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[1] The East Antarctic Ice Sheet is the largest, highest,
coldest, driest, and windiest ice sheet on Earth.
Understanding of the surface mass balance (SMB) of
Antarctica is necessary to determine the present state of the
ice sheet, to make predictions of its potential contribution to
sea level rise, and to determine its past history for
paleoclimatic reconstructions. However, SMB values are
poorly known because of logistic constraints in extreme
polar environments, and they represent one of the biggest
challenges of Antarctic science. Snow accumulation is the
most important parameter for the SMB of ice sheets. SMB
varies on a number of scales, from small-scale features
(sastrugi) to ice-sheet-scale SMB patterns determined
mainly by temperature, elevation, distance from the coast,
and wind-driven processes. In situ measurements of SMB
are performed at single points by stakes, ultrasonic

sounders, snow pits, and firn and ice cores and laterally
by continuous measurements using ground-penetrating
radar. SMB for large regions can only be achieved
practically by using remote sensing and/or numerical
climate modeling. However, these techniques rely on
ground truthing to improve the resolution and accuracy.
The separation of spatial and temporal variations of SMB in
transient regimes is necessary for accurate interpretation of
ice core records. In this review we provide an overview of
the various measurement techniques, related difficulties,
and limitations of data interpretation; describe spatial
characteristics of East Antarctic SMB and issues related to
the spatial and temporal representativity of measurements;
and provide recommendations on how to perform in situ
measurements.

Citation: Eisen, O., et al. (2008), Ground-based measurements of spatial and temporal variability of snow accumulation in East
Antarctica, Rev. Geophys., 46, RG2001, doi:10.1029/2006RG000218.

1. INTRODUCTION

[2] The development of the Earth’s climate is strongly
linked to the state of the polar regions. In particular, the
large ice sheets influence components of the climate system,
including the global water cycle by locking up or releasing
large amounts of fresh water; the radiation budget through
the high albedo of ice- and snow-covered surfaces; and the
thermohaline circulation through the amount of fresh water
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released to the ocean by melting or iceberg calving. Since
the termination of the last glacial period, the only remaining
large ice sheets are located in Antarctica and Greenland.
[3] The polar ice sheets are not only active participants in
the global climate system (including being a major control
on global sea level), but they also provide the only archive
which gives direct access to the paleoatmosphere. Ice cores
collected from polar regions and analyzed for atmospheric
gases, stable isotopes, major ions, trace elements, etc.,
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mentioned in the text (underlain by white rectangles), adapted from Mayewski et al. [2005] with
permission of the International Glaciology Society. Radarsat mosaic in the background. (“Terra Nova
Bay” station was renamed to “Mario Zucchelli station” in 2004.)

enable past climate conditions to be reconstructed [e.g.,
Mayewski et al., 1993; Dansgaard et al., 1993]. (Italicized
terms are defined in the glossary, after the main text.) These
records, currently spanning as far back in time as the past
800 ka [Jouzel et al., 2007], are an important key to
identification of the causes and forcing mechanisms of
climate change.

[4] Understanding past conditions of the ice sheets and
determining their present state are essential to predict their
behavior under future climate conditions. The most impor-
tant physical variable in assessing past and current ice sheet
conditions is the surface mass balance. The current state-of-
the-art ground-based techniques used to determine surface
mass balance and its spatial and temporal characteristics in
East Antarctica are the topic of this paper. Surface mass
balance has been termed differently by many authors. Most
completely, it is described as mean net annual surface mass
balance and includes all terms that contribute to the solid,
liquid, and gaseous transfer of water across the surface of
the ice sheet. Hereafter, we will abbreviate this to “surface
mass balance” (SMB) while maintaining the averaging
implied by the full description. We also note that this term
is the aggregate of many processes, such as precipitation
from clouds and clear skies, the formation of hoarfrost at the
surface and within the snowpack, sublimation, melting and
runoff, wind scouring, and drift deposition.

1.1. Principal Processes

[s] Antarctica consists of West and East Antarctica,
divided by the Transantarctic Mountains (Figure 1), and
the Antarctic Peninsula. Whereas floating ice shelves form a
considerable part of West Antarctica, the largest ones being
the Filchner-Ronne and Ross ice shelves, East Antarctica is
mainly formed by the inland ice sheet plateau, roughly
comprising two thirds of the continent. Our main aim is to
present the characteristics of SMB of the East Antarctic
plateau area, which despite its apparent homogeneity shows
large spatial variability. Nevertheless, we include findings
based on data from West Antarctica and near-coastal sites as
well for a larger context.

