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ABSTRACT

Recent snow height measurements (2008–15) from nine automatic weather stations (AWSs) on the Ross Ice Shelf are
used to examine the synoptic and seasonal variability in snow accumulation, and also to evaluate the performance of the
Antarctic Mesoscale Prediction System (AMPS) for precipitation. The number of snow accumulation events varies from one
station to another between 2008 and 2015, thus demonstrating geographic dependence. The interannual variability in snow
accumulation is too high to determine its seasonality based on the current AWS observations with limited time coverage.
Comparison between the AMPS and AWS snow height measurements show that approximately 28% of the AWS events are
reproduced by AMPS. Furthermore, there are significant correlations between AMPS and AWS coincident event sizes at five
stations (p < 0.05). This finding suggests that AMPS has a certain ability to represent actual precipitation events.
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1. Introduction

Owing to its huge volume, the Antarctic Ice Sheet can
potentially cause a global sea level rise of approximately
58.3 m, if it melts completely (IPCC, 2013). Thus, Antarc-
tic climate change and ice mass variability have been major
concerns in many recent studies (e.g., Rignot et al., 2011;
Zwally and Giovinetto, 2011; Shepherd et al., 2012). Satellite
radar altimetry, interferometry and gravimetry have greatly
improved the estimation of Antarctic mass balance, espe-
cially ice loss to the ocean. However, there are still con-
troversies regarding whether the ice sheet is gaining mass,
is in equilibrium, or is losing mass. Rignot et al. (2011) and
Shepherd et al. (2012) reported an acceleration of Antarc-
tic mass loss since 1992 by means of the Gravity Recovery
and Climate Experiment and InSAR radar altimetry satel-
lites. In contrast, Zwally et al. (2015) showed that the mass
gains of the Antarctic ice sheet exceeded the losses for the
time spans 1992–2001 and 2003–08. To address this discrep-
ancy, an accurate quantification of the temporal and spatial
variability of the surface mass balance (SMB), which gener-
ally leads to mass gain, is required, because the interannual
variability in Antarctic mass balance is mainly dependent on
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the SMB (Wouters et al., 2013). Despite many efforts un-
dertaken to document the SMB, in-situ observations remain
sparse and discontinuous, which hinders the evaluation of
whether any significant variability in snow accumulation has
occurred. As a result, Antarctic precipitation/SMB variations
are usually directly or indirectly determined using reanalysis
products, such as the 40-yr European Centre for Medium-
Range Weather Forecasts (ECMWF) Re-Analysis (ERA-40)
(e.g., Monaghan et al., 2006a) and the ECMWF interim re-
analysis (ERA-Interim) (Thomas and Bracegirdle, 2015); and
regional climate models, such as the Fifth-generation Penn-
sylvania State University–National Center for Atmospheric
Research (NCAR) Mesoscale Model optimized for polar en-
vironments (Polar MM5) (Bromwich et al., 2001; Monaghan
et al., 2006b), two versions of the Regional Atmospheric Cli-
mate Model (Ettema et al., 2009), the Antarctic Mesoscale
Prediction System (AMPS) (Powers et al., 2003), the Modèle
Atmosphérique Régional (Gallée et al., 2013), and Coupled
Model Intercomparison Project Phase 5 (CMIP5) models
(Palerme et al., 2016). Due to the assimilation of changes in
observation systems, the utilization of hydrological variables
from reanalysis data, such as precipitation and evaporation,
requires great caution (Trenberth et al., 2010; Bromwich et
al., 2011a; Bosilovich et al., 2011). At present, regional cli-
mate models also only provide verifiable results. Therefore,
it is crucial to investigate the performance of such models be-
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fore they are used for climate or meteorological diagnoses.
Based primarily on glaciological observations, many at-

