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Abstract Over the past two decades, Arctic sea ice loss has slowed considerably, with no statistically
significant decline in September sea ice area since 2005. This pause is robust across observational data sets,
metrics, and seasons. Large-ensemble CMIPS5 and CMIP6 simulations reveal that such periods with minimal sea
ice decline under increasing greenhouse gas emissions are not unusual. Analysis of ensemble members that
simulate analogs of the observed pause indicates that the current slowdown could plausibly persist another five
to 10 years, although the chances of a faster-than-average decline are increased in the near-future. The modeling
evidence suggests that internal variability has substantially offset anthropogenically forced sea ice loss in recent
decades. Overall, this observed pause in Arctic sea ice decline is consistent with simulated internal variability
superimposed on the long-term trend according to the bulk of the climate modeling evidence.

Plain Language Summary Over the last 20 years, the decline of Arctic sea ice has slowed down
substantially. Climate models (from CMIPS and CMIP6) show that pauses in sea ice loss across multiple
decades can happen, even as greenhouse gas emissions continue to rise. When we compare the current
slowdown to similar pauses in model simulations, we see that it could plausibly continue for another five to
10 years, although the same slowdown makes a faster-than-average sea ice decline more likely in the coming
years. Most of the evidence from these climate models suggests that natural climate variations have played a
large part in slowing the human-driven loss of sea ice. However, it is not entirely certain whether changes in the
human influence on climate (the “forced response”) have also contributed. Overall, while it may sound
surprising that Arctic sea ice loss has slowed down even as global temperatures hit record highs, the climate
modeling evidence suggests we should expect periods like this to occur somewhat frequently.

1. Introduction

The loss of Arctic sea ice over the past half century is one of the most clear and well-known indicators of human-
induced climate change (Copernicus, 2024; IPCC, 2021). September sea ice area has nearly halved since the
beginning of the satellite era in 1979 (Fetterer et al., 2017; Stroeve & Notz, 2018), and during the same period,
estimated Arctic sea ice volume has decreased by over 10,000 km?® (Kwok, 2018). Record-breaking summer sea
ice minimums in 2007 (Stroeve et al., 2008) and 2012 (Parkinson & Comiso, 2013; J. Zhang et al., 2013) fueled
predictions, which with hindsight look overly alarmist, that the Arctic would experience its first ice-free summer
before 2020 (Maslowski et al., 2012; Wadhams, 2016). Adding to this, the Arctic has been warming up to four
times faster than the global average (Rantanen et al., 2022). It has been further proposed that global warming
might be accelerating, culminating in record breaking warmth in recent years (Hansen et al., 2025; Merchant
et al., 2025; Samset et al., 2023). As Arctic sea ice cover is strongly tied to global temperatures (Mahlstein &
Knutti, 2012; Notz & Stroeve, 2016), there would be little expectation of a multi-decadal slowdown in Arctic sea
ice loss. And yet, as we will show, such a slowdown has been occurring in the last two decades.

Recall that, over the past century, a period of increasing anthropogenic greenhouse emissions without sustained
sea ice loss—the mid-20th century (Walsh et al., 2017)—has already occurred. From the 1940s to the 1970s
Arctic sea ice cover expanded (Gagne et al., 2017). However, anthropogenic forcing in the mid-20th century was
very different compared to the one of the past two decades. Industrial aerosol emissions from Europe and North
America contributed substantially to the positive multi-decadal trend in Arctic sea ice area and associated Arctic
cooling in the mid-20th century (England et al., 2021; Fyfe et al., 2013; Gagne et al., 2017; Nafaji et al., 2015); but
these aerosol sources are far smaller today (Lund et al., 2019; Szopa et al., 2013) and a phase out of aerosol

ENGLAND ET AL.

1 of 11


https://orcid.org/0000-0003-3882-872X
https://orcid.org/0000-0003-1728-783X
https://orcid.org/0009-0007-4485-4613
mailto:m.england2@exeter.ac.uk
https://doi.org/10.1029/2025GL116175
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1029%2F2025GL116175&domain=pdf&date_stamp=2025-08-05

V od |
AGU

ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters 10.1029/2025GL116175

emissions from ship tracks have potentially contributed to enhanced global and Arctic warming since 2020
(Manshausen et al., 2022; Yoshioka et al., 2024). So, the lessons of the past may not be a reliable guide for
understanding current trends.

