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Figure S1: CMIP6 simulations of mean Arctic sea ice area over a 2015 to 2025 period in March (left) and September (right), comparing
25 results across models used in SIMIP2020, our study, and both. Horizontal lines show the internal variability (1 standard deviation of the
available ensemble spread).



CESM2: Arctic Ocean Thickness
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Figure S2: Impact of model regridding of CESM thickness output from the native grid to the 25 km x 25 km polar stereographic grid.
Regridding using the conservative normed algorithm in XESMF.
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NorESM2-LM: Arctic Ocean Thickness
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Figure S3: As in Fig. S2 but for the NorESM2-LM model.
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40  Figure S4: Annual mean (2018 to 2024) total freeboard from ATL20 v4 over the Southern Ocean (top) and Arctic Ocean (bottom) using
just the raw data (left) and then using the smoothed/Gaussian interpolated data, as
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(a) Arctic Ocean (Mar; 2018-2024)

(b)
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Figure S6: (a) As in Fig. 7 of the main manuscript but showing comparisons of March mean (2018 to 2024) Arctic Ocean total freeboard
estimates from the 36-model CMIP6 subset (ensemble means, using a fixed ice density) and observations from ICESat-2 ATL20.

55

Horizontal lines on each model show the plausibility window based on internal variability and both the low (bars) and high (whiskers)

observational uncertainty estimates. The red circle and vertical red line shows the ATL20 observational mean. ES: ensemble spread. (b)
Mean Absolute Error (MAE) of the spatial differences across the 25 km x 25 km grid-cells.
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MAE [m]

(a) Arctic Ocean (Sep; 2018-2024)
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60 Figure S7



(b)

(a) Southern Ocean (Mar; 2018-2024)
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(b)

(a) Southern Ocean (Sep; 2018-2024)
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(b)

(a) Arctic Ocean (Sep-Apr; 2018-2024)
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(b)

(a) Arctic Ocean (Mar; 2018-2024)
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(b)

(a) Arctic Ocean (Sep; 2018-2024)
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(b)

SAE [million km?]

(a) Arctic Ocean (annual; 2018-2024)
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Figure S13: As in Fig. S4 but for Annual mean sea ice area over the Arctic Ocean.
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(b)

(a) Arctic Ocean (Mar; 2018-2024)
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Figure S14: As in Fig. S4 but for March sea ice area over the Arctic Ocean.
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Figure S15 As in Fig. S4 but for September sea ice area over the Arctic Ocean.

16

SAE [million km?2]




(b)

(a) Southern Ocean (annual; 2018-2024)
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Figure S16: As in Fig. S4 but for Annual mean sea ice area over the Arctic Ocean.
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(b)

(a) Southern Ocean (Mar; 2018-2024)
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Figure S17: As in Fig. S4 but for March mean sea ice area over the Southern Ocean.
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(b)

(a) Southern Ocean (Sep; 2018-2024)
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105  Figure S18: As in Fig. S4 but for September mean sea ice area over the Southern Ocean.

19



110

115

Million Km?

Million Km?

= -

v N O N
o w o w
T 1

(a) Sea ice area Arctic Ocean 2015-2035

(b) Total freeboard Arctic Ocean 2015-2035

4.0

(c) Sea ice thickness Arctic Ocean 2015-2035

-
w N o
o u o
I L i

N
n
L

=@- CMIP6 37 model subset
—@- CMIP6 constr (SIA)

~@- CMIP6 constr (All)

-0~ OSI SAF (2018-11-2024-04)

0.7

0.6

~@- CMIP6 37 model subset
~@- CMIP6 constr (SIA)

~@- CMIP6 conslr (All)

-0~ ATI20(2018-11-2024-04)

3.5

3.09

2.5

£2.04

1.59

1.04

0.54

0.0

=@ CMIP6 37 model subset
~@— CMIP6 constr (SIA)

~@- CMIP6 constr (All)

-0~ ICESat-2 {2018-11-2024-04)

o
o

LIS s S S S R S R B
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(d) Sea ice area Southern Ocean 2015-2035

0.0

— T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(e) Total freeboard Southern Ocean 2015-2035

— T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(f) Sea ice thickness Southern Ocean 2015-2035

N
o
o

-
v
o

N
o
L

T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.7 4.0
~@— CMIP6 37 model subset ~@— CMIP6 37 model subset ~@— CMIP6 37 model subset
=@~ CMIP6 constr (SIA) 0.6 ~@- CMIP6 constr (SIA) 3.54 =@~ CMIP6 constr (SIA)
~@- CMIP6 constr (All) : ~@- CMIP6 constr (All) =@~ CMIP6 constr (All)
4 -O- OSI SAF (2018-11-2024-04) -O- AIL20(2018-11-2024-04) 3.0
0.54 :
2.5
£2.0+
1.54

1.0

0.5

— T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.0

— T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure S19: Seasonal CMIP6 ensemble mean (lines and circles) and ensemble spread (shading, one standard deviation) sea ice area (left),
total freeboard (middle) and sea ice thickness (right) from the unconstrained 36-model subset (black), the annual area constrained subset
(blue), and the subset constrained with all considered annual variables, including area and freeboard for both hemispheres, and the addition
of sea ice thickness for the Arctic only (red). White circles/dashed lines show the observations, sea ice area from the OSI SAF passive
microwave dataset, total freeboard from the ICESat-2 ATL20 (version 4), winter (September to April) Arctic sea ice thickness from the
IS2SITMOGR4 (v3) dataset.
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Figure S20: As in Fig. 11 of the main manuscript but for March.
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Figure S21: As in Fig. 11 of the main manuscript but for September.
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Figure S22: As in Fig. 13 of the main manuscript but for March over the Southern Ocean.
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Figure S23: As in Fig. 13 of the main manuscript but for September over the Southern Ocean.
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Figure S24: As in Fig. 11 of the main manuscript but for March sea ice thickness.
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Figure S25: As in Fig. 11 of the main manuscript but for September sea ice thickness.
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150  Figure S26: As in Fig. 11 of the main manuscript but for Annual sea ice concentration.
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155 Figure S27: As in Fig. 11 of the main manuscript but for March sea ice concentration.
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160 Figure S28: As in Fig. 11 of the main manuscript but for September sea ice concentration.
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165 Figure S29: As in Fig. 13 of the main manuscript but for Annual sea ice area.
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Figure S30: As in Fig. 13 of the main manuscript but for March sea ice area.
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Figure S31: As in Fig. 13 of the main manuscript but for September sea ice area.
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Figure S32: As in Fig. 12 of the main manuscript but for March.
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Figure S33: As in Fig. 12 of the main manuscript but for September.

34

_——— E—— e e E———

© o o ©
- N w =Y
Freeboard [m]

o
o

0.2

0.1

0.0

-0.

-0.

N w

._.
Thickness [m]

|
-

|
N

1

2

Thickness Difference [m]

Freeboard Difference [m]



195

(a) CMIP6 Mar mean
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Figure S34: As in Fig. 14 of the main manuscript but for March.
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Figure S35: As in Fig. 14 of the main manuscript but for September.
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