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INTRODUCTION

General declaration on climate change from the Intergo-
vernmental Panel on Climate Change (IPCC)

Throughout its history, climate has undergone many 
natural changes (IPCC 2007b). Volcanic activity 
and variations in solar radiation are known natural 
causes of climate variations. In spite of that, it is very 
unlikely that the climate warming of the last century 
was of a natural origin. Increased human activity 
has a strong impact on the radiation balance in the 
atmosphere. Greenhouse gas emissions from various 
sources, both natural and industrial, contribute to 
changing the composition of the atmosphere, thereby 
affecting its interactions with the various types of 
radiation (solar, terrestrial, etc.). The effect of climate 
change is felt worldwide: increased atmosphere and 
ocean temperatures, massive snow and ice melt, and 
average sea level rise (IPCC 2007a). Many natural, 
physical and biological systems are already affected 
by these changes on a terrestrial and oceanic level. 

Climate change in Quebec in the recent past

Several changes in the Quebec climate have been 
observed in the recent past (i.e., in the past 30 to  
40 years). Overall, daily temperature increases of  
0.2 to 0.4ºC per decade are observed in southern  
Quebec (Yagouti et al. 2008). This increase causes, 
among other things, a higher number of accumulated 
degree-days in a season and a shorter frost period. 
With regards to precipitation, an increase in the num-
ber of days of light rain has also been noted (Vincent 
and Mekis 2006). Snowfall amounts increased in 
northern Quebec and decreased in the south (Brown 
2010). Regarding the frequency of extreme wea-
ther events, some of them (e.g. stifling heat waves)  
increased somewhat in number whereas other events 
(e.g. bitterly cold nights) decreased. It is difficult to 
determine whether or not these events are due to  
climate change or to other factors, although some  
studies lead one to believe that these events were 
caused by warming attributable to the greenhouse 
effect (IPCC 2007b). 

The main objective of this technical document is to 
define some concepts related to climate change, in 
particular the interpretation and use of climate sce-
narios. Links will then be made with the agriculture 
sector to obtain an overall vision of the effects and 
risks associated with this issue.

CLIMATE CHANGE TERMINOLOGY

Greenhouse gases and aerosols

Greenhouse gases (GHG) are those gaseous consti-
tuents, both natural and anthropogenic (human), that 
by their very nature interact with terrestrial infrared 
radiation. These gases accumulate in the atmosphere 
and help to retain the planet’s heat by absorbing 
the infrared radiation emitted by the Earth and re- 
emitting it in all directions. Atmospheric radiation  
attributable to the greenhouse effect is therefore 
added to the direct solar radiation to warm the 
Earth’s surface. There are several types of GHGs, 
but the primary ones are water vapour (H2O), light 
hydrocarbons such as carbon dioxide (CO2), nitrous 
oxide (N2O), methane (CH4), ozone (O3), fluorocar-
bons such as hydrofluorocarbons (HFCs) , and other 
inert gases such as sulfur hexafluoride (SF6) (IPCC 
2007a). 

Aerosols are important factors to consider in the 
Earth’s radiation balance. Also of natural or anthro-
pogenic origin, they consist of very fine solid or li-
quid particles that are suspended in a gaseous envi-
ronment. Their emission sources vary: volcanoes, sea 
spray, industrial combustion and dust, agricultural 
emissions, etc. They can have an impact on the cli-
mate in two ways: directly, by disseminating and 
absorbing rays, and indirectly, by serving as a central 
point for water vapour formation, thereby modifying 
cloud dynamics (IPCC 2007a).

Model, simulation, projection, forecast or climate sce-
nario?

The terms model, simulation, projection, forecast 
and climate scenario are quite often used in climate 
change studies. The following descriptions, taken 
and adapted from the Fourth Assessment Report 
of the IPCC, present and differentiate each of these 
terms (IPCC 2007a).

