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technology have enabled large increases in the spatial and
temporal resolution of GCMs over the last few years, their
model results are still not sufficiently accurate (in terms of
absolute values) at regional scales to be used directly in
impacts studies (Mearns et al., 1997). Instead, mean
differences between the model's representation of current
climate (this baseline period is currently 1961-1990) and
some time period in the future are calculated (see Figure 1).
Thirty-year periods are used to define the baseline and
future time periods since averaging over this length of time
gives a better indication of the longer-term trend in climate
than does a shorter interval. The changes between the
future and baseline periods are calculated on a grid-box by
grid-box basis and are referred to as change fields or
climate change scenarios. Conventionally, differences
(future climate minus baseline climate) are used for
temperature variables and ratios (future climate/baseline
climate), often expressed in percent terms, are used for
other variables such as precipitation and wind speed. In
order to obtain a representation of the 'actual' average
climate (a climate scenario) at some point in the future
these change fields are combined with observed climate
information for the baseline period. In this case, the climate
change scenarios were combined with a high resolution (1
km) 1961-1990 baseline climatology constructed using the
Alberta Climate Model.

INTRODUCTION
In the most recent assessment undertaken by the
Intergovernmental Panel on Climate Change (IPCC) a
number of conclusions concerning global climate change
were reached, including the following: “that the increasing
body of observations gives a collective picture of a
warming world and other changes in the climate system”
and that “there is new and stronger evidence that most of
the warming observed over the last 50 years is attributable
to human activities” (IPCC, 2001). These observed
changes in climate are as a result of a global average
surface air temperature increase over the 20th century of
about 0.6°C. In contrast to these observed changes, global
average surface air temperature is projected to increase
between 1.4°C and 5.8°C by 2100, relative to 1990. What
may these projected changes in global average climate
mean for Alberta?
METHODOLOGY: CONSTRUCTION AND
SELECTION OF CLIMATE CHANGE
SCENARIOS
One way of translating climate changes at the global scale
to climate changes at the local scale is to use global climate
models (GCMs). These three-dimensional mathematical
models represent the physical processes of, and the known
feedbacks between, the atmosphere, ocean, cryosphere and
land surface, and have been used successfully for
simulating past, present and future climates. The most
advanced GCMs are known as 'warm-start' transient
GCMs and these simulate the effect of historical changes in
atmospheric composition (beginning as early as the 18th
century) on the radiation balance of the atmosphere and
then, by using information about how atmospheric
composition may change in the future (derived from a
greenhouse gas emissions scenario), they are able to
simulate future climate. Table 1 shows the GCMs and
associated climate change simulations which were
available for this study - a total of 29 climate change
experiments. These climate change simulations use the
most recent greenhouse gas emissions scenarios detailed in
the Special Report on Emissions Scenarios (SRES;
Nakicenovic et al., 2000).

Such a large number of climate change scenarios (29)
makes for a very unwieldy analysis, so a sub-set of climate
change scenarios, spanning the range of possible future
climates projected by the large number of GCM results
available, was selected for use. This selection was based on
changes in summer mean temperature and precipitation for
the 2050s since this season provided a large range in the
scenario results, particularly for precipitation (see Figure
2). Five scenarios were selected to represent conditions
which were cooler and wetter (NCARPCM A1B), cooler
and drier (CGCM2 B2(3)), warmer and wetter (HadCM3
A2(a)) and warmer and drier (CCSRNIES A1FI) than
median conditions (HadCM3 B2(b)). Climate change
scenarios were constructed for minimum, mean and
maximum temperature, precipitation, degree days > 5°C
(indicative of general plant growth) and annual moisture
index (an indication of moisture availability for plant
growth). These climate change scenarios were then
combined with the 1961-1990 high resolution baseline
climate information to obtain realisations of 'actual'
average climate (the climate scenarios) for Alberta for the
2020s, 2050s and 2080s.

Following recommendations outlined by the IPCC, we
constructed scenarios of climate change using these GCM
results to provide information about changes in average
climate centred on the 2020s, 2050s and 2080s, relative to
the current climate. Although advances in computing
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Table 1: Details of the SRES simulations currently available on the IPCC Data Distribution
Centre (after Parry, 2002).
Climate Modelling Centre

Country

Model

Canadian Centre for Climate Modelling and
Analysis
Hadley Centre for Climate Prediction and
Research
Max Planck Institute for Meteorology

Canada

CGCM2

UK

HadCM3

Germany

Commonwealth Scientific and Industrial
Research Organisation
Geophysical Fluid Dynamics Laboratory
National Centre for Atmospheric Research
Centre for Climate Research
Studies/National Institute for Environmental
Studies

Australia

ECHAM4/
OPYC3
CSIRO-Mk2

USA
USA
Japan

GFDL-R30
NCAR-PCM
CCSR/NIES
AGCM + CCSR
OGCM

SRES
simulations
A2*, B2*
A1FI, A2*,
B1, B2*
A2, B2
A1, A2, B1,
B2
A2, B2
A2, B2, A1B
A1FI, A1T,
A1B, A2, B1,
B2

