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Many fishermen have set sail 
in clear weather after a storm 
has passed…
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…only to be surprised by polar 
lows in the northerly flow.
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The main fuel for polar lows is 
the large vertical temperature 
difference between the ocean 
and the atmosphere

POLAR LOWS
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This phenomenon has been 
known for a long time

typical tracks 
of Polar Lows

POLAR LOWS
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But can we forecast the 
environment in which they 
form?

WE CANNOT FORECAST 
INDIVIDUAL POLAR LOWS 
MORE THAN A COUPLE OF 
DAYS IN ADVANCE
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Faced with a changing climate, 
businesses, policymakers, and local 
communities need to access reliable 
weather and climate information to 
safeguard human health, wellbeing, 
economic growth, and 
environmental sustainability. 

WHAT IS BLUE ACTION?
www.blue-action.eu

BLUE ACTION: UNDERSTANDING THE IMPACT 
OF A CHANGING ARCTIC ON NORTHERN 
HEMISPHERE WEATHER AND CLIMATE

The Blue-Action project has received funding from the 
European Union’s Horizon 2020 research and innovation 
programme under grant agreement No 727852.
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In response, Blue-Action aims to: 

• improve our understanding of the impact of a changing 
Arctic on Northern Hemisphere weather and climate;

• improve the safety & wellbeing of people in the Arctic and 
across the Northern Hemisphere;

• reduce the risks associated with Arctic operations and 
resource exploitation; and,

• support evidence-based decision-making by policymakers 
worldwide. 

BLUE ACTION: PROJECT SUMMARY
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• Develop new methods to characterise climate conditions 
where hazardous weather system forms across the Northern 
Hemisphere and establish their link to Arctic climate 
change.

• Deliver an improved representation of Arctic warming and 
its impact on atmosphere and ocean circulation.

• Enable robust and reliable forecasting to deliver better 
predictions at sub-seasonal to decadal scales.

Blue-Action brings together experts from over 40 
organisations in 17 countries across 3 continents to: 

NASA/Kathryn Hansen

BLUE ACTION: PROJECT SUMMARY
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Blue-Action aims to work with:

• Researchers and projects focussing on Arctic and 
northern hemisphere observational monitoring, climate 
modelling, forecasting, and climate services.  

• Governments and policymakers in need of weather and 
climate information for evidence-based decision-making. 

• NGOs, public sector bodies, and community 
organisations interested in extreme weather events, 
climate services, forecasting, and climate change.

• Businesses or industries who rely on seasonal to decadal 
climate predictions, risk estimates of extreme weather and 
climate events, or who would like to work with Blue-
Action to co-develop climate services and tools.

BLUE ACTION: PROJECT SUMMARY
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But can we forecast the 
environment in which they 
form?

COLD AIR OUTBREAKS

WE CANNOT FORECAST 
INDIVIDUAL POLAR LOWS 
MORE THAN A COUPLE OF 
DAYS IN ADVANCE
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COLD AIR OUTBREAKS

Wind speed over the ocean 
during cold air outbreaks is 
higher than in normal 
conditions.

This makes it worthwhile 
trying to forecast such 
outbreaks beyond the 
normal range of weather 
forecasts.

Kolstad, 2017

16 January 2005 25 January 2007
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Can prediction timescales for 
the Arctic be extended by 
better understanding the 
coupling with the upper 
atmosphere?

Upper atmosphere: 
slow and persistent

THE ROLE OF THE UPPER ATMOSPHERE FOR PREDICTION

Surface: more variable
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Northern Annular Mode Index
(reanalysis data)

Figure: Hitchcock et al., 2013, J. Clim.

persistent such anomalies ought to have a greater impact
on the troposphere. The impact of the PJO on the tro-
pospheric circulation has been noted before (Kuroda
and Kodera 2004; Kohma et al. 2010); the close corre-
spondence between weak vortex events and PJO events,
however, makes it difficult to determine if additional
information is gained in the PJO perspective. Simplified
model studies have indicated that longer time-scale
variability in the stratosphere does correlate with stron-
ger stratosphere–troposphere coupling (Gerber and
Polvani 2009).
We therefore divide the weak vortex events into those

events that correspond to PJO events and those that do
not. Composites are presented in Fig. 13. The different
character of non-PJO and PJO events in the reanalysis
composites is shown in Figs. 13a,b. The stratospheric
NAManomaly in the latter is larger, and a22s anomaly
persists for nearly 30 days. In contrast, the22s anomaly
during non-PJO events on average persists for only
10 days. The tropospheric impact of PJO events is
stronger and more coherent than that of non-PJO events,
but even in the merged dataset the number of events
is still too small to resolve differences in the tropo-
spheric impact unambiguously.
Here the benefits of the long CMAM simulations are

clear. Corresponding composites for non-PJO events
(Fig. 13c) and PJO events (Fig. 13d) confirm the dif-
ference in the stratospheric signature of the two sets of
events; PJO events have a much stronger, deeper, and

longer anomaly above the tropopause. Their tropospheric
impact is also considerably stronger: after roughly a
10-day lag from the onset of the stratospheric anomaly,
the tropospheric annular mode follows suit, and negative
anomalies remain while the lower-stratospheric anomaly
persists. As with the reanalysis composite, a weak but
statistically significant stratospheric anomaly persists for
nearly as long during the non-PJO events, despite the
much shorter central feature. While the tropospheric
impact is negligible for the first 40 days following the
non-PJO events, a weak but significant response arises
from days 40–80. As with the reduced upward EP fluxes,
this may be a consequence of false negatives. The tro-
pospheric impact of PJO events is at any rate signifi-
cantly stronger than that of non-PJO events.