tempts have been made to assess the performance of atmo-
spheric reanalysis products and regional climate models for
precipitation at annual or longer timescales for different ar-
eas in Antarctica (e.g., Agosta et al., 2012; Sinisalo et al.,
2013; Medley et al., 2013; Wang et al., 2015), and even
for the whole ice sheet (Bromwich et al., 2011b; Wang et
al., 2015). However, such evaluations have not assessed the
ability of these models to capture the observed precipitation
on much shorter timescales. Recently, a short (1–2 year)
record from automatic weather stations (AWSs) was used to
examine the representation of intra-annual variability in pre-
cipitation on the Antarctic Peninsula by ERA-40 and ERA-
Interim (Thomas and Bracegirdle, 2009, 2015). Meanwhile,
extreme precipitation events can be determined using acous-
tic depth gauge (ADG) measurements and compared with
AMPS (Schlosser et al., 2010). Cohen and Dean (2013) com-
pared ADG observations and reanalysis data, including ERA-
Interim and NECP2, at synoptic time scales. To the best of
our knowledge, however, few attempts have been made to as-
sess the performance of regional climate models for Antarctic
synoptic and intra-annual precipitation (e.g. Schlosser et al.,
2010; Welker et al., 2014).

Many attempts have been made with respect to Antarc-
tic precipitation and snow accumulation measurements, in-
cluding ground-based determination and remote sensing.
Ground-based determination involves stake measurements at
single sites, ultrasonic sounders, snow pits and ice cores, and
ground-penetrating radar (Eisen et al., 2008). Stake mea-
surement is a traditional and simple glaciological method
for SMB determination, and is widely used in Antarctica
(Kameda et al., 2008). It is accurate for a single site, but con-
strained by long-term observations and high logistical costs in
the extreme polar environment. Snow pits and ice cores are
first used to identify reliable dating markers, and then to de-
termine the snow accumulation combined with snow density.
Snow pits and ice cores provide the only available data for
long-term snow accumulation, but these data are not available
at synoptic time scales. Limited by their 2–3 cm operational
accuracy, ultrasonic sounders are generally less effective at
detecting individual snowfall events on the dry East Antarc-
tic Plateau. However, due to their automatic real-time mon-
itoring, ultrasonic sounders have the advantage of producing
data that can be used for examining synoptic and intra-annual
variability, as well as seasonal cycles, of snow accumulation.
Precipitation, which contributes greatly to SMB, was mea-
sured by Schlosser et al. (2016) using a wooden platform at
a height of 1 m above the snow surface to avoid the influ-
ence of low drifting snow (Schlosser et al., 2016). However,
precipitation measurements are unable to quantify errors, and
the measurements have some interruptions. Cloudsat, i.e., the
first spaceborne radar to provide large-scale Antarctic precip-
itation observations, has been used to estimate the spatial pat-
terns of snow accumulation simulated by ERA-Interim and
CMIP5 models (Boening et al., 2012; Palerme et al., 2014,
2016). However, its coarse spatial and temporal resolution

limit its application to specific areas and the synoptic time
scale, and data missing during the night since April 2011 is
also a problem. Although ground-based remote-sensing in-
struments have been used to detect cloud and precipitation
properties (Gorodetskaya et al., 2015), AWS measurements
are still necessary to quantify SMB components. Despite
the advantages of satellite products, they are not suitable for
the determination of precipitation events on the synoptic time
scale.

ADG measurements at the AWSs over the Ross Ice Shelf
record snow height changes at a very high temporal resolu-
tion (10 min sampling). This provides an important record
of snow accumulation, which can be used to determine its
variability and evaluate the simulation accuracy by regional
climate models on synoptic and seasonal time scales.

2. Study area

The Ross Ice Shelf—the largest ice shelf of Antarctica—
is located between the West Antarctic Ice Sheet and the
Transantarctic Mountains and is adjacent to the Ross Sea
(Fig. 1). It is characterized by low pressure, high radiation,
and low precipitation in the coastal regions, and by increased
inland precipitation because of topographic lift. Changes in
the mass balance of the ice shelf play an important role in sea
level rise, ocean stratification, and bottom water formation.
Satellite-based observation shows a zone of surface lowering,

Fig. 1. Ross Ice Shelf and locations of AWSs.
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quantified as reaching 0.65 m yr−1 during 2003–08 (Pritchard
et al., 2012).

