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Abstract During the 2012-2013 winter, the negative
phase of the North Atlantic Oscillation (NAO) predomi-
nated, resulting in a cold winter over Europe and northern
Asia punctuated by episodes of frigid weather. This climate
anomaly is part of a recent trend towards negative values of
the NAO index that has occurred over recent winters. The
negative trend of the NAO may be related to atmospheric
internal variability but it may also be partly forced by slowly
varying components of the climate system. In the present
study. we investigate the influence of surface conditions on
the atmospheric circulation for the 2012-2013 winter using
an atmospheric global climate model. In particular, the role
of low Arctic sea ice concentration, warm tropical/North
Atlantic sea surface temperature and positive Siberian snow
cover anomalies are isolated by prescribing them in a set of
different numerical experiments. Our simulations suggest
that each of these surface forcings favored a negative NAO
during the 2012-2013 winter. In our model, the combined
NAO response to tropical/North Atlantic SST, Arctic sea ice
and Siberian snow anomalies accounts for about 30 % of
the observed NAO anomaly. Different physical mechanisms
are explored to elucidate the atmospheric responses and are
shown to inv e both tropical and extratropical processes.
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1 Introduction

Recent winters have been characterized by a resurgence
of extreme cold weather over the northern mid-latitudes
(Jung « Maidens et . Peterson et al
Slingo linger et al. Episodes of anoma-
lously cold temperature and snowfall have hit some regions
of Europe, Asia and North America with strong socio-eco-
nomic consequences (e.g., the 2009/2010 cold winter over
Europe/eastern US, the deadly cold spell of February 2012
over central Europe, frigid temperature in March 2013 over
the UK, the cold snap of early January 2014 over the east-
ern US). These climatic anomalies have raised questions as
to what may be driving them as they are somewhat at odds
with the long-term expected consequences of global change
including the projected decay of cold extremes (Collins et
al. . Several studies have suggested that the recent
acceleration of Arctic sea ice retreat is a possible driver
for the resurgence of cold weather episodes (Francis et al.
khov and Semenoy 1etal Tang
. Francis and Vavr proposed the fol-
lowing mechanism: with Arctic sea-ice loss and the associ-
ated Arctic amplification (Serreze et al. , the north-
ward temperature gradient in winter is decreased resulting
in a slower jet stream and thus slower moving weather
systems so that cold anomalies can linger. However, this
mechanism has been challenged since it is metric-depend-
ent and hardly detectable in the observations (Screen and
Simmonds Barnes . Moreover, recent cold air
outbreaks are not unprecedented (Cellitti et al Guir-
guis et al and are consistent with the strong natural
variability inherent to the climate system (Wallace et al.
. An extensive review of the recent findings concern-
ing a link between the Arctic sea ice decline and the mid-
latitude winter weather is given in Vihma
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