5. Conclusions

A novel classification has been proposed to describe
the extended, dynamical recovery of the Arctic polar
vortex observed following a subset of major sudden
warmings. A key tool, the ‘‘abacus’’ plot, used to dem-
onstrate the value of this classification has also been
introduced. This tool permits the compact visualization
of up to several decades of Arctic polar vortex variability
on daily time scales, based on the vertical structure of
polar-cap-averaged temperature anomalies. In particular,
this visualization makes clear that roughly one-half of
stratospheric sudden warmings are followed by an

FIG. 13. As in Fig. 11 but for composites of the northern annular mode following weak vortex events. Events are
drawn from (a),(b) the merged reanalyses and (c),(d) CMAM, for (a),(c) weak vortex events not followed by PJO
events and (b),(d) weak vortex events followed by PJO events. The lag is measured from the central date of the weak
vortex event. Shading and intervals indicate the NAM index: contour intervals at 1s. Significance is indicated as in
Fig. 11.
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Average over 15 upper atmosphere extreme events

CAN WE PREDICT THE SURFACE RESPONSE 
TO UPPER ATMOSPHERE EVENTS?
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Figure: Kolstad et al., 2010 

890 E. W. Kolstad et al.
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Figure 3. The composite number of cold days divided by the date-wise climatological mean number of cold days for each grid point relative to (a) SSW
central dates and (b) WVDs, during the specified time intervals. Otherwise the plotting conventions are as in Figure 2.
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Figure 4. (a), (b) Plotting conventions as in Figure 2. (c), (d) Plotting conventions as in Figure 3. The composite averages were computed relative to
WVDs for the two halves of the NNR period, with the period 1959–1983 in (a), (c) and 1984–2009 in (b), (d).

To summarise, Figure 2 shows temporally and geograph-
ically distinct cold anomalies throughout the life cycle of
weak vortex events. The cold anomalies were found using
the CP07 method (Figure 2(a)) and using the WVD method
(Figure 2(b)), although the exact timing and relative ampli-
tudes differ slightly.

3.3. Relative frequency of stratosphere-related cold air
outbreaks

Figure 2 was based on changes to the mean temperature
field, with no regard to its extreme values. We now define
the quantity α as the fractional change in the number
of cold days (days for which the 850 hPa temperature
anomaly falls below its date-wise 10th percentile) with
respect to climatology. If α = 1.5, cold days are 50%
more likely than normal. As this parameter is only
concerned with cold extremes, the evolution of α, which
is shown in Figure 3, provides a useful complement to
Figure 2.

In the early stages of weak vortex events, i.e. during the
Precursor and Onset stages, α > 1.5 most consistently in
Asia and Europe. By the Growth stage, α > 1.5 off the coast
of North America in the WVD framework. In the later
Mature and Decline stages, the strongest cold anomalies are

again confined to Asia and Europe. It is only in Asia that
α > 1.75 during all the periods shown. The large fractional
changes in Figure 3 show that the frequency of cold days
is affected strongly around the time of sudden stratospheric
warmings.

3.4. Robustness of the results

In Figure 4, the same analysis that was used to produce
Figures 2(b) and 3(b) was applied to the two halves of the
analysis period. Note that we averaged over longer time
periods than in Figures 2 and 3. In general, the features
shown previously for both the mean and extreme events are
robust to this halving of the data period. High pressure is
observed over northwest Eurasia prior to the weak vortex
events, and a subsequent negative NAO-like pattern is seen.
Similarly, cold anomalies are found over Asia, Europe and
near the east coast of North America. The perhaps largest
difference between the two periods is found over the Pacific
in the Mature/Decline phases. In the first part of the period,
an anomalous low over the Aleutian Islands (Figure 4(a)) is
associated with advection of cold, continental air out over
the Pacific (Figure 4(c)). The large Pacific high anomaly in
the latter part of the period (Figure 4(b)) is associated with

Copyright c⃝ 2010 Royal Meteorological Society and Crown Copyright. Q. J. R. Meteorol. Soc. 136: 886–893 (2010)

Example: large 
increases in the 
frequency of cold 
air outbreaks after 
upper atmosphere 
extreme events

The anomalous number of cold days.
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IMPACT OF THE UPPER ATMOSPHERE
ON COLD AIR OUTBREAKS
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50% more cold days as 
compared to normal

Double the number of 
cold days as compared 
to normal
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Temperature anomaly at 850hPa (1.5km height) for days 15 – 60 after an upper atmosphere event

[C]

Figures: Domeisen

Verification data (reanalysis)
(13 events)

Forecast model prediction (MPI-ESM)
(403 events)

CAN WE PREDICT THE SURFACE RESPONSE 
TO UPPER ATMOSPHERE EVENTS?
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Increased surface predictability after stratospheric events 

PREDICTABILITY 
OVER THE NORTH ATLANTIC 
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PREDICTABILITY IS INCREASED OVER THE NORTH 
ATLANTIC FOR UPPER ATMOSPHERIC INFLUENCE
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OUTLOOK: MAKING LONGTERM 
FORECASTS FOR THE ARCTIC

Goal: Test dynamical models to see if 
marine cold air outbreaks can be 
forecasted, and on which time scales 
(10–100 days).

Integrate these forecasts into a tool for 
risk management in the Arctic. 

Polar Low in Barents Sea
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SUMMARY

BLUE ACTION is an EU funded project 
dealing with the prediction of the Arctic 
environment and impacts on lower 
latitudes started in December 2016.

First results indicate that the upper 
atmosphere may be an important factor 
in adding predictability to the Arctic, in 
particular for cold air outbreaks, which 
are often associated with polar lows. 
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