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Abstract During late February and early March 2018, an unusual polynya was observed off the north coast
of Greenland. This period was also notable for the occurrence of a sudden stratospheric warming. Here we
use satellite and in situ data, a reanalysis and an ice-ocean model to document the evolution of the polynya
and its synoptic forcing. We show that its magnitude was unprecedented and that it was associated with
the transient response to the sudden stratospheric warming leading to anomalous warm southerly ﬂow in
north Greenland. Indeed, regional wind speeds and temperatures were the highest during February going
back to the 1960s. There is evidence that the thinning sea ice has increased its wind-driven mobility.
However, we show that the polynya would have developed under thicker ice conditions representative of the
late 1970s and that even with the predicted trend toward thinner sea ice, it will only open during enhanced
southerly ﬂow.

Plain Language Summary In late February 2018, satellite imagery revealed the presence of a large
polynya (a region of reduced sea ice cover within the pack), in the Wandel Sea off the north coast of
Greenland. Since this region is not known for the development of polynyas, this discovery generated interest
among Arctic observers and in the science community, raising questions about the nature and cause of this
unusual event. In this paper, we show that its opening coincided with a period of sustained and unusually
warm winds from the south, with above-freezing temperatures and wind speeds in excess of 25 m/s reported
at local weather stations. February 2018 was also notable for a sudden stratospheric warming event, in which
an abrupt warming of the atmosphere between 10- and 50-km altitudes occurred in conjunction with a
reversal of the stratospheric winds. We show that this event was responsible for the polynya. We also use a
computer model to conﬁrm the dominant role of the winds in creating the polynya. Finally, we show that
even with future thinning of sea ice due to climate change, extreme winds will remain necessary to create a
polynya in this region over the next few decades.

1. Introduction
Media reports indicated that the month of February 2018 was characterized by a period of above-average
surface air temperatures in the Arctic (Meyer, 2018; Samenow, 2018). Unlike recent midwinter warmings
that had their largest magnitudes to the east of the Greenwich Meridian (Moore, 2016; Rinke et al.,
2017), these reports indicated that the warming was centered on north Greenland (Samenow, 2018)
and that coincident with it was the development of a polynya over the Wandel Sea (Meyer, 2018), the
marginal sea of the Arctic Ocean that lies between the Lincoln Sea to the west and the Fram Strait to
the east. This is a region where polynyas have not been previously reported to occur (Barber &
Massom, 2007; Morales Maqueda et al., 2004).
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During February 2018, media reports also indicated that a sudden stratospheric warming (SSW) event also
occurred (Dukes, 2018; Yeginsu, 2018). During such an event, the Northern Hemisphere upper stratosphere
undergoes a rapid increase in temperature as well as a collapse of the polar vortex leading to easterly ﬂow
that descends to the surface over an ~2-week period (Baldwin & Dunkerton, 2001). A typical SSW lasts for
~20 days, although its impacts on the troposphere can persist for up to ~60 days (Charlton & Polvani,
2007). This time-mean surface response is typically characterized by conditions representative of the negative phase of the North Atlantic Oscillation (NAO), with high pressure over Greenland and the Arctic Ocean
and low pressure over southern Europe and the central North Atlantic Ocean (Butler et al., 2017).
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In this paper, we document the evolution of the polynya and diagnose the mechanisms responsible for its
formation, including the role played by the SSW.

