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Abstract6

Arctic sea ice has been retreating at unprecedented pace over the past decades. Model projections7

show that the Arctic Ocean could be almost ice free in summer by the middle of this century.8

However, the uncertainties related to these projections are relatively large. Here we use 33 global9

climate models from the Coupled Model Intercomparison Project 6 (CMIP6) in order to reduce10

these uncertainties. We select the models that best capture the observed Arctic sea-ice area and11

volume and northward ocean heat transport to refine model projections of Arctic sea ice. This12

model selection leads to smaller Arctic sea-ice area and volume relative to the multi-model mean13

without model selection and summer ice-free conditions could occur as early as around 2035.14

These results highlight a potential underestimation of the future Arctic sea-ice loss when including15

all models.16
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Introduction17

The retreat of Arctic sea ice is one of the most striking consequences of global warming and has18

strong implications for local and remote climate, biosphere and society1. The total area of the19

Arctic Ocean covered by sea ice, the Arctic sea-ice area, has decreased by about 2 million km2
20

(yearly average) in the past 40 years of satellite observations, with more pronounced loss in the21

summer1–3. As sea ice has also thinned by 1.5 - 2 m in the Central Arctic since 19804, 5, the22

total Arctic sea-ice volume has substantially decreased at a rate of 3800 km3 per decade between23

1979 and 20106. The current Arctic sea-ice losses are strongly connected to the rising global24

temperatures7–9, and thus to cumulative greenhouse gas emissions into the atmosphere3, 10. Thus,25

the observed sensitivity of sea-ice changes to cumulative greenhouse gas emissions has been used26

to provide an estimate of the future Arctic sea-ice area10.27

However, this simple linear extrapolation strongly neglects non-linearities in the climate sys-28

tem and ocean-ice-atmosphere interactions and feedbacks11, 12, resulting in strong short- and long-29

term deviations from the ongoing negative trend in sea-ice area and volume13. In order to include30

these non-linearities and interactions, climate models can be used to provide more reliable projec-31

tions of the fate of Arctic sea ice14, 15. In particular, global climate models coupling the atmosphere,32

ocean and sea ice are well suited to make such projections16–18. The inclusion of these models in the33

different Coupled Model Intercomparison Project (CMIP) phases19–21 allows to provide estimates34

of Arctic sea-ice area and volume projections in the next decades to centuries. The latest CMIP635

modelling effort21 will feed into the next Intergovernmental Panel on Climate Change (IPCC) As-36
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sessment Report 6 and includes climate model projections that follow different greenhouse gas37

emission scenarios using the Shared Socioeconomic Pathways (SSPs)22.38

In our study, we use CMIP6 model outputs with the aim to reduce uncertainties in the future39

projections of Arctic sea ice. We select the models that best represent the present Arctic sea ice40

and northward ocean heat transport, as the latter is a major driver of the recent sea-ice loss, and we41

compare this model selection to the case without selection. We find that the sea-ice loss over this42

century is stronger using different model selection criteria compared to the average over all models43

without model selection. In particular, we find that summer ice-free Arctic conditions could occur44

as early as 2035 in the selection case, compared to 2061 in the no-selection case. We also find that45

some individual models strongly diverge from the multi-model mean and are associated with an46

outdated sea-ice model.47

Results and discussion48

Projections without model selection. In our study, we focus on both the high-emission SSP5-49

8.5 and low-emission SSP1-2.6 scenarios, which correspond to a global warming of around 4◦C50

and 1◦C, respectively, over this century (2081-2100 relative to 1995-2014)23. Averaged over 3351

CMIP6 models (totalling 166 model members, Supplementary Table 1), the multi-model mean52

March Arctic sea-ice area and volume are reduced by 45 % and 78 %, respectively, in 2096-2100,53

compared to 2015-2019, in the high-emission scenario (Fig. 1a and Supplementary Fig. 3a). In54

September, the Arctic sea-ice area and volume are decreased by 90 % and 98 %, respectively, at55
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the end of the century (Fig. 1b and Supplementary Fig. 3b). The Arctic Ocean becomes almost56

ice free (sea-ice area lower than 1 million km2 12) in September in 2061 for the multi-model mean57

(Fig. 1b). These Arctic sea-ice area and volume changes are considerably slowed down in the58

low-emission scenario: the multi-model mean March sea-ice area and volume are reduced by only59

