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2024 NOAA PolarWatch Sea Ice Training

Observations & Information Products

L. Brucker, L. Connor, S. Helfrich, C. Jackson, Y. Liu et al.

NOAA NESDIS Center for Satellite Applications & Research (STAR)

Satellite remote sensing
of sea ice – a brief overview

https://docs.google.com/file/d/1n35xfjoAu8UDWGFNMNKKyNW9XROHR4nq/preview
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How can we monitor changes over the cryosphere?

     Weather Stations, Buoys, Field measurements
 

      Regional and Climate Models

       Remote Sensing

Complementary approaches

mailto:ludovic.brucker@noaa.gov
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How can we monitor changes over the cryosphere?

Complementary approaches

     Weather Stations, Buoys, Field measurements
❆ Direct in situ measurements of geophysical variables
❆ Local measurements
❆ Requires maintenance / on site presence

      Regional and Climate Models
❆ Full spatial coverage and good temporal resolution
❆ Provide high number of variables
❆ Depend on the parameterizations…

       Remote Sensing
❆ Spatial coverage
❆ Offers measurements...
❆ … an electromagnetic measurement

Observation vs Information

mailto:ludovic.brucker@noaa.gov
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Developing algorithms to monitor cryospheric properties

Observation = 𝒇(radiative transfer interactions)

Use of models to relate snow and radiation properties

   
    Ice sheet

Models &

       algorithms can be:

   ❆ Theoretical

        ❆ Semi empirical

                 ❆ Empirical

mailto:ludovic.brucker@noaa.gov
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Developing algorithms to monitor cryospheric properties

Observation = 𝒇(radiative transfer interactions)

Use of models to relate snow and radiation properties

   
  Land

Models &

       algorithms can be:

   ❆ Theoretical

        ❆ Semi empirical

                 ❆ Empirical
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Developing algorithms to monitor cryospheric properties

Observation = 𝒇(radiative transfer interactions)

Use of models to relate snow and radiation properties

   
    Sea ice

Models &

       algorithms can be:

   ❆ Theoretical

        ❆ Semi empirical

                 ❆ Empirical

mailto:ludovic.brucker@noaa.gov
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From Observations to Sea Ice Information

QuikSCAT (byu.edu)

mailto:ludovic.brucker@noaa.gov
https://docs.google.com/file/d/1n35xfjoAu8UDWGFNMNKKyNW9XROHR4nq/preview
https://www.scp.byu.edu/movies/QuikSCAT_movies.html
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Sensor on a polar orbiting satellite
observes the polar regions ∿14x/day

From Observations to Sea Ice Information

QuikSCAT (byu.edu)

mailto:ludovic.brucker@noaa.gov
https://docs.google.com/file/d/1n35xfjoAu8UDWGFNMNKKyNW9XROHR4nq/preview
http://www.youtube.com/watch?v=IjIPIDYiIqg
https://www.scp.byu.edu/movies/QuikSCAT_movies.html
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Advanced Scatterometer 
(ASCAT) Products (noaa.gov)

LSA Sea Ice Data Products - Sea Ice (noaa.gov)

From Observations to Sea Ice Information

Ice Classification, Metop-C ASCAT, Arctic,
PolarWatch

mailto:ludovic.brucker@noaa.gov
https://manati.star.nesdis.noaa.gov/datasets/ASCATCData.php
https://manati.star.nesdis.noaa.gov/datasets/ASCATCData.php
https://www.star.nesdis.noaa.gov/socd/lsa/SeaIce/DataProducts/products_SeaIce.php
https://polarwatch.noaa.gov/catalog/ice-class-metop-c-ascat/preview/?dataset=daily&var=IceClass&time_min=2024-10-18T12:00:00Z&time_max=2024-10-18T12:00:00Z&proj=epsg3413&colorBar=SB_ice%7Cdiscrete%7C%7C1%7C5%7C
https://polarwatch.noaa.gov/catalog/ice-class-metop-c-ascat/preview/?dataset=daily&var=IceClass&time_min=2024-10-18T12:00:00Z&time_max=2024-10-18T12:00:00Z&proj=epsg3413&colorBar=SB_ice%7Cdiscrete%7C%7C1%7C5%7C
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LSA Sea Ice Data Products - Sea Ice (noaa.gov)

