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North2Warm:	The	Impact	of	1.50C	or	
Greater	Warming	on	the	Arctic	and	

Canada’s	North
• The UNFCCC 1.50C and related targets have a sound 
basis in climate science and carbon budget ideas.

• But understanding the targets’ implications is a scientific 
and communication challenge.

• North2Warm –– a work in progress –– is looking at what 
these targets mean for the Arctic and Canada’s North.
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Where does the 1.50C target 
come from?
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Where does the 1.50C target 
come from?

Transient Response to 
Cumulative CO2 Emissions 

(TCRE): Total carbon emitted is a 
proxy for global warming.
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© Yann Arthus-Bertrand / Altitude  

Projections of climate change 
Climate sensitivity, cumulative carbon  

Reto Knutti 
CLA chapter 12 

https://www.ipcc.ch/pdf/unfccc/cop19/2_knutti13sbsta.pdf
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Projections 

Fig. SPM.7 
R. Knutti
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Warming will persist for centuries 

• Zero CO2 emissions lead to 
near constant surface 
temperature. 

• A large fraction of climate 
change persists for many 
centuries. 

• Depending on the scenario, 
about 15-40% of the emitted 
carbon remains in the 
atmosphere for 1000 yrs. 

R. Knutti

Cumulative carbon determines warming 

• Warming is largely independent of 
the emission profile. Only the total 
matters. 

• More emissions early imply stronger 
reductions later. 

• Any temperature target implies a 
maximum in cumulative CO2 
emissions. This is purely a physical 
and carbon cycle problem. 

• Allocation over time is a economic 
and policy question. 

• Overshooting the budget will 
overshoot the target. 
 

Fig. 12.46 

RCP2.6 

Warming will persist for centuries 

• Zero CO2 emissions lead to 
near constant surface 
temperature. 

• A large fraction of climate 
change persists for many 
centuries. 

• Depending on the scenario, 
about 15-40% of the emitted 
carbon remains in the 
atmosphere for 1000 yrs. 
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Cumulative carbon determines warming 

• Peak warming is approximately proportional to cumulative (total) 
emissions. 

• Transient climate response to cumulative carbon emissions TCRE = 
Warming per 1000 PgC 

 R. Knutti
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Cumulative carbon determines warming 

SPM.10 
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Where does the 1.50C target 
come from?

Pattern scaling: Global surface 
temperature is an indicator of 

many impacts



Pattern	Scaling	on	Temperature

ANN	Surface	Temperature	and	Precip	Response,	per	degree	of	warming,	CMIP5

Tebaldi and Arblaster 2014

percentage change per degree C of global warming with respect to the baseline average. The
single ensemble member used for each model is interpolated to a T42 (approximately 2.8°
resolution) grid. There are currently 45 models in the CMIP5 archive with historical and RCP
experiments available, although not all RCP experiments are available for all models. Also,
some of the models are variations from a basic development by a modelling group, therefore
are likely not independent of one another. RCPs describe pathways of radiative forcing over
the 21st Century and beyond, comprising rising, overshoot and stabilization scenarios. Van
Vuuren et al. (2011) contains a comprehensive overview of RCPs’ characteristics. Briefly,
RCP 2.6 assumes strong mitigation measures and reaches a peak in radiative forcings of
approximately 3Wm−2 early in the first half 21st century. The radiative forcings then decline to
reach 2.6Wm−2 by the end of the century and continue to decline afterwards. The other three
RCPs see a continuous growth of greenhouse gas forcings as a whole, albeit at different rates.
RCP 8.5 stabilizes the radiative forcing only after 2200, while all other RCP extensions
assume a flattening of the radiative forcing starting early after 2100. All RCPs assume an
immediate decrease in the emission of short-lived pollutants, like aerosols.