2. Data and Methods
We use sea ice concentration data from the NOAA/NSIDC climate data record, based on the SMMR, SSM/I, and
SSMIS instruments at 25-km resolution from 1979 onward (Meier et al., 2014), as well as the University of
Bremen’s ASI data set, based on the AMSRE and Advanced Microwave Scanning Radiometer 2 instruments
at 6.25-km resolution from 2002 onward (Spreen et al., 2008).
The Danish Meteorological Institute (DMI) operates two weather stations in north Greenland (Cappelen,
2018) at Station Nord (SN: 81.6°N; 16.65°W, 1961 to present) and Kap Morris Jessup (83.65°N; 33.37°W, 1985
to present). For the purposes of this paper, the surface pressure, air temperature, wind speed, and wind direction at these stations were sampled every 3 hr throughout their respective periods of operation.
The Pan-Arctic Ice Ocean Modeling and Assimilation System (PIOMAS) will be used to provide information on
the processes responsible for the development of the polynya (Zhang & Rothrock, 2003). The standard
PIOMAS run (SPINUP) assimilates satellite sea ice concentration and was used to provide initial conditions
for the model runs described in this paper (Schweiger et al., 2011). These runs are driven by the NCEP/
Reanalysis atmospheric forcing (Kalnay et al., 1996) over the period 1 January to 31 March 2018, with various
initial sea ice conditions and forcings. We conducted a control run (CNTRL) and a series of sensitivity runs
(Table S1 in the supporting information) for which no data assimilation was performed so as to allow the
model to freely evolve without observational constraints, similar to Zhang et al. (2013). Runs were selected
to address how the 2018 polynya relates to conditions in the past (when sea ice was thicker and warm air
advection was weaker) and in the future (when sea ice is predicted to be thinner). To represent “future
ice”, we initialized a run with 1 January 2035 sea ice conditions estimated from a run under the IPCC A2 emission scenario (Zhang et al., 2010). The sea ice thickness ﬁelds on 1 January 1979, 2018, and 2035 that were
used to initialize the various runs are shown in Figure S1, and information on the sea ice thicknesses is provided in Table S1. To test the effect of wind forcing, we reduced surface winds by 25% and 50% from 2018
values during 15 February to 1 March. Finally, to test the effect of the warm temperatures during the polynya
opening, we also performed a run with colder thermal forcing from 1979. Table S1 provides information on
the differences in surface air temperatures for 1979 and 2018. It should be noted that PIOMAS is not coupled
to an atmospheric model and so it will not fully capture the air-sea interactions associated with the evolution
of the polynya. In addition, the sensitivity runs are not meant to be an exhaustive sampling of phase space
nor predictions of future behavior.

3. Results
3.1. The 2018 analysis
Figure 1 shows the evolution of the February 2018 Wandel Sea polynya as well as placing this event in a
longer-term context. On 6 February (Figure 1a), the sea ice concentration in the region was close to 100%.
On 16 February (Figure 1b), a ﬂaw lead had developed along the north coast of Greenland midway between
the two DMI stations. Rapid expansion into a large polynya subsequently occurred, with it reaching a maximum extent around 25 February (Figure 1c), and by 8 March (Figure 1d) the sea ice concentrations in the
region had returned to climatological values. A comparison with observed sea ice concentrations and the
PIOMAS SPINUP and CNTRL runs (Figure S2) indicates that the model is able to represent the reduced ice
cover associated with the polynya.
Figure 1e shows a gradual increase in polynya size from 16 to 21 February, followed by a rapid expansion to a
maximum extent around 25 February; the AMSR2 data set had the maximum opening on the 26th, while the
NSIDC CDR and the PIOMAS CNTRL run had it on the 25th. This expansion was followed by a steady reduction
in size until its closing on 8 March. The time series of the minimum sea ice concentration in the region of interest during February from the two satellite data sets as well as the PIOMAS CNTRL run are displayed in
Figure 1f. Similar results were obtained for other diagnostics. All data sets indicate that previous, smaller,
events occurred during February 2011 and 2017. Consideration of the entire winter period, from
November to March, conﬁrms the anomalous nature of the February 2018 event (Figure S3). There is
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Figure 1. Evolution of the 2018 Wandel Sea polynya. AMSR2 sea ice concentration (%) on (a) 6 February 6, (b) 16 February, (c) 25 February, and (d) 8 March 2018 with
the locations of the DMI weather stations at Station Nord and Kap Morris Jesup indicated by the “*” and “+”, respectively. (e) Time series of the AMSR sea ice concentration (black curve—%) averaged over the polygon in panels in (a)–(d) and the climatological mean (blue line) with one (blue dotted lines) and two (blue
dashed lines) standard deviations above/below the mean. (f) Time series of the minimum sea ice concentration averaged over the polygon in panels (a)–(d) during
February for the NSIDC CDR (1979–2018) and the AMSR (2003–2018) data sets as well as the PIOMAS control run. DMI = Danish Meteorological Institute;
PIOMAS = Pan-Arctic Ice Ocean Modeling and Assimilation System.