8 % and 28 %, respectively, at the end of the century, while the September sea-ice area is decreased60

by 49 % and thus never reaches almost ice-free conditions during this century, and the September61

sea-ice volume is lowered by 69 % (Supplementary Figs. 1 and 4).62

However, such model projections suffer from large uncertainties related to the chosen green-63

house gas emission scenarios, model physics and internal variability24. Therefore, the spread in the64

future Arctic sea-ice projections is relatively large among climate models (Fig. 1 and Supplemen-65

tary Fig. 1)16, 18. In the high-emission scenario, the model spread increases over time for the March66

sea-ice area (Fig. 1a), while it decreases for the September sea-ice area as a large part of the models67

lose almost all their sea ice around 2050 (Fig. 1b). In the low-emission scenario, the model spread68

in March and September sea-ice area does not substantially vary over time as the changes over the69

twenty-first century are not as large as in the high-emission scenario (Supplementary Fig. 1).70

Projections with model selection. Considering the simple average of all available models as-71

sumes that all models are equally plausible and that the range of their projections is representative72

of the uncertainty25. As some models better represent a specific aspect of the observed climate, e.g.73

Arctic sea ice in our case, we can argue that these models will provide more accurate projections74

of this specific aspect. A good agreement with observations does not constitute a final evidence75
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that the models are correct, but a bad agreement with such observations clearly indicates some76

problems of the models25. Different approaches have been taken to try to reduce the model spread77

in projections of Arctic sea-ice area for a given emission scenario. One such approach consists in78

giving a weight to each model based on its performance relative to observations during the his-79

torical period: models that strongly agree with observations receive more weight than models that80

poorly agree23, 25. Another approach is to select models based on their historical performance and81

exclude models that do not satisfy the selection criteria16, 18, 26.82

In our study, we adopt the latter approach, i.e. model selection, as it allows to exclude model83

outliers that show large biases in relevant variables for the Arctic sea-ice representation based84

on clearly defined selection criteria. We define a series of selection criteria based on the mean,85

variability and trend in Arctic sea-ice area and volume (Methods). The northward Atlantic and86

Pacific ocean heat transports at different latitudes are also chosen as selection criteria as they have87

an important influence on the recent sea-ice changes27–31. These criteria are used to retain the88

CMIP6 models closest to observations over the historical period (1979-2014). This allows us to89

compute the multi-model means of Arctic sea-ice area and volume until the end of the twenty-first90

century based on the selected models, and thus to refine the model projections of Arctic sea-ice91

area and volume.92

When applying our selection criteria, we find that the Arctic sea-ice area and volume gen-93

erally reach smaller values at the end of this century compared to the case without selection, for94

both emission scenarios (Figs. 2-3 and Supplementary Figs. 2-5). This is mainly due to stronger95
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reductions in sea-ice area and volume over the twenty-first century in the selected models, and96

also to a smaller initial present-day Arctic sea-ice area to a lesser extent. The stronger reduc-97

tions in sea-ice area and volume over the twenty-first century probably stem from the fact that the98

selected models have a larger sensitivity to anthropogenic global warming than the non-selected99

models18. Also, the smaller present-day sea-ice area in the selected models is due to the fact that100

the multi-model mean without selection overestimates the observed sea-ice area (Fig. 3a,b); thus,101

the selection of models closer to observations allows to reduce this overestimation, explaining the102

smaller present-day sea-ice area.103

The loss in sea-ice area and volume over this century is most pronounced when selecting the104

models that best represent the historical Atlantic and Pacific ocean heat transports, in combination105

or not with the mean sea-ice area and volume (Figs. 2-3 and Supplementary Figs. 2-5). In the106

high-emission scenario and for all selection criteria including ocean heat transport, the March sea-107

ice area and volume reach less than 7 million km2 and less than 5,000 km3, respectively, by the108

end of the twenty-first century, and the September sea ice totally disappears (Fig. 3). Selecting109

the models that best represent the observed mean sea-ice area and volume and trend in sea-ice110

area also provides a stronger reduction in the future Arctic sea-ice area and volume compared to111

no selection, especially in September, but the sea-ice loss is less strong than with the ocean heat112

transport criterion (Figs. 2-3 and Supplementary Figs. 2-5).113

The selection based on the variability in sea-ice area and volume and trend in sea-ice volume114

is not as clear-cut: depending on the month or the scenario, these selection criteria provide smaller115
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or larger reductions in sea-ice area and volume (Figs. 2-3 and Supplementary Figs. 2-5). For sea-116

