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The glacio-meteorological characteristics of Princess Elizabeth Land in East Antarctica
are poorly known due to a lack of measurement. This is problematic given the
importance of this area for understanding ice sheet dynamics and climate change.
We present a comprehensive approach (including field surveys, reanalysis data, remote
sensing, and ice flow models) to investigate the glaciological and meteorological
conditions in the vicinity of the new Chinese Taishan Station (73.864◦S, 76.974◦E)
in Princess Elizabeth Land. We collected the datasets of satellite-derived ice surface
velocities, surface mass balance, and wind field; mapped the ice thickness and internal
layers around the Taishan Station site; and constructed profiles of the surface snow
temperature and snow density. Also, we used a transient 1-D thermodynamical model
to simulate the age of ice and the basal temperature with surface meteorological
data and subglacial topography as boundary conditions. These investigations showed
that Taishan Station is subject to a relatively high wind velocity, low temperatures
(about −36◦C), and simple ice flow. The well-behaved internal layer stratigraphy implies
that the ice flow of Taishan Station has been relatively stable, possibly for a long
time. The fact that the internal layers are conformal with bed topography—there is a
relatively old basal age from ice modeling—and that the site lies over a bed depression
filled with ice 1,900 m thick, suggests that Taishan Station may be a good location
for obtaining undisturbed old ice at depth. The combination of glacio-meteorological
parameters suggests that Taishan Station is a potential drill site for the Chinese Antarctic
Research Expedition and an ideal logistical support location for proposed scientific field
activities in the East Antarctic ice sheet (e.g., Dome A, Grove Mountains, and Princess
Elizabeth Land).

Keywords: Chinese Taishan Station, glaciological and meteorological conditions, internal layer, mass balance,
age-depth profile

INTRODUCTION

The Antarctic ice sheet has been losing ice mass to glacier dynamic thinning in recent decades,
and the mass losses in 2012–2016 were likely greater than those from 2002 to 2011 (Meredith
et al., 2019). Surface and subglacial processes transport mass and energy underneath continental
ice sheets and influence ice sheet structure. Changes in surface and basal conditions are responsible
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for a wide range of dynamic ice sheet behaviors (Cuffey and
Paterson, 2010). However, the extent to which the mass loses is
affected by the dynamic processes on the surface and under the
ice sheet remains uncertain.

Princess Elizabeth Land (64.93◦–90◦S, 73.58◦–87.72◦E) is
located in East Antarctica with an area of about 4.37 km× 105 km
and an overall fan shape extending outwards from the South Pole.
It is bounded in the west by the Amery ice shelf, in the southwest
by the Lambert glacier, in the east by Wilhelm II Land, and in
the south by Dome A. The Lambert basin-Amery ice shelf is one
of the largest glacial drainage systems in Antarctica (Figure 1),
and the impact of Princess Elizabeth Land in this system is
clearly significant. However, at present, little is known about
the local and large-scale surface glaciological conditions and
meteorological parameters (Li et al., 2009), especially subglacial
topography and dynamics in this region (Fretwell et al., 2013;
Tang et al., 2016).

The Chinese Taishan Station (Figures 1, 2) was established
during the 30th Chinese Antarctic Research Expedition
(CHINARE 30) in the middle of Princess Elizabeth Land in
East Antarctica in 2013/2014. The station is about 522 km from
Zhongshan Station and 715 km from Kunlun Station at Dome
A (Tang et al., 2016). As the Chinese component of the ITASE
(International Trans-Antarctic Scientific Expedition), Princess
Elizabeth Land was first investigated by the CHINARE in the
1996/1997 austral summer (Qin et al., 2000). The CHINARE
transect goes from Zhongshan Station to Kunlun Station at Dome
A, the summit of the East Antarctic ice sheet, with a distance of
∼1,250 km (Figure 3). Taishan Station is located at the transect.

FIGURE 1 | The Moderate Resolution Imaging Spectroradiometer (MODIS)
image of the new Chinese Taishan Station (73◦51′50′′S, 76◦58′28′′E),
including the drainage system of the Lambert glacier–Amery ice shelf,
Princess Elizabeth Land, the Chinese Zhongshan Station, and the Australian
Davis Station.

