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In contrast to the rapid warming of the climate, there is growing evidence to indicate that
no significant trend exists in the snow cover/depth over the western Tibetan Plateau in
recent decades. Here, by analyzing multiple sources of observational and reanalysis
data, we address the possible interannual connection between the mid-west Tibetan
Plateau (MWTP) snow depth and Arctic sea ice. Results indicate that a robust and
coherent variation exists between the winter Barents Sea ice concentration and the
MWTP snow depth; that is, a positive anomaly of the former can enhance the meridional
air temperature gradient to the south and hence accelerate the polar-front westerly
jet. As a result, an anomalous Rossby wave propagating upward and equatorward
generates, resulting in a dipole pattern of the atmospheric circulation anomaly over
the polar region and the Eurasian continent. The anticyclonic circulation anomaly,
corresponding to the south center of the dipole pattern, weakens the subtropical
westerly jet and forms a southeast wind climbing the MWTP, which enhances the zonal
advection and meridional convergence of the atmospheric moisture flux over the MWTP,
and hence facilitates the MWTP snowfall. The interannual variation of the Barents Sea
ice and the MWTP snow depth are therefore closely connected through the atmospheric
bridge effect of the westerly jet and Rossby wave.

Keywords: Arctic sea ice, Barents Sea, Rossby wave, Tibetan Plateau, snow depth

INTRODUCTION

The Tibetan Plateau is often referred to as the “third pole of the world” owing to its high-altitude
terrain in the mid-latitudes (Yao et al., 2012). Driven by orographic effects, a freshwater resource
exists on the Tibetan Plateau in the form of glaciers, snow cover, lakes, and permafrost (Lu et al.,
2005; Bookhagen and Burbank, 2010; Yao et al., 2012; Zhang et al., 2017; Li et al., 2018), the
surface runoff of which is sufficient to form major rivers such as the Yellow, Yangtze, Brahmaputra,
Mekong, and Indus, which is sufficient to provide water for Asias agricultural activities and
ecosystems (Bookhagen and Burbank, 2010; Immerzeel et al., 2010; Singh et al., 2014; Li et al,,
2018). In particular, the snow cover serves as the foundation for the glacial mass balance (Kumar
et al,, 2019), and snowmelt can supply the runoff of Asian rivers (Bookhagen and Burbank, 2010;
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Singhetal., 2014; Liet al., 2018). The increased soil moisture from
the melting of snow cover during the spring can induce localized
thermal anomalies over the Tibetan Plateau and increase the
precipitation in summer over the middle and lower reaches of
the Yangtze River basin through snow-related hydrological effects
(Chow et al., 2008; Xiao and Duan, 2016). Moreover, the snow-
related albedo effect enables the Tibetan Plateau snow cover to
give an indication of the onset of the Indian summer monsoon
and the occurrence of the autumn Indian Ocean Dipole pattern
(Senan et al., 2016; Yuan et al., 2019).

Recently, the snow cover and glaciers distributed in the
western part of the Tibetan Plateau have shown different
characteristics of climate change compared with the eastern
part (Kapnick et al., 2014; Guo et al., 2020). Model projections
under all greenhouse gas emission scenarios suggest a continuous
reduction in low-elevation mountain snow cover by the end
of the 21st century (Hock et al, 2019). However, at high
elevation, the climate trend of winter snow cover tends to
be generally less clear, and snowfall is projected to increase
over the western Tibetan Plateau in particular (Kapnick et al.,
2014; Song and Liu, 2017; Guo et al,, 2019; Hock et al., 2019).
The glaciers and snow cover of the whole Tibetan Plateau
are retreating and declining (Yao et al, 2012; Zhang et al,
2017; Li et al., 2018). However, there is no significant declining
trend of snow depth in the western Tibetan Plateau (Kapnick
et al., 2014; Guo et al,, 2019), and the Karakoram glaciers even
show an increasing trend (albeit a statistically non-significant
one) (Gardelle et al., 2012; Yao et al., 2012). All these results
suggest unique characteristics of the snow cover/depth over the
west Tibetan Plateau, which might be related to the different
atmospheric influences on snowfall from those of the eastern
Tibetan Plateau.

