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ABSTRACT
Contemporary climate science seeks to understand the rate and magnitude of a warming global climate and how it
impacts regional variability and teleconnections. One of the key drivers of regional climate is the observed reduction
in end of summer sea-ice extent over the Arctic. Here the authors show that interannual variations between the
September Arctic sea-ice concentration, especially in the East Siberian Sea, and the maximum Okhotsk sea-ice
extent in the following winter are positively correlated, which is not explained by the recent warming trend only. An
increase of sea ice both in the East Siberian Sea and the Okhotsk Sea and corresponding atmospheric patterns,
showing a seesaw between positive anomalies of sea level pressures over the Arctic Ocean and negative anomalies
over the midlatitudes, are related to cold anomalies over the high-latitude Eurasian continent. The patterns of
atmospheric circulation and air temperatures are similar to those of the annually integrated Arctic Oscillation (AO).
The negative annual AO forms colder anomalies in autumn sea surface temperatures both over the East Siberian
Sea and the Okhotsk Sea, which causes heavy sea-ice conditions in both seas through season-to-season persistence.

1. Introduction
Changes in the Arctic sea-ice extent have been dramatic;
in particular, the September Arctic sea-ice extent has been
rapidly decreasing and its year-to-year variations of sea-ice
concentration over the marginal seas to the northern coast
of Alaska and Siberia have declined since 1979. The
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September sea-ice concentrations over the marginal seas
not only exhibit a decreasing trend but also are correlated
with the variations in September sea-ice extent over the
entire Arctic Ocean, both in raw and detrended data (Ogi
and Wallace 2007). The recent very low Arctic sea-ice
extent reflects increasing areas of open ocean. Therefore,
these marginal seas are the most important regions to
understand climate change over the Arctic Ocean. The
recent low Arctic sea-ice extent is not limited to climate
change over the Arctic Ocean, but has also impacted
weather and climate in midlatitudes with atmospheric
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FIG. 1. Monthly means (color shaded, %) and standard deviation (contours, intervals of 5%, 10%, 15%, etc.) of sea-ice concentrations for
1970–2012 in (a) September and (b) February.

variability (Honda et al. 2009; Orsolini et al. 2011). Arctic
warming is generally consistent with reductions in the
Arctic sea-ice cover (Ogi and Wallace 2007; Serreze et al.
2009; Screen and Simmonds 2010), concurrently affecting
snowfall, precipitation, and vegetation cover over the
Arctic and midlatitudes in summer to winter (Orsolini et al.
2011; Screen 2013; Bhatt et al. 2013).
The Okhotsk Sea, which is located between the eastern end of the Eurasian continent and the North Pacific
(Fig. 1), is the southernmost ocean in the Northern
Hemisphere that is covered with sea ice during winter
(Fig. 1b). The sea ice begins to form over the northwestern
coast of the Okhotsk Sea in November, and reaches a
maximum in February or March, and mostly disappears in
June. The Okhotsk sea-ice cover has also experienced a
significant decline for recent several decades. It is suggested that the Okhotsk sea-ice variability is related to the
Arctic and sub-Arctic sea-ice variability through atmospheric and oceanic processes on multiyear time scales
(e.g., Parkinson et al. 1999; Ukita et al. 2007). Thus, the
study of mutual connections between the Arctic and
Okhotsk sea-ice variability is important for understanding
recent dramatic evidence of climate change.
The interannual variability of sea-ice extent in general is
very large because its variability is associated with both
large- and local-scale atmospheric circulations. The decrease in the Arctic sea-ice coverage during summer has
been attributed to changing patterns of surface winds associated with the dominant patterns of atmospheric circulation (Rigor et al. 2002; Ogi et al. 2010; Wu et al. 2006;
L’Heureux et al. 2008). The sea-ice extent in the Okhotsk
Sea is also influenced by interannual variability in the atmospheric patterns (Fang and Wallace 1994; Tachibana
et al. 1996, 2008). In contrast, recent model studies have
suggested that the sea-ice variability influences the atmospheric circulation through the formation of stationary

