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Ice on the ocean, lakes, and rivers is an important component of the global cryosphere that has significant impact on the local and global climate and environment. Sea,
lake, and river ice exists not only in the polar regions, but also well into the midlatitudes. Ice macrophysical properties, including ice cover, temperature, concentration,
thickness, and motion, play an important role in climate and environment changes, and are also critical for climate monitoring and modeling, weather forecasting,
shipping and navigation, fisheries, and hazard mitigation. Therefore, accurate and prompt information on floating ice is important for Earth observation, weather
prediction, and the Blue Economy. With NOAA’s operational Low Earth Orbit (LEO) and geostationary (GEO) satellites, the global cryosphere can be monitored
frequently in time and widely in space. NOAA “Enterprise” algorithms have been developed for a suite of ice parameters including ice surface temperature,
concentration, thickness, and motion. These Enterprise products are now operational for the Visible Infrared Imaging Radiometer Suite (VIIRS) on NOAA-20 and S-NPP,
and AMSR2 on GCOM-W1. They will soon be operational for the GOES-16 and -17 Advanced Baseline Imager (ABI). Validation studies of these ice products have been
performed against in-situ, field campaign, and other satellite measurements from buoys, IceBridge aircraft campaigns, ICESat, and CryoSat-2. Results show that their
performance meets the measurement accuracy requirements. This presentation illustrates these ice products and demonstrates their suitability, validity, and
applicability.

Ice Products - LEO

Ice Concentration

Sea ice concentration (SIC) from NOAA-20
VIIRS data for the Arctic on December 24,
2018 (top left) and for the Antarctic on August
20, 2018 (top right). The seasonal
comparison to AMSR2 SIC over the Arctic for
the period of December 14,2018 to February
28,2019 are summarized in the bottom right
panel in terms of standard deviation (Std),
bias, and root mean square (RMS) error.

Ice Temperature

Ice surface temperature (IST) from NOAA-20
VIIRS data for the Arctic on December 24,
2018 (top left) and for the Antarctic on August
20, 2018 (top right). The seasonal comparison
to MODIS IST over the Arctic for the period of
December 14,2018 to February 28,2019 are
summarized in the bottom right panel in terms
of bias, precision ,and root mean square
(RMS) error.

Ice Products - GEO

GOES-16 ABI natural-color composite on 14 February, 2018.
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Sea ice thickness (SIT) from NOAA-20 VIIRS data
for the Arctic on January 26, 2019 (top left) and for
the Antarctic on October 2, 2018 (top right). The
comparison in sea ice thickness to CryoSat-2 SIT
over the Arctic for the period of April 22-April
28,2018 in the bottom right panel shows the mean
difference of 0.16 m, and the standard deviation of
0.24 m with the NOAA-20 mean SIT of 2.19 m and
the CryoSat-2 mean SIT of 2.03 m.

Ice Motion

Ice motion (IM) is now generated routinely from AMSR2, VIIRS infrared (M15), and
the VIIRS day-night band (DNB). Additionally, a blended VIIRS-AMSR2 product is
also produced. The pictures (left) show the ice motion vectors derived from
AMSR-2, VIIRS IR (M15) band, and VIIRS day-night band (DNB) for the date of
October 11-12,2017. And the picture (right) shows the blended ice motion vectors
from the above three sources for the date of March 29-30, 2017.

Ice Chart vs GOES-R ABI Ice Thickness (Feb 26, 2018)

GOES-16 ABI ice motion vectors (left) vs AMSR-2 ice
motion vectors (right) in Hudson Bay on February 2-4,
2018.

Validation of the ice surface temperature (IST) from GOES-R ABI is challenging due to
the lack of in-situ measurements. A nearly identical IST retrieval algorithm for the Visible
Infrared Imaging Radiometer Suite (VIIRS) onboard the Suomi National Polar-Orbiting
Partnership (S-NPP) and NOAA-20 satellites has been validated against in-situ IST
measurements from the NASA IceBridge Campaign over the period of 2013-2017. The
validation studies give an overall bias (also called accuracy) of 0.1 K and root-meansquared error (RMSE, also called precision) less than 1.0 K.
Ice concentration (IC) from GOES-R ABI data (lower left) and AMSR-2 (lower right) in the great Lakes, and fulldisc IC (top right) and the GOES-16 ABI true color composite image (top left) on February 14, 2018.

Ice surface temperature from GOES-R ABI in the area including Hudson Bay and the
Great Lakes on February 24,2017 (left), and in the Great Lakes on February 14,2018
(right).

Ice charts report about ~70 cm ice for Great Lakes everywhere, and
basically no ice for Lake Michigan except the far northern part and
Green Bay, while GOES-R ABI shows about ~1 m ice in Lake
Michigan, Lake Huron, and Lake Erie, and about 1.20 m ice in Lake
Superior, Lake Ontario, Georgian Bay, and northern part of Lake
Ice thickness
Erie. (daily composite) from GOES-R ABI data (left) and corresponding ice chart estimates in the Great
Lakes on February 26, 2018 (right), and validation information shown in the top right corner.
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GOES-16 ABI ice motion vectors (left) vs the
EUMETSAT Oceans and Sea Ice Satellite Applications
Facility (OSI-SAF) ice motion vectors (right) in Hudson
Bay on February 2-4, 2018.
Ice motion vectors from GOES-16 ABI data in the Great Lakes and the Hudson Bay (left), and validations
against AMSR-2 and the EUMETSAT Oceans and Sea Ice Satellite Applications Facility (OSI-SAF) ice
motion vectors (right).