We first compute scenario-specific patterns to validate the assumption that patterns are
scenario independent, even when considering multi-model average patterns. This implicitly
tests the validity of pattern scaling across time, since the different radiative forcings at the end
of the 21st century across RCPs could be seen as different radiative forcings across time in a
steadily increasing forcing scenario, at least when well-mixed, long-lived greenhouse gases
constitute the primary forcing. The similarity of the patterns can be assessed by eye in Fig. 1,
which shows temperature and precipitation patterns (under RCP 2.6, 4.5 and 8.5). Pattern
correlations range between 0.95 and 0.99 for temperature and between 0.85 and 0.97 for
precipitation. The lower values are the correlation between RCP 2.6 and the two higher RCPs,
and may originate from the fact that the climate under the lower RCP has begun to stabilize by
the end of the 21st century, or the signal has not yet cleanly emerged because of low external
forcings. A comparison with the expected loss in pattern correlation due only to the effects of
natural variability (Fig. S2 and its explanation in the Supplementary Material) suggests that the
two lower correlation values in the case of temperature could be considered significant at the
5 % level. In the case of precipitation, the loss in correlation would be significant only at the
10 % level.

Fig. 1 Patterns of Temperature (top) and Precipitation (bottom) changes according to three RCPs (we exclude
6.0 because only a small number of models ran it). The numbers between adjacent maps show the pattern
correlation between the two maps. The lower number in the center shows the pattern correlation between the first
and third map

Climatic Change (2014) 122:459–471 463



Fischer et al. 2014

Over the historical period (1986–2005 relative to 1901–1920) agreement on percentage changes in heavy
precipitation per degree global warming is very poor. At most of the grid points the simulated changes even
differ in sign so that the range across the 15 models is large at all grid points (Figure 2a, red solid line). This is
not surprising since the disagreement at the grid point level across models and with observations of the past
decades primarily results from large internal variability and lack of a strong signal [Fischer and Knutti, 2014].

The role of internal variability is less important once the climate change signal becomes more dominant,
e.g., for the mid-21st century (2041–2060 with respect to 1986–2005). Changes are expressed as local
percentage changes per multimodel mean warming (roughly 2°C in the multimodel mean). The mean
pattern correlation across models is somewhat higher (r= 0.30) than for the historical period (Figure 2a,
blue solid line) and the local spread is smaller (Figure 2a, red solid line and Figure S1) but the overall
agreement is still poor. Internal variability is dominant for heavy precipitation changes by the midcentury,
and even different realizations of the samemodel show a large spread (Figure 2a, dashed lines). One reason
for the disagreement in the magnitude of heavy precipitation changes is that the models differ in their
global warming by the mid-21st century. To account for the different rate of warming, we compare changes
for the 20 year period in which each model reaches a global mean temperature increase of 2°C. This slightly
improves the agreement in the magnitude of change (Figure 2a).

To understand to what extent the models agree in their response in the absence of any internal variability,
one can extract the underlying forced signal by averaging multiple initial condition realizations of the exact

[%/°C]

[°C/°C]

a)   Change in heavy precipitation b)   Change in annual mean precipitation

c)   Change in hot extremes d)   Change in summer mean temperatures

Figure 3. Model robustness in forced signal: Multimodel mean changes in (a) heavy precipitation intensity, (b) annual
mean precipitation, (c) hot extremes, and (d) local summer mean temperature (June-July-August in Northern and
December-January-February in Southern Hemisphere) per degree global warming in 15 CMIP models. Estimates are
based on a linear regression of local changes with respect to global mean temperature change in the respective model
simulation in the period 1901–2100 (historical and RCP8.5). Stippling illustrates agreement in sign of changes across at least
12 of the 15 models (80% of models).

Geophysical Research Letters 10.1002/2014GL062018

FISCHER ET AL. ©2014. American Geophysical Union. All Rights Reserved. 8558

Changes in extremes and mean, using scaling by global mean temperature, 
stippling indicating agreement across individual models.



Where does the 1.50C target 
come from?

Mitigating Risk: 1.50C avoids 
“dangerous” levels of global 

warming.
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Article 1  
For the purpose of this Agreement, the definitions contained in Article 1 of the Convention shall apply. In 
addition: 

1. “Convention” means the United Nations Framework Convention on Climate Change, adopted in New York on 9 
May 1992.  

