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1. INTRODUCTION 
 
       Agriculture remains a significant export activity for 
Canada’s economy; furthermore, it is a mainstay of 
several regional economies, e.g. the Prairies, southern 
Quebec and Southwest Ontario (Bryant et al. 2000). 
Canadian agriculture involves a high degree of 
management but is still subject to failure under 
disastrous climate extremes, such as droughts on the 
Canadian Prairies.  
        Research on adaptation of Canadian agriculture to 
climatic change and variability has been focused 
recently more on the role of human agency – how 
farmers, their associates, the crop insurance industry 
and the whole host of government and political actors, 
as well as the scientific community mediate between 
external stimuli such as climatic change and actual 
results in terms of agricultural change. This represents a 
shift from an earlier focus on the potential impacts of 
climatic change on crop yields (Bryant et al. 2000). 
Nevertheless, future climate scenarios may still be the 
essential basis for the assessment of climatic change 
impacts and adaptation strategies. Crop models such as 
the Erosion-Productivity Impact Calculator (EPIC; 
Williams 1995) and the Decision Support System for 
Agrotechnology Transfer (DSSAT; Jones et al. 2003) 
are evaluation tools that incorporate adaptation 
strategies in the simulation of crop yields under climate 
change. Such tools rely on climate scenarios as input 
(e.g. Easterling et al. 2001). Therefore, developing 
appropriate daily climate scenarios for agricultural 
impact studies is still a fundamental work in the study of 
adapting Canadian agriculture to climate change, 
especially when updated GCM (General Circulation 
Model or Global Climate model) simulations provide 
improved projections of future climate change. 
        This paper presents a methodology using 
stochastic weather generators to develop future daily 
climate scenarios on a fine grid of 0.5˚×0.5˚ covering 
most agricultural regions of Canada on the basis of 
climate change scenarios from GCMs. Stochastic 
weather generator methods can provide long time series  
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of weather variables that make it possible to evaluate 
variability and extremes. In addition, the methodology is 
used in this study to assess possible changes in 
agroclimatic resources using agroclimatic indices based 
on daily climate scenarios derived from GCM 
simulations. 
 
2. DATA AND METHODOLOGY 
 
2.1 Historical Climate Data 
 
        Daily climate data for 1961-1990 were extracted 
from a climate data set archived at the Eastern Cereal 
and Oilseed Research Centre (ECORC) of Agriculture 
and Agri-Food Canada (AAFC). The climate data were 
originally provided by Environment Canada and quality 
controlled. Missing data were estimated using nearby 
stations wherever possible. Daily climate data used in 
this study include daily precipitation (P), daily maximum 
temperature (Tx), daily minimum temperature (Tn) and 
solar radiation (R). There were 673 climate/weather 
stations across Canada with observations for P, Tx and 
Tn in the data set. However, as stations started or 
closed throughout the 30-yr period, only 424 stations 
were retained in this study to keep a maximum number 
of missing data of 5 years during 1961-1990 in order to 
have more reliable estimation of the statistics. Daily 
solar radiation data were not available as widely as 
temperatures and precipitation, since only a very few 
stations have observations of R. Some stations have 
daily records of sunshine hours, which can be converted 
to solar radiation based on empirical regression 
equations. This conversion work was performed at 
ECORC and there are 304 stations in total across the 
country combining observed R data and those 
converted from sunshine hours. Keeping the same 
criterion for missing data as for P, Tx and Tn, only 177 
stations in total were used. In the analysis for evaluating 
stochastic weather generators in simulating a changed 
climate, daily climate data for 1911-1940 and 1971-2000 
were employed from the same data set for a few 
representative stations. 
 