*More than one experiment has been carried out for these emissions scenarios. These are known as ensemble
experiments and it is common practice for the ensemble mean to be calculated from the individual experiments.
This is simply the average of the individual experiments and since the averaging process reduces the 'noise' due
to climate variability, the ensemble mean generally represents the climate response ('signal') to the imposed
forcing change.
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Figure 1: Schematic illustrating the construction of climate change
scenarios from GCM output. The graphic shows the time series of
mean surface air temperature for the Canadian land area from the
CGCM2 simulation forced by the SRES A2 emissions scenario.
The blue line indicates the 30-year mean for the 1961-1990
baseline period, whilst the red lines indicate the 30-year mean
values for the 2020s (2010-2039), the 2050s (2040-2069) and the
2080s (2070-2099). Scenarios are constructed by calculating the
difference, or ratio, between the time means of the future and
baseline periods. To create a climate change scenario, this
process is carried out for each grid box in the region of interest.
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Figure 2: Scatter plots indicating seasonal changes in mean temperature (°C) and precipitation (%) for Alberta for the 2050s. Each
symbol and colour represents a different GCM and SRES experiment: A1FI; A1T; A1; A2; B1; B2; CGCM2 - black; CCSR/NIES - green;
CSIROMk2 - pink; ECHAM4 - red; NCAR-PCM - yellow; HadCM3 - blue; GFDL-R30 - cyan. Closed symbols indicate individual
experiments, whilst open symbols represent ensemble-means (i.e., the average of a number of individual experiments using identical
SRES forcing). Blue lines indicate the median changes in mean temperature and precipitation and may be used to determine which
scenarios are warmer, wetter, cooler or drier than other scenarios in the suite illustrated. The results for the ECHAM4 and GFDL-R30
experiments are shown although they were not considered for selection since not all the required climate variables were available from
these GCMs.
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Figure 3: Annual mean temperature change (°C) for the 2050s with
respect to 1961-1990. Climate change scenarios are shown for
NCARPCM A1B (cooler, wetter), HadCM3 A2(a) (warmer, wetter),
CGCM2 B2(3) (cooler, drier), CCSR/NIES A1FI (warmer, drier) and
HadCM3 B2(b) (median).
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Figure 4: Winter (DJF) mean temperature (°C) for 1961-1990 (from the Alberta Climate
Model) and for the median (HadCM3 B2(b)), cooler wetter (NCARPCM A1B), cooler drier
(CGCM2 B2(3)), warmer wetter (HadCM3 A2(a)) and warmer drier (CCSR/NIES A1FI)
scenarios for the 2050s.
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Figure 5: Summer (JJA) mean temperature (°C) for 1961-1990 (from the Alberta
Climate Model) and for the median (HadCM3 B2(b)), cooler wetter (NCARPCM
A1B), cooler drier (CGCM2 B2(3)), warmer wetter (HadCM3 A2(a)) and warmer drier
(CCSR/NIES A1FI) scenarios for the 2050s.

78

0 - 1.5
1.5 - 3
3 - 4.5
4.5 - 6
6 - 7.5
7.5 - 9
9 - 10.5
10.5 - 12
12 - 13.5
13.5 - 14.5
14.5 - 15.5
15.5 - 16.5
16.5 - 18
18 - 19.5
19.5 - 21
21 - 22.5
22.5 - 24
24 - 25.5
25.5 - 27
27 - 29
>29

Warmer, wetter

Cooler, wetter

Cooler, wetter

Warmer, wetter

Warmer, drier

Cooler, drier

Cooler, drier

HadCM3 A2(a)

CGCM2 B2(3)

Warmer, drier

CCSR/NIES A1FI

Median
HadCM3 B2(b)

Median

Figure 6: Annual precipitation change (%) for the 2050s with
respect to 1961-1990. Climate change scenarios are shown for
NCARPCM A1B (cooler, wetter), HadCM3 A2(a) (warmer, wetter),
CGCM2 B2(3) (cooler, drier), CCSR/NIES A1FI (warmer, drier)
and HadCM3 B2(b) (median).
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Figure 7: Summer (JJA) precipitation (mm) for 1961-1990 (from the
Alberta Climate Model) and for the median (HadCM3 B2(b)), cooler wetter
(NCARPCM A1B), cooler drier (CGCM2 B2(3)), warmer wetter (HadCM3
A2(a)) and warmer drier (CCSR/NIES A1FI) scenarios for the 2050s.
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Figure 8: Degree days > 5°C for 1961-1990 (from the Alberta Climate Model)
and for the median (HadCM3 B2(b)), cooler wetter (NCARPCM A1B), cooler drier
(CGCM2 B2(3)), warmer wetter (HadCM3 A2(a)) and warmer drier (CCSR/NIES
A1FI) scenarios for the 2050s.
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Figure 9: Annual moisture index for 1961-1990 (from the Alberta Climate Model)
and for the median (HadCM3 B2(b)), cooler wetter (NCARPCM A1B), cooler drier
(CGCM2 B2(3)), warmer wetter (HadCM3 A2(a)) and warmer drier (CCSR/NIES
A1FI) scenarios for the 2050s.
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Figure 10: Annual mean temperature
(°C) for six selected sites in Alberta. At
each site baseline (1961-1990)
conditions (black square), and the
scenario ranges for the 2020s (blue
high-low lines), the 2050s (black highlow lines) and the 2080s (red high-low
lines) are illustrated. The scenario
range has been calculated from the
results for the five selected scenarios