2.  “Conference of the Parties” means the Conference of the Parties to the Convention. 
3. “Party” means a Party to this Agreement. 

Article 2  
1. This Agreement, in enhancing the implementation of the Convention, including its objective, aims to strengthen 

the global response to the threat of climate change, in the context of sustainable development and efforts to 
eradicate poverty, including by:  
(a) Holding the increase in the global average temperature to well below 2 °C above pre-industrial levels and 

to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels, recognizing that 
this would significantly reduce the risks and impacts of climate change; 

(b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate resilience and 
low greenhouse gas emissions development, in a manner that does not threaten food production; 

(c) Making finance flows consistent with a pathway towards low greenhouse gas emissions and climate-
resilient development.  

2. This Agreement will be implemented to reflect equity and the principle of common but differentiated 
responsibilities and respective capabilities, in the light of different national circumstances.  

Article 3  

As nationally determined contributions to the global response to climate change, all Parties are to undertake and 
communicate ambitious efforts as defined in Articles 4, 7, 9, 10, 11 and 13 with the view to achieving the 
purpose of this Agreement as set out in Article 2. The efforts of all Parties will represent a progression over time, 
while recognizing the need to support developing country Parties for the effective implementation of this 
Agreement.  

Article 4  
1.  In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of 

greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country 
Parties, and to undertake rapid reductions thereafter in accordance with best available science, so as to achieve a 
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 
half of this century, on the basis of equity, and in the context of sustainable development and efforts to eradicate 
poverty.  

2. Each Party shall prepare, communicate and maintain successive nationally determined contributions that it 
intends to achieve. Parties shall pursue domestic mitigation measures with the aim of achieving the objectives of 
such contributions.  

3. Each Party’s successive nationally determined contribution will represent a progression beyond the Party’s then 
current nationally determined contribution and reflect its highest possible ambition, reflecting its common but 
differentiated responsibilities and respective capabilities, in the light of different national circumstances. 

4. Developed country Parties shall continue taking the lead by undertaking economy-wide absolute emission 
reduction targets. Developing country Parties should continue enhancing their mitigation efforts, and are 
encouraged to move over time towards economy-wide emission reduction or limitation targets in the light of 
different national circumstances.  

5. Support shall be provided to developing country Parties for the implementation of this Article, in accordance 
with Articles 9, 10 and 11, recognizing that enhanced support for developing country Parties will allow for 
higher ambition in their actions.  

Paris Agreement
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Article 1  
For the purpose of this Agreement, the definitions contained in Article 1 of the Convention shall apply. In 
addition: 

1. “Convention” means the United Nations Framework Convention on Climate Change, adopted in New York on 9 
May 1992.  

2.  “Conference of the Parties” means the Conference of the Parties to the Convention. 
3. “Party” means a Party to this Agreement. 

Article 2  
1. This Agreement, in enhancing the implementation of the Convention, including its objective, aims to strengthen 

the global response to the threat of climate change, in the context of sustainable development and efforts to 
eradicate poverty, including by:  
(a) Holding the increase in the global average temperature to well below 2 °C above pre-industrial levels and 

to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels, recognizing that 
this would significantly reduce the risks and impacts of climate change; 

(b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate resilience and 
low greenhouse gas emissions development, in a manner that does not threaten food production; 

(c) Making finance flows consistent with a pathway towards low greenhouse gas emissions and climate-
resilient development.  

2. This Agreement will be implemented to reflect equity and the principle of common but differentiated 
responsibilities and respective capabilities, in the light of different national circumstances.  

Article 3  

As nationally determined contributions to the global response to climate change, all Parties are to undertake and 
communicate ambitious efforts as defined in Articles 4, 7, 9, 10, 11 and 13 with the view to achieving the 
purpose of this Agreement as set out in Article 2. The efforts of all Parties will represent a progression over time, 
while recognizing the need to support developing country Parties for the effective implementation of this 
Agreement.  

Article 4  
1.  In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of 

greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country 
Parties, and to undertake rapid reductions thereafter in accordance with best available science, so as to achieve a 
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 
half of this century, on the basis of equity, and in the context of sustainable development and efforts to eradicate 
poverty.  