2.2 GCM Data 
 
       Climate change scenarios, i.e. possible changes in 
statistics of climate variables simulated by GCMs, are 
the basis for developing future climate scenarios. 
Climate change scenarios from different GCMs, or even 
the same GCM forced by different emission scenarios, 
can be very different. It is recommended that a few 
different climate change scenarios be used in order to 
incorporate the uncertainties. In this study, two climate 



change scenarios were employed: CGCM1 GHG+A1 
and HadCM3 A2a. CGCM1 is the first generation 
coupled general circulation model developed at the 
Canadian Centre for Climate Modelling and Analysis 
(CCCma). CGCM1 GHG+A1 is one member of an 
ensemble of four transient climate change simulations 
conducted at CCCma with greenhouse gases (GHG) 
plus aerosol (A) forcing (Boer et al. 2000). HadCM3 
(Gordon et al. 2000) is the first of a new generation of 
coupled atmospheric GCMs that do not require flux 
corrections to be made. HadCM3 A2a is one member of 
an ensemble of integrations performed with HadCM3 
forced by the SRES A2 emissions scenario 
(Nakicenovic et al. 2000). The two climate change 
scenarios employed in this study mainly reflect the 
uncertainties from GCMs rather than from emissions 
scenarios. 
        Daily GCM outputs for P, Tx, Tn and R are on a 
grid of 3.75˚longitude×2.5˚latitude in HadCM3 A2a and 
roughly 3.7˚longitude×3.7˚latitude in CGCM1 GHG+A1 
simulations. They were obtained from the Hadley Centre 
through Climate Impact LINK project and CCCma 
respectively. Data for 1961-1990 in the models were 
used to represent the present-day climate (baseline 
climate) and 2040-2069 data were employed to 
represent a future climate under approximately doubled 
atmospheric CO2 concentration. 

2.3 Stochastic Weather Generator Method 

        Stochastic weather generators are widely used to 
generate synthetic weather data, which can be 
arbitrarily long for input into impact models, such as 
crop models and hydrological models that are used for 
making long-term risk assessments. They are also 
employed as a tool to develop future climate scenarios 
based on GCM simulated or subjectively introduced 
climate changes for climate change impact models (e.g. 
Wilks 1992; Mearns et al. 1997; Semenov and Barrow 
1997). A modified method of Mearns et al. (1992), which 
adds projected future changes in means to the observed 
historical weather series incorporating changes in 
variability, is still widely used in Canada for agricultural 
impact studies (McGinn et al. 1999; De Jong and Li 
2001; Bootsma et al. 2001; McGinn and Shepherd 2003; 
Shepherd and McGinn 2003). As Semenov and Porter 
(1995) stated, a methodologically more consistent 
approach is to use a stochastic weather generator, 
instead of historical data, in conjunction with a crop 
simulation model. A stochastic weather generator allows 
temporal extrapolation of observed weather data for 
agricultural risk assessment as well as providing an 
expanded spatial source of weather data by 
interpolation between the point-based parameters used 
to define the weather generators (Hutchinson 1991). 
Therefore, we employ the method of stochastic weather 
generators in this study. 
        A stochastic weather generator (AAFC-WG) 
developed at Agriculture and Agri-Food Canada 
(Hayhoe 2000), was improved from Richardson’s 
weather generator (Richardson 1981; Richardson and 

Wright 1984). A study indicated that AAFC-WG has the 
capacity to simulate statistical properties of observed 
weather data for agricultural applications, including a set 
of agroclimatic indices (Qian et al. 2004a). It was 
discovered that AAFC-WG is better able to simulate 
temperature and temperature-related statistics than 
LARS-WG for diverse Canadian climates, because of 
the use of empirical distributions for Tx and Tn in AAFC-
WG. Hayhoe and Lapen (2002) presented an example 
of using AAFC-WG to generate future climate scenarios 
and to calculate agroclimatic indices on the basis of 
historical climate data and GCM outputs. Their study 
confirmed the applicability of weather generators as a 
tool to estimate agroclimatic indices for selected climate 
change scenarios. We investigated the capacity of 
AAFC-WG in simulating statistical properties of daily 
weather series under a changing/changed climate 
through modifications to the weather generator 
parameters with optimal use of available information on 
climate change. For example, we found that AAFC-WG 
can simulate the frequency distributions of the wet and 
dry spells fairly well by modifying the four transition 
probabilities of the second-order Markov chain. Figure 1 
shows some examples of such simulations for 1971-
2000 in comparison with those from LARS-WG when 
the weather generator parameters calibrated for 1911-
1940 were modified for 1971-2000. 