As one of the most important components of the cryosphere,
the Arctic sea ice is also undergoing tremendous changes. The
sea ice loss in summer mainly happens over the perennial
ice-covered area, with the East Siberian Sea ice holding the
largest fraction of loss (22%) in September. Meanwhile, the
decline of ice in wintertime mostly occurs in the seasonally
dependent sea ice area, with the Barents Sea ice contributing
the largest fraction of loss (27%) in March (Onarheim et al.,
2018). Recently, it was found that the decline of the Arctic
sea ice contributes greatly to wintertime snowfall change in the
high latitudes, as bare seas with reduced sea ice are capable
of providing rich sources of water vapor. The reduction in sea
ice strengthens the atmospheric circulation meridionally and
promotes the transport of water vapor to Eurasia, resulting
in more winter snowfall over that region (Cohen et al,
2012; Ghatak et al, 2012; Liu et al., 2012; Wegmann et al,
2015). As simulated by multi-model ensemble mean results,
a significant role of the decline in autumn Arctic sea ice
in the growing climate change of Eurasian winter snowfall
and snow cover has been proposed during the 21st century
(Song and Liu, 2017).

In addition, the feedback effect of the autumn and winter
Arctic sea ice on the large-scale circulation has been verified
by statistical analysis and model simulations (Honda et al.,
2009; Mori et al., 2014; Sun et al., 2016; Zuo et al., 2016;

Blackport and Screen, 2019). The reduction in Arctic sea ice can
stimulate an upward stationary Rossby wave, amplifying the
Siberian high and transferring the westerly wind equatorward
(Honda et al, 2009; Kim et al., 2014; Cohen et al., 2018,
2020; Blackport and Screen, 2019, imposing an influence
on the climate of East Asia (Sun et al, 2016; Zuo et al,
2016). In fact, the mid-latitude westerly winds are considered
as a critical factor for TP snow because they serve as a
Rossby waveguide transmission medium, along which small
troughs can propagate and guide water vapor north to
cause TP snowfall (Bao and You, 2019; Song et al, 2019
Zhang et al, 2019b). Although the long-term change and
climate impact of the Arctic sea ice and snow cover over
the Tibetan Plateau has quite rightly been a primary focus
among scientists, the potential connection between them on
the interannual time scale and the underlying mechanisms
involved remain unclear.

In the above context, the aim of this work is to investigate
the possibility that the winter Barents Sea ice regulates the mid-
west Tibetan Plateau (MWTP) snow depth on the interannual
timescale by considering the non-significant trend in the west
Tibetan Plateau snow cover and significant trend in the Arctic
sea ice. The mechanism involved will be elucidated through
emphasizing the feedback effect of the Arctic sea ice on the
Asian westerly jet and Rossby wave. The data and methods are
introduced in Section “Materials and Methods.” The interannual
relationship between the Barents Sea ice and western TP snow
and the role played by the atmospheric bridge in this relationship
are analyzed in Section “Results.” Finally, a summary and
some further discussion are presented in Section “Discussion
and Conclusion.”

MATERIALS AND METHODS

The datasets utilized in this study include:

1. Snow depth, from 1979 to 2015, derived from passive
microwave data with a spatial resolution of 0.25° x 0.25°,
which can be downloaded from the Big Earth Data
Platform for Three Poles (available at http://poles.tpdc.
ac.cn/zh-hans/). The dataset has been corrected based
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FIGURE 1 | (A) Boreal winter (DJF) mean snow depth over the western
Tibetan Plateau and (B) its standard deviation during the period 1979-2015
(units: cm). The gray line outlines the 2-km topography of the Tibetan Plateau.
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FIGURE 2 | (A) Boreal winter mean Arctic sea ice concentration; (B) the corresponding standard deviation during the period 1979-2015; and (C) the normalized
time series of the domain-averaged snow depth (SD, red) over the MWTP (29°-36°N, 76°-88°E) and the Barents Sea ice concentration (BSIC, blue) in the area of

(65°-80°N, 35°-65°E) as marked by the black box in B.