It is important to appreciate that the observed trend in Arctic sea ice cover over a given period is composed of a
contribution caused by anthropogenic emissions, denoted the forced response, and a contribution from unforced
fluctuations associated with internal climate variability (Dorr et al., 2023; England, 2021; England et al., 2019;
Shen et al., 2024; Sweeney et al., 2024). Anthropogenically-forced changes which may contribute to a reduction
in Arctic sea ice loss over the past two decades include a forced slowdown in the Atlantic Meridional Overturning
Circulation (Lee & Liu, 2023), and changes in the emissions from biomass burning, both in the magnitude
(Blanchard-Wrigglesworth et al., 2025), and the variability (DeRepentigny et al., 2022). One would imagine,
however, that the reduction of sulfur emission from shiptracks (Yoshioka et al., 2024) would lead to an accel-
eration rather than a deceleration of sea ice loss since 2020. Alternatively modes of climate variability which act
on multi-decadal timescales, such as the Atlantic Multi-decadal Oscillation (Deser & Phillips, 2021; Kerr, 2000)
and the Pacific Decadal Oscillation (Mantua & Hare, 2002), have an important imprint on Arctic sea ice. For
example, variability emanating from the Pacific sector (Baxter et al., 2019; Ding et al., 2018) or Atlantic sector
(Meehl et al., 2018) has been suggested to have substantially contributed to the rapid loss of Arctic sea ice during
the 2000s (England et al., 2019). Several recent studies (Dorr et al., 2023; Shen et al., 2024; Siew et al., 2024),
based on different methods, conclude that internal variability is at least as important as anthropogenic forcing,
perhaps more, for explaining the steep decline in that period. Needless to say, internal variability can damp sea ice
loss trends as well as strengthen them. For instance, Yeager et al. (2015) correctly predicted a slowdown of winter
Atlantic sector sea ice loss for the past decade based on predictability from oceanic conditions linked to the North
Atlantic Oscillation.

In fact, it has been found in climate model simulations that internal climate variability can totally counteract the
forced loss of Arctic sea ice, resulting in periods of simulated sea ice growth under increasing anthropogenic
emissions. Kay et al. (2011) were among the first to demonstrate, in a single climate model, that positive trends in
Arctic sea ice extent on multi-decadal timescales were possible until the middle of this century. They found, using
a limited ensemble size of six members, that two members exhibited statistically insignificant trends in September
for the period 1979-2005 due to a cancellation between the forced response and internal climate variability.
Motivated by the as-of-then brief pause in September Arctic sea ice loss for the period 2007-2013, Swart
et al. (2015) analyzed the CMIPS5 archive and showed that seven-year pauses occurred frequently in model
simulations, and concluded that such episodes are an expected feature of Arctic sea ice trajectory, even in a high
emissions scenario. This study also demonstrated that pauses in sea ice loss on multi-decadal timescales remain
plausible, and relatively frequent, over the coming century under a medium- or low-emissions scenario. Looking
back from the vantage point of 2025, the model-based studies of Kay et al. (2011) and Swart et al. (2015) now
appear remarkably prescient with regards to the plausibility of a sustained slowdown in Arctic sea ice loss.

In this paper, we document the recent observed multi-decadal pause in Arctic sea ice loss and address the
following questions:

1. How pervasive and robust is this pause in Arctic sea ice loss?

2. Are comprehensive climate models able to capture this observed phenomenon, and if so how likely is it
suggested to be?

3. How long could this observed pause plausibly persist for?

4. What is the role of anthropogenic forcing versus internal climate variability in contributing to the slow rate of
sea ice loss?

We would like to underscore that pause or slowdown are used interchangeably to refer to an extended period with
little or no decline in sea ice cover, due to the observed realization of multi-decadal climate variability on top of
the response to anthropogenic forcing, temporarily interrupting the ongoing long-term reduction in Arctic sea ice.
This does not imply a cessation of human-induced climate change and, instead, it is likely that sea ice would have
increased over this period without human influence.
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Figure 1. (a, b) Observed September sea ice extent [10° km?] 1979-2024, (c, d) 20 year-trends of September sea ice extent
[109 km?/decade] with varying end year from 1998 to 2024, in which the red shaded envelope shows the bounds inside which

a linear trend is not statistically significant according to a #-test at 95% confidence and (e, f) the 20 year-trends of sea ice extent
with varying end years but for each month of the year, with stippling showing statistically significant declines at a 95%
confidence level. The left column (a, c, €) shows the NSIDC sea index (Fetterer et al., 2017) and the right column (b, d, f) shows
the OSISAF sea ice index (OSI-420, 2023).