[6] On the Antarctic ice sheet, few places display a
constantly negative SMB (e.g., blue ice areas) [e.g.,
Bintanja, 1999; van den Broeke et al., 2006b]. Unlike in
Greenland and the Antarctic Peninsula [Vaughan, 2006]
where melting is an important process, wind erosion and
sublimation are the key factors for negative SMB of the
West and East Antarctica ice sheets. On the interior plateau
of the Antarctic ice sheet, large areas have a mass balance
close to zero, and negative mass balance has been reported
for some areas [Frezzotti et al., 2002b]. Nevertheless,
annual SMB is generally positive in the long term. We
will therefore use the term accumulation or accumulation
rate synonymously to refer to a positive SMB.
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[7] Solid atmospheric precipitation (snowfall or diamond
dust) is deposited at the surface of the East Antarctic Ice
Sheet. Atmospheric precipitation is homogeneous over tens
to hundreds of kilometers. Wind erosion, wind redistribu-
tion, sublimation, and other processes during or after the
precipitation event lead to a deposition at the surface which
is spatially less homogeneous than the original precipitation.
Variations in accumulation over tens of kilometers have
been observed since the 1960s [Black and Budd, 1964,
Pettré et al., 1986]. These accumulation variations and
surface processes result in surface features including sastrugi,
longitudinal dunes [Goodwin, 1990], dunes on the 100-m
scale [Ekaykin, 2003; Karlof et al., 2005b], and, most
impressively, megadunes on a kilometer scale [Fahnestock
et al., 2000; Frezzotti et al., 2002a]. Once the snow is
permanently deposited, further accumulation is responsible
for the submergence of surface layers. In the firn column, the
snow densifies under the overburden weight, and the inter-
play with ice dynamics like advection begins to deform the
surface layer.

[8] The spatial and temporal distribution of SMB is a
primary concern for numerous issues: for determining the
current state of the ice sheet and estimating mass balance
changes over regional, basin-wide, and continental scales
and the associated contribution to sea level change [e.g.,
Joughin et al., 2005, and references therein]; for ice flow
modeling of the age-depth relationship and subsequent
application to ice cores; for calibration of remote sensing
measurements of SMB; for understanding of the SMB-—
surface meteorology—climate relationship; and for improv-
ing, verifying, and validating various types of models, in
particular, the climate models from which predictions (fu-
ture) or reconstructions (paleoclimate) of accumulation are
tentatively obtained. Unfortunately, there exists a discrep-
ancy between assumptions and needs of these applications
in terms of spatiotemporal coverage and resolution of SMB
and the actual data characteristics available. For instance,
dating of ice cores by flow modeling usually assumes rather
smooth accumulation patterns, mainly formed by larger
features, accumulation time series, and ice dynamical his-
tory. Surface accumulation, on the other hand, is not smooth
in time and space. Because of interaction with surface
features, such as varying surface slopes, significant surface
accumulation variations occur on much smaller spatial
scales than precipitation, as will be demonstrated here.
Analysis of firn cores and meteorological observations
integrated with validated model reanalysis data of European
Centre for Medium Range Weather Forecasts 40-Year
Reanalysis (ERA 40) pointed out high variability of snow
accumulation at yearly and decadal scales over the past
50 years but without a statistically significant trend
[Monaghan et al., 2006].

1.2. General Difficulties

[v] While measurement of precipitation has been a rou-
tine part of worldwide observations for more than a hundred
years, there is still no practical technique that can be used to
measure SMB in East Antarctica in realtime as part of a
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meteorological measurement program. This is largely due to
the technical difficulties involved in making measurements
without disturbing natural patterns of snow drift and mea-
suring changes at depth in the snowpack. Thus, knowledge
of SMB seasonality, trends, and spatial variability is limited.
For this reason, we rely heavily on after-the-fact measure-
ments obtained from ice cores, snow accumulation stakes,
etc. Acquiring information about surface accumulation on
the ice sheets with adequate sampling intervals is thus labor
intensive. Only along a few selected profiles (ITASE,
EPICA, JARE, RAE) (ITASE, International Transantarctic
Scientific Expedition; EPICA, European Project for Ice
Coring in Antarctica; JARE, Japanese Antarctic Research
Expedition; RAE, Russian Antarctic Expedition) and in
certain areas has area-wide information on accumulation
been obtained (Figure 1).

