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Highlights

> The paper proposes simple visualizations of Hatlenge posed by the 2°C target.

> |t shows how key assumptions influence the achbéiy of the target.

> |t disentangles the points of deep uncertaintgeulying the absence on consensus on the
achievability of the target.

> |t proposes an “uncertainties and decisions trg&ing different beliefs on climate change

to various policy options.

Abstract

Political attention has increasingly focused onitimg warming to 2°C. However, there is no
consensus on both questions “Is the 2°C targeeaahle?” and “What should be done with
this target that becomes increasingly difficultaichieve?”. This paper aims at disentangling

the points of deep uncertainty underlying this albseon consensus. It first gives simple



visualizations of the challenge posed by #i€ target and shows how key assumptions (on
the points of deep uncertainty) influence the amswwethe target achievability question. It
then proposes an “uncertainties and decisions ,th@eing different beliefs on climate
change, the achievability of different policies, andrent international policy dynamics to

various options to move forward on climate change.

Keywords : feasibility of 2°C target, climate change negotia§i, deep uncertainty

1. Introduction

According to the United Nations Framework ConventonClimate Change (UNFCCC), the
ultimate goal of international climate policy is“Bvoid dangerous anthropogenic interference
with the climate system” (article 2). Defining and@rous level implies making subjective
choices and value judgments and any such choigeoté&e based on scientific and technical
evidence only; it has to be a political choice.|éwing the European Union’s position,
political attention has increasingly focused onitiing warming to 2°C. This target was
recognized by the Major Economies Forum on Energlyy@limate in L’Aquila, Italy, in July
2009; was explicitly included in the Copenhagen &d¢ and is present in the final text

adopted in Durban in December 2011.

However, to date the only mitigation commitmentsampanying this target are the so-called
Copenhagen pledges, and these pledges appear itwdresistent with the 2°C objective
(Rogeljet al, 2010; UNEP, 2010; Meinshausetal., 2009. There is no definitive answer on
whether this inconsistency can or should be resichred diverging opinions on this question
have been expressed more or less explicitly. leapthat some believe that the 2°C target is

still reachable, and that the gap between thietaagd the sum of countries commitments can



be bridged with more ambitious policies. For ins@amen Elzen and Roelfsema (2011)
identify options to close the gap between Copenhgdedges and the 2°C target. They also
indicate there are important risks that could witlem gap. And more and more researchers
express doubts, more or less explicitly, aboutfélasibility of the target. For instance, Rogelj
et al. (2011) conclude that “Without a firm commé&n to put in place the mechanisms to
enable an early global emissions peak followed tegeps reductions thereafter, there are
significant risks that the 2°C target, endorsedsbymany nations, is already slipping out of
reach.” By shifting the question to “when temperatahange will exceed 2°C?”, Joshi et al.
(2011) also suggest implicitly that there are ditthances to remain below the target.
Likewise, the doubts about the feasibility of th&C2arget motivated a symposium and a
special issue in the Philosophical TransactiorhefRoyal Society on the topic “4 degrees and
beyond” (New, 2011). A poll conducted by the Guandalso revealed that 86% (out of 200
researchers on climate change and related fieldsredponded) do not think the 2°C target
will be achieved (Adam, 2009). However, there i#ldi investigation of the policy
implications of a target that is becoming incregdiifficult to reach. On the one hand, even
though the 2°C target had little chance to be redch may play the important role of stating
what is desirable, and should therefore be kept agmbolic target. On the other hand, a
target losing its credibility may undermine the niggjen process, and, if so, the international

community should set a new (higher) target.

The aim of this paper is to clarify the alternatassumptions underlying these diverging view
points and to explicit their implications. Thefgfisation of the 2°C target itself is beyond the
scope of this article. The interested reader mésr te Cointe et al. (2011) and Tol (2007).
The first shows that the 2°C target has no clemjiroand that its adoption is due neither to

compelling scientific evidence nor to the negotigtonformed choice based on scientific



data. The second claims that it is founded ondhguments and seems rather unfounded from
a scientific point of view. It should also be notidét, from an impact point of view, some
argue that a lower level of global mean temperatureease should be targeted (for instance

Hansen et al., 2008; Mann, 2009; Hansen and S@id,)2

The first section explores the issue of the 2°@dafeasibility. It reckons it is not possible to
give a definite answer to the feasibility questiavhich implies several points of deep
uncertainty (the climate sensitivity, different Wwbwiews in defining which level of emissions
reduction stringency is acceptable, the possibititiiave negative emissions in the long-term,
etc.). Deep uncertainty is a situation in whichlgsta do not know or cannot agree on (i)
models that relate key forces that shape the fut{ije probability distributions of key
variables and parameters in these models, andipth@ value of alternative outcomes. In
other terms, deep uncertainty is a risk that cameomeasured and reduced to an objective
probability distribution. Therefore the section ai@t providing the reader with elements to
navigate the deep uncertainties involved in thgment of the feasibility of the 2°C target. It
gives simple visualizations of the challenge pdsgthe2°C target and disentangles how key
assumptions (on the points of deep uncertaintylueénice the answer to the feasibility
guestion. To do so, it uses stylized emissionsdtajies and a simple carbon cycle and
climate model to show the link between the peakjegr of global C@ emissions and the
stringency of emissions reductions that are necgsdter the peak to achieve a given target.
It shows how assumptions on (i) the climate sensiti (i) the evolution of the radiative
forcing from non-CQ gases, and (iii) the possibility to have negatie¢ global emissions at
the end of the century influence this link betwé®s peaking year and the stringency of after-
peak reductions. It further gives several pointsedérences to judge these required emissions

reductions. These points of reference correspondalternative estimates of what is



achievable: (i) historical experience (what hasady been done in terms of emissions
reduction), (i) committed emissions (what emissiare “locked-in” if existing infrastructure

is operated until the end of its lifetime), (iiinessions pledges (what emissions reductions are
already enacted by countries). The reader can cwbsgh point of reference corresponds
best, in his or her views, to a limit to what ernuss reductions are achievable in the future;

hence deduce how challenging the 2°C target is.

The second section proposes an “uncertainties aadidns tree”, linking different beliefs on
climate change, the achievability of different p@s, and current international policy
dynamics to various options to move forward on abenchange. This “uncertainties and
decisions tree” first summarizes and organizesdiéep uncertainty points involved in the
guestion of the feasibility of the 2°C target thhe first section highlighted. It then
investigates what to do with a 2°C target that bee® increasingly difficult to achieve. It
leads to two unsettled issues. First, we do notkiidhe inconsistency between the sum of
countries’ emissions reductions pledges and thea)l2°C target is damaging the UNFCCC
process and ultimately the success of climate atitg. Second, there is no consensus on the
status of this target: Is it a binding commitmerdni the international community to the
(current and future) world population? Or is it anrbinding symbolic goal to help
international negotiations move forward? There iscientific evidence or consensus to settle

these issues; however the policy options strongpedd on the answers.

This article confirms that there is not enough isitiie evidence to give a definitive answer to
both questions “Is the 2°C target achievable?” ‘&itat should be done with this target that
becomes increasingly difficult to achieve?”, bugites an organized overview of the deep

uncertainties involved in answering these questidinsalls for further research on those



uncertainties to gather more evidences. But it algpies that some decisions will inevitably
involve subjectivity because of inherent irredueildncertainty. In this respect, the article

only aims at providing the reader with some newnelets to make his or her own opinion.