2. Data and Methods

To investigate the evolution in Arctic sea ice cover, we utilize both the NSIDC (Fetterer et al., 2017) and the
OSISAF (0OSI-420, 2023) sea ice indices. Both are continually updated data records of the Arctic sea area and
extent, for the period 1979—present, derived from satellite measurements. We focus on Arctic sea ice extent, due
to discrepancies in the sea ice area between the two products at the start of the satellite record (Meier & Stew-
art, 2019), however we have also analyzed sea ice area and the main results of this paper are unchanged
(Figures la and 1b and Figure S1 in Supporting Information S1). For understanding changes in the simulated
Arctic sea ice volume we utilize the Pan-Arctic Ice Ocean Modeling and Assimilation System (PIOMAS) product
(Schweiger et al., 2011).
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To investigate the frequency and length of pauses in Arctic sea ice loss in comprehensive climate model simu-
lations, we here analyze all available large ensemble simulations from the CMIP5 and CMIP6 archive. Any model
with at least 10 members is used, as summarized in Table S1 in Supporting Information S1. For the CMIPS
models, we use historical simulations which terminate at the year 2005, followed by the ScenarioMIP simulations
with a range of Representative Concentration Pathways (RCPs). For the CMIP6 models, we use historical
simulations up to the year 2014, followed by ScenarioMIP simulations with a range of Shared Socioeconomic
Pathways (SSPs).

The main approach for analyzing simulated changes in Arctic sea ice cover is to compute the linear trend for the
20-year period 2005-2024 for each individual member available for each model, as motivated by the observed
changes (Section 3.1). This gives a range of 10-100 members to examine the spread of simulated trends for each
model and scenario. The main definition of pause used in this study is motivated by the observed 2005-2024
September sea ice extent trends (>—0.29 million km?/dec, taking the most conservative estimate from obser-
vations). We also use an alternative definition—trends which are not statistically significant at the 95% confi-
dence level—to ensure that this specific observed threshold does not overly influence the results. This secondary
definition contains information about the signal-to-noise ratio, and so is complementary to the trend threshold
definition. However, we find that both definitions produce consistent results. When we report multi-model av-
erages, we do so by using a square-root weighting scheme to take account of the number of members in each
ensemble (see Supporting Information S1 for a detailed explanation).

3. Results
3.1. A Robust and Sustained Pause in Arctic Sea Ice Loss

We first investigate the recent observed trends in Arctic sea ice cover, focusing on the annual minimum,
September. The trend of September Arctic sea ice extent for the most recent two decades 2005-2024 is —0.35 and
—0.29 million km? per decade according to the NSIDC and OSISAF sea ice indices respectively (Figures 1a and
1b). The key point, we emphasize, is that these trends are not statistically significantly different from zero at a 95%
confidence level. This is also seen in Figures 1c and 1d where 20-year trends are plotted versus the end year: note
how trends ending in 2024 retreat inside the uncertainty envelope. According to the OSISAF record, the
2005-2024 trend is the slowest rate of sea ice area loss over any 20-year period since the start of the satellite
record, and second slowest for the NSIDC record. For both data sets, this insignificant trend is four to five times
smaller than the peak 20-year sea ice loss trend recorded (1993-2012). These results are robust to the choice of sea
ice area or sea ice extent (Figure S1 in Supporting Information S1). The slowdown in September sea ice loss
mainly occurs in the Pacific and Eurasian sector, from the Beaufort Sea westward to the Barents Sea (not shown).

While sea ice loss in September is of particular interest because that month is the annual minimum, the current
pause in Arctic sea ice loss is seen in every single month throughout the year, as shown in Figures 1e and 1f. This
suggests that the underlying mechanism(s) must explain not just the summer trends (R. Zhang, 2015; Francis &
Wu, 2020) or winter trends (Yeager et al., 2015), but sea ice trends throughout the entire year. We speculate that a
negative sea ice thickness feedback and changes in ocean heat transport convergence near the sea ice edge could
play important roles (Bitz et al., 2005; Oldenburg et al., 2024; Polyakov et al., 2023; Sumata et al., 2023).

The same picture—indicating a severe slowdown in Arctic sea ice loss—also emerges when considering sea ice
volume. The loss of Arctic sea ice volume has stalled for at least the past 15 years (Figure S2 in Supporting
Information S1), consistent with previous work (J. Zhang, 2021). For the period 2010-2024, the simulated annual
mean Arctic sea ice volume has an approximately flat trend, decreasing by only 0.4 million km® per decade, a
value that is seven-times smaller than the long-term simulated loss for the period 1979-2024 of 2.9 million km®
per decade, and again is not statistically significant. This result is most evident in the Barents Sea (Onarheim
et al., 2024).

