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EMISSIONS PATHWAYS. To develop the
emissions pathways (see the figure, part A),
we use a global integrated assessment model
[GCAM (9)], although our core findings do
not hinge on the particular character of this
model [see the supplementary materials
(SM)]. Probabilistic temperature outcomes
over the 21st century are then calculated us-
ing a global climate model [MAGICC (10)] in
a setup representing the latest climate-sen-
sitivity assessment of the Intergovernmental
Panel on Climate Change (IPCC) (11).

Our analysis begins with two reference
scenarios. The Reference-No policy scenario
assumes no new greenhouse gas (GHG)
mitigation actions throughout the 21st cen-
tury and serves as a counterfactual against
which to compare the other scenarios. The
Reference-Low policy scenario illustrates a
world in which there are no new GHG miti-
gation actions through 2030, and countries
“muddle through” with weak policies be-
yond 2030 that achieve a 2% annual rate of
improvement in CO, emissions per unit of
Gross Domestic Product (GDP) (“decarbon-
ization rate”) (see SM and table S1).

The Paris-Continued ambition and Paris-
Increased ambition scenarios illustrate
potential implications of the INDCs. Both
assume that parties meet their INDC goals
through 2030 (see SM and table S4), but
then assume different decarbonization rates
beyond 2030. We do not take up the ques-
tion of how likely individual countries are to
achieve their INDCs, but rather assume that
these goals are met and pursue the ques-
tion of how that successful implementation
shapes potential future options.

The Paris-Continued ambition scenario
assumes that countries continue to decar-
bonize their economies beyond 2030 with
the same annual decarbonization rate that
was required to achieve their INDCs be-
tween 2020 and 2030. If their decarbon-
ization rate is below a specified minimum
(2% per year), they instead follow a path
defined by that 2% minimum rate (table
S1). In contrast, the Paris-Increased ambi-
tion scenario assumes a higher minimum
decarbonization rate (5% per year) beyond
2030. This minimum rate is consistent with
the average decarbonization rate required
by the European Union and the United
States to achieve their INDCs from 2020 to
2030 (SM).
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TEMPERATURE PROBABILITIES. Using the
above scenarios, we estimate probabilistic
temperature outcomes over the 21st century
(see the figure, part B). The Paris-Continued
ambition scenario reduces the probability of
temperature change exceeding 4°C in 2100
by 75% compared with the Reference-Low
policy scenario and by 80% compared with
the Reference-No policy scenario. If miti-
gation efforts are increased beyond 2030,
as in the Paris-Increased ambition sce-
nario, the chance of exceeding 4°C is almost
eliminated.

The INDCs hold open the possibility
of maintaining temperature changes be-
low 2°C, although none of our scenarios
eliminates the possibility that temperature
change could exceed 2°C. In the Paris-Con-
tinued ambition scenario, the probability of
limiting warming to 2°C increases to 8% as

“the contribution of the
INDCs to global temperature
change needs to be assessed
from a probabilistic
perspective rather than a
deterministic one....”

opposed to virtually no chance in the two
Reference scenarios. If ambition is scaled
up after 2030—as in the Paris-Increased
ambition scenario—the probability of lim-
iting warming to 2°C increases to about
30%. If we assume even greater post-2030
emissions reductions, the probability of
limiting warming to less than 2°C could
be 50% or more. Indeed, many scenarios
in the literature assume emissions through
2030 that are comparable to or higher than
our Paris scenarios, yet limit warming to
2°C in 2100 with at least 50% probability,
with many exceeding 66% (see the figure,
part A) (12). These scenarios include rapid
emissions reductions beyond 2030. Many
also include negative global emissions in
the second half of the century, based on
large-scale deployment of bioenergy in
conjunction with carbon capture and stor-
age (13-15).

Two key factors should be considered
when interpreting results of this analysis.
First, to limit warming to any level, CO,
emissions at the global level must ultimately
be brought to zero (6). Although the two
Paris scenarios provide meaningful benefits
relative to the two Reference scenarios, if
emissions are not brought swiftly to zero
beyond 2100, the chances of extreme tem-
perature change after 2100 could be much
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higher and the chance of limiting warming
to 2°C much lower.

