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[1] This study highlights the fast recovery of the wintertime Siberian High intensity (SHI)
over the last two decades. The SHI showed a marked weakening trend from the 1970s to
1980s, leading to unprecedented low SHI in the early 1990s according to most
observational data sets. This salient declining SHI trend, however, was sharply replaced by
a fast recovery over the last two decades. Since the declining SHI trend has been
considered as one of the plausible consequences of climate warming, the recent SHI
recovery seemingly contradicts the continuous progression of climate warming in the
Northern Hemisphere. We suggest that alleviated surface warming and decreased
atmospheric stability in the central Siberia region, associated with an increase in Eurasian
snow cover, in the recent two decades contributed to this rather unexpected SHI recovery.
The prominent SHI change, however, is not reproduced by general circulation model
(GCM) simulations used in the IPCC AR4. The GCMs indicate the steady weakening of
the SHI for the entire 21st century, which is found to be associated with a decreasing
Eurasian snow cover in the simulations. An improvement in predicting the future climate
change in regional scale is desirable.
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1. Introduction

[2] The Siberian High (SH) is the most conspicuous
pressure system found in the Northern Hemisphere during
wintertime. Strong radiative cooling over the snow covered
Eurasian continent forms a cold-core high-pressure system
in the lower troposphere over northern Mongolia, which
exhibits the temporal and spatial variability of substantial
amplitude exerting tremendous influences on weather and
climate in Northern Eurasia, East Asia, and even further into
South Asia [e.g., Cohen et al., 2001; Panagiotopoulos et al.,
2005; Wang, 2006]. On synoptic to intraseasonal time-scales,
the strengthening and east-southward expansion of the SH
directly results in severe cold-surge outbreaks in East Asia
often accompanied by heavy snowfall events [Boyle and
Chen, 1987; Zhang et al., 1997]. On the interannual to
interdecadal time-scales, the SH intensity (SHI) is a primary
factor in determining the strength of the East Asian Winter
Monsoon (EAWM) circulation. The pressure difference
between the SH and the Aleutian low in the North Pacific
causes strong northwesterly winds, yielding a steep meridional
temperature gradient along the East Asian coastal region,

which characterizes the EAWM circulation [Chang et al.,
2006]. Together with the Arctic Oscillation (AO) [Thompson
and Wallace, 1998], the SHI can account for more than half
of the interannual variability of winter mean temperature in
East Asia [Gong and Ho, 2002]. Therefore, the accurate
prediction of SHI is one of the essential factors for weather
and climate prediction in the vast area of the Eurasian
continent.
[3] Several observational studies previously reported a sig-

nificant weakening of the SHI during the second half of the
20th century [e.g., Gong and Ho, 2002; Panagiotopoulos
et al., 2005; Sahsamanoglou et al., 1991]. The most strik-
ing feature found in the observations was the “dramatic”
decreasing SHI trend of 2.5 hPa/decade for the period 1978–
2001 in the work by Panagiotopoulos et al. [2005]. Although
the underlying dynamical causes have not been explicitly
addressed, the weakening of the SHI has been generally
considered as a plausible consequence of climate warming
because the long-term variation of the SHI showed a high
negative correlation with that of surface temperature over the
northern Eurasian region [D’Arrigo et al., 2005; Gong and
Ho, 2002; Panagiotopoulos et al., 2005]. In addition to
observational evidence, simulations from global climate
models (GCMs) supported this assumption in that the general
response of GCMs to increasing greenhouse gas (GHG)
concentrations was a decline in sea level pressure (SLP) over
northern Eurasia accompanied by surface warming [Gillett
et al., 2003; Liu et al., 2009].
[4] In contrast to the general perception of the declining

SHI under climate warming conditions, here we present a
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very fast strengthening trend of the winter SHI over the last
two decades by analyzing various observational data sets.
Recent changes in Eurasian snow cover and surface air
temperature (SAT) trend are suggested as possible causes for
this distinct, but rather an unexpected change. Further, the
SHI for the 20th and 21st centuries simulated by GCMs used
in the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC AR4) [Intergovernmental
Panel on Climate Change, 2007] are examined.

