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Field measurements of broadband albedo at Mammoth Mountain in the Sierra 
Nevada for (a) 2003, (b) 2004, (c) 2005, (d) 2006. For each year, the three 
graphs show incoming and reflected solar radiation in the visible and near-
infrared wavelengths, albedo for the solar spectrum and for the visible and 
near-infrared, and net solar radiation. All radiation values are daily averages in 
Wmς2, and the seasonal decline in albedo is apparent, especially in the near-
infrared.

The hydrologic cycle is sensitive to the color of snow. As 
the season progresses, snow grains grow, dust and soot 
may deposit, at the same time that solar radiation is 
increasing because of sun angle and day length.

Left image shows snow cover in the Sierra Nevada on 30 Jan 2007 (9399km2). Middle image 
shows snow cover only for those pixels with less than 50% coverage (3712km2). Right image 
shows a binary snow map, whereby pixels with greater than 50% coverage are mapped as 
entirely covered (7772km2).

Lƴ ǘƘŜ ƳƻǳƴǘŀƛƴǎΣ ȅƻǳ ǎƘƻǳƭŘ ƳŜŀǎǳǊŜ ŦǊŀŎǘƛƻƴŀƭ όάsubpixelέύ ǎƴƻǿ ŎƻǾŜǊΦ 
Otherwise you may miss snow at lower elevations, especially in lean years 
when significant snow cover lies in grid cells with sparse (<50%) coverage.

Solve by spectral mixing (MODSCAGτMODis Snow-
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Typical spectral reflectivity and variability for vegetation, soil, and snow. These surface covers 
are generally well separated in the MODIS bands.

Fortunately, in the MODIS bands snow is quite different 
than other surface covers, so endmembershave separable 
spectral reflectivities.

MODIS snow cover and grain size images of the Sierra Nevada, 23 March 2005, when clouds covered the whole 
region. The top row shows the snow cover, clouds, and grain size (µm) as estimated from the MODSCAG model. 
¢ƘŜ ōƻǘǘƻƳ Ǌƻǿ ǎƘƻǿǎ ǘƘŜ ǾƛǎƛōƭŜ ǎƴƻǿ ŎƻǾŜǊΣ ŀŦǘŜǊ ŎƻǊǊŜŎǘƛƴƎ ŦƻǊ ŎƭƻǳŘǎΣ ǘƘŜ άǇƻǎǎƛōƭŜέ ǎƴƻǿ ŎƻǾŜǊ ŦǊƻƳ ǘƘŜ 
last day the surface was visible, and the grain size associated with the possible snow cover.

Clouds often occlude the field of view, and variation in viewing angle (up to 60+° off 
nadir) cause artifacts. Therefore the raw daily snow-cover and grain-size maps are not 
easy to use. Moreover, snow and clouds are sometimes hard to distinguish, so the 
άǎǘŀƴŘŀǊŘέ ǇǊƻŘǳŎǘǎ ŀǊŜ ƴƻǘ ǊŜƭƛŀōƭŜΦ

We take advantage of the fact that MODIS provides daily data to smooth and filter 
the raw values and produce a time series that better represents the snow-covered 
area of each pixel, and we can convert the grain sizes to broadband albedo with 
lookup tables derived from Mie scattering and multiple scattering calculations.

Values of fractional snow-covered area (fSCA), grain size, and calculated broadband albedo for a single pixel in 
the Tuolumne River drainage in the Sierra Nevada in water year 2005 (10/01/2004 through 09/30/2005). The 
lines represent the best daily estimate by a smoothing spline[implemented through MATLAB routines spaps
and tpaps]. Values of fSCA=1.0 are probably clouds.
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The raw snow-cover and grain size fill a sparse space-time cube. 
We must interpolate and filter to fill the cube, and thereby estimate 
fractional snow cover and albedo for every day for every grid cell.

Space-time slice of values of snow-covered area for the Tuolumne River drainage basin in the Sierra 
Nevada for water year 2005. The left image shows the raw values, which are sparse because of cloud 
cover and viewing geometry, and the right image shows filtered, interpolated, and smoothed values. 
Days of the water year are on the vertical axes, with day 1 starting on 10/01/2004. The x- and y-axes 
are the E-W and N-S coordinates.
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Validation is in progress. We compare the MODIS snow-cover fraction (MODSCAG) to a similar analysis with 
Landsat TM. MODSCAG has regional mean errors in snow-covered area of ς1% and standard deviations of 8%. 
However, these errors are partly caused by overestimation by the Thematic Mapper, because this sensor often 
saturates over pixels with large snow cover fraction.

Fractional snow-covered area from MODIS (500m) and the Landsat Thematic Mapper(30m) for a region covering the Rabbit Ears and North 
Park Meso-cell Study Areas (25km x 25km) of the Cold Land Processes Experiment on April 4, 2002. The Thematic Mappersnow cover is 
estimated at the native 30m resolution and then aggregated to 500m. The triangular void in upper left of the Thematic Mapperimage is 
outside the image swath.

Validation of albedo estimates is more difficult. Measurement of albedo in 
the harsh mountain environment is also subject to error, and there is the 
general problem of comparing  a point measurement to a moderately sized 
pixel. Nevertheless, results from Mammoth Mountain in a heavy snow year 
and the San Juan Mountains are encouraging.

Field measurements and MODSCAG retrievals of snow albedo from Mammoth Mountain and Senator 
Beck basin in the San Juans. Interruptions in the Mammoth albedo measurements were caused by 
snow accumulation up to the boom 6m above the ground. The smoothed MODSCAG estimates include 
both spatial and temporal filtering.
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