2.4 Inverse Distance-Squared Weighting Method 

        Inverse distance-squared weighting was employed 
to interpolate statistics of historical daily weather series 
at nearby stations to the 0.5˚×0.5˚grids, as well as from 
coarse grids in GCM outputs to the same half-degree 
grids as historical data. Statistics (such as long-term 
means) have a smoother spatial distribution than 
individual daily values that can be more associated with 
synoptic systems; thus we decided to interpolate 
statistics of daily station weather series rather than daily 
values to the grid points. To use inverse distance-
squared weighted average as the value for a grid, a 
search radius of 100 km for statistics of P, Tx and Tn 
and of 350 km for R was used. In addition, a maximum 
of 5 nearest stations were used. Such a search radius 
was applied to guarantee that most grids in the study 
would have data and a maximum number of 5 nearest 
stations were used to keep accurate estimations in 
regions with dense stations. It appeared that changing 
search radius had little effect on interpolated values in 
regions with dense observations. Inverse distance-
squared weighting was also applied to interpolate 
statistics of daily climate variables in GCM outputs from 
GCM grids to the finer half-degree grids so that climate 
change scenario statistics could be formed on the finer 
grids. In this case, only the four GCM grids around the 
finer grid were employed in the interpolation. 
        Statistics of daily climate variables involved in 
interpolation were means and standard deviations of 
daily Tx, Tn, R and logarithmic transformed precipitation 
amounts on wet days; transition probabilities of a wet 
day respectively following two consecutive wet days, 



two consecutive dry days, a wet day and a dry day or a 
dry day and a wet day. The statistics were computed for 
each month, and in addition, the means and standard 

deviations of daily Tx, Tn and R were calculated 
separately for wet days and dry days for the historical 
observations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Observed and simulated frequency distributions of December wet spells at Ottawa and May 
wet spells at Toronto for 1971-2000. Upper panels are for AAFC-WG and lower panels for LARS-
WG. 

 
 
 
2.5 Generation of Baseline Climate Scenarios 

        A total of 31 stations, geographically representing 
the diverse climates in the Canadian agricultural areas, 
were selected for calibrating the stochastic weather 
generator AAFC-WG. As empirical distributions 
employed in AAFC-WG were estimated from 
standardized daily Tx, Tn, R and logarithmic 
transformed P on wet days, it is reasonable to assume 
that the empirical distributions calculated from a 
representative station are applicable to the nearby grids 
with similar climate. This assumption was also applied 
to the correlation matrices that are used in the first-order 
multivariate regression for generating standardized Tx, 
Tn and R series. Using the weather generator 
parameters (empirical distributions and the correlation 
matrices) at the nearest representative station together 
with the transition probabilities and means and standard 
deviations on the grid, daily climate scenarios for the 

baseline climate (1961-1990) were generated. The 
synthetic data were generated for a 300-yr period to 
facilitate risk analysis. 

2.6 Generation of Future Climate Scenarios 

        Climate change scenarios were constructed for 
each half-degree grid, by computing the differences or 
ratios of the statistics of daily climate variables in the 
GCM outputs between the modeled future climate 
(2040-2069) and the baseline climate (1961-1990). 
These differences and ratios were then applied to the 
corresponding statistics of the observed climate of 
1961-1990, which were used to generate climate 
scenarios for the baseline climate, to form a new set of 
weather generator parameters relevant to the 
changing/changed climate of 2040-2069. Technical 
details can be referred to Qian et al. (2004b). Climate 
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change scenarios used to perturb the weather generator 
parameters were actually determined by GCM climate 
change experiments, except for the spatial interpolation 
from coarse GCM grids to the finer grids. Therefore 
strictly speaking, no downscaling was involved. It may 
be appropriate to call such a procedure of developing 
future climate scenarios as a localization of daily climate 
scenarios from GCM simulations. The underlying 
assumption is that daily climate scenarios on a coarse 
grid from direct GCM outputs do not have the proper 
statistical properties at a location because of sub-GCM 
grid scale processes while their effects can be reflected 
in local observations. Sometimes GCM outputs have 
been interpolated from large grids to very fine grids or 
locations; however, such interpolation cannot bring any 
effects of sub-grid processes into the interpolated data 
no matter how complex the interpolation method is for 
considering topography. Another assumption in this 
localization procedure is that climate change due to 
enhanced greenhouse effect is consistent on a 
considerable spatial scale. 