Climate model and simulation
A climate model is a numerical representation of 
the climate system based on mathematical equa-
tions concerning fluid dynamics and the conserva-
tion of mass, energy, and quantity of movement. It 
can evoke the Earth’s entire climate system, which 
includes the atmosphere, hydrosphere, cryosphere, 
the planet’s surface, the biosphere and their interac-
tions (IPCC 2007a). The result of the use of the climate 
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model - the climate simulation - is a set of data repre-
senting a large quantity of variables such as surface 
and air temperature, humidity and wind. Simula-
tions are produced on a given territory (the spatial 
domain) going from extended global coverage for 
global climate models to a more limited domain such 
as Quebec for regional climate models. The simulated 
period can represent both the past and the future. 

Climate projection and forecasts
A climate projection represents the climate system 
response, as simulated by a climate model, to cer-
tain hypotheses postulated on the future evolution 
of aerosol and GHG emissions. Climate forecasts are 
the result of an attempt to produce an estimate on the 
actual future evolution of the climate.

Climate scenario
A climate scenario is considered a plausible represen-
tation of the future climate based on one or more cli-
mate projections. When the information is sent in the 
form of climate change with regard to a given refe-
rence period, this is called a climate change scenario. 
Scenarios are typically established to determine the 
potential consequences of climate change caused by 
humans (IPCC 2007a) and they constitute informa-
tion that can be used in impact studies as input in a 
bioclimatic model. For example, in a future climate 
impact study on the phenology of an agricultural 
crop, one climate scenario may be used as input in 
the phenological model of this crop.

CLIMATE MODELLING

Global climate models (GCM)
 
Global Climate Models (GCM) are climate models 
that can simulate a response from the climate sys-
tem to the variation in GHG concentrations. Their 
spatial resolution is generally between 250 and  
600 km. GCMs have about 30 vertical levels that 
could be virtually represented by a set of cubes piled 
one on top of the other from the Earth’s surface to 
the outer reaches of the atmosphere. This pile would 
hold the equations and features that are specific to 
each. These cubes react and have an impact on each 
other in such a way that they virtually recreate the 
dynamics of the climate system. There are several 
models from all over the world; some of these models 
are listed in Table 1.

Downscaling methods

GCM climate data downscaling methods are ranked 
under two major categories: dynamical and statisti-
cal. Dynamical downscaling consists in extracting 
high-resolution climate data from lower-resolution 
GCMs (CCCSNc). This technique, associated with Re-
gional Climate Models (RCM), which are introduced 
in the next section, enables results to be obtained in 
the form of variables that are physically consistent 
in time and space, as well as among themselves. Sta-
tistical downscaling relates to the quantitative deve-
lopment of relations between large-scale and local 
variables. In other words, statistical relationships 
between climate variables are established and cli-
mate data are then adjusted. This method, although 
less costly, is used less than the preceding because 
it requires a large quantity of regional observations 
from the recent past (Beaumont et al. 2008) and does 
not necessarily yield physically consistent results. 

Regional climate models (RCM)

Some studies require climate information on a finer 
scale than the information provided by the GCMs. 
In such cases, Regional Climate Models (RCM) can 
be used. RCMs are similar to GCMs in that they 
also include vertical levels but they generally have 
higher horizontal resolution, generally about 50 km 
(CCCSNb). Modelling at such a resolution is much 
more costly in terms of time and requires high- 
performance computer resources. Consequently, this 
type of model is used for simulating the climate in a 
more restricted spatial domain by using GCM data 
as boundary data. In this context, the GCM is called 
the pilot model because it places a restriction on the 
RCM simulation domain boundaries. The increased 
RCM resolution enables a better representation of 
some physical elements that are too small in scale for 
GCMs. For example, they could allow or improve the 
representation of geographic features such as topo-
graphy and the presence of large bodies of water that 
could have an impact on the local climate, of some 
local weather phenomena such as convective precipi-
tation (heavy precipitation lasting a short time over a 
small spatial extension) and heat islands. It is partly 
for these reasons that the scenarios obtained from 
RCMs are more realistic for representing climate 
change at the local level (CCCSNc).
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Table 1. List and country of origin of some Global Climate Models (GCM) available in the world [taken from the World Climate
               Research Programme (WCRP) coupled model intercomparison project, phase 3 (CMIP3) multimodel dataset]