3. Data and methods

3.1. AMPS

AMPS is an experimental and real-time mesoscale mod-
eling system that was generated by the NCAR and the
Byrd Polar Research Center of The Ohio State University.
The main goals of this system are to provide synoptic and
mesoscale forecasts to serve flight forecasters at McMurdo
Station to support Antarctic science and operations and the
United States Antarctic Program, improve the model physical
parameterizations for Antarctica, and provide qualitative and
quantitative system verification (Powers et al., 2012). Start-
ing in 2000, AMPS produced forecasts using Polar MM5
(Bromwich et al., 2001). Since 2005, the polar-optimized
version of the Weather Research and Forecasting Model (Po-
lar WRF) has become the base model of AMPS (Skamarock
et al., 2009). Polar WRF is estimated to have similar or bet-
ter performance compared to Polar MM5 (Bromwich et al.,
2013). The current AMPS forecasts by means of Polar WRF
are conducted twice daily, in either five or six domains, vary-
ing over different time periods. The horizontal resolution of
the model grid ranges from 20 km or 10 km for the Antarctic
Ice Sheet to 3 km or 1.1 km over McMurdo. This study uti-
lizes three-hourly AMPS precipitation data in domain 3 (Fig.
1), with a horizontal resolution of 5 km between November
2008 and December 2012, and 3 km since 2013. The daily
precipitation is the sum of the 12–36 h forecast (rather than
the 0–24 h forecast), which allows moist process spin-up to
occur (Bromwich et al., 2005; Schlosser et al., 2008).

3.2. AWS data
Snow height is measured at 10-min intervals by the

Campbell Scientific SR50 ADG installed at nine AWSs on
the Ross Ice Shelf, as shown in Fig. 1. These measurements
cover January 2008 to June 2015, but the record lengths vary
from one station to another. Table 1 summarizes the informa-
tion of each station, including its location, length of record,
and elevation. Anomalous values in the sensor can occur due
to disturbance from high surface wind (>18 m s−1), blow-
ing snow (Brazenec and Doesken, 2005), extremely low tem-

peratures (<−35◦C), and frost on the sensor (Fountain et al.,
2010). To keep the sensor at a distance of 1–2 m from the
snow surface, the sensor must be artificially reset, which may
result in discontinuities in the accumulation data. In addi-
tion, the quality of data is affected by ice flowing over the
ice shelf where the AWS sites are installed, and data trans-
mission by satellites (Lazzara et al., 2012). More detailed
information on the AWSs is available on the University of
Wisconsin Antarctic Meteorological Research Center web-
site (http://amrc.ssec.wisc.edu).

3.3. AWS data quality control
To better determine the temporal variability in snow ac-

cumulation and assess the performance of AMPS, it is nec-
essary to remove the erroneous and anomalous snow accu-
mulation measurements. First, we exclude obviously erro-
neous values that are considered outside the initial and fi-
nal accumulations. Then, consecutive measurements with the
same values that exhibit obvious observation or transmitting
error are removed. We also remove the data outliers as de-
fined by Fountain et al. (2010) and Cohen and Dean (2013),
i.e., those outside one standard deviation of each mean daily
measurement. Finally, 4.41%–7.93% of the anomalous ADG
records at the nine AWSs are omitted (Table 1). The quality-
controlled ADG records are averaged to three-hourly data to
compare with the AMPS data.

3.4. Snow accumulation event determination
Following Fountain et al. (2010) and Cohen and Dean

(2013), we determine snow accumulation events for the daily
ADG records using the threshold value of 5 mm snow d−1.
The threshold value of the daily AMPS precipitation data is
0.5 mm water equivalent (w. e.) d−1, assuming a snow den-
sity of 350 kg m−3 (Cohen and Dean, 2013). In addition to
applying the threshold values (5 mm snow d−1 for AWS and
0.5 mm w. e. d−1 for AMPS), only snow accumulation or
precipitation lasting more than six hours is considered an ac-
cumulation/precipitation event (Cohen and Dean, 2013). If
the surface snow density is approximately 350 kg m−3, 7 m
s−1 is considered the threshold of wind speed to cause drift-
ing snow (Lenaerts et al., 2010; 2012). Accumulation events
caused by drifting snow lasting more than six hours are par-
ticularly rare. Thus, a period of six hours is chosen to mini-
mize the impact of drifting snow on the determination of the

Table 1. AWS locations, lengths of records, elevations and elimination rates.

