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ABSTRACT

The National Snow and Ice Data Center (NSIDC) Distributed Active Archive Center (DAAC) provides data and
mtormation on snow and ice prosesses, especially pertaining to interactions among snow, ice, atmosphere and ocean, in
support of research on global change detection and model validation, and provides general data and information services (0
the cryospheric and polar processes research community. The NSIDC DAAC is an integral part of the multi-agency-
tunded support for snow and ice data management services at NSIDC.

The Moderate Resolution Imaging Spectroradiometer (MODIS) will be tlown on the first Earth Observation System (EQS)
platform (AM-1) in 1998, The MODIS Instrument Science Team is developing geophysical products trom data collected
by the MODIS instrument. including snow cover and sea ice products which witl be archived and distributed by the NSIDC
DAAC. The MODIS snow and ice mapping algorithms will generate global snow. lake ice and sca ice cover products on a
daily basis. These products will augment the existing record of satetlite-derived snow cover and sca ice products that
began about 30 years ago. The characteristics of these products, their utility, and comparisons to other dala sets are
discussed. Current developments and issues ire summarized.
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1. INTRODUCTION

‘The EOS Project Science Office has identitied 24 critical science measurements that are important for scientific research
aimed at the understanding. analysis and monitoring of global climate change'. Two of these are snow cover (including
snow cover extent and water equivalent) and sea ice (including sea ice extent, concentration, motion and temperature).
Snow cover extent, sea ice extent and sci ice surface temperature will be provided as EOS Standard Products, using
MODIS data, at the time of launch of the AM-1 satellite, or shortly thereafter. This paper describes the MODIS snow and
ice products which have been developed by the MODIS Instrument Science Team and will be archived and distributed as
part of the EOS Data and Information System (EOQOSDIS) by the NSIDC DAAC.

2. THE IMPORTANCE OF SNOW AND ICE IN CLIMATE

The global extent of snow cover is an important variable in the hydrologic cycle and 1s a key indicator of changes in the
elobal chimate system. Due 1o its high albedo and large spatial variability, snow cover is a primary factor controlling the
amount of solar encrgy absorbed at the surtace. Changes in (he extent of snow cover have a direct effect on the carth’s
radiation budget. Snow cover also has significant effects on the scasonal temperature cycle due to its high latent heat of
fusion. In many arcas of the world, snow cover represents an important resource in terms of water supply and
hydroclectric power. The U.S. National Weather Service and other agencies monitor snowpacks during the winter and
spring months to forecast water supply and looding potential™. The devastating 1997 flood event in the Red River Valley
of the U.S. Upper Midwest was primarily due to an abnormally deep snow pack. Links between snow cover extent and
atmospheric circulation have been demonstrated”, and the extent of snow cover has been found o be mversely related to
hemispheric surtace air temperature?,



Sea e 1 an impottant vanable atfecting the energy balance of the polar regions. Scavice greatly inhibits the exchange of
heat and moisture between the atmosphere and ocean, dramaucally mereases the albedo ol the polar oceans. and aflects
deep water tformation and the circulation patterns of both the ocean and the amosphicre. In the Southern Ocean the unnual
cvele of sea growth and decay s very large, ranging from a maximum of 20 X 10" square kilometers in September 1o ats
minimum arca of approximately 4 X 10° square kilometers in February *. During freeze up, large quantitics of salt are
¢jected, altering the density structure and tumover within the water column. Commercial operations in many parts of the
Arctic and Antarctic are dependent on the short summer breakup for yearly ransport and resupply by ships.

Lake ice duration (including the dates ot formation and decay) and thickness arc also key indicators of climate, and are
especially useful in the Arctic and sub-Arctic where other data collection is sparse®. Freeze-up brings to a halt shipping on
many large lakes, such as the Great Lakes, where the regional economy depends heavily on water transportation. The
extent of ice also affects the moisture supply for “lake effect storms”, which regularly bury cities and towns located
downwind of the ice-tree parts of the lakes.