2. Utilized Data

[5] The SHI is defined as the winter (December to February)
mean SLP over northern Mongolia between 40 and 65°N and
80–120°E (the central SH region hereafter), where the max-
imum SH SLP center is found in winter. The same or similar
definitions of the SHI have been utilized in many previous
studies [e.g., Gong and Ho, 2002; Panagiotopoulos et al.,
2005; Wu and Wang, 2002]. The time series of SHI are
derived from i) two observational gridded data sets: the Hadley
Centre SLP (HadSLP2) [Allan and Ansell, 2006] and the
National Centre for Atmospheric Research SLP (NCARSLP)
[Trenberth and Paolino, 1980]; ii) two reanalysis data sets:
NCEP/NCAR (NCEP) [Kalnay et al., 1996] and ERA40
(ERA40) [Uppala et al., 2005]; and iii) and in situ SLP
observations from 20 stations located in the central SH region,
the same stations used by Panagiotopoulos et al. [2005]),
complied by NCAR (available at http://dss.ucar.edu/datasets/
ds570.0/. Additionally, to examine the temporal SHI variation
on multidecadal time-scales, a reconstruction of the SHI
based on Eurasian and North American tree rings from
D’Arrigo et al. [2005], spanning from 1599 to 1980, is used.
Although this reconstruction only reflects part of the SHI
variance (42% based on the statistical association between the
tree ring data and instrumental observations during the over-
lapping calibration period), and that, in general, tree ring
reconstructions are known to have large uncertainties in
resolving long-term (centennial and longer) variability due to
the requisite detrending processes [Esper et al., 2002], the
reconstructed temporal SHI variation on interdecadal time-
scales fairly well matches the 20th-century observations (see
Figure 1b) [D’Arrigo et al., 2005].
[6] To investigate the possible mechanism behind the

observed SHI change, we examine changes in SAT, snow
cover, and tropospheric air temperature from observations
and reanalysis data sets. A gridded data set of global histor-
ical land surface temperature anomalies provided by the
Climatic Research Unit at the University of East Anglia
(CRUTEMP3) [Brohan et al., 2006] is utilized for the SAT.
For snow cover, two data sets provided by the National Snow
and Ice Data Center (NSIDC) [Armstrong and Brodzik,
2005] and Global Snow Lab (GSL) at Rutgers University
[Robinson et al., 1993] are used. For the tropospheric air
temperature, four reanalysis data sets: NCEP, NCEP/DOE
(NCEP II) [Kanamitsu et al., 2002], ERA-40 [Uppala et al.,
2005], ERA-interim [Dee and Uppala, 2009] and the Japa-
nese 25-year reanalysis (JRA25) [Onogi et al., 2007] are
utilized.
[7] The present study also examines the changes in the SHI

and associated variables: snow cover, SAT, and atmospheric
stability simulated by GCMs for the 20th and 21st century.
The 20C3M and SRESA1b simulations from 22 GCMs used

for the IPCC AR4 are synthesized. All data are taken from
the World Climate Research Programme’s (WCRP’s) Cou-
pled Model Intercomparison Project phase 3 (CMIP3) multi-
model data set [Meehl et al., 2007] (data available at http://
www-pcmdi.llnl.gov/ipcc/about_ipcc.php with full names
and details of 22 GCMs). When defining the SHI with the
GCM simulations, the central SH region is defined with the
same areal box used for observational SLP (40–65°N and
80–120°E). This is because, although every GCM has a
systematic bias of SLP to some degree, overall features of
SH in its extent and central location are found to be rela-
tively well capture by majority of GCMs.

