Paris Agreement’s aim of 1.5°C warming may result in many possible climates
– SUPPLEMENTARY INFORMATION
Sonia I. Seneviratne1, Joeri Rogelj1,2,4, Roland Séférian3, Richard Wartenburger1, Myles R. Allen4,
Michelle Cain4, Richard J. Millar4, Kristie L. Ebi5, Neville Ellis6, Ove Hoegh-Guldberg7, Antony J. Payne8,
Carl-Friedrich Schleussner9,10,11, Petra Tschakert6, and Rachel F. Warren12
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Institute for Atmospheric and Climate Science, ETH Zurich, Zurich, Switzerland
International Institute for Applied Systems Analysis (IIASA), Laxenburg A-2361, Austria
Centre National de Recherches Météorologiques, Météo-France/CNRS, Toulouse, France
Environmental Change Institute, School of Geography and the Environment, University of
Oxford, Oxford, UK
University of Washington, Department of Global Health, Seattle, USA
University of Western Australia, UWA School of Agriculture and Environment, Perth,
Australia
Global Change Institute, University of Queensland, Brisbane, Australia
University of Bristol, Bristol, UK
Climate Analytics, Berlin, Germany
IRITHESys, Humboldt University, Berlin, Germany
Potsdam Institute for Climate Impact Research, Potsdam, Germany
Tyndall Centre for Climate Change, School of Environmental Sciences, University of East
Anglia, Norwich, UK

March 27, 2018

Supplementary Text 1: Projections of regional changes in climate extremes
The computation of regional climate extreme indices in Table 1 and Figs. 2-3 follows the approach of
Seneviratne et al (2016) and Wartenburger et al. (2017). This section provides additional background
information compared to Box 1. The considered climate extremes indicators include the warming of the
minimum annual night-time temperature (TNn) in the Arctic land [°C], the warming of the maximum annual
day-time temperature (TXx) in the contiguous United States [°C], TXx warming in Central Brazil [°C], (soil
moisture) drying in the Mediterranean region [in units of standard deviations of pre-industrial climate
variability], and increases in heavy precipitation events based on annual maximum consecutive 5-day
precipitation (Rx5day) in Southern Asia [%]). The definition of the geographical domains is provided in
Seneviratne et al. (2016). The estimates are derived from CMIP5 simulations for 26 climate models and all four
Representative Concentration Pathways (RCP) scenarios, i.e. RCP2.6, RCP4.0, RCP6.0 and RCP8.5 (see Suppl.
Table S3 for list of analysed simulations).

Possible climate range in 2100
(reg+glob)

Possible climate range at peak warming
(reg+glob)

General characteristics of pathway

Supplementary Table S1: Same as Table 1, but for scenarios considered compatible with 1.5°C and 2°C
warming in the 5th assessment report of IPCC (Clarke et al. 2014, Rogelj et al. 2015), including projections of
changes in regional climate associated with resulting global temperature levels derived following previous
studies (Seneviratne et al. 2016, Wartenburger et al. 2017)

Overshoot 1.5°C in 21st century with
>50% likelihoodc
Overshoot 2°C in 21st century with
>50% likelihood
Cumulative CO2 emissions up to
peak warming (relative to 2016)d
Cumulative CO2 emissions up to
2100 (relative to 2016)d [GtCO2]

SCEN_1p5C
Emissions pathways currently
considered in line with keeping
warming below 1.5°C in 2100 with
66% chance (allowing for a higher
peak in temperature earlier)
“probable” (66th
“worst-case”
percentile)
10% (90th
outcomea
percentile)
outcomeb
Yes (8/8)
Yes (8/8)

SCEN_2C
Emissions pathways currently
considered in line with keeping
warming below 2°C during the entire
21st century with 66% chance

No (0/8)
510 (490, 560)

“probable” (66th
percentile)
outcomea

“worst-case” 10%
(90th percentile)
outcomeb

Yes (60/60)

Yes (60/60)

Yes (4/8)

No (0/60)

Yes (60/60)

470 (410, 520)

930 (790, 1050)

900 (750, 1040)

-40 (-100, 10)