variability among the time series with respect to sea ice concentration in the region that is most likely the
result of differences in inputs and the resolution of the two observational data sets (Ivanova et al., 2015) as
well as model biases (Schweiger et al., 2011).
Figure 2 shows that typical wind speeds at the two DMI stations in the region (Figure 1) tend to be low, reﬂective of the region being far from the primary North Atlantic storm track (Moore et al., 2018). Starting around
16 February, air temperatures at the two sites began to increase in association with enhanced southerly ﬂow
that was modulated by the passage of two deep cyclones between the 22nd and the 26th. Indeed, during 16
to 26 February, air temperatures at both sites exceeded 0 °C on numerous occasions, multiple standard deviations above the mean. At SN, southerly ﬂow was present during this period with wind speeds in excess of
25 m/s. In fact, these were the highest wind speeds and warmest temperatures ever observed at SN during
February since 1961. Wind data at Kap Morris Jessup were not available for the period of the
polynya opening.
As noted above, the period of interest was one in which an SSW also occurred. Figure 3a shows the index
used to characterize these events, the SSW Index, calculated using the NCEP Reanalysis, deﬁned as the

MOORE ET AL.

3

Geophysical Research Letters

10.1029/2018GL080902

Figure 2. Meteorological observations at Danish Meteorological Institute stations in North Greenland during the evolution of the 2018 Wandel Sea polynya. Time
series of the sea level pressure (mb) at (a) Station Nord and (b) Kap Morris Jessup, the 2-m air temperature (°C) at (c) Station Nord and (d) Kap Morris Jessup, the
(e) 10-m wind speed (m/s), and (f) the meridional component of the 10-m wind (m/s) at Station Nord. For the 2-m air temperature time series, 0 °C is indicated by the
red dashed line. The climatological mean values (blue lines) as well as 1 (dashed blue lines) and 2 (dotted blue lines) standard deviations above and below the mean
are also shown. For Station Nord, the climatology is based on 1961–2017, while for Kap Morris Jessup, it is based on 1985–2017.

