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NOAA: Making Science Matter  
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Environmental Intelligence  

NOAA’s long-term goals 
1. Climate Adaptation and Mitigation 
2. Weather-Ready Nation 
3. Healthy Oceans 
4. Resilient Coastal Communities and 

Economies 

Observations Monitoring Assessment Modeling Tools & Services 



NOAA/NESDIS Center for SatelliteApplications 
& Research (STAR): 

 
To advance remote sensing science and 

technology to better inform the American public 
and safeguard the environment . 
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•Active engagement of users (science-based understanding of requirements) 
•Facilitate end-to-end value chain for satellite observations (“translate” obs to info) 
•Pursue measurement-based approach (mission-agnostic, ensure continuity for users) 
•Generate data of highest possible quality (no short-cuts!) 
•Provide satellite data products that are fit for purpose (new operational paradigm) 
•Ensure user satellite data needs are met (existing as well as emerging/evolving) 
 

•NB: the value of our (environmental data) products is zero until they are used to improve 
societal outcomes (Jeff Adkins, NOAA social scientist). 



 
 
 

Mission Agnostic, Measurement-based approach  
in support of users: Ensuring continuity & coverage 

 

SAR & High  
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available from  

Non-NOAA missions 
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Non-NOAA missions augment 
NOAA missions: Gap Filler  

(Time, Space, Spectral et al.) 

Regional Gaps 

Atm soundings, Aerosols,  
SST, Fire, Imagery, et al.  

Non-NOAA missions  
complement NOAA missions:  
Redundancy; Risk Reduction 

Heritage Polar  
Product Continuity 

Courtesy: Paul DiGiacomo & Paul Chang 

Observations  
from NOAA  

missions 

POES GOES 



STAR Satellite Oceanography & Climatology Division (SOCD)  

SOCD Chief: Dr. Paul M. DiGiacomo  

Ocean Sensors Branch 

Chief: Dr.  Alexander (Sasha) Ignatov 

•Sea Surface Temp, Ocean Winds, Ocean Optics 
& Water Quality (e.g. Chesapeake Bay) 

Marine Ecosystems & Climate Branch 

Chief: Dr. Menghua Wang 

• Ocean Color, Coral Reefs, Sea Ice,             
Synthetic Aperture Radar, Blended SST 

Laboratory for Satellite Altimetry  

Chief: Dr. Laury Miller 

• Sea Level, Bathymetry, Waves, Sea Ice/Climate  

SOCD Organization 
 
 

Science Teams: R&O  

Major Programs/Activities  

 
 

   

• JPSS: Ocean Color & SST EDRs 
• GOES-R: SST (& Ocean Dynamics) 
• JASON Satellite Radar Altimeter Program 
• NOAA GCOM Program Scientist 
• National Ice Center Chief Scientist 
• Foreign Sensors: Winds, SAR, etc 
• Marine Optical BuoY (MOBY) 
• Coast/Ocean/PolarWatch & Coral Reef Watch 

 
 

I 

• Sea Ice  
• Sea Surface Height 
• Sea Surface Roughness 
• Sea Surface Salinity 
• Sea Surface Temperature 
• Ocean Color Radiometry 
• Ocean Surface Vector Winds 
• CoastWatch/OceanWatch 
• Coral Reef Watch 
• PolarWatch 
 



Jason Satellite Radar Altimeter Program 

2016 

24+ year CEOS global reference record of sea level 

Led by NOAA and its operational partner, EUMETSAT, in collaboration 
with NASA, CNES, and soon ESA and the EC for Jason-CS in 2020.  
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STAR Laboratory for Satellite Altimetry 

Global mean sea level anomaly:  
TOPEX/Poseidon, Jason-1, Jason-2 

 
Total sea level change since 1993 
 



Jason Applications & End Users 

Hurricane Intensity 
Forecasting 

Global & Regional 
Sea Level Rise 

Coast Guard Search & Rescue 

Oil Spill Monitoring 

High Wave Forecasting 

El Nino 
Forecasting 

Sea Level Anomaly –”Ocean Weather”- Feb 3-13, 2014 



Today, STAR leads community efforts 
and brings together NOAA and 
partners’ SST products 