2.7 Computing Agroclimatic Indices 

        Agroclimatic indices have been widely used to 
evaluate climate suitability for crop growing and 
potential productivity in Canada in the past. Therefore 
they are also suitable for assessing climate change 
impacts in the agricultural sector, although crop 
modelling has the advantage that it provides simulations 
of crop yields and risks. Changes in the indices can be 
used to rate future climatic suitability of land for crop 
production. 
        Agroclimatic indices are usually related to the 
growing season length, moisture stress and the amount 
of heat accumulation. Nine agroclimatic indices 
employed in this study are as follows: last date of frost 
in spring (FS), first date of frost in fall (FF), last date of 
killing frost in spring (KFS), first date of killing frost in fall 
(KFF), frost-free days (FFD), growing degree-days 
(GDD), effective growing degree-days (EGDD), crop 
heat units (CHU), and precipitation deficit/surplus (PDS). 
Frost is defined as daily Tn≤0˚C while killing frost as 
daily Tn≤-2˚C. The dates are presented as Julian days.  
        The growing season may imply different periods for 
a variety of crops, as the growing season for a specific 
crop is the period from seeding to maturing for the crop. 
In general, it is within the period from May 1 to 
September 30 in most agricultural regions in Canada. 
Bootsma (1994) used the date that the 5-day weighted 
mean temperature is and stays above 5.5˚C or is below 
5.5˚C to determine the start or end of the growing 
season. We found that this definition and the one we 
used in this study for accumulating growing degree-days 
are closely related to each other. As most crops are 
sensitive to freezing temperature, we assume that it is 
reasonable to use the last frost date in spring, the first 
frost date in fall and the frost-free days to reflect the 
changes in growing season. In addition, dates for killing 
frost were employed for cold resistant crops. 

        GDD, EGDD and CHU are computed based on the 
findings of the Agronomics Interpretations Working 
Group (1995) and Bootsma et al. (1999). Growing 
degree-days, effective growing degree-days and crop 
heat units are all related to the amount of heat available 
for crops to mature.  GDD represents general heat 
conditions for spring-seeded small grains, while EGDD 
is adopted to include consideration of a day-length 
factor for rating cereal crops, which are sensitive to 
photoperiod. The CHU in this study is specifically for 
grain corn, but it can also be an important reference for 
other relevant crops, such as soybeans.  
            GDD, EGDD, CHU and PDS are all accumulated 
daily during the growing season, thus different 
definitions of starting and ending dates may be found in 
practice. The starting date of the growing season for 
accumulating EGDD and PDS in this study is the day 10 
days after the day when long-term-averaged daily mean 
temperature reaches 5˚C. The ending date is the long-
term-averaged first frost day in fall. The starting date 
and ending date for accumulating GDD are the days 
respectively when the long-term-averaged daily mean 
temperature goes above 5˚C in spring and goes below 
5˚C in the fall. The crop heat units (CHU) used in this 
study are relevant to grain corn, thus CHU start to 
accumulate when the day meets two conditions (i) the 
long-term-averaged daily mean temperature exceeds 
10˚C and (ii) three consecutive days with daily mean 
temperature >12.8˚C occur after condition (i) is met. The 
third day is counted as the starting date. The 
accumulation terminates on the first occurrence of Tn ≤ 
-2˚C or when the long-term-averaged daily mean 
temperature is 12˚C, whichever date occurs first. PDS is 
calculated on a daily basis by subtracting precipitation 
(P) from the potential evapotranspiration (PE) and 
accumulating values over the growing season. PE is 
determined using the Baier & Robertson (1965) method 
to compute latent evaporation (LE) from Tx, Tn and 
solar radiation at the top of the atmosphere and 
subsequently LE is converted to PE (Baier 1971). A 
positive value of PDS (mm) indicates precipitation deficit 
while a negative indicates a surplus. 
        The agroclimatic indices were computed at each 
grid point from 300-yr long synthetic daily climate 
scenarios, respectively for the baseline climate of 1961-
1990 and for the future climate of 2040-2069. Since the 
future climate of 2040-2069 can be fairly different from 
the baseline climate of 1961-1990, the long-term-
averaged daily mean temperatures and first date of fall 
frost were computed separately for the two periods, 
reflecting the different growing season lengths.  