2. Each Party shall prepare, communicate and maintain successive nationally determined contributions that it 
intends to achieve. Parties shall pursue domestic mitigation measures with the aim of achieving the objectives of 
such contributions.  

3. Each Party’s successive nationally determined contribution will represent a progression beyond the Party’s then 
current nationally determined contribution and reflect its highest possible ambition, reflecting its common but 
differentiated responsibilities and respective capabilities, in the light of different national circumstances. 

4. Developed country Parties shall continue taking the lead by undertaking economy-wide absolute emission 
reduction targets. Developing country Parties should continue enhancing their mitigation efforts, and are 
encouraged to move over time towards economy-wide emission reduction or limitation targets in the light of 
different national circumstances.  

5. Support shall be provided to developing country Parties for the implementation of this Article, in accordance 
with Articles 9, 10 and 11, recognizing that enhanced support for developing country Parties will allow for 
higher ambition in their actions.  

Paris Agreement

The 1.50C target is grounded in 
the impacts as we understand 
them now (sea level rise, etc.).
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Article 1  
For the purpose of this Agreement, the definitions contained in Article 1 of the Convention shall apply. In 
addition: 

1. “Convention” means the United Nations Framework Convention on Climate Change, adopted in New York on 9 
May 1992.  

2.  “Conference of the Parties” means the Conference of the Parties to the Convention. 
3. “Party” means a Party to this Agreement. 

Article 2  
1. This Agreement, in enhancing the implementation of the Convention, including its objective, aims to strengthen 

the global response to the threat of climate change, in the context of sustainable development and efforts to 
eradicate poverty, including by:  
(a) Holding the increase in the global average temperature to well below 2 °C above pre-industrial levels and 

to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels, recognizing that 
this would significantly reduce the risks and impacts of climate change; 

(b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate resilience and 
low greenhouse gas emissions development, in a manner that does not threaten food production; 

(c) Making finance flows consistent with a pathway towards low greenhouse gas emissions and climate-
resilient development.  

2. This Agreement will be implemented to reflect equity and the principle of common but differentiated 
responsibilities and respective capabilities, in the light of different national circumstances.  

Article 3  

As nationally determined contributions to the global response to climate change, all Parties are to undertake and 
communicate ambitious efforts as defined in Articles 4, 7, 9, 10, 11 and 13 with the view to achieving the 
purpose of this Agreement as set out in Article 2. The efforts of all Parties will represent a progression over time, 
while recognizing the need to support developing country Parties for the effective implementation of this 
Agreement.  

Article 4  
1.  In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of 

greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country 
Parties, and to undertake rapid reductions thereafter in accordance with best available science, so as to achieve a 
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 
half of this century, on the basis of equity, and in the context of sustainable development and efforts to eradicate 
poverty.  

2. Each Party shall prepare, communicate and maintain successive nationally determined contributions that it 
intends to achieve. Parties shall pursue domestic mitigation measures with the aim of achieving the objectives of 
such contributions.  

3. Each Party’s successive nationally determined contribution will represent a progression beyond the Party’s then 
current nationally determined contribution and reflect its highest possible ambition, reflecting its common but 
differentiated responsibilities and respective capabilities, in the light of different national circumstances. 

4. Developed country Parties shall continue taking the lead by undertaking economy-wide absolute emission 
reduction targets. Developing country Parties should continue enhancing their mitigation efforts, and are 
encouraged to move over time towards economy-wide emission reduction or limitation targets in the light of 
different national circumstances.  

5. Support shall be provided to developing country Parties for the implementation of this Article, in accordance 
with Articles 9, 10 and 11, recognizing that enhanced support for developing country Parties will allow for 
higher ambition in their actions.  

Paris Agreement

The 1.50C target is grounded in 
the impacts as we understand 
them now (sea level rise, etc.).

There are technical issues: 
choosing ‘preindustrial’, numerical 

simulations, etc.
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Article 1  
For the purpose of this Agreement, the definitions contained in Article 1 of the Convention shall apply. In 
addition: 

1. “Convention” means the United Nations Framework Convention on Climate Change, adopted in New York on 9 
May 1992.  

