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Dear Ms. Demerse:

We have completed processing your request under the Access to Information Act (the Act) for:

“All documents or analysis prepared concerning a "2 degree Celcius" threshold limit for global
warming (Time period: Jan I, 2006 - August 28, 2007).

Revised January 14, 2008

The two most recent briefing notes from the dociunentation provided in response to this request.”
Attached please find the compliete release package in response to this request. -

'Please be advised that you are entitled to complain to the Information Commissioner
concerning the processing of your request within sixty days of the receipt of this notice. In the
event you decide to avail yourself of this right, your notice of complaint should be addressed to:

Information Commissioner
Tower B, Place de Ville
* 112 Kent Street, 22nd Floor
Ottawa, Ontario
- KIA 1H3

If you have any questions regarding this request, please do not hesitate to contact Carol Lafontaine
at (819) 953-5689.

Yours sincerely,

S

" Pierre Bernier
-+ Access to Information
and Privacy Coordinator
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S
Germany, as host of the G8, is sqekmg consensus among countnes for the EU’s goal of
limiting global warming to 2°C dbove the “pre-industrial (pre-20™ century) level”. This note
provides some perspectives on wihether or not such a target is supported by the science on the
impacts of climate change, based primarily on the Intergovernmental Panef on Chmate
Change (IPCC) Fourth Asgessment Report.

; SUMMARY
o ‘The world has already waxméd over the past century, by about 0.74°C. Impacts are
already being observed and some of these have been at least partially attributed to
anthrepogenic climate changp, including increases in human moriality, loss of glaciers
and increases in.the frequency and/or intensity of extreme events.

o Itis certain that impacts will !become more serious with increased warming;: Therefore,
aiming to limit the global aw temperature increase to around 3°C wiil undoubtedly |
impose more severe and costly impacts on socicty than would aiming to limit the increase _
to around 2°C. However, l.hrésholds above which impacts become ‘significant’ are
difficult to identify and mvoi]ve value judgments.

¢ Some thresholds are of particular importance, however, fnom a science perspective
because they indicate points pt which irreversible changes may occur. From this
perspective, there are two significant conclusions from the IPCC Fourth Assessment
reports with particular bearing on the proposed 2°C target:

1. asustained global warmipg {over millennia) beyond about 2°C above the pre-
industrial leve] could leag to irreversible meiting of the Greenland Ice Sheet with an
associated sea level rise gf about 7m. This would cause major reconfigurations of
coastlines around the woyld and displacement of vast numbers of people; and

2. approximately 20-30% of plant and animal species assessed so far are likely to be at
increased risk of extinction for global average temperature increases exceeding 2.0-
3.0°C above pre-industrig! values,

¢ Current scientific knowledge} indicates that if serious risks such as the extinction of
significant numbers of specxe's globally or a sea level rise of 7m from the imreversible
melting of the Greenland Ice Sheet are to be avoided, then it would be desirable to avoid ”~
a global temperature increasd of greater than approximately 2°C above pre-industrial, The @
exact level at which such risks become significantly elevated remains uncettain.
However, it is clear that ri  are substantially greater for greater warming.
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CURRENT STATUS

Canada has not, to date, supportgd; any speéiﬁc global tcrﬁpcr‘amre target as a threshold for
limiting anthropogenic impacts on the climate system.

The Intcréovcmmmtal .Pmc.l on dhmate Change (JPCC) has avoided .making a statement about
whether or not their findings support any particular target over another. Although the IPCC's
work does provide critical input to such decision-making, decisions about appropnate targets are

: mhcrently political rather than scmntlﬁc

No Canadian assessment has boen inndertaken on what the regional impacts across Canada might
be for different amounts of global ‘wam:ung An Assessment of impacts, vulnerability and
adaptation to climate change in Canada is cusrrently in preparation, under the ieademhlp of the
department of Natural Resources. Environment Canada is contributing to this effort in various
ways. This assessment is projected for release in Fall 2007 and will provide important ‘
information that would assist in uriderstanding what global temperature increases Canada would
wish to avoid from a perspective of national impacts of concern.