3. Results

3.1. Observed Variation of SHI

[8] Figure 1 presents the time series of the SHI from the
17th century to the present (note that each of the time series
is normalized based on its mean and standard deviation for the
period 1958–1980, the common period for all observational
SLP data sets used). The most conspicuous feature during
the 20th century (Figure 1a) is a steep declining SHI trend
from the 1970s to 1990s leading to record-low SHIs for
most observational data sets in the early 1990s. Only the
NCEP reanalysis data set shows a very weak trend during this
period, but this is likely associated with the known system-
atic bias of the NCEP reanalysis in representing interdecadal
changes over the Eurasian continent [Wu et al., 2005], lead-
ing to an exaggerated cold period around 1972–1977 com-
pared to other data sets. In the early to mid 1990s, however,
the declining trend sharply turned to positive, and the SHI
records shows a continuous recovery, reaching the climato-
logically normal state in recent years. The rate of this recent
recovery appears to be slightly faster than that of the pre-
ceding decline, and different data sets show similar magni-
tudes of the positive trend despite the large amplitude of
interannual variability in recent decades. The NCARSLP has
a slightly different trend change showing a more continuous
decline of the SHI until the mid-1990s. However, also here a
recovering trend is evident in recent years albeit less pro-
nounced compared to the other ones. The long-term evolution
of SHI found from the tree ring reconstruction (Figure 1b)
indicates that the SHI underwent about a dozen of distinct
interdecadal fluctuations during the last four centuries.
Despite limitations in tree ring reconstruction, the amplitude
of the recent interdecadal SHI variation seems to exceed
that of any interdecadal SHI variation found from the 17th to
the early 20th centuries. Also, D’Arrigo et al. [2005] pointed
out that the decline of the SH after 1980 is the largest shift
during the interval covered by their SHI reconstruction.

3.2. Associated SAT and Eurasian Snow Cover
Changes

[9] Since the change in SAT in the SH region and the
associated change in surface radiation directly affects the
strength of the SH [Ding, 1990], the Northern Hemisphere or
global warming in the second half of the 20th century could
be regarded as a plausible cause of the declining SHI. How-
ever, the steep recovery of the SHI in the recent two decades
seems to be inconsistent with the continuous progression of
the Northern Hemispheric or global scale warming. Therefore,
we presume that some localized climate feedback working
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against the long-term tendency of Northern Hemisphere or
global warming might have contributed to the recent change
in the SHI. By examining more localized changes, it indeed
is found that the winter SAT in the central SH region
underwent a remarkable trend change in the early 1990s.
From Figure 2a, it is clearly seen that the SH central region
SAT exhibited very similar temporal variations as the global
and Northern Hemispheric SAT averages before the early
1990s, displaying a large surface warming trend from the
1970s to 1990s. However, subsequently the SH central
region SAT trend began to diverge from the both large-scale
SAT trends, instead displaying rather a slightly negative
trend accompanied by large interannual variability. Cohen
et al. [2009] also found a similar decreasing trend in the
late winter (January to March) Eurasian SAT for 1989–2008
contrasting to vigorous warming in late autumn to early
winter (October to December).

[10] This distinct trend change in SAT in the SH central
region after the early 1990s seems to be contributed by the
climate feedback effect associated with an increase in Eurasian
snow cover. Figure 2b shows the time series of snow cover
extent (SCE) over northern Eurasia (30–70°N, 55–135°E) in
late fall (October to November) and winter (December to
January) from the mid-1960s to present. Despite very large
interannual variability before the 1980s (before the era of
satellite observation), the late fall Eurasian SCE shows a
decreasing trend until the early 1990s, roughly displaying the
opposite tendency as the winter SAT in the SH central region
does. Interestingly, this declining trend turned positive in the
early 1990s, seemingly coinciding with commencing of the
cooling trend in the SH central region. The winter SCE also
showed a clear decreasing trend in the 1970s, but no obvious
trend is evident from the mid-1980s to the mid-1990s unlike