[10] SMB observations cannot be easily extrapolated in
time and space because spatial variations in SMB amount to
considerable percentages of the absolute values, and often
exceed these; the magnitude of the temporal variations is
small compared to spatial variability, depending on the
considered timescale; and the structure of the SMB covari-
ance is unknown. To overcome these limitations, two other
important techniques are therefore used to achieve area-
wide information: satellite remote sensing and numerical
climate modeling.

1.3. Remote Sensing and Numerical Modeling

[11] Currently, there is no definitive way to determine
SMB from remote sensing data. There are signals in
some remote sensing fields that are related to SMB as
has been discussed widely by Zwally and Giovinetto
[1995], Winebrenner et al. [2001], Bindschadler et al.
[2005], Rotschky et al. [2006], and Arthern et al. [2006],
but these are not solely dependent on accumulation rate and
are thus to some extent “contaminated” by other factors. For
this reason, most authors have attempted to use remote
sensing fields to guide interpolation of field measurements.
The most recent attempt at this by Arthern et al. [2006], who
used a formal scheme to incorporate estimates of uncertainty
and models of covariance, probably provides the most
defensible estimate of the remotely sensed broadscale pattern
of SMB across East Antarctica (Figure 2a). The typical
footprint of these compilations is 20 km horizontally.

[12] In contrast to measuring area-wide precipitation in
situ, as attempted by Bindschadler et al. [2005], numerical
models are used to simulate atmospheric processes and
related accumulation features [e.g., Gallée et al., 2005].
The first step for successful modeling is detailed under-
standing of the physical processes involved. The second
step involves model validation. Because of computing
resource limitations, there is currently no way to explicitly
resolve processes that induce spatial variability of SMB at
kilometer scales or less (e.g., sastrugi and dunes) with an
atmospheric model run in climate mode, that is, over several
years. Such features have to be at best statistically param-
eterized, or considered as noise, when comparing field data
with model results [Genthon et al., 2005]. Although most

3 of 39



RG2001

Eisen et al.: SNOW ACCUMULATION IN EAST ANTARCTICA

RG2001

Figure 2. Examples for interpolated distributions of SMB (in kg m ™% a~ ') based on point observations
(circles) in Antarctica. (a) Interpolation of SMB observations guided by passive microwave remote
sensing (adapted from Arthern et al. [2006]); (b) numerical climate modeling of SMB (solid precipitation
minus sublimation and melt) [van den Broeke et al., 2006a] with ground-based SMB data collection
indicated by circles [van de Berg et al., 2006].

global models have spatial resolutions of 100 km and
greater [Genthon and Krinner, 2001], grid stretching in
global models [Krinner et al., 2007] and regional climate
modeling [van Lipzig et al., 2004a; van de Berg et al., 2006]
allow resolutions on the order of 50—60 km that can better
capture the mesoscale impacts of topography on SMB
distribution such as diabatic cooling of air mass along
slopes, air channeling, or barrier effects. Most of the
boundary conditions needed to run global (including
stretchable grid) and regional atmospheric models, such as
topography, sea surface temperature and sea ice, and radi-
atively active gases and aerosols, are the same. On the other
hand, regional models also need lateral boundary conditions
such as temperature, winds, and moisture. This is generally
provided by meteorological analyses for recent and present-
day climate simulations, but data from global climate
models are necessary to run realistic climate change experi-
ments. In this respect, stretchable grid global models are
self-consistent. As an example, Figure 2b shows mass
balance from RACMO2/ANT for the period 1980-2004
[van den Broeke et al., 2006a], with a horizontal resolution
of 55 km, as well as a selection of observed mass balance
values (updated from Vaughan et al. [1999b]). The model is
clearly capable of reproducing the large-scale features of the
Antarctic SMB (direct correlation with 1900 SMB obser-
vations yields R = 0.82) but cannot resolve the finer-scale
features [van de Berg et al., 2006] that are known to exist
and that are one focus of the present paper. Double or triple
nesting of models up to 3-km resolution is successfully used
to improve weather forecasts in topographically complex
regions, and could also be used to improve the model
footprint of accumulation variability, once the governing
processes (wind-driven snow redistribution) are properly
parameterized [Bromwich et al., 2003].