Environment Canada’s Science and Technology Branch was asked to provide advice to
International Affairs Branch to sugyport development of a negotiating position for a G8 Sherpa
meeting during which Germany scmght support from countries for a proposed “2°C above pre-
industrial” target.

This note provides some perspectﬁres on whether or not such a target is supported by the science
on the impacts of climate change, based ptimarily on the Intergovernmental Panel on Climate
Change (IPCC) Fourth Asscssment Report.

CONSIDERATIONS

Rate of Climate Change

There is evidence that some systems have ‘tipping points’ or thresholds above which the systcm
will shift abruptly from one state to another, with consequences that can be far-reaching,
Identification of such climate thresholds is difficult, however, and not many are yet known.

Even in the casc of gradual climaté change, there can be a point af which an individual impact, or
aggregate impacts, could be judged to have passed a critical level of damage. Such judgments are
not, however, based on science, bult involve value-based decisions about what is significant and
what not. ‘

There is general agreement, though, that the rate of change will be an important deterrninant of
how severe requlting impacts are Hecause adaptation, both in nature and by humans, is generally

~ easier for slower rates of change. When the rate of change surpasses a system’s capacity to adapt,

we can expect the consequences td be more severe.
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In the recently released Fourth Asgessment Report, the IPCC reported that the world has warmed
substantially — by 0.74°C over the?pm century - and that the rate of warming over the last 50
years (0.13 °C per decade) has been nearly twice that for the last 100 years. This rate of change is
expected to increase further. Forthe next two decades, a wamming of about 0.2 °C per decade is
p‘mjocted, 2 result that is influenced strongly by historic ernissions and is relatively insensitive to
emissions over this time period.

Over the long term, the amount of global warming is strongly influenced by ongoing emissions
of GHGs, with higher emissions resulting in greater eventual warming.

Global Imp_a_t,is; :

Although the IPCC WGl report dq&s not identify many thresholds for changes in the climate
gystem, it is certain that impacts would become more serious with mcreased wanmng As the
global temperature increases, the followmg changes are expected:

—  Contraction of snow cover and seaice

- Increase in the depth of thaw of permafrost

- Increased fraquency of heat waves end other hot extremes over most land areas
~  Iocreased frequency of heavy precipitation events

~  Increased ares affected by drought

~  Anincrease in intense tropicl cyclone activity

~ Anincrease in extreme high sea level (includes storm surges)

A significant conclusion from the:IPCC WGI Fourth Assessment is that a sustained increase in
global average temperature (refatiye to pre-industrial values) of 1.9 to 4.6°C could lead to the
melting of the Greenland Ice Sheet over miljennia and & consequent global sea level rise of about
7m. This result is above and beyond the JPCC global sea leve] rise estimates of 18-59 om for
2100,

IPCC Working Group Il (Impacts, Adaptation and Vulnerability) further reports that impacts are
already being observed and some pf thess have been at least partially attributed to anthropogenic
climate change, including increasés in human mortality, loss of glaciers and increases in the
frequency and/or intensity of extrdéme events. Global mean temperature change of up fo about
2.5°C above pre-industrial would kxacerbate such impacts and cause others. Beyond this level,
an increasing number of impacts &t all scales can be expected.

A mgmﬁcant conclusion from the IPCC WGII Fourth Assessment is that 20-30% of plant and
animal species assessed so far are: likcly to be at increased risk of extinction for global average
temperature increases exceeding 2.0-3,0°C above pre-mdustnal values, The irreversible nature of
extinction makes this impact of particular concern.
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. Capadian Impacts
On average, Canada has warmed by about 1.3°C over the Jast 59 years, a rate of warming that is ‘

ahout twice that of the global averkge. This trend is expected to continue in the future, with
warming greatest during the winter months and over the Arctic region.

Already, impacts have been obseryed in Canada in response to recent warming. These are mainly

linked to the cryosphere: melting of glaciers, declining snow pack, thinning and reduction of sea
ice extent, and thawing of the pertafrost. Other important impacts already observed include
recent trends towards Jower levels in the Great Lakes, increased wildfire frequency, enhanced
outbreaks of forest insect infestatipns, and increased coastal erosion in the Maritimes, Quebec
and the North. Such impacts are expected to increase in response o further increases in regional
temperatures and associated chmduc changes.