2.  “Conference of the Parties” means the Conference of the Parties to the Convention. 
3. “Party” means a Party to this Agreement. 

Article 2  
1. This Agreement, in enhancing the implementation of the Convention, including its objective, aims to strengthen 

the global response to the threat of climate change, in the context of sustainable development and efforts to 
eradicate poverty, including by:  
(a) Holding the increase in the global average temperature to well below 2 °C above pre-industrial levels and 

to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels, recognizing that 
this would significantly reduce the risks and impacts of climate change; 

(b) Increasing the ability to adapt to the adverse impacts of climate change and foster climate resilience and 
low greenhouse gas emissions development, in a manner that does not threaten food production; 

(c) Making finance flows consistent with a pathway towards low greenhouse gas emissions and climate-
resilient development.  

2. This Agreement will be implemented to reflect equity and the principle of common but differentiated 
responsibilities and respective capabilities, in the light of different national circumstances.  

Article 3  

As nationally determined contributions to the global response to climate change, all Parties are to undertake and 
communicate ambitious efforts as defined in Articles 4, 7, 9, 10, 11 and 13 with the view to achieving the 
purpose of this Agreement as set out in Article 2. The efforts of all Parties will represent a progression over time, 
while recognizing the need to support developing country Parties for the effective implementation of this 
Agreement.  

Article 4  
1.  In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of 

greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country 
Parties, and to undertake rapid reductions thereafter in accordance with best available science, so as to achieve a 
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 
half of this century, on the basis of equity, and in the context of sustainable development and efforts to eradicate 
poverty.  

2. Each Party shall prepare, communicate and maintain successive nationally determined contributions that it 
intends to achieve. Parties shall pursue domestic mitigation measures with the aim of achieving the objectives of 
such contributions.  

3. Each Party’s successive nationally determined contribution will represent a progression beyond the Party’s then 
current nationally determined contribution and reflect its highest possible ambition, reflecting its common but 
differentiated responsibilities and respective capabilities, in the light of different national circumstances. 

4. Developed country Parties shall continue taking the lead by undertaking economy-wide absolute emission 
reduction targets. Developing country Parties should continue enhancing their mitigation efforts, and are 
encouraged to move over time towards economy-wide emission reduction or limitation targets in the light of 
different national circumstances.  

5. Support shall be provided to developing country Parties for the implementation of this Article, in accordance 
with Articles 9, 10 and 11, recognizing that enhanced support for developing country Parties will allow for 
higher ambition in their actions.  

Paris Agreement

The 1.50C target is grounded in 
the impacts as we understand 
them now (sea level rise, etc.).

But another challenge is figuring 
out what the targets mean and 

how to talk about them.
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purpose of this Agreement as set out in Article 2. The efforts of all Parties will represent a progression over time, 
while recognizing the need to support developing country Parties for the effective implementation of this 
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Article 4  
1.  In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking of 

greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country 
Parties, and to undertake rapid reductions thereafter in accordance with best available science, so as to achieve a 
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 
half of this century, on the basis of equity, and in the context of sustainable development and efforts to eradicate 
poverty.  
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higher ambition in their actions.  
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18. Also notes, in this context, the adaptation needs expressed by many developing 
country Parties in their intended nationally determined contributions; 

19. Requests the secretariat to update the synthesis report referred to in paragraph 16 
above so as to cover all the information in the intended nationally determined contributions 
communicated by Parties pursuant to decision 1/CP.20 by 4 April 2016 and to make it 
available by 2 May 2016;  

20. Decides to convene a facilitative dialogue among Parties in 2018 to take stock of the 
collective efforts of Parties in relation to progress towards the long-term goal referred to in 
Article 4, paragraph 1, of the Agreement and to inform the preparation of nationally 
determined contributions pursuant to Article 4, paragraph 8, of the Agreement; 

21. Invites the Intergovernmental Panel on Climate Change to provide a special report in 
2018 on the impacts of global warming of 1.5 °C above pre-industrial levels and related 
global greenhouse gas emission pathways;  

