Sea Level Emulator Intercomparison Project (SLEIP) Phase 1:
Assessing emulated multi-century global mean sea level projections

Alexander Nauels'?, Tessa Méller'*3, Victor Couplet?, Robert E. Kopp>®, Praveen Kumar™°, Matthias
Mengel’, Gregory Munday®, Zebedee R. J. Nicholls'*?, Lennart Ramme'’, Aimée B. A. Slangen'"'2,
Chris Smith!, Jennifer H. Weeks'*!4, Tony E. Wong'®

International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria

2School of Geography, Earth and Atmospheric Sciences, The University of Melbourne, Parkville, Australia
3Geography Department, Humboldt-Universitit zu Berlin, Berlin, Germany

“Earth and Life Institute, UC Louvain, Louvain-la-Neuve, Belgium

SDepartment of Earth and Planetary Sciences, Rutgers University, Piscataway, NJ, USA

®Rutgers Climate and Energy Institute, Rutgers University, New Brunswick, NJ, USA

"Potsdam Institute for Climate Impact Research, Potsdam, Germany

8Intelligent Earth UKRI Al Centre for Doctoral Training in Al for the Environment, University of Oxford, Oxford, UK
Climate Resource, Melbourne, Australia

10Max-Planck-Institute for Meteorology, Hamburg, Germany

""Department of Estuarine and Delta Systems, NIOZ Royal Netherlands Institute for Sea Research, Yerseke, The Netherlands
12Faculty of Geosciences, Department of Physical Geography, Utrecht University, Utrecht, The Netherlands

3Met Office Hadley Centre, Exeter, UK

14School of Geography, University of Bristol, UK

135School of Mathematics and Statistics, Rochester Institute of Technology, USA

Correspondence to: Alexander Nauels (nauels@iiasa.ac.at) and Tessa Moller (moeller@iiasa.ac.at)



mailto:nauels@iiasa.ac.at
mailto:moeller@iiasa.ac.at

SSP119 SSP534-OVER SSP585

BRICK_MAGICC — — 4 — 4 ——— —
© FACTS 1eMAGICC o — — 4 — 4 — —
© [FACTS ITMAGICC —— — 4 — 4 — —
- FACTS 2e”MAGICC I — b — - — —

ACTS 2 MAGICC I — 4 — 4 — —

~N S 3e"MAGICC — — 4 — 4 ———— —
1 FACTS 3MAGICC - — — 4 — 4 S E—
© FACTS 4"MAGICC — — - E—— — 4 —— —
~ FRISTA"MAGICC - — — 4 — — 4 —— —
MAGICC — — 4 — — 4 —— - E—

[-] MP25 | — — 4 — — 4 — - E—
N ProfSea MAGICC o L —— — 4 [—— — 4 _ —
SURFER — — 4 — — 4 I —

T T T T T T T T T T T T T T T T T T T T T T T T

BRICK_MAGICC - I - = — - b I —
© FACTS 1e"MAGICC o — 4 —— - I ———
N FACTS I MAGICC —— ] 4 —— — 4 — ——

FACTS 2€"MAGICC o ] 4 ——— 4 — —
= FACTS 2MMAGICC I -— 4 _—————— [} 4 —— —
N FACTS e MAGICC ————— 4 ———————— E 1

| FACTS 3 MAGICC . 1 . 4 ——
© FACTS 4”MAGICC I 4 S 4 — E—
N FRISTAIAGICE 1 — = ] —— = ] S
— MP25 — — 4 E—— — 4 ——— | —
N  ProFSea MAGICC 1 - - O —— - . I —
SURFER — - 4 —— - 4 — E—

T T T T T T T T T T T T T T T T T T T T T T T T

BRICK_MAGICC — - 4 —_— - 4 S —
© FACTS 1e MAGICC - — 4 —— 4 ————————————
© [fACIS. 1"MAGICC I - 1 | —-— b I

FACTS 2e"MAGICC S W— 4 I E— 4 I I
N FACTS 27 MAGICC ——— ]} - ——— - 4 S E—
O FACTS 3e”MAGICC ————— H T ———— 4 —————— ——1

1 FACTS 3 MAGICC ————— 4 ———— 4 T ———————
© FACTS 4"MAGICC - . 4 - 4 | E—
~N PMAGIcE — — ] — — ] ——————
- MP25 1 — 4 — — 4 S S—
(N Profsea MAGICC —— . 4 — —} 4 I E—
SURFER —— 4 —— — 4 —— —