Station Location AWS Data Data length (yr) Elevation (m) Elimination rate (%)

Margaret 80.000◦S, 165.000◦W Nov 2008–Jun 2015 6.7 67 4.54
Sabrina 84.247◦S, 170.068◦W Feb 2009–Jun 2015 5.7 87.6 4.41
Emilia 78.502◦S, 173.121◦E Nov 2011–Jun 2015 3.7 52 4.71
Ferrell 77.833◦S, 170.819◦E Feb 2011–Jun 2015 3.2 45 4.91
Windless Bight 77.725◦S, 167.687◦E Jan 2008–Jun 2015 5.7 40 6.45
Mary 79.305◦S, 162.985◦E Jan 2008–Dec 2011 4.0 58 7.93
Elaine 83.094◦S, 174.285◦E Jan 2010–Jun 2015 5.5 58 4.84
Siple Dome 81.656◦S, 148.773◦W Jan 2012–Jun 2015 3.3 667.6 7.07
Willie Field 77.867◦S, 166.947◦E Feb 2009–Oct 2010 1.8 12 4.46
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accumulation events. Additionally, if the precipitation events
are within 24 hours of an ADG event, we consider the event
to be a coincident event.

4. Results

4.1. Time series of snow heights from ADG records

Figure 2 presents a time series of cumulative daily snow
height changes from 2008 to 2015 (time coverage varies from
one station to another). Three of the nine stations (Windless
Bight, Ferrell and Emilia) have data gaps from the sensor re-
set to remain 1 or 2 m from the snow surface or from data
transmission problems. We cannot determine how much the

snow height changed in the missing records and thus assume
that the snow height has no changes during this period, which
does not influence the snow accumulation tendencies. At
each station, accumulation outweighs ablation, which leads
to positive height changes.

Snow height changes are stepped and episodic and are
mainly dependent on precipitation, but there is still a mass
of large accumulation events in the measurements. At three
stations (Siple Dome, Emilia, Mary), snow height changes
fluctuate highly and have obvious negative processes—as in
November 2012, November 2013 and March 2015 for Siple
Dome; December 2012 and October, November and Decem-
ber 2013 for Emilia; March 2008, December 2009 and July
2011 for Mary—which suggests that wind erosion, densifi-

Fig. 2. Daily ADG snow accumulation from AWSs and AMPS precipitation from the start date of AWS observation to
2015. ADG accumulation is shown on the left-hand axes (m snow), and AMPS is on the right-hand axes (m snow).
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cation and sublimation have greater influences on snow ac-
cumulation changes at these stations. Stations Margaret and
Elaine show the smoothest accumulation variation and the
least positive processes of surface height compared with other
stations during the same periods. At Mary, Margaret and
Elaine, low accumulation, i.e., close to zero, lasts several
months. The large accumulation events appear in each AWS
ADG record, and the snow height changes coincide with rel-
atively high temperatures, wind and specific humidity (Rei-
jmer and van den Brokek, 2003). Although the cumulative
monthly snow height changes are smoother than daily snow
height, large fluctuations are still distinct (Fig. 3): for in-
stance, in September and December 2012 and April 2015 for

Emilia; February 2008 and March and April 2009 for Mary;
October 2012 and September 2013 for Siple Dome; Febru-
ary 2009 for Sabrina and Windless Bight; and February 2013
and September 2014 for Elaine. For all AWSs, the monthly
snow height changes are consistent with daily snow height
changes.