Name of model Country of origin
BCC-CM1 China
BCCR-BCM2.0 Norway
CCSM3 United States
CGCM3.1 (T47) and (T63) Canada
CNRM-CM3 France
CSIRO-Mk3.0 Australia
ECHAM5/MP1-OM Germany
ECHO-G Great Britain and Korea
FGOALS-g1.0 China
GFDL-CM2.0; GFDL-CM2.1 United States
GISS-AOM; GISS-EH; GISS-ER United States
INGV-SXG Italy
INM-CM3.0 Russia
IPSL-CM4 France
MIROC3.2(medres); MIROC3.2(hires) Japan
MR1-CGCM2.3.2 Japan
PCM United States
UKMO-HadCM3; UKMO-HadGEM1 Great Britain

  Source: Meehl et al. 2007

Aerosol and greenhouse gas emissions scenarios

Aerosol and GHG concentrations in the atmosphere 
have a direct impact on the planet’s radiation ba-
lance. It is difficult to establish a consensus on their 
probable evolution in time, because this evolution 
depends on several factors such as the economy, hu-
man demographics, industry and technology. IPCC 
researchers therefore developed a set of aerosol and 
GHG emission scenarios by varying these different 
elements. These emission scenarios are known under 
the initials SRES (Special Report on Emissions Scena-
rios) (Nakićenović and Swart 2000) and fall under the 
four major categories listed in Figure 1. 

The scenarios associated with the A1 family focus 
on rapid economic growth and technological deve-
lopment of energy systems. There is also a social and 
cultural convergence in various territories, which 
serves to decrease the differences between them. The 
A2 scenarios specifically represent economic growth 
focused on local self-sufficiency. The B1 scenarios 

lean towards an economy focused on equity and ef-
fective resource management. Their production acti-
vities are of less importance. Lastly, the B2 category 
focuses on local solutions and environmental protec-
tion. New technology does not develop as quickly in 
that family. Regarding the human population, the A1 
and B1 families describe a rapid increase followed by 
a decrease; for the A2 and B2 families, the population 
increase is slower but consistent (IPCC 2000). The 
choice of an emissions scenario will therefore have 
an impact on the desired study results. Some GHG 
evolution studies mention that the most extreme sce-
narios (the A1 and A2 families) would be more likely 
than the more conservative scenarios (the B1 and B2 
families) (Beaumont et al. 2008).

CLIMATE SCENARIOS

Impact studies require precise and often simplified 
information on the expected future climate. This 
section gives a brief description of the method and 
choices related to producing climate scenarios.

3
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Choice of climate indices and of a climate scenario

In the development of a climate scenario, a set of 
variables can be selected based on the required cli-
mate indices such as precipitation intensity or the 
temperature of the territory and the period studied. 
For example, during a study on the impact of climate 
change on a set of crops in the Bas-Saint-Laurent  
region by 2050, simulated surface temperature and 
precipitation data, which have an impact on the 
crops in this region in particular, will be used. In a 
project studying projected precipitation change in 
a location where the landscape and geography are  
complex, such as the Canadian Rockies or the Mari-
time coastlines, use of RCMs will be required. For a 
study concerning a variable with a smooth spatial 
distribution, a variable such as the temperature in 
southern Quebec, GCMs can also be used to prepare 
the climate scenario.