T T T T T T T T T T T T T T T T T T T T T T T T

BRICK_MAGICC — — 4 — — 4 T ———————————
© FACTS le”MAGICC - I 4 — 1 4 ——————————— ——— —1
O LESIMAICE | ne—— - ] ——— = ] ————————
M FACTS 21 MAGICC —— - 4 = - 4 ———
N FACTS 3e”MAGICC — W 4 I 4 1

| FACTS 3 MAGICC ———— 4 ———— 4 S
1= 4"MAGICC ——— 4 ——— E —— —

FRISTA"MAGICC — - 4 —— — 4 I —————————
R MARSS 1 E— 3 ] ==

4 — 4 — — 4 —————
M ProfSea MAGICC —— 4 —— 4 1 —
SURFER S 4 — — 4 I —
T T T T T T T T T T T T T T T T T T T T T T T T
=75 =50 =25 0 25 50 75 100 -75 =50 =25 0 25 50 75 100 =75 =50 =25 0 25 50 75 100
Percentage Contribution to Sea Level Change (%)
B Greenland Ice Sheet ~ WM Antarctic Ice Sheet ~ mm® Thermal Expansion Global Glaciers Land Water Storage

Figure S1. Relative component contributions to global mean sea-level rise per emulator for selected scenarios and time periods. Stacked
bars show the percentage contribution of each sea level component to total GMSLR per emulator and time period. Panel rows correspond to
four 30-year time periods (2070-2100, 2120-2150, 2170-2200, 2270-2300), columns to three selected scenarios (SSP1-1.9, SSP5-3.4-0S,
SSP5-8.5). Negative contributions (bars extending left of zero) indicate components where the modelled response reduces total sea level rise
in the respective period.
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Figure S2. Cumulative GSAT warming integral versus component-wise sea level contributions for BRICK runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S3. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 1e runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-0OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S4. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 1fruns across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-0OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S5. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 2e runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-0OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include

information on temporal evolution.
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Figure S6. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 2f runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S7. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 3e runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (/| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include

information on temporal evolution.
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Figure S8. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 3f runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-0OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S9. Cumulative GSAT warming integral versus component-wise sea level contributions for FACTS 4 runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include

information on temporal evolution.
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Figure S10. Cumulative GSAT warming integral versus component-wise sea level contributions for FRISIA runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S11. Cumulative GSAT warming integral versus component-wise sea level contributions for MAGICC runs across selected
scenarios. Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against
sea level equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-
4.5 scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include

information on temporal evolution.
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Figure S12. Cumulative GSAT warming integral versus component-wise sea level contributions for MP25 runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-0OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S13. Cumulative GSAT warming integral versus component-wise sea level contributions for ProFSea runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (/| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Figure S14. Cumulative GSAT warming integral versus component-wise sea level contributions for SURFER runs across selected scenarios.
Cumulative MAGICC GSAT warming integral (| GMT dt from 1850 up to the year 2300 for of each data point, [K-yr]) against sea level
equivalent (SLE, relative to 1995-2014) for climate-forcing sensitive SLR components across SSP1-1.9, SSP5-3.4-OS, and SSP2-4.5
scenarios. Each line represents the 50th percentile emulator response, with colours denoting individual models as indicated in the legend.
Peak warming is indicated with a circle, post-peak GSAT change is plotted with less opacity, 50-year time increments are indicated to include
information on temporal evolution.
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Table S1. Ensemble p-box GMSLR projections derived from native SLEIP runs across six SSP-RCP scenarios for the year 2100, relative to
1995-2014. For each scenario and component, the lower bound reflects the minimum 17th percentile across models, the upper bound reflects
the maximum 83rd percentile, and the central estimate represents the mean of model medians (50th percentile). All sea level equivalent

contributions are provided in meters.

2100 native SLEIP projections

p-box: mean p50 (min p17 - max p83); relative to 1995-2014 in meters
*low confidence projections

Component SSP1-1.9 SSP1-2.6 SSP5-3.4-0S SSP2-4.5 SSP3-7.0 SSP5-8.5
Thermal 0.11 0.13 0.16 0.18 0.24 0.28
expansion (0.06-0.18) (0.08-0.21) (0.11-0.24) (0.13-0.27) (0.15-0.33) (0.17-0.42)
Global 0.08 0.10 0.11 0.12 0.14 0.16
glaciers (0.05-0.12) (0.05-0.14) (0.06-0.16) (0.06-0.16) (0.06-0.18) (0.08-0.22)
Greenland Ice  0.07 0.08 0.09 0.10 0.12 0.14
Sheet (-0.00-0.32) (0.01-0.35) (0.02-0.45) (0.04-0.45) (0.05-0.53) (0.08-0.58)
Antarctic Ice  0.08 0.09 0.11 0.11 0.15 0.19
Sheet (-0.02-0.26) (-0.01-0.29) (-0.02-0.39) (-0.02-0.40) (-0.03-0.46) (-0.04-0.67)
Land water 0.03 0.03 0.03 0.03 0.03 0.03
storage (0.01-0.05) (0.01-0.05) (0.01-0.05) (0.01-0.05) (0.01-0.05) (0.01-0.05)
Total 0.38 0.43 0.52 0.55 0.70 0.82
(0.20-0.79) (0.25-0.87) (0.32-1.11) (0.33-1.14) (0.37-1.39) (0.50-1.56)
0.44 0.77
IPCC ARG 0.38 (0.32-0.62) 0.68 (0.63-1.01)
Total (0.28-0.55) 0.45 - 0.56 (0.43-0.76) 4 55.9.90) 0.88
(0.32-0.79)* (0.63-1.60)*
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Table S2: Ensemble p-box GMSLR projections derived from native SLEIP runs across six SSP-RCP scenarios for the year 2150, relative
to 1995-2014. For each scenario and component, the lower bound reflects the minimum 17th percentile across models, the upper bound
reflects the maximum 83rd percentile, and the central estimate represents the mean of model medians (50th percentile). All sea level
equivalent contributions are provided in meters.