850 (520, 1000)

Global GHG emissions in 2030d
[GtCO2 y-1]
Years of global net zero CO2
emissionsd
Global mean temperature anomaly
at peak warming [°C]
Warming in the Arctice (TNnf) [°C]

19 (17, 21)

28 (23, 32)

2061 (2061, 2063)

2084 (2079, 2086)

1.65°C (1.61,
1.68°C)
4.75 °C (4.09,
5.44)

2.01°C (1.95,
2.03°C)
5.90 °C (4.97,
6.85)

1.90°C (1.86,
1.95°C)
5.63 °C (4.68,
6.59)

2.35°C (2.29,
2.48°C)
6.97 °C (6.13,
8.38)

Warming in the contiguous United
Statese (TXxf) [°C]
Warming in Central Brazile (TXxf) [°C]

2.39 °C (1.90,
2.84)

2.97 °C (2.36,
3.40)

2.77 °C (2.20,
3.30)

3.51 °C (3.05,
4.11)

2.55 °C (2.12,
2.97)

3.12 °C (2.66,
3.76)

2.96 °C (2.58,
3.55)

3.66 °C (3.31,
4.21)

Drying in the Mediterranean regione
[stdf] (-1: dry; -2: severely dry; -3:
very severely dry)
Increase in heavy precipitation
eventsf in Southern Asiae [%]
Global mean temperature warming
in 2100 [°C]
Warming in the Arcticg (TNnf) [°C]

-1.00 (-2.12,
-0.39)

-1.25 (-2.21,
-0.51)

-1.11 (-2.18,
-0.51)

-1.36 (-2.93,
-0.69)

9.78 % (6.52,
13.63)
1.41°C (1.39—
1.43°C)
4.07 °C (3.53,
4.72)
2.00 °C (1.60,
2.48)
2.20 °C (1.95,
2.58)
-0.96 (-1.89,
-0.28)
7.83 % (4.20,
12.00)

11.56 % (7.04,
18.50)
1.84°C (1.81—
1.90°C)
5.37 °C (4.60,
6.40)
2.62 °C (2.17,
3.23)
2.88 °C (2.46,
3.48)
-1.24 (-2.27,
-0.45)
10.19 % (6.34,
16.67)

10.27 % (6.50,
17.40)
1.84°C (1.76—
1.89°C)
5.37 °C (4.46,
6.38)
2.62 °C (2.07,
3.24)
2.88 °C (2.43,
3.47)
-1.24 (-2.42,
-0.46)
10.19 % (6.46,
16.64)

16.74 % (9.60,
23.44)
2.30°C (2.21—
2.46°C)
6.86 °C (5.83,
8.24)
3.37 °C (2.88,
4.03)
3.57 °C (3.20,
4.18)
-1.38 (-2.79,
-0.67)
15.47 % (8.72,
22.98)

Warming in the contiguous United
Statesg (TXxf) [°C]
Warming in Central Brazilg (TXxf) [°C]
Drying in the Mediterranean regiong
[stdf]
Increase in heavy precipitation
eventsf in Southern Asiag [%]

66th percentile estimates for global temperature (i.e. 66% likelihood of being at or below values)
90th percentile estimates for global temperature (i.e. 10% likelihood of being at or above values)
c All 1.5°C scenarios from AR5 include a substantial probability of overshooting above 1.5°C global warming before returning to 1.5°C
d The values indicate the median and the interquartile range in parenthesis (25th percentile and 75th percentile)
e The regional projections in these rows provide the range [median (q25, q75)] associated with the median global temperature outcomes
of the considered mitigation scenarios at peak warming (see Box 1 and Suppl. Text 1 for details).
f
TNn: annual minimum night-time temperature; TXx: annual maximum day-time temperature; std: drying of soil moisture expressed in
units of standard deviations of pre-industrial climate (1861-1880) variability; Rx5day: annual maximum consecutive 5-day precipitation
(see Suppl. Text 1 for details)
g Same as footnote e, but for the regional responses associated with the median global temperature outcomes of the considered
mitigation scenarios by 2100 (see Box 1 and Suppl. Text 1 for details).
a

b

General characteristics of
pathway

Supplementary Table S2: Same as Table 1, but with inclusion of 50% (median) values for considered
emissions scenarios (see Box 1 for details).

