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Over the past two decades, the Arctic Ocean has warmed
significantly in conjunction with conspicuous increase in
global surface air temperature (SAT) and rapid decline of

Arctic sea-ice1,2. A growing number of studies have found
pronounced changes in atmospheric circulation due to Arctic sea-
ice loss, including changes in the tropospheric jet stream that may
lead to cold extremes over Eurasia and North America3–7.
However, because the occurrence of major sea-ice losses has been
relatively recent, a robust connection between Arctic sea-ice and
atmospheric circulation has not been well-established, and the
underlying mechanism(s) responsible for these processes are not
yet fully understood8,9. For example, through the analysis of re-
analysis data and climate model outputs, a number of studies
have suggested that Arctic sea-ice loss has the potential to force
the Arctic Oscillation (AO) into its negative phase10–12. In
contrast, other recent studies have emphasized the impact of
planetary-scale wave pattern over the Eurasian continent that
emanates from the Barents–Kara (B–K) seas4,13,14. Apparently,
this pattern appears to be zonally asymmetric and different from
a typical pattern of the AO15.

Efforts have also been made to relate the recent changes in
cryospheric conditions such as Eurasian snow cover and Arctic sea-
ice cover to the variability of the stratospheric polar vortex16–18. It
is documented that the variability of the stratospheric polar vortex
has increased in recent years. For instance, whereas the sudden
weakening of the stratospheric polar vortex, known as a major
Sudden Stratospheric Warming (SSW) event, occurred relatively
infrequently during the 1990s according to the World
Meteorological Organization (WMO) definition of SSW19, it has
occurred almost every year since 2000 (ref. 20). SSW events are
often followed by a negative phase of the AO at the surface with a
time lag of 1 or 2 months21–23. This indicates that understanding
possible contributors to recent stratospheric variability, which may
include cryospheric changes24, is critical for the better
understanding of the surface climate variability in the recent past.

A systematic study that considers both bottom-up and top-
down processes occurring within the cryosphere, troposphere and
stratosphere is therefore crucial for elucidating how Arctic sea-ice
interacts with atmospheric circulation and thereby causes extreme
surface weather events. In this study, a time-lagged stratospheric
response to Arctic sea-ice loss is examined via composite analyses

that utilize both European Center for Medium-Range
Weather Forecasts (ECMWF) Re-Analysis Interim (ERA-
Interim) data25 and climate model sensitivity experiments. This
synthetic analysis reveals that polar stratospheric variability is
partly controlled by marked losses of Arctic sea-ice, especially
over the B–K seas.

Results
Sea-ice-polar vortex relationship from data analysis. Arctic sea-
ice losses in recent decades have been widely documented26. Our
particular interest lies in sea-ice conditions during the early
winter period (November–December) due to the potential impact
of such conditions on mid-winter weather and climate patterns.
During this season of recent years, the B–K seas have lost
significant volumes of sea-ice while exhibiting pronounced
interannual variations (Fig. 1a,b; ref. 15). A large amount of
air–sea heat exchange is also observed during the years of
anomalously low sea-ice concentration (SIC) over the B–K seas
partly due to the occurrence of increased Atlantic warm water
intrusion in recent years27.

In conjunction with anomalously low SIC over the B–K seas,
the composite SAT anomaly (see Methods) has exhibited a
‘‘warm Arctic and cold continent’’ pattern15,28, with significant
warming of up to 4 !C over the Arctic Ocean and a cooling of
2 !C over Siberia (Fig. 2a). The warm temperatures over the
Arctic Ocean correspond closely with regions that experience
major sea-ice losses during the early winter months (Fig. 1b). This
pattern demonstrates the critical role of turbulent heat fluxes
resulting from increases in the area of open water27, as such warm
water causes heat fluxes to release extensive levels of heat into the
atmosphere during this period of the year (Fig. 1c). Large-scale
circulation changes also occur within the mid-troposphere,
resulting in the development of a positive height anomaly over
the B–K seas (Fig. 2b). The height anomaly follows a wave-like
pattern, that is, a negative anomaly develops over Western
Europe, a positive anomaly forms over the B–K seas, and a
negative anomaly forms over Siberia. Note that the local warm
and cold centres of SAT anomalies shown in Fig. 2a largely
collocate with the wave-like pattern shown in Fig. 2b. This
coincidence suggests that Siberian cooling may be attributable to
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Figure 1 | SIC variability over the B–K seas during the early winter season. (a) An area-averaged time-series of SIC for the entire area of the Arctic Ocean
(dashed) and B–K seas (solid) during the early winter for the period 1979–2012. The area of the B–K seas is indicated by hatched region in b. Years
during which the area-averaged SIC o50% over the B–K seas are indicated by red dots (11 sample years). The composite mean anomaly of (b) SIC (%) and
(c) surface turbulent heat flux (W m! 2; the sum of sensible and latent heat flux) for the years indicated by the red dots in a. Anomaly is defined as a
departure from climatology data for the period 1979–2012.
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• Sea-ice reduction B-K —> Negative NAO 
(Honda et al. 2009, Grassi et al. 2013,  