2. Visualizing the challenge

2.1.How much time do we have left?

To visualize the mitigation challenge, we explohe tissue of global peaking of GO

emissions in light of the 2°C mitigation goal. Taen is to give the reader a sense of the
stringency of mitigation actions required to redbh 2°C target depending on the peaking
year, and to compare with historical emission ti@ees, “committed” emissions from

existing infrastructure and mitigation pledges. WW&e a simple carbon cycle and climate
model to evaluate the global average temperaturease above pre-industrial levels implied
by a family of alternative, idealized GQemissions trajectories, combined with a fixed
scenario for non-COgases and aerosols; see the Annex, and Figurbelirdjectories are

constructed so that global G@missions peak years from 2010. Until then, emissions are
assumed either (a) to grow at the mean annualofamissions growth observed during
2005-10 (Scenario 1); or (b) to be fixed at thédd@ level (Scenario 2), which already
represents emissions reduction efforts. Note thais®ons growth increased over the last
decade except in 2009, when global emissions sabilmainly because of the economic
slowdown in countries of the Organisation for Eamno Co-operation and Development.

Considering a continued trend of emissions acdaterdefore they peak would lead to even
more stringent requirement in terms of early peatedand emissions reductions after the

peak. After emissions peak, the model assumes aimditious mitigation action reduces



global CQ emissions at a mean annual rate percent per year until 2100, which is taken as
the end of the study horizon. The radiative fordirmgn other gases and aerosols follows the
trajectory from the scenario Representative Comagah Pathway 3 Peak&Decline (RCP3-
PD) from the IMAGE model (van Vuuren et al., 201TRhis scenario is representative for the
scenarios leading to extremely low greenhouse gasemtration levels in the literature. It
represents a substantial reduction of greenhousesgaver time and is a best-case scenario
with respect to non-carbon dioxide (€@Oemissions, making our conclusion rather

conservative.

To assess how realistic the 2°C objective is, Edushows the rate of global €émissions

decreasex) after the peak that is necessary to stay belogivan temperature increase
objective (here + 2°C and + 2.5°C) during the 2Esttury, assuming a climate sensitivity of
3°C. The figure shows that the required rate of,@mission decrease is increasing
nonlinearly with the peak year, underscoring thgeat need for action if the 2°C target is to

be achieved.

Figure 1. Examples of Emission Trajectories, 20054P0
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For comparison purposes, the figure also reportsh@szontal lines several points of

reference. The 1.0 percent per year rate (horikeinean°8) corresponds to the mean annual
CO, emissions decrease from 2008 to 2020 necessachieve the target of -20% emissions
in 2020 compared to 1990 level, announced by thegaan Union. This rate becomes 2.1
percent per year (horizontal line n°6) to reach t{B@% target. The US pledge to reduce
emissions by -17% in 2020 compared to 2005 correipom a 1.3 percent per year mean
annual emissions decrease rate (horizontal ling N¥ith world emission peaking after 2020,

reaching the 2°C target would thus require — atglobal level — CQ@emission reduction

efforts that are much larger than existing committady developed countries alone.

Historical experience also provides useful refeesnd-or instance, the 4.6 percent per year
rate of mean annual G@missions reductions from 1980 to 1985 in FranceiZbotal line
n°2) corresponds to the country’s most rapid plodseiclear plant deployment. According to
WRI-CAIT data, it is the highest rate of @@missions reductions historically observed in any
industrialized country over a five-year period, leking the countries of the Commonwealth
of Independent States during the years of econogoession that followed the collapse of the
former Soviet Union. The French example is infoineabecause it represents an important
effort to shift away from fossil fuel energy anddecarbonize electricity production through
the introduction of carbon-free technologies (irstbase, the nuclear energy) and of energy
efficiency measures. Even though motivations wefierént — reducing energy costs vs.
reducing GHG emissions — and if future climate @eB will likely be based on newer
technologies and different economic instrumentss geriod provides an illustration of an

energy transition similar in nature to what is rexetb reduce GHG emissions.



From Daviset al. (2010), it can be calculated that committed erarssifrom existing energy
infrastructure lead to a mean emission reductiare pd 5.7 percent per year (horizontal line
n°1l) during 2010-50 (middle scenario) and 4.3 pdrgborizontal line n°3) (pessimistic
scenario) if early capital retirement is avoided.al comparable analysis that also takes the
inertia in transport demand into account, Guivaestd Hallegatte (2011) find a mean
decrease in committed emissions of 3.8 percenyeur (horizontal line n°4) during 2010-50
(middle scenario) and 3.2 percent (horizontal hA&) (pessimistic scenario). To go beyond
this emission reduction rate, policies affectingvreapital would not be sufficient, and early
capital retirement or retrofitting would be necegsavioreover, the limits to what is
achievable in terms of emission reduction do ndy alepend on technical or economic
criteria; political and social acceptability — lirkén particular to the redistributive effects of
climate policies — will also play a major role (Baet al., 2005; Fullerton, 2008).

Figure 2. Rate of Emissions Reduction Necessary #&chieve the 2°C Target or a 2.5°C
Target as a Function of the Peaking Year for Emisens, for climate sensitivity equal to
3°C. Only CG emissions, including emissions from land-use, Jasel change and forestry,
are considered; the trajectory of radiative forcirgm other gases is forced in this simple

modelling experiment (see Annex). Historical enuasi data are from CITEPA, WRI-CAIT
and UNFCCC.
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Figure 2 indicates that, for example, if one assuthat the climate sensitivity is equal to 3°C
and that the maximum rate of emissions decreasenmprised between 3% and 4%, the 2°C
target is achievable provided that the peak yeaurscbetween now and 2018 (depending on
the emissions trajectory before the peak). If osgumes that emissions can decrease at a
higher rate, the peak year can occur later, butng assumes that the maximum rate of

emissions decrease is below 3%, then the 2°C tapypetars already out of reach.

The link between the peaking year and the string@f@missions reductions necessary after
the peak to reach the 2°C target are obviouslyctdteby the uncertain climate sensitivity
parameter. Figure 2 is based on the IPCC “bestsgy#3CC, 2007) for climate sensitivity,
i.e. 3°C. Table 1 summarizes how the assumptiorthenclimate sensitivity, in the range
between 2°C and 4.5°C, influences the results. Tdmge of sensitivities is chosen to give
contrasted visions within the range of publishedimetes of the climate sensitivity
probability distribution function. Note that no higr bound has been proposed for climate
sensitivity, and published estimates of the clinsesitivity probability distribution function
have a long right tail. 4.5°C thus cannot be seem &igher bound for climate sensitivity.
Table 1 shows that if climate sensitivity is arol2fC, and if, for example, emissions can
decrease at a 3% annual rate, the 2°C target is\adile with an emission peak after 2040 if
emissions between now and 2040 do not grow fakter between 2005 and 2010. But if

climate sensitivity above 4°C, the 2°C target alseappears to be unreachable.
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Table 1. Influence of the climate sensitivity on ta link between the peaking year of
emissions and the rate of emissions decrease aftee peak.The range of peaking years
given in each cell corresponds to the cases whessams before the peak continue to grow
at the 2005-10 rate (resulting in the lower bouodthe peaking year) and when emissions
before the peak are constant (resulting in the uppand for the peaking year). ‘--* symbol

means that there is no solution, i.e. the peakldralteady have happened.