Available information sources

As mentioned earlier, several climate models have 
been developed worldwide. GCMs and RCMs cover 
different spatial domains and go from one specific 

territory in the case of a RCM to the entire planet in 
the case of a GCM, and at variable resolutions. Each 
of these two categories of model has specific use 
restrictions as well as advantages and disadvantages 
that must be considered from the outset. According to 
the study objectives, a set of GCMs and/or RCMs can 
be selected. In addition, the simulations produced by 
these models depend on several factors such as aerosol 
and GHG emissions scenario and initial conditions. 
In the case of a RCM, simulations also depend on the 
GCM pilot data used as a constraint at the domain 
boundaries. Typically, GCM data are more accessible 
and cover a wider variety of SRES scenarios and of 
range of uncertainty than with RCMs, because many 
scientists develop models of this type worldwide and 
these models represent the entire planet. However, 
GCMs have a very coarse resolution (between 250 and 
600 km) that does not include precise features on the 
sector; it might not be possible for some phenomena 
to be represented adequately.

RCM simulations are produced on a higher-resolu-
tion spatial grid. Figure 2 illustrates the change in the 
snow water equivalent, represented by a GCM with 
a course resolution of 350 km (left) and a RCM with a 

FIGURE 1. Schematic representation of the four major aerosol and greenhouse  
	 gas emissions scenarios from SRES based on their association with glo- 
	B al or regional economic or environmental factors

Adapted from Nakićenović and Swart 2000. 
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finer resolution of 45 km (right). In some areas (e.g., 
northern Quebec and the west-central United States), 
the regional particularities of the sector are not well 
represented by GCMs; this generates information 
that is not sufficiently precise. 

A fast growing amount of simulations is available for 
producing climate scenarios and some choices have 
to be made. The most relevant elements to consider 
in choosing the simulations to be used to produce a 
scenario are availability of study variables, appro-
priate resolution to represent the studied phenomena 
and the coverage of the climate change uncertainty. 
This last point represents a crucial element in climate 
scenario production and is dealt with in the next sec-
tion. In addition, some studies require simulations in 
which some specific processes are represented. For 
example, for a study of the ice melt in the Canadian 
Arctic, the selected simulations should give a proper 
representation of the cryosphere in the region concer-
ned. 

Climate change uncertainties

There are several sources of uncertainty in the climate 
modelling process, whether related to GCM or RCM  
 

imperfections, aerosol and GHG emissions scenarios 
or natural climate variability. GCMs are based on 
various mathematical equations and parameters that 
are chosen by developers to represent the physics of 
the terrestrial system. Each of these models has some 
uncertainties depending on the choices made and the 
limitations of the computer capacity.

As mentioned previously, emission scenarios 
represent a source of uncertainty. Figure 3 illustrates 
the degree of uncertainty in connection with the 
SRES. The A1F1, A1T and A1B scenarios come from 
the A1 family. They describe alternative directions 
of technological change: fossil intensive (A1F1), non-
fossil energy sources (A1T) and a balance across all 
energy sources (A1B) (CCCSNa).

Natural climate variability is also a source of 
uncertainty. According to Murphy et al. 2009:

“Climate, at a global scale and even more at 
a local scale, can vary substantially from one 
period (for example, a decade or more) to the 
next, even in the absence of any human in-
fluences. (…) Natural internal variability will 
continue in future, and be superimposed on 
longer-term changes due to man’s activities.” 

5

FIGURE 2. Relative change (%) in snow water equivalent (December–February), 2041–2070 in comparison with the recent past  
	 (1961–1990) for the A2-SRES scenario at a resolution of about 350 km (left), from the simulation of the third- 
	 generation Canadian global climate model (CGCM3), and at a resolution of about 45 km (right), from the simulation  
	 of the Canadian regional climate model (CRCM)

Source: Brown and Mote 2009.  ©American Meteorological Society. Used with permission.
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This source of uncertainty is related to the chaotic 
nature of the climate system and is therefore irredu-
cible.