Pedersen et al. 2015)  
!

• NAO induced sea-ice anomalies have  
a negative feedback 

NAO+—>ICE- —> NAO- 
(Yamamoto et al. 2006,Deser et al. 2007,  

Strong and Magnusdottir 2009) 
!

• Impact of sea-ice changes is non-linear 
with respect to amplitude 

(Petoukhov and Semenov 2010,  
Semenov and Latif 2015) 
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On daily time scales, the Barents-averaged THF
(THFdBar; blue curve) leads the WACS pattern, with
reduced ocean-to-atmosphere heat fluxes peaking
2 days before the WACS pattern. This echoes the mes-
sage from the monthly analysis (Fig. 6), particularly that
the WACS pattern does not appear to be a direct at-
mospheric response to reduced Barents Sea ice (and
increased THF) on short (daily) or long (monthly) time
scales. Note that because THF PC1 represents a basin-
wide pattern of THF variability in the Barents Sea, it is
very similar to THFdBar except for a change in sign
(see Fig. 3b). The lagged correlation curves associated
with the daily version of these two indices are also very
similar except for a change in sign (r 5 20.96; see also
Fig. 3b). On the other hand, the daily version of the
THF PC2 index, which represents sea ice–related THF
variability, exhibits low correlations with WACSdsyn
at all lags (red curve). The lagged correlation between
ICEdBar and WACSdsyn (black curve) peaks at zero
lag, but it is stronger with ICEdBar lagging rather than
leading, casting further doubt on the idea that the
WACS pattern is a direct consequence of reduced
Barents Sea ice.
Finally, southerly wind anomalies over the Barents

region (VdBar; green curve) also peak 2 days before
WACSdsyn. Supposing that these wind anomalies are
associated with an anomalous atmospheric circulation
pattern, this could suggest 1) advection of warm air from
the south into the Barents Sea region, 2) a basinwide
reduction of THF as a result of a correspondingly
weakened temperature contrast between the warmer
ocean and colder atmosphere, and 3) a more slowly
evolving decrease in Barents Sea ice cover driven me-
chanically by southerly winds pushing the sea ice edge
northward. This chain of events is consistent with the
lead–lag relationships in Fig. 7 and suggests, along with

previous results, that the WACS pattern does not orig-
inate directly from enhanced THF caused by Barents
Sea ice reduction.
The corresponding spatial patterns at various lags

(Fig. 8) provide some final clues about how the WACS
pattern, THF, and atmospheric circulation over the
Barents Sea are linked. The patterns are consistent with
the results shown in Fig. 7: the WACS pattern is asso-
ciated with negative Barents Sea THF anomalies (re-
duced ocean-to-atmosphere THF) and a relatively weak
reduction in the Barents Sea ice cover (Figs. 8a–c),
which together are inconsistent with the notion that the
WACS pattern is a direct atmospheric response to re-
duced Barents Sea ice. The spatial distribution and
diminishing intensity of THF anomalies over time
(Figs. 8a–c) are instead consistent with atmospheric
changes driving ocean-to-atmosphere THF variability
(e.g., Bjerknes 1964; Cayan 1992; Gulev et al. 2013). The
associated near-surface signature exhibits southerly and
southwesterly winds (Figs. 8d–f), consistent with warm
temperature advection over the Barents Sea. The large-
scale surface (SLP) and midtropospheric (Z500) anom-
alies (Figs. 8g–i) resemble patterns associated with wave
propagation and winter atmospheric blocking (e.g., Park
et al. 2011; Cheung et al. 2013) and, to some degree, with
the east Atlantic pattern (Wallace and Gutzler 1981;
Smoliak 2009; Wettstein and Wallace 2010). It is also
noteworthy that the strongest Z500 anomalies occur
prior to the strongest (lag 0) correlation between the
WACS pattern and Barents Sea ice reductions (cf.
Figs. 7 and 8g–i), further supporting the interpretation
that the large-scale atmospheric wave exists prior to any
atmospheric changes initiated by Barents Sea ice (and
the associated THF) variability. Our interpretation
of the collective results is that the WACS pattern re-
flects a large-scale pattern of intrinsic coupled climate