FIGURE 2 | Aerial view of the Taishan Station site, January 2013.

Along the transect, some glaciological and meteorological
parameters have been collected, e.g., shallow snow stratigraphy,
snow accumulation rate (Ren et al., 2001), ice velocity (Zhang
et al., 2008), surface mass balance (Ding et al., 2015), shallow
ice cores (Li et al., 2013; Ding et al., 2015), chemical elements,
and particles (Li et al., 2009, 2014). By summarizing these
published data, we can obtain a better understanding of the
basic characteristics of environmental information. Zhang et al.
(2008) showed that the ice of Taishan Station flows downward
into the Amery ice shelf along the altitude gradient with a
surface speed of ∼20 m year−1. Ding et al. (2011) measured the
surface snow temperature at Taishan Station. Ma et al. (2010)
measured the annual average wind speed (∼8 m s−1) near the
station site. Tang et al. (2016) mapped a radar profile of the
internal layer, and suggested that the ice sheet under Taishan
Station may have undergone a complex deposition process. Wu
et al. (2017) found that the intensity of optical turbulence in the
near-surface atmosphere of Taishan Station has obvious diurnal
variation characteristics, which are stronger at night than during
the day, and the minimum values appear around sunrise and
sunset. However, in addition to the few parameters mentioned
above, due to the lack of systematic research around the site,
we have little knowledge of the glaciological and meteorological
characteristics in the area of Taishan Station.

Here, we collect and analyze the data from field observations
by CHINARE and present the glaciological and meteorological
results obtained at Taishan Station. The glacio-meteorological
parameters allow us to establish the fundamental environment
characteristics at the site.

SURFACE MASS BALANCE AND ICE
FLOW

Surface mass balance is usually used to represent snow
accumulation on the Antarctic ice sheet. Along the transect from
Zhongshan to Dome A, CHINARE have installed a series of
stakes, which were used to measure the surface mass balance
during the expeditions in 1999, 2005, 2008, 2011, and 2013.
Ding et al. (2011, 2015) discussed the temporal trend of the
surface mass balance based on the morphological, geographical,
and meteorological conditions of the CHINARE transect. Their
studies showed that the average surface mass balance values
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FIGURE 3 | (A) Area map showing the transect routes from Zhongshan to Dome A, East Antarctica. (B) Location of Taishan Station (the red triangle) and orientation
of the radar line (black) around the Taishan Station site. (C) Radar profiles in a 2 km × 2 km square area centered on the Taishan Station. The yellow line denotes the
radar line from Zhongshan Station to Dome A. Bed elevation (background image), surface elevation (green line), and grounding line (black line) are from Bedmap2
(Fretwell et al., 2013; Tang et al., 2016; Greene et al., 2017). The white arrows represent the vector of the surface ice velocity which was derived from the
interferometric synthetic aperture radar (InSAR) data (Rignot et al., 2011; Shepherd et al., 2018).

in 1999–2013 in a section with a length of 300 km covering
the Taishan Station site was 65.5 kg m−2 a−1, and wind-driven
processes had a great impact on surface mass balance.

Here, the regional surface ice velocity data are collected in the
satellite-derived MEaSUREs database from the National Snow
and Ice Data Center (NSIDC; Rignot et al., 2011; Shepherd
et al., 2018). The ice flow of Princess Elizabeth Land and Dome
A of the East Antarctic ice sheet moves toward the Lambert
glacier and finally enters the Amery ice shelf (Figure 3A).
The ice flow directions along a radar line across the Taishan
Station site are approximately perpendicular to the ice surface
elevation contours (Figure 3B), and the ice velocities are 12.5–
18 m year−1. The average ice flow speed near Taishan Station is
16 m year−1 (Figure 3C).