Figure 1. (a) Time series of winter (DJF) SHI derived from 5 SLP data sets from 1900 to 2009. Thick
lines indicate 5-year running averaged time series. Each time series is standardized for the comparison
with respect to the mean and standard deviation for 1958–1980 of each data set. The area with a back-
ground color of sky blue (pink) indicates the period of SHI decline (incline) defined in the present study.
(b) Comparison of the winter SHI time series reconstructed from tree rings, the average of 5 SHI time
series from observational SLP data sets (each data set is standardized before taking the average) from
the 17th century to present, and simulated and projected SHI by the CMIP3 experiments for the 20th
and 21st century under 20C3M and A1B scenarios, respectively. The pink envelope around the average
SHI from observations indicates 1 standard deviation of between-data set differences. The thick green line
indicates the ensemble averaged SHI of 22 GCMs, and 1 standard deviation of between-model differences
is indicated by the light green envelope. The SHI from each model is standardized (also based on the mean
and standard deviation for 1958–1980) before taking the ensemble average. For brevity of the figure, 5-year
moving averaged time series are shown.
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that of the late fall SCE. But the increasing trend is also
evident from the late 1990s.
[11] The coherent change between SAT in the SH center

and Eurasian snow cover in recent decades may relate to the
snow-albedo feedback relationship, where the warming
(cooling) melts more (less) snow which again feeds warming
(cooling) by reflecting less (more) incident solar radiation.
Consequently, the alleviated SAT warming trend in the
central SH region after the early 1990s could be an effect of
the increasing SCE trend. This coherent tendency is more
clearly seen from the late fall SCE and winter SAT. This is
perhaps because the change in SCE and SAT in winter may
be less sensitive with each other over the northern Eurasian
continent where SAT is well below −10 degree and surface
is mostly snow covered more than 90% (figure not shown),
so local warming (or cooling) is not much influential on
snow melting or freezing. Instead, a lagged influence of late
fall SCE on SAT in the following winter is considered to be
a primary mechanism to invoke the feedback effect. A pos-
sible mechanism can be proposed as follows: as the surface
cold-core of the SH begins to develop in late fall, the
anomalous high (low) SCE in late fall reinforces an early
build-up of cold (relatively warm) surface air masses, due
to its slowly varying characteristics with respect to the

overlying atmosphere, which leads to an anomalous high
(low) SHI in the following winter. To test this physical link,
correlations between the local snow cover anomalies in late
fall and SAT in late fall and following winter are analyzed
(Figure 3). All data sets are high-pass (<5 years) filtered
before calculating correlations in order to exclude correla-
tions from long-term trend. Overall, results well support
the suggested lagged relationship between the Eurasian
SCE and SAT. Over most of northern Eurasia, local SAT
and snow cover in late fall are negatively correlated for
both periods of decreasing and increasing SHI (Figures 3a
and 3b). Despite the lower significance and amplitude, SAT
in the following winter well preserves the overall negative
correlation with late fall snow cover (Figures 3c and 3d).
Examining the spatial linear trend pattern of October to
November SCE for 1967–1990 and 1991–2009 (Figures 3e
and 3f), significant negative and positive trends in SCE are
largely found over the mid-eastern Eurasian continent where
the negatively correlated relationship between the winter
SAT and late fall SCE is dominant. Considering that the
negative correlation between SAT and snow cover remains
almost unchanged throughout the period of the distinct SHI
change, it can be concluded that both the warming and
cooling trend in the SAT for the periods of decreasing and
increasing SHI are contributed by the snow cover change.
[12] The air temperature change near the surface directly