2000 2010

on in situ station snow depth and the optimized
Chang algorithm according to TP vegetation and snow
characteristics. More details regarding the improved
temporal consistency of different satellite sensors and the
suitability of the algorithm for the derivation of snow depth
across the whole of China can be found in Che et al.
(2008). These data have been widely used to investigate
snow-related climate characteristics (Xiao and Duan, 2016;
Zhang et al., 2017; Bao and You, 2019). The monthly sea-
ice concentration data are provided by the Hadley Center
(Rayner et al., 2003).

2. ERA-Interim reanalysis data with a spatial resolution
of 0.5° x 0.5° are utilized in this study (Dee et al,
2011), which include the spatial geopotential height, winds,
specific humidity, and temperature. Surface sensible and
latent heat fluxes and pressure are also from ERA-Interim.

The monthly means of daily forecast accumulated snowfall
are used to analyze the snow depth contributed by
the snowfall.

All data were calculated for the average of December, January,
and February (DJF) as the winter mean from 1978/1979 to
2014/2015, and the linear trend was removed. To filter the low
frequency of the MWTP snow depth and Barents Sea ice, Lanczos
bandpass filtering was used to extract the 3-9-year interannual
signal in all data (Duchon, 1979). Pearson correlation analysis
and regression analysis were used to investigate the relationship
between the Arctic sea ice and MWTP snow depth. The level
of statistical significance was estimated using the two-sided

Student’s ¢-test. )
To diagnose the moisture transport, we calculated the

water vapor flux éqT/) following Banacos and Schultz (2005).
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FIGURE 3 | Regression fields of (A) the winter surface sensible heat flux (units: W/m?2), (B) the winter surface latent heat flux (units: W/m?), (C) the 1000-hPa air
temperature (shaded; units: °C) and surface pressure (contours; units: Pa), and (D) the 50°-120°E-averaged air temperature (shaded; units: °C; contours are the
climate mean air temperature) against the BSICI. The shading and contour values of the stippled areas in A, B, D, and C exceed the p = 0.1 confidence level. The
shaded values in C exceed the p = 0.1 confidence level. The dashed box in A and B denotes the Barents Sea region (65°-80°N, 35°-65°E). The black line over the
region (25°-45°N, 60°-110°E) in C outlines the 2-km topography of the Tibetan Plateau.

The precipitation can be estimated by the water vapor flux
divergence D as follows:

1 [Ps N ps P
Pre%——/ (Vqu)dpz—/ de:—/ (ny+DI,)dP,
3

S
g J300 300 300
(1)

ov

1, 0q 0q 0q ow
p— - —), 2
qay+q8p) (2)

ou
guax V5+(D$+q$+

where Pre is the estimated precipitation, V(u, ) present the
three dimensions of the atmospheric wind component, and g
is the specific humidity. Parameter g represents gravitational
acceleration, while ps refers to the surface pressure. The 300-
hPa level is used to represent the tropopause because the specific
humidity above it is negligible. The horizontal and vertical
components of D are Dyxy and Dp. The six terms on the
right-hand side of Eq. 2 stand for the contributions from the
zonal advection, meridional advection, vertical advection, zonal
convergence, meridional convergence, and vertical convergence,
respectively. With the complexity of the MWTP topography, the
D at 400 hPa was calculated and used to estimate the MWTP
winter precipitation.

The atmospheric Rossby wave activity involved in the effect of
sea ice on the atmosphere was diagnosed by the TN Rossby wave

activity flux W (Takaya and Nakamura, 2001):

U (1/2 - xlj/v;) +V (—u/v/ + ll/u;)

7V = L_) U (—u/v’ + df/u;) +V (u’Z + df/u;,)
2000‘ U‘ e [U(v’f —qf’T;) +V(—u’T’ —w’T;)]
(3)

where 1 is the quasi-geostrophic stream function, U (U, V) is
the zonally inhomogeneous basic flow, P and T are the pressure

and temperature of the atmosphere, (u/ v, T/) is a perturbation

from the basic flow, the subscript of the parameter indicates
the partial derivatives, fis the Coriolis parameter, R, is the gas
constant of dry air, N is the buoyancy frequency, and Hj is a
constant scale height.