Algorithm

Observation

InformationAdvanced Scatterometer 
(ASCAT) Products (noaa.gov)

From Observations to Sea Ice Information

Ice Classification, Metop-C ASCAT, Arctic,
PolarWatch

Provides: ice type classification
       multiyear, first-year ice

Satellites, e.g.
Scatterometer: ASCAT
passive microwave: AMSR2
vis/IR: JPSS VIIRS, GOES ABI

mailto:ludovic.brucker@noaa.gov
https://www.star.nesdis.noaa.gov/socd/lsa/SeaIce/DataProducts/products_SeaIce.php
https://manati.star.nesdis.noaa.gov/datasets/ASCATCData.php
https://manati.star.nesdis.noaa.gov/datasets/ASCATCData.php
https://polarwatch.noaa.gov/catalog/ice-class-metop-c-ascat/preview/?dataset=daily&var=IceClass&time_min=2024-10-18T12:00:00Z&time_max=2024-10-18T12:00:00Z&proj=epsg3413&colorBar=SB_ice%7Cdiscrete%7C%7C1%7C5%7C
https://polarwatch.noaa.gov/catalog/ice-class-metop-c-ascat/preview/?dataset=daily&var=IceClass&time_min=2024-10-18T12:00:00Z&time_max=2024-10-18T12:00:00Z&proj=epsg3413&colorBar=SB_ice%7Cdiscrete%7C%7C1%7C5%7C
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Polar Orbiting

NOAA JPSS (VIIRS)

observes the polar regions 14x/day

mailto:ludovic.brucker@noaa.gov
https://docs.google.com/file/d/1FwrI756RhHqC29hrn7VmxEXZ_biBORrY/preview
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Polar Orbiting vs Geostationary

Some spatial coverage of high latitudes

Observations every 30 s to 10 min

GOES Overview (noaa.gov)

mailto:ludovic.brucker@noaa.gov
http://www.youtube.com/watch?v=IjIPIDYiIqg&t=7
https://www.noaasis.noaa.gov/GOES/goes_overview.html
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Ice Eddies in the Labrador Sea
GOES-East true color RGB, April 18, 2020

Ice on the Move in Lake Superior
February 19, 2019, GOES East 

Ice Flows around Newfoundland and Labrador
GOES East March 27, 2019

NOAA GOES East satellite observations
GOES: Geostationary Operational Environmental Satellites 

NOAA Satellites - YouTube

mailto:ludovic.brucker@noaa.gov
http://www.youtube.com/watch?v=sG8JiovbbmU
http://www.youtube.com/watch?v=sqqD8-TBSeE
https://www.youtube.com/watch?v=sqqD8-TBSeE
http://www.youtube.com/watch?v=ZCH5XVfcYog
https://www.youtube.com/watch?v=ZCH5XVfcYog
https://www.youtube.com/watch?v=sG8JiovbbmU
https://www.youtube.com/@NOAASatellites
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day/night band, 0.7µm

Bill Line (STAR) & CIRA Imagery team

mailto:ludovic.brucker@noaa.gov
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Bill Line (STAR) & CIRA Imagery team

day/night band, 0.7µm

mailto:ludovic.brucker@noaa.gov
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geocolor

Bill Line (STAR) & CIRA Imagery team

mailto:ludovic.brucker@noaa.gov
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i05 band, 11.45µm

Bill Line (STAR) & CIRA Imagery team

mailto:ludovic.brucker@noaa.gov
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snow fog

Bill Line (STAR) & CIRA Imagery team

mailto:ludovic.brucker@noaa.gov
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From Observations to Information

Algorithm

Measurements
(a.k.a. observations)

Estimated 
geophysical 

quantity

Stoddard et al. 2024LEGO Model │ GOES-R Series

Empirical
Semi-empirical
Theoretical

e.g. concentration
       thickness
       type
       motion

Application

Risk Index Outcome (RIO)

The output quality depends on:
. the quality of the observations
. the performance of the algorithm
. the completeness of the metadata

Metadata
Projection
Spatial (grid) resolution
Temporal resolution
…

mailto:ludovic.brucker@noaa.gov
https://link.springer.com/chapter/10.1007/978-3-031-60053-1_12
https://www.goes-r.gov/multimedia/legoModel.html
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Need for sea ice concentration?