RADAR SURVEYS

Previous radar measurements along Zhongshan Station to Dome
A were performed in 2004/2005 using an ice penetrating
radar system with a center frequency of 60 MHz (Cui

et al., 2010; Tang et al., 2011), which produced detailed maps
of the ice thickness and bed topography along the traverse
(close to the Taishan Station site) (Figure 3C). Subsequent
radar measurements were made in 2012/2013 on an ice-
penetrating radar (IPR) traverse from Zhongshan Station
(69.449◦S, 76.311◦E) to Dome A covering Taishan Station
(Figure 3A). The main technical parameters of deep IPR are
given in Table 1. The ice-penetrating radar was designed as
a linear frequency modulated pulse system by the Institute of
Electronics of the Chinese Academy of Sciences with a center
frequency of 150 MHz and a bandwidth of 100 MHz. For deep
ice measurements over 3,000 m, the radar operates with long
8 µs chirped pulses, a pulse repetition frequency (PRF) of 8 kHz,
and a peak transmitting power of 500 W. The data acquisition
system digitizes the received signal at a sampling frequency
of 500 MHz and simultaneously acquires the GPS signal. Two
logarithmic period antennas were mounted 2 m above the ice
surface on the specialized versatile mobile observation cabin. The
spacing between the antennas was 20–30 dB. The specialized
cabin was carried by a snow vehicle at a speed of 12–15 km h−1

(Tang et al., 2016; Liu et al., 2018). To evaluate the subglacial
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TABLE 1 | The parameters of the ice-penetrating radar.

Parameter name Value Units

Radar style Linear frequency modulated (LFM) pulse –

Antenna Log-periodical –

Center frequency 150 MHz

Transmitted pulse duration 2/4/8 µs

Signal bandwidth 100 MHz

Peak power 500 W

PRF 8 kHz

Sampling frequency 500 MHz

Dynamic range >110 dB

Antenna gain 9 dBi

Antenna beamwidth 60 deg

PRF, pulse repetition frequency.

internal stratigraphy at Taishan Station, we selected a radar
profile of about 50 km on the cross section near Taishan Station,
which is from (73.7228◦S, 76.9671◦E) to (74.1683◦S, 77.0075◦E)
(Figure 3B). We also selected four radar profiles (G–H, B–K, C–
D, and C–G) in a 2 km × 2 km square area centered around
Taishan Station (Figure 3C).

For radar data processing, we first removed 2,000 sampling
points of the raw data, which is the blind area caused by
the receiver-blanking switch in order to avoid data receiver
saturation. Then, the processes, including eliminating redundant
traces, coherently stacking 150 traces, pulse compression, and
mean filtering, were conducted. Finally, the conversion of
time to depth was used to estimate the ice thickness by the
electromagnetic wave speed of 0.168 m ns−1 within the ice sheet
(Zhang et al., 2006).

Ice Thickness and Bed Topography
High-resolution ice radar profiles can effectively evaluate the
subglacial topography, ice thickness, and internal structure of
ice sheets (Figures 4, 5). Those profiles allowed us to establish
the fundamental glaciological characteristics of the ice surface
and bedrock in the vicinity of Taishan Station (Figures 4A, 5A).
Figure 4A shows a profile through Taishan Station. The profile
reveals that the ice surface is flat, with an elevation of 2,620 m a.s.l.
at Taishan Station. In the first 25 km, the bed elevation difference
of the undulating subglacial topography is about 300 m, and the
ice thickness is between 1,400–1,700 m. Within 25–50 km, the
bed elevation is between 600 and 900 m a.s.l., and the average
ice thickness is 1,900 m (Figure 5B). Along the radar profile,
the ice-surface speed is about 15 m year−1 (Figure 5C), which
is in good agreement with the previous estimation from stake
observations (Zhang et al., 2008). The average ice thickness
of the echo free zone is about 400 m, where echo free zone
is a layer in the lowest hundreds of meters above bedrock
more or less free of radar echoes. Around the station site,
the variation of the ice thickness along the profiles is between
1,860 and 1,953 m, and the bed topography varies from 664
to 773 m a.s.l. and is about 750 m a.s.l. at the Taishan Station
site, revealing a subglacial mountainous landscape. Compared
with the previous study of the ice thickness and bed elevation,
Tang et al. (2016) used a ground-based radar dataset over this

area from 2004/2005 to 2012/2013 and GPS measurements
to establish a two-dimensional map of ice thickness and bed
topography. However, due to the poor denoising of the radar
data, the radar profiles only show part of the subglacial bedrock
and fail to identify the internal layer around Taishan Station.
Therefore, they can only obtain a low-resolution map of the ice
thickness by interpolation.