III. DECISIONS TO GIVE EFFECT TO THE AGREEMENT  
MITIGATION  

22. Invites Parties to communicate their first nationally determined contribution no later 
than when the Party submits its respective instrument of ratification, accession, or approval 
of the Paris Agreement. If a Party has communicated an intended nationally determined 
contribution prior to joining the Agreement, that Party shall be considered to have satisfied 
this provision unless that Party decides otherwise; 

23. Urges those Parties whose intended nationally determined contribution pursuant to 
decision 1/CP.20 contains a time frame up to 2025 to communicate by 2020 a new 
nationally determined contribution and to do so every five years thereafter pursuant to 
Article 4, paragraph 9, of the Agreement; 

24. Requests those Parties whose intended nationally determined contribution pursuant 
to decision 1/CP.20 contains a time frame up to 2030 to communicate or update by 2020 
these contributions and to do so every five years thereafter pursuant to Article 4, paragraph 
9, of the Agreement; 

25. Decides that Parties shall submit to the secretariat their nationally determined 
contributions referred to in Article 4 of the Agreement at least 9 to 12 months in advance of 
the relevant meeting of the Conference of the Parties serving as the meeting of the Parties 
to the Paris Agreement with a view to facilitating the clarity, transparency and 
understanding of these contributions, including through a synthesis report prepared by the 
secretariat; 

26. Requests the Ad Hoc Working Group on the Paris Agreement to develop further 
guidance on features of the nationally determined contributions for consideration and 
adoption by the Conference of the Parties serving as the meeting of the Parties to the Paris 
Agreement at its first session; 

27. Agrees that the information to be provided by Parties communicating their 
nationally determined contributions, in order to facilitate clarity, transparency and 
understanding, may include, as appropriate, inter alia, quantifiable information on the 
reference point (including, as appropriate, a base year), time frames and/or periods for 
implementation, scope and coverage, planning processes, assumptions and methodological 
approaches including those for estimating and accounting for anthropogenic greenhouse gas 
emissions and, as appropriate, removals, and how the Party considers that its nationally 
determined contribution is fair and ambitious, in the light of its national circumstances, and 
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family, your friends, stakeholders, 
environmentalists, climate change skeptics, 
business partners, etc..?
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Pair and Share!



IPCC	Special	Report	and	North2Warm

• North2Warm, funded by NSERC, is an activity of the 
Canadian Sea Ice and Snow Evolution Network (CanSISE) 

• Its purpose is to provide a strong Canadian contribution to 
this Special Report, that would focus specifically on 
Canada’s North.

• Purpose: produce review paper to be submitted in time to 
be considered in the Special Report.

• Such a paper would also serve the Canadian policy and 
impacts/adaptation community.

• We held a community workshop and plan for submission of 
the review in fall 2017.

• Many who were at the meeting are here at CSI.
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Questions	at	the	March	N2W	Workshop
1. What does the Paris agreement’s 1.5 degree or 2.0 degree target 

actually mean to you in a practical sense? What does it imply for 
your areas of interest with respect to Canada’s North and cold 
regions?

2. In the context of the Paris targets, what adaptation measures are 
you aware of that are underway or anticipated in Canada’s North 
and cold regions? What additional measures would be useful to 
undertake?

3. What metrics or diagnostics of environmental parameters would be 
most useful for  adaptation and planning in Canada’s North and 
cold regions in the context of the Paris targets? These could relate to 
observations and/or to models. (E.g. location of the 00C isotherm, 
timing of 1.50C versus 20C, differential impacts of 1.50C versus 2.00C 
on extremes, permafrost impacts, etc.)
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09:30-
10:00

Introductory	talk/Overview.	Greg	Flato:	The	IPCC	
Special	Report	on	1.5	degrees,	purpose	of	N2W	and	
aims	of	this	workshop.