Products are monitored online in near-
real time, to ensure high quality & 
consistency, to support and facilitate 
SST applications 

www.star.nesdis.noaa.gov/sod/sst/squam/  

www.star.nesdis.noaa.gov/sod/sst/iquam/   

www.star.nesdis.noaa.gov/sod/sst/micros/   

NOAA SST Monitoring: 
Bringing Community Together 

http://www.star.nesdis.noaa.gov/sod/sst/squam/
http://www.star.nesdis.noaa.gov/sod/sst/iquam/
http://www.star.nesdis.noaa.gov/sod/sst/micros/


  

Local & Regional SST Products  
(LEO & GEO) 
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GOES SST, 17 Oct 2016 VIIRS SST, 7 Nov 2016 



ACSPO - Advanced Clear-Sky Processor for Oceans 
 Used for AVHRR Operations & Reprocessing 
 Used for VIIRS Operations & to be used for reprocessing 
 Can be potentially used for MODIS (re)processing 
 

SQUAM - SST Quality Monitor www.star.nesdis.noaa.gov/sod/sst/squam/    
 Monitor SST Products (L2, L3, L4) for Self- and Cross-Consistency; Validate against in 

situ SSTs (iQuam) 
 

MICROS - Monitoring IR Clear-sky Radiances over Oceans for SST 
www.star.nesdis.noaa.gov/sod/sst/micros/ 
 Monitor Clear-sky ocean radiances for Self- and Cross-Consistency; Validate against 

CRTM simulations 
 

iQuam - In situ Quality Monitor www.star.nesdis.noaa.gov/sod/sst/iquam/  
 QC in situ SSTs, Monitor on Web, Distribute to users 

 
ARMS - ACSPO Regional Monitor of SST http://www.star.nesdis.noaa.gov/sod/sst/arms/ 

 Global SST monitoring in SQUAM is supplemented by ARMS system, focusing on 
geographical regions of interest, e.g., US coastal regions and other regions worldwide 

  
 

Polar SST Production and Monitoring Systems at NESDIS/STAR 

http://www.star.nesdis.noaa.gov/sod/sst/squam/
http://www.star.nesdis.noaa.gov/sod/sst/micros/
http://www.star.nesdis.noaa.gov/sod/sst/iquam/
http://www.star.nesdis.noaa.gov/sod/sst/arms/


  

5-km Global Blended SST Analysis 
 Produced daily 

from operational 
Polar and Geo-
SST data.   

 Product benefits 
from available 
non-NOAA SST 
data, especially 
for other basins 
 

http://www.ospo.noaa.gov/Products/ocean/sst/contour/index.html 

http://www.ospo.noaa.gov/Products/ocean/sst/contour/index.html
http://www.ospo.noaa.gov/Products/ocean/sst/contour/index.html
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AVHRR Reanalysis v1 (2002-pr)  
Ignatov et al., Remote Sens., 2016 

 

• 13+ years of AVHRR data (2002-
pr) reprocessed from 7 satellites 
using NOAA ACSPO system 

• Delivered to STAR geo-polar 
blended SST team for use by 
NOAA Coral Reef Watch 

• Product is more accurate and 
uniform than the widely used 
Pathfinder SST dataset 

• Work is underway to archive with 
JPL PO.DAAC and NCEI 

ACSPO RAN1 

Pathfinder V5.2 

Global Bias with respect in situ SSTs 

 



http://coralreefwatch.noaa.gov 
1
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Coral Reef Watch 
5-km Satellite-Based Products 

  
 

Coral –  
specific 

Sea Surface Temperature 

SST Anomaly 

HotSpot 

Degree Heating Week 
Bleaching Alert Area 



Satellite Ocean Surface Vector Winds 

 

  
     

 
 

  
     

 
 

Range Resolution: 
15, 30, 60 & 120 m

• OSVW data supports wind and wave warning and 
forecasting 

• ASCAT data from EUMETSAT operational at NOAA 
• SCATSCAT data from ISRO next up for implementation 
• NOAA P-3 used to fly a profiling scatterometer system 