4.2. Synoptic variability of snow accumulation from ADG
records

Figure 4 shows a close-up of four days in the ADG mea-
surements at a three-hourly resolution, which represents the
characteristics of typical snow accumulation events in a run-
ning day for the majority of stations. The duration of positive

Fig. 3. Monthly accumulation at nine AWSs and corresponding AMPS precipitation from the start date of AWS observation
to 2015. ADG accumulation is shown on the left-hand axes (m snow), and AMPS is on the right-hand axes (m snow).
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Fig. 4. The different characteristics of coincident events (de-
fined as >5 mm snow d−1 and >0.5 mm w. e. d−1) in April
2010. Snow accumulation is on the left y-axis, and precipita-
tion is on the right y-axis (note the different axis scales).

processes of snow accumulation are different and inconstant.
There are many snow height change events over short-term
periods that are mainly caused by snowdrift and cannot be
defined as snow accumulation events. For example, there is
only one accumulation event for each day from the 23rd to
25th. However, on the 25th, there are three instances of posi-
tive snow height changes, only one of which lasts more than
six hours. The obvious short-term decreases in snow heights
(i.e., a few hours) at all stations illustrate the important effects
of drifting snow on ADG measurements.

Table 2 shows the number of snow accumulation events at
each station. The number of snow accumulation events varies
from 72 to 419, with an average value of 257. In general, the
stations close to the edge of the ice shelf have more events
than inland stations. Despite the limited coverage of ADG

records, the Windless Bight station has the largest number
of total accumulation events. Over the observational period,
the number of annual accumulation events at Sabrina, Mary
and Elaine clearly increases, whereas Margaret, Emilia and
Windless Bight show a significant decrease of approximately
10%. Possibly caused by large snowfall, there is a more than
70% increase in annual events at Ferrell station since 2012.

4.3. Seasonal variability of snow accumulation from ADG
records

The seasonality of snow accumulation is important for the
SMB estimation and dating of ice core records. To determine
the annual cycle of snow accumulation, the monthly aver-
aged snow heights are calculated using ADG data between
the AWS start time and 2015 (Fig. 5). As Fig. 5 shows, the
large error (standard deviation of the averages) reveals the
high interannual variation in snow accumulation. Probably
due to the high interannual variability and limited temporal
coverage of the data (less than seven years), there is no clear
seasonality of snow accumulation at all AWS stations. The
relatively high snow accumulation occurs in June for Siple
Dome and in the autumn months (April or May) for Sabrina,
Willie Field, and Elaine. Margaret and Windless Bight show
relatively small amounts of snow accumulation in September
and December, respectively.

4.4. Synoptic and seasonal variability comparison be-
tween ADG and AMPS

The daily accumulated snow height from ADG with
the corresponding precipitation from AMPS increase syn-
chronously step by step (Fig. 2). The decline in the ADG
records can be clearly observed and results from post-
disposition processes such as wind-driven sublimation, ero-
sion, snow ablation or compaction, whereas only positive
changes occur in AMPS precipitation due to the exclusion
of these processes in AMPS. Despite the negative accumu-
lation process, AMPS precipitation is highly consistent with
the overall increasing trend in ADG snow heights. We also
compare the monthly ADG recorded snow height and AMPS
precipitation (Fig. 3). The overall increasing trend is com-

Table 2. Number of events and coincident events for ADGs and AMPS.

Number of events (to Dec 2012) Number of events (to Jun 2015)

Station name ADG AMPS Coincident Captured (%) ADG AMPS Coincident Captured (%)

Margaret 268 192 38 14.2 302 447 76 25.2
Sabrina 170 226 63 37.1 266 355 85 32.0
Emilia 73 86 15 20.5 187 204 35 18.7
Ferrell 72 92 25 34.7 268 277 72 26.0
Windless Bight 401 417 154 38.4 419 446 154 36.8
Mary* 257 287 71 27.6 257 287 71 27.6
Elaine 152 225 52 34.2 292 402 100 34.2
Siple Dome 62 42 14 22.6 252 164 44 17.5
Willie Field* 73 82 17 23.3 73 82 17 23.3

*End date of observations is Dec 2012.
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Fig. 5. Seasonal cycle of ADG snow accumulation and AMPS precipitation at each station. The left hand axes show snow
accumulation (m snow), and the right hand axes show precipitation (m snow). The error bars represent standard deviation
of the means.

