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  Vision 

Mission 

Impact 

Capacity 

              To serve as the national focal point 
for global-, continental- and regional-scale 
climate change projections, analyses, and 
scientific information for Canadians.  

                  To provide robust climate predic-
tions on seasonal to decadal timescales and 
climate projections on centennial timescales 
over Canada and the globe through the con-
tinuous development and innovative appli-
cation of Canada’s suite of global and re-
gional climate (Earth system) models and the 
expert analysis of their output. The Canadian 
Centre for Climate Modelling and Analysis 
(CCCma) is a world-leading centre for the devel-
opment and application of Earth system models 
addressing key emerging scientific questions 
that provide timely, relevant knowledge and in-
formation to Canadians and others striving to 
mitigate and adapt to climate change. Our work 
responds to the growing need for climate infor-
mation by those engaged in domestic and global 
efforts to combat climate change and manage 
the associated risks. In addition, this research 
fulfills Canada’s international commitments to 
promote further scientific understanding of cli-
mate change and to exchange climate infor-
mation.  

                  Over the past four decades, CCCma 
has developed a state-of-the-science, global-
scale, climate modelling capability 
and is the sole Canadian provider of 
comprehensive Earth system 
modelling capacity. Our scien-
tific leadership in the field of 
Earth system modelling means 
that the Climate Research Divi-
sion’s (CRD’s) research scientists 
are an integral part of the inter-
national research community 
spearheading ongoing develop-
ments, influencing international science 
research strategies, and acting as ambassa-
dors for Canadian climate science. Such deep in-
ternational connections allow our scientists to 

integrate scientific and technological advances 
of the international community into Canada’s 
model development, applications and analysis 
efforts, thereby improving the quality and ro-
bustness of climate information products. The 
development of such expertise within the Cana-
dian government means that Canadian decision-
makers have the highest level of expert scientific 
advice available to them to support policy and 
regulatory deliberations, decisions and actions 
related to climate change.  

                        The Climate Research Division 
leads the development and application of a 
tightly integrated suite of models designed 
to realistically simulate the Earth system, to 
make initialized climate predictions and 
forced climate projections, and to provide 
high-resolution downscaling of global results 
to the regional level to support a range of cli-
mate impact assessment outcomes. The on-
going development of Canada’s modelling sys-
tem underpins many of the Climate Research Di-
vision’s key climate research activities. At the 
heart of the integrated modelling system is the 
global, fully coupled Canadian Earth System 
Model (CanESM), and the information technol-
ogy (IT) infrastructure used to execute the model 
and process its output on High Performance 

Computer (HPC) systems. CanESM is 
comprised of an atmospheric 

model, CanAM; land surface 
and terrestrial ecosystem 
model,  CLASSIC; ocean 
model, CanNEMO; sea-ice 
model, LIM2; and biogeo-
chemistry ocean ecosys-

tem model, CanOE. The 
current version of CanESM 

represents the culmination of 
several decades of active re-

search involving collaborators 
within the Climate Research Division, the At-

mospheric Science and Technology Directorate, 
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Challenges 

Opportunity 

Goals 

Planning 

other government departments (notably Fisher-
ies and Oceans Canada), and the academic com-
munity.  Built around CanESM is a family of 
model components that initialize climate predic-
tions for seasonal to decadal forecasts, enable 
regional downscaling, and support a range of cli-
mate process studies. 

                As the consequences of hu-
man-induced climate change become in-
creasingly evident, the Earth system model-
ling community is being called upon to an-
swer more diverse science-policy questions 
with greater specificity. Meeting this urgent 
need requires physical processes to be mod-
elled more realistically and in ever-increas-
ing detail. The concomitant increase in 
model complexity necessitates improved 
model efficiency and enhanced scientific ca-
pacity.  

Continued development and maintenance of 
Canada’s Earth system model presents two key 
scientific challenges for the program. The first is 
maintaining a state-of-the-science representa-
tion of the climate system, which requires con-
tinuous development of existing model compo-
nents and the introduction of representations of 
new processes that are important to under-
standing environmental changes relevant to ad-
aptation and mitigation. The second is modern-
izing the existing model code to take full ad-
vantage of new high performance computing 
systems that will be installed and are essential to 
running efficient simulations. 

            Based on the success of our Earth Sys-
tem modelling program, the expertise it has 
accrued, our on-going engagement with the 
larger climate and atmospheric research 
community, and our role as a convener of 
Canadian Earth system science, CanESM is 
well positioned to be the foundation of a 

comprehensive integrated modelling infra-
structure within the Canadian community.  
With components that are adapted to interface 
with downstream modelling systems (e.g., biodi-
versity models, human health risk assessment 
models, highly resolved hydrological models), 
CanESM can provide the highest-quality of cli-
mate change information so that Canadian deci-
sion makers can adequately respond to the di-
verse and growing information needs of Cana-
dian society. 

                                     The need to sustain Can-
ada’s state-of-the-science Earth system 
model underpins many of the information 
requirements identified by Canadian deci-
sion-makers and stakeholders in Climate Sci-
ence 2050: Advancing Science and 
Knowledge on Climate Change (CS2050). 
These requirements include the advancement of 
our understanding of how weather and climate 
extremes are projected to change in a changing 
climate; the role of terrestrial and marine carbon 
cycle processes and feedbacks on the climate 
system; the potential for carbon sink enhance-
ment; and the sensitivity of carbon stocks to cli-
mate warming, particularly in the Arctic. CS2050 
also identifies the need for Earth system science 
to support mitigation including the climate re-
sponse and co-benefits of reducing emissions of 
short-lived climate forcers and for developing in-
sight into the climate response and potential un-
intended consequences of climate engineering. 
The CS2050 science priorities of developing 
more skillful climate predictions on near-term 
time scales and of further developing climate 
projection downscaling techniques are directly 
responsive to the information requirements of 
adaptation programs.   