IPCC WGII concluded that human settlements in polar regions are already being adversely
affected by reduction in ice coverége and coastal erosion and that future climate change is very

likely to result in additional dlsruptzon of traditional cultures and loss of communities.

Model projections also show that warming iri summer will be greatest in the interior of the
continent. This region is also expected to be drier in the future, especially in the west, with an
enhanced risk of drought. This implies more difficult agricultural conditions, enhanced wildfire
risks, and increased competition for water among agricultural, musicipal, industrial and
ecological users.

Impacts associated with precipitation extremes are expected to be among the impacts of most
concem to Canadians. Recently, Environment Canada scientists published a paper projecting that
over North America, the risk of 8 “fixed-size’ (¢.g. 20 yr or 100 yr) event could increasc by
approximately 50% mid-century relative to current climate. The implications are that flash
fiooding, for example, will occur 50% more frequently and thus urban water supply and waste
water infrastructure will be st:us&d and/or damaged much inore frequently.

CONCLUSIONS

On the basis of current scientific understanding, as represented by the recently released IPCC
Fourth Assessment reports, it is clear that substantial global and Canadian impacts can be
expected for a global average temperature increase above 2°C relative to the pre-industrial value.
Adaptation will be abfe to reduce impacts to some extent, in sonte cases, However, adaptation is
not expected to ameliorate all impacts, and will be especially challenging for natural systems.

The identification of thresholds in non-linear systems (such as the climate system) beyond which
essentially irreversible changes (on human timescales) are triggered provides very refevant
guidance to decisions about what an appropriate target might be for limiting the increase in
globsl average temperature. Curreat scientific knowledge indicates that if serions risks such as
the extinction of significant numbers of species globally or a sea level rise in excess of 7m from
the irreversible melting of the Gréenland Ice Sheet are to be avoided, then it would be desirable
to avoid a global temperature increase of greater than approximately 2°C above pre-industrial.
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The exact level at which such risks become significantly clevated remains uncertain. However, it
is clear that risks are substantially greater for greater warming,

BranT. Gray P
ADM - Science and Technology Branch
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S DM-100918
MEMORANDUM TO DEPUTY MINISTER

LINKING GLOBAL TEMPERATURE STABILIZATION WITH THE, EMISSIONS
AND ATMOSPHERIC CONCENTRATIONS-OF GREEN HOUSE GASES

: (For information)
PURPOSE

Germany, as host of the G8, is seeking consensus among countries for the EU’s goal of
limiting global warming to 2°C above the “pre-industrial (pre-z()th century) level”. This note
provides a science perspective on the attainability of such a target, based on the '
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report.

[- | SUMMARY _]

o Ttisimperative 10 stabilize global atmospheric greenhouse £3s (GHG) concentrations in
order to prevent a ‘yun-away’ greentiouse effect.

o Stabilizing atmospheric GHG concentrations requires that emissions of these gases peak
and then decline thereafier. The eventual stabilization level is affected by the timing and
magnitude of the emissions peak, and the decline in emissions rates thereafter. An earlier,

lower peak and more rapid subsequent decline would allow a lower stabilization level.

e The best estimate of the eventual global mean temperature increase-under the most
stringent emissions scenarios assessed by the IPCC (atmosphere stabilizing at 445-490
ppm COz eq )is 2-2.4°C above pre-industrial. Meeting such a target would require CO2
emissions to peak before 2015 and then drop to 50 - 5% lower than 2000 Jevels by 2050.

e Uncertainties in how the climate system will respond to changes in GHG concentrations
imply that the ancertainty range on the eventual global temperature increase under
stabilization at 445-490 ppm COz q is much greater (1 3.3.7°C) than the 2-2 A°C range
of best estimates.

Decisions made with respect fo emissions reductions should take uncertainties in the
response of the system into account. This uncertainty implies that an emissions reduction
that targets, for example, a best estimate temperature response of 2°C may resultin 2
warming that is greater than that target. Thus if avoiding a 2°C warming were determined
to be very important, it would be prudent to target 2 lower temperature response to avoid
a risk of overshooting the 2°C threshold.