Rossby wave trains and modification of the storm track
(e.g., Honda et al. 1999; Alexander et al. 2004). It is also
suggested that initializing the sea-ice variability may in
turn enhance the predictability of atmospheric circulations
in seasonal forecasts (Balmaseda et al. 2010; Doblas-Reyes
et al. 2013). Recently, Honda et al. (2009) examined impacts of the summertime Arctic sea-ice reduction on the
wintertime climate over Eurasia based on a reanalysis
dataset and numerical experiments using an atmospheric
general circulation model. Their results show that the decrease of the Arctic sea-ice extent along the Siberian coast
in September is associated with significant cold anomalies
over the Far East and high pressure anomalies over Siberia
in early winter. Sasaki et al. (2007) showed that autumnal
wind anomalies flowing from Siberia into the Okhotsk Sea
bring cold air temperatures and heavy sea-ice conditions
there. Those former studies have implied that the interannual variability of the atmospheric circulation might
connect the September Arctic sea-ice variations and the
Okhotsk sea-ice expansion in the following winter. In this
study, we consider how atmospheric variability influences
the year-to-year variations of interseasonally linked seaice extent between the Arctic Ocean and Okhotsk Sea.
It is known that the Okhotsk sea-ice extent is negatively
correlated with the Amur River discharge on interannual
time scales, mainly through the atmospheric circulation
change in summer, the season when the discharge peaks
(Ogi et al. 2001). This indicates that the Okhotsk sea ice
could also be related to the atmospheric conditions in the
preceding summer. On the other hand, onset of sea-ice
formation is well predicted by local turbulent heat fluxes in
relation to atmospheric conditions in the preceding autumn (Ohshima et al. 2006). Regarding such atmospheric
forcing on different seasons, Ogi and Tachibana (2006)
showed that an annual-mean atmospheric pattern defined
as the January–December mean Arctic Oscillation (AO)
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pattern (Thompson and Wallace 1998) is significantly related to both the summer discharge of the Amur River
and sea-ice extent in the Okhotsk Sea in the following
winter. This study indicated that atmospheric patterns on
the annual time scale could influence the season-to-season
link of the atmosphere–land–ocean system. In this paper,
we argue that the September Arctic sea ice and the
Okhotsk sea ice in the following wintertime are also related to each other via interseasonally persistent atmospheric variations in summer through winter.
Our paper is set out as follows: in section 2 we describe
datasets used in the present study. Section 3a shows the
relationship between the September Arctic sea-ice concentrations and the maximum Okhotsk sea-ice extent in
the following winter. The atmospheric patterns in relation
to the year-to-year variations in sea-ice variability both in
the Arctic and the Okhotsk Sea are given in section 3b. In
section 4, we also discuss the relationship between autumn
sea surface temperature (SST) associated with the annualmean AO and the atmospheric patterns correlated with
sea-ice variations in the Arctic and the Okhotsk Sea shown
in section 3b. Section 5 summarizes and discusses the role
of the annual AO on year-to-year covariations between
the September Arctic sea-ice concentrations and the
maximum Okhotsk sea-ice extent in the following winter.

2. Data
We used the monthly data of atmospheric fields from the
National Centers for Environmental Prediction–National
Center for Atmospheric Research (NCEP–NCAR) reanalysis dataset from 1970 to 2012 (Kistler et al. 2001). The
AO index from 1970 to 2012 defined by Thompson and
Wallace (1998) is taken from the Climate Prediction Center.
The annual mean (January–December) of sea level pressure
(SLP), air temperature at 850 hPa, and the AO index are
used in this study. Monthly mean sea-ice concentration data
and SST data used in this study are based on the Met Office
Hadley Centre Sea Ice and Sea Surface Temperature dataset
version 1 (HadISST1) provided as the monthly fields of seaice extent from 1970 to 2012 (Rayner et al. 2003). Maximum
sea-ice coverage data in the Okhotsk Sea is obtained from
the Japan Meteorological Agency (JMA) for 1971 to 2013.

3. The relationship between Arctic and Okhotsk
sea ice
a. September Arctic sea-ice concentration and the
maximum Okhotsk sea-ice extent in the following
winter
In this section, we examine the sea-ice covariations in
different seasons between the Arctic Ocean and the
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FIG. 2. September sea-ice concentrations in percent regressed on the
maximum Okhotsk sea-ice coverage in the following winter (Fig. 3).
Contours indicate regression coefficients (intervals of 5%, 10%, 15%,
etc.). Shading indicates correlation coefficients that exceed the 95%
confidence level. The domain where the Arctic sea-ice index is calculated is enclosed by solid lines (728–808N, 1438E–1978W).