rate of decrease after peak
Climate sensitivity 1% 2% 3% 4% 5% 6%
2°C 2022-2061 | 2033-2072 | 2040-2076 | 2044-2079 | 2047-2080 | 2051-2082
2.5°C -- 2013-2015 | 2020-2028 | 2025-2035 | 2029-2039 | 2031-2042
3°C -- -- -- 2015-2017 | 2018-2022 | 2021-2026
3.5°C -- -- -- -- -- 2011-2012
4°C - - - - - -
4.5°C -- -- -- -- -- --

It appears that there is no definite answer toiriteal question of this section “how much
time do we have left?”, or in other terms “whenw@ddaglobal emissions peak?”, since there is
uncertainty on the climate sensitivity and subjettiin defining what is technically — but
also economically, socially and politically - ackadble. For example, if one assumes the
climate sensitivity is close to 3°C, and that itpessible (technically possible but also
economically, socially and politically acceptabte)reproduce at the global scale and over
several decades the historical experience of eomssiecreasing at 4.6%/ year in France over
1980-85, then we still have 10-15 years before aleimissions have to peak to reach the 2°C
target. If one assumes that the emissions redscgven in Copenhagen pledges are close to
the highest achievable rate of global emissionsedse, then the 2°C target may already be
out of reach, at least with a constant relativerel®se in emissions after the peak and with the

scenario of radiative forcing from non-g@ases and aerosols assumed so far.

At this stage of this very simple illustrative esise, it appears that, if climate sensitivity is

not low, reaching the 2°C target would require globmissions to peak rapidly, in the
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coming decade or so. To investigate options to “one”, the next subsection explores an
alternative scenario of radiative forcing from n6@2 gases and considers the possibility of
accelerating emission decreases, or even negatvussiens, with a linear decrease in

emissions (and thus possibly negative emissions).

2.2.Do we have strategies to “buy” time?

2.2.1. Buying time with measures on non-CO2 gases emissgth

To evaluate the sensitivity of the results to tegumption on non-CO2 gases radiative forcing
trajectory, we reproduce the modeling experimenthwan alternative assumption. The
alternative trajectory is built from the rates adccease or increase of non-CO2 radiative
forcing in the RCP3-PD scenario (van Vuuren et2fl11), assuming this rates are multiplied
by 2 when they correspond to radiative forcing dases and divided by 2 when they
correspond to increases. Table 2 summarizes thétgesf this second experiment when
efforts on non-CO2 gases are “doubled” compare@®3-PD. The comparison with Table
1 shows that additional efforts on non-£gases open the possibility to reach the 2°C target
with a 3%/year rate of C{emissions decrease after the peak, if climateitsgtysis equal to
3°C. It also allows to defer the peaking year kip # years, in the case of a 4%/year rate of
CO, emissions decrease after the peak, for the sai@ecBfhate sensitivity. This result
illustrates the importance of measures on non-@a&ses to give some flexibility for the
peaking of CQ emissions. For instance, Shindell et al. (2012¢stigates in detail measures
targeting methane and black carbon, which , contbingh a scenario for CO2 emissions

peaking just before 2020 and decreasing at 3%/gttarwards (the World Energy Outlook

12



2009 “450 ppm C@equivalent” scenario; IEA, 2009), substantiallyduees the risks of

crossing the 2°C threshold.

Table 2. Link between the peaking year of emissiorand the rate of emissions decrease
after the peak, when efforts on non-CO2 gases arel6ubled” compared to RCP3-PD,
depending on the climate sensitivity.The range of peaking years given in each cell
corresponds to the cases when emissions befopetiecontinue to grow at the 2005-10 rate
(resulting in the lower bound for the peaking yeamyl when emissions before the peak are
constant (resulting in the upper bound for the pepkear). ‘--* symbol means that there is no

solution, i.e. the peak should already have happene

rate of decrease after peak
Climate sensitivity 1% 2% 3% 4% 5% 6%
2°C 2029-2100 | 2038-2100 | 2043-2100 | 2047-2100 | 2050-2100 | 2052-2100
2.5°C -- 2018-2026 | 2024-2036 | 2029-2042 | 2032-2046 | 2034-2048
3°C -- -- 2014-2017 | 2019-2024 | 2022-2028 | 2025-2031
3.5°C -- -- -- -- 2013-2014 | 2015-2017
4°C - - - - - --
4.5°C -- -- -- -- -- --

2.2.2. Negative emissions to save the day?

To include net negative global emissions in ouedlized” emissions trajectories, we reiterate
the same simple exercise with a second set of emssdrajectories (Figure 3). They are
identical to the first set until the peaking year femissionsn, i.e. two scenarios are

considered before peak, either with emissions (@wipg at the mean annual rate of
emissions growth observed during 2005-10; or @diat their 2010 level. After emissions
peak, however, they decrease linearly until 2130thle amoun¥ per year (expressed as a

share of 2010 emissions).
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Figure 3. Examples of the second set of Emission djectories, 2005-2100

Scenario 1: trend
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2010 + n, then decrease
by X1 GtC per year

Historical
emissiong,

World emissions

Scenario 2: constant emissions
until 2010 + n, then decrease
by X2 GtC per year

\ N

2005 2010 Peak date (2010 + n) 2050 2100

Figure 4 shows the linear annual decrease of emmissiecessary to reach a 2°C target or a
2.5°C target as a function of the peaking yeaefarssions, if the radiative forcing from non-
CO, gases and aerosols follows the trajectory from BIPscenario. The figure also reports
as horizontal lines the same points of referencen agevious exercise, converted to mean
linear annual decreases as a share of referenaee’ ysaissions (1980 for the historical
French data, 2010 for committed emissions from Baitial. and Guivarch and Hallegatte
(2011) analyses, 2008 for pledges). Additionaltg tigure delimits the regions for which the
combination of the peaking year and the linear ahrilecrease implies negative global
emissions before the end of the®2dentury. In particular it shows that - with climat
sensitivity equal to 3°C - negative global emissiare necessary to reach the 2°C target, even
if emissions peak today. Also, it shows that, if freak date is between 2017 and 2026,
depending on emissions trajectory before peakiray, yaglobal annual decrease of the same
order than EU high pledge may achieve the 2°C tafges corresponds to a linear decrease
roughly equal to 2% of 2010 year emissions levdlictv would mean an absolute reduction

of 0.7 GtCQ every year globally.
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Figure 4. Linear Annual Decrease of Emissions, as$hare of 2010 Emissions, Necessary
to Achieve the 2°C Target or a 2.5°C Target as a kation of the Peaking Year for
Emissions, for a climate sensitivity equal to 3°C.