3. RESULTS AND DISCUSSION 

        Three sets of daily climate scenarios were 
generated on the half-degree grids, one for the baseline 
climate (1961-1990) and the other two for the future 
period 2040-2069 separately based on CGCM1 
GHG+A1 and HadCM3 A2a simulations. These data 
sets can be used in various impact studies, such as for 
input into a crop model. In this paper, we present only 



the values of the 80% probability for selected 
agroclimatic indices respectively for the baseline climate 
(1961-1990) and the future climate (2040-2069), 
together with the differences between the two periods. 
The 80% probability values for spring frost dates (FS, 
KFS) and fall frost dates (FF, KFF) were respectively 
the dates of the last frost in spring with a probability of 
no later frost of 80% and first date of frost in the fall with 
a probability of no earlier frost of 80%. The 80% 
probability values were also defined for precipitation 
deficit/surplus (PDS) as the deficit values with the 80% 
probability of less severity, but for all other indices, the 
80% probability was the probability of exceeding the 
index value. The 80% probability levels were used to 
indicate climate condition with a lower risk of crop 
failures caused by low heat supply and moisture stress. 
In the following, the agroclimatic resources are analysed 
and discussed for three aspects: growing season, heat 
amount and moisture stress. 

3.1 Potential Changes to the Growing Season 

        At present, the last frost in spring occurs in early 
May in southern Ontario and Quebec and in late June in 
northern Ontario and Newfoundland. In most regions, it 
occurs in late May and early June (see Figure 2 top 
panel). Based on CGCM1 GHG+A1, which will be 
referred to as the CGCM1 experiment, the last frost in 
spring will occur approximately 5-20 days earlier in most 
regions for 2040-2069, but on a much earlier (25-45 
days) date in the western part of the Prairies (Figure 2 
middle panel). Changes from HadCM3 A2a, which will 
be referred to as the HadCM3 simulation, are much 
smoother (Figure 2 lower panel), with the last frost in 
spring occurring 5-15 days earlier than in the present 
climate for most regions; and there is no large change in 
the western part of the Prairies, as was the case in the 
CGCM1 results. 
        The first frost in fall generally occurs in September 
across the country, for 1961-1990 period (Figure 3 top 
panel). It occurs later, but before the end of October, in 
southern Ontario, Quebec and Atlantic provinces. 
Spatial variability of the first frost date in fall appears 
larger than the last frost date in spring. Changes 
between 2040-2069 and 1961-1990 are usually about 
10-20 days based on CGCM1, i.e. later first frost in fall 
in a warmer climate (Figure 3 middle panel). The largest 
changes, which were more than 20 days, were 
predicted for northern Ontario. Results from HadCM3 
are similar, but larger changes for both the north and the 
south of Ontario were predicted (Figure 3 lower panel). 
        Frost-free days for 1961-1990 are longest in 
southern Ontario, Quebec and Nova Scotia with values 
from 140-160 days, while less than 100 frost-free days 
occurred on the Prairies and northern Ontario and 
Quebec (Figure 4 top panel). Corresponding to earlier 
dates of the last frost in spring and later dates of the first 
frost in fall, frost-free days would be expected to 
increase by 15-30 days in most regions and 30-45 days 
in northern Ontario based on both GCM simulations 