Okhotsk Sea. The year-to-year variations in sea-ice concentrations are large in the marginal seas to the north of
Alaska’s and the Siberian coast in autumn (Fig. 1a) and in
the Okhotsk Sea in winter (Fig. 1b). Therefore, variations
in the September Arctic sea-ice extent mainly reflect the
behaviors in these marginal seas. Figure 2 shows September sea-ice concentration regressed on the maximum Okhotsk sea-ice coverage in the following winter.
The regression and correlation patterns yield a large
loading and high correlation over the East Siberian Sea.
Figure 3 show the time series of the September sea-ice
concentration averaged over the East Siberian Sea (the
box area in Fig. 2) and the maximum Okhotsk sea ice in
the following winter. These time series are hereafter referred to as ‘‘the Arctic sea-ice index’’ and ‘‘the Okhotsk
sea-ice index,’’ respectively. The choice of averaging area
for the former index is based on its regional importance
for climate variability as revealed in previous studies
(e.g., Ogi and Wallace 2007). The interannual variations
of both the Arctic and Okhotsk sea-ice indices are positively correlated (R 5 0.54, P , 0.01); when the September sea-ice concentrations are large over the East
Siberian Sea, the maximum Okhotsk sea-ice coverage in
the following winter also yields a larger area than normal.
Since decreasing tendencies shown in both indices may
reflect recent global warming, we removed each of linear
trends from the original indices, respectively. As inferred,
the correlation coefficient between the detrended time
series becomes weaker (R 5 0.33), yet statistically

Unauthenticated | Downloaded 01/09/23 08:48 AM UTC

4974

JOURNAL OF CLIMATE

VOLUME 28

FIG. 3. Time series of standardized September Arctic sea-ice extent averaged over the domain
shown in Fig. 2 (solid line) and maximum Okhotsk sea-ice coverage in the following winter (dotted
line). The bars are the annual (from January to December) mean Arctic Oscillation (AO) index.

significant (P , 0.05). Note that we made an a priori selection of the region for our correlation analysis and, hence,
the statistical significance of the detrended correlation is
robust. The result indicates that there exists an unignorable
relationship between the sea-ice variability in the autumn
Arctic Sea and the winter Okhotsk Sea, which cannot be
explained by the recent warming trend only. Because we
would like to focus on the year-to-year variations of sea
ice between the East Siberian Sea and Okhotsk Sea, the
interannual variability in the detrended Arctic and
Okhotsk sea-ice indices are used in this study.

b. Annual mean atmospheric patterns in relation to
the sea ice in the Arctic and the Okhotsk Seas
To identify a common forcing field of the sea-ice
variability in the different seasons between the Arctic
Ocean and Okhotsk Sea, it is useful to examine the annual mean large-scale atmospheric patterns, which represent temporally integrated fields that could exert
persistent influences from one season to another (Ogi
and Tachibana 2006). Figure 4a shows the patterns in
detrended annual mean SLP regressed on the detrended
September Arctic sea-ice index for the period 1970–
2012. The SLP pattern shows a seesaw between positive
anomalies over the Arctic Ocean and an area of negative
anomalies over the Pacific and the Atlantic Oceans associated with increase of the Arctic sea-ice extent in
September. This pattern exhibits an anticyclonic circulation over the Arctic; in particular, large positive
anomalies occur over the northern Europe and Siberian
coast. It is suggested that the winds from the north of
Greenland to the north of Alaska’s coast could enhance
sea-ice cover over the East Siberian Sea through the
combined effect of cold air and sea-ice advection.1 The

1
One may wonder how seasonal mean atmospheric circulation
anomalies, rather than the annual mean, are related to the Arctic
sea-ice extent in September. We present such a seasonal analysis
in the appendix.

