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INTRODUCTION

• Evidence linking sea-ice variability in the Barents and Kara  
    seas and circulation in the North Atlantic 
!
• A delayed, non local link on a sub-seasonal time scale 
    (2 months, e.g. Honda et al. 2009) 
!
• Possible role of stratosphere and tropospheric  
    eddy feedback 
!
!
KEY QUESTION: What are the drivers of the delayed response?

Atmospheric response to sea-ice reduction in the  
Barents and Kara seas
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MOTIVATION

Ruggieri et al. (2016) JGR

Impact of sea-ice on the stratosphere:  
Sun et al. (2015, JoC), Kim et al. (2014-NatCom) 

Stratospheric pathway to delayed response:  
Jaiser et al. (2016, JGR), Ruggieri et al. (2016-JGR) 

Late-Autumn Early-Winter 
Sea Ice 

Late Winter NAO 

Weak stratospheric  
circulation 
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MODEL 
!

• Intermediate Complexity AGCM: SPEEDY 
!

T 30 , 8 leves , TOA 30 hPa,  
simple parameterisations of physical  

processes 
!

SIMULATION 
!

• 100 initial conditions with clim. sea ice (CTL) 
vs reduced sea ice in B-K in January (PRT) 

!
Sea-ice reduction prescribed only  

for 2 weeks
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EXPERIMENTAL SETUP 
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• 100 parallel runs starting on Jan 1st, different atmospheric 
initial conditions

Ice and Surf Temp  Surface Temperature

Ruggieri et al. submitted  QJRMS
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TRANSIENT RESPONSE
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TRANSIENT RESPONSE
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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)

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

d) 100 hPa Z* (Clim.) and T* (PRT-CTL)

-1.6
-1.4
-1.2
-1.0
-0.8
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

K

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

c) 100 hPa Z* (PRT-CTL) and T* (Clim.) 

-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
8.0

K

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

DL

150E

120E

90E

60E

30E

GM

30W

60W

90W

120W

150W

b) 100 hPa [v*T*] components

1Jan JAN 1Feb FEB 1Mar MAR

Days

-2

-1

00

1

2

-2-10012

1
0
0
 h

P
a
 h

e
a
t 
flu

x 
(m

K
/s

) 
a
n
d
 P

V

a) 100-hPa eddy heat flux and 30 hPa PV (PRT-CTL)

-20

-10

0

10

20

-20-1001020

In
te

g
ra

te
d
 h

e
a
t 
flu

x 
(K

*m
)

1Jan JAN 1Feb FEB 1Mar MAR

Days

-2

-1

00

1

2

-2-10012

a
) 

1
0
0
 h

P
a
 h

e
a
t 
flu

x 
(m

K
/s

) 
a
n
d
 P

V

100 hPa eddy heat flux (v*T*)



Paolo Ruggieri University of L’Aquila, Italy TRIESTE , EMS Annual Meeting 2016

Transient Response                    Barents-Kara Sea Ice                Euro-Atlantic Circulation

!10

 A UNIFIED VIEW : 1

30 hPa, Geopotential Height

300 hPa, Geopotential Height

850 hPa, Transient Heat Fluxes  
and Jet Latitude
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 A UNIFIED VIEW : 1

30 hPa, Geopotential Height

300 hPa, Geopotential Height

850 hPa, Transient Heat Fluxes  
and Jet Latitude
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 A UNIFIED VIEW : 2
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SURFACE TEMPERATURES

Speedy 
Sea-ice Reduction 

1-15 Jan 
!

ERA-Interim 
Low Sea-Ice  

Dec-Jan 
!
!

20 P. Ruggieri et al.
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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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FURTHER WORK
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150WFast Response 
Investigate, in an idealised setup  
(AQUAPLANET), the dynamical response  
of mid-latitude jet to high-latitude,  
near-surface heating. 
!
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Delayed Response 
It can be found in a low-top model. 
Can we find it with the same setup in a  
model which includes complex  
stratosphere dynamics? 
!
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SUMMARY

• An idealised experiment with an intermediate 
complexity model highlights two regimes of response 

over the North Atlantic sector 
!

• The fast, NAO-like response suggests a non-local link 
of the diabatic heating with the dynamics of North 

Atlantic storm tracks 
!

• After 5 weeks, the response is dominated by a 
hemispheric signal in the upper levels. Subsequently,  

a delayed negative NAO is found.
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a) SIC LIYs minus HIYs DEC-JAN
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ADDITIONAL SLIDES-2

Transient response to sea-ice reduction 15
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d) T and Z 100 hPa day 21-40
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Figure 6. Top panels: temperature (shading, K) and geopotential height (contours,
m) at 925 hPa, difference between the perturbed and the control run for a) day1-10,
b) day 11-30. Bottom panels: as in top panels, but at 100 hPa and for c) day 1-20,
d) day 21-40
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a) 100-hPa eddy heat flux and 30 hPa PV (PRT-CTL)
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Figure 8. a) Time series of the area-weighted instantaneous (dashed black line)
and integrated (solid black line) 100 hPa eddy heat flux difference (perturbed
minus control), averaged zonally and meridionally between 40N and 80N. Units
for the dashed line are Km/s, for the solid line are Km. b) Black line: Total eddy
heat flux difference computed as in a). Yellow line: {T∗

a v∗
c}, blue line: {T∗

cv
∗
a},

dotted line: {T∗
a v∗

a} + {T∗
a v∗′

c } + {T∗′
c v∗

a}. c) Projection of T∗
a (shading) and

Z
∗
c (contours, drawn every 5 m), where Z is the geopotential height, at 100 hPa

averaged over day 10-45. d) Projection of Z∗
a (contours, drawn every 5 m) and T

∗
c

(shading), at 100 hPa averaged over day 10-45.
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