influences the surface pressure (i.e., the SHI) by affecting the
‘air density’. In addition, large near surface temperature
changes, being amplified by the snow-albedo feedback,
could further modulate the SHI by altering the atmospheric
vertical stability. For instance, the lower tropospheric atmo-
sphere in the SH region, which is very stably stratified during
winter, becomes less stable if a substantial warming occurs at
near surface. Under these conditions, turbulent vertical mix-
ing of heat and momentum can be enhanced. Consequently
the steady build-up of cold and dense near-surface air can be
hindered, and this can eventually weaken the surface high
pressure. This seems to apply to the observed changes in the
central SH region during the declining SHI phase (1970s to
early 90s), while the opposite process seems to have operated
during the recent SHI recovery. The vertical profiles of
temperature trends in the SH center from reanalysis data sets
(Figure 4a) display that the atmosphere warming and cooling
rates are largest near the surface both before and after the
early 1990s respectively. Although the long-term behavior
of reanalysis data remain less reliable, especially for the
high-latitudes and Arctic region [Jones et al., 2011;Wu et al.,
2005], different reanalysis data sets are in good agreement
with the vertical structure of the warming. The actual vertical
temperature profiles for the periods 1989–1993 and 2005–
2009, representing the period of lowest level of SHI and
recent years of recovered SHI, indicate that the relatively
strong near-surface cooling in recent two decades have led to
increased atmospheric stability in the lower troposphere
(below 700 hPa) over the SH region.
[13] So far in the present study, only the local feedback

effect of snow cover change on SAT and SHI have been
considered. However, many previous studies suggested that
the Eurasian snow cover has sufficient potential to alter the
large-scale atmospheric circulation in the following winter,
which affects the SLP over a vast area of northern Eurasia
and Arctic, including the SH region [Cohen and Entekhabi,

Figure 2. Time series of (a) SAT averaged over the central
SH region, Northern Hemisphere, and globe and (b) Eurasian
snow cover extent in winter (DJF) and late fall (ON). Each
time series is standardized for comparison. Thick lines indi-
cate 5-year running averaged time series.
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1999; Cohen et al., 2007; Fletcher et al., 2009; Orsolini
and Kvamstø, 2009; Saito et al., 2001]. Actually Cohen
et al. [2001, 2007] also suggested a coherence between
the anomalous high (low) Eurasian snow cover in late autumn
and anomalous high (low) SH strength in the following winter,
which is consistent with our findings. In particular, Cohen
et al. [2007] introduced a possible dynamical model explain-
ing the remote and delayed response of large-scale atmo-
spheric circulation to snow cover change, which can be
summarized as follows. If there is above normal Siberian
snow cover in late autumn, diabatic cooling locally induces
higher SLP anomalies (a strengthening of SH) and colder
temperature. This promotes upward propagation of planetary
waves to the stratosphere, which weakens stratospheric polar
vortex in the following winter. Finally, downward propaga-
tion of associated geopotential height and wind anomalies to
surface can induces negative AO in the troposphere, a
weakening of tropospheric westerlies and colder tempera-
ture over the northern Eurasian continent. In addition to the

observational analysis, such large-scale atmospheric response
to the anomalous Eurasian snow cover in autumn is sup-
ported by numerical model simulations [Cohen and Fletcher,
2007;Orsolini and Kvamstø, 2009; Saito et al., 2001].Cohen
et al. [2010] suggested the record low AO index observed in
the winter of 2009–2010 resulted from the suggested coupling
mechanism between the Eurasian snow cover and atmo-
spheric circulations.
[14] Therefore, it is plausible that the large-scale circula-

tion change, or AO, invoked by the Eurasian snow cover
reinforced the strengthening (weakening) of SHI for the
period of increasing (decreasing) snow cover in addition to
the local feedback effect. Figure 5 suggests that a prominent
change in the long term trend of the AO in recent decades has
a relevance to the SHI change. The AO index and SHI exhibit
a statistically significant negative correlation for the last
55 years (linear correlation coefficient is −0.37 for 1950–
2004, >99% significance), which can be easily expected
from the overlapping spatial extent of SLP signatures of the

