsewhere, many tools to support adaptation to climate change have been
developed in recent years, but the manner in which they have been used by the intended users still remains
poorly documented.
Local and traditional knowledge can clarify climate variables and complete scientific data to support the
implementation of surveillance and environmental prediction systems, as well as to develop appropriate
adaptation measures, especially when the lack of availability of certain data slows down the adaptation
process. (3.3.3.2)
The level of climate change knowledge of professionals, businesses and Quebec communities is varied and
uneven. Further efforts are required to raise awareness in the private and public sectors. Raising awareness
increases adaptive capacity. (3.3.3.3)
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Barriers and limits to adaptation (3.4.1) and transformational adaptation (3.4.2)
In general, barriers (or obstacles) to adaptation can be classified in the following categories: technological,
physical, biological, economical, financial, social, cultural, institutional and governance. In Quebec, some
studies show that the generalized barriers to adaptation are related to access to relevant information and its
transmission, a lack of expertise, difficulties in governance and people’s perception of having a high adaptation
capacity. Barriers specific to different sectors also exist.
The role of the private sector is not well described in the research, but it is important for the implementation of
adaptation. The response to a short-term need and the sense of climate independence are barriers to the
integration of adaptation in both corporate management and at the personal level (3.4.1).
On their side, limits are absolute obstacles, in other words, levels above which the state of a system cannot be
sustained and that leads to an irreversible loss or a radical change to adapt to new conditions (3.4.1).
Transformational adaptation emerges to face these limits to adaptation within a precise context. In Quebec,
studies on adaptation to climate change rarely address these transformational options (3.4.2)

Maladaptation (3.4.3) and adaptive management (3.4.4)
Five maladaptation dimensions have been identified: increase of greenhouse gas (GHG) emissions, high
opportunity costs, increase in inequity, actions that diminish motivation to adapt and development plans that
limit future adaptation abilities.
It is important to examine the links between different sectors to avoid trans-sectorial maladaptation and the
transfer of vulnerability. Moreover, it is important not to forget that objectives and values vary from one
institution to another, one group to another and one sector to another. Therefore, an adaptation option
perceived as positive by some may be a maladaptation to others. Consequently, it is necessary to identify
compromises between the different parties, a task that can be a challenge for adaptation managers
.ff Built environment and land use planning : while design of buildings and infrastructure as well as all aspects of

operation, maintenance, management and rehabilitation are and will always be affected by climate change, the
interdependence between infrastructure units make the challenges of climate change more complex. (2.3 and 2.5.2)

Finally, the adoption of adaptive management, a more flexible and iterative approach, in the implementation
of adaptation strategies encourages adjustments and a more appropriate response to the needs and objectives
of stakeholders as the situation unfolds. Furthermore, adaptive management allows integrating new
information or new scenarios when they become available. It is important to mention that range of different
types of measures is always needed to reinforce resilience.

ff Energy

: it is essential to consider the advantages of adapting the way we manage and/or design hydroelectric
stations and reservoirs according to the evolution of hydrological regimes. Both non-structural (adaptation of
management rules) and structural measures (adding turbines or resizing equipment) could allow benefiting from
future hydrometeorological conditions. (2.1.4)
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Opportunities stemming from climate change (3.4.6)
Adapting also implies taking advantage of opportunities related to the positive effects of climate change. The
agricultural sector, for example, could benefit from an increase in the yield of some cultures, thanks to the
extension of the growth season and the increase in thermal units (2.1.2). Potential gains in species richness are
also expected due to the northern movement of distribution areas of several flora and fauna species (2.4). In the
forestry sector, the anticipated increase of fire activity could improve forest productivity where tree growth is
currently limited by the depth of organic matter (2.1.1).
However, recent studies show that even if climate change could be at the origin of economic opportunities for
the agriculture and forestry sectors in Quebec, it also increases certain risks without it being possible to assert
at this time whether the overall outcome will be positive or negative for those two important sectors in Québec
(2.1.1, 2.1.2). As for the increase in species richness, it also includes the arrival of invasive or harmful species that
will be accompanied by negative effects on native flora and fauna (2.4). In addition, the performance of road
networks is greatly influenced by climatic factors, which account for approximately 50% of damages. The net
outcome of the effects on road infrastructure in southern Quebec is unclear because climate change will have
both positive and negative effects, which will affect in different ways the cost of construction and the lifespan
of infrastructure. (2.3)
Finally, the energy sector and hydropower generation could benefit most from the opportunities created by
climate change in Quebec, since the expected decline in energy demand for heating will be only partially offset
by the energy demand for air conditioning in summer (2.1.4)

Conclusion
Scientific knowledge in Quebec has greatly evolved since the last synthesis published by Ouranos in 2010.
Studies about adaptation to climate change are rapidly growing and they support the efforts of all stakeholders
to reduce the vulnerabilities and to make decisions based on state-of-the art knowledge. Available information
indicates that Quebec has a strong adaptation capacity, because it can rely on a solid expertise and a high level
technology to adapt to current climate conditions and projected climate conditions in the coming decades.
However, potential challenges for long term adaptation remain intact and they must be addressed in future
research on impacts and adaptation. Alongside scientific progress, a planned and proactive adaptation, based
on an adaptive management approach, would greatly help Quebec to meet these challenges and to respond
effectively to climate change and its consequences in all areas and sectors of society.
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