Internal Layers
Internal layers recorded in radar images can provide additional
local information about bed, surface and internal reflections, and
inform ice-flow modeling (Cavitte et al., 2016). The profile reveals
that the ice surface is flat (Figure 5A), and the ice deformation
pattern of the internal layer changes with the subglacial bed
topography. As the internal layer is closer to the surface, the
amplitude of the undulation gradually decreases. Excluding the
blind zone data that is cut off near the ice surface, we can pick
up about 60% of the visible isochronic layers. Figure 4B shows
a bright isochronous layer with a minimum thickness interval
of 5 m between adjacent layers. It can be seen from the four
profiles in Figure 4C that the topography near Taishan Station is
flat and the internal layering structure is intact. The ice thickness
is 1,900 m, and the thickness of the visible isochronous layers is
about 1,150 m. The bright layers of the radar profile are important
for future ice core age estimation.

Modeling the Age–Depth Relationship
and Ice Temperature
The dynamics process of the ice flow below Taishan Station is
unknown. To determine the temperature–depth profile and the
age distribution, we use different flux shape functions to simulate
the ice flow. In principle, it is assumed that the mass balance
of ice flow is given based on the incompressibility condition.
The flux shape function depends on a non-dimensional vertical
coordinate and is the combination of one sliding term and one
deformation term (Parrenin et al., 2007). It can be expressed in
the following form:

ω(ξ) = sξ + (1− ξ) ωD (ξ) (1)

ωD(ξ) =
1

n+ 1
[
(1− ξ)n+2

+ (n+ 2)ξ − 1
]

(2)

where ωD(ξ) is the deformation term, ξ = z−B
H is the normalized

vertical coordinate (oriented toward the ice surface, ξ = 0
denotes the bedrock), B is bedrock elevation, H is the ice
thickness elevation, z is the vertical coordinate of the ice particle,
and n is the exponent of Glen Law.

Assuming the basal ice is not melting, the flux shape
function approximately represents the vertical compression,
which describes the ratio of the layer thickness to its initial
thickness at the surface (Parrenin et al., 2007). We can calculate
the age of the ice by integrating along the particle trajectories of
the vertical compression. The age at ξ (at depth z) is given by

A(ξ) =
∫ 1

ξ

H
ω(x)a(x)

dx (3)

where a(x) is the accumulation.
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FIGURE 4 | Radargrams of ice-penetrating radar from CHINARE (Chinese Antarctic Research Expedition) 29. The red star marks the position of Taishan Station.
(A) Profile of high resolution (150 MHz) corresponding to the black line though Taishan Station in Figure 3B. (B) Radar profile of the selected red rectangles in (A).
(C) Radar profiles around Taishan Station (corresponding to Figure 3C).

In the following text, we use three flux shape functions to
estimate the temperature-depth and age-depth relationship. The
three functions are described as (1) the exponent of the value n= 3
in Glen’s flow where the ice fabric was induced by isothermal
internal deformation under the shallow-ice approximation, i.e.,
no sliding ω(ξ) = ωD(ξ) (s = 0, n = 3) (Glen, 1952); (2) the
plug flow, i.e., all sliding ω(ξ) = ξ (Parrenin et al., 2007); and
(3) the non-linear rheology of ice (Raymond–Reeh model), i.e., a
parabolic profile for the plug flux shape function ω (n = 3), where
shear stresses are negligible (Raymond, 1983; Reeh, 1988). The
melting point of ice decreases linearly as a function of the depth
(Huybrechts and Payne, 1996).

The input data for the models were the accumulation rates,
surface temperature, and geothermal heat flux in the region of
Taishan Station. The temperature string data shows that the
annual mean temperature is−35.5◦C. The average accumulation
rate is 53 kg m−2 a−1 (13 cm depth of snow), and the
average snow density is 389 kg m−3, as determined from the
measurements of the stake arrays estimating the surface mass

balance along the traverse route from Zhongshan to Dome A
(Ding et al., 2011). For solid ice, the density is 917 kg m−3 (Cuffey
and Paterson, 2010). Then, present day accumulation rates are
estimated as about 58 mm ice equivalents every year. The largest
uncertainty in calculating the temperature profiles is the value of
the geothermal heat flux (G). No direct measurements for G exist
in this area, and from the studies by Van Liefferinge and Pattyn
(2013), we consider the values for G to be 50, 55, or 60 mW m−2.
From the radar profiles, the ice thickness of the site at Taishan
Station is shown to be 1,870 m.

