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Overview
• In this lecture, I will discuss two recent (and maybe 

new) phenomena that have occurred in the Arctic:
• The occurrence of events in mid winter, during 

which above-freezing surface air temperatures were 
observed at the North Pole.

• The collapse of the Beaufort High during the winter 
of 2017.

• Both are indicators of a change in the winter climate of 
the Arctic that may the result of the thinning and 
retreat of sea ice.



Overview of midwinter warming events
• At the end of December 2015, media attention was 

focused on the prospect that surface air temperatures 
at the North Pole would rise above freezing.

• Many claims were made as to the unprecedented 
nature of this event as well as connections to a severe 
storm over Texas that spawned a number of 
tornadoes as well as ‘Storm Frank’ that impacted the 
UK.



Overview of midwinter warming events
• In December 2016, media attention was again 

focused on the prospect that surface air temperatures 
at the North Pole would rise above freezing.

• Media coverage was not so hyperbolic but the 
connection was made that this was the 2nd winter in a 
row during which such a warming took place.



Overview of midwinter warming events
• I decided to investigate some of these hyperbolic 

claims (for the Dec 2015) event and along the way, I 
identified some interesting new physics.



Data
• In late December 2015, there were 7 International 

Arctic Buoy Program (IABP) met buoys in the vicinity 
of the North Pole.

• I will use the radiosonde data from Ny Alesund on 
Svalbard.

• I will use the final analysis of the NOAA global data 
assimilation system (FNL-GDAS) as well as the JRA-
55, the ERA-I and NCEP Reanalyses.

• I will also use the AMSR-E/AMSR-2 sea ice data from 
the University of Bremen.

The December mean surface air temperature (oC- shading and contours) from the 
NCEP Reanalysis 1958-2015 with the 50% sea ice concentration indicated by the 

thick white contour. The locations of the 7 IABP buoys situated near the pole in 2015 
are indicated as is the location of the radiosonde station at Ny Alesund. 

The Fram Strait ice edge 
is within 2000km of the 
pole.

In December, the coldest 
SATs are not at the pole 
but over Greenland 
(high topography) &   
Ellesmere 
Island (far from 
open water
/storm track).



Data

US Coast Guard deploying a met buoy at the North Pole August 26 2015



Data

US Coast Guard deploying a met buoy at the North Pole August 26 2015



2015 Results

Surface air temperature (oC - upper) and sea-level pressure (mb - lower) at the North 
Pole 1 December 2015-14 January 2016

SAT rose by 
~28oC between 
the 29th and 30th. 

Warming 
associated with 
a minimum in 
sea-level 
pressure. 
Deepening rate 
>24mb/24hrs.

IABP data
Interpolated
to the 
North 
Pole.



2015 Results

Scatterplots of observed vs model surface air temperature at the North Pole
1 December 2015 – 14 January 2016

FNL-GDAS JRA55

ERA-I NCEP

• ERA-I has 
smallest rms
error.

• JRA-55 & 
FNL-GDAS 
have 
comparable 
rms errors.

• NCEP 
Reanalysis 
has largest 
rms error.

• All have cold 
bias of ~1-2 
oC.

• JRA55 too 
warm for 
extreme 
events/ERAI 
too cold.



2015 Results

Sea-level pressure (mb – contours) 
and 2m air temperature (oC –

shading) at 06 GMT 30 December 
2015

0oC isotherm in blue

Precipitable water (mm – contours & 
shading) at 06 GMT 30 December 

2015

All fields from the FNL-GDAS



2015/2016 Results

Mean (blue) and maximum (red)  2m air temperature (oC) from the ERAI within 3o of 
the North Pole during the 2015 (upper) and 2016 (lower) midwinter period

• 2015 midwinter 
period colder then 
2016 midwinter 
period.

• Nature of warming 
event different 
between the 2 
winters.

• 2015 more 
transient.

• 2016 more 
persistent.