Various aspects of this pause in Arctic sea ice loss have been documented in recent studies (Polyakov et al., 2023;
Stern, 2025; Sumata et al., 2023), building a consistent picture of a thinner ice cover which has remained basically
unchanged since the late 2000s. Altogether, strong observational evidence reveals a sustained and pervasive pause
in Arctic sea ice loss over the recent 15-20 years, highly robust to the choice of sea ice metric, observational
product, and season, and we are led to ask: is such a pause unexpected? To answer that question we turn to
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analyzing comprehensive climate model simulations. We seek to determine if they are able to capture pauses such
as the observed one and, if so, to establish if such pauses are exceedingly rare or relatively frequent events.

3.2. Comprehensive Climate Models Suggest 20-Year Pauses Are Not Rare

To understand whether comprehensive climate models can simulate a multi-decadal pause of Arctic sea ice loss,
we search through the CMIPS5 and CMIP6 large ensemble archive to identify members which exhibit ice loss
pauses. Consistent with previous studies (Kay et al., 2011; Lee & Liu, 2023; Swart et al., 2015), we find that
nearly all models can simulate reductions in September Arctic sea ice area smaller than observed during the period
2005-2024. The two models which do not feature any such trends, UKESM1-0-LL and CanESM5-1, are both
models with large climate sensitivities (Meehl et al., 2020), for which overly strong anthropogenically-forced sea
ice loss does not allow for pauses such as the observed one.

Figure 2a shows the percentage of members with less sea ice loss than observed. The main result here is that the
multi-model average suggests a nearly 20% chance of this pause in Arctic sea ice loss (Figure 2a, column 1).
However, we note a large spread across the CMIP5 and CMIP6 models, with the probability of a smaller-than-
observed 2005-2024 trend varying from 0% and approximately 40%.

The central estimated value of nearly 20% doesn't change substantially if models are selected following the
criteria from Notz and SIMIP Community (2020), or according to their climate sensitivity (Sherwood
et al., 2020), or using models according to their ability to simulate climatological sea ice conditions, or how
sensitive they are to the biomass burning variability in the CMIP6 forcing (DeRepentigny et al., 2022) (Figure 2a,
column 2-5). The central estimate is only slightly higher if we assess the probability of a non-statistically sig-
nificant trend (Figure S3 in Supporting Information S1). Therefore from the multi-model perspective, what we
have observed in the Arctic over the past two decades is not a rare event, but rather one that should be expected to
happen with reasonable frequency. This result is insensitive to how models are sub-selected, to the metric of
interest, or to the choice of sea ice extent or area (compare Figure S4 in Supporting Information S1 and Figure 2).
This then raises the question of whether this pause in Arctic sea ice loss could continue and for how long.

3.3. The Observed Pause in Sea Ice Loss Could Foreseeably Continue for Another Decade

To investigate how much longer this current pause is likely to last into the future, we now examine those large
ensemble members which do exhibit minimal sea ice loss in the period from 2005 to 2024 (Figure 2a), and
quantify how long the simulated slowdowns persist in the future (Figure 2b). The multi-model average suggests
that pauses in September sea ice loss for the period 2005-2024 have a nearly 1 in 2 chance of persisting for a
further 5 years, and a 1 in 4 chance of persisting for a further 10 years (note, however, the considerable intermodel
spread of +25%). Higher emissions scenarios typically tend to show slightly lower probabilities of sustaining the
muted pace of Arctic sea ice loss in the future.

On average, the sea ice extent in ensemble members which simulate pauses in sea ice loss for the period
2005-2024 is 0.6 million km? larger in 2025 than in ensemble members from the same models and scenarios in
which there is no pause (Figure 2c). This source of predictability mostly decays within a decade in the multi-
model mean, and after that the September sea ice area in ensemble members with and without pauses are
indistinguishable from each other.

To ensure robust estimates, we included only models with at least five ensemble members simulating sea ice
pauses during 2005-2024. This selection may bias our results toward models with larger ensembles or those more
frequently simulating pauses. The probability of a sea ice loss pause in this subset, closer to 25%, is slightly higher
than the estimate from all models. Thus, if the observed slowdown is in fact rare, our approach could overestimate
its persistence. Nonetheless, over two-thirds of suitable models are included, and our findings align with previous
research indicating that multi-decadal pauses in sea ice loss remain plausible in the late 21st century under
medium emissions scenarios (Swart et al., 2015).