The age–depth, and temperature–depth relationships derived
from the model results with the input data are shown in Figure 6.
The result of the ice flow modeling makes it possible to estimate
the age and temperature of the ice in the bottom part of
Taishan Station, where no age markers are yet available. All three
age–depth profiles from the three flux shape functions closely
agree about the basal age of the ice: approximately 50–150 kyr
(kiloyear). Note that the “Raymond–Reeh” model is valid for
the ice-divide region, where longitudinal stress gradients cannot
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FIGURE 5 | (A) Surface and subglacial topography elevation, (B) ice thickness, and (C) ice velocity, from Rignot et al. (2011). The radar profile is shown in
Figure 4A. The red star marks the position of Taishan Station.

FIGURE 6 | Profiles of age depth and temperature depth at Taishan Station
calculated for the input parameters of the ice thickness H, surface
temperature Ts, and accumulation a, and geothermal heat flux values G of
50 mW m−2 from modeling using three flux shape functions in the ice model.

be ignored (Raymond, 1983), and Taishan Station is clearly not
located in a region of ice divide. Thus, in the age–depth profile
of this model, at the same depth, the age may be overestimated.
The temperature profiles (Figure 6) predict that the basal ice

may reach the melting point (Raymon–Neeh model), or the basal
ice freezing point (Plug flow model). While no basal melting
corresponding to the bright reflector was found in radar profiles
and because the region of Taishan Station is not an ice divide,
the one-dimensional assumption of the Raymon–Neeh model
is probably invalid in this region. For the temperature profile,
it should be noted that below the threshold of zero melting,
a slight decrease in the geothermal flux has no impact on
the basal melting.

SNOW TEMPERATURE

Accurate and reliable near-surface ice temperature is an
important factor in numerical models for assessing the mass
balance and energy balance of polar ice sheets. Because the ice
flow of Taishan Station is relatively stable and preserves the
complete layered structure, to analyze its vertical variation along
the temperature profile is of great value.

A 10 m temperature chain was installed at a site with
initial coordinates of (73◦51′50′′S, 76◦58′28′′E) at Taishan Station
(Figure 2) during CHINARE 32nd on January 31, 2016.
The string of temperature sensors was used to monitor the
temperature change in the shallow near-surface snow layer.
Figure 7 shows the daily average snow temperatures at six typical
depths (0.1, 2, 4, 6, 8, and 10 m) from February 2016 to January
2017 at Taishan Station. The daily average temperature was
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FIGURE 7 | Daily average snow temperatures at different depths at Taishan
Station from February 2016 to January 2017.

chosen as the average of four representative times (2:00, 8:00,
14:00, and 20:00).

Figure 7 shows that the high frequency change from the
surface to the snow layer gradually disappears when heat is
conducted in the snow layer. The amplitude of snow layer
temperature fluctuation from the surface decreases with depth,
and the phase of snow layer temperature fluctuation from the
surface lags with depth.

The snow temperature at a depth of 0.1 m from the surface
is greatly affected by changes in the surface temperature, and
the high frequency of the surface temperature wave decreases
sharply from the surface downwards. At the depth of 2 m, the
snow temperature has clear seasonal fluctuations, and the daily
temperature variation is weak. The seasonal fluctuations of snow
temperature at depths of 4, 6, and 8 m decrease gradually and the
seasonal fluctuation of snow temperature at the depth of 10 m
basically disappears. From a phase point of view, the temperature

at the surface reached the lowest value on September 8, 2016, and
the date that the temperature at various depths from the surface
downwards reached the lowest value lagged behind slightly. The
temperature at the depth of 10 m reached the lowest value on
December 19, 2016, 101 days behind from the date at the surface.