FIG. 3. DJF THF (color shading) and SIC regressions (blue contours indicate reduced sea ice, red contours
indicate increased sea ice; contour interval 5%) onto (a) ICEBar (b) THF PC1, and (c) THF PC2. White dots
indicate regression values that are not significant using a two-sided t test and a 0.05 significance threshold. Only
significant values are plotted for SIC. The Barents Sea domain is indicated by the yellow box. Baffin Bay is the only
area with positive (red) SIC regressions.
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ABSTRACT

The decline in Barents Sea ice has been implicated in forcing the ‘‘warm-Arctic cold-Siberian’’ (WACS)
anomaly pattern via enhanced turbulent heat flux (THF). This study investigates interannual variability in
winter [December–February (DJF)] Barents Sea THF and its relationship to Barents Sea ice and the large-
scale atmospheric flow. ERA-Interim and observational data from 1979/80 to 2011/12 are used. The leading
pattern (EOF1: 33%) of winter Barents Sea THF variability is relatively weakly correlated (r 5 0.30) with
Barents Sea ice and appears to be driven primarily by atmospheric variability. The sea ice–related THF
variability manifests itself as EOF2 (20%, r5 0.60). THFEOF2 is robust over the entire winter season, but its
link to theWACS pattern is not. However, theWACS pattern emerges consistently as the secondEOF (20%)
of Eurasian surface air temperature (SAT) variability in all winter months. When Eurasia is cold, there are
indeed weak reductions in Barents Sea ice, but the associated THF anomalies are on average negative, which
is inconsistent with the proposed direct atmospheric response to sea ice variability. Lead–lag correlation
analyses on shorter time scales support this conclusion and indicate that atmospheric variability plays an
important role in driving observed variability in Barents Sea THF and ice cover, as well as theWACS pattern.

1. Introduction

Arctic sea ice has decreased in all seasons during re-
cent decades. The largest declines in areal extent have
occurred during summer and early autumn (up to
10%decade21; Serreze et al. 2007), but the thicker

multiyear ice cover is shrinking rapidly in winter as well
(Comiso 2012). Wintertime Arctic sea ice area declines
are concentrated in the Barents Sea (Serreze et al. 2009;
Screen and Simmonds 2010a; Parkinson and Cavalieri
2012). The diminishing Arctic sea ice cover has been
accompanied by near-surface warming in the high lati-
tudes, particularly during the winter season (e.g., Screen
and Simmonds 2010b), but the midlatitudes have re-
cently experienced some anomalous winters with se-
vere cold spells and above-normal snow cover in parts of
Europe, Russia, and North America (e.g., Cohen et al.
2007; Cattiaux et al. 2010; Ghatak et al. 2010; Guirguis
et al. 2011; Orsolini et al. 2012; Coumou and Rahmstorf
2012). The cold Eurasian surface temperatures are part
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WACS index (8%) and hardly any of the variance in
winter Barents Sea THF (1%). The mismatch in the rel-
ative importance of the trend further suggests it is unlikely
that the WACS pattern results from a direct linear at-
mospheric response to sea ice loss or variability. In short,
our decision to explore the interannual variability allows
for a focus on the mechanistic relationships between the
atmospheric circulation anomalies, sea ice variability, and
the connection of both to the upper ocean using the
maximum number of degrees of freedom.
The goal of identifying the atmospheric response to