RESULTS

In winter, the west Tibetan Plateau snow maintains an extensive
coverage in the mountain area, where snow covers throughout
the whole year. The largest amount of snow mainly covers the
mountain ranges including the Karakoram, Pamir, and western
Himalayan mountains (Figure 1A). The variance in the snow
depth displays two centers. One center presents considerable

Frontiers in Earth Science | www.frontiersin.org

July 2020 | Volume 8 | Article 265


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles

Chen et al.

Sea Ice Influence Snow Depth

80N

60N

40N

T
150E

FIGURE 4 | Regression fields of the (A) winter 50°—120°E-averaged
temperature gradient (shaded:; units: 10~6 K/m) and zonal wind (contours;
units: m/s), (B) 50°-120°E-averaged geopotential height (shaded; units: m)
and the TN Rossby wave activity flux in the vertical (vectors; units: m?/s?), and
(C) 250-hPa geopotential height (shaded; units: m) and the TN Rossby wave
activity flux (black vectors; units: m2/s?) in the horizontal, against the BSICI.
The contour and shaded values of the stippled area in A and B, C exceed the
p = 0.1 confidence level. The shaded value in A exceeds the p = 0.1
confidence level. The gray line over the (25°-45°N, 60°-110°E) in C outline
the 2-km topography of the Tibetan Plateau.

variation of snow depth in the Pamirs, while the other exists in the
MWTP (black box in Figure 1B), which is a transition zone from
high to low snow values (Figure 1A). As for the spatial pattern of
the winter climatology of Arctic sea ice, there are large quantities
of stable sea ice in the polar region (Figure 2A). At the fringes of
the Arctic sea ice, the marginal sea ice exhibits a large interannual
fluctuation, especially in the Barents Sea (Figure 2B). Taking
the region (29°-36°N, 76°-88°E) as the snow depth study area,
the areal mean snow depth was calculated and the time series
shows a distinct interannual variation (Figure 2C). Taking the
region (65°-80°N, 35°-65°E) of the Arctic sea ice as the Barents
Sea ice, the regional-averaged Barents Sea ice was calculated. It
is worth noting that the time series of areal mean snow depth
over the MWTP and the Barents Sea ice present a robust and

A
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30N
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FIGURE 5 | Regression fields of the divergent wind (vectors; units: m/s) and
velocity potential (shaded; units: 108 m2/s) at (A) 250, (B) 500, and (C)
1000 hPa, against the BSICI. Black arrows indicate vector values above the
p = 0.1 confidence level. The shaded values of the stippled areas exceed the
p = 0.1 confidence level. The green box represents the MWTP region. The
black line over the region (25°-45°N, 60°-110°E) outlines the 2-km
topography of the Tibetan Plateau.

coherent interannual variation, with a correlation coefficient
of 0.64 (p < 0.01) (Figure 2C). This correlation illustrates
a significantly correlated cryosphere between the Arctic and
Tibetan Plateau. Therefore, we selected (65°-80°N, 35°-65°E)
as the key study region of the Arctic, and the domain-averaged
sea-ice concentration defined the Barents Sea Ice Concentration
Index (BSICI) that is used in the following parts. The cause for
this prominent link on the interannual time scale will be the main
point of discussion below.