annual mean SLP anomalies regressed on the maximum
Okhotsk sea-ice index in the following winter (Fig. 4b)
are characterized by a seesaw pattern between the
Arctic Ocean and the midlatitudes. The negative
anomalies in the Pacific sector are associated with
deepening of the Aleutian low that acts to increase the
Okhotsk ice cover with strong cold air advection
(Tachibana et al. 1996). Those SLP anomalies regressed
on both the September Arctic and the winter Okhotsk
sea-ice indices have similar signatures (Figs. 4a and 4b),
which suggests that a common annual atmospheric
large-scale pattern influences the sea-ice extent in both
the Arctic Ocean and the Okhotsk Sea.
Figures 4c and 4d show annual mean air temperature at
the 850-hPa regressed on the September Arctic sea-ice
index and the maximum Okhotsk sea-ice index in the
following winter, respectively. The former (Fig. 4c) shows
significant cold anomalies over the high-latitude Eurasian
continent and the East Siberian Sea. This cooling over
and around the Arctic is effective to generate and expand
the sea-ice extent in the East Siberian Sea. Similarly, the
latter (Fig. 4d) exhibits negative anomalies over and
around the Far East. These air temperature anomalies
(Figs. 4c,d) are consistent with heavy sea-ice conditions
both in the Arctic Ocean and Okhotsk Sea.

4. Annual AO patterns
a. Annual AO associated with the sea ice in the Arctic
Ocean and the Okhotsk Sea
The similarity in the SLP regression patterns shown in
the previous section indicates that the seesaw pattern
between the Arctic Ocean and the subarctic region especially over the North Pacific and the North Atlantic
influences both the Arctic and Okhotsk sea-ice extent
(Figs. 4a and 4b). Those SLP patterns—positive anomalies over the Arctic Ocean and negative anomalies over
the midlatitudes—are similar to the negative AO pattern (Thompson and Wallace 1998) that is characterized
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FIG. 4. (a) Detrended annual mean sea level pressure (SLP) regressed on time series of standardized detrended
September Arctic sea-ice extent index (box area in Fig. 2). Contours denote regression coefficient (interval of
0.2 hPa). The red and blue lines are positive and negative anomalies, respectively. (b) As in (a), but based on the
maximum detrended Okhotsk sea-ice index in the following winter. (c),(d) As in (a),(b), but for detrended annual
mean air temperature at 850 hPa (contours every 0.1 K). Gray shading shows correlation coefficients that exceed the
95% confidence level.

by a seesaw of atmospheric mass between mid- and high
latitudes. Figure 5a shows an annual mean SLP regressed on the annual AO index (bar graph in Fig. 3). It
is noted that the signs in Fig. 5 are reversed to emphasize
the negative phase of the AO pattern. Thus, the sea-ice
extent in both the Arctic Ocean and Okhotsk Sea tends
to increase during the negative AO years.
The pattern of the annual mean 850-hPa air temperature regressed on the annual AO index (Fig. 5b)
shows negative anomalies over the Eurasian continent
and positive anomalies over North America and Greenland
when the AO phase is negative. The pattern, particularly

the one over Eurasia, is also similar to ones regressed
onto both the Arctic and Okhotsk sea-ice indices
that are negative anomalies over the Far East (Figs. 4c
and 4d), indicating that both winter and summer AO
strongly influences the air temperature over the Eurasia continent (Thompson and Wallace 1998; Ogi et al.
2004). Therefore, positive SLP anomalies over the
Arctic Ocean associated with the negative annual
AO cause an expansion of sea-ice cover in the East
Siberian Sea, and negative SLP anomalies over the
Bering Sea also cause an extension of the Okhotsk
sea-ice cover.
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FIG. 5. As in Fig. 4, but for (a) annual mean SLP (interval of 0.3 hPa) and (b) air temperature at the 850-hPa
(interval of 0.2 K) regressed on the annual AO index. The signs are reversed to emphasize the negative phased of the
AO pattern.

b. Autumn SST correlated with annual AO
The results in the previous section show that the annual AO is linked to both sea-ice concentrations over
the East Siberian Sea in September and over the
Okhotsk Sea in the following winter. The correlation
coefficients between the annual AO and detrended
Arctic and the Okhotsk sea-ice indices are, however, not
high (R 5 20.32 for the Arctic and R 5 20.15 for the
Okhotsk sea ice, respectively). One reason for the low
correlation is an indirect effect of the annual AO on the
Arctic and Okhotsk sea ice through the ocean. Since
the atmosphere itself does not have a long memory, the
variations of ocean that have a longer memory are also
important for the interseasonal link of year-to-year
variations between the Arctic and the Okhotsk sea ice.
The Okhotsk Sea is seasonally covered with sea ice from
November to June, while sea ice along the Siberian coast
in the Arctic Ocean melts during the season from May to
September. Therefore, open water appears in both the
Siberian coast and the Okhotsk Sea from summer to
autumn, which would be influenced by the annual AO.
Figure 6 shows the patterns for monthly detrended
SSTs for July, August, and September regressed on the
annual AO index. Note that the signs are reversed to
emphasize the negative phase of the AO. All SST patterns show cold anomalies over the Okhotsk Sea and
East Siberian Sea when the annual AO is in a negative
phase (Fig. 5a), which suggests that the memory of the
annual AO is retained in the open water of both seas.
The persistent colder SST anomalies favor increased