Overshoot 1.5°C in 21st century with >50%
likelihoodd
Overshoot 2°C in 21st century with >50%
likelihood
Cumulative CO2 emissions up to peak
warming (relative to 2016)e
Cumulative CO2 emissions up to 2100
(relative to 2016)e [GtCO2]
Global GHG emissions in 2030e [GtCO2 y-1]

Possible climate range at peak warming
(reg+glob)

No (0/13)

No (0/13)

710
720 (650,
(630,770)
750)
320 (200, 340)

690 (650,
710)

22 (19, 31)

Warming in the contiguous United States f
(TXxg) [°C]
Warming in Central Brazile (TXxf) [°C]

2.28°C (1.91,
2.67)
2.49°C (2.12,
2.86)

2.39 °C
(1.90, 2.84)

2.97 °C
(2.36, 3.40)

2.55 °C
(2.12, 2.97)

3.12 °C
(2.66, 3.76)

Drying in the Mediterranean regionf [stdg]
(-1: dry; -2: severely dry; -3: very severely
dry)
Increase in heavy precipitation events g in
Southern Asiaf [%]

-0.94
(-2.10,
-0.38)
9.22% (6.26,
13.84)

-1.00
(-2.12,
-0.39)
9.78 %
(6.52, 13.63)

Global mean temperature warming in
2100 [°C]

1.29°C
(1.27— 1.31)

1.44°C
(1.44—1.48)

Warming in the Arctich (TNng) [°C]

3.78°C (3.29,
4.25)
1.82°C (1.33,
2.22)
2.06°C (1.80,
2.40)
-0.72
(-1.84,
-0.27)
6.48% (3.08,
11.15)

4.07 °C
(3.53, 4.72)
2.00 °C
(1.60, 2.48)
2.20 °C
(1.95, 2.58)
-0.96
(-1.89,
-0.28)
7.83 %
(4.20, 12.00)

-1.25
(-2.21,
-0.51)
11.56 %
(7.04,
18.50)
1.88°C
(1.85—
1.93)
5.37 °C
(4.60, 6.40)
2.62 °C
(2.17, 3.23)
2.88 °C
(2.46, 3.48)
-1.24
(-2.27,
-0.45)
10.19 %
(6.34,
16.67)

Drying in the Mediterranean regionh [stdg]

Increase in heavy precipitation eventsf in
Southern Asiah [%]

Yes (10/10)

Yes (10/10)

Yes (10/10)

No (0/10)

Yes (10/10)

1050 (1000, 1050 (1020,
1110)
1140)
1030 (910, 1140)

1040 (930,
1140)

28 (24, 30)

2070 (2067, 2074)
1.6°C (1.521.75°C
1.66)
(1.65-1.81)
4.66°C (4.05, 4.75 °C
5.25)
(4.09, 5.44)

Warming in the contiguous United Statesh
(TXxg) [°C]
Warming in Central Brazilh (TXxg) [°C]

SCEN_2C
Emissions pathways currently considered
in line with keeping warming below 2°C
during the entire 21st century with 66%
chance
“as likely as “probable” “worst-case”
not” (50th
(66th
10% (90th
percentile)
percentile)
percentile)
outcomea
outcomeb
outcomec

Yes (10/13) No (0/10)

Years of global net zero CO2 emissions
Global mean temperature anomaly at
peak warming [°C]
Warming in the Arcticf (TNng) [°C]

e

Possible climate range in 2100 (reg+glob)

SCEN_1p5C
Emissions pathways currently considered
in line with keeping warming below 1.5°C
in 2100 with 66% chance (allowing for a
higher peak in temperature earlier)
“as likely as
“probable” “worstnot” (50th
(66th
case” 10%
percentile)
percentile)
(90th
outcomea
outcomeb
percentile)
outcomec
Yes (13/13)
Yes (13/13) Yes (13/13)

2.13°C
(2.0- 2.2)
5.90 °C
(4.97, 6.85)