2150 native SLEIP projections

p-box: mean pS0 (min p17 - max p83); relative to 1995-2014 in meters
*low confidence projections

Component SSP1-1.9 SSP1-2.6 SSP5-3.4-0S SSP2-4.5 SSP3-7.0 SSP5-8.5
Thermal 0.12 0.16 0.18 0.27 0.42 0.51
expansion (0.06-0.22) (0.09-0.27) (0.11-0.30) (0.17-0.40) (0.27-0.60) (0.32-0.77)
Global 0.11 0.13 0.15 0.18 0.22 0.25
glaciers (0.05-0.16) (0.06-0.19) (0.07-0.22) (0.09-0.26) (0.11-0.32) (0.13-0.32)
Greenland Ice 0.12 0.13 0.16 0.18 0.25 0.30
Sheet (0.04-0.61) (0.05-0.64) (0.06-0.78) (0.08-0.79) (0.12-0.91) (0.16-0.97)
Antarctic Ice 0.15 0.17 0.21 0.25 0.54 0.73
Sheet (-0.04-0.54) (-0.02-0.58) (-0.03-2.10) (-0.05-2.12) (-0.08-3.02) (-0.10-3.60)
Land water 0.05 0.05 0.05 0.05 0.06 0.05
storage (0.02-0.08) (0.02-0.08) (0.02-0.08) (0.02-0.08) (0.02-0.09) (0.02-0.08)
Total 0.54 0.66 0.77 0.94 1.51 1.87
(0.26-1.33) (0.34-1.50) (0.42-2.73) (0.52-2.94) (0.73-4.09) (0.92-4.66)
0.68 1.32
IPCC ARG 0.57 (0.46-0.99) i 0.92 1.19 (0.98-1.88)
Total (0.37-0.86) 0.73 (0.66-1.33) (0.89-1.65) 1.98
(0.46-1.34)* (0.98-4.82)*
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Table S3. Ensemble p-box GMSLR projections derived from native SLEIP runs across six SSP-RCP scenarios for the year 2300, relative to
1995-2014. For each scenario and component, the lower bound reflects the minimum 17th percentile across models, the upper bound reflects
the maximum 83rd percentile, and the central estimate represents the mean of model medians (50th percentile). All sea level equivalent
contributions are provided in meters.

2300 native SLEIP projections
p-box: mean pS0 (min p17 - max p83); relative to 1995-2014 in meters
*17th to 83rd percentile of the associated probability distributions, +including Marine Ice Cliff Instability (MICI)

Component SSP1-1.9 SSP1-2.6 SSP5-3.4-0S SSP2-4.5 SSP3-7.0 SSP5-8.5

Thermal 0.15 0.22 0.22 0.43 0.87 1.04

expansion (0.05-0.29) (0.09-0.40) (0.09-0.38) (0.20-0.68) (0.43-1.29) (0.52-1.60)

Global 0.13 0.18 0.19 0.28 0.32 0.32

glaciers (0.05-0.26) (0.09-0.31) (0.09-0.32) (0.15-0.32) (0.24-0.37) (0.26-0.38)

Greenland Ice 0.23 0.28 0.32 0.42 0.72 0.92

Sheet (0.07-1.36) (0.10-1.42) (0.11-1.72) (0.21-1.77) (0.32-2.06) (0.37-3.71)

Antarctic Ice 0.39 0.46 0.52 0.74 2.35 2.97

Sheet (-0.13-1.64) (-0.10-1.82) (-0.11-8.76) (-0.19-8.81) (-0.33-12.14) (-0.40-13.49)

Land water 0.08 0.08 0.08 0.10 0.13 0.08

storage (0.03-0.15) (0.03-0.15) (0.03-0.15) (0.03-0.15) (0.03-0.31) (0.03-0.15)

Total 1.00 1.26 1.40 2.02 4.46 5.45
(0.31-3.20) (0.47-3.56) (0.56-9.82) (1.05-10.53) (1.64-14.39) (1.74-15.79)

IPCC AR6 ) 0.6to 1.5* i ) ) 2.2 to 5.9%

Total 1.4to 2.1*%+ 9.5t0 16.2*+
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