2°C objective, rate 2005-10 hefore peak
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2.5°C objective, constant before peak 6 4
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-
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— — mean annual limear decrease of committed ‘ : : i . , :
emussions, Guivarch and Hallegatte (2o11) middle 2010 2015 2020 2025 2030 2035 2040 2045
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:f.ill

- mean annual linear decrease 2008-20 to reach m
2020 the -30% objective compared to 1000 (EU 27)

=

— mean annual limear decrease of committed
emissions, Guivarch and Hallegatte (2011)
pessimistic scenario (2010-50)

= = = = mean annual linear decrease 2008-20 to reach m
2020 the -17% objective compared to 2005 (US)

== = - mean annual linear decrease 2008-20 to reach m
2020 the -20% objective compared to 1990 (EU 27)

Of course, results are dependent on the climatstsety (Table 3). For a 2°C sensitivity, the
2°C target appears easier to reach: if global eamssare reduced by 0.7 Gtg@very year
(i.,e. 2% of 2010 emissions), emissions can peadr &033, and in that case no negative
global emissions are required. But if climate sty is higher than 4°C, the room for
maneuver is very limited and even if emissions wedeiced annual by 2% of 2010 emissions

from today on, the 2°C target would not be reached.
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Table 3. Influence of the climate sensitivity on the link beveen the peaking year of
emissions and the annual linear emissions decreaafter the peak (expressed as a share
of 2010 emissions)The range of peaking years given in each cell spords to the cases
when emissions before the peak continue to grothea?005-10 rate (resulting in the lower
bound for the peaking year) and when emissionsréd¢he peak are constant (resulting in the

upper bound for the peaking year). ‘- -* symbol me#hat there is no solution, i.e. the peak

should already have happened.

annual decrease after peak (share of 2010 emissions)
Climate sensitivity 1% 2% 3% 4% 5% 6%
2°C 2024-2065 | 2033-2074 | 2039-2077 | 2044-2080 | 2047-2081 | 2050-2082
2.5°C -- 2021-2033 | 2029-2045 | 2034-2051 | 2038-2056 | 2042-2059
3°C -- 2015-2021 | 2024-2035 | 2030-2043 | 2035-2048 | 2038-2052
3.5°C -- 2011-2012 | 2020-2027 | 2026-2036 | 2031-2042 | 2035-2047
4°C -- -- 2017-2022 | 2024-2032 | 2029-2038 | 2033-2043
4.5°C -- -- 2015-2019 | 2022-2029 | 2027-2036 | 2031-2041

At this point, it is interesting to assess the ditative role played by negative global
emissions in reaching the climate target. Figurgivies the year when global emissions
become negative as a function of the peaking yegint(panel) and the level of emissions in
2100 (left panel). It shows that negative emissioosur relatively late in the century (never
before 2065), which may appear as good news singgvés some time for research,

development and diffusion of technologies enabdingh negative emissions.

But it also highlights that dramatically high leself negative emissions may be needed. For
instance, emissions need to reach -100% of cuemamgsion levels, i.e. around -35GtCO2, if
peaking year is after 2025 and if emissions bebe@k continue to increase. These levels may

seem unrealistically high, but they are partly daethe oversimplified form (linear) of

emissions trajectories considered.
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To account for possible limitations of the poteintaa net negative global emissions, a third
set of idealized emissions trajectories is considerUsing the set of scenarios reviewed by
van Vuuren and Riahi (2011), we assume that théestdate of net global emissions
becoming negative is 2060, and that the maximunatneg emissions attained in 2100 is -
5GtC (i.e. 18.33 GtCg). From these assumptions we delimit a linear marinenvelope for
negative global emissions. Trajectories are thecefibto remain within this maximum 2060-

2100 envelope, and are assumed to follow a linearedse from peak to 2060.
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The graphs (Figure 6) are identical to those froevipus experiment for the early dates of

peaking year for emissions. But when the peak iaydd, the maximum envelope for

negative emissions becomes binding, increasingnded for early emissions reductions

between the peaking year and 2060. The linear tetucequired to reach the 2°C target

therefore increases more steeply with the peakaéay than in the case without constraints on

negative emissions.

Figure 6. (A) Linear Annual Decrease of Emissionsas a Share of 2010 Emissions,
Necessary to Achieve the 2°C Target or a 2.5°C Taeyas a Function of the Peaking
Year for Emissions; (B) Level of emissions in 2100and (C) Year when global emissions
become negative as a function of the peaking yean ilinear emissions trajectories

achieving the 2°C Target or a 2.5°C Target, with 8°C climate sensitivity and when a

maximum envelope for global negative emissions iaken into account.
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If emissions peak occurs after a given date, it ;man become impossible to find a trajectory
of the form defined that respects the climate dbjecand the maximum envelope. E.g. for a
3°C climate sensitivity, reaching the 2°C targejuiees global emissions to peak before 2023
if emissions are assumed to keep growing befor@ela&. This result is obviously sensitive to
the assumption on climate sensitivity. If only #ldi more pessimistic, e.g. considering a
3.5°C climate sensitivity, there is no trajectoffytioe form defined that respects the climate
objective and the maximum envelope for global negative emissions. In other terms, if
climate sensitivity is equal to 3.5°C, the peakyegr should already have happened to be
able to reach the 2°C target with a linear emissitvagctory respecting the maximum

envelope for global net negative emissions; sedeléb
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Table 4. Influence of the climate sensitivity on the link beveen the peaking year of
emissions and the annual linear emissions decreaafter the peak (expressed as a share
of 2010 emissions), when there is a maximum envelépr negative emissionsThe range

of peaking years given in each cell correspondh¢ocases when emissions before the peak
continue to grow at the 2005-10 rate (resultinghe lower bound for the peaking year) and
when emissions before the peak are constant (rggutt the upper bound for the peaking

year). ‘- - symbol means that there is no solutiam,the peak should already have happened.

annual decrease after peak (share of 2010 emissions)

Climate sensitivity 1% 2% 3% 4% 5% 6%
2°C 2024-2065 | 2033-2074 | 2039-2077 | 2044-2080 | 2047-2081 | 2050-2082
2.5°C -- 2021-2033 | 2028-2044 | 2032-2050 | 2034-2053 | 2036-2054

3°C - 2015-2021 | 2020-2029 | (--)-2033 -- --

3.5°C -- -- -- -- -- --

4°C - - - - - -

4.5°C - -- -- -- -- --

Table 5 summarizes the results of the combinatidheotwo strategies to “buy time”, namely
increasing the efforts on non-G@ases and considering the potential for net negati
emissions on the long-term. In that case, globaf @@issions have to peak between 2017
and 2025 (depending on the emissions pathway befmking year) if climate sensitivity is
equal to 3°C and if global C(missions are reduced linearly by 0.7 Gt@i. 2% of 2010
emissions level) globally every year after the peklhke table also shows that this result is
very sensitive to the assumptions on climate segitgiand on the emissions decrease after
the peak. The comparison between Table 5 and Hableows that increasing the efforts on
non-CQ gases allows to defer the peaking year by 2 teatsyif climate sensitivity is equal
to 3°C and if global C®emissions are reduced linearly by 0.7 GiQQe. 2% of 2010

emissions level) globally every year after the peak
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Table 5. Influence of the climate sensitivity on the link beveen the peaking year of
emissions and the annual linear emissions decreaafter the peak (expressed as a share
of 2010 emissions), when efforts on non-GQgases are doubledThe range of peaking
years given in each cell corresponds to the cabes wmissions before the peak continue to
grow at the 2005-10 rate (resulting in the lowewnrmb for the peaking year) and when
emissions before the peak are constant (resulitige upper bound for the peaking year). ‘- -