The snow temperature at the depth of 10 m is an important
indicator in glaciology. It is commonly accepted that the snow
temperature at the depth of 10 m is equivalent to the mean annual
air temperature at the surface in the dry-snow zone (Chen et al.,
2010). It can be seen from Figure 7 that the snow temperature
at the depth of 10 m is almost constant—it is maintained at the
−35.5◦C baseline. The value is close to the annual average snow
temperature at the depth of 10 m at LT790 (−36.1◦C) which is
46 km away from Taishan Station (Ding et al., 2010).

SNOW DENSITY PROFILES

The surface temperature of the Antarctic ice sheet is extremely
low, and the surface of the ice sheet does not melt, even in
summer. It is named as the dry-snow zone in glaciology. The
Taishan Station is a cold-type densification zone (Qin, 1987).
We drilled a 10 m snow core at Taishan Station during the
2012/2013 CHINARE field season. The snow density at each
depth was calculated by the length and weight data. The result
is shown in Figure 8, and the fitting curve of the snow density
data is also shown. The fitting curve of the snow density
data was constructed by referring to the densification model
(Cuffey and Paterson, 2010):

ρ = ρi − (ρi − ρs) exp (−Cz) , (4)

where ρ is the snow (firn) density at depth z, ρi is the pure ice
density, and ρs is the snow density at the surface. According to the
fitting curve, it can be seen that the density shows an exponential
change with depth. The density fluctuation range of the 10 m
snow core is 0.35–0.60 g cm−3, and the surface snow density at
Taishan Station is 0.381 g cm−3.

FIGURE 8 | Snow density profile of Taishan Station from a 10 m shallow snow core.
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FIGURE 9 | Monthly variation of the average wind speed at Taishan Station from an Automatic Weather Station at Taishan Station from February 2016 to February
2017.

FIGURE 10 | Frequencies of the average wind direction at Taishan Station.

Previous studies have suggested one (ρ = 0.55 g cm−3) or
even two (ρ = 0.83 g cm−3) critical values to proclaim different
densification processes that occur in the snow column (Salamatin
and Lipenkov, 2008). In the upper part (ρ < 0.55 g cm−3),
the dominant densification processes are the grain settling and
packing of snow grains. Thereafter, the densification process
is slower and is mainly due to sublimation, diffusion and
deformation processes until the density reaches the pore close-
off depth (ρ = 0.83 g cm−3). From Figure 8, we can conclude that
the depth corresponding to the first critical value of ice density in
Taishan Station is 5.8 m. This result is similar to that shown in the
simulation results (Ligtenberg et al., 2011).

From the characteristics of the snow profile, the composition
of the 10 m snow core has experienced the transition from firn
(wind panels) to fine snow, hard fine snow, medium snow, coarse
snow, and then snow with an ice lens from top to bottom. The

snow profile of Taishan Station is more complex and the hardness
of the snow is greater than at other sampling points.

METEOROLOGICAL CONDITIONS

From February 2016 to February 2017, an Automatic Weather
Station (AWS) was operational at Taishan Station. Figure 9 shows
the monthly variation in the average wind speed observed from
the AWS. It can be seen that the maximum monthly average wind
speed occurs in June, up to 13.1 m s−1, and the minimum of
monthly average wind speed occurs in January, up to 7.1 m s−1.
The annual average wind speed of Taishan Station is about
11 m s−1. It is clear that there are notable seasonal changes in
wind speed at Taishan Station, and the wind speed in winter is
significantly higher than that in summer.
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FIGURE 11 | Seasonal variation of wind speed (Unit: m s−1) and wind direction from the Automatic Weather Station at Taishan Station, (A) January 2016,
(B) July 2016.

Figure 10 shows the frequency of the average wind direction
at Taishan Station. The dominant wind direction at Taishan
Station is east with a frequency of 60.37%. The secondary wind
directions are north-east and east-north-east winds, accounting
for 22.64 and 3.77%, respectively. The wind direction is relatively
concentrated, and the frequency of easterly winds can reach
86.78% of the total.

Rose diagrams of the wind direction at Taishan Station are
shown against both wind direction and wind speed in Figure 11.
Figure 11A shows the wind direction in January, and Figure 11B
shows the wind direction in July. It can be seen that the
main wind force is at levels 3–5 (Beauford scale) in January,
accounting for nearly 80% of the wind force. The frequency of
wind force at levels 1–5 is close to 90%, and the lower wind
speed is conducive to the safety of summer observations at
Taishan Station.