mon for all of the AWSs. At five of nine stations (Margaret,
Sabrina, Ferrell, Windless Bight, Elaine), the AMPS simu-
lation is significantly correlated with the ADG observations
(p < 0.05), with correlation coefficients ranging from 0.31 to
0.49. This result suggests AMPS can to some extent rep-
resent the intra-annual variability in snow accumulation ob-
served by AWSs. Furthermore, we compare the daily and
monthly AMPS precipitation with AWS snow accumulation
with no negative values caused by ablation and densification,
as Thomas and Bracegirdle (2009) did. The daily accumula-
tion variability shows significant correlations with AMPS for

all stations except Siple Dome. The correlation coefficients
even reach 0.45 (p < 0.01) at Windless Bight, but those of the
other stations are less than 0.28. Monthly AWS accumulation
is significantly correlated with AMPS precipitation at four
stations (Willie Field, Sabrina, Windless Bight and Elaine),
with correlation coefficients ranging from 0.45 to 0.81.

To further examine the performance of AMPS for precip-
itation, we compare the stacked snow height records from all
AWSs with precipitation averaged by the AMPS grids con-
taining observations, and AMPS over the entire range of the
Ross Ice Shelf, respectively (Fig. 6). The seasonality of the
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Fig. 6. Seasonal variations of the stacked ADG and AMPS for
grid cell containing measurements (AMPS G9) and the entire
range of the Ross Ice Shelf (AMPS D3). The error bars repre-
sent standard deviation of the means.

AMPS grid cells containing measurements agree well with
snow height observations, with the minimum in September
and the maximum in April (Fig. 6). This shows that precipita-
tion seasonality is reasonably well reproduced by AMPS. For
the entire ice shelf, AMPS precipitation reaches a maximum
in February, and the minimum occurs in December, which is
not in accordance with the stacked ADG record. This can
be explained by the limited representation of the current nine
AWSs for the whole ice shelf. Clearly, increasing the spatial
density of field measurements is very helpful.

Table 2 presents the events (>5 mm d−1 for AWS and
>0.5 mm d−1 for AMPS), coincident events and percentage of
coincident events captured by the ADG and AMPS datasets.
All stations except Siple Dome produce more precipitation
events than accumulation events. A greater amount of events
at Margaret, Sabrina and Elaine occurs in AMPS than in
the ADG observations, whereas at other stations the number
of events is similar. The coincident event capture rates are
higher than 30% at three stations (Sabrina, Windless Bight,
and Elaine) but are less than 20% at Emilia and Siple Dome.
One possible reason is that snow accumulation is a more com-
plicated process than precipitation and that the resulting co-
incident events have different durations (Fig. 4). Controlled
by large post-disposition processes, such as wind-driven dis-
position/erosion and sublimation, snow compaction, meltwa-
ter, and surface sublimation, snow accumulation records are
continuously changing. However, there is no precipitation at
many moments or even for many days, and thus many zero
values occur in AMPS. The difference can be further demon-
strated by accumulation/precipitation events and coincident
events in the ADG and AMPS records within four days for
station Margaret (Fig. 4). A snow accumulation event occurs
on the 23rd, but no precipitation event occurs. The opposite
occurs on the 26th. Coincident events occur on the 24th and

25th, and the duration of the AMPS precipitation event (20
hours) is longer than the ADG accumulation event (only 6
hours). To further determine the relationship at the synoptic
time scale between AMPS precipitation and ADG observa-
tions, we diagnose the correlation of coincident event size in
the two databases (AMPS and ADG records) (Fig. 7). Three
stations (Ferrell, Siple Dome and Sabrina) exhibit no robust
relationships with AMPS; however, there are significant cor-
relations at the other six stations (p < 0.01), with r values
ranging from 0.27 to 0.52.

Our comparison between in-situ observations and AMPS
may be influenced by the difference between the observation
scale and model grid resolution (particularly with respect to
topography). To minimize this impact, we only use stations at
which the weather is not strongly influenced by local features,
such as topography. The terrain in the AMPS grids contain-
ing in-situ measurement is very flat (Fig. 1), thus suggesting
the low impact of topography on precipitation in the AMPS
grid scale. In addition, Frezzotti et al. (2004) reported that
snow precipitation is fairly homogeneous at a spatial scale of
hundreds of km2 over Antarctica. Of course, even over flat
topography, small scale features in atmospheric circulation,
particularly in precipitation, have some impact on snow ac-
cumulation.