ice area and volume variability, this is partly linked to the fact that these quantities are directly117

related to atmospheric variability9. In turn, the latter does not highly depend on the total amount118

of ice. Thus, even a model with too much (or not enough) sea ice can have a realistic atmospheric119

variability, leading to a realistic sea-ice variability.120

An additional model selection criterion that we include in our analysis is the minimum num-121

ber of ensemble members. We select all models that have at least five members, as this allows122

to both keep the models that take into account the uncertainty linked to internal variability and to123

have about a third of the total number of models. We find that the multi-model mean averaged over124

these models also leads to a stronger sea-ice loss relative to no selection, with no remaining sea ice125

in September by the end of the century and reductions of 60% and 87% in March sea-ice area and126

volume, respectively, in the high-emission scenario (Figs. 2-3). This strengthens our main finding127

that the reduction in sea ice is stronger with model selection.128

Our model selection based on the historical performance allows to exclude outliers that have129

either too much or not enough Arctic sea ice. For the winter months, outliers are mainly located on130

the high end as most models overestimate the observed sea-ice area (Fig. 3a), while for the summer131

months, outliers are located on either end (Fig. 3b)18. Thus, our model selection allows to narrow132

down the spread in model projections of Arctic sea ice by excluding outliers. In particular, the133

threshold of an ice-free Arctic in summer is reached much earlier with model selection compared134

to without selection. In the high-emission scenario, four selection criteria including the ocean135
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heat transport provide an ice-free Arctic in September as early as in the range 2034-2037, while136

only one selection criterion (sea-ice area variability) provides an ice-free Arctic some years after137

the multi-model mean without selection (Figs. 2b-3b). In the low-emission scenario, the selection138

criteria including ocean heat transport and the number of members all provide an ice-free Arctic139

in September for at least some years before the end of this century, but with a sea-ice area staying140

close to the 1 million km2 threshold until the end of the century (Supplementary Fig. 2b).141

Ocean components in CMIP6 models. The 33 CMIP6 models used here include 10 different142

ocean components. Grouping the different models by ocean component and computing the asso-143

ciated multi-model mean sea-ice area, we find that the models that include the LICOM, MICOM,144

INM-OM and MOM ocean components have larger March and September sea-ice areas over the145

twenty-first century compared to the multi-model mean averaged over all models for the two emis-146

sion scenarios (Fig. 4a and Supplementary Figs. 6a-8a). The models sharing the other six ocean147

components generally show a smaller sea-ice area during the twenty-first century, with the excep-148

tion of MPIOM, MRI.COM and FESOM in March at the end of the century.149

As the NEMO and MOM components are both shared by more than five different CMIP6150

models, we further investigate the individual models using these two ocean components. This151

reveals that the multi-model mean sea-ice area associated with these two ocean components is152

clearly driven by specific outliers. The below-average March sea-ice area from NEMO in the153

high-emission scenario is driven by two CMIP6 models that have a very low sea-ice area over the154

whole twenty-first century (Fig. 4b). It is worth noting that these two models use version 2 of the155

8



Louvain-la-Neuve sea Ice Model (LIM2), which is a former version of the LIM3 sea-ice model32.156

In particular, LIM2 only includes one sea-ice thickness category, while LIM3 has five thickness157

categories, making it more reliable in terms of sea-ice area variability compared to observations33.158

Four other models using NEMO have a strong reduction in March sea-ice area in the high-emission159

scenario at the end of the twenty-first century (Fig. 4b).160

The above-average March sea-ice area from MOM in the high-emission scenario is driven161

by one specific CMIP6 sea-ice model that has a sea-ice area about 4 million km2 larger than the162

MOM multi-model mean (Fig. 4b); this is also the case in the low-emission scenario (Supple-163

mentary Fig. 6b). This specific model includes version 1 of the Sea Ice Simulator (SIS1) from164

the Geophysical Fluid Dynamics Laboratory (GFDL), which is a former version of the SIS2 sea-165

ice model34. The SIS2 model has a number of supplementary features that improve upon SIS1,166

including a Delta-Eddington radiation scheme, revised thermodynamic algorithms, and a C-grid167

discretization allowing improved representation of ice transport through narrow channels.168

In September and for the two emission scenarios, the above-average sea-ice area from MOM169

is driven by two specific models, which both use the SIS1 sea-ice model (Supplementary Figs. 7b-170

