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Dynamic drivers of Arctic warm events

References:
1Binder, H., Boettcher, M., Grams, C. M., Joos, H., Pfahl, S., & Wernli, H. (2017). Exceptional air mass transport and dynamical drivers of an extreme wintertime Arctic warm event. Geophysical Research Letters, 44(23).
2Messori, G., Woods, C., & Caballero, R. (2018). On the drivers of wintertime temperature extremes in the High Arctic. Journal of Climate, 31(4), 1597–1618.
3Pfahl, S., Schwierz, C., Croci-Maspoli, M., Grams, C. M., & Wernli, H. (2015). Importance of latent heat release in ascending air streams for atmospheric blocking. Nature Geoscience, 8(8), 610.
4Wernli, B. H., & Davies, H. C. (1997). A Lagrangian-based analysis of extratropical cyclones. I: The method and some applications. Quarterly Journal of the Royal Meteorological Society, 123(538), 467-489.
5Wernli, H., & Papritz, L. (2018). Role of polar anticyclones and mid-latitude cyclones for Arctic summertime sea-ice melting. Nature Geoscience, 11(2), 108.
6Woods, C., & Caballero, R. (2016). The role of moist intrusions in winter Arctic warming and sea ice decline. Journal of Climate, 29(12), 4473-4485.

Motivation & Theory
• Concept of PV (potential vorticity):

• Conserved when adiabatic, frictionless atmosphere
• PV measure of stability and vorticity

• 2 pvu as dynamical tropopause (1 pvu = 10$% &'(
) *+ )

• PV modified by friction or diabatic processes:
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àProportional to the vertical gradient of the diabatic heating rate
àDiabatically produced positive (negative) PV anomalies: intensifying of low level cyclones (upper level ridges)

• Dynamic drivers:
• Quasi-adiabatic with no latent heating (advection of low PV air)
• Diabatic regime: northward transport of extratropical air-masses with low PV air entering the blockings via

latent heat release in the ascending air à important in the formation and maintenance of polar
anticyclones1,3. Arctic sea-ice loss is related with anticyclones5.

Positive and negative PV anomalies
(hatched areas) produced by steady
diabatic heating (dark shading)4.

Main questions & outlook:
Ø Preconditions for warm events to

occur?
Ø Teleconnections between high and

low latitude climate, extratropical
cyclones and polar anticyclones?

Ø Origin of the low PV air &
importance of diabatic processes as
dynamic driver?

Ø Regional differences or general
patterns during these events?

Ø Persistance of blockings?
Ø Change of large scale patterns over

time & future climate à impact on
the occurence of warm events?

Methods & Data
• Investigating the origin of the polar anticyclones

identified during 50 warm events of extreme
wintertime Arctic surface temperature anomalies2.

à track the air originated from these anticyclones at
70°N a few days (lag -1/-2) prior to each warm event

à Initial position: absolute max in 500 hPa geopotential height /
absolute max in the 62pvu -field

• Lagrangian trajectories: 5-day backward trajectories, initialized at 15 different
pressure levels, using velocity fields from ERA-Interim reanalysis dataset + linear
interpolation

x (t + Δt) = x(t) + u (x,t) Δt 
• Quantites (6,PV, q, P) tracked along the journey of the trajectory for examining

the importance of the diabatic processes
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Matrixplot showing the largest difference in (a) PV, (b) potential temperature, (c) specific humidity and (d) pressure for each event separately
(one column) during the journey of the trajectory,  shown for each initial pressure level separately (row). The event nr 37 is marked with a green 
column. Notice the inverse proportionality between ∆- and ∆6, as well as between ∆6 and ∆:. This analysis is made with unfiltered data.
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Event nr 37: 13 February 1994 at 12 UTC

Backward trajectories, initialized from 15 
different vertical pressure levels (colored
lines, in hPa) from the anticyclone using the 
max 62pvu -method one day prior to the 
warm event. (a) Horisontal displacement per 
day during its 5-d journey. The 500 hPa 
geopotential height (in meters) is in shading
and surface level pressure (in hPa) as 
contours. (b) Evolution of the potential 
temperature (6) along each trajectory. 
(c) Vertical displacement (in hPa) in time.

a)
b)

c)

Contact 
sonja.murto@misu.su.se