As the main source of cold air in the Northern Hemisphere,
Arctic sea ice can form large-scale Eurasian cold events, which
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FIGURE 6 | Regression fields of (A) the winter geopotential height (shaded; 45N
units: m) and horizontal wind vector (units: m/s), and (B) zonal wind speed
(shaded; units: m/s) at 500 hPa, against the BSICI. Blue arrows in A indicate
vector values above the p = 0.1 confidence level. The black contours in B 40N
represent the climatology of the zonal wind speed with intensity larger than
10 m/s. The shaded values of the stippled areas exceed the p = 0.1
confidence level. The black box in B represents the MWTP region. The gray 35N
line over the region (25°-45°N, 60°—110°E) outlines the 2-km topography of
the Tibetan Plateau.
30N
are closely related to the survival of human beings both directly
and indirectly through their effects on agricultural production —_— | [ I —
(Cohen et al., 2014; Kim and Son, 2016; Shi et al., 2018). As -0.02 -0.01 0 0.01 0.02
demonstrated by simulation of the feedback effect of the Arctic
sea ice, the decline of the Barents Sea ice can produce the upward FIGURE 7 | Regression fields of the (A) cross sections of zonal-vertical
propagation of planetary wave energy because of the anomalous cwcgla‘non (vectors; zonal Wlh.d spee‘dm m/s, and verhcal v_elzocny in Pa/s,
di 1 h a L. d sti 1 b multiplied by —57) and specific humidity (shaded; units: 107= g/kg) averaged
meridiona eat‘ ux transition, an stl.mu ate a }.{OSS Y wgve over 25°-32°N, and (B) cross sections of meridional-vertical circulation
that spreads horizontally from the Arctic to Eurasia, by which (vectors; zonal wind speed in m/s, and vertical velocity in Pa/s, multiplied by
the westerly winds may attain some influence (Honda et al,, —71) and specific humidity (shaded; units: 10~2 g/kg) averaged over
2009: Mori et al.. 2014: Cohen et al., 2018, 2020: Kim and 80°-88°E, and (C) water vapor flux (vectors; units: g/cmesehPa) and
5 o 5 3} > > . o -8 2 i
Kim, 2018; Blackport and Screen, 2019). When the BSICI is convergence at 400 hPa (shaded, units: .10 g/cm*esehPa), against the
X X BSICI. The vectors of the stippled areas in A and B exceed the p = 0.1
above normal, the presence of more sea ice will prevent the confidence level. Blue arrows in € indicate vector values above the p = 0.1
transmission of heat from ocean to atmosphere, and weaken confidence level. The red box in C represents the MWTP region. The black
the planetary wave activity (Cohen et al., 2020). This point can line over the region (25°-45°N, 60°~110°E) in C outlines the 2-km topography
be verified by the negative upward surface turbulent heat flux | ©f the Tibstan Plateau.

in the Barents Sea (Figures 3A,B). When the Barents Sea ice
extends, the surface sensible and latent heat flux are reduced.
The weakened surface heat source reduces temperatures in the
lower atmosphere, leading to a cold center over the Barents Sea
(Figure 3C). A vertical profile averaged from 50°E to 120°E of

the boreal winter mean air temperature and the corresponding
regressed field against the BSICI is shown in Figure 3D. Clearly,
the lower tropospheric atmosphere from 70°N to 80°N becomes
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colder because of the reduced oceanic heat. As a result, the
temperature gradient from south to north over the Eurasian
continent turns to be increased (shaded in Figure 4A).

As in the model simulation, the change of the Barents
Sea ice is partially responsible for the shift of the eddy-
driven westerly jet, forming a meridional dipole circulation
pattern in the mid-troposphere (Mori et al, 2014; Sorokina
et al., 2016; Blackport and Screen, 2019). According to thermal
wind theory, the increased meridional temperature gradient
(shaded in Figure 4A) strengthens the zonal wind as height
increases (contours in Figure 4A), which enhances the intensity
of the polar-front jet. Such zonal wind anomalies contribute
to the baroclinicity of the lower troposphere and trigger an
upward propagation of the Rossby waves from 850 to 200 hPa
(Figure 4B). These Rossby waves propagate from north to
south in the horizontal direction, forming a dipole circulation
distributed over the Eurasian continent in winter (Figure 4C).
To the north of the anomalous polar-front jet, the height
is reduced and a convergence forms from 1000 to 250 hPa
(Figures 5A-C), which can weaken the Siberian high and reduce
the delivery of Arctic cold air to Eurasia (Figure 3C). Therefore,
in contrast to the colder temperatures over the Barents Sea,
a positive air temperature anomaly is evident over the mid-
latitudes (Figure 3D), which might be due to the weakened
Siberian high linked with the abnormal Barents Sea ice (Honda
et al., 2009; Overland et al., 2015; Sorokina et al., 2016; Cohen
et al., 2018, 2020; Kim and Kim, 2018).