2016 Results

Sea-level pressure (mb – contours) 
and 2m air temperature (oC –

shading) at 06 GMT 22 December 
2016

0oC isotherm in blue

Precipitable water (mm – contours & 
shading) at 06 GMT 22 December 

2016

All fields from the FNL-GDAS



Time series of mean (blue) and extreme (red) 2m air temperatures during December 
near the North Pole from the ERAI 1979-2016

⇒ Extreme 2m air temperatures increasing at a rate 50% higher then mean 2m air 
temperatures.

⇒ Last 4 years have had extreme temperatures above the trend line.
⇒ Evidence of change in nature of extreme events?

Results



Results

Time series of latitude of the December mean 0oC isotherm in the vicinity of 
Fram Strait from the JRA55 1958-2015

⇒ Latitude is moving northwards at ~0.5o/decade.



Overview of Beaufort High Collapse
• We’ve seen evidence that the past few winters have 

been very warm in the Arctic.
• In my first lecture, I showed that the fall of 2016 was 

the warmest ever in the Arctic.

Seasonal mean surface air temperature (oC) in the Arctic from the ERAI



Overview of Beaufort High Collapse
• In the first lecture, I also indicated the differing 

circulation systems in the eastern and western Arctic 
during the winter.

Climatological mean winter sea-level pressure (mb-contours), 2m air temperature 
(oC-shading ) and 10m wind (vectors- m/s) in the Arctic from the ERAI

Beaufort High

Icelandic
Low 

Lofoten
Low 



Overview of Beaufort High Collapse
• The Beaufort High is an important circulation system 

for a number of reasons:
• It drives anti-cyclonic sea ice motion in the western 

Arctic.
• Plays a role in the transport of sea ice out of the 

Arctic.
• One reason why the old thick sea ice is located in the 

CAA.

Climatological mean winter sea ice thickness (m-contours& shading ) and ice motion 
(vectors- cm/s) in the Arctic from the PIOMASS Sea Ice Reanalysis



Overview of Beaufort High Collapse
• The Beaufort High is an important circulation system 

for a number of reasons:
• It also drives a corresponding oceanic gyre in the 

Beaufort Sea that contains a large amount 
(equivalent to 18m) of fresh water.

• Any weakening of the anti-cyclonic forcing can expel 
this fresh water downstream over the North Atlantic 
resulting in a salinity anomaly that can impact ocean 
convection and other climate processes.

• Similar event in the 1960s know as the Great Salinity 
Anomaly.

Fresh water content of the Arctic Ocean (m) along with sea-level pressure and 
surface geostrophic winds. Figure courtesy of A. Proshutinsky.



The Beaufort High Collapse
• As we have seen, the fall of 2016 was the warmest on 

record in the Arctic and the winter of 2017 was also 
warm.

• During this winter, the Beaufort High collapsed and 
was replaced by a ridge of low pressure extending all 
the way from the eastern Arctic.

• This resulted in a reversal of the winds and sea ice 
motion in the western Arctic (typically anti-cyclonic and 
in 2017 cyclonic). 

Climatological and 2017 mean winter sea-level pressure (mb-contours), 2m air 
temperature (oC-shading ) and 10m wind (vectors- m/s) in the Arctic from the ERAI.



The Beaufort High Collapse
• The winter of 2016 was the warmest on record in the 

Arctic.
• Did the Beaufort High collapse during this winter as 

well?

IABP buoy tracks during the winter of 2016 and 2017 and winter mean SLP from ERAI
Red tracks: eastward motion. Blue tracks westward motion.

Winter of 2016 
typical with anti-
cyclonic ice 
motion around 
region of high 
pressure 

Winter of 2017 
anomalous with 
cyclonic ice 
motion around 
region of low 
pressure 



The Beaufort High Collapse
• How anomalous was this event?

• Lowest sea-level pressure in the western Arctic since 
1979 (2 sigma event).

• Highest eastward surface flow along the Alaskan 
coast since 1979 (2 sigma event).

