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• A multi-agency operational center operated by the 
United States Navy, National Oceanic and 
Atmospheric Administration, and United States 
Coast Guard. 

• Located in Suitland, Maryland and employs military 
and civilian personnel. 

• GLOBAL sea and lake ice analysis and forecasting. 
• Over 140 International Customers, including 

SUBFOR, ONI, NOAA, NWS, NSF, USCG, MSC, 
and NASA.   

NIC Mission 

Mission: Provide the highest quality, timely, accurate, and relevant snow and ice 
products and services to meet the strategic, operational, and tactical 
requirements of U.S. national interests across a global area of responsibility. 

NIC at NSOF 
 Suitland, MD 

http://www.uscg.gov/�
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International Partnerships 
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• North American Ice Service (NAIS) 
 Multi-agency partnership formed in 2003 between U. 

S. National Ice Center, Canadian Ice Service and 
International Ice Patrol. 

 Mission: Transform individual organizational 
strengths into a unified source of ice information and 
meet all marine ice information needs and obligations 
of the United States and Canadian governments. 

 

• International Arctic Buoy Programme (IABP) 
and International Programme for Antarctic 
Buoys (IPAB) 
 Working together with global participants since 1991 

to maintain the international drifting buoy networks 
and co-manage with UW/PSC the U.S. components in 
the Arctic and Antarctic regions in  support of real-
time operational and research requirements including 
those of the World Climate Research Programme and 
the World Weather Watch Programme. 

 

• International Ice Charting Working Group 
 Formed in 1999 to promote cooperation between the 

world’s ice centers on all matters concerning sea ice 
and icebergs. 

http://iabp.apl.washington.edu/Polarbear.gif�


International Partnerships 
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Products (Routine/Special Support) 
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Electromagnetic Spectrum 

Long Wave 
Low Frequency 

Low Energy 

Short Wave 
High Frequency 

High Energy 

Visible: 0.3 – 0.7 µm 
 
Infrared:  0.7 – 20 µm 
 
Microwave:  ~1 - 10 cm 



Satellites/Sensors Presently Available for  
Sea Ice and other Polar Observations 

• Defense Meteorological Satellite Program 
– Visible and Infrared (VIS/IR) - Operational Line Scanner (DMSP OLS) 
– Passive Microwave (PM) – Special Sensor Microwave Imager (SSM/I) 

• NOAA Polar Orbiting Environmental Satellites (POES) 
– Visible and infrared – Advanced Very High Resolution Radiometer (AVHRR) 
– (NPP VIIRS VIS/IR soon to be operationally available) 
– (AMSR-2 PM aboard GCOM-W1 soon to be operationally available) 

• NASA Terra and Aqua 
– Visible and Infrared - Moderate Resolution Imaging Spectrometer (MODIS) 
– Passive Microwave - Advanced Special Microwave Radiometer (AMSR-E)  

• OSCAT and ASCAT (QuikSCAT suffered major failure on 11/2009) 
– Active Microwave – Scatterometers 

• RADARSAT (Envisat recently lost), TerraSAR-X, COSMO/SkyMed 
– Synthetic Aperture Radar (SAR) 

• Altimeters (Limited use) 
– ICESAT Laser Altimeter 
– CryoSat-2 Radar Altimeter 



Visible and IR Sea ice Detection 

Lena River 
Delta 

Fast Ice 

Pack Ice 

www.earthobservatory.nasa.gov 

MODIS true color image 

AVHRR infrared image 



Borden Island Ellef Ringnes 
Island 

Axel 
Heiberg 
Island 

Lead with 
thin new 
ice 

Arctic IR Sea ice Detection 



Cloud Impact on Visible (and IR)                    
Sea ice Detection 



Active and Passive Microwave                           
Sea Ice Detection 

Active: Quikscat Scatterometer 
Ku-band - March 1, 2004 Passive: AMSR-E 85.23 GHz (V-pol) 



Sea Ice Dynamics From 
AMSR-E Ice Drift Vectors 

Region of Study 

89V GHz TBs, 1 – 31 March 
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Passive Microwave Drift-Based  
Sea Ice Age 
03 August 2011  



SSMIS Passive Microwave  
Sea Ice Concentration 

06 September 2012  



     NSIDC Sea Ice Index (SII) 



     NSIDC Sea Ice Index (SII) 



1st AMSR-2 Passive Microwave  
Sea Ice Concentration Image 



Active Microwave Sea Ice Observations  
From OSCAT During HLY1202 

 
18 – 26 August 2012 

More Persistent 
Ice Observed 

Around Wrangle 
Island  

Belts. Strips or 
Filaments of MYI 

Stressed FYI  
Pack 

MYI  Traces 
within FYI  

Cover 



©CSA 

Tactical Support Imagery of Choice 
High-Resolution Active Microwave 

The Other SAR (Synthetic Aperture Radar) 