10:30-
12:00

Panel	1:	Observed	changes.	Stephen	Howell	(chair),	
Chris	Derksen,	Claude	Duguay,	Sharon	Smith,	Bruno	
Tremblay,	Xuebin Zhang

13:30-
15:00

Panel	2:	Projected	changes under	the	UNFCC	targets.	
Greg	Flato	(chair),	Chris	Fletcher,	John	Fyfe,	Nathan	
Gillett,	Michael	Sigmond,	Francis	Zwiers

15:30-
17:00

Panel	3:	Adaptations	underway	and	anticipated.	Don	
Lemmen (chair),	
Lukas	Arenson,	Bronwyn	Benkery,	Jackie	Dawson,	
Marie-Eve	Neron,	Scot	Nickles

17:00-
18:00

Recap/Discussion/Knowledge	Gaps

N2W	Workshop	Agenda
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Why	the	Arctic	and	Canada’s	North?
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Where we are now: 10C.
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Based on ECCC’s 
adjusted/homogenized 
climate data

Canadian 
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Global 0.80C

Canada 
1.60C

1948-2015 SAT
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Derksen and Brown 
2012

S. Howell in 
prep.
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Where will we be under 1.50C or 2.00C?



30

Where will we be under 1.50C or 2.00C?

Simple rule of thumb: 1.50C is about 
50% more warming and 2.00C is about 
double the warming we’ve experienced.

I’ve talked about this for CMOS at
https://itunes.apple.com/us/podcast/cmos-51st-congress-
future-earth-interviews/id1229726669?mt=2
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Figure courtesy S. Kharin, CCCma

Warming	mean	temperatures
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Reduced	Snow	Cover	Duration

Chad Thackeray,
from NCAR CESMTo Present Day

+1.50C +2.00C
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Simulated	change	in	mean	number	of	melting	days	(Tmean <	0oC)	averaged	over	Canadian	land	ecozones	1-3	(top)	
and	over	Canadian	Arctic	water	(bottom)	compared	to	present	day	conditions.		Numbers	listed	for	each	month	give	
the	number	of	melting	days	for	present-day	conditions.		Bars	indicate	the	number	of	melting	days	relative	to	these	
numbers	for	preindustrial	conditions	(grey),	1.5K	of	warming	(black)	and	2K	of	warming	(red).

Lawrence Mudryk,
from NCAR CESM
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Degraded Coastal Ice and Frozen Roads

Lawrence Mudryk, from NCAR CESM

Lawrence Mudryk,
from NCAR CESM
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North2Warm – A Few Personal Thoughts
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Paul’s	Observations
• We have only gotten started on the range of 

questions we had.
• The scientists are challenged by technical issues.
• The adaptation and impacts community are 

challenged to conceptualize and communicate 
the targets and their relevance.

• The relevance of 1.50C is questioned.
• But the exercise is still worth doing and 

extending.
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Recap
• The 1.50C+ targets are scientifically excellent but 
• How to limit warming to this level and how to 

figure out the targets’ relevance to impacts are a 
real challenge.

• The differences between 1.50C and 2.00C can be 
quantified and will likely be important for decision 
making in the coming decades.

• There is a lot of interest in this topic from the 
broader public (CMOS).

• Working through the communication and  impacts 
challenge is a very healthy exercise.
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Increased	precipitation	extremes

Return period for preindustrial 20-year event

Francis Zwiers and Slava Kharin

P20

+1.5◦C +2.0◦C +2.5◦C

RP,glb=12.4y,lnd=12.2y RP,glb=10.8y,lnd=10.5y RP,glb=9.4y,lnd=9.1y
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Figure 1: The CMIP5 multi-model ensemble median return periods of pre-
industrial 20-yr return values of annual maximum of daily precipitation P20

(top row), and the corresponding risk ratios (RR, 2nd row), the probabilities
of necessary causality (PN, 3rd row) and the probabilities of sufficient causality
(PS, bottom row) for the global warming of 1.5◦C (left column), 2.0◦C (center
column) and 2.5◦C (right column). The results are based on ensemble of CMIP5
models utilizing simulations for the historical period (1861–2005) and three
future scenarios RCP2.6, RCP4.5 and RCP8.5 (2006–2100).
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