Near real time, high resolution for a ship campaign Long term data for studying teleconnection patterns 

NOAA Climate.gov | Arctic Oscillation

Parkinson, 2019

Yearly Averages, Bellingshausen/Amundsen Seas

NOAA Alaska Fisheries Science Center’s Ice Seal 
Research in the Eastern Bering Sea 

Aboard the NOAA Ship Oscar Dyson

mailto:ludovic.brucker@noaa.gov
https://www.climate.gov/news-features/understanding-climate/climate-variability-arctic-oscillation
https://www.pnas.org/doi/10.1073/pnas.1906556116
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
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Need for sea ice concentration?

Near real time, high resolution for a ship campaign

Ice concentration product characteristics:
. 100 m resolution, or better
. snapshot
. available 3h after acquisition, or less
. specific area of interest

Long term data for studying teleconnection patterns

Ice concentration product characteristics:
. 25 km x 25 grid cell
. monthly averages
. annual product release
. hemispheric coverage

NOAA Climate.gov | Arctic Oscillation

NOAA Alaska Fisheries Science Center’s Ice Seal 
Research in the Eastern Bering Sea Aboard the NOAA 
Ship Oscar Dyson

Parkinson, 2019

Yearly Averages, Bellingshausen/Amundsen Seas

mailto:ludovic.brucker@noaa.gov
https://www.climate.gov/news-features/understanding-climate/climate-variability-arctic-oscillation
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
https://uxsrto.research.noaa.gov/noaa-alaska-fisheries-science-centers-ice-seal-research-in-the-eastern-bering-sea-aboard-the-noaa-ship-oscar-dyson/
https://www.pnas.org/doi/10.1073/pnas.1906556116
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Remote sensing: often a need for compromise
. spatial resolution vs coverage
. long term time series (legacy sensors) vs latest sensor
. tolerance to atmospheric contributions (cloud, water vapor) 
. tolerance to the penetration of the radiation into the snow and ice media

Different remote sensing techniques
Passive vs active
Scatterometry Different science groups,
Altimetry                    i.e. different jargons
… interferometry, reflectometry

The use of a given satellite product is driven by your application need, your scope of research

Different satellite orbits
Low Earth Orbit (LEO) polar sun synchronous orbit  vs  Geostationary (GEO)

mailto:ludovic.brucker@noaa.gov
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Swath vs daily gridded products

Number of observations per grid cell 
where sea ice is present

Level 2 product

Level 3 product

Microwave radiometers

mailto:ludovic.brucker@noaa.gov
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Sea ice concentration variability 

Swath vs daily gridded products

Number of observations per grid cell 
where sea ice is present

Level 2 product

Level 3 product

Microwave radiometers

mailto:ludovic.brucker@noaa.gov
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What sea ice looks like

NASA Earth Observatory
Landsat 9, Oct. 18, 2023

Hendricks et al. 2014

NASA Earth Observatory
July 12, 2011

Credit: J. Key (Nome, AK; March 2023)

WMO Sea-Ice Nomenclature
(40+ pages)

mailto:ludovic.brucker@noaa.gov
https://earthobservatory.nasa.gov/images/152097/a-small-green-iceberg
http://dx.doi.org/10.4043/24552-MS
https://earthobservatory.nasa.gov/images/51335/ponds-on-the-ocean
https://library.wmo.int/records/item/41953-wmo-sea-ice-nomenclature
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Sea Ice Presence