(IWRAP) for validation and improvement of satellite 
algorithms in tropical (hurricanes) and extratropical 
cyclone conditions 
 

NOAA Satellite Ocean Surface Winds Science Team 
http://manati.star.nesdis.noaa.gov/ 

Goal: Provide the 
best possible 
product and 
training to end 
users 

ASCAT Daily Coverage Example 

Hurricane  
Isaac 



ASCAT High Wind Speed Retrieval Improvement 

• ASCAT high wind speed 
improvements developed 
utilizing aircraft and satellite 
data 

Hurricane force wind observations with 
NOAA’s QuikSCAT and original and new 
ASCAT wind products Flight track overlaid on ASCAT swath 

New ASCAT winds versus SFMR and GPS dropsonde winds 



Satellite Sea-Surface Salinity Science Team 
Current & Emerging Efforts 

• Data 
• SSS Level-2 /3 data records acquired for NASA’s Aquarius & ESA’s SMOS missions 
• Data set development in support of applications and climatology 
• Ocean color radiometry for coastal/estuarine areas 
 

• Quality 
• Online  quality monitoring and assessment - automation, statistics, visualization: 

Satellite Sea-Surface Salinity Quality Monitor (4SQM) 
• NESDIS/Center for Satellite Applications and Research (STAR) 
• NESDIS/National Centers for Environmental Information (NCEI) / CICS  

 

• Assimilation 
Working with users to incorporate SSS data 
• National Weather Service (NWS):   
       Real-Time Ocean Forecast System (RTOFS) 
• NWS seasonal-interannual:   
      Global Ocean Data Assimilation System  
      / Coupled Forecast System (CFS) 



Operational Radarsat-2 wind speed 
2015-02-04   04:05 UT 

Pre-operational Sentinel-1A wind speed  
2015-01-08   02:46 UT 

High-Resolution SAR-Derived Wind Speed Products 



Interactive and Automated 
Techniques for Oil Spill Analysis 

Using (SAR) Imagery 

Interactively derived Marine Pollution  
Surveillance Report issued by NESDIS/OSPO  
Satellite Analysis Branch for May 2, 2010,  
during the Deepwater Horizon incident.   

Automated Texture Classifying Neural Network  
(TCNNA) oil spill map for the same day.  This 
algorithm is being developed in a collaboration 
between NESDIS/STAR and Florida State 
University for possible use as an automated oil 
spill mapping tool. 

Deepwater  
Horizon Fire 
4/21/2010 



Generated using NOAA MSL12 for VIIRS ocean color data processing 

VIIRS Climatology Chlorophyll-a Image 

Log scale: 0.01 to 64 mg/m3 

Wang, M., X. Liu, L. Tan, L. Jiang, S. Son, W. Shi, K. Rausch, and K. Voss, “Impacts of VIIRS SDR performance on 
ocean color products,” J. Geophys. Res. Atmos., 118, 10,347–10,360, 2013. http://dx.doi.org/10.1002/jgrd.50793   

http://dx.doi.org/10.1002/jgrd.50793


 
New VIIRS OC Product:  

Satellite-derived Kd(PAR) Data 
VIIRS Climatology Kd(PAR) Image 

(March 2012 to February 2015) 

Son, S. and M. Wang, ”Diffuse attenuation coefficient of the photosynthetically available radiation Kd(PAR) for global 
open ocean and coastal waters", Remote Sens. Environ., 159, 250-258 (2015). 

Log scale: 0.01 to 2 m−1 



 
 NOAA/STAR Ocean Color 
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VIIRS Ocean color EDR Team: Introduced   
OCView tool for easy, interactive image monitoring 

http://www.star.nesdis.noaa.gov/sod/mecb/color/ 



 
NOAA/STAR VIIRS Ocean Color 

Menghua Wang 

Attribute Near-Real Time Science Quality 
Delayed Mode 

Processing System MSL12 MSL12 

Latency: 
Best effort, as soon as 

possible (~12-24h) 
Best effort, ~1-2 week 

delay 

SDR: IDPS Operational SDR OC-improved IDPS SDR 

Ancillary Data: 
Global Forecast System 

(predicted) 
Science quality 
(assimilated) 