8b). During the same month, three models using the NEMO ocean component show a very low171

sea-ice area at the beginning of the twenty-first century (Supplementary Figs. 7b-8b). These three172

models do not share the same sea-ice model (either CICE or LIM3), but they do not show such a173

large departure from the NEMO multi-model mean compared to the previously identified NEMO174

and MOM outliers. Thus, we argue that part of the relatively small (large) sea-ice area through175
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the twenty-first century simulated by CMIP6 models using the NEMO (MOM, respectively) ocean176

component is due to an outdated sea-ice model (LIM2 for NEMO and SIS1 for MOM). That is177

certainly not the only reason, but further investigation would be needed to understand the role of178

the ocean and sea-ice components in the future projections.179

Summary and outlook. The future projections of Arctic sea ice can potentially be improved by180

selecting the climate models that best represent the present state in terms of sea-ice area, sea-ice181

volume and northward ocean heat transport. This model selection reveals that the sea-ice area and182

volume reach lower values at the end of this century compared to the multi-model mean without183

selection. This arises both from a more rapid reduction in these quantities through this century184

and from a lower present-day sea-ice area. Using such a model selection, the timing of an almost185

ice-free Arctic in summer is advanced by up to 25 years in the high-emission scenario, i.e. it could186

occur as early as 2035. Thus, these results highlight a potential underestimation of the future Arctic187

sea-ice loss when including all models.188

The rapid ongoing disintegration of Arctic sea ice can have dramatic consequences on other189

components of the climate system, such as the atmosphere35, 36 and the ocean37, 38, as well as the190

biosphere and our societies1. Thus, it is highly important to accurately monitor the current Arctic191

sea-ice changes and to improve its future model projections. As the number of models included192

in climate model intercomparisons is constantly rising, there is more and more room for using193

sophisticated methods that provide a best estimate of future changes in sea ice. This study intends194

to encourage such initiatives in order to reduce the uncertainties in model projections of Arctic sea195
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ice.196

Methods197

CMIP6 model simulations. In our study, we analysed the outputs from the climate models par-198

ticipating in the Coupled Model Intercomparison Project 6 (CMIP6) effort21. We extracted the199

monthly mean sea-ice concentration and sea-ice volume per area (or sea-ice thickness if the sea-ice200

volume per area was not available) from the CMIP6 models that were run over both the historical201

period (1850-2014) and the future (2015-2100), using the two Shared Socioeconomic Pathways202

SSP1-2.6 (weak greenhouse gas emission scenario), and SSP5-8.5 (strong emission scenario). We203

computed the total Arctic sea-ice area as the product of sea-ice concentration and grid-cell area204

summed over the ocean region north of 40◦N. The total Arctic sea-ice volume is the product of sea-205

ice volume per area (or sea-ice thickness times sea-ice concentration) and grid-cell area summed206

over the ocean region north of 40◦N. Sea-ice area from 32 models is used for the SSP1-2.6 scenario207

and from 33 models for the SSP5-8.5 scenario (Supplementary Table 1). As some models have run208

several ensemble members with different initial conditions, we have a total of 166 model simula-209

tions for both SSP1-2.6 and SSP5-8.5. Sea-ice volume from 28 models is used for both SSP1-2.6210

and SSP5-8.5, including a total of 155 member simulations for SSP1-2.6 and 154 member simula-211

tions for SSP5-8.5. Additionally, we extracted the monthly mean historical northward ocean heat212

transport (computed online by the different models) from 16 models (it was not available for the213

other models). In our analyses, we computed the ensemble mean sea-ice area, sea-ice volume and214

ocean heat transport over all members for each individual model. Supplementary Table 1 provides215
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the number of ensemble members available for each model and each variable.216

Reference products. In order to evaluate the CMIP6 models over the historical period, we used217

different observational and reanalysis datasets. For sea-ice area, we retrieved the sea-ice con-218

centration from the European Organisation for the Exploitation of Meteorological Satellites (EU-219

METSAT) Ocean Sea Ice Satellite Application Facility (OSI SAF)39 available since 1979, and we220

integrated this quantity over the northern hemisphere (north of 40◦N). We used the sea-ice vol-221

ume from the Pan-Arctic Ice-Ocean Modeling and Assimilation System (PIOMAS)40, which is a222

coupled ocean - sea ice model with capability of assimilating daily sea-ice concentration and sea-223

surface temperature. This dataset is available since 1979 and shows reasonable agreement with224

observations41. The estimates of ocean meridional heat transport (Atlantic and Pacific) come from225