‘ symbol means that there is no solution, i.e. tpeak should already have

happened.
annual decrease after peak (share of 2010 emissions)

Climate sensitivity | limit on negative emissions 1% 2% 3% 4% 5% 6%

2C no bound 2027-2100 | 2036-2100 | 2042-2100 | 2046-2100 | 2049-2100 | 2052-2100

maximum envelope 2027-2100 | 2036-2100 | 2042-2100 | 2046-2100 | 2049-2100 | 2052-2100

25°C no bound 2011-2015 | 2023-2039 | 2031-2049 | 2036-2055 | 2040-2059 | 2043-2062

maximum envelope 2011-2015 | 2023-2039 | 2030-2049 | 2035-2055 | 2037-2058 | 2039-2060

3°C no bound -- 2017-2025 | 2026-2038 | 2031-2046 | 2036-2051 | 2039-2054

maximum envelope -- 2017-2025 | 2024-2036 | 2027-2040 | (--)-2042 | (--)-2043

3.5°C no bound -- 2012-2016 | 2021-2030 | 2028-2039 | 2033-2045 | 2036-2049
maximum envelope -- 2011-2012 -- -- -- --

2°C no bound -- -- 2019-2025 | 2025-2034 | 2030-2040 | 2034-2045
maximum envelope -- -- -- -- -- --

45°C no bound -- -- 2016-2021 | 2023-2031 | 2028-2037 | 2032-2042
maximum envelope -- -- -- -- -- --

Here again, it is not possible to give an unequavanswer whether the possibility to produce
negative net global emissions makes the 2°C tamgmthable. It depends on the climate
sensitivity, the stringency of GGemissions reductions achievable (technically fdasand
economically, socially and politically acceptabl&he reductions achievable for non-£O
gases and the extent of negative emissions posaibtee end of the century. However,
increased efforts on non-CO2 gases and the passibd produce negative net global
emissions in 50 years both give some flexibilitytlie peaking year and/or in the stringency

of emissions reductions after the peak necessagatth the 2°C target.
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2.3. Concluding on the feasibility of the 2°C target?

The conclusion of these simple exercises is tr@aRflC target can only be reached if climate
sensitivity is not too high, and either under opgtm assumptions about available
technologies allowing for negative emissions iny&@rs or under the combination of two
conditions, namely: (a) an immediate change in gaiion policies with universal
participation, leading global emissions to peakdigpand (b) the possibility — in particular
the economic, social and political acceptabilityo-reproduce at the global scale and over
several decades the highest rate of emissions tredsieever observed in a country over a
short period. Obviously, the analysis above presgnportant caveats: the carbon cycle and
climate models are very simplified and emissiorgetitories considered are very stylized.
More complex carbon cycle and climate models, as$ lidealized emissions trajectories
evaluated with complex Integrated Assessment Modeldd give different numbers, but no
significant qualitative differences. Studies usingrbon cycle and climate models of
intermediate-complexity come to similar conclusiokiintingford et al. (2012), using a
version of MAGICC model, conclude thathe slowest rate of decarbonization consistent
with a 50% chance of exceeding 2°C to be slightliovibe3% per annum, where this
corresponds to the specific case of emissions pgdky year 2014 (so in fact deviation from
business-as-usual would have to have already stprémd a zero emissions fldprand
Friedlingstein et al. (2011), using Bern2.5D modminclude that For a median climate
sensitivity, a long-term 90% emission reductionatigke to the present-day level is
incompatible with a 2°C target within the comindlemnium. Zero or negative emissions can
be compatible with the target if medium to highssmin-reduction rates begin within the next
two decades. For a high climate sensitivity, howeseen negative emissions would require a

global mitigation rate at least as great as thehagt rate considered feasible by economic
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models to be implemented within the coming dec@udy a low climate sensitivity would
allow for a longer delay in mitigation action andmaore conservative mitigation rate, and

would still require at least 90% phase-out of emaiss thereaftef

These results are also consistent with publishedsseoms scenarios using Integrated
Assessment Models. Rogelj et al. (2011) show thahe set of scenarios with a ‘likely’
(greater than 66%) chance of staying below 2°Cssioms peak between 2010 and 2020. Van
Vuuren and Riahi (2011) show that these scenawbde indicating the absence of a direct
relationship between short-term emissions and teng- stabilization targets, suggest that
reaching the 2°C target with 2020 emissions ab®@0devels is possible only if negative

global emissions are achieved in the second haleotentury.

Published modeling experiments exploring low staaiion all reach the first conclusion that
stabilization of greenhouse gas concentration®wald compatible with the 2°C target is
feasible (e.g. Edenhofer et al., 2010; van Vuurerale 2010). However, their second
conclusion, that it is feasible only under a setoptimistic assumptions, should not be
ignored. For example, van Vuuren et al. (2010) dath that the low stabilization levels
compatible with the 2°C target are close to the imar achievable emissions reduction
potential in their model. They show that the taigetchievable only if optimistic assumptions
are adopted on (a) the early participation of magmtors and regions in sufficiently stringent
mitigation policies from 2013 onward; (b) the exp@am of the area needed for food
production to allow space for bio-energy; (c) angigant increase in the efficiency of
second-generation biofuels; and (d) the carbonralgyt of bio-energy, that is, that large-

scale development of bio-energy can be done witteoutincrease in land-related €O
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emissions (from soil degradation, shifting cultieat deforestation, or draining of peat lands)
and without an increase of nitrous oxide emissfoo® the application of fertilizer.

It should also be noted that failed experimentsl tennot be published, which introduces a
bias in the low stabilization literature (Tavoni afdl, 2010). Indeed, when a stringent target
is revealed as infeasible with a given model,nmy does not appear in the literature. Often
the policy demand for evaluations of the 2°C tardpets pushed modelers toward
implementing more optimistic assumptions for theirtigation portfolios (such as the

introduction of large-scale Biomass-Energy with lféer Capture and Storage).

Finally, it should be highlighted that most analyswaluate the feasibility of the 2°C target
on the basis of technical feasibility only. Wher@mting for possible political, economic, or
social constraints, the feasibility appears comsioly lower. For instance, the Energy
Modeling Forum 22 results showed that delayed @petion of non-Annex | countries in
mitigation agreements, as an application of theffédentiated responsibilities” and
“respective capabilities” principles of the UNFCC®@akes the 450 ppm GE@q target
unreachable (Clarke et al., 2009). Anderson an@sB(2011) even conclude that the 2°C

target without an overshoot of the target is n@&rrcompatible with economic prosperity.