In July, the main wind force is at levels 5–7, accounting for
more than 90% of the wind force. It is difficult to work outdoors
in such windy weather. Wind speeds are significantly different
in winter and summer, and the wind force in January (Southern
hemisphere summer) is significantly lower than that in July
(Southern hemisphere winter). The seasonal difference in wind
speed at Taishan Station may be related to its positioning as a
summer scientific expedition station.

In January, the dominant wind direction at Taishan Station
is east-north-east winds, with a frequency of 41.99%. The
secondary wind directions are north-east winds and north-east-
north winds. The sum of these three wind directions can reach
81.70% of the total. In July, the dominant wind direction at
Taishan Station is also east-north-east winds with a frequency
of 60.37%. The secondary wind directions are north-east winds
and east winds. The sum of these three wind directions can reach
94.89% of the total. The distribution of the wind direction in
July is relatively concentrated; the frequency of east winds in July
increases significantly compared with that in January, and the
wind direction in July has an obvious shift toward east relative

to that in January. This is similar to the conclusion reached by
Yang et al. (2007) at the LGB69 station (70◦50′S, 77◦04′E) in East
Antarctica. Strong winds can carry a large amount of surface
snow, and the stability of the wind direction determines the
surface topography, which has a great influence on the credibility
of local observation.

The annual average wind direction stability of Taishan Station
is 0.89, which is higher than that of 0.78 in Dome A, which
is related to the slope of Taishan Station being higher than
that of Dome A (Ma et al., 2010). The large wind direction
stability appears in the strong descending wind area with a
large surface slope. In general, the wind at Taishan Station is
obviously affected by the katabatic wind, and the wind direction
is prevailing easterly winds. The observations of wind speed and
wind direction provide a theoretical support for further analysis
of the replenishment capacity at Taishan Station.

The spatial pattern of the surface pressure shows minimum
values over the plateau of East Antarctica and maximum values
over the Ross Sea (Figure 12A). The spatial pattern is mainly
attributed to the Antarctic topography. The surface pressure at
Taishan Station is approximately 700 hPa. In contrast to the
surface pressure, the mean sea level pressure (MSLP) can reflect
the realistic surface circulation. A high-pressure ridge occurs over
the plateau of East Antarctica where the maximum value exceeds
1025 hPa (Figure 12B). Two low pressure troughs occur over
the Amundsen Sea and the Southern Indian Ocean (120◦E). The
former usually corresponds to an Amundsen low. Taishan Station
has a MSLP of 1000 hPa. Corresponding to the high pressure
over East Antarctica, the surface wind field here shows a large
anticyclonic circulation (Figure 12C). The steep topography over
coastal regions drives a strong katabatic wind. The anticyclonic
circulation enables the prevailing wind at Taishan Station to
be an easterly wind. The surface air temperature over the
Antarctic continent shows a similar pattern to the topography
(Figure 12D). Namely, the higher terrain corresponds to the
lower temperature and vice versa. The surface air temperature
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FIGURE 12 | (A) Spatial patterns of the averaged surface pressure (Unit: hpa), (B) mean sea level pressure (Unit: hpa), (C) 10 m wind field, and (D) 2 m air
temperature (Unit: K). The asterisk denotes the site of Taishan Station. All data are derived from the National Center for Environmental Prediction (NCEP)-DOE
(Department of Energy) Reanalysis II dataset (ftp.cdc.noaa.gov/Projects/Datasets/necp.reanalysis2.derived/).

at Taishan Station is nearly 250 K (−23◦C), which is apparently
higher than the observational value (−36◦C). It indicates that
the reanalysis data overestimate the surface air temperature at
Taishan Station.