[13] One major use of SMB observations is to verify and
validate climate models that are used to better understand
the climate and SMB of Antarctica and to predict its future

evolution. Therefore, using climate model results for driving
interpolations and building maps of the Antarctic SMB from
the field observations [van de Berg et al., 2006] requires
more care to avoid circular reasoning than for satellite data
[Vaughan et al., 1999b; Arthern et al., 2006], as these are
more independent from ground observations. However, the
models do provide the means for hindcasting accumulation
and may be used to identify areas where additional data or
verification of existing data are most needed, such as areas
where several models disagree with field reports or with
interpolations [Genthon and Krinner, 2001; van den Broeke
et al., 2006a]. This approach has been used to select the
sites of some of the recent Italian-French ITASE surveys,
and the new data have confirmed problems with the
previous estimates [Magand et al., 2007].

[14] Despite significant advances in either discipline
(remote sensing or numerical modeling), both techniques
fail in detecting or explaining small-scale (<50 km) vari-
ability in SMB observations. The processes playing part in
the ice sheet—climate—weather interaction act on a broad
range of spatial and temporal scales. As mentioned in
section 1.1, precipitation is homogeneous on scales of
roughly 10* km?, mainly on the plateau, and is subject to
redistribution in the atmospheric boundary layer on scales
of centimeters to kilometers. The scale of temporal vari-
ability increases from a scale related to the movement,
dynamic, and lifetime of frontal systems on the order of
days to seasonal variations and interannual variability.
Partly related to larger-scale oscillatory atmospheric and
oceanographic patterns are variations on interannual to
decadal scales. Variations that occur over centuries and
millennia are of relevance for climate conditions. The
longest variations are on the timescale of glacial cycles
with a period of 10°~10° years (Table 1). The different
techniques employed to observe these changes operate in a
rather limited spatiotemporal window and with limited
spatiotemporal resolution (Figure 3). Satellite sensors have
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TABLE 1. Relevance and Scales of Surface Mass Balance Measurements

Target Temporal Scales Spatial Scales
Mass balance changes 1 to 10° years basin to ice sheet
Climate-SMB relationship hours to 100 years centimeter to 100—1000 km
Climate models® hours to 100 years 10—100 km to ice sheet
10%*~10° years in snapshots
Remote sensingb hours to 30 years submeter to ice sheet
Ice flow modeling® 10 to 10° years 100 m to ice sheet

“For (in)validation of models, the model output is compared with actual measurements. This permits judging the usability of models.
Some remote sensing applications (altimetry, gravity, passive microwave, scatterometers, etc.) profit or even require data calibration for retrieval
algorithms at specific test sites for correct interpretation and further extensions of the measurements to other areas. Validations are likewise important.
“Input of SMB to ice flow models is especially important for interpreting deep ice cores.

a comparably large range of footprint sizes and spatial Additionally, we emphasize that observers in the field
coverage but are usually limited in temporal resolution should be aware of end-users’ needs.

and length of time series. Numerical models, in contrast,

can cover temporal scales from hours to millennia, but their 2,  MEASUREMENT TECHNIQUES

spatial coverage and resolution depend on each other in a

reciprocal manner, thus yielding either low resolution at [16] Common for all measurements of SMB at the surface
large spatial coverage or vice versa. is the observation of deposited mass over a certain time
1.4. Outline period, or proxies thereof. The different methods not only

. . . cover a wide spectrum of technical modes of operation, the
[15] With this background on surface accumulation in P P Y

. . . . . also yield information about mass balance for varying
mind, the purpose of this review paper is to provide the

laciological . dth de with f spatial and temporal scales and resolutions, as schematically

glaciologica commumty and those outside with a re er.er%ce illustrated in Figures 3, 4, and 5. SMB measurements
to measurement techniques of SMB and characteristics derived from stakes, ultrasonic sounders, snow pits, and
thereof in East Antarctica. We present the different types ’ ’ ’

. i : i . firn or ice cores provide information from a single point at
of measurements in section 2, including point measurements . .
i X the surface (Figure 4). In contrast, ground-penetrating radar
at the surface (stakes and ultrasonic sounders), point

