Primary factors of cold winter
2011/2012 in East Asia

Shuhei MAEDA and Shotaro TANAKA
Climate Prediction Division

Japan Meteorological Agency



1.Introduction
(Characteristic atmospheric variation)



Seasonal mean normalized temperature
anomalies in 2011/2012 winter(DJF)
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In wide areas over East and Central Asia, seasonal mean
temperature anomalies for winter 2011/2012 were below normal.




Strong Siberian High

T850 SLP

= e m i aame e — —

Seasonal Mean (DJF)
T850 (left) SLP(right) and
normalized anomaly in
2011/2012 winter

Cold air mass
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since 1979/1980
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Significant meandering of Polar Front Jet

Seasonal Mean (DJF) SLP, Z500 and normalized anomalies in 2011/2012

A distinct ridge over western Siberia contributed to the
enhanced Siberian High.




Strong Sub-tropical Jet over Eurasia
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The strong sub-tropical jet, which
was reinforced with weak northward
momentum flux by eddies, also
contributed to the cold winter




2. Direct influences of La Nina
(External forcing)



Direct influences of La Nina on STJ

DJF 2011/2012 La Nina years composite
SST anomalies
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Direct influences of La Nina on STJ
DJF 2011/2012
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La Nina years composite

LBM response to convective heating
anomalies in the tropics (255-25N)
in DJF 2011/2012

La Nina
= Heating anomalies in the tropics
= Strong U in the sub-tropics
= Eddies in the mid-latitude ??
= Weak U in the mid-latitude
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3.Influence of Tropical Atlantic SST Dipole
(External forcing)



Significant meandering of Polar Front Jet

80N

DJF 2011/2012 stream function, anomalies ,
wave activity flux(WAF) at 200hPa
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Meandering of Polar Front Jet associated with a
Rossby wave train from the Atlantic .




Rossby wave source over the Atlantic

DJF 2011/2012 stream function

DJF 2011/2012 Rossby wave
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DJF 2011/2012 divergent
wind anomalies at 200hPa

and OLR anomalies

Rossby wave source over the
Atlantic associated with upper
level convergence may force the

wave train.




Influence of Tropical Atlantic SST Dipole

DJF 2011/2012 SST anomalles Area averaged(60W-20E,0-20S) DJF
3 ' SST anomalies from 1971 to 2012
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DJF 2011/2012 OLR and 200hPa ?
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divergent wind anomalies 1971 2012

It is suggested that Meridional gradient
of SST anomalies in the tropical Atlantic
forced anomalous divergence flow in
the upper troposphere which forced the
Rossby wave train
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4.Influence of Sea lce in the Barents Sea
(External forcing)

J. Inoue

Referred from JAMSTEC HP
http://www.jamstec.go.jp/j/abo
ut/press_release/20120201/



Sea-ice concentration [%]

Inference of Sea Ice in the Barents Sea

Change in sea-ice cover in the Barents
- Sea during December from 1990 to
- 2011 (J. Inoue et. al., 2012)

Referred from JAMSTEC HP
~  http://www.jamstec.go.jp/j/about/press_release/20120201/
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" Sea-level pressure (hPa) anomaly and typical

" cyclone paths (Red arrow: light-ice year, Blue

I arrow: heavy-ice year). In the light-ice year, the
i cyclone path shifted northward and the

i- Siberian High expanded up to the Arctic coast.
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5.Summary

Cold air mass associated with the strongest Siberian High
since 1979/1980 caused the long-lasting cold winter
2011/2012 in East and Central Asia

Meandering of polar front jet and strong sub-tropical jet
in Eurasia contributed to the strong Siberian High and the
cold winter

The strong sub-tropical jet in Eurasia was forced by active
convection near the Maritime continent (La Nina impact)
and was reinforced with weak northward westerly
momentum flux by eddies in the mid-latitude

The Rossby wave train, which indicates meandering of
polar front jet, might be forced by Tropical Atlantic
Dipole SST

The Siberian High also might be enhanced by below
normal sea-ice cover in the Barents Sea



Schematic Charts issued by JMA with
advices from “Advisory Panel on
Extreme Climate Events

Wave trains from the Atlantic
to Eurasia , indicating
significant meandering of the
polar front jet stream.

Adistinct ridge over western
Siberia, contributing to the
enhanced Siberian High.
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Enhanced convective activity over
the tropical North Atlantic and
the La Nifa effect may be

responsible for wave trains along
the polar front jet stream.
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Enhanced convective activity across the
eastern Indian Ocean and the Maritime
Continent associated with the La Nina,
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contributing to the meandering of the
subtropical jet stream.
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Monthly mean normalized temperature
anomalies in 2011/2012 winter(DJF)
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Wide areas over East and Central Asia
experienced below-normal temperatures
in consecutive three months from
December 2011 to February 2012.
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