Barents Sea ice variability in the fully coupled system

motivated our study, and it is critical for understanding
our results in the context of previous work. Studies
based on observations find compelling correlations be-
tween sea ice and atmospheric circulation variability
(e.g., Honda et al. 2009; Hori et al. 2011; Inoue et al.
2012; Outten and Esau 2012; Mori et al. 2014), but
causality is challenging to determine in nature because
of the many complicated forcing/response interac-
tions and the relatively few years of data. Studies based
on uncoupled modeling experiments do isolate an
atmospheric response by design—they prescribe an ice
anomaly under an atmospheric model and examine the

FIG. 7. Lagged correlations between the synthetic daily PC2 of Eurasian SAT (WACSdsyn)
and a number of other daily indices averaged over the Barents Sea region for DJF 1979/80 to
2011/12: THF (THFdBar, blue; positive indicates ocean-to-atmosphere heat flux), THF PC2dsyn
(red; positive index associated with lower sea ice and a THF dipole similar to that shown in
Fig. 3c), Barents Sea ice area (ICEdBar, black; positive index indicates less ice area), and 10-m
winds (VdBar, green; positive index indicates southerly winds). The autocorrelation of
WACSdysn is shown in orange. The shading shows the 95% confidence interval on the corre-
lations calculated using Fisher’s z transform.
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METHODOLOGY

• ERA-INTERIM Reanalysis: Z500, surface fluxes, 
vT

• Idealised Experiment: ICTP AGCM 
prescribed sea-ice reduction 

TI
M

E

LOW ICE

Signal in December  
associated to low 
sea-ice in January



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!10

PROJECTION ONTO NAO

1979-1999 1979-2015



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!11

LAG-1LAG0
LAG+1



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!12

1979-2015 

1979-1999



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!13

Surface heat flux

ERA-INTERIM

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!13

Surface heat flux

ERA-INTERIM

On daily time scales, the Barents-averaged THF
(THFdBar; blue curve) leads the WACS pattern, with
reduced ocean-to-atmosphere heat fluxes peaking
2 days before the WACS pattern. This echoes the mes-
sage from the monthly analysis (Fig. 6), particularly that
the WACS pattern does not appear to be a direct at-
mospheric response to reduced Barents Sea ice (and
increased THF) on short (daily) or long (monthly) time
scales. Note that because THF PC1 represents a basin-
wide pattern of THF variability in the Barents Sea, it is
very similar to THFdBar except for a change in sign
(see Fig. 3b). The lagged correlation curves associated
with the daily version of these two indices are also very
similar except for a change in sign (r 5 20.96; see also
Fig. 3b). On the other hand, the daily version of the
THF PC2 index, which represents sea ice–related THF
variability, exhibits low correlations with WACSdsyn
at all lags (red curve). The lagged correlation between
ICEdBar and WACSdsyn (black curve) peaks at zero
lag, but it is stronger with ICEdBar lagging rather than
leading, casting further doubt on the idea that the
WACS pattern is a direct consequence of reduced
Barents Sea ice.
Finally, southerly wind anomalies over the Barents

region (VdBar; green curve) also peak 2 days before
WACSdsyn. Supposing that these wind anomalies are
associated with an anomalous atmospheric circulation
pattern, this could suggest 1) advection of warm air from
the south into the Barents Sea region, 2) a basinwide
reduction of THF as a result of a correspondingly
weakened temperature contrast between the warmer
ocean and colder atmosphere, and 3) a more slowly
evolving decrease in Barents Sea ice cover driven me-
chanically by southerly winds pushing the sea ice edge
northward. This chain of events is consistent with the
lead–lag relationships in Fig. 7 and suggests, along with

previous results, that the WACS pattern does not orig-
inate directly from enhanced THF caused by Barents
Sea ice reduction.
The corresponding spatial patterns at various lags

