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Motivation — wintertime Arctic extremes

Woods et al. 2013

Transition from
cold & dry/clear to 5
warm & moist/opaque

Cloud formation

Increased upward

turbulent heat fluxes Enhanced turbulent Radiative fluxes:

(sensible & latent Increased downwelling
heat) fluxes longwave radiation

Surface energy budget
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Motivation — wintertime Arctic extremes

Woods et al. 2013

Transition from
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Motivation — wintertime Arctic extremes

Woods et al. 2013

Transition from
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Motivation - defining wintertime Arctic extremes

Woods et al. 2013
Papritz et al. 2022

Transition from
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Method - identification of SEB patches
(=coherent areas of high ASEB over sea ice)

Sea ice

SEB anomalies

SEB patches
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Method - identification of SEB patches
(=coherent areas of high ASEB over sea ice)

1. Include only grid-points where SIC > 0.7. Exclude grid-points where

SIC < 0.7 for > 30 % of days within + 15 around the calendar day
and a centred 9 year interval. 2 valid grid-points
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1.

2.

Method - identification of SEB patches
(=coherent areas of high ASEB over sea ice)

Include only grid-points where SIC > 0.7. Exclude grid-points where 9
SIC < 0.7 for > 30 % of days within + 15 around the calendar day 5
and a centred 9 year interval. 2 valid grid-points ?
Non-dimensional SEB anomalies (35gg ) defined from a transient "
)
climatology (SEBsp) and inter-quartile range (SEB,q.) of the SEB at =
each valid grid-point: g
c
- Within + 15 around the calendar day ©
ASEB = SEB — SEBso and a centred 9 year interval E
SEBigr | 5 Seasonality and long-time trends removed )
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1.

3.

Method - identification of SEB patches
(=coherent areas of high ASEB over sea ice)

Include only grid-points where SIC > 0.7. Exclude grid-points where

SIC < 0.7 for > 30 % of days within + 15 around the calendar day
and a centred 9 year interval. 2 valid grid-points

Non-dimensional SEB anomalies (/A-S?B/) defined from a transient
climatology (SEBsp) and inter-quartile range (SEB,q.) of the SEB at
each valid grid-point:

— SEB-SEB<i ~ Within + 15 around the calendar day
ASEB = N and a centred 9 year interval

SEB patches = spatially coherent grid-points where KAS\E-B/ > area-

weighted 95t percentile of ‘Asgs within + 15 around the calendar day

4. Discard patches with area < 10° km?2
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Method - definition of life-cycle events (LCEs)

(=temporally connected SEB patches)

Amplitude X Affected area

Individual patches 12 December 1986
(forward and backward in — 7 A

intensity = ASEB X area

time) are attributed to

______

intense patches to form
multi-day LCEs:

ASEB (W m~2)
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80

--SIC=0.7
—SIC=0.15
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Method - definition of life-cycle events (LCEs)
(=temporally connected SEB patches)

Individual patches 12 December 1986
(forward and backward in ) -

time) are attributed to
intense patches to form
multi-day LCEs:

1. centroid of the patch
at t+1 within 2 equivalent
radii from patch at t, AND

I

Amplitude X Affected area

intensity = ASEB X area
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Method - definition of life-cycle events (LCEs)

(=temporally connected SEB patches)

Amplitude X Affected area

Individual patches 12 December 1986
(forward and backward in - | 10d Centroid of intensity = ASEB X area
backward

trajectories started
at 200 hPa AGL
from the patch

time) are attributed to

intense patches to form
multi-day LCEs:

1. centroid of the patch
at t+1 within 2 equivalent

ASEB (W m~2)

radii from patch at t, AND 100

2. the centroid\ ;
trajectories are within
1500 km 2 days prior to

arrival at the patches

--SIC=0.7
—SIC=0.15
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Method - definition of life-cycle events (LCEs)

(=temporally connected SEB patches)

Individual patches

Amplitude X Affected area

12 Decembr 1986

10d Centroid of
backward
trajectories started
at 200 hPa AGL
from the patch

(forward and backward in

time) are attributed to

intense patches to form

intensity = ASEB X area

multi-day LCEs:

1. centroid of the patch
at t+1 within 2 equivalent
radii from patch at t, AND
2. the centroid\
trajectories are within
1500 km 2 days prior to

arrival at the patches

ASEB (W m~2)
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80

Sectors of air mass origin:

Pacific, Atlantic, ,

Siberia

« Location 2 days prior
to arrival in the peak
event determines the
origin of the LCE

Peak event = SEB patch

with largest intensity
ONSET - PEAK - DECAY
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LCEs associated with vertically deep moist and

warm air intrusions

e ~ 3.5 LCEs per winter season (0 - 8 LCEs)
e Duration ~ 5 days (2 - 12 days)
e Atlantic LCEs in Nov & Dec (higher North-

Atlantic cyclone activity), Pacific LCEs in

Feb & March (more blocks over Alaska)
Origin

[ C,8(5.6 %)

EE P, 60 (42.3 %)

B S 2 (1.4 %)

B A 72 (50.7 %)
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LCEs associated with vertically deep moist and
warm air intrusions

e ~ 3.5 LCEs per winter season (0 - 8 LCEs)
e Duration ~ 5 days (2 - 12 days)
e Atlantic LCEs in Nov & Dec (higher North-

Atlantic cyclone activity), Pacific LCEs in

Feb & March (more blocks over Alaska)
Origin

[ C,8(5.6 %)

EE P, 60 (42.3 %)

B S 2 (1.4 %)

B A 72 (50.7 %)
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LCEs associated with vertically deep moist and

warm air intrusions

e ~ 3.5 LCEs per winter season (0O
e Duration ~ 5 days (2 - 12 days)

- 8 LCEs)

e Atlantic LCEs in Nov & Dec (higher North-

Atlantic cyclone activity), Pacific

LCEs in

Feb & March (more blocks over Alaska)
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Case study - Atlantic event LCE 44 (5days) at peak

Lag O (12 Dec 1986)

l 120
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8 50 hPa AGL

® 200 hPa AGL LCE 44 (peak 12 December 1986)

A 500 hPa AGL
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8 50 hPa AGL
@ 200 hPa AGL

A 500 hPa AGL Case study - Atlantic event LCE 44
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8 50 hPa AGL
@ 200 hPa AGL
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8 50 hPa AGL
@ 200 hPa AGL
A 500 hPa AGL

Case study - Atlantic event LCE 44
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Scatterplots between ASEB (left) and AT, (right)
and their components - correlation analysis
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Time evolution & LCE pathways

onsetl peak

onset peak decay
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Time evolution & LCE pathways 50.90

onset peak decay
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onset peak decay

Time evolution & LCE pathways
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Thank you for Listening!
Questions?

sonja.murto@misu.su.se

Photo taken north of
Greenland during SAS-
expedition with Icebreaker
Oden in summer 2021
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Wintertime Arctic extremes events defined by
positive SEB anomalies (ASEB) over sea-ice

e 41 winters: Nov - March, 1979/80 - 2019/20, ERAS5 reanalysis data

e Positive ASEB = net energy flux to the surface by turbulent and
radiative fluxes, which need to be balanced by energy flux out of
the surface to the surfaced below (ice/ocean) - thus imposing local
sub-surface warming and delay of sea-ice growth or ice melt

-AC=ASEB=ALW¢-ALWT+ + ALHF

e AT can be approximated from changes in SEB terms by LW,
(=eoTs?#, following Lesins et al. 2012; Lee et al. 2017):

B ALW | +ASW;et + ASHF+ ALHF+AC
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Vertical anomalies
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Patches with anomalously low / high ASEB
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