Snowfall detection in Antarctica using MODIS ground infrared reflectance
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1.0 INTRODUCTION
Information about snow accumulation in Antarctica is difficult to obtain, but crucial for surface mass balance (SMB)
and climate studies. Remote sensing methods to detect snowfall in non-permanently snow covered areas have limited
use in Antarctica (Eveland et al., 2012) where only limited contrast exist between the deposited snow and the pre-snow
surface. The interpolation of measurements from field based snow studies (Arthern et al., 2006; Giovinetto and Zwally,
2000; Vaughan et al., 1999) and the results of climate modelling studies (Monaghan et al., 2006) therefore, often
support the determination of snowfall and snow accumulation events. However, these data are irregular in nature and/or
have coarse spatiotemporal resolution.
Bindschadler et al. (2005) successfully captured accumulation events in Antarctica from passive microwave emission
(85 GHz) and altimetry data with a relatively coarse resolution (12.5 km). Recently, Wiebe et al. (2013) retrieved grain
size using bands 2 and 5 in the near and shortwave infrared of the Moderate Imaging Spectroradiometer (MODIS)
sensor, installed on the Terra and Aqua satellites. They stressed the possibility of detecting snow fall based on the
observed decrease in snow grain size. An advantage of MODIS observations is the ability to obtain a spatial distribution
of such observations several times a day over Antarctica, thus allowing the spatio-temporal pattern of snow
accumulation to be depicted at a resolution of 250 m.
Towards the goal of improving the modelling of SMB and climate of glaciers in Antarctica, this study presents a simple
method to detect snow fall in topographically challenging terrain in Antarctica by monitoring the temporal evolution of
MODIS ground reflectance in the near and shortwave infrared.

2.0 METHOD AND DATA
The area of study includes the Byrd glacier and Darwin-Hatherton glacial system (DHGS) (Figure 1). The Byrd glacier
is a major transporter of ice from the East Antarctic Ice Sheet (EAIS), estimated to contribute ~18% of the total inflow
to the Ross Ice Shelf. It is believed that changes to this glacier may affect the stability of the EAIS due to its large
catchment area (Stearns, 2011). The glacier system is composed of areas of exposed blue ice, as well as of permanent

snow cover. Surface height/albedo data have been recorded for two summer periods by Automatic Weather Stations
(AWS). Additional data is also available from an AWS located south of the Byrd glacier (Sinclair et al., 2010). Two
AWS are located over blue ice on the Darwin and Hatherton Glacier, one AWS is positioned on rocks near the outlet of
Darwin Glacier, the last is located on permanent snow cover. Data were acquired over two austral summers:
December/January 2007/2008 and 2008/2009.

Figure 1: Location of the Byrd, Darwin and Hatherton glaciers, and locations of automatic weather stations (marked
with squares) used in the validation of the results. Weather stations are: UD: Upper Darwin, HA: Hatherton, BR:
Brown Hills, SK: Skinner Saddle.

892 Level-1B Swath products from MODIS-Terra (MOD02QKM, MOD02HKM, MOD021KM, MOD03) were used,
representing more than seven images per day. These products provide calibrated radiance at the top of the atmosphere.
The L-1B data were normalized to ground reflectance using the topographic and atmospheric correction available in the
MODImLab™ toolbox (Sirguey et al. 2009a).
The DEM used for the topographic correction of the MODIS products was constructed primarily from ASTER GDEM
V2 data projected to the MSLC2000 cartographic system. Large height discontinuities in the GDEM dataset were
replaced with elevation data from the Radarsat Antarctic Mapping Project DEM data (RAMPv2). Finally, spurious
heights errors were cleaned manually.
The temporal evolution of ground reflectance in MODIS band 2 (Near Infrared, NIR) and band 5 (Shortwave Infrared)
were explored to characterize the change of the surface properties (Sirguey et al., 2009b), and identify snow
accumulation events. An empirical approach of the signal based on difference indexes and ratios was preferred to the
fully physically-based approach of Wiebe et al. (2013). Time series of reflectance and associated indices from locations
corresponding to the AWS locations were compared to AWS surface height and albedo data, as the latter two variables
supported the identification of new snow events.

3.0 PRELIMINARY RESULTS
Snow fall and its subsequent depletion was positively identified over areas of blue ice using only band 2, due to the
large contrast between the high near-infrared reflectance of fresh snow (~75%) and the low reflectance of blue ice
(~56%). The detection of new snow events over existing snow could not be revealed by band 2 only, due the stability of

the NIR reflectance. The signal in a selected shortwave infrared band (MODIS band 5) provided additional information
about the changing optical properties of the surface, particularly for those areas already snow covered. Thus the ratio of
band 2 and 5 exhibited the largest signal that could be related to new snow events identified based on AWS data (Figure
2). Noise in the time series remains due to cloud cover and changing imaging and illumination geometries.
Nevertheless, it was found that only including MODIS images from a certain period of the day (15:00 UTC) greatly
reduces the noise in the signal although it removed ~80% of the available data.

Figure 2: Comparison of (a) Band5/Band2 reflectance ratio, with surface height data from the (b) Hatherton, (c) Upper
Darwin, (d) Skinner Saddle AWS (Figure 1). Colors used for AWS in plots (b-d) correspond to line colors in plot (a).
Period of analysis is 1/12/2007 to 31/01/2008; time given as decimal year.

4.0 CONCLUSION
The use of corrected ground reflectance in MODIS band 2 and 5 has proved efficient at detecting new snow events in
Antarctica. Despite the apparent stability of the snow reflectance, the ratio of band 2 and 5 enhanced the contrast
between new snow and aging snow, thus facilitating its detection. Furthermore, the times series supported a highly
resolved temporal evolution of the snow reflectance on areas of blue ice that could support the parameterization of
albedo for SMB modelling.
More efforts are needed to improve the quality of the signal, including a refinement of the cloud detection, and
interpolation of data gaps. The approach also has several drawbacks as data are restricted to day light hours in spring,
summer and autumn, (times of low solar zenith (<75o)), and cannot provide details on snow depth and density.
Nonetheless the information generated will be of considerable use in validating precipitation patterns generated by
climate models, ablation patterns generated from surface mass balance models and to provide surface information for
use in climate models.
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