formation of sea ice both in the East Siberian Sea in the
following autumn and the Okhotsk Sea in the following
winter.

5. Conclusions and discussion
In this paper we have investigated the year-to-year
covariations in sea-ice extent between the Arctic Ocean
during summer–autumn and the Okhotsk Sea during
winter. The September Arctic sea ice in the East Siberian Sea is positively correlated with variations of the
maximum Okhotsk sea ice in the following winter.
The sea-ice indices both in the Arctic Ocean and the
Okhotsk Sea have decreasing trends, which contributes
to the high correlation between them. Nevertheless,
detrended sea-ice time series still yield a significant
correlation, which cannot be explained by the recent
warming trend only. We have shown that annual-mean
atmospheric circulation anomalies in relation to the
detrended sea-ice variability both in the Arctic Ocean
and the Okhotsk Sea are characterized by a seesaw-like
SLP pattern: a pair of positive and negative SLP
anomalies over the East Siberian Sea and the Bering
Sea, respectively (Figs. 4a and 4b). The former acts to
increase sea-ice extent over the East Siberian Sea
through anomalous northeasterly advection from north
of Greenland to the East Siberian Sea, and the latter is
consistent with the enhanced Aleutian low causing
larger-than-normal Okhotsk sea-ice extent. Annual
mean air temperatures at the 850-hPa height also become colder over East Siberia and the Arctic (Figs. 4c
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FIG. 6. As in Fig. 5, but for detrended monthly mean sea surface temperature (SST) on (a) July, (b) August, and (c) September.
Contours indicate regression coefficients (interval of 0.2 K). Shading indicates correlation coefficients that exceed the 95%
confidence level.

and 4d) through wind anomalies from north of Alaska to
the East Siberian Sea associated with SLP anomalies
over the Arctic and North Pacific (Figs. 4a and 4b). The
above-mentioned SLP and air temperature anomalies
in relation to the sea-ice coverage both in the East Siberia and the Okhotsk Seas resemble those associated
with the annual AO pattern. It directly contributes to
cooling of SSTs from summer to autumn in both the
East Siberian Sea and the Okhotsk Sea when the AO
has a negative phase (Fig. 6), which promotes freezing
of the ocean.
Ogi and Tachibana (2006) showed the relationship
between the summertime Amur River discharge and the
wintertime Okhotsk sea-ice extent based on the annual
AO. Since their analyses is based on 3-yr running mean
data, however, it was still unclear what processes associated with the annual AO would cause relationship
between the Amur River discharge and the Okhotsk
sea-ice extent. In the present study, we argue that the
annual AO causes the interseasonal link of year-to-year
variations in sea-ice extent between the Arctic Ocean
and the Okhotsk Sea through the persistence of SST
anomalies over there based on yearly data. It is an interesting question for future studies whether the imprints of the annual AO in SST and sea ice in turn feed
back on the interseasonal memory and interannual
variations of the annual AO. A modeling study using a
long-term climate model simulation is under way to
support the findings obtained from this study based on
observations with limited record length, and further
elucidate the mechanisms for the interseasonal linkage
of the sea-ice variations.
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APPENDIX
Seasonal Mean SLP Anomalies
To complement our analysis on the link between annual mean SLP anomalies and sea-ice variability in the
summer Arctic Ocean (section 3b), we further examine
the relationship of seasonal mean SLP anomalies with the
September Arctic sea ice shown in Fig. A1. All seasonal
mean SLP patterns regressed onto the September sea ice
over the East Siberian Sea show positive anomalies over
northern Europe and the Siberian coast. These positive
SLP anomalies over the Arctic are strong in the January–
March (JFM) and April–June (AMJ) patterns preceding
the September Arctic sea ice. In particular, the JFM SLP
pattern strongly reflects the negative AO pattern. Overall, the seasonal regression patterns are similar to the
pattern of annual mean in Fig. 4a.