Spatial Coverage: 
May be gaps due to 

various issues Complete global coverage 

Processed by: 
CoastWatch, transferring 

to OSPO NOAA/STAR 

Distributed by: CoastWatch CoastWatch, NCEI 

Archive Plans: Yes, NCEI, via OSPO Yes, NCEI, via CoastWatch 

Reprocessing: No 
Yes, ~2-3 years or as 

needed 

Multi-Sensor 
Level 1 to 
Level 2 
Processing 
System 
(MSL12) 
Both NRT and 
mission -long 
science 
quality data  



Significantly Improved VIIRS Water Property Data Over High Altitude Lakes 

VIIRS mission-long ocean color data have been successfully reprocessed using improved 
MSL12. VIIRS ocean color data over open oceans and coastal/inland waters have been 
significantly improved, in particular, over high altitude lakes. This is a significant progress for 
remote sensing of inland water quality. 

Lake Victoria 



http://coralreefwatch.noaa.gov/satellite/research/oceancolor.php 

OCEAN COLOR TOOLS FOR REEF MANAGERS 

From Coral Reef Watch 



Diatom Fraction 

Diatom fraction based on aph(670)/aph(440): 
VIIRS Seasonal Climatology (2012-2016) 

• Lowest diatom fraction occurs in summer, a well known feature in this region. 

• Diatom-dominated spring bloom is most evident in coastal waters outside of the bay. 

• Strongest diatom domination in the lower bay during winter? G. Zheng and P. DiGiacomo, 
2016 Ocean Optics Meeting 



Flowchart of data processing 

anw(λ) 

aph(λ) 

Satellite-derived Rrs(λ) 
at ~ 410, 440, 490, 550, and 670 nm 

Generalized Stacked-Constraints Model (GSCM) 

Quasi-Analytical Algorithm (QAA), v6 
[Lee et al., 2014] 

[Zheng et al., 2015] 

SeaWiFS, MODIS, MERIS, VIIRS 
[Chl-a] 

(from Chesapeake Bay 
Program) 

 
Cell counts 

(from Maryland DNR) 

matchup 

G. Zheng and P. DiGiacomo, 
2016 Ocean Optics Meeting 



Solve for  
Ai,j,k and Bi,j,k  

Solve for  
ad(λ)i,j,k, ag(λ)i,j,k, aph(λ)i,j,k 

Identify feasible solutions 

Satisfy constraints 
#3–#5 

? 

{xi} = {0.75, 0.76, … 1} 
{yj} = {0.48, 0.49, … 0.77} 

Output: ad(λ), ag(λ), aph(λ) 
Optimal Solution 

 Range of Feasible Solutions 

Yes 

Matrix D26 × 30 × 315 
Matrix C26 × 30 

Matrix E26 × 30 × 315 

Step 1 

Step 2 

Step 3 

Step 1 

Step 2 

Step 3 

Step 4 Matrix E26 × 30 × 315 

Step 1 

Step 2 Input: 
anw(λ) 

Di,j,k = (Ai,j,k, Bi,j,k)  

âd(λ)p 

âg(λ)q 

315 combined 
âdg(λ) spectra 

Ei,j,k = 

âdg(λ)k  

Step 1 

 (ad(λ)i,j,k, ag(λ)i,j,k, aph(λ)i,j,k)  

Library of 
representative 

spectra 

Derive speculative solutions 

Feasible Solutions 

7 basic âd(λ) spectra 

5 basic âg(λ) spectra 

Step 2 

9 weights, w 

wr 

Ci,j = (xi, yj)  

Linear 
combination 

Generalized Stacked-Constraints Model (GSCM) Reference:  
Zheng et al. (2015),  J. Geophy. 
Res., 120, 2601–2621, 
doi:10.1002/2014JC010604. 
 

Inequality 
Constraints 

End members of spectral 
shapes to capture the 
variability of various 

absorption components. 

Obtain a comprehensive 
set of candidate 

solutions. 

Identify feasible 
solutions and estimate 

optimal solutions. 