Figure 3. Correlation coefficients between SAT for October–November and GSL snow cover concentra-
tion for (a and c) October–November and (b and d) December–January. SAT and snow cover data sets are
high-pass (<5 years) filtered before calculating correlation coefficients. (e and f) Trend in the GSL snow
cover concentration for October–November. Figures 3a, 3c, and 3e are calculated with data for 1967–1990
and Figures 3b, 3d, and 3f are calculated with data for 1990–2009. Regions of correlation coefficient or
trend significant over the 95% confidence level are indicated by crosses.
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AO and the SH (Figure 5a). In the latter part of the 20th
century, the AO index showed a clear tendency toward a
more positive phase, which could account for a considerable
amount of the Northern Hemisphere surface temperature
variation during the 20th century [Thompson and Wallace,
1998]. However, the tendency abruptly ceased in the mid
1990s, and the AO has mainly been in a near-neutral or
negative phase since then [Overland and Wang, 2005].
Figure 5b compares the observed (HadSLP2) variation of the
SHI which is linearly associated with the AO index (taking
the SHI from the monthly AO-regressed SLP anomalies).
The AO-related SHI fairly well matches with the observed
SHI fluctuations, including both the decreasing and recov-
ering SHI trends in recent decades. More physical explana-
tion on the impact of AO change on the SHI, particularly on
the recent SH recovering, is as follows. The negative trend

of AO represents the weakening of tropospheric westerlies
and anticyclonic pressure anomalies over the Arctic and
high-latitudes. These conditions might allow more cold air
from the Arctic to move south, resulting in temperature
cooling over the northern Eurasian continent [Overland and
Wang, 2010]. Also decreasing cloudiness associated with
high-pressure anomalies over the Arctic and high-latitudes
may also have a cooling effect. Therefore the building-up
of cold-air mass in high-pressure center of SH can be rein-
forced by the negative AO trend. One thing to note is that
such dynamical linkage between the AO and SH has been
strengthened in the recent two decades. According to an
examination of systematic spatial changes in NH atmo-
spheric circulations by Zhang et al. [2008], since the early
1990s, there has been a radical shift in the spatial pattern of
the AO where the negative center of action over the Arctic
region has moved southeastward to the northern Eurasian
continent. This shifted AO pattern displays a more direct
linkage between the large-scale circulation (i.e., AO) and SH
as the shifted Arctic center mostly covers the northern part of
central SH region.

Figure 4. (a) Trends in winter mean air temperature
averaged over the SH region from reanalysis data sets for the
periods 1981–1990 and 1991–2009. (b) Winter mean air tem-
perature profiles over the SH region from the ERA-interim
for the period 1989–1993 and 2005–2009.

Figure 5. (a) Spatial pattern of the regressed monthly AO
index (taken at http://www.cpc.noaa.gov/products/precip/
CWlink/daily_ao_index/ao.shtml) to the monthly SLP anoma-
lies for winter [hPa]. Areas with linear relationships between
the two exceeding the 99% confidence level are marked
with hatching. The box indicates the central region of the
SH (40–65°). (b) The observed (HadSLP2) time series of
the winter SHI, and the SHI associated with the AO-related
SLP variation (by projecting the monthly AO index on the
regression pattern in Figure 5a, monthly SLP anomalies line-
arly related with AO index are estimated. Then the area aver-
aged SLP over the SH region, the AO-related SHI, is
estimated).
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3.3. Future Projections of SHI by GCMs

[15] The SHI variations simulated by GCMs for the 20th
and 21st century from 22 GCMs under 20C3M and A1B
scenarios in the CMIP3 are examined (Figure 1b). The dra-
matic change in the SHI over the recent decades is not
reproduced by any of the individual GCM simulations (figure
not shown). In the ensemble mean of the GCMs (Figure 1b),
the only notable feature is a steady decreasing trend in the
SHI from the late 20th century throughout the 21st century,
leading to a decrease of about 22% in SHI at the end of 21st
century compared to the 1958–1980 average.
[16] Although we would not expect that the GCMs real-

istically simulate such a transient change in a specific region
of interest, it could be intriguing to examine the suggested
relationship between SHI and snow cover change simulated
by the GCMs. We have briefly examined this with cross-
comparisons of the simulated SAT trend in the SH center
versus SHI, Eurasian SCE, and lower tropospheric stability
(defined as an air temperature difference between the surface
and 700 hPa over the SH center) for the 21st century esti-
mated from the suite of GCM simulations (Figure 6).
[17] A majority of the GCMs (19 out of 22) indicate neg-