Whilst we have outlined the chance of the pause in sea ice loss persisting, all simulations suggest that sea ice
conditions will inevitably revert back toward the longer term forced sea ice loss trend. In fact, there is substantial
agreement among the model simulations that, for the five year period following the identified pause (2024-2028),
members with pauses exhibit a more rapid loss of sea ice extent than members without pauses (comparing red and
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Figure 2. (a) The percentage of ensemble members [%] for each ensemble that have 2005-2024 September sea ice extent
trends more positive than the observed value. The uncertainty estimate is calculated by Monte Carlo simulation with
replacement. All simulations are shown on the left, with different selection criteria (that outlined in Notz and SIMIP
Community (2020), the 5%—95% and 66% range of ECS (Sherwood et al., 2020), the climatological sea ice extent, and
CMIP6 models identified as non-sensitive to biomass burning emissions by DeRepentigny et al. (2022)) applied on the right.
(b) The conditional probability across each ensemble for the trends longer than 20 years starting in 2005 to continue to be
above —0.29 10° km?/decade for a given end year. (c) The ensemble-mean difference in September sea ice extent [10° km?]
between ensemble members with and without ice loss pauses over 2005-2024 for the period 2025-2050. For panels (b) and
(c) only models and scenarios with at least five members with 2005-2024 trends above observed were included, with the black
line shows the weighted average according to Equation S1 in Supporting Information S1. In all panels, each color represents a
model and each symbol represents a different forcing scenario.

blue markers in Figure S5 in Supporting Information S1). The multi-model average indicates that sea ice loss

could be 0.6 million km? per decade faster than the broader long-term decline.

Taken together, the wealth of available CMIP5 and CMIP6 simulations suggest it is possible that the present
pause in sea ice decline may continue for a further 5-10 years, which would be consistent with timescales of
Pacific ocean variability (Screen & Deser, 2019). If that were the case it may then imply the occurrence of an early
ice-free Arctic is less likely than raw model output would suggest (Arthun et al., 2020; England & Polvani, 2023;
Jahn et al., 2016, 2024; Wang et al., 2021). However, we find that the existence of this slowdown also predisposes
the sea ice cover for a more rapid decline in the near future.
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Figure 3. The ensemble mean trend in September sea ice extent for the period 2005-2024 for each model and scenario
(horizontal axis) versus the ratio of ensemble mean trends in September sea ice extent for the periods 2005-2024:1986-2005
(vertical axis) with the black dotted line indicating a ratio of 1.0. Observational estimates of the 2005-2024 trend and the ratio
of 2005-2024:1986-2005 trends are shown as gray lines (dashed line for NSIDC, solid line for OSISAF). Note that this does
not imply that the observed trends are estimates of the forced response in the real climate system.

3.4. Climate Models Suggest an Important Role for Climate Variability

Whether the present slowdown persists in the future or not, one final question remains to be answered: is the
recent pause a response to anthropogenic forcings alone, or is there an important role for internal climate vari-
ability? When attempting to isolate the forced component of any observed trend from internal variability, it is
important to keep in mind that—assuming the model simulations faithfully capture a plausible reality—the ob-
servations are expected to have the same broad features as individual ensemble members, that is that they are a
combination of a forced trend plus one particular realization of internal variability (although one doesn't expect
the observations to precisely match any one member). Given the well-established importance of internal climate
variability in Arctic sea ice trends (Dorr et al., 2023; England et al., 2019; Kay et al., 2011; Swart et al., 2015), we
next assess whether a change in the forced response could also be substantially contributing to the observed pause
in ice loss.

First, we show the forced September sea ice loss for the period 2005-2024 as estimated by the linear trend of the
ensemble mean for each model and scenario (Figure 3, horizontal axis). We find there are only two model/
scenario combinations (GFDL-ESM2M RCP8.5 and CESM2 SSP3-7.0) for which the forced trend is estimated to
entirely explain observed trends in ice loss (shown in Figure 3, as gray vertical lines) with minimal role for
internal variability. Over 85% of the models we analyze here have a larger forced sea ice loss for this period than
observed (as they lie to the left of the observed trends), implying that internal variability has acted to reduce the
pace of ice loss.