Match up between phytoplankton cell 
counts and satellite-derived aph(670)/aph(440) 
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Diatom fraction by cell counts, NDiatom/NTotal 

CHESAPEAKE
BAY(CEDAR PT.) CB5.1
CHESAPEAKE BAY
(SANDY PT.) CB3.3C
PATAPSCO RIVER (KEY
BRIDGE) WT5.1
CHESAPEAKE BAY
(TURKEY PT.) CB2.1

Diatom fraction = 2.353 aph(670)/aph(440) - 0.459 
  

R² = 0.8534     NB: The blue-to-red phytoplankton absorption band ratio  is a 
promising indicator of diatom fraction in the Chesapeake Bay.  

G. Zheng and P. DiGiacomo, 
2016 Ocean Optics Meeting 



[Magnuson et al., Estuar. Coast. Shelf Sci., 2004] 

1996 – 2000 2012 – 2016 

Spatial trend in seasonal variability 

2012  2013  2014  2015  2016  Median 

• Seasonal variability of diatom fraction 
increases from upper to lower bay. 

 

• This trend is consistent with the 
increasing variability of chlorophyll-
specific aph reported previously based on 
field data. G. Zheng and P. DiGiacomo, 

2016 Ocean Optics Meeting 



MERIS Image of Cyanobacteria Bloom 
in Lake Erie: Worst bloom in decades, 

over 5000 sq km on this day 
09 October 2011  



MERIS Image of Cyanobacteria Bloom 
in Lake Erie: Worst bloom in decades, 

over 5000 sq km on this day 
09 October 2011  

Courtesy: NOAA/NOS 



NOAA Utilization of European  
Ocean Color Data:  

Way forward for Sentinel-3/OLCI 
 

• ESA’s MERIS data declared operational by 
NOAA in Jan 2009 Chlorophyll-a/anomalies 
were generated from MERIS amongst other 
ocean color products, supporting NOS et al. 
users.  However, Envisat failed in 2012. 

 
• STAR and others in NESDIS are now 

actively working to facilitate acquisition of   
the follow-on Sentinel-3 (OLCI et al.) data to 
support NOAA and other U.S. user needs. 
 

• Sentinel-3/OLCI, like Envisat/MERIS, 
provides higher spatial resolution (300 m) 
than VIIRS, useful for coastal/inland waters, 
and also has additional spectral bands – and 
as such is a vital complementary capability. 
 

• STAR is supporting ESA/EUMETSAT as part 
of the Sentinel-3 Validation Team (3 projects) 
 

• NOAA (STAR) has the responsibility for 
distribution of Sentinel-3 data in the U.S.  

   
 

STAR’s efforts have resulted in the generation and 
flow of NOAA experimental and operational ocean 
color products to the Coastwatch user community. 

http://coastwatch.noaa.gov 

http://coastwatch.noaa.gov/


NOAA CoastWatch/OceanWatch 
 

• STAR leads the NOAA CoastWatch/ 
OceanWatch Program, supporting users 
(both research & applied) within NOAA as 
well as nationally & globally  
 

• CW/OW facilitates development and 
transition of satellite ocean remote sensing 
experimental data products from research 
into operations and supports user-driven 
coastal and ocean applications through the 
dissemination of fit for purpose data.   
 

• CoastWatch/OceanWatch partnership: 
– NMFS, NOS, OAR, NWS/NCEP 
– NESDIS offices 

 
• Supports a number of regional U.S., basin-

scale and international coastal and oceanic 
activities and applications 
– Chesapeake Bay, Gulf of Mexico, 

Mediterranean Sea, Atlantic & Pacific 
Basins, Australia et al. 