' CO2 equivalent: This is defined as the concentration of carbon dioxide that would cause the same amount of radiative
forcing as a given mixre of carbon dioxide, other greenhouse gases, and aerosols,

- Q00008
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CURRENT STATUS

. Canada has not, to date, supported any specific global ‘temperature target as a threshold
for limiting anthropogenic impacts on the climate system.

the IPCC’s work does provide critical input to such decision-making, decisions about
appropriate targets are inherently political rather than scientific,

meeting during which Germany sought Support from countries on the proposed “2°C
above pre-industria]” target.

¢ This note provides a science perspective on the attainability of such a target primarily on
the basis of the 2007 IPCC Fourth Assessment (AR4),

CONSIDERATIONS
=2 LRATIONS

¢ The Third Assessment Report of the IPCC, published in 2001, reported a global
temperature increase for the period 1860-2000 of 0.6°C2, If emissions were held at year
2000 levels, we would be committed to an additiona] warming of about 0.6°C in the
present century (IPCC WGI AR4 SPM). Therefore, the “2°C above pre-industria]” target
allows for relatively little warming — approximately 0.8°C - beyond what has been
experienced or is “committed”

¢ This limited ‘allowable warming’ is reflected in results from the IPCC assessment reports
which show that only stringent emission scenarios for this century are capable of keeping
the global average temperature rise to within the proposed 2°C target. :

% Note that the recently released report of the IrCC WGI (Science) updated the global temperature trepd for the
period 1906-2005, and reported it to be 0.74 °C/100 years.

* The SRES scenarios are documented in the IPCC Special Report on Emission Scenarios,

‘IPCC WG regards all SRES scenarios as equally plausible, and does not determine whether any one scenario js
more or less likely than any other scenario, '

2 000009
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suite of ‘mitigation’ scenarios, expressed as different atmospheric GHG stabilization
levels. '

The IPCC WGI report provided, for the first fime, a likely® range for global temperature
change by 2100 for each of the six «marker” SRES emission scenarios (See Table 1
attached). This likely range is an important advance in projections of future climate
change from the 1PCC’s Third Assessment Report, at which time no probabilities were
attached to temperature projections under different emission scenarios. The likely range
incorporates results from a large number of climate models, including the Canadian
model, as well as new information regarding the nature of feedbacks from the carbon
cycle, as well as constraints on climate response from paleoclimate data.

Scenario Bl has the lowest “forcing” (least emissions) among the six different SRES
scenarios described In Table 1. The eventual warming relative to pre-industrial under this
scenario would probably be greater than 2°C. The best estimate of global warming over
the next century under scenario B11s 1.8°C above 1980-1999 levels. However, the 1980-
1999 period was approximately 0.54°C® warmer than pre-industrial levels. Thus the best
estimate of global warming at year 2100 under the Bl scenario, relative to pre-industrial
levels, is 2.3°C and the likely warming range is approximately 1.6-3.4°C. The gventual
warming relative to pre-industrial would be substantially preater than this range.

The B1 scenario is ambitious in terms of emission reductions and has atmospheric CO,
concentrations over the 21% century stabilizing at just below double the pre-industrial

CO, levels - in other words, just below about 550 ppm CO;. 1f the radiative forcing of

" other GHGs and aerosols were included, the resulting atmospheric concentration -

" expressed as COy eqWould be about 600 ppint (IPCC WGl AR4 Technical Summary). The
current CO2 concentration is 379 ppm. Over the past decade, the rate of growth has been
about 2ppm per year. The best estimate of the COzeq concentration for current
atmospheric concentrations of a1l GHGs and aerosols is 375 ppm".

PCC Working Group 11 (Mitigation) assessed a number of different “stabilization
scenarios”. These are long term emnissions scenarios that extend far beyond year 2100 and
eventually result in stabilized atmospheric concentrations of a basket of greenhouse gases.