The MWTP experiences frequent snowfall in the cold season
(Lu et al., 2005; Bookhagen and Burbank, 2010). This abundant
snowfall is often modulated by the subtropical westerly jet, which
may provide moisture transport toward the Tibetan Plateau
(Norris et al., 2015; Bao and You, 2019). Considering the high
topography of the MWTP, the regression fields of 500 hPa (near
the surface over the TP) atmospheric circulation and zonal wind
against the winter BSICI are exhibited in Figure 6. One can see
a salient meridional dipole pattern in the geopotential height
anomaly over the Eurasian continent because of the horizontal
propagation of the Rossby wave in Figures 4B,C. The low center
occupies the north part of the Eurasian continent and another
high center in the belly of Eurasia with the Tibetan Plateau
included (Figure 6A). The south center of the dipole pattern
can generate anticyclonic circulation near the Tibetan Plateau,
which can directly influence the subtropical westerly jet that is
concerned as the regulator of the Tibetan Plateau snow depth.

Generally, the subtropical westerly jet and polar-front westerly
jet coexist in the mid-troposphere over the Eurasian continent,
with the larger intensity in the former, and these two jets converge
into one in the east of East Asia. Synergistic changes in the north-
south jet often induce the Tibetan Plateau and Eurasian climate
change (Zhang et al., 2019a). With above-normal BSICI, the zonal
wind is strengthened around 60°N and weakened around the
polar region and Tibetan Plateau (Figure 6B). The south center of
the dipole pattern, i.e., the anticyclonic circulation anomaly, leads
to the decelerated subtropical westerly jet, especially over the
southwestern MW TP (Figure 6B). These changes imposed on the
westerly wind may have some influence on the moisture transport
associated with the snowfall over the MWTP. The anticyclonic

circulation can cause anomalous southeasterly wind to climb
the MWTP, and the regression fields of the wind and specific
humidity show that the anomalous southeasterly winds at the
south part of the anticyclonic circulation facilitate the moisture
convergence in the mid-high troposphere over the MWTP
(Figures 7A,B). As indicated by the divergent wind, there is a
large-scale atmospheric divergence at 250 hPa and convergence
at 1000 hPa around the TP region (Figures 5A-C). At 500 hPa,
the surface circulation converges to the TP, especially in the
MWTP. Considering the steep terrain of the MWTP, the 400-
hPa horizontal water vapor flux ( équ, éqv) and divergence Dyy

were estimated. The water vapor flux converges and forms a
negative center over the MWTP (Figure 7C), which is conducive
to the MWTP snowfall.

To reveal the respective contributions of the moisture
transport to the MWTP snowfall related to the Barents Sea ice
concentration anomaly, in Figure 8, we plot the regression fields
of the winter precipitation, snow depth, the 400-hPa moisture
convergence indicated on the left-hand side of Eq. 2, and the
six terms of the water vapor convergence indicated on the right-
hand side of Eq. 2. It is clear that, with the favorable circulation
as shown in Figures 6, 7, more winter precipitation appears
over the MWTP (Figure 8A) when the BSICI has a positive
anomaly, bringing about more snowfall and greater snow depth
over the MWTP (Figure 8B), which are largely contributed by
the moisture convergence (Figure 8C). The diagnosis of the
six terms of water vapor transport indicates that the moisture
convergence anomaly over the MWTP is contributed mainly
by the zonal advection (Figure 8D), which should be directly
related to the weakened westerly in the downstream regions as
shown in Figure 6B, and the vertical advection and meridional
convergence of moisture flux (Figures 8EH) as a result of
the anomalous southeasterly winds climbing the MWTP. The
meridional advection has relatively less influence on the snowfall
(Figure 8E), and the contribution from the zonal (Figure 8G)
and vertical (Figure 8I) convergence terms are not conducive
to the snowfall.