2088 (2085, 2092)
1.74°C
1.93°C (1.9(1.73-1.76)
1.94°C)
5.01°C
5.63 °C
(4.45, 5.58) (4.68, 6.59)

2.44°C (2.432.46°C)
6.97 °C (6.13,
8.38)

2.53°C
(2.03, 2.95)
2.72°C
(2.33, 3.19)

2.77 °C
(2.20, 3.30)

3.51 °C (3.05,
4.11)

2.96 °C
(2.58, 3.55)

3.66 °C (3.31,
4.21)

-1.26 (-2.35,
-0.43)

-1.11
(-2.18,
-0.51)
10.27 %
(6.50,
17.40)
1.89°C
(1.88—
1.91°C)
5.37 °C
(4.46, 6.38)
2.62 °C
(2.07, 3.24)
2.88 °C
(2.43, 3.47)
-1.24
(-2.42,
-0.46)
10.19 %
(6.46,
16.64)

-1.36
(-2.93,
-0.69)
16.74 %
(9.60, 23.44)

9.83% (7.03,
14.87)
1.69°C
(1.68—1.7)
4.90°C
(4.30, 5.46)
2.45°C
(1.98, 2.87)
2.63°C
(2.27, 3.00)
-1.09 (-2.23,
-0.40)
9.82% (6.69,
13.86)

2.43°C
(2.42—
2.46°C)
6.86 °C (5.83,
8.24)
3.37 °C (2.88,
4.03)
3.57 °C (3.20,
4.18)
-1.38
(-2.79,
-0.67)
15.47 %
(8.72, 22.98)

50th percentile (median) estimates for global temperature (i.e. as likely as not of being below or above values)
66th percentile estimates for global temperature (i.e. 66% likelihood of being at or below values)
c 90th percentile estimates for global temperature (i.e. 10% likelihood of being at or above values)
d All 1.5°C scenarios from AR5 include a substantial probability of overshooting above 1.5°C global warming before returning to 1.5°C
e The values indicate the median and the interquartile range in parenthesis (25th percentile and 75th percentile)
f The regional projections in these rows provide the range [median (q25, q75)] associated with the median global temperature outcomes
of the considered mitigation scenarios at peak warming (see Box 1 and Suppl. Text 1 for details).
g TNn: annual minimum night-time temperature; TXx: annual maximum day-time temperature; std: drying of soil moisture expressed in
units of standard deviations of pre-industrial climate (1861-1880) variability; Rx5day: annual maximum consecutive 5-day precipitation
(see Suppl. Text 1 for details)
h Same as footnote f, but for the regional responses associated with the median global temperature outcomes of the considered
mitigation scenarios by 2100 (see Box 1 and Suppl. Text 1 for details).
a

b

Supplementary Table S3: List of 26 CMIP5 models used in the analysis of climate extremes (see
Wartenburger et al. 2017 for more details).

Supplementary Figure S1: Same as Fig. 2, but additionally including median estimates (see Suppl. Table S2).

Supplementary Figure S2: Same as Fig. 3, but additionally including median estimates (see Suppl. Table S2).

Supplementary Figure S3: Spread in CMIP5 simulations for recent and present-day climate (0.5°C and 1°C
global warming)

References:
Clarke, L. et al. Assessing Transformation Pathways. In: Edenhofer, O., et al. (eds.), Climate Change
2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change, Cambridge, United Kingdom and New York, NY,
USA: Cambridge University Press, 413-510 (2014).
Rogelj, J., et al. Energy system transformations for limiting end-of-century warming to below 1.5°C.
Nature Clim. Change, 5(6), 519-527 (2015).
Seneviratne, S.I., Donat, M.G., Pitman, A.J., Knutti, R., & Wilby, R.L. Allowable CO2 emissions based
on regional and impact-related climate targets. Nature, 529, 477-483, doi:10.1038/nature16542
(2016).
Wartenburger, R. et al. Changes in regional climate extremes as a function of global mean
temperature: an interactive plotting framework. Geosci. Model Dev., 10, 3609–3634,
https://doi.org/10.5194/gmd-10-3609-2017 (2017).