WGIII considered scenarios with stabilization levels from approximately 450 to1150 ppm
CO; q (See Table 2 attached). The eventual warming under a given stabilization scenario

is calculated on the basts of estimates of the “climate sensitivity”’, which is a measure of
the climate system response to a prescribed change in radiative forcing®. This is different
than using global climate models to project future climate change, as with the projections
from the IPCC WGI report shown in Table 1.

e — ,

5 In IPCC lafiguage, ‘likely’ means there is a probability of >66% of the outcome occurring.

¢ The 0.54°C is calculated from the linear termperature trend over the 20" century.

7 Aerosol forcing exerts'a cooling effect on climate and offsets some of the warming from GHGs. Under the B (and
most other) emission scenarios, aerosol concentrations are lower in the future than at present which effects the value
of the COz.eq concentration relative 10 CQ; alone.

% The values for the climate syslem Tesponse — *climate sensitivity’ — are taken from the IPCC WQGI report.

000010
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* Toachievea stabilization target in the 445-490ppm COxeq range would require CO,
emissions to peak before 2015 and to be around 50 to 85% lower than 2000 levels by
2050. The lower the stabilization level, the more quickly this peak and decline would
need to oceur and the greater the decline would need to be. Mitigation efforts over the
next two to three decades will have a large impact on opportunities to achieve lower
stabilization levels, : -

CONCLUSIONS

* The IPCC WGI Teport provided, for the first tim‘e, an assessment of the temperature change
that is Jikely to occur under specific emissions pathways. This is a significant advance in

shown very clearly that:

1. Meeting a target of limiting globa] avérage temperature increase to 2°C above the j)re—
industrial level would be challenging and would require global emission reductions to
drop within a few decades to 50-80% below current levels,

2. While uncertainty has been better qQuantified in this IPCC AR4 report than in previoug
reports, there is still considerable uncertainty about the eventual climate system response
to a given change in GHG emissions. There is more confidence in the lower bound for
climate sensitivity than there is in the upper bound.

Overshooting a temperature target that is implied by the uncertainty in the climate System

fesponse to changes in emissions.
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~ Brian T. Gray
ADM-S&T

Drafting Officer’s Name: Elizabeth Bush, with input from Francis Zwiers, Patti Edwards
Branch: Atmospheric Science Assessment and Integration (ASAD. S&T Branch

Phone No: 416-7 39-4332

" yate Drafted: May 30th, 2007
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uncertainties in carbor.-. yele feedbacks, ecause a basis in published literature is lacking. Note that
ho

approximately (.54 °°C g uld be added 1o get 2 value for globa] temperature change relative 1o pre-
industria levels. '

: Sea Level Rise o
Temperature Change (°C at 2090- {m at 2090-2099 relative to 1980.
2099 relative to 1980—1999) a 1999)
) Model-based range o
Cas_e e s?ﬁls;te gﬁzg exciuding future.'rajpid d)?narhical
: changes in ice flow
Constant Year -
2000 06 03~09 NA
—_toncentrations © :
B1 scenario 1.8 - 11-29 0.18-0.38
A1T scenario 24 14-38 0.20--0.45
B2 scenario 24 14-38 0.20-0.43
A1B scenario 2.8 : 1.7-44 0.21-0.48
A2 scenarip 3.4 20-54 0.23 - 0.51
ATF[ scenario 4.0 . 24-84 0.26 - 0.59
Notes

EMICs, and a large number of
AOGCMs. :
® Year 2000 constant composition ig derived from AOGCMs only
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Table 2.(Based on Table SPM-5 PCC WGI): Characteristics of post-TAR stabilization scenarios.

Best estimate of

global mean _ o .
Stabilization Stabilization temp. increase | year o Yo Ii:':::";;“m
Scenario level above pre- s ¢ 2 . - ot
Categories industrial at needs to pea compared 0

equilibrium'? 2000

Notes: .
! Note that global mean temperature at equilibrium is different from expected global mean temperatures

in 2100 due to the inertia of the climate system. : :
2 These ranges a1 based on the “best estimate” climate sensitivity of 3°C (pcc WGI SPM).
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LEMENTAL INFORMA’I‘IQ_Ii

SUPP

000016