 

SST 

Ocean 
Color 

Ocean 
Surface 
Vector 
Winds 

Ocean Heat 
Content 



OAR/ARL: Global Distribution of Marine Isoprene Emission 
Inputs: Chl-a, Kd(490), PAR 



http://coastwatch.noaa.gov/ 
coastwatch.info@noaa.gov 



  L2 Granule Selector 

37 

Date: 2015-08-25 Time: 2052 
Download Data: 
True Color Image (PNG) 
VIIRS L2 Ocean Color Data (CW NetCDF) 
VIIRS Ocean Color Channel Data (CW 
HDF) 
THREDDS access 
 

 
 

http://coastwatch.noaa.gov/cwn/cw_granule_selector.html 



Example  of VIIRS OC Data Cart 
Science Quality (forward processing) Near real-time 

For batch download 

38 



Website Revamp in Progress (1) 

39 



Website Revamp in Progress (2) 

40 



NOAA PolarWatch Portal 



2016 2017 2018 2019 

 

• Linked open data 
 

• Data processing 
 

• Data  visualization 
 

• Data services  
 
 

http://geoblueplanet.com/  

http://geoblueplanet.com/


•The Blue Planet Symposium will serve as a forum for discussion of 
societal information needs resulting from the important role the 
oceans play in Earth's life-support system. 
 

•The symposium will also be a platform for the participating 
communities to exchange information on their activities and identify 
potential pilot and prototype projects for Blue Planet to focus on in 
the coming years. 
 

http://symposium.geoblueplanet.com/ 
 

Blue Planet Symposium 
 

http://symposium.geoblueplanet.com/


What: Global Water Quality Service for Inland & Coastal Waters   
 
Mission Statement: Deliver, on a routine and sustained basis, 
timely, consistent, accurate and fit-for-purpose water quality data 
products & information to support water resource management 
and decision making in coastal and inland waters. 
 
How: Develop, implement and maintain a global inland and 
coastal water quality monitoring and forecasting service, via a 
system of systems approach.  
 
Who: This task will be facilitated by the recently implemented 
GEO Water Quality Community of Practice. 



Thanks for Listening!   
Now, Questions…. 
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NOAA/NESDIS Center for Satellite Applications and Research (STAR) 

Director  
Harry Cikanek (acting) 

Deputy Director 
Mike Kalb  

Admin Officer 
Tonya Young 

Chief of Staff   
Kristen Tronvig 

 

STAR  Senior Scientist 
(vacant) 

IT  Systems O&M 
•General Purpose    
•Science Processing 

Joe Brust 

Environ. Monitoring and 
Climate Branch 

Ivan Csiszar 

Satellite Calibration &  
Data Assimilation Branch 

Changyong Cao (act) 

Operational Products 
Development Branch 

Laurie Rokke 

Satellite Climate 
Studies Branch 
Ralph Ferraro 

Advanced Satellite 
Products Branch 

Jeff Key 

Regional & Mesoscale 
Meteorology Branch 

Don Hillger (act)  

Laboratory for Satellite 
Altimetry  

Laury Miller 

Marine Ecosystems & 
Climate Branch 
Menghua Wang        

Ocean Sensors       
Branch 

Sasha Ignatov 

CIRA 

CIMSS 

Joint Center for Sat. 
Data Assimilation  

Sid Ahmed Boukabara 

Administrative 
Services  

NOAA Calibration  
Center 

2 2 

1 

Satellite Meteorology & 
Climatology Division 

Fuzhong Weng 

Cooperative Research 
Programs Division 

Satya Kalluri  

Satellite Oceanography  
& Climatology Division 

Paul DiGiacomo 

CICS 

Ocean Data Assimilation 
 Scientist 

Eric Bayler 

CREST 



NOAA/NESDIS Center for Satellite Applications 
& Research (STAR): 

47 

Delivers leadership for NESDIS research, development, validation and maintenance of 
satellite derived products and applications from NOAA’s operational geostationary and 
polar-orbiting satellites and from non-NOAA research and international satellites.   

Develops new environmental applications, techniques and algorithms for transforming 
raw satellite observations into scientifically meaningful, quality assured and calibrated 
environmental measurements and products, and develops the pre-operational computer 
codes to implement them.   

Supports the calibration and validation of all satellite sensors used in NOAA’s satellite 
operations, and develops methods and maintains systems for inter-calibrating NOAA 
satellite data with other satellites in the international constellation of research and 
operational satellites.  

Collaborates with other NESDIS and NOAA offices, universities, NASA and other U.S. 
agencies, and with international organizations on exchange and evaluation of operational 
and research satellite data and products.   
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