• Strongest cyclonic curl of sea ice motion in western 
Arctic since 1900 (2 sigma event).

Time series of winter mean sea-level pressure, zonal component of the 10m wind 
(both from ERAI) and curl of sea ice motion (PIOMASS).

Time series of winter mean curl of sea ice motion (PIOMASS).



The Beaufort High Collapse
• What caused the collapse?

• Did not appear to the warmth of the winter (2016 
warmer then 2017 and no collapse during 2016).

• What about the extreme warmth during the fall of 
2016?

2m air temperature anomaly (oC) during fall 2016 and winter 2017.
Anomalies with respect to 1979-2016/7.

Blue curve shows sea ice concentration anomaly.



The Beaufort High Collapse
• What caused the collapse?

• The warmth during the fall of 2016 resulted in record 
low ice growth (extent and thickness) that persisted 
into the winter of 2017.

Time series of seasonal mean (fall) sea ice concentration (Bootstrap-%)  and 
thickness (PIOMASS-m) over the Barents Sea 1979-2016/7.



The Beaufort High Collapse
• What caused the collapse?

• We believe that this thinning of the sea ice over the 
Barents Sea, allowed for surface heating of the 
atmosphere.

• This resulted in the development of a thermal low 
over the region as well as the downstream 
propagation of cyclones into the western Beaufort 
resulting in the collapse of the Beaufort High. 

2017 mean winter sea-level pressure (mb-contours), 2m air temperature (oC-
shading ) and 10m wind (vectors- m/s) in the Arctic from the ERAI



The Beaufort High Collapse

Climatological and 2017 mean winter 2-6 day band-pass filtered sea-level pressure 
(mb) in the Arctic from the ERAI.

Proxy for storm track



The Beaufort High Collapse

Sea-level pressure (mb) from the ERAI



Conclusions Part 1
• The 2015 and 2016 midwinter warming events at the 

North Pole were  both associated with a deep low 
pressure system that was situated to the east of the pole 
as well as a highly perturbed polar vortex (not shown).

• As a result, the pole was in the cyclone’s warm sector 
during both events.

• SATs in the North Pole region during December 2016 
~5oC warmer then in 2015.

• However 2015 event more intense with a deeper low that 
was associated with more moisture transport towards the 
pole.



Conclusions Part 1
• For the past 4 winters, extreme temperatures at the pole 

have been all above the long-term trend.
• Perhaps evidence that the nature of these warming 

events has changed.
• May be related to retreat of sea ice in the Fram Strait 

area that is moving the reservoir of heat over the Nordic 
Seas closer to the pole.

• However, midwinter warming events back as far as 1959 
have been identified.

• Thus these events are not uncommon but what may be 
changing is the frequency of occurrence.



Conclusions Part 1
• Much of the focus of research on the connection between 

Arctic Amplification and the polar vortex has focused on 
southerly perturbations that bring cold temperatures to 
mid-latitudes.

• This work shows that there is also extreme weather 
associated with the northerly perturbations as well.



Conclusions Part 2
• The fall of 2016 was the warmest on record in the Arctic.
• This resulted in reduced ice growth that persisted into the 

winter of 2017.
• The thin and reduced ice cover in the Barents Sea 

allowed for the enhanced surface heating that resulted in 
the formation of a thermal low in the region and the 
downstream propagation of cyclones into the western 
Arctic.

• This resulted in the collapse of the winter Beaufort High 
and the reversal of the winds and sea ice motion in the 
Beaufort Sea.

• Such reversals have been observed in the summer but 
never in the winter.

• They may become more common as sea ice continues to 
thin.



Conclusions Part 2
• This may ultimately impact the Beaufort Gyre, an 

important ocean gyre in the western Arctic that contains a 
large amount of fresh water.

• There is some coupling between the two phenomenon in 
that anomalous advection of North Atlantic cyclones into 
the Arctic  played a key role in both.



Thank-You

The 1959 Midwinter Warming Event
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