. GPR) is carried out along profiles in such high resolution
measurements at depth (snow pits, firn cores, and ice cores), ( ) EP &

. . that it can be considered a quasi-continuous measurement.
and continuous lateral measurements (ground-penetrating .
) . A Whereas stakes and ultrasonic sounders have to be operated
radar). Sections 2.1-2.5 each contain a description of the

. . N for a longer period to obtain a time series, snow pits, firn/ice
mode of operation and type of analysis for the individual grp b

. cores, and GPR are able to provide a time series from a
measurements, the basic measurement procedure for each . .
: ) : . X single deployment. One could thus classify the measure-
technique and all required input quantities to derive the

) . . ments into instantaneous and retrospective methods, with
accumulation estimate, and an account of error estimates for . . . .
unclear boundaries. Owing to the different variables mea-
each data type. We also present selected sample data to

. : . sured, the methods provide accumulation rates on very
illustrate typical results obtained from these measurements . . . . .
. i different timescales and resolution, as schematically illus-
and how the SMB data can form the input to other studies. L . . .
. . . . . trated in Figure 5. The detailed differences will be set forth
Section 3 summarizes findings derived from the different

: . in this section. Before introducing the individual methods,
measurement techniques, addresses their pros and cons, and . . .
) . - > we first discuss the important role of snow density and how
judges the spatial and temporal representativity and limita- it is measured
tion of SMB data. In section 4 we discuss the application of '
measurement data. We provide recommendations and prin- 2.1. Prerequisite: Determination of Snow Density
ciples for proper usage without stressing the data beyond [17] All techniques aimed at the determination of SMB
physically justified limits to avoid misinterpretations. perform some sort of difference-length measurement (height

Figure 3. Schemes to illustrate the (a) resolutions and (b) coverage of the different types of measurements in time (x axis)
and space (y axis) used to derive surface mass balance. In Figure 3a, the rectangles indicate the typical resolutions of the
various techniques. In addition to the characteristics of an individual measurement (e.g., a snow pit or a GPR profile), the
combination of these with groups and larger entities are also displayed (e.g., stake lines or GPR grids). In this sense, “single
snow pit” indicates the resolution within an individual pit, whereas “(snow pits at different sites)” refers to the distance
between different snow pits. Likewise for ultrasonic sounders at different sites and GPR distance between different profiles.
In Figure 3b, the rectangles indicate typical temporal and spatial coverage of measurements. For instance, stake lines may
be hundreds of meters to more than 1000 km long. The time series derived from such a line could be just a year or up to
several decades. In contrast, a single stake covers only an area of a few square centimeters. For implementing measurement
programs, the question arises as to what can be achieved by a three- to four-person team in a single season. As logistics
often impose the largest constraints in Antarctica, the resolution and coverage provided here could serve as a guideline to
which combination of methods seems most effective.

5 of 39



RG2001

temporal resolution of measurement (a)

temporal coverage of measurement (a)

Eisen et al.:

SNOW ACCUMULATION IN EAST ANTARCTICA

103
— L LL/
GPR (distance between profiles) ;/ i %
cores
0
:! firn
fand GPR (along profile) R cores
101 -
Q : | :
[~ = \; stake Irnes
N \ \\\\\ ST A N :
year 3 ot ' =
N /,_/.\/\\' YN 7,
[ single snow p its N I\///\\ »f{'-f: \ \ different
;\\\\\\\\\\\\ N './._._ . \ \5"."1”.".“? .(E! it ?{EP.S.IKFS)
' = 10—
| stake farms
101 J s
month
week
TITTINANrrryrrmnnnnmmmmm
102 4 ultrasonic sounders (at different sites)
day
a
10-3 T T T Ll
102 10 100 101 102 102 104 108 106
cm dm m 1km 10 km 100 km 1000 km
spatial resolution of measurement (m)
103
- GPR
? cores
1024 ;é
single [
tak ira AR SY N
EE il snow pil\\ N TN TS — - o
—— Ho e . AT S
= - \ /’.-Stal",if??“s \\?/ \stake lines "\,\/Q\\'..*;\“"\,\/‘
iva \ /" _\\ T 'ﬂ’ ¢ /" =7 \f|'--l\ -—,f{"/\ S\S<7
‘e N LY /A ,\\ N =N AN S fm gy SN NS [y
101 4 . - Ny - \ AL ./\ \-..\\/ /_-\\.‘\—.\\f\,/\\‘\-
— = N N ANUINNE D AN A S ‘1)""’/\1\"
= = NN [ AN LN LT NSNS /\ NN
= - NN NN ==y ’\\-- \l' \'\\ W=
— — NN \M, /// ] , AL ST Al '/
— = N 1=, 2% = |yl ~ /
— B N ?-’.‘\\'“:-"f{\/'?- <
— B N SN
= N ~
100 = = N NN
year firn
cores
ultrasonic sounders
10
month]
T T T T Ll Ll
102 101 100 101 102 103 104 105 108
cm dm m 1 km 10 km 100 km 1000 km