3. DEVEEOPMENT OF THE MODIS SNOW AND ICE PRODUCTS

The EOS Standard Products are designed to provide long-term stable measurements of the 24 critical science
measurements. To this end, the MODIS snow and ice product algorithms draw upon 30 years of experience in observing
and monitoring snow and ice from earth observation satellites’. The remote sensing systems that are useful for snow and
ice fall into three categories: optical wavelength systems, passive microwave systems and active microwave systemns.
Passive microwave systems, which measure the amount of microwave energy naturaily emitted from the earth’s surface,
huve proven particularly useful for monitoring the large scale seau ice distribution on @ year-round basis. regardless of cloud
cover. Active microwave systems (radars), which measure the return signal from pulses generated by the sensor, provide
detailed, but localized intormation about sea ice age and type. The optical systems, which collect energy in the visible.,
near-infrared and thermal infrared wavelengths, have the longest history and the widest utility. The MODIS instrument is
the latest and most advanced of the optical systems that are designed to monitor the globe daily.

Most notable of the optical systems that have been used to map snow and ice are NOAA's Advanced Very High Resolution
Radiometer (AVHRR) and the Landsat Thematic Mapper (TM) instruments. AVHRR is primarily a meteorological
applications sensor used by the National Weather Service for operational forecasting. It was designed to provide global
coverage once per day at a spatial resolution of about 4 km. Landsat TM is an carth resources sensor used to monitor the
carth’s surface. It covers the earth about once in every eighteen days, but has a spatial resolution of 30m. Thus AVHRR
dittat s suitable for frequent observation of large areas whereas TM is more appropriite for the study of smaller arcas when
the frequent coverage is not so important.

The design of the MODIS instrument incorporates characteristics of each of these systems. It will provide coverage of the
polar regions on a daily basis, at intermediate spatial resolutions of either 250, S00 or 1000m. MODIS will collect data in
36 spectral bands, compared to the 5 or 7 on AVHRR and TM. respectively. The spatial and spectral resolution of MODIS
will permit the routine collection of very detatled spectral intormation, which generally has only been availuble on much
smaller scales, from aircraft or field measurements.

4. THE MODIS SNOW AND ICE ALGORITHMS

Much of the development work for MODIS aleorithms has utilized the similar spectral bands of the Landsat TM. Tuble 2°
shows wavelength center locations and spatial resolution of MODIS bands. and the corresponding TM bands.

The MODIS snow cover mapping algorithm identities snow by its retlectance characteristics in the visible and
near-infrared regions of the electromagnetic spectrum. For example, a key characteristic of snow is that its reflectivity is
high in the visible part of the spectrum and low in the near-infrared at about 1.6 um”. The reflectivity of most clouds
remains high in both the visible and near-infrared regions. These features are accounted for in the calculation ol the
Nomalized Difterence Snow Index (NDSH®. This is expressed for TM data as:

NDSI=(TM 2{0.56 uym] - TM S[1.65 uym|)/(IM 2 +'TM 5). (1)



An NDST value of 0.4 1s used as the threshold for snow. This value is based on compartsons between tie anaiysis of many
TM scenes mapped using the MODIS snow mapping algorithm. with manually derived snow maps tor the same scenes |

A sccond test used is a near-infrared retlectance test to distinguish between ice-free water bodies and snow which are
sometimes confused. For the TM data, a value of 0.11 or more in the near-infrared band 4 (0.85 pm) indicates at least 30%
of the pixel is covered by snow®. In addition, forest-canopy modeling has led to an enhancement of the original snow
mapping algorithm that allows more snow to be mapped in forests than is possible with the original algorithm''. The
enhanced algorithm will be used in the at-launch time frame.

A cloud mask , developed by the MODIS Instrument Science Team for use in many MODIS products, will be uscd to
screen out cloud covered areas before the snow mapping algorithm is run. This should reduce any misinterpretation of
clouds tor snow, especially cirrus clouds which contain frozen water droplets and may have a low near-infrared retlectance
similar to snow.

The MODIS Instrument Science *['cam estimates the overall accuracy of the snow mapping algorithm to be 91-95%
elobally and nearly 100% in tundra and prarie areas'”. Performance in the boreal forests is not as good since the forest
canopy darkens the scene reflectivity regardless of the presence of an underlying snow cover, but use ot vegetation maps
10 be produced by the MODIS Land Team may improve this.

The snow cover algorithm may be updated pending the results from additional pre-launch tests using data from the MODIS
-~ Airborne Simulator (MAS) that has many ol the same spectral characteristics as the MODIS sensor. In addition.” the

algorithm may be modified after faunch of the AM-1 platform to incorporate other techniques.

Table 2. Corresponding MODIS and TM wavelengths (bands).