                           During the strategic planning pro-
cess for CRD’s Canadian Centre for Climate Mod-
elling and Analysis, seven scientific priorities 
were identified to ensure that CanESM remains 
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Priority Area Action Plan 

well positioned to respond to the evolving cli-
mate information needs of Canadians. These sci-
entific priorities address the two key scientific 
challenges for the program and align with the 
priorities identified by Canadian decision-makers 
and stakeholders in CS2050. These priorities ne-
cessitate that the Government of Canada contin-
ues to invest in Canada’s core strength of devel-
oping and maintaining Canada’s state-of-the-sci-
ence Earth system model and in the application 
of the model to advance actionable science 
aligned with CS2050 priorities.  

The first priority (1) addresses the two key scien-
tific challenges of the program, namely, the 
maintenance and development of a state-of-the-
science representation of the climate system; 
and, modernizing the existing model code to 
take full advantage of new high performance 
computing systems. The first priority also recog-
nizes that a high-quality global model is the nec-
essary starting point for subsequent downscaling 
which uses a regional climate model to provide 
more spatial detail over Canada as needed by us-
ers from a range of disciplines. Priorities two (2) 
to seven (7) address the priority needs of Cana-
dian society for climate change projections as 
described in CS2050, namely, science to support 
the achievement of carbon neutrality in Canada, 
and to build healthy and resilient communities 
and ecosystems. 

 

 

The Changing Earth System – Past 
and future: We will modernize the existing 
CanESM code, further develop existing model 
components, and introduce representations of 
new processes to advance our fundamental un-
derstanding of the Earth system and improve 
simulations of the response of this system to 
changes in human and natural drivers. 

Detailed Regional Climate Infor-
mation for Canadian Decision Mak-
ers: In order to respond to the increasing de-
mands for higher resolution projections of cli-
mate change, we will continue to further de-
velop the Canadian Regional Climate Model 
(CanRCM) which takes global model output and 
refines it to include enhanced representation of 
the terrestrial ecosystem and regional topo-
graphical features (such as the Great Lakes and 
Rocky Mountains). We will also add new regional 
ocean modelling capabilities to CanESM to pro-
vide consistent, high resolution, ocean and sea-
ice projections for Canada’s three oceans. Our 
regional Earth system model, based on the cou-
pling of the CanRCM to the Canada’s Three 
Ocean’s Downscaling System (CanTODS) will pro-
vide seasonal predictions for both atmospheric 
and ocean variables.   

Carbon Cycle Earth System Feed-
backs: We will advance our understanding of 
the role of biogeochemical feedbacks in the 
Earth system and will better quantify the sensi-
tivity of the climate system, including Arctic eco-
systems, to anthropogenic carbon emissions by 
improving the representation of terrestrial and 
marine ecosystem and carbon cycle components 
in the CanESM framework. 

Seasonal to Decadal (S2D) Climate 
Prediction: We will improve Canada’s sea-
sonal to decadal (S2D) prediction system and ex-
pand the number of climate metrics forecasted 
by this system to allow development of products 
tailored to specific sectors, and eventually indi-
vidual users. 

Climate Extremes and Extreme Event 
Attribution: We will provide timely and cred-
ible information on the role of anthropogenic cli-
mate change in high impact climate events and 
on future changes in climate extremes in Canada 
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Requirements 

Summary 

to support climate risk management by develop-
ing a system suitable for transfer to operations 
for extreme event attribution. 

Role of Short-lived Climate Forcers: 
We will provide improved estimates of the cli-
mate and air quality co-benefits of mitigation of 
short-lived climate forcers by improving repre-
sentation of aerosols and chemistry in CanESM.  

Implications of Climate Engineering 
and Response to Mitigation Options: 
We will analyse the potential global, regional and 
Canadian climate impacts of solar radiation man-
agement (SRM) and carbon dioxide removal 
(CDR) scenarios by simulating and analysing cli-
mate impacts of SRM, CDR and other mitigation 
options. 

 

                                           To realize the goals of 
this plan, the following actions are required: 

1) Sustained investments in key technical 
and scientific human resource capacity 
within the Climate Research Division. 
The nature of these investments has been 
defined through a human resources chal-
lenge function that was part of the process 
to develop the strategic plan; 

2) Enhanced external collaborations to fur-
ther the development and analysis of 
CanESM as the foundation of a compre-
hensive integrated modelling system, 
with components that are designed to 
support downstream modelling systems 
(e.g., climate impact models).  This will 
be achieved by first developing the model in 
a manner that lowers the technical barriers 
to using the model for partner organizations 
and the academic community; followed by 
developing a clear governance framework to 

support an expansion in the scope of collab-
oration ; and 

3) The establishment of a standard model-
ling framework and shared coding 
standards to support effective collabo-
rations with partner organizations. 

 

                           As a northern nation, Canada 
has experienced a rate of environmental 
change more pronounced than that of many 
nations, which has had significant and wide-
ranging impacts on almost every facet of our 
society, economy and infra-structure.  We 
know that this will continue into the future. This 
summary highlights the scientific priorities for 
Canada’s Earth system modelling research pro-
gram. Research and development focused on 
these priorities are required to deliver timely, 
relevant knowledge and information to Canadi-
ans and others striving to mitigate and adapt to 
climate change over the next decade. These pri-
orities, and the accompanying implementation 
plan, build on CRD’s strong scientific leadership 
and foundational capacity in this scientific do-
main and leverage the scientific computing and 
monitoring technology advances of the past dec-
ade to enable Environment and Climate Change 
Canada to maximize its contribution to informing 
responses to Canada’s current adaptation and 
mitigation challenges.  
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