(Figure 4 middle and lower panels). Based on CGCM1 
projections, an increase of more than 50 frost-free days 
was predicted for the western part of the Prairies, mainly 
as a result of a much earlier ending of spring frosts. 
        Killing frosts are often found 5-10 days earlier than 
frosts in spring at most places at the 80% probability 
level. Changes projected by CGCM1 are generally in 
the range of 5-15 days earlier, while larger changes of 
more than 25 days earlier are projected for the western 
part of the Prairies and southern Ontario. The first killing 
frost normally occurs 10 days later than the first frost in 
fall. Predicted changes are mostly in the range of 6-15 
days later than in the present climate. The difference 
between the two GCMs is that CGCM1 projected a 
change of 3-12 days while HadCM3 predicted 12-21 
days for southern Ontario. 
        The predicted changes for the frost dates indicate 
a longer growing season in the future, with an earlier 
ending of frosts in spring and a later starting of frosts 
and killing frosts in fall. The changes projected by the 
two GCMs are not very different, except for some 
stronger regional changes for spring frosts from the 
CGCM1 experiment. A longer growing season in the 
future could make it possible to introduce crops 
currently grown in warmer region or to increase crop 
productivity by planting new varieties that could benefit 
from a longer growing season. 

3.2 Possible Changes in the Amount of Heat  

        In the present climate, GDD are distributed from 
1800-2200 in southern Ontario and Quebec to about 
1000-1200 in northern Ontario, Newfoundland and the 
northwest part of the Prairies (Figure 5 top panel). Most 
regions have GDD in the range of 1200-1600. Both 
GCMs predicted an increase of 200-800 in GDD for 
2040-2069. CGCM1 projected 100-200 less change in 
GDD in Ontario and Quebec but more in the southern 
part of the Prairies (Figure 5 middle panel), as 
compared to HadCM3 (Figure 5 lower panel). EGDD are 
distributed similarly to GDD but they are about 200 less 
than GDD across the country. This is mainly due to the 
shorter accumulating period for EGDD.  
       CHU has its highest values in southern Ontario of 
over 3000, and is as low as or less than 1500 in 
northern Ontario, northwestern Prairies and 
Newfoundland (Figure 6 top panel). Projected changes 
are as high as over 1000 by both GCMs but notable 
differences are observed between the two GCMs. The 
projected largest increase on the Prairies by CGCM1 is 
900-1000 in most areas (Figure 6 middle panel) while 
the projected increase by HadCM3 is 700-800 (Figure 6 
lower panel). On the other hand, in southern Ontario 
and Quebec HadCM3 predicted the largest increase, 
which was in the range of 900-1000 CHU but CGCM1 
predicted a smaller increase. The CGCM1 prediction 
was often 200 CHU less in Ontario, Quebec and New 
Brunswick, as compared to HadCM3 projections. 
According to Bootsma et al. (2001), grain corn yields 
could potentially increase by 0.64 t ha-1 with each 



increase of 100 CHU; thus a 200 CHU difference could 
imply a difference of 1.28 t ha-1 in yields between the 
two scenarios. This also implies a large potential 
increase of 5.12-6.4 t ha-1 for grain corn yields in these 
regions, as HadCM3 projected an increase of 800-1000 

units. The estimates by Bootsma et al. (2001) were 
based on a linear regression between average grain 
corn yields from hybrid trials and average CHU across 
Ontario and the Maritime Provinces.  

 

 

 

 

Figure 2. The 80% probability values of the date (as Julian day) of the last frost in spring (FS) for 
1961-1990 (top panel) and the differences between 2040-2069 and 1961-1990 translated from 
CGCM1 (middle panel) and HadCM3 (lower panel) 



 

 

 

 

 
 

Figure 3. The 80% probability values of the date (as Julian day) of the first frost in fall (FF) for 1961-
1990 (top panel) and the differences between 2040-2069 and 1961-1990 translated from 
CGCM1 (middle panel) and HadCM3 (lower panel) 

 



 

 

 

 

 

 

Figure 4. The 80% probability values of the frost-free days (FFD) for 1961-1990 (top panel) and the 
differences between 2040-2069 and 1961-1990 translated from CGCM1 (middle panel) and 
HadCM3 (lower panel) 



 

 

 

 

 