Second, we ask: is there evidence that the forced response itself is slowing down relative to the previous two
decades? On the vertical axis of Figure 3, therefore, we plot the ratio of the 2005-2024 forced trend to that of the
preceding 20 years, 19862005, for each model and scenario combination: a ratio of 1 indicates no change in the
pace of ice loss, >1 indicates an acceleration and <1 indicates a deceleration. Again we find that only GFDL-
ESM2M RCP8.5 and CESM2 SSP3-7.0 suggest that the reduction in the forced trends accounts entirely for
the observed slowdown. While the results from all the other models agree that this observed pause is not entirely a
forced response, the remaining models are relatively evenly split (Figure 3): roughly half the models suggest that
the forced sea ice loss trend has modestly decelerated over the past two decades relative to the prior two decades,
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and roughly half suggest it has modestly accelerated. Examining the ensemble mean sea ice cover in each model
(Figure S6 in Supporting Information S1) confirms that most models show no discernible evidence for a forced
slowdown over the last two decades.

In summary then: while the modeling evidence is uncertain as to whether anthropogenic forcings account—even
in part—for the recent pause in Arctic sea ice loss, it is very likely that internal climate variability is contributing
to the slowdown in an important way.

4. Conclusion and Discussion

It is perhaps surprising that while global temperatures have risen rapidly, reaching record levels in the last few
years, Arctic sea ice cover has shown no statistically significant decline over the past two decades. Nonetheless,
analyzing two observational data sets and thousands of simulations from the CMIP5 and CMIP6 archives, we
have established the following facts, which address the four questions raised in the introduction:

1. The pervasive slowdown of Arctic sea ice loss is robust across the choice of definitions, observational data set,
and season.

2. This observed pause in ice loss is simulated relatively frequently (a nearly 20% chance) in climate models, and
is thus to be expected even under high emission scenarios.

3. If model simulations are accurate, the recent pause may plausibly continue for an additional five to 10 years.
However, this pause also heightens the risk of a more rapid decline in sea ice cover in the coming years.

4. Nearly all models analyzed suggest an important role for internal climate variability in slowing the
anthropogenically-forced sea ice loss.

Returning to the relative contributions of human influence and internal variability, our results indicate that if the
slowdown is in fact a predominantly anthropogenically forced episode there must be either some missing forcing
or common model deficiency in response to known forcings. We find that the recovery of Arctic sea ice in
CESM2 in response to the prescribed variability of biomass burning emissions (DeRepentigny et al., 2022;
Fasullo et al., 2022) is not broadly replicated by other CMIP6 models (Figure S6 in Supporting Information S1)
and so is unlikely to explain the current pause. One potential missing forcing is the increase in boreal forest fires,
not incorporated in standard scenarios. The recent study of Blanchard-Wrigglesworth et al. (2025) finds that
incorporating recent biomass burning emissions into CESM2 leads to a rapid recovery of September sea ice cover
during the period of interest. However, due to specifics of the simulation of polar clouds in CESM2 (Davis &
Medeiros, 2024; DeRepentigny et al., 2022; England & Feldl, 2024; Zhu et al., 2022), and a seemingly opposite
result from similar experiments with a different model (Zhong et al., 2024), further experiments with a wider
range of models are needed to understand the role changes in biomass burning have had on observed Arctic sea ice
trends.

Going forward, how can we use what we have learned about the recent pause in Arctic sea ice loss? First, if
internal variability has played an important role then the present slowdown could provide a source of future
predictability of Arctic climate change in the same manner as Yeager et al. (2015) (see our Figure S5 in Sup-
porting Information S1). Some studies (Stern, 2025; Sumata et al., 2023) have characterized this period as a
regime shift in Arctic sea ice cover, which may also help to narrow sea ice trend projections. Second, the pause
period could be used as an out of sample test in future climate model evaluation—Ilike the early and middle
periods of the 20th century (Bianco et al., 2024; Chen & Dai, 2024; Flynn et al., 2023). Nonetheless, the results of
our study is a reminder that one needs to be cautious about multi-decadal predictions of the climate system,
especially in highly variable regions such as the Arctic. Standing in 2007 or 2012 after having experienced yet
another year of record loss and listening to assessments that climate models are flawed in their ability to reproduce
the rapid loss of Arctic sea ice (Stroeve et al., 2007), it would take a rather brave person to have predicted that a
sustained slowdown in ice loss was around the corner, although, as we have shown, and several studies have
documented (Kay et al., 2011; Swart et al., 2015; R. Zhang, 2015), the current pause is entirely consistent with the
state-of-the-art model simulations.
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