DISCUSSION AND CONCLUSION

As the world’s highest topography, the snow depth over the
MWTP shows an inconspicuous trend but strong interannual
variation during recent decades, which inspired us to study the
possible driving force behind its interannual variation. Satellite
snow and sea ice data and ERA-Interim reanalysis data were
utilized to address this issue. The main conclusions can be
summarized as follows:

1) A coherent interannual variation between MWTP snow
depth and the Barents Sea ice concentration is robust
in the observations. Above-normal Barents Sea ice cools
the air temperature aloft by reducing the transmission
of heat between ocean and atmosphere, thus enhancing
the temperature gradient between the polar region and
mid-latitudes over the Eurasian continent.
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FIGURE 8 | Regression fields of (A) the winter snowfall (units: mm/day), (B) snow depth (units: cm), and (C) the moisture divergence D at 400 hPa (units:

108 g/cm2esehPa); and the (D) zonal advection, (E) meridional advection, (F) vertical advection, (G) zonal convergence, (H) meridional convergence, and (I)
vertical convergence (units: 10~8 g/cm?esehPa) of moisture flux at 400 hPa, against the BSICI. The stippled areas exceed the p = 0.1 confidence level. The black
box (29°-36°N, 76°-88°E) represents the MWTP region. The gray line over the region (25°-45°N, 60°-110°E) outlines the 2-km topography of the Tibetan Plateau.

2)

With the increased temperature gradient, the polar-
front westerly jet is enhanced, which increases the
atmospheric baroclinicity and stimulates a Rossby wave
propagating upward and equatorward, producing an
anomalous anticyclone in the mid-troposphere of the
subtropics with the Tibetan Plateau included to influence
the subtropical westerly jet.

As a result, the zonal advection of moisture flux and
the meridional convergence of moisture flux over the
MWTP are intensified significantly, bringing about more
moisture from surrounding areas and a resultant above-
normal snowfall and snow depth in the MWTP. Therefore,
the westerly jet and anomalous Rossby wave serve as

an efficient atmospheric bridge in connecting the winter
Arctic sea ice and snow depth over the MWTP.

This paper emphasizes the role of the westerly jet and Rossby
wave in connecting the interannual variation between the Barents
Sea ice and MWTP snow depth, but some other processes might
also be important. The westerly wind anomalies can also be
influenced by El Nifio-Southern Oscillation (Matsumura and
Kosaka, 2019) and Atlantic sea surface temperature (Jung et al.,
2017; Sung et al., 2018). The Arctic sea ice aside from that in the
Barents Sea also vary greatly and can impose some influence on
the mid-latitude climate (Screen, 2017; Cohen et al., 2020); plus,
the lagged impact of the autumn Arctic sea ice and continental
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snow cover also play a role in the winter atmospheric circulation
(Cohen et al., 2012; Furtado et al., 2015; Handorf et al., 2015).
In addition, the combination effect of internal variability and
external forcing on the relationship between sea ice change
and Eurasia continent climate is still under debate (Overland
et al., 2015; Park et al., 2015; Kim and Son, 2016; Cohen et al,,
2018, 2020; Ye et al., 2018; Ye and Jung, 2019). Therefore, a
comprehensive picture of the relationship between Arctic sea ice
and snow depth over the Tibetan Plateau needs to be further
explored in future. Moreover, owing to the imperfect physical
schemes and coarse resolutions (Rahimi et al., 2019), existing
climate models fail to simulate the observed spatiotemporal
variation of snowfall and snow depth over the mid-west Tibetan
Plateau, meaning a more complete model is therefore needed
in future work to understand the mechanism involved in the
variation of Tibetan Plateau snow depth.
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