daily mean zonal mean zonal wind at 60°N and 10 mb (Charlton & Polvani, 2007). The SSW began on 12
February, when this index went negative and persisted through the end of February. A measure of the
strength of an SSW, the difference in the area-weighted temperature at 10 mb north of 50°N 5 days after
and before the onset of the SSW, exceeded 14 °C during this event. This value is one of the largest for all
observed SSWs since 1958 (Charlton & Polvani, 2007; Palmeiro et al., 2015).
Figure 3b shows the NAO Index, also calculated using the NCEP Reanalysis, (Barnston & Livezey, 1987) and
indicates that the period of interest was characterized by a transition from NAO positive conditions before
26 February to NAO negative conditions afterward. The lag between the onset of the SSW and its typical surface expression, that is, NAO negative conditions (Kolstad et al., 2010), is reﬂective of the time it takes the signature of the SSW to propagate from the upper stratosphere to the surface (Baldwin & Dunkerton, 2001).
This evolution of the tropospheric response to this SSW can be seen in Figures 3c–3f which show meridional
height cross sections of the geopotential height and temperature anomalies along 80°N. On 9 February 2018,
prior to the onset of SSW, it indicates that negative height anomalies were present throughout the atmosphere west of 45°W (Figure 3c). After its onset on 12 February 2018, there was a warming of the stratosphere
to the east of 45°W that was associated with positive height anomalies (Figure 3d). Over the next 2 weeks, this
height anomaly descended toward the surface (Baldwin & Dunkerton, 2001). On 25 February 2018, the descent of the SSW anomaly along with the preexisting negative height anomalies over the western Arctic
resulted in a surface meridional pressure gradient in the vicinity of north Greenland and a surface trapped
warming (Figure 3e). By early March 2018, positive height anomalies, consistent with the observed NAO
negative conditions, were present in the vicinity of north Greenland (Figure 3f).
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Figure 3. Spatial and temporal variability in the meteorology during the 2018 Wandel Sea polynya. Time series of (a) the sudden stratospheric warming index (m/s)
and (b) the NAO index. Meridional-height anomalies in the geopotential height (m—contours) and temperature (°C—shading) along 80°N on (c) 9 February, (d) 12
February, (e) 25 February, and (f) 4 March 2018. Sea level pressure (mb—contours), 2-m air temperature (°C—shading), and 10-m wind (m/s—vector) anomalies
during (g) the ﬁrst half of February 2018, (h) the second half of February 2018, and (i) the ﬁrst half of March 2018. All data are based on the NCEP Reanalysis. The
anomalies are based on the years1948–2017.

This transient response at the surface can be seen more clearly in Figures 3g–3i. During the ﬁrst half of
February, there were anomalously low sea level pressures in the vicinity of Iceland and Greenland that,
along with a region of high pressure over the southern Barents Sea, resulted in enhanced southerly ﬂow
toward Spitzbergen (Figure 3g). This led to anomalously warm surface air temperatures over the northern Barents Sea. During the second half of February, the region of high pressure, which was associated
with the SSW, moved westward and strengthened (Figure 3h). This anomaly, along with continued low
pressures over the eastern Arctic, resulted in a strong meridional pressure gradient along the east coast
of Greenland that led to enhanced warm southerly ﬂow observed at the DMI stations (Figure 2). By the
ﬁrst half of March, the situation was similar to the typical surface response to a SSW with high pressure,
that is, NAO negative conditions, extending across subpolar North Atlantic and Greenland
regions (Figure 3i).
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Figure 4. Structure of the 2018 North Greenland Polynya as represented in PIOMAS. The sea ice thickness (m) on 25 February 2018 for (a) the control run, (b) the
sensitivity run initialized with sea ice thickness from 1 January 1979, (c) the sensitivity run with winds during the second half of February reduced by 25%,
(d) the sensitivity run with winds during the second half of February reduced by 50%, (e) the sensitivity run with sea ice thickness from 1 January 2035 and winds
during the second half of February reduced by 25%, and (f) the sensitivity run with sea ice thickness from 1 January 2035 and winds during the second half of
February reduced by 50%.

3.2. Sensitivity Experiments
Would this polynya have occurred if sea ice was still as thick as it was in 1979? Will future thinning of sea ice
make it more likely for this polynya to occur, even under less extreme wind forcing? What was the role of
warm air advection in the development of the polynya?
Figure 4 shows the sea ice thickness on the date of maximum polynya extent (i.e., 25 February 2018) from the
CNTRL and ﬁve sensitivity runs. The CNTRL run, Figure 4a, clearly shows the development of a region of
reduced sea ice thickness over the Wandel Sea in the same region as the observed polynya (Figure 1).
When the initial 1 January ice thickness is increased to 1979 values, Figure 4b, we also see a development
of a smaller polynya with thicker sea ice as compared to CNTRL. With 2018 sea ice conditions, reducing the
wind speeds during the second half of February by 25%, Figure 4c, still results in a polynya (albeit smaller
in size than for the CNTRL run), while a reduction to 50% of the original wind speed, Figure 4d, shows only
minor changes in the region of interest. On the other hand, reducing the initial 1 January ice thickness to
2035 values had little effect on polynya formation as compared to the 2018 runs (Figures 4e and 4f).
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Figure 5. Pan-Arctic Ice Ocean Modeling and Assimilation System sea ice concentration (%) and sea ice thickness budget (m/day) during the period 1 February to 5
March 2018 over the region of interest for (a) the control run and (b) the sensitivity run with 1979 thermal conditions.