Provides: ice/no ice information
       binary

Satellites, e.g.
vis/IR: JPSS VIIRS, GOES ABI
SAR: Sentinel-1, RCM

Derivatives: ice edge 
    ice extent

Global Multisensor Automated Snow and Ice mapping system 

SAR Machine Learning

mailto:ludovic.brucker@noaa.gov
https://www.ospo.noaa.gov/products/land/autosnow/
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Sea Ice Concentration

Provides: fraction of ice in each grid cell
       range (0 – 100%)

Satellites, e.g.
vis/IR: JPSS VIIRS, GOES ABI
passive microwave: AMSR2

Derivatives: ice extent & area

Daily Polar Sea Ice, Two Year History (NASA SVS)

Sea Ice Concentration, NOAA-20 VIIRS NRT
PolarWatch

Concentration, AMSR-2, NRT 
PolarWatch

mailto:ludovic.brucker@noaa.gov
http://www.youtube.com/watch?v=ljfk9hqrBsc
https://www.youtube.com/watch?v=ljfk9hqrBsc
https://polarwatch.noaa.gov/catalog/ice-conc-nrt-nh-viirs-noaa-20/preview/?dataset=daily&var=IceConc&time_min=2024-10-14T12:18:27Z&time_max=2024-10-14T12:18:27Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C1%7C
https://polarwatch.noaa.gov/catalog/ice-conc-nrt-nh-viirs-noaa-20/preview/?dataset=daily&var=IceConc&time_min=2024-10-14T12:18:27Z&time_max=2024-10-14T12:18:27Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C1%7C
https://polarwatch.noaa.gov/catalog/ice-conc-nrt-nh-amsre2-gcomw1/preview/?dataset=daily&var=IceConc&time_min=2024-10-19T13:09:09Z&time_max=2024-10-19T13:09:09Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C1%7C
https://polarwatch.noaa.gov/catalog/ice-conc-nrt-nh-amsre2-gcomw1/preview/?dataset=daily&var=IceConc&time_min=2024-10-19T13:09:09Z&time_max=2024-10-19T13:09:09Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C1%7C
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Temperature

Provides: surface (skin) temperature
                 internal temperature

Satellites, e.g.
vis/IR: JPSS VIIRS, GOES ABI
passive microwave: AMSR2

Derivatives: melt onset dates
    lead presence

Hoffman et al. (2021) VIIRS 11μm (9 Jan. 2019)

Sea Ice Surface temperature, VIIRS NRT, 
PolarWatch

mailto:ludovic.brucker@noaa.gov
https://www.mdpi.com/2072-4292/13/22/4571
https://polarwatch.noaa.gov/catalog/ice-srf-temp-nrt-sh-viirs-noaa-20/preview/?dataset=4-day&var=IceSrfTemp&time_min=2024-10-14T00:00:00Z&time_max=2024-10-14T00:00:00Z&proj=epsg3031&colorBar=KT_thermal,,,240,290,
https://polarwatch.noaa.gov/catalog/ice-srf-temp-nrt-sh-viirs-noaa-20/preview/?dataset=4-day&var=IceSrfTemp&time_min=2024-10-14T00:00:00Z&time_max=2024-10-14T00:00:00Z&proj=epsg3031&colorBar=KT_thermal,,,240,290,


ludovic.brucker@noaa.gov                 NOAA PolarWatch & STAR Polar Program            30

Sea Ice Thickness

Provides: information about the vertical dimension

Satellites, e.g.
altimeters: CryoSat-2, ICESat-2
vis/IR: JPSS VIIRS
passive microwave: SMOS, SMAP

Derivatives: sea ice volume

CryoSat-2

CryoSat Operational Monitoring (ucl.ac.uk)

Ice Thickness, VIIRS NRT
PolarWatch

mailto:ludovic.brucker@noaa.gov
https://www.cpom.ucl.ac.uk/csopr/seaice.php?thk_period=1
https://polarwatch.noaa.gov/catalog/ice-thickness-nrt-sh-viirs-noaa-20/preview/?dataset=4-day&var=IceThickness&time_min=2024-10-14T00:00:00Z&time_max=2024-10-14T00:00:00Z&proj=epsg3031&colorBar=KT_amp,,,0,3,
https://polarwatch.noaa.gov/catalog/ice-thickness-nrt-sh-viirs-noaa-20/preview/?dataset=4-day&var=IceThickness&time_min=2024-10-14T00:00:00Z&time_max=2024-10-14T00:00:00Z&proj=epsg3031&colorBar=KT_amp,,,0,3,
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Sea Ice Motion