12
10
8
6
4
2
0
-2
Lethbridge Medicine
Hat

Calgary

Edmonton Grande
Prairie

Fort
McMurray

Annual

Precipitation total (mm)

600
Figure 11: Annual precipitation
total (mm) for six selected sites
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square), and the scenario
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Figure 12: Degree days > 5°C
for six selected sites in Alberta.
At each site baseline (19611990) conditions (black
square), and the scenario
ranges for the 2020s (blue
high-low lines), the 2050s
(black high-low lines) and the
2080s (red high-low lines) are
illustrated. The scenario range
has been calculated from the
results for the five selected
scenarios
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availability of more heat units for plant growth during the
growing season. Increases in annual moisture index
indicate increases in the degree day total, or decreases in
annual precipitation, and larger index values generally
indicate drier conditions. In this case, the projected
increases in annual moisture index are generally driven by
the large increases in degree days above 5°C, rather than by
decreases in precipitation. Figures 8 and 9 indicate annual
degree day totals > 5°C and annual moisture index values
for the 2050s for the five selected scenarios, respectively.

FUTURE CLIMATES FOR ALBERTA
For Alberta, changes in annual mean temperature by the
2050s are typically between 3°C and 5°C, although the
CCSRNIES A1FI (warmer, drier) scenario is consistently
warmer than the other scenarios by about 2°C (see Figure
3). Changes in maximum and minimum temperature are
similar to those for mean temperature, although the changes
in minimum temperature tend to be slightly greater than
those for maximum temperature, thus implying a general
decrease in the diurnal temperature range. Figures 4 and 5
illustrate winter and summer mean temperature (°C) for the
2050s for the five selected scenarios, respectively.

In order to further interpret this analysis, the climate
scenario results for six sites in Alberta Lethbridge,
Medicine Hat, Calgary, Edmonton, Grande Prairie and Fort
McMurray were compared.

Annual precipitation changes for the 2050s (Figure 6) are
generally within the range -10% to +15%, and any
decreases in annual precipitation are generally driven by
decreases in summer precipitation. By the 2080s, however,
all five climate change scenarios indicate increases in
annual precipitation of up to 15% in general. Figure 7
illustrates summer precipitation totals (mm) for the 2050s
for the five selected scenarios, respectively.

Future minimum, mean and maximum temperatures
indicate a similar pattern, with the gradual march north of
warmer temperatures. By the 2050s, annual mean
temperature at Calgary is projected to be similar to, or
warmer than, that currently observed at Lethbridge and
Medicine Hat. For this to be the case at Grande Prairie and
Fort McMurray we must wait until the 2080s (see Figure
10).

Degree days > 5°C1 and annual moisture index2 scenarios
indicate increases of between 30-50% and 20-30% by the
2050s, respectively. Increases in the number of degree days
> 5°C imply a lengthening of the growing season and/or the

For precipitation, the scenario results are not as clear-cut as
for temperature and in the earlier time periods in particular

1
Degree days are summed over the year on days when the threshold temperature (in this case 5°C) is exceeded. So, for example, 5 degree days are accrued on a
day when the mean temperature is 10°C (mean temperature value minus threshold temperature value).
2
Annual moisture index is defined as the ratio of the annual degree day total (using a threshold temperature of 5°C) to annual total precipitation
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the changes are generally quite small. There is some
overlap with baseline conditions especially in the 2020s
and 2050s, with any decreases in annual precipitation
generally being driven by decreases in summer
precipitation. By the 2080s, precipitation is projected to
increase at all sites (Figure 11).
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The projected increases in degree days > 5°C imply a
lengthening of the growing season and/or the availability of
more heat units during the growing season. For this
variable, Calgary, Edmonton, Grande Prairie and Fort
McMurray are projected to approach degree day totals
similar to those currently observed at Lethbridge and
Medicine Hat by the 2050s (Figure 12).
The annual moisture index is projected to increase
province-wide, most noticeably in the south around
Lethbridge, Medicine Hat and Calgary, with less
pronounced increases in central and northern Alberta.
These increases are driven by the large increases in degree
day totals rather than by large decreases in precipitation.
However, the selected scenarios indicate that the largest
decreases in precipitation occur during the summer season,
which is also the season when most degree-day units are
accrued and so moisture stress is likely to occur. For this
variable, Calgary, Edmonton, Grande Prairie and Fort
McMurray are projected to experience conditions similar to
those currently observed at Lethbridge and Medicine Hat
by the 2080s (Figure 13).
For more details of Alberta's climate future the reader is
referred to Barrow and Yu (2005).
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