Our contribution to this literature is to providesianpler but more exhaustive exploration of
the link between the peak year, the achievable sams reductions, the possibility for
negative emissions and climate sensitivity. Anddeeso with a simple model avoiding the

black-box effect of larger Integrated Assessmentéie.
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3. From beliefs to actions

The analysis above does not allow to conclude feostientific point-of-view, since there
remain points of inherent uncertainty in the evoerand differences in world views that
influence what one defines as “achievable”. Thixds eventually some subjectivity in the
decision. In the same way, the role of the 2°C ahbje can be discussed: Is it a binding
commitment from the international community to therld population? Or is it a non-binding
symbolic goal to help international negotiations moforward? Figure 7 draws an
“uncertainties and decisions tree” to explicit #ieernative view points and their implications.
The figure organizes the points of deep uncertajin¢y the points that are not reducible to
objective probability distributions, and thus immgyentually subjectivity in answering them)
in a series of questions, and summarizes the iatpies of the alternative answers given to
these questions. It is separated into blocks: tfs¢ éxplores the deep uncertainty points
involved in the question “Is the 2°C target achlde&” (or in other words “Can we stay in a
2°C world?”), while the second investigates thenpoinvolved in the question “What to do

with a target that is not achievable?”.

Figure 7. “Uncertainties and decisions tree” to exlicit the alternative view points and
their implications. Diamond-shaped forms correspond to questions ochathiere is deep
uncertainty, and therefore imply eventually subyst in answering them. Oval-shaped
forms give the implications ensuing from answetimghe deep uncertainty elements.
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The first deep uncertainty to be resolved to ansmhesther the 2°C target is achievable, is the
value of climate sensitivity (Figure 7, question Npte that, in an analytical study of the link
between the peak and the cumulative anthropoge@icethission Raupach et al. (2011) also
find that the climate sensitivity is the main unaenty influencing this link, followed, in
decreasing order, by the uncertainties on non-2@iative forcing, on the effects of climate
change on C@fluxes and on the effects of increasing QG the partition of anthropogenic
carbon. Although scientific understanding and aderfice in quantitative estimates of climate
sensitivity have increased substantially, it i bt possible to estimate a unique and reliable
density function of climate sensitivity (IPCC 200G I, Box 10.2). This difficulty arises
mainly from the fact that small uncertainties irogjive) feedbacks involved in climate
processes (in particular, those associated withdsloare highly amplified in the resulting
climate sensitivity (Roe and Baker, 2007).

Answering “no” to the question “Is the climate sémgy low enough?” may well directly
lead out of the 2°C world. If it is not possiblegive a precise threshold value to define what
“low enough” means, evidences suggest that foriraaté sensitivity of 4°C, there is very

little room for manoeuvre and the target seemsadlr@®ut of reach.

Then the second deep uncertainty point is thetglafi climate policies to reduce emissions.
If one believes that ambitious climate policies|vod able to lead global G@missions to
peak in the coming years (Figure 7, question 2d)tanmeproduce at the global scale and over
several decades the highest rate of emissions tredsieever observed in a country over a
short period of time (Figure 7, question 2b), iblKg remains to design and implement these
“ambitious climate policies” at the local and naibscales and the international architecture
to support them. But obviously behind the opiniantbe possible and acceptable level of

climate policies stringency, there are in fact raldive world views on intergenerational
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equity and on the definition of prosperity for iaste. See for example the lively debate on
the discount rate to be used for climate changéalip Nordhaus, 2007; Weitzman, 2007,
Dasgupta, 2008; Dietz and Stern, 2008), this distcate determining how much should be
spent now to reduce emissions in order to havefitgifavoided climate damages) for future
generations. See as well Jackson (2009) for aitefirof prosperity that is contrasting with
the prevailing vision that prosperity is synonymecoonomic growth. What is considered
achievable from a political and economic perspecisvand will remain a subjective question

(theoretically, one can stop emitting overnighttianing off all emitting devices).

Analyses indicate that measures reducing non-@43es would allow to “buy time” for the
peaking year of C®emissions (see section 2.2.1 above and Shindedll.ef2012) for
instance). The remaining uncertainty is whethes¢hmeasures can buy enough time to allow

reaching the 2°C target (Figure 7, question 3).

In the same way, if one believes that technologidisallow net negative global emissions
before the end of the 2Lentury to a scale that will put the 2°C targethin reach (Figure 7,
guestion 4), it “only” remains to set the condisofsupport policies, institutions, public
acceptability...) for the development and diffusion tbese technologies. However this
possibility to achieve net negative global emissisemains uncertain. Current knowledge
suggests that it would require large-scale comlamnatof bio-energy and carbon capture and
storage (BECCS) (Blanfrd et al., 2009; van Vuurealg 2010a; Edenhofat al., 2010;van
Vuuren et al., 2010b; Azar et al., 2010). Howe\RECCS is not currently a commercially
proven technology and its large-scale developmases a number of issues. The potentials
of large-scale biomass production and large-scalgS Gemain controversial, and the

(un)sustainability of the underlying biomass sougcis a major concern. The technical
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potential of biomass production remains controatrand difficult to characterize (IPCC
SRREN, 2011), due to large uncertainty on a ranfjassues including yield growth
possibilities, the production potential of degradedd and climate change feedbacks.
Moreover, large-scale biomass production woulddgase competition for use of land and
water resources among food, bioenergy, timber, exeasion or other uses, with potential
undesirable effects on water availability, food wég, soil quality, biodiversity and
subsistence farming (Landis et al., 2008; Tilmamlet2009). In addition, the sustainability
(or not) of the underlying biomass sourcing isicait Life-cycle analyses demonstrate that in
some situations the overall impact of biomass orGGHinissions can be potentially higher
than the direct emissions of conventional fuelpeteling on the use of fertilizers, the input
of fossil fuels in the production, transport andhweersion of biomass, as well as on how land
use is affected by the biomass production (see bhasmt al., 1996; Searchinger et al., 2008;
Fargione et al., 2008). Another critical issue lmge-scale BECCS is the potential to store
carbon from both fossil fuels and bioenergy. An @P@ssessment (2005) reports storage
capacity in geological formations of the order @@ GtCO2 to 3 600 GtCO2, depending on
uncertainties with respect to storage capacitiesalme formations in particular. However,
realizing this potential may encounter obstaclephysical or political — and it is still
controversial whether there are sufficient safel@goal storage options, and sufficient
political acceptability, for CCS to work at a largeale. In particular, leakage rates are a major
concern for the development of CCS (Ha-duong andgdl,02008).

These concerns call for further evaluations of plgential of large-scale BECCS and the
associated risks and trade-offs. They also indittzde a strategy assuming the possibility of

large-scale BECCS is uncertain.
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Without negative emissions, the remaining solutitmachieve the 2°C target would rely on

geo-engineering strategies (Figure 7, questionid) varbon dioxide removal techniques or

radiative-forcing management techniques. Thesentdofgjies are even more uncertain than
BECCS: their technical feasibility is barely proyeahd there are major unknowns regarding
their effectiveness, costs and environmental ingp@d&tCC, 2007, WGIII, chapter 11, section

11.2.2; The Royal Society, 2009). Recent promimeniews have emphasized that geo-
engineering strategies entail significant risksnefjative side effects and that serious and
complex governance issues would have to be resdigémte geo-engineering could be used
(Schneider, 2008; Barrett, 2008). There would pbbpde (negative) transboundary effects
involved in geo-engineering schemes, and potemtinhers and losers. The issue of who
should decide to implement geo-engineering, wheah teow is an unresolved challenge for

international governance. Even research on suckeggmeering schemes entails dilemmas
because of its potential unintended effects, aedféhr that commitment to geo-engineering
would undermine efforts to deal with the causehefdriginal problem, i.e. the anthropogenic
emissions of greenhouse gases in the atmospherer¢@e, 2006; Lawrence, 2006). Most
recent reviews, however, recommend expanding relsesr geo-engineering to acquire more
knowledge on the various technologies, but empbkdabiz need for process for ensuring global

transparency and cooperation in such rese@tckstock and Long, 2010).