NIC SAR Imagery Sea Ice Analysis 
18-19 August 2011  

NIC Analyst: Steve Lilgreen 



Exploiting Leads and Polynyas in SAR Imagery 



HLY1202 Sea Ice Conditions 
27-28 August 2012 

RADARSAT-2 SAR over SSMIS Concentrations 



HLY1202 Sea Ice Conditions 
27-28 August 2012 

SSMIS Concentrations 



HLY1202 Sea Ice Conditions 
27-28 August 2012 

RADARSAT-2 SAR over SSMIS Concentrations 



NIC Declared the NSR Open 
10 August 2011 



RADARSAT-2 30 

SAR Multiband/Multi-Pol  Capabilities 

PALSAR:  Jan 13th 2008 @ 20:10Z R1:  Jan 13th 2008 @ 15:31Z 

Good contrast between 
first-year ice and multiyear 
ice 

FYI 

MYI 

Excellent delineation of 
pressure ridges and floe 
shape 

COSMO/SkyMed TerraSAR-X 

FYI 

MYI 



North Pole Region Blind Spot Coverage 

COSMO/SkyMed Constellation  
ScanSAR HR Mode 

18 March 2010 

1 day collection with 2 satellites 

1 day collection with 1 satellite 



TENTATIVE LAUNCH PLANNED FOR 2016 

 FUTURE SATELLITE MISSIONS 
FOR ARCTIC MONITORING 

Credit: Canadian Space Agency 

 CSA Polar Communication and Weather (PCW)  

 CSA RADARSAT Constellation Mission (RCM) 

Credit: Canadian Space Agency 

 ESA Sentinel-1 

Credit: European Space Agency 
LAUNCH PLANNED FOR 2013-2015 LAUNCH PLANNED FOR 2014-2015 

LAUNCH PLANNED FOR 2014 

NASA Soil Moisture Active and Passive (SMAP) 



Arctic Perennial Sea Ice Change  
from 1957 to2008 

Rigor, Nghiem, Clemente-Colón, Perovich, Richter-
Menge, Neumann, and Ortmeyer GRL, 2008. 

      No data  Land     Ocean    Melt       FYI       Mixed       Multiyear     Freezing 



• Sea ice grows 
thicker with age. 

 
• Prior  to 1989, ice 

over  80% of the 
Arctic Ocean is at 
least 10 years old. 

 
• High Arctic 

Oscillation (AO) 
conditions from 
1989-1991 blew 
most of the older, 
thicker sea ice out 
of the Arctic 
Ocean. 

 
•  Younger (thinner) 

Ice persist through 
today despite 
“normal” AO 
conditions. 

 
  

Buoy Ice Drift Sea Ice Age  Model 



 Present IABP Buoy Distribution 

Distribution of 
the IABP 
network is 
improving but 
still impacted by 
increasing 
Arctic Ocean 
seasonal ice 
and openwater 
as well as by 
the decrease in 
perennial ice 
extent .  



Deployment of Seasonal Buoys 



Vessels that Deploy Buoys for the IABP 

Xue Long, China 

Polarstern, Germany 

Oden, Sweden 

 Mirai, Japan 

Sir Wilfred Laurier, Canada 

Louis S St Laurent, Canada 

Amundsen , Canada 

Araon, Korea 

Dranitsyn and others,  
Russia 

Polar Star, U.S. 

Healy, U.S. 



Thoughts For Discussion 
 

• Significant changes in the seasonality and thickness of 
Arctic sea ice as well as associated increased vessel 
presence in Arctic waters pose new challenges to present 
operational ice services.  
– Need for increased tactical support, which heavily depends on 

high-res imagery, particularly from synthetic aperture radar data 
– Need for more frequent and higher resolution analyses 
– Need for improved or new forecasting capabilities from daily,  

weekly, seasonal, intrerannual, to even climate time-scales 
• An ice-diminishing Arctic Ocean does not translate into  

an ice “risk-free” ocean.  
– Less ice = More Traffic = Increased Requirements for Ice Support 

• New strategies for the deployment of in-situ air-sea-ice 
observing platforms, improvements of systems to operate 
in high-latitude and through new seasonal conditions, 
better communications, and the incorporation of new 
technologies, including UAS/AUVs, are needed.   



USCGC HEALY conducts operations in support of the International Arctic Buoy Programme 

Any Questions For Now? 


	U.S. National/Naval Ice Center (NIC)� Ice Information Needs �����National Academies TRB/MB Workshop: �Safe Navigation in the Arctic�Seattle, WA�15 October 2012�Dr. Pablo Clemente-Colón� Chief Scientist, National Ice Center
	NIC Mission
	The National Ice Center (NIC) Command Structure
	International Partnerships
	International Partnerships
	Slide Number 6
	Electromagnetic Spectrum
	Satellites/Sensors Presently Available for �Sea Ice and other Polar Observations
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Sea Ice Dynamics From�AMSR-E Ice Drift Vectors
	Passive Microwave Drift-Based �Sea Ice Age�03 August 2011 
	SSMIS Passive Microwave �Sea Ice Concentration�06 September 2012 
	     NSIDC Sea Ice Index (SII)
	     NSIDC Sea Ice Index (SII)
	1st AMSR-2 Passive Microwave �Sea Ice Concentration Image
	Active Microwave Sea Ice Observations �From OSCAT During HLY1202��18 – 26 August 2012
	Slide Number 23
	NIC SAR Imagery Sea Ice Analysis�18-19 August 2011 
	Slide Number 25
	HLY1202 Sea Ice Conditions�27-28 August 2012
	HLY1202 Sea Ice Conditions�27-28 August 2012
	HLY1202 Sea Ice Conditions�27-28 August 2012
	Slide Number 29
	SAR Multiband/Multi-Pol  Capabilities
	North Pole Region Blind Spot Coverage
	 FUTURE SATELLITE MISSIONS�FOR ARCTIC MONITORING
	Slide Number 33
	Buoy Ice Drift Sea Ice Age  Model
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Thoughts For Discussion
	Slide Number 42