ative SHI trends for 21st century, where GCMs with a larger
surface warming trend tend to show a stronger weakening
trend of SHI (Figure 6a). All 10 GCMs which provide snow

cover data indicate negative trends in Eurasian SCE. The rate
also tends to be proportional to the magnitude of the simu-
lated SAT warming (Figure 6b, the result with late fall SCE
is almost similar to this), suggesting that the snow-albedo
feedback is effectively working in the GCM simulations.
Therefore, the largest warming is found at the near surface
level for all 22 GCMs (figure not shown), and consequently
the trend in the atmospheric stability is highly proportional
to the SAT trend (Figure 6c). This indicates that a GCM
simulating a larger surface warming tends to have a larger
weakening of the atmospheric stability, which further fosters
a larger SHI weakening.
[18] The results imply that the SHI simulated by GCMs is

highly sensitive to the change in the Eurasian snow cover.
Thus, the GCMs’ inability to capture the recent SHI recov-
ery is highly associated with their misrepresentation of the
recent trend in the Eurasian snow cover and the associated
feedback effect on SATs. Consequently, this suggests that
we need to be cautious about the GCMs’ ability to simulate
Eurasian snow cover variability when assessing predictions
of future changes in the SHI.

4. Summary and Discussion

[19] The present study notes a distinct interdecadal varia-
tion of SHI in the last few decades, emphasizing Eurasian

Figure 6. Projected relationships among linear trends in SHI, SAT over the SH center (SATSH), Eurasian
snow cover, andDTSH (sfc–700) (air temperature difference between surface and 700 hPa over SH center)
for the 21st century from the CMIP3 experiments under the A1B scenario. Represented as (a) SATSH
versus SHI, (b) SATSH versus Eurasian snow cover extent (SCE), and (c) SATSH versus DTSH(sfc–
700) trend. Full names and details of the 22 GCMs are available online at http://www-pcmdi.llnl.gov/
ipcc/model_documentation/ipcc_model_documentation.php.
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snow cover change as a primary influence. Confirming a
pronounced declining trend of the SHI from the late 1960s
to the early 1990s, we show that the declining trend was
sharply replaced by a steep recovering trend in recent two
decades. It is suggested that an increase in Eurasian snow
cover over the last two decades and associated near-surface
cooling over the SH central region have contributed the
strengthening of the SHI. However, this feature has not
been successfully captured by the GCM simulations used
for the IPCC AR4. Future projections of SAT and SHI by
GCMs are found to be very sensitive to simulated Eurasian
snow cover, which keeps continuously decreasing in the
future. As a result, GCMs predict a continuous decrease in
SHI throughout the 21st century.
[20] Despite its suggested importance, the cause of the

recent Eurasian snow cover increase has not been investi-
gated in the present study.We assume that when the available
atmospheric moisture content increases with a temperature
increase it may promote the chance of precipitation as snow
in the cold regions where temperatures are below freezing.
However, this interpretation may not be applicable to the
declining snow cover trend before the 1990s, which is
interpreted to be the result of more snow melting because of
warmer temperatures. As the response of snow cover to cli-
mate change is highly nonlinear in its spatial pattern and
extent [Groisman et al., 2006; Hardiman et al., 2008], it is
necessary to carefully examine changes in moisture and
energy fluxes over northern Eurasia accompanying the recent
climate change. We speculate that the marked Arctic sea-ice
melting [Comiso et al., 2008; Stroeve et al., 2008] could exert
remote influences on the Eurasian snow cover, by affecting
the moisture and energy fluxes in the Arctic through the
northernmost Eurasian continent. In fact, a GCM experiment
with a reduced Arctic sea-ice cover indicated an increased
southward moisture transport from the less ice-covered
Arctic Ocean leading to an increase of the snow cover, par-
ticularly in the central and eastern part of northern Eurasia
[Deser et al., 2010]. In our further work, we plan to investi-
gate the influence of accelerated arctic sea-ice melting on the
change in recent snow cover over Siberia in the last decades
through a GCM simulation.
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