SNOW ISOTOPES

The stable isotopes of water (δD and δ18O) are important
climate proxies that are commonly interpreted in terms of

temperature. The measured results from the surface snow along
a section from Zhongshan Station to Dome A during the 31st
CHINARE show that the spatial variation range of δ18O at
Taishan Station is around −35 to −45h, and the δD variation
range is −260 to −360h (Ma et al., 2017). The δD record
exhibits detectable seasonal cycles through ice core, providing a
method to obtain a timescale by annual layer counting. Nitrate
(NO3−) is one of the main chemical ions in Antarctic snow
ice, which can account for more than 40% of the total ions
in snow ice. The isotopic fractionation associated with nitrate
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volatilization at Taishan Station was minor. The snow mass,
concentration, and isotopic composition of NO3− (δ15N and
δ18O) near the site are constant during a 16-day experiment,
and volatilization of NO 3− is estimated to decrease δ15 N
and δ18 O in the snowpit by 0–3h and 0–6h, respectively
(Shi et al., 2019).

CONCLUSION

We conducted an integrated glaciological and meteorological
investigation around the site of the Chinese Antarctic Taishan
Station, focusing on the potential deep ice core drilling and
supporting field activities in the East Antarctic plateau. We
deduced the surface mass balance and ice velocity from
the published data and derived the surface topography, ice
thickness, internal layers and bed topography from radar data.
The age control and englacial temperature from the internal
layers seen in the radar data and ice modeling suggested
a range of 50–150 kyr (kiloyear) and no melting over the
basal ice. The internal layer structure also indicated that the
ice around the Taishan Station site has been stable, with
smaller undulations and disturbances at the shallower depth.
The stratigraphical character of the internal layers offers an
outstanding opportunity to improve our understanding of ice
dynamics and to accurately infer the ice sheet history with the
accompanying climatic change.

The snow temperature at the depth of 10 m was determined to
be−35.5◦C from a 10 m temperature chain, which can provide an
estimate of the mean annual air temperature at the surface. The
10 m snow density profiles showed that different densification
processes occur in the snow column. The annual average wind
speed of Taishan Station is about 11 m s−1 from an AWS, and the
wind direction is relatively concentrated and can redistribute the
surface snow. The atmospheric reanalysis data showed that the
site has a prevailing easterly wind and is sensitive to the strong
katabatic wind over coastal regions. Furthermore, the surface
air temperature around the station showed a similar pattern
to the topography.

A significant way of selecting drilling locations is to trace the
continuous internal layers along the radar profiles. Of interest
in site selection is the smoothness of continuous internal layers
and the geometric lengths of ice column (Tang et al., 2012).
The properties that internal layers are relatively stable and
conformal with bed topography and that the site has an ice
thickness of 1,900 m suggest that Taishan Station may be a
good location for drilling older and undisturbed ice. A deep
ice core at Taishan Station would be expected to improve
our understanding of past East Antarctic climate. It would be
a better complement to the existing records (e.g., Dome A,
Dome Fuji, Dome C) from the East Antarctic ice sheet. Taishan
Station is considered as ideal logistical base because of the
uniqueness of its location and glacio-meteorological conditions.
Taishan Station can provide strong support for proposed ground-
based and airborne investigations in the Antarctic ice sheet
(e.g., Grove Mountains, Dome A, Ridge B, and Vostok, etc.).
In fact, CHINARE has used Taishan station as its logistics

base to investigate a large-scale area from the coastal to the
interior of the East Antarctic ice sheet, including Prydz Bay,
Amery Ice Shelf, Grove Mountains, Princess Elizabeth Land,
Ridge B, Vostok and Dome A (Cui et al., 2018). Our study is
potentially valuable for an ice dynamics investigation associated
with the East Antarctic ice sheet in response to sea level and
climate forcing.

Potential climate proxy data from ice cores at the Taishan
Station site would be helpful for understanding changes in
the East Antarctic climate variability and may provide new
information for the evolution of the Antarctic ice sheet. In the
future, to date the ice column of Taishan Station, it will be
necessary to obtain a more continuous and direct stratigraphic
link between the site and the Antarctic ice cores. However,
our radar surveys failed to detect some deeper layers, possibly
because the ice stream of Lambert glacier flowing into the
Amery ice shelf disturbs the deeper layers and removes the
surface troughs and their effects, affecting the layer geometries
as the ice flows over them. It requires additional ground-
based or airborne geophysical observations and modeling studies
to aid in englacial structure mapping and determination of
ice–bedrock interactions in the vicinity of Taishan Station.
Additional glaciological and meteorological data on the present
and past environment are also needed to evaluate the field work
around the site.
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