Figure 5 shows the time series of the sea ice concentration as well as the sea ice thickness budget (Zhang
et al., 2008) from the CNTRL run and the sensitivity run using 1979 thermal forcing. The CNTRL run,
Figure 5a, shows polynya size slowly increasing starting on 11 February and then more rapidly ~9 days later,
with maximum extent on 25 February and then a steady reduction to closing in early March. This evolution is
consistent with that of the observed polynya, Figure 1e, with the differences attributable to resolution, satellite retrieval issues, and/or model biases. The thickness budget shows that the change was due to ice motion
in response to the wind forcing was the largest contributor to the polynya formation even as ice production
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occurred throughout the period. There was also some ice melt due to entrainment of ocean heat from below
the mixed layer, driven by local winds and ice growth and enhanced by upwelling (Figure S4). With 1979 thermal forcing that represents a mean surface air temperature during the period of interest of 38 °C as compared to 10 °C during 2018, Figure 5b, the polynya had a similar evolution to the CNTRL run, albeit with
higher sea ice concentrations as compared to the CNTRL run. The reason for this can be seen in the enhanced
ice production due to colder surface air temperatures and enhanced loss of heat to the atmosphere.

4. Discussion
Late February to early March 2018 was remarkable for the occurrence of a polynya in the Wandel Sea off the
coast of north Greenland in a region not previously recognized for such events (Figure 1). We have shown
that the period of its opening coincided with a period of sustained anomalously warm southerly ﬂow that
resulted in above freezing temperatures and wind speeds in excess of 25 m/s at local weather stations
(Figure 2). This is different from the recently observed transient North Pole minwinter warmings (Moore,
2016; Rinke et al., 2017). February 2018 was also notable for the SSW that began on the 12th. We have shown
that the transient surface response to this event was responsible for the high winds and warm temperatures
during the period of the polynya’s opening with the period of its closing associated with the transition to
NAO negative conditions characterized by colder temperatures and weaker winds (Figures 2 and 3).
There is evidence that previously unreported polynyas in the region have formed during previous winters
(Figures 1f and S3). However, the February 2018 event was signiﬁcantly larger than these other events. The
previous events were also associated with enhanced southerly ﬂow but not with the occurrence of SSWs
(Figure S5). This is consistent with the PIOMAS ice thickness budget that indicates the polynya was the result
of divergent sea ice motion (Figure 5).
The PIOMAS model was able to represent the evolution of the polynya with the caveat that in the CNTRL run,
it was smaller than observed (Figure S1). The sensitivity runs show that it was the high winds that were primarily responsible for the opening of the polynya (Figures 4 and 5). The warmer surface air temperatures during the second half of February 2018 also contributed by reducing sea ice production. Once the wind forcing
was removed, the polynya rapidly closed.
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Even under past conditions with considerably thicker sea ice, we ﬁnd that the polynya would have still
formed (Figure 4b). Model runs with future sea ice thickness show that for the foreseeable future, wind forcing will play a dominant role in polynya formation in this region (Figures 4e and 4f). This means that thinner
sea ice will not in and of itself result in more frequent polynya formation, a result of two factors. First, the
Wandel Sea is a region where future reduction in sea ice may be modest (Figure S1 and Table S1). Second,
the region surrounding the Wandel Sea is characterized by thick ice that tends to inhibit the advection of
sea ice away from the polynya. While the fact that sea ice remains relatively thick in this area is consistent with
the pattern of ice motion, this conclusion maybe model and scenario dependent.
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