Trenberth et al. (2019)42 and are deduced from top-of-atmosphere radiation coming from Clouds226

and the Earth’s Radiant Energy System (CERES), vertically-integrated atmospheric energy diver-227

gence from ERA-Interim, and ocean heat content from Ocean Reanalysis System 5 (ORAS5).228

This data set is available for the period 2000-2016. Finally, we also used the Atlantic Ocean heat229

transport estimates derived from the Rapid Climate Change Meridional Overturning Circulation230

and Heatflux Array (RAPID-MOCHA) observing system deployed at 26◦N (2004-2018)43, as well231

as from the Overturning in the Subpolar North Atlantic Program (OSNAP) observing system de-232

ployed around 57◦N (2014 and 2016)44.233

Selection criteria. In order to retain the CMIP6 models closest to observations and reanalysis234

over the historical period, we defined a series of selection criteria based on sea-ice area, sea-ice235

volume and ocean heat transport. Here is a description of these selection criteria:236
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1. Mean sea-ice area: we selected the 15 models (about half of the available models) closest237

to the observed mean sea-ice area averaged over 1979-2014 for both March and September238

combined.239

2. Mean sea-ice volume: same as criterion 1 for sea-ice volume.240

3. Sea-ice area variability: we selected the 15 models closest to the observed detrended standard241

deviation in sea-ice area over 1979-2014 for both March and September combined.242

4. Sea-ice volume variability: same as criterion 3 for sea-ice volume.243

5. Trend in sea-ice area: we selected the 15 models closest to the observed trend in sea-ice area244

over 1979-2014 for both March and September combined.245

6. Trend in sea-ice volume: same as criterion 5 for sea-ice volume.246

7. Atlantic ocean heat transport (‘Atlantic OHT’ in the figure legends): we selected the 8 mod-247

els (half of the models having ocean heat transport) closest to the observed mean Atlantic248

ocean heat transport at both 26◦N and 57◦N combined, averaged over 2000-2014. As the249

OSNAP measurements at 57◦N only cover 2014 and 2016, we used the mean of these two250

years for the observed mean value at this latitude.251

8. Atlantic and Pacific ocean heat transports (‘Atl/Pac OHT’ in the figure legends): we selected252

the 8 models closest to the observed mean ocean heat transport at both 70◦N in the Atlantic253

Ocean and 60◦N in the Pacific Ocean (combined), averaged over 2000-2014.254
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9. Atlantic ocean heat transport and mean sea-ice area (‘Atlantic OHT + sea-ice area’ in the255

figure legends): we selected the 8 models better satisfying both criteria 7 and 1.256

10. Atlantic and Pacific ocean heat transports and mean sea-ice area (‘Atl/Pac OHT + sea-ice257

area’ in the figure legends): we selected the 8 models better satisfying both criteria 8 and 1.258

11. Atlantic ocean heat transport and mean sea-ice volume (‘Atlantic OHT + sea-ice volume’ in259

the figure legends): we selected the 8 models better satisfying both criteria 7 and 2.260

12. Atlantic and Pacific ocean heat transports and mean sea-ice volume (‘Atl/Pac OHT + sea-ice261

volume’ in the figure legends): we selected the 8 models better satisfying both criteria 8 and262

2.263

We defined a last criterion based on the number of members per model (‘≥ 5 members’ in the264

figure legends): we retained only the models that have at least 5 ensemble members (10 models in265

total).266

Data availability267

All the CMIP6 model data used in this study (historical and scenario runs) can be accessed through268

the ESGF nodes: https://esgf-node.llnl.gov/search/cmip6. The observed sea-269

ice concentration from OSI SAF39 can be accessed through the EUMETSAT repository: http://270

dx.doi.org/10.15770/EUM_SAF_OSI_0008. The PIOMAS40 sea-ice volume data can be271

accessed via the Polar Science Center of the University of Washington: http://psc.apl.uw.272
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edu/research/projects/arctic-sea-ice-volume-anomaly. The ocean merid-273

ional heat transport estimates from Trenberth et al. (2019)42 are located here: https://doi.274

org/10.5065/9v3y-fn61. The RAPID-MOCHA43 ocean heat transport at 26.5◦N can be re-275

trieved from the Rosenstiel School Ocean Technology Lab: https://mocha.rsmas.miami.276

edu/mocha/results/index.html. The OSNAP44 ocean heat transport data can accessed277

here: https://www.o-snap.org/observations/data.278

Code availability279

The Python scripts to produce the figures of this article are available on Zenodo: https://280

zenodo.org/record/4454860.281
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Figures395