spa

tial coverage of measurement (m)

Figure 3

6 of 39

RG2001



RG2001 Eisen et al.: SNOW ACCUMULATION IN EAST ANTARCTICA RG2001
ultrasonic sensor surface stake, part of stake line
@~1m @ 2-5cm
firn core
stake farm @20.1m
snow pit depth 5-20 m
depth 0.5-5m
T | I ] denee

@
[9)]
©
~
=
—
o
QU f 4
© ice core
@0.1m
depth 50-150 m

snow radar
@ footprint 1-50 m
depth 0.5-200 m

Figure 4. Scheme to illustrate spatial sampling interval and sample depths of different methods: stakes
and ultrasonic sounders, at surface; snow pits, up to a few meters depth; firn cores, few tens of meters; ice
cores, up to several tens to hundreds of meters, reaching below the firn-ice transition; GPR, tens to
hundreds of meters. GPR data acquired along a 50-km profile [Anschiitz et al., 2007] are shown as
background to illustrate the lateral variation. Continuous reflections present layers of equal age
(isochrones). The canceled circle indicates the horizontal distance over which SMB is determined. (Note
that ice core deep drilling is possible to some kilometers depths, but we are not concerned with that

technique here.)

change, layer thickness, etc.) over certain time periods. To
convert this length measurement to a SMB value, knowl-
edge of the density distribution of the observed sample is
fundamental. Determination of the snow density is usually
more difficult and less accurate compared to the length
measurements for a number of reasons. One of few excep-
tions for direct snow density measurements is the only
recent adaptation of a neutron-scattering probe [Morris
and Cooper, 2003; Hawley et al., 2006].

[18] The classic method calculates density from snow
sample volume and mass; however, accurately determining
snow sample volume is a hard task under field conditions.
The easiest method is to use a sampling probe with known
volume. It is possible that each national Antarctic expedi-
tion uses different types of snow-sampling devices, which
introduces additional uncertainties in the final values. A
suitable field method for density measurements in snow pits
is proposed in the ITASE guidelines by Mayewski and
Goodwin [1997]. Because of the strong densification within
the uppermost layers, density should be sampled at high
vertical resolution. To avoid the risk of disturbing the
underlying snow during sampling, the snow can be collected
in a crossover pattern (see Figure 9c in section 2.4).
Moreover, sampling snow pits from the bottom upward to
the surface avoids the risk of contaminating the lower levels
by snow falling down from previous sampling above. Depth

control and minimizing depth error is most easily obtained
by constantly leveling the sample depth with two adjacent
rulers. Depending on the equipment used, the sample
volume error is around several percent, and the error in
the mass determination depends on the balance used. An
optimistic volume error of ~1% and an accuracy of the
balance of £1 g would yield an uncertainty of about 1.4%
for the density sampled in a snow pit [Karldf et al., 2005b].
The balance error increases to about +5 g if spring scales are
used.

[19] Density measurements are mainly made during the
austral summer season (December or January), which may
introduce additional errors because of seasonal changes in
snow density that can result from numerous processes. For
instance, surface density differs between snowfall events
and precipitation-free periods, as wind can cause erosion,
hardening, and redistribution of the snow. General factors
causing seasonal density variations are changing wind speed
and temperature, larger or smaller portions of low-density
fresh snow, and vapor transfer between the surface, atmo-
sphere, and deeper snow layers. It is not obvious which
seasonal (or annual) density value best characterizes the
“effective” annual density. These effects are different for
snow density in the first meter in high-accumulation coastal
areas (density on the order of 400 kg m ) compared to
low-accumulation inland areas (around 300 kg m ). Sea-

7 of 39



































































