(Fig. 8) provide some final clues about how the WACS
pattern, THF, and atmospheric circulation over the
Barents Sea are linked. The patterns are consistent with
the results shown in Fig. 7: the WACS pattern is asso-
ciated with negative Barents Sea THF anomalies (re-
duced ocean-to-atmosphere THF) and a relatively weak
reduction in the Barents Sea ice cover (Figs. 8a–c),
which together are inconsistent with the notion that the
WACS pattern is a direct atmospheric response to re-
duced Barents Sea ice. The spatial distribution and
diminishing intensity of THF anomalies over time
(Figs. 8a–c) are instead consistent with atmospheric
changes driving ocean-to-atmosphere THF variability
(e.g., Bjerknes 1964; Cayan 1992; Gulev et al. 2013). The
associated near-surface signature exhibits southerly and
southwesterly winds (Figs. 8d–f), consistent with warm
temperature advection over the Barents Sea. The large-
scale surface (SLP) and midtropospheric (Z500) anom-
alies (Figs. 8g–i) resemble patterns associated with wave
propagation and winter atmospheric blocking (e.g., Park
et al. 2011; Cheung et al. 2013) and, to some degree, with
the east Atlantic pattern (Wallace and Gutzler 1981;
Smoliak 2009; Wettstein and Wallace 2010). It is also
noteworthy that the strongest Z500 anomalies occur
prior to the strongest (lag 0) correlation between the
WACS pattern and Barents Sea ice reductions (cf.
Figs. 7 and 8g–i), further supporting the interpretation
that the large-scale atmospheric wave exists prior to any
atmospheric changes initiated by Barents Sea ice (and
the associated THF) variability. Our interpretation
of the collective results is that the WACS pattern re-
flects a large-scale pattern of intrinsic coupled climate

FIG. 3. DJF THF (color shading) and SIC regressions (blue contours indicate reduced sea ice, red contours
indicate increased sea ice; contour interval 5%) onto (a) ICEBar (b) THF PC1, and (c) THF PC2. White dots
indicate regression values that are not significant using a two-sided t test and a 0.05 significance threshold. Only
significant values are plotted for SIC. The Barents Sea domain is indicated by the yellow box. Baffin Bay is the only
area with positive (red) SIC regressions.
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Figure 2. Left panel: Time series of the relative magnitude of the sea-ice
perturbation (see text for details) and of the surface temperature difference between
the perturbed run and the control run in the region 30E-90E 70N-85N. Right panel:
Average surface temperature (top, K) and surface turbulent heat fluxes (bottom,
W/m2) averaged over the first 45 days of simulation.
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TRANSIENT RESPONSE

c) zonal mean polar cap Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

b) North Atlantic Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

a) Barents-Kara Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

c) zonal mean polar cap Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

b) North Atlantic Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

a) Barents-Kara Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

c) zonal mean polar cap Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

b) North Atlantic Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

a) Barents-Kara Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)
Pr

es
su

re

Time (weeks)

c) zonal mean polar cap Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

b) North Atlantic Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

a) Barents-Kara Z

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

2 4 6 8

Time (weeks)

30

100

200
300

500
700
925

30100200300500700925

Pr
es

su
re

 (h
Pa

)

Normalised Z

3

3-5

5-7

(60N-90N)

Barents-Kara

North-Atlantic

Zonal Mean



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!19

FAST AND DELAYED RESPONSE: 2

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!21

FAST AND DELAYED RESPONSE: 2
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RIGHT SIDE   Index = corr(Z500,Zha)   
  LEFT SIDE     Index = corr(Z500,Zforced)

A PERSPECTIVE

1979-2000 1979-2015
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Comments

• A coupled perspective  
!

• The impact of the recent sea ice reduction on 
the sea-ice-NAO connection can be 
interpreted as the intraseasonal atmospheric 
response to surface fluxes on a time scale of 1 
or 2 months 

!
• Other indices can provide useful information 

to represent the atmospheric patterns 
involved in the lead-lag relationship 
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Geopotential Height 
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Geopotential Height 
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SURFACE TEMPERATURES
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Figure 11. Near-Surface temperature anomaly (K - perturbed minus control)
averaged over 1 week around lag -4 and lag +12 defined in figure 9b.

© 2013 Royal Meteorological Society Prepared using qjrms4.cls
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Detrend
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REGIMES OF ATMOSPHERIC RESPONSE
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THE UPPER-TROPOSPHERE

Impact on the upper-tropospheric circulation 
consistent with observed atmospheric mode of variability 
in the Barents-Kara region. 
(e.g. Takaya and Nakamura 2008, Nishii et al. 2011)
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c) 100 hPa Z* (PRT-CTL) and T* (Clim.) 
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• November sea-ice can be used 
 to predict NAO 1-2 months ahead 

NOT LINKED TO RECENT SEA ICE LOSS 
(Garcia Serrano et al.2015) 

!



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

Paolo Ruggieri University of L’Aquila, Italy TRIESTE , ICTP Teleconnections 2016

Transient Response                    Winter-Sea-ice                Coupled Variability

!32


