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Summary

During the last 6 months, substantial progress was made on
formulating the Algorithm Theoretical Basis Document (ATBD)
and plans for the algorithm validation. The first round of
the ATBD review process was completed. Six presentations
were made dealing with the MODIS snow algorithm at
scientific meetings, and 4 papers were either submitted for
publication or/and completed.

A meeting was held at NOAA/NESDIS to discuss the current
methods being used to map snow using NCAA data for
development of the Northern Hemisphere weekly maps. M O D I S

investigators met with the Interactive Processes Branch at
the World Weather 3uilding in Camp Springs, MD.

The prototype SNOMAP, the algorithm developed to map global
snow cover using MODIS data, has been applied to scenes in
Glacier National Park, Montana, along with digital elevation
model (DEM) data. With the addition of DEM data, we found
that there was up tO 5 times more snow-covered area mapped
than when satellite data were used alone. A model was
developed to account for snow on the slopes of mountains.
Topographic effects. of snow–cover mapping on the global
scale will be investigated as part of the error analysis of
the SNOMAP algorithm. A global DEM has been acquired.

SNOMAP has been refined to map snow more accurately in the
Sierra Nevadas (relative to a validated snow map) by using
Landsat TM reflectances versus digital numbers.
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radiances . Additionally, other
studied in order to improve our

snowpack properties will be
understanding of snowpack

energy balance. Concurrent with the development of an
algorithm to map snow using MODIS data, algorithms to map
snow globally usinq passive-microwave data are being
validated and plans are being formulated to combine visible,
near-infrared and passive-microwave data to optimize snow
mapping and mapping of snow reflectance and water
equivalent. A product combining visible, near-infrared and
passive-microwave data is anticipated to be a post-launch
product.

B. and C. Work Accomplished and Data Analysis

with MODIS investigators (D. Hall, J. Foster and G.
Riggs/RDC) and the head of the Interactive Processes Branch
(M. Matson) and some Interactive Processes Branch members.
Thne purpose of the meeting was to discuss the current status
and expected improvements of the Northern Hemisphere weekly
snow charts product, and plans for MODIS/snow-cover
algorithm development. Areas of collaboration were
discussed. It was mentioned that our algorithm development
may be useful for improving the NESDIS product when the next
AVHRR sensor is launched because it will have a band capable
of discriminating snow and clouds.
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satellite image depicts any surface as being flat.
Without

topographic information, the TM data, used alone, are quite
good at mapping snow in non–forested areas that are
relatively flat. In areas of high relief, however, the
actual amount of snow may be 5 times (or more) greater than
the amount mapped using TM data alone. This was determined

from analysis of TM/DEM registered data in a portion of
Glacier National Park. A simple model was developed to
describe the relationship between ruggedness of terrain and
accuracy of SNOMAP results. A correction factor can be
applied to areas of rugged terrain to improve the
measurements of snow cover when using TM data alone. The

results of this work were presented by D. Hall at the Third
Circumpolar Conference on Remote Sensing of Arctic
Environments, held in Fairbanks, Alaska, 15-20 May 1994; a
paper was also prepared (Appendix II).
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is used as a surrogate for winter NDVI since at this
year, and for boreal forest latitudes, deciduous

plants have shed their leaves and chlorophyll production has
virtually stopped.

In October as in July, the overall NDVI values are higher in
the boreal forest of Eurasia than they are in the boreal
forest of North America. While it is not yet clear if the
higher NDVI values result from greater biomass, greater
crown closure or more rigorous growth of the understory, it

is evident that this index is not a useful indicator of
fractional forest cover. Thus the NDVI, by itself, should

not be used as an additional input to the Chang et al.
snow/microwave algorithm (Appendix III).

The normalized difference vegetation index (NDVI) was
calculated for the 14 March 1991 TM scene covering Glacier
National Park. The results show that the areas having the
highest NDVIs are areas where less SnOW is mapped by SNOMAP.

These are areas known to be snow covered as determined from
field work. The high tree canopy density obliterates the
snow below. There is potentially >10 percent more snow
cover (under the trees) in this scene than is mapped using
SNOMAP. Invesyigation of various techniques to attempt to
map more of the snow underneath the trees is being
undertaken.

Global Snow Classification (G. Listen/US~). A global

implementation of Matthew Sturm ‘s (Cold Regions Research



Modeling Local Advection of Momentum, Heat, and moisture
during the melt of Patchy Snow Covers (Glen Liston) . A
numerical atmospheric boundary layer model, based on
higher–order turbulence closure assumptions has been
developed and used to simulate the local advection of
momentum, heat, and moisture during the melt of patchy snow
covers. The coupled model includes solution of the mass
continuity equation, the horizontal and vertical momentum.
equations, an E-epsilon turbulence model, an energy
equation, and a water vapor conservation equation.
Atmospheric buoyancy is accounted for, and a land-surface
energy balance model is implemented at the lower boundary.

Model integrations indicate that snow-melt processes
occurring at micro and local scales produce significant
variations in local surface fluxes. The melt energy is

found to increase in a largely–linear fashion as the
fractional snow–covered area increases. The relationship

between available melt energy and total snow-covered area is

nearly invariant with the size of snow patches comprising

the snow cover. The simulations suggest that, for the
purposes of computing areally-averaged surface fluxes from
grid-averaged atmospheric forcing, the subgrid-scale spatial

variability of snow cover in re gional and global land-
atmosphere interaction models can be included with knowledge
of the grid fraction covered by snow (Appendix IV) .
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be considered to be ready for the mission. Determination of
the feasibility of preparing the sensors for a mission is
currently being undertaken jointly between Cede 974 (Dorothy
Hall and Al Chang) and Code 971 (Don Cavalieri) and Code 972
(Dave Clem) .

MAS data have been requested to be acquired during the
spring of 1995 as part of the above-mentioned snow and sea
ice mission.



3. Dorothy Hall gave a talk to GCIP, and GEWEX office
managers (at GSFC) on the development of the MODIS snow-
mapping algorithm on March 30, 1994.

4. Dorothy Hall made a presentation entitled “Development
of the MODIS/Snow Mapping Algorithm and Error Analysis, at
the MODIS Team Meeting May 4, 1994, in Greenbelt, Maryland.

5. Dorothy Hall gave a presentation on the MODIS Snow and
Sea Ice Algorithms at the ATBD review May 10, 1994, in
Landover r Maryland.

6. Dorothy Hall presented a paper entitled, “Determination
of actual snow cover Using Landsat TM and digital elevation

model data in Glacier National Park, Montana,” at the
Third

Circumpolar Conference on Remote Sensing of Arctic
Environments," in Fairbanks, Alaska on May 18, 1994.

Abstracts/Papers.

1) A paper entitled, “Intercomparison of snow cover and
snow mass in North America from general circulation models
and remote sensing by Jim Foster et al. (see Appendix for

authorship) was published in the Proceedings of the 6th
Conference on Climate Variations (Appendix III) .

2) A paper entitled, “Determination of actual snow cover
using Landsat TM and digital elevation model data in Glacier. J.Y.L.National Park, Montana," by D.K. Hall, J.L. Foster,    
Chien and G. Riggs, was submitted to the Polar Record which

will publish a special issue of papers from the Third
Circumpolar Conference on Remote Sensing of Arctic
Environments, after peer review (Appendix II).

3) A paper entitled “A snow index for the Landsat Thematic
Mapper and Moderate Resolution Imaging Spectroradiometer, “

by G.A. Riggs, D.K. Hall and V.V. Salomonson, was submitted

to the IGARSS '94 symposium to be held in August in
Pasadena, CA (Appendix I).


