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AIRD - Canadian Climate Change Scenarios Network:

• University of Toronto
-Site development, dataset integration, node 
administration

• McGill University
-Canadian Regional Model data, statistical downscaling 
research, Data Access Integration (DAI) system

• University of Regina
-PRECIS, statistical downscaling software development

• Yukon College
-Arctic issues, recovery of historical baseline climate data, 
impacts



The GCMs – where are we?
• There are 24 international centres which have provided 

model data to the last IPCC assessment (2007)
• Each of the modelling centres has provided scenarios for 

at least 2, sometimes 3 emission scenarios

SO… we have approximately 24 x 3 = 72 possible future 
outcomes

• Each model has varying degrees of complexity with its 
atmospheric and oceanic physics and their connection

• Sub-grid scale processes between models vary even 
more (eg. Snow? Sea ice? Soil layers?) 

• ALL models must approximate (parameterize) sub-grid 
scale processes



The GCMs – land/ocean distribution



What about Regional Climate Models (RCMs)?
• In Canada we have the Canadian Regional Climate 

Model (CRCM) available

• Resolution ~50 x 50 km

• ~ 1000 points in Ontario



The RCMs
• RCMs are provided boundary conditions from GCMs

• Sub-daily resolution possible – down to 1 hour

• Sub-grid scale processes better resolved (eg. 
convection, lake temperatures, soil layers, snow)

• Mesoscale effects like lake breezes, lake induced 
precipitation, temperature modification are possible

• The complexity between RCMs also varies as seen in 
the NARCCAP (North American Regional Climate 
Change Assessment Program) – a comparison of RCM 
results over North America

• Our CCCSN partners at the University of Regina are 
running the PRECIS regional model as well over 
Canada with results coming to the website…



CRCM Land/Ocean Distribution

• The Great Lakes 
are represented by 
water grid cells

• Allows for a more 
realistic lake 
environment 
climatology

• Lakes are still 
treated quite 
simply though



Timmins – All Model Timeseries
A2 Scenario (high) normalized by 1961-1990 period
5 year running mean



Timmins Validation – 1961-1990 Temperature



Timmins Validation – 1961-1990 Temperature
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Model 
Bias

Greatest 
Model
Bias      



Timmins Validation – 1961-1990 Precipitation



• The same analysis can be done on a month by month 
or seasonal basis versus looking at annual period

• The mean annual value may be well reproduced, but 
the seasonal pattern can be wrong

• We can assign scores for each model based upon both 
agreement with historical period means and with 
historical trends

• This method is best used to reject models which are far 
from observed

• Which variables are tested depend upon the intended 
application

A Ranking of Models is Possible:



Ontario Validation



Why Ensembles? 

• Individual model biases are avoided

• Ensemble results are likely to be our best estimate

• Results can give some indication of where there is 
model agreement and disagreement

• Recent journal articles have focussed on the use of 
ensembles

• IPCC recommends the use of multiple models for 
projection information

• Only recently in literature is there discussion of 
‘weighting’ of ensemble models 

• Currently each model has ‘1 vote’ (no ‘good or bad’ filter)



CCCSN has produced
“Ensemble Scenarios for Canada, 2009”

• CCCSN releasing the Ensembles document

• Uses all available AR4 (2007) models (24 in total) and 2 
most recent versions of CRCM (4.2.0 and 4.2.3)

• Considers annual and seasonal temperature and 
precipitation ANOMALIES for the 2050s (2041-2070) 
compared to the 1961-1990 baseline

• All models are regridded to a common NCEP resolution 
(2.5 x 2.5 degree) resolution

• 2 versions of the RCM are treated separately (higher 
resolution)



More details…

• A ‘high’, ‘medium’ and ‘low’ ensemble is presented

High = A1B    Low = B1    Medium = mean of 2

• A1B selected since in 2050s, it shows greater 
temperature increase than A2 on average (A2 ‘wins’ by 
2080s)

• B1 emission scenario is always the lowest

• These 2 scenarios represent the upper and lower 
boundaries of emissions for the 2050s





Ensemble –

Mean Annual 
Temperature Change in 
2050s

HIGH - GCMs

HIGH - CRCMs

• Same general 
pattern 

• CRCM has 
more ‘extreme’ 
values

• +3.0C at Great 
Lakes, and up 
to +3.7C along 
Hudson Bay

http://cccsn.ca/users/Temp/1256577429.gif
http://cccsn.ca/users/Temp/1256577569.gif


What about model uncertainty?                   
2050s Mean Annual Temperature Change 

(HIGH - 24 models)

colours = Projected Change of 24 models  

contours = Standard  Deviation of 24 models

0.8 C

1.1 C

0.9 C

1.0 C



Ensemble – Annual 
Precipitation 
Change (%)  in 
2050s

HIGH - GCMs

HIGH - CRCMs

• Same general 
pattern 

• CRCM has 
more ‘extreme’ 
values, 
especially over 
HB

• +5% in south, 
with +12  to 
+15% along 
HB

http://cccsn.ca/users/Temp/1256578439.gif
http://cccsn.ca/users/Temp/1256578539.gif


Summary:
• Due diligence requires us to consider more than simply 
one model output an ‘ENSEMBLE’

• Generating ensembles requires TB of data and 
computations; admittedly not an easy task to undertake by 
many stakeholders and decision-makers

• ‘Ensemble Scenarios for Canada, 2009’ addresses this 
issue by consideration of many models into a mean value 
with medium, upper and lower emission boundaries

• Amongst models - precipitation uncertainties are greater 
than temperature uncertainties 

• There is uncertainty in any projection, but this 
uncertainly should not prevent us from action; we 
deal with uncertainty every day



Thank you

Full Ensemble Document at    cccsn.ca
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