Climate change uncertainty is crucial information re-
lated to climate scenarios. Contributions from various 
sources of uncertainty can be quantified by using an 
ensemble of climate simulations. For example, uncer-
tainty about the future evolution of aerosol and GHG 
emissions is quantified by using several simulations 
that were forced by different SRES scenarios. The 
uncertainty related to natural climate variability can 
be determined by producing a set of climate simula-
tions from the same model and SRES scenario and by 
slightly modifying the initial conditions. The simula-
tions produced will represent a set of possible future 
climates, their differences being due exclusively to 
natural climate variability.

An example of uncertainty quantification

An example of using an ensemble of climate simula-
tions is presented in Figure 4 (Ouranos 2010a). The 
figure shows the evolution of summer and winter 
temperature and precipitation anomalies in southern 
Quebec from 1990 to 2080 in comparison with the 
1900–1969 average as projected by an ensemble of 130 
GCM simulations. The ensemble median (solid line), 
the 25th and 75th percentiles (dotted lines) and the 
5th and 95th percentiles (shaded area) describe the 
distribution of the ensemble and therefore quantify 
the projected climate change uncertainty. One obser-
vation is that despite the extent of the uncertainty 
on the significance of summer temperature changes 
in southern Quebec, all the simulations used project 
an increase in this variable. The ensemble median 
suggests no change in summer precipitation. Here,  

6

Figure 3. 	Left: Global GHG emissions based on six illustrative marker scenarios and the 80th percentile range of the 
	 scenarios published in the SRES (post-SRES, shaded area). Right: Global averages of surface warming 
	 shown as continuations of the 20th-century simulations. The vertical bars on the right indicate the best  
	 estimate (darkened area) and the likely range assessed for the six SRES marker scenarios at 2090–2099. All  
	t emperature differences are calculated relative to 1980–1999.

Source: GIEC 2007a, Figure RiD.5., p. 7
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although the ensemble climate simulations some-
times differ with regard to the direction of the change 
(positive or negative), all change values projected by 
the ensemble are low. With the development of cli-
mate modelling knowledge, available future climate 
information will become clearer. However, climate 
change uncertainty is partly irreducible. It is there-
fore important to learn how to interpret the informa-
tion related to this and to understand its implications.

EXPECTED CLIMATE CHANGE IN QUEBEC

According to the Ouranos, Consortium on Regional 
Climatology and Adaptation to Climate Change, 
temperatures are projected to rise in Quebec by 2050. 
There will be a greater warming in the winter than 
in the summer (Ouranos 2010b). Figure 5 shows 
estimated temperatures taken from 1961–1990 
observations; it also shows estimations obtained 
for 2041–2070 based on an ensemble average of 
climate projections. During the winter, an average 
temperature increase of 2.5 to 3.8ºC is shown in 
southern Quebec and an increase of 4.5 to 6.5ºC 
is shown in northern Quebec. Conversely, in the 
summer, the expected increase is around 1.9 to 3.0ºC 
in the south and 1.6 to 2.8ºC in the north.

An increase in precipitation is also expected  
throughout Quebec (Figure 6). In the winter, the  
isohyets (imaginary lines connecting points of equal 
rainfall) are expected to move northwestward. This 
would cause greater snow cover in the north but  
lesser snow cover in the south. During the warm 
season, additional rainfall is projected in the north 
whereas in the south, there is no projected change. 
Changes in the intensity, frequency and magnitude 
of some weather events could also be felt throughout 
Quebec (IPCC 2007a).

POTENTIAL IMPACT ON THE QUEBEC 
AGRICULTURAL SECTOR

Several studies have been conducted on the poten-
tial impact of climate change on agricultural produc-
tion. By and large, the results depend on the studied 
region, crops, the significance of extreme events, and 
changes in temperature, CO2 concentration and pre-
cipitation. 