Figure 1: Evolution of future Arctic sea-ice area in (a) March and (b) September for the CMIP6

individual models (thin gray curves) and the multi-model mean (thick blue curve), based on the

SSP5-8.5 scenario.
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Figure 2: Evolution of future Arctic sea-ice area in (a) March and (b) September for the multi-

model mean averaged over all models (thick black curve) and averaged over the models selected

according to different criteria (coloured curves), based on the SSP5-8.5 scenario. The gray shading

is the standard deviation around the multi-model mean without selection. The number of models

included in each multi-model averaging is indicated in brackets in the legend.
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Figure 3: (a) March Arctic sea-ice area in 2096-2100 against 2015-2019 for the multi-model mean

averaged over all models (black dot, with the ensemble standard deviation as error bars) and the

multi-models means averaged over the models selected according to different criteria (coloured

dots and crosses), based on the SSP5-8.5 scenario. (b) Same as (a) for the September Arctic sea-

ice area. (c) Same as (a) for the March Arctic sea-ice volume. (d) Same as (a) for the September

Arctic sea-ice volume. The relative change in sea-ice area / volume between 2015-2019 and 2096-

2100 is shown beside the different items (not indicated if the change is -100 %). The dashed

vertical lines show (a-b) the sea-ice area from OSI SAF observations and (c-d) sea-ice volume

from PIOMAS reanalysis in 2015-2019. The number of models included in each multi-model

averaging is indicated in brackets in the legend.
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Figure 4: (a) Evolution of future March Arctic sea-ice area for the multi-model mean averaged over

all models (thick black curve) and averaged over all models including the same ocean component

(coloured curves), based on the SSP5-8.5 scenario. (b) Same as (a) but with only the multi-model

means averaged over models including the NEMO (solid blue) and MOM (solid green) ocean

components, as well as the individual NEMO and MOM models represented as dashed blue and

green lines, respectively. The gray shading is the standard deviation around the multi-model mean

without selection. The number of models included in each multi-model averaging is indicated in

brackets in the legend.
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Figures

Figure 1

Evolution of future Arctic sea-ice area in (a) March and (b) September for the CMIP6 individual models
(thin gray curves) and the multi-model mean (thick blue curve), based on the SSP5-8.5 scenario.



Figure 2

Evolution of future Arctic sea-ice area in (a) March and (b) September for the multi-model mean averaged
over all models (thick black curve) and averaged over the models selected according to different criteria
(coloured curves), based on the SSP5-8.5 scenario. The gray shading is the standard deviation around the
multi-model mean without selection. The number of models included in each multi-model averaging is
indicated in brackets in the legend.



Figure 3

(a) March Arctic sea-ice area in 2096-2100 against 2015-2019 for the multi-model mean averaged over all
models (black dot, with the ensemble standard deviation as error bars) and the multi-models means
averaged over the models selected according to different criteria (coloured dots and crosses), based on
the SSP5-8.5 scenario. (b) Same as (a) for the September Arctic sea-ice area. (c) Same as (a) for the
March Arctic sea-ice volume. (d) Same as (a) for the September Arctic sea-ice volume. The relative
change in sea-ice area / volume between 2015-2019 and 2096-2100 is shown beside the different items
(not indicated if the change is -100 %). The dashed vertical lines show (a-b) the sea-ice area from OSI SAF
observations and (c-d) sea-ice volume from PIOMAS reanalysis in 2015-2019. The number of models
included in each multi-model averaging is indicated in brackets in the legend.



Figure 4

(a) Evolution of future March Arctic sea-ice area for the multi-model mean averaged over all models (thick
black curve) and averaged over all models including the same ocean component (coloured curves), based
on the SSP5-8.5 scenario. (b) Same as (a) but with only the multi-model means averaged over models
including the NEMO (solid blue) and MOM (solid green) ocean components, as well as the individual
NEMO and MOM models represented as dashed blue and green lines, respectively. The gray shading is
the standard deviation around the multi-model mean without selection. The number of models included
in each multi-model averaging is indicated in brackets in the legend.
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