www.bsc.es
Barcelona gggg;gw
Supercomputmg
Center
Centro Nacional de Supercomputacion

Negative turbulent
heat flux feedback

F. Massonnet and J. Garckberrano

Workshop on Feedbacks in PolarRegions
May 17th, 2016

B F B Yo@d



Extent (Millions of square kilometers)

18

16

14

12

10

(Area of Ocean with at least 15% sea

Arctic Sea Ice Extent

ice)

1 Jan

1 Feb

1 Mar

1 Apr

1 May

BETA - National Snow and Ice Data Center, Boulder, CO

1 Jun

1 Jul
Date

1 Aug

1 Sep

1 Oct

1 Nov

1 Dec

31 Dec

== 1979
— 1980
— 1981
- 1982
— 1983
- 1984
= 1985
-+ 1986
- 1987
— 1988
1989
- 1990
— 1991
- 1992
— 1993
- 1994
= 1995
1996
- 1997
- 1998
1999

- 2000
— 2001
- 2002
— 2003
- 2004
- 2005
- 2006
- 2007
— 2008
- 2009
- 2010
- 2011
- 2012
- 2013
2014

12V




Extent (Millions of square kilometers)

18

16

14

12

10

1 Jan

1 Feb

1 Mar

Arctic Sea Ice Extent

(Area of Ocean with at least 15% sea ice)

Ice-albedo
feedback
(positive )

1 Apr

1 May

BETA - National Snow and Ice Data Center, Boulder, CO

1 Jun

1 Jul
Date

1 Aug

1 Sep

1 Oct

1 Nov

1 Dec

31 Dec

= 1979
—— 1980
— 1981

1982
— 1983
- 1984
= 1985

1986
- 1987
— 1988

1989
- 1990
— 1991

1992
— 1993
- 1994
= 1995

1996
- 1997
- 1998

1999
- 2000
— 2001

2002
— 2003
- 2004
- 2005
- 2006
- 2007
— 2008
- 2009
- 2010
- 2011
- 2012
- 2013

2014

12V




Extent (Millions of square kilometers)

18

16

14

12

10

1 Jan

1 Feb

1 Mar

Arctic Sea Ice Extent

(Area of Ocean with at least 15% sea ice)

Ice-albedo
feedback
(positive )

1 Apr

1 May

BETA - National Snow and Ice Data Center, Boulder, CO

1 Jun

1 Jul
Date

1 Aug

1 Sep

1 Oct

Ice-thicknes
ice-growth

Feedback
(negative )

1 Nov

1 Dec

31 Dec

= 1979
—— 1980
— 1981
1982

— 1983
- 1984
= 1985
1986
- 1987
— 1988
1989

- 1990
— 1991
1992

— 1993
- 1994
= 1995
1996
- 1997
- 1998
1999

- 2000
— 2001
2002

— 2003
- 2004
S— 2005
- 2006
- 2007
— 2008
- 2009
- 2010
- 2011
- 2012
- 2013
2014

12V




Extent (Millions of square kilometers)

18

16

14

12

10

1 Jan

1 Feb

1 Mar

Arctic Sea Ice Extent

(Area of Ocean with at least 15% sea ice)

Ice-albedo
feedback
(positive )

1 Apr

1 May

flux feedback

BETA - National Snow an(rclgggti,\(cﬁde) co

1 Jun

1 Jul
Date

1 Aug

1 Sep

1 Oct

Ice-thicknes
ice-growth

Feedback
Turbulent heat (negative )

1 Nov

1 Dec

31 Dec

= 1979
—— 1980
— 1981
1982

— 1983
- 1984
= 1985
1986
- 1987
— 1988
1989

- 1990
— 1991
1992

— 1993
- 1994
= 1995
1996
- 1997
- 1998
1999

- 2000
— 2001
2002

— 2003
- 2004
S— 2005
- 2006
- 2007
— 2008
- 2009
- 2010
- 2011
- 2012
- 2013
2014

12V




Seaice surface
energy balance
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Sealce Surface Turbulentheat
energy balance flux overseaice S

F FT = FS + |:L —

;

Part 1 0 I in an atmospheric reanalysis

Part 20 K in an oceanin seaice model




Sealce Surface Turbulentheat
energy balance flux overseaice S

F FT = FS + |:L —

;

Part 1 0 F in an atmospheric reanalysis




The K-feedback is negative and can be
characterized by the autocorrelation of the F;
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Proposed mechanism: seaice/ocean as
a temporary storage of turbulent heat
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Sealce Surface Turbulentheat
energy balance flux overseaice S

F FT = FS + |:L —

;

Part 1 0 I in an atmospheric reanalysis

Part 20 K in an oceanin seaice model




Sealce Surface Turbulentheat
energy balance flux overseaice S

F FT = FS + |:L —

;

Part 2 0 I in an oceani seaice model
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First order diagnostics for that model: total
September seaice volume and extent
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Firstorder diagnostics for that model: seaice thickness

1986-2005 March Arctic sea ice thickness 1986-2005 September Arctic sea ice thickness

Ref period:

EE 2 > [
1986_2005 00 06 12 1.8 24 3.0 3.6 42 48 00 06 12 18 2.4 3.0 3.6 42 48
m m
1986-2005 March Antarctic sea ice thickness 1986-2005 September Antarctic sea ice thickness

00 02 04 06 08 10 12 14



Back to turbulent heat
flux diagnostics!



Autocorrelation

Autocorrelation of Beaufort Sea turbulent flux anomalies
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This negative correlation matches the one identified in ERA-Interim,
although it happens earlier in the model. And in fact the model is
known to reach its minimum about a month earlier than in reality




The model has longer
persistencethan the reanalysise

July to August correlation of F;

Ref. 19791999
(simulation is ongoing
to output that
particular diagnostic!)