The climate scenarios show that projected climate 
conditions could be favorable for some crops but 
not for others (Ouranos 2010b). A rise in tempera-
tures in a given region can increase the agronomic 
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Figure 4. Anomalies in seasonal precipitation (%) and temperature (ºC) averages from 1990 to 2080 based on the 1900–1969

	 average (summer and winter, southern Quebec) 

Source: Ouranos 2010a
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potential of a crop that requires a long growing sea-
son (e.g., corn or soybean) or enable a new crop to 
be developed that was previously inappropriate for 
the conditions in this region. Conversely, crops that 
are adapted to cooler conditions (e.g., small grains 
such as wheat, barley, oats and rye) could be put at a 
disadvantage (Ouranos 2010b). Most studies mention 
that plant ability to acclimatize to higher CO2 concen-
trations or temperatures will essentially depend on 
the quickness and intensity of the change to which 
the plants will be exposed. Extreme temperatures 
during the summer could cause losses in animal pro-
duction, especially poultry production which is most 
vulnerable.

According to the projected scenarios, change in 
terms of summer precipitation remains uncertain.  

However, an increase in evapotranspiration owing to 
a rise in temperatures, combined with a lack of rain-
fall, could cause water stress. It is difficult to predict 
whether or not this phenomenon will be an issue in 
Quebec given the presence of irrigated and non-irri-
gated land. Drainage modification and soil structure 
improvement are foreseen solutions for counterac-
ting possible water shortage problems. An increase 
in the frequency of extreme events such as drought 
or flooding could possibly have substantial conse-
quences on water supply, plant productivity and soil 
erosion. In addition, many crop pests, such as insects 
and pathogenic agents, might be affected by climate 
conditions, which could cause an exotic specie to es-
tablish itself in Quebec.

8

Figure 5. Mean summer and winter temperatures (°C) 1961–1990, obtained from Natural Resources Canada (NRCAN)  
	 (Hutchinson et al. 2009), and 2041–2070, obtained from a climate change scenario produced with an en- 
	 semble of 17 simulations using the Canadian Regional Climate Model (CRCM) (from de Elia and Côté 2010)

Source: Ouranos 2010b
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ADAPTATION STRATEGIES FOR QUEBEC 
AGRICULTURE

Several strategies are planned for the agriculture 
sector to counteract the negative impact of climate 
change. 

Regarding plant production, selecting a well-adapted 
cultivar is a good choice. Selecting hybrids or culti-
vars with higher thermal-based indices (e.g., corn 
heat units, degree-days) than those recommended 
on current maps will help in counteracting possible 
issues caused by high temperatures. Diversifying 
cultivated species remains an effective way of redu-
cing the magnitude of agricultural losses (Ouranos 
2010b). To obtain the best yield possible, adapted  

management and planning are essential. Producers 
can adjust planting, seeding, and harvest seasons 
based on current and projected climate conditions 
by using available tools such as bioclimatic models 
(Bourgeois et al. 2004). They can also mitigate and 
prevent damage caused by pests by keeping up to 
date through newsletters or maps made available to 
them by agricultural sector stakeholders. It is there-
fore very important for these stakeholders to regu-
larly update their publications about climate infor-
mation and the associated risks. 

Regarding animal production, farmers must be 
watchful during periods of extreme heat and 
modify, as needed, the environment of animals 
inside buildings in order to mitigate the associated 

9

Figure 6. Mean summer and winter precipitations (mm per season) for 1961–1990, obtained from Natural Resources  
	 Canada (NRCAN) (Hutchinson et al. 2009), and for 2041–2070, obtained from a climate change scenario pro- 
	 duced with an ensemble of 17 simulations using the Canadian Regional Climate Model (CRCM) (from de Elia and  
	 Côté 2010) 

Source: Ouranos 2010b
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risks. With the tools available to them and given 
stakeholders ongoing involvement in the agricultural 
sector, producers can make short-, medium- and 
long-term decisions based on more or less rapid 
climate development.
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