MODIS Spatial Center Corresponding
Band Resolution Wavelength ™
(m) (um) Band

1 250 0.645 3

2 250 0.858 4

3 S00 0.469 1

4 500 0.555 2

6 S00 1.640 5

7 300 2.130 7
13 1000 0.667 3
14 1000 0.678 3
16 1000 0.869 4
3i 1000 11.030 6

The MODIS sea ice algorithm uses the same tests as does the original snow mapping atgorithm since these have been
shiown 1o be acceptable for most ice types. except new thin ice®. Ice surfuce temperature (IST) will also be calculated as
part ol the sea ice algorithm. The calculation of IST is based on work by Key and Haefliger™ and updated by Key and
Coltins". This technique uses the clear sky brightness temperatures measured by the “split-window™ thermal channels (at
10.8um and 12.0um ) on the AVIIRR instruments, corrected for atmospheric attenuation as a function of viewing angle, to
derive IST. The AVHRR channels used here are comparable to MODIS channels 31 and 32 5o this method is directly



applicable to MODIS data. The usctuluess of the MODIS cloud mask during the polar night is bemg investigated sinee the
IS'T abeorithm requires clear skies. and tow level stratus 1s sometimes contused Tor the surtace by automated cloud
screening techniques.

‘The snow and sea ice products will be available in orbital swath format (level 2) and in gridded formats (level 3). Both
cyuatorial (equal area sinusoidal) and polar (equal area azimuthal) grids will be available.  The level 3 gridded snow cover
and sea ice products will have resolutions of S00m and 1000m respectively. Large inland lakes will be mapped at S00m.

The tevel 3 gridded products will be produced on a daily basis. There will also be an eight-day composite product which
includes a maximum snow cover and sca ice extent and persistence statistics during the period.  Several months after
Launch, software will be in place that will allow users to specify other compositing periods.

CURRENT ACTIVITIES

The MODIS Instrument Science ¥eam and the NSIDC DAAC are preparing for the launch of the MODIS instrument on
the first FOS platform. Hardware and software systems developed by the EQSDIS Core System (ECS) contractor have
been installed at NSIDC and are being tested. The MODIS snow and ice products processing software will be integrated
and tested beginning in mid-1997. Science Software Integration and Test (SS1+T) i1s a phased, iterative plan developed by
MODIS. ECS and NSIDC that will continue until the products become operational after launch.

We are participating in the development of a Quality Assurance (QA) plan that will be implemented at the MODIS Team
[.cader Computing Facility (TLCE) and the DAACs. Both MODIS and NSIDC continue to seek a broad range ol input
from the cryospheric user community through a series of workshops. ad-hoc committees and user working group meetings.
Several important modifications suggested through this process have been incorporated into the product design and
distribution plan. For example. MODIS and NSIDC are exploring processing options to address the needs of operational
users, such as providing products on a near-real time basis. A polar grid for fevel 3 products has been adopted. The IST
algorithm has been included as part of the sea ice product.

CONCLUSIONS

The EOS MODIS Instrument Science Team is developing snow and ice products to be implemented at the tme of the
launch of the first EOS mission on the AM-1 platform in June 1998, A suite of atmospheric. oceanographic and land
surlace products from MODIS will be distributed via EOSDIS from the Goddard Space Flight Center, EROS Data Center
and NSIDC DAACs. Thie MODIS snow and ice products will be archived and distributed by the NSIDC DAAC. These
products will utilize the improved spatial and spectral resolution of MODIS over current visible and infrared sensors and
they will represent a significant improvement over currently available similar products. They will complement related
microwave and radar products. Daily maps of global snow cover extent and sca ice extent will be produced. In addition,
the MODIS data offer the potential tfor other cryospheric products (for example sea tee surtace motion and albedo) in the
post-launch time frame. These may be developed and tested by the MODIS Instrument Science Team or the EOS
Interdisciplinary Science Investigations. More information on these products may be found at the following World wide
Web sites:
the MODIS Home Page thitp:/lipwww . gsic.nasa.cov/MODIS/MODIS himl).
the Algorithm Theoretical Basis Document Home Page (hitp:/spso2.gste.nasa.gov/atbd/pe L himl),
and the MODIS Snow/Ice Global Mapping Project home page (hup:/lipwww.gste.nasa.gov/MODIS_Snow/modis.itmb).
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