The complex influences of wind on ADG snow accumu-
lation makes the comparison of coincident events between
ADG and reanalysis difficult. Figure 8 shows a compari-
son of the AMPS precipitation events determined by only
daily precipitation exceeding 0.05 mm w.e., with the cor-
responding daily wind speed and ADG snow accumulation
from AWSs at Margaret, Sabrina, Elaine and Mary from 2008
to 2013. The number of AMPS precipitation events at Mar-
garet, Sabrina, Elaine and Mary is 213, 250, 278, and 252,
respectively. It can be clearly observed from Fig. 8 that parts
of AMPS precipitation events occur, whereas negative ADG
accumulation and high wind speed (>7 m s−1) occur. Such
events account for 19% of the total number of precipitation
events at Elaine, 14% at Mary, and 10% at Margaret and Sab-
rina. This finding suggests that the impact of wind is possibly
so strong that precipitation is not accumulated at the AWSs.
Thus, such cases should be removed when comparing AMPS
precipitation events with ADG accumulation events. In our
comparison, we use the threshold of 5 mm d−1 for ADG ac-
cumulation events to remove the impact of wind-driven ab-
lation. However, wind-driven accumulation also affects our
comparison. We further compare accumulation events us-
ing the method from Fountain et al. (2010) and Cohen and
Dean (2013), as described above, with the corresponding
wind speed from the AWSs at the four stations (Margaret,
Sabrina, Elaine and Mary). Approximately 10% of accumu-
lation events lasting more than six hours occur with high wind
speeds (>7 m s−1). Therefore, despite the complex effects
of wind-driven process on snow accumulation, the method-
ology of Fountain et al. (2010) and Cohen and Dean (2013)
for the identification of accumulation events within the ADG
records can be used to compare with AMPS precipitation
events.
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Fig. 7. Different event sizes of all coincident events. ADG event sizes are measured as m snow; AMPS event sizes are in
units of m w. e.. Regression lines and r values are shown for correlations at the 99% significance level.
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Fig. 8. Comparison of AMPS precipitation events determined by the daily precipitation greater than 0.05 m w. e.
with the corresponding ADG snow accumulation and wind speed from the four AWSs of Margaret, Sabrina, Mary and
Elaine, with varying time periods (Margaret: November 2008 to December 2013; Sabrina: February 2009 to December
2013; Mary: January 2008 to December 2011; Elaine: January 2010 to December 2013).

5. Conclusions

ADGs installed at nine AWSs over the Ross Ice Shelf pro-
vide ground-based snow accumulation measurements with
high temporal resolution, which are very useful for exam-
ining synoptic and intra-annual variability in snow accumu-
lation between 2008 and 2015. The number of snow accu-
mulation events varies between 72 (Willie Field station) and
419 (Windless Bight station), thus showing geographic de-
pendence. The temporal variability in snow height changes in
the ADG records is strongly affected by many processes, such
as precipitation, snowdrift, ablation, sublimation and com-
paction. Therefore, we cannot determine the relative contri-
bution of each of these factors to snow depth change. In addi-
tion, no conclusion can be drawn with regard to the seasonal
cycle of snow accumulation over the ice shelf based on lim-
ited AWS observations, probably due to the high interannual
noise and surface sublimation.

Despite the complication of snow height changes, ADG
records provide some insight into AMPS precipitation on
synoptic and intra-annual time scales. Comparison of events
in the two datasets based on an event determination method
generated by Fountain et al. (2010) shows approximately
28% of ADG events are captured by AMPS. Furthermore, at
more than half of the AWSs, there are significant correlations
in the coincident event sizes determined by ADG and AMPS,
which suggests that AMPS effectively captures the precipita-
tion events. Additionally, the significant correlations among
the monthly ADG records at five stations with AMPS precip-
itation reveal the fairly reasonable representation of precipi-

tation by AMPS.
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