Second, the above analysis is based on
one set of assumptions about key drivers
of emissions such as technologies, regional
population, and GDP. Although it is beyond
the scope of this study to assess probabilities
of achieving future emissions pathways, al-
ternative assumptions are certainly possible
(14), and the choice of assumptions might
influence emissions pathways as well as pre-
cise probabilities associated with scenarios
in this study. [Implications of alternative
drivers are explored in figs. S5 to S8 and the
(SM).] Nevertheless, key qualitative insights
will remain the same: The Paris scenarios re-
duce probabilities of extreme warming and
increase the probability of limiting global
warming to 2°C this century, but depend on
a robust process that allows pledges to be
progressively tightened over time. m

REFERENCES AND NOTES

1. UNFCCC, INDCs as communicated by Parties (UNFCCC,
Bonn, Germany, 2015); http://bit.ly/INDC-UNFCCC.

2. UNFCCC, in Report of the Conference of the Parties on its
18th session, Addendum, Part Two: Action taken by the
Conference of the Parties at its 18th session, Doha, Qatar,
from 26 November to 8 December 2012 (FCCC/CP/2012/8/
Add.1,UNFCCC, Bonn, Germany, 2012), pp.1-37.

3. UNFCCC, Synthesis Report on the Aggregate Effect of the
Intended Nationally Determined Contributions (UNFCCC,
Bonn, Germany, 2015); http://unfccc.int/resource/
docs/2015/cop21/eng/07.pdf.

4. ClimateActionTracker, How close are INDCs to 2°and 1.5°C

pathways? (CAT, 2015); http://bit.ly/EmissionsGap.

. Climate Interactive, https://www.climateinteractive.org/.

. M.Collinsetal.,in Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to the Fifth
Assessment Report of the IPCC (Cambridge Univ. Press,
Cambridge, 2013), pp. 1029-1136.

7. IPCC, Climate Change 2014: Synthesis Report. Contribution
of Working Groups |, Il and Il to the Fifth Assessment Report
ofthe IPCC (IPCC, Geneva, 2014).

. S.T.Waldhoff,A.A. Fawcett, Clim. Change 107,635 (2011).

. GCAM Wiki documentation (2015); https://wiki.umd.edu/
gcam/index.php/Main_Page.

10. M.Meinshausen, S.C.B.Raper, T.M. L. Wigley, Atmos. Chem.

Phys. 11,1417 (2011).

11. J.Rogelj etal., Environ. Res. Lett. 9,031003 (2014).

12. IPCC, AR5 Scenario Database (IPCC, Geneva, 2015); http://

bit.ly/Ar5Scenario.

13. G.lyeretal., Technol. For. Soc. Change 90 (PA), 103 (2015).

14. L.Clarkeetal.,in Climate Change 2014: Mitigation of Climate

Change. Contribution of Working Group Ill to the Fifth
Assessment Report of the IPCC, O.Edenhofer etal., Eds.
(Cambridge Univ. Press, Cambridge, 2014), pp. 413-510.

15. K.Riahietal., Technol. For. Soc. Change 90 (PA), 8 (2015).

[e2N&)]

@O o

ACKNOWLEDGMENTS

G.C.I,LEC.JAE, HCMM.J., andA.M.and were partially
supported by the Global Technology Strategy Program, aresearch
programat JGCRI.N.E.H. was supported by the William and
FloraHewlett Foundation. Analysis of mitigation potential and
levels of national mitigation action related to the conclusions of
this paper was supported by the U.S. Department of State (IAA
19318814Y0012) and the U.S. Environmental Protection Agency
(EPA) (IAADW-8992406301). The views and opinions expressed
inthis paper are those of the authors alone and do not necessarily
state or reflect those of the U.S. Government, the Department

of State, the EPA, or CEQ, and no official endorsement should be
inferred.

SUPPLEMENTARY MATERIALS
www.sciencemag.org/content/350/6265/1168/suppl/DC1

10.1126/science.aad5761

Published online 26 November 2015

4 DECEMBER 2015 « VOL 350 ISSUE 6265 1169