Figure 5. The 80% probability values of growing degree-days (GDD) for 1961-1990 (top panel) and 
the differences between 2040-2069 and 1961-1990 translated from CGCM1 (middle panel) 
and HadCM3 (lower panel) 

 



 

 

 

 

 

 

Figure 6. The 80% probability values of crop heat units (CHU) for 1961-1990 (top panel) and the 
differences between 2040-2069 and 1961-1990 translated from CGCM1 (middle panel) and 
HadCM3 (lower panel) 

  



  

 

 

 

 

 

Figure 7. The 80% probability values of precipitation deficit/surplus (PDS) for 1961-1990 (top 
panel) and the differences between 2040-2069 and 1961-1990 translated from CGCM1 
(middle panel) and HadCM3 (lower panel) 



 

3.3 Scenarios for Moisture Stress 

        In the present climate, moisture stress is a 
limitation for crop growth on the Canadian Prairies. The 
precipitation deficit is 300-500 mm in most parts of the 
Prairies (Figure 7 top panel). It is 100-300 mm in 
Ontario and western Quebec. There is no severe 
moisture stress in the Maritime Provinces; a 
precipitation surplus is observed in some regions. The 
80% probability level values are used so that the 
indicated precipitation deficits would not be expected to 
be exceeded in 80% of the years.  
        Projected changes in precipitation deficits by 
CGCM1 show the largest increase of 60-200 mm on the 
Prairies, and an increase of less than 80 mm in Ontario, 
Quebec and New Brunswick (Figure 7 middle panel). 
Changes in the Maritime Provinces are small. Changes 
predicted by HadCM3 (Figure 7 lower panel) are not as 
large as those from CGCM1 for the Prairies especially 
for the eastern part, where most increases are in the 
range of 60-160 mm. Instead of the greater moisture 
stress (40-80 mm more deficits) in Quebec predicted by 
CGCM1, HadCM3 projected a slight decrease (up to 40 
mm less deficits).  

4. CONCLUSIONS 

        In this study, we evaluated the performance of 
stochastic weather generators in simulating statistical 
properties of daily climate data in diverse Canadian 
climates and assessed parameter modification schemes 
for applying stochastic weather generators to climatic 
change impact studies. We found that stochastic 
weather generators are suitable for developing daily 
climate scenarios for agricultural applications. To 
demonstrate the procedure of developing daily climate 
scenarios with stochastic weather generators, we 
applied the stochastic weather generator AAFC-WG to 
generate future daily climate scenarios on half-degree 
grids in Canadian agricultural areas, based on daily 
outputs of common climate variables from two climate 
change simulations, which have been widely used in the 
development of future climate scenarios.  
        Daily climate scenarios developed in this study can 
be used in many areas of climate change impact studies. 
To demonstrate their application, daily climate scenarios 
were used to study potential changes in agroclimatic 
resources for Canadian agriculture. Various agroclimatic 
indices, which have been used to assess crop 
production potentials and to rate the climatic suitability 
of land for crops in Canada, were computed from 
synthetic daily climate data both for the baseline climate 
of 1961-1990 and the future climate of 2040-2069 under 
approximately doubled atmospheric CO2 concentration. 
Changes in the agroclimatic indices at the 80% 
probability level were analyzed. 
        Agroclimatic resources, translated from 
agroclimatic indices, imply that global climate models 
projected remarkable changes. Although some details 

are different in two GCM simulations, changes are 
usually indicated in the same direction. A longer growing 
season with an earlier ending of spring frost, a later start 
of fall frost and longer frost-free period, as well as an 
increase in available heat, is indicated by both GCMs. In 
general, the last frost in spring is projected to occur 
about 10 days earlier than in the baseline climate and 
the first frost in fall is projected to start 10-20 days later, 
resulting in a 20-30 days longer frost-free period. 
Growing degree-days and effective growing degree-
days are predicted to increase by 200-800 units, and the 
crop heat units by 700-1000 across Canadian 
agricultural regions. However, moisture stress may be 
greater in the future as increases of around 150 mm for 
the precipitation deficit are projected. Increases are 
even larger on the Canadian Prairies where moisture 
stress is a limiting factor in the present-day climate. 
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