If one believes that the answers to all previousmtgoare negative, the 2°C target becomes
unreachable, at least without allowing for an okiecd of the target, and may be considered
as unrealistic. In that case, the 2°C target doéseem compatible with the sum of individual

countries commitments, and an internal inconsisteppears in the Copenhagen and Durban

climate agreements.

30



The first conclusion concerns adaptation: adaptgilans designed assuming a temperature
rise of 2°C are likely to be insufficient, and ation plans, infrastructure design, and land
use and urban plans need to consider the posgibilggreater warming. Research should also
be directed toward the assessment of stronger wgrand its impact, and of adaptation

options in this case.

Then, there is a question on what to do with a 2¥@et that becomes increasingly difficult to
achieve. Some inconsistency between the target thed commitments is probably
unavoidable given the nature of the evolution ¢énnational negotiations on climate change.
Indeed, such negotiations have been built on twallghtracks since the Bali Road Map in
2007. The first is a Kyoto-like top-down track thetarts from a common global objective,
such as the 2°C objective, and tries to derive istgaT® commitments for all parties (country
burden sharing). This approach stems from the pgjolod nature of the climate change issue,
for which only global emissions matter. It was ad@optfrom the start of international
negotiations on climate change, but gave rise toluable disputes about the burden sharing
rules and negotiations deadlocked. This deadlotéiled the creation of a second track of

negotiations.

This second track is a bottom-up track based oredgpland-control approach, and is the
basis of the Copenhagen Accord. This approach sjmorels to the political economy of the
realities of climate change negotiations: mitiggticlimate change requires ambitious
domestic policies with potentially large econommpacts, which cannot be decided in
absence of internal negotiations within each cqur@ountry commitments are thus difficult

to set up through a burden sharing negotiatiorshiort UNFCCC sessions. A bottom-up track
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through which countries announce commitments is garemely useful. However, this track
cannot be sufficient, since these unilateral conmarits need at one point to be added up and
assessed on the basis on their aggregated effetheonvorld climate, compared to an

objective in terms of global climate change.

Today, the world is reaching the point when theomsistency between the global 2°C
objective and individual countries’ commitmentsbiscoming very obvious. But there is no
consensus on whether this inconsistency is damalgeWgyNFCCC process and ultimately the

success of climate mitigation (Figure 7, questipn 6

An unreachable target may be damaging by creatingealistic expectations and an
impression of failure, obscuring real successdariting emissions, creating a demobilizing
climate of pessimism. Clemens et al. (2007) warnuathos risk for Millennium Development
Goals (MDGSs). They argue that the growing conchat the MDGs will not be achieved by
2015 is obscuring the bigger picture that develapgmerogress has been occurring at
unprecedented levels over the past years. Indesoh@the many countries that are likely to
miss the MDGs in 2015, many will yet still outperfo the historical trajectories of now-
developed countries. They conclude that, by labglimany development successes as
failures, the MDGs may create an inaccurate clinhtpessimism toward aid, which may

undermine future constituencies for aid (in donarg) reform (in recipients).

Also, the inconsistency between global target andntty commitments may give low
emitting and highly vulnerable countries, such awf Island Developing States or African
countries, the impression that high emitting caoestrbehave opportunistically. These

countries could then lose trust in the process.eymnerally, trusting interstate relationships
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can emerge only when states can ‘commit’ themselogsarticular outcomes (e.g., Kydd,
2000; Wendt, 1999), through commitments that afficeently costly to violate (Kydd, 2000;

Fearon, 1994; Schelling, 1966). And the abilityrtake binding commitments is essential to
the process of international institutionalizatiokefhane, 1984). Making unrealistic
commitments suggests that violating them is notlgoand weaken all other commitments,

and trust in general.

The consequences of a loss of trust in interndtioegotiation can be illustrated by the case
of international development aid. Since 1970, dgwedl countries have repeated their
commitment to increase aid up to 0.7 percent oir thess national product. Yet in most
countries, it has amounted to only 0.4 percent. Ofiepercent target likely played a positive
role to obtain public support for foreign aid butigzedeveloped countries. But because of the
continued gap between the target and the rediyso had a negative impact on international
discussions, as developing countries now underatdndeceive all commitments related to

development aid by the industrial countries witkeghpointment, and sometimes skepticism.

Similarly, within countries, citizens and businessge unlikely to support an international
process that appears inconsistent and based oaligsticecommitments. National climate
policies thus risk to appear less credible (or ptatge), and citizens and private actors would
be less inclined to invest in low-carbon option$jak would reinforce the risk of lock-in a

carbon-intensive economic model.

But this opinion is not consensual. Alternativersiof view consider the 2°C target as a
“symbolic target”, i.e. a target that is more a mélaan an end. In that framework, the 2°C

target becomes a tool, a process to generate disay$ocus attention, assign accountability,
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and measure progress. Along this view of the 2°@etaas primarily a mean to drive
mitigation efforts worldwide, its inclusion in offial texts, in particular the final UNFCCC
text adopted in Durban in December 2011, may bex@eledged as a real success, and
renegotiating it would be damaging to the proc&3se Millennium Development Goals
provide an example of such symbolic targets thatnat supposed to be binding constraints,
but as a commonly-agreed objective guiding theoactif many governments, donors, and
international organizations. The MDG offered a feavork that undoubtedly helped reverse
aid decline after end of Cold War, and stimulateaistecommunity (Hulme, 2007; Hulme and
Scott, 2010). With such a target, the increasifiigcdlty in reaching the target might not be a
problem, except if a “literal” interpretation of tharget creates a demobilizing impression of

failure (as suggested by Clemens et al.,2007).

Depending on what one thinks about this debateabeut the damage from the inconsistency

between the global target and individual countnnootments, the best approach is different.

If one thinks that the damage is limited, thers ipossible to keep the 2°C target as a symbolic
target, and focus on improving country commitmentlose the gap. If one thinks that the
damage is large, then the international commurtityukl prevent a widening of the gap
between the official global target and the sumairtries’ commitments. There are several

ways to do so.

First, one can think that such a global target isnmexessary (Figure 7, question 7). In that

case, it might be possible to drop it or give gsleprominent a place, without any other

changes.
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Otherwise, assuming that a realistic long-term gldharget is useful or even necessary, the
international community would have to set a new,rancealistic objective. There are

alternative possibilities to change the internatidaaet (Figure 7, question 8). It can be done
through an increase in the objective (e.g., to@)5through the recognition that an overshoot
will be needed and the provision of a limit to tlogershoot (e.g., the objective of a 2°C
stabilization with overshoot below 2.5°C), or thgbua focus on medium-term objectives (e.g.

the objective of limiting warming below 1.8°C in 20).