Provides: speed, direction

Satellites, e.g.
SAR: Sentinel-1, RCM
vis/IR: JPSS VIIRS, GOES ABI
passive microwave: AMSR2

Derivatives: Divergence
    Convergence

Old Arctic sea ice going down the drain

mailto:ludovic.brucker@noaa.gov
http://www.youtube.com/watch?v=CwtNhr4QVDs
https://www.youtube.com/watch?v=CwtNhr4QVDs
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What it provides: fraction of ice in each grid cell

Taking advantage of the most useful 
observation and algorithm

1 & 10 km

10 km 1 kmBlended Sea Ice Concentration

Blended Sea Ice Concentration from 
AMSR2/VIIRS Daily 1km, 
PolarWatch

mailto:ludovic.brucker@noaa.gov
https://polarwatch.noaa.gov/catalog/ice-conc-nh-blended-nesdis/preview/?dataset=daily&var=IceConc&time_min=2024-10-17T12:00:00Z&time_max=2024-10-17T12:00:00Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C100%7C
https://polarwatch.noaa.gov/catalog/ice-conc-nh-blended-nesdis/preview/?dataset=daily&var=IceConc&time_min=2024-10-17T12:00:00Z&time_max=2024-10-17T12:00:00Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C100%7C
https://polarwatch.noaa.gov/catalog/ice-conc-nh-blended-nesdis/preview/?dataset=daily&var=IceConc&time_min=2024-10-17T12:00:00Z&time_max=2024-10-17T12:00:00Z&proj=epsg3413&colorBar=KT_ice%7C%7C%7C0%7C100%7C
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Satellite analysis of sea ice

Data sources:
1. SAR (C band)
2. Visible/Infrared
3. Scatterometry
4. microwave radiometry
5. ice information products

IMS Products (usicecenter.gov)

Expert ice analysis based on satellite 
observations, and 
information products.

Interactive Multisensor Snow and Ice Mapping System (IMS)

IMS Daily Northern Hemisphere Ice Analysis 
PolarWatch

mailto:ludovic.brucker@noaa.gov
https://usicecenter.gov/Products/ImsHome
https://polarwatch.noaa.gov/catalog/ice-nrt-nh-ims/preview/?dataset=4-km&var=IMS_Surface_Values&time_min=2024-10-19T00:00:00Z&time_max=2024-10-19T00:00:00Z&proj=epsg3413&colorBar=rainbow%7Cdiscrete%7C%7C0%7C5%7C5
https://polarwatch.noaa.gov/catalog/ice-nrt-nh-ims/preview/?dataset=4-km&var=IMS_Surface_Values&time_min=2024-10-19T00:00:00Z&time_max=2024-10-19T00:00:00Z&proj=epsg3413&colorBar=rainbow%7Cdiscrete%7C%7C0%7C5%7C5
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An initial list of things to keep in mind

Area of interest, duration of the time series

. Latency:  Near real time (hours), delayed mode (days to weeks), annual re-processed long-term time series 

. Time coverage:  Only today, no interest in past? a specified time in the past? a time series?

. Diurnal warming:  Is there a need to capture the diurnal variation?

. Spatial resolution:  Some grid size choices: 2 km, 5 km, 25 km, etc.

. Data gaps:  gap-filled with interpolation or are some missing values due to e.g. clouds acceptable?

. Data quality: potential limitations that would be detrimental to the research

The use of a given satellite product is driven by your application need, your scope of research

NOAA PolarWatch : polarwatch.noaa.gov
NOAA OneStop: data.noaa.gov/onestop

NOAA NCEI: www.ncei.noaa.gov

mailto:ludovic.brucker@noaa.gov
https://polarwatch.noaa.gov/
https://data.noaa.gov/onestop/
https://www.ncei.noaa.gov/