Unauthenticated | Downloaded 01/09/23 08:48 AM UTC

4978

JOURNAL OF CLIMATE

VOLUME 28

FIG. A1. As in Fig. 4a, but for detrended seasonal [JFM, AMJ, July–September (JAS), and October–December
(OND)] mean SLP regressed on the detrended September Arctic sea-ice extent index.
REFERENCES
Alexander, M. A., U. S. Bhatt, J. E. Walsh, M. S. Timlin, J. S.
Miller, and J. D. Scott, 2004: The atmospheric response to
realistic Arctic sea ice anomalies in an AGCM during winter.
J. Climate, 17, 890–905, doi:10.1175/1520-0442(2004)017,0890:
TARTRA.2.0.CO;2.
Balmaseda, M. A., L. Ferranti, F. Molteni, and T. N. Palmer, 2010:
Impact of 2007 and 2008 Arctic ice anomalies on the atmospheric circulation: Implications for long-range predictions.
Quart. J. Roy. Meteor. Soc., 136, 1655–1664, doi:10.1002/
qj.661.
Bhatt, S. U., and Coauthors, 2013: Recent declines in warming and
vegetation greening trends over pan-Arctic tundra. Remote
Sens., 5, 4229–4254, doi:10.3390/rs5094229.
Doblas-Reyes, F. J., J. Garcia-Serrano, F. Lienert, A. PintoBiescas, and L. R. L. Rodrigues, 2013: Seasonal climate predictability and forecasting: Status and prospects. Wiley Interdiscip.
Rev.: Climate Change, 4, 245–268, doi:10.1002/wcc.217.
Fang, Z., and J. M. Wallace, 1994: Arctic sea ice variability on a
timescale of weeks and its relation to atmospheric forcing.

J. Climate, 7, 1897–1914, doi:10.1175/1520-0442(1994)007,1897:
ASIVOA.2.0.CO;2.
Honda, M., K. Yamazaki, H. Nakamura, and K. Takeuchi, 1999:
Dynamic and thermodynamic characteristics of atmospheric response to anomalous sea-ice extent in the Sea of Okhotsk.
J. Climate, 12, 3347–3358, doi:10.1175/1520-0442(1999)012,3347:
DATCOA.2.0.CO;2.
——, J. Inoue, and S. Yamane, 2009: Influence of low Arctic sea-ice
minima on anomalously cold Eurasian winters. Geophys. Res.
Lett., 36, L08707, doi:10.1029/2008GL037079.
Kistler, R., and Coauthors, 2001: The NCEP–NCAR 50-Year Reanalysis: Monthly means CD-ROM and documentation. Bull. Amer.
Meteor. Soc., 82, 247–267, doi:10.1175/1520-0477(2001)082,0247:
TNNYRM.2.3.CO;2.
L’Heureux, M. L., A. Kumar, G. D. Bell, M. S. Halpert, and R. W.
Higgins, 2008: Role of the Pacific–North American (PNA)
pattern in the 2007 Arctic sea ice decline. Geophys. Res. Lett.,
35, L20701, doi:10.1029/2008GL035205.
Ogi, M., and Y. Tachibana, 2006: Influence of the annual Arctic
Oscillation on the negative correlation between Okhotsk Sea

Unauthenticated | Downloaded 01/09/23 08:48 AM UTC

15 JUNE 2015

OGI ET AL.