Such a change in target would likely be perceivea dailure, especially by those who have
championed the 2°C target for years, but it wosklie a useful wake-up call, and would also
be a way to communicate an important aspect otliheate change problem: delaying action
does not mean we can still achieve the same rdsidts If we delay the construction of a
high speed train line by five years, we get theesénan line, or an even better one, five years
later. By contrast, with climate change mitigatiorgachable objectives will become

increasingly less attractive over time.

4. Conclusion: 2C or not 2C?

This paper does not pretend to answer on the iégsdf the 2°C target or on what should be
done with this target as it becomes increasingtiycdit to achieve. Instead it acknowledges
there are several points of deep uncertainty ineblwvben exploring these two questions. It
thus aims at providing the reader with simple MVigadions and an “uncertainties and
decisions tree” to disentangle the points of deegettainty and investigate their link with

policies and options to move forward on climateng® This “tree” shows that the possibility

to remain in a 2°C world depends on a series okdainties on (i) whether the climate
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sensitivity is “low enough”, (ii) whether climateolicies can lead global GGemissions to
peak in the coming years and can reproduce atltdialgscale and over several decades the
highest rate of C@emissions ever observed in a country over a ghemibd of time, (iii)
whether policies to reduce non-¢€@ive more flexibility for CQ emissions, (iv) whether
technologies would allow negative net global enoissibefore the end of the2¢entury and
(v) whether geo-engineering could be used. Lea&i2§C world also entails uncertainties for
policies. What should be done with a target inaregg difficult to reach depends (i) on
whether the inconsistency between the global tamgdtthe sum of individual commitments is
damaging for the UNFCCC process and the successtigiation, and (ii) on the status of the
target (literal vs. symbolic).

This large number of points of deep uncertainty faal two things. First, more research is
needed to provide further evidences on these ptortstter inform decision making. Second,
one has to acknowledge that some uncertainty nélitably remain, and that subjectivity
and differences in world views will inescapably ibeolved, therefore we need frameworks
for communicating and decision making under deegeriainty (see for instance Kandlikar et
al., 2005; Hall et al., 2012).

In this perspective, this article aims at providinfprmation to make it possible for the reader
to make his or her own opinion. And this is why keteour readers draw their own conclusion

from this information...
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Annex
This Annex describes the hypotheses and modelisgngstions used to produce the figures

and tables in Section 2 of the article.

Radiative Forcing from Other Gases

The radiative forcing from other gases follows thajectory from the scenario
Representative Concentration Pathway 3 Peak&DedR@P3-PD) from the IMAGE
model (van Vuureret al, 2011). This scenario is representative for thenados leading
to extremely low greenhouse gas concentration dewrelthe literature. It represents a
substantial reduction of greenhouse gases over éintkis a best-case scenario with
respect to non-carbon dioxide (g@missions. Details on individual pollutants enaass
trends (S@, CO, NH;, NO,, VOC, Black Carbon and Organic Carbon) are givernan

Vuurenet al. (2011).

Carbon Cycle Model and Climate Model

The carbon cycle is a three-box model, after Noundhrend Boyer (2010). The model is a
linear three-reservoir model (atmosphere, biospherecean mixed layer, and deep
ocean). Each reservoir is assumed to be homogdnalismixed in the short run) and is
characterised by a residence time inside the bdxcarresponding mixing rates with the
two other reservoirs (longer timescales). Carbawdl between reservoirs depend on
constant transfer coefficients. GHGs emissions (C&#fely) accumulate in the

atmosphere and they are slowly removed by biosplagd oceanic sinks.
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The stocks of carbon (in the form of @0n the atmosphere, in the biomass and upper
ocean, and in the deep ocean are, respectigel, andO. The variableE is the CQ

emissions. The evolution &f B, andO is given by

S eE
%:@'B—@O, anc
dO _ go.
dt =&

The fluxes are equal to

%A’B = a21A_ alZB and
(@'O = ang - aSZQ

The initial values ofA, B, andO, and the parametegs,, a1, a3, andas, determine the

fluxes between reservoirs. The main criticism whiohy be addressed to this C-cycle
model is that the transfer coefficients are constanparticular, they do not depend on the
carbon content of the reservoir (e.g. deforestatiodering biospheric sinks) nor are they
influenced by ongoing climatic change (e.g. positfeedbacks between climate change

and carbon cycle).

Nordhaus original calibration has been adaptecepooduce data until 2010 and results
from IMAGE model for a given trajectory of CO2 esimns (see below), giving the
following results (for a yearly time step): al2=02793, a21=0.03427, a23=0.007863,
a32=0.0003552, with the initial conditions: A201368GtC (i.e. 391ppm), B2010=845

GtC and 02010=19254 GtC.
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Figure Al, panel B, compares the trajectory ofltcddiative forcing calculated with the
three-box carbon cycle model and the IMAGE modetdd with the emissions trajectory
used for calibration. This emissions trajectorgnirEnergy Modeling Forum 24 study, is
between those of RCP 3PD and RCP 4.5 from RCP asg¢alPanels A and C compares
the three-box carbon cycle model and IMAGE modsults for the RCP 3PD and the
RCP 4.5 emissions trajectories, respectively. THeerénces are linked to elements
modifying transfer coefficients, such as reforestator deforestation for instance, not
accounted for in the three-box model with constearisfer coefficients. For information
the three emissions trajectories A, B and C lead temperature increase in 2100, using
the simplified carbon-cycle and climate model pn¢sé here, of 1.9°C, 2.4°C and 2.9°C,

respectively.

Figure Al. Trajectories of total radiative forcing calculated with the three-box
carbon cycle model (dashed black lines) and IMAGE wdel (solid grey line) for three
given emissions trajectories: (A) the RCP 3-PD ensmns trajectory, (B) the
emissions trajectory used for calibration, from EMR24 study, between those of RCP
3-PD and RCP 4.5, and (C) the RCP 4.5 emissions jeatory.
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where Ay, is the pre-industrial CQconcentration (280 ppm)y,Hs the additional radiative

forcing for a doubling of the COconcentration (3.71 W.A), and Fioncg IS the

additional radiative forcing of non-G@ases.
The temperature model is a two-box model, after 8iclemn and Thompson (1981) and

Ambrosiet al. (2003), with the atmosphere temperatlixeand the ocean temperaturg

as follows:

ﬂza1(_iTA —O0,% +FAJ’

dt T,y
ddlto =0,¢%, and
@ =Ty~ To,

where Tox is the equilibrium temperature increase at the bliog of the CQ
concentration, that is, it represents climate $enitgi All parameters have been calibrated
to reproduce results from CMIP5 fromCNRM-CERFACSHgl climate model, CNRM-
CMS5, over the 2% century for RCP3-PD and RCP4.5 radiative forciragectories (using
a least squares method). This calibration leadkedollowing parameter values for heat
transfer rates (for a yearly time step)= 0.054C.W".nm?, o,= 0.664 C".W.m? andos=
0.0308, and a climate sensitivity of 2.6°C. Wherywa the climate sensitivity parameter
to test the sensitivity of results to this param@teSection 2 of the article, heat transfer

rates are kept constant, equal to the calibratibnes.
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