ice and Amur River discharge. Geophys. Res. Lett., 33,
L08709, doi:10.1029/2006GL025838.
——, and J. M. Wallace, 2007: Summer minimum Arctic sea ice
extent and the associated summer atmospheric circulation.
Geophys. Res. Lett., 34, L12705, doi:10.1029/2007GL029897.
——, Y. Tachibana, F. Nishio, and M. A. Danchenkov, 2001: Does
the fresh water supply from the Amur river flowing into the
Sea of Okhotsk affect sea ice formation? J. Meteor. Soc. Japan,
79, 123–129, doi:10.2151/jmsj.79.123.
——, K. Yamazaki, and Y. Tachibana, 2004: The summertime
annular mode in the Northern Hemisphere and its linkage to
the winter mode. J. Geophys. Res., 109, D20114, doi:10.1029/
2004JD004514.
——, ——, and J. M. Wallace, 2010: Influence of winter and summer surface wind anomalies on summer Arctic sea ice extent.
Geophys. Res. Lett., 37, L07701, doi:10.1029/2009GL042356.
Ohshima, K. I., S. Nihashi, E. Hashiya, and T. Watanabe, 2006:
Interannual variability of sea ice area in the Sea of Okhotsk:
Importance of surface heat flux in fall. J. Meteor. Soc. Japan,
84, 907–919, doi:10.2151/jmsj.84.907.
Orsolini, Y. J., R. Senan, R. E. Benestad, and A. Melsom, 2011:
Autumn atmospheric response to the 2007 low Arctic sea ice
extent in coupled ocean–atmosphere hindcasts. Climate Dyn.,
38, 2437–2448, doi:10.1007/s00382-011-1169-z.
Parkinson, C. L., D. J. Cavalieri, P. Gloersen, H. J. Zwally, and J. C.
Comiso, 1999: Arctic sea ice extents, areas, and trends, 1978–1996.
J. Geophys. Res., 104, 20 837–20 856, doi:10.1029/1999JC900082.
Rayner, N. A., D. E. Parker, E. B. Horton, C. K. Folland, L. V.
Alexander, D. P. Rowell, E. C. Kent, and A. Kaplan, 2003:
Global analyses of sea surface temperature, sea ice, and night
marine air temperature since the late nineteenth century.
J. Geophys. Res., 108, 4407, doi:10.1029/2002JD002670.
Rigor, I. G., J. M. Wallace, and R. L. Colony, 2002: Response of sea
ice to the Arctic Oscillation. J. Climate, 15, 2648–2663,
doi:10.1175/1520-0442(2002)015,2648:ROSITT.2.0.CO;2.

4979

Sasaki, Y. N., Y. Katagiri, S. Minobe, and I. G. Rigor, 2007: Autumn atmospheric preconditioning for interannual variability
of wintertime sea-ice in the Okhotsk Sea. J. Oceanogr., 63,
255–265, doi:10.1007/s10872-007-0026-5.
Screen, J. A., 2013: Influence of Arctic sea ice on European summer precipitation. Environ. Res. Lett., 8, 044015, doi:10.1088/
1748-9326/8/4/044015.
——, and I. Simmonds, 2010: The central role of diminishing sea ice
in recent Arctic temperature amplification. Nature, 464, 1334–
1337, doi:10.1038/nature09051.
Serreze, M., A. Barrett, J. Stroeve, D. Kindig, and M. Holland,
2009: The emergence of surface-based Arctic amplification.
Cryosphere, 3, 11–19, doi:10.5194/tc-3-11-2009.
Tachibana, Y., M. Honda, and K. Takeuchi, 1996: The abrupt
decrease of the sea ice over the southern part of the
Sea of Okhotsk in 1989 and its relation to the recent
weakening of the Aleutian low. J. Meteor. Soc. Japan, 74,
579–584.
——, K. Oshima, and M. Ogi, 2008: Seasonal and interannual variations of Amur River discharge and their relationship to largescale atmospheric patterns and moisture fluxes. J. Geophys.
Res., 113, D16102, doi:10.1029/2007JD009555.
Thompson, D. W. J., and J. M. Wallace, 1998: The Arctic Oscillation
signature in the wintertime geopotential height and temperature fields. Geophys. Res. Lett., 25, 1297–1300, doi:10.1029/
98GL00950.
Ukita, J., M. Honda, H. Nakamura, Y. Tachibana, D. J.
Cavalieri, C. L. Parkinson, H. Koide, and K. Yamamoto,
2007: Northern Hemisphere sea ice variability: Lag structure and its implications. Tellus, 59A, 261–272, doi:10.1111/
j.1600-0870.2006.00223.x.
Wu, B., J. Wang, and J. E. Walsh, 2006: Dipole anomaly in
the winter Arctic atmosphere and its association with
sea ice motion. J. Climate, 19, 210–225, doi:10.1175/
JCLI3619.1.

Unauthenticated | Downloaded 01/09/23 08:48 AM UTC

