
http://coralreefwatch.noaa.gov 1 

NOAA Coral Reef Watch’s End-to-end 
Operational Decision Support System 

From Satellite Remote Sensing 
to Coral Reef Management: 

Gang Liu 
Mark Eakin, Jacquie De La Cour  
Erick Geiger, Kyle Tirak, Al Strong  
William Skirving, Scott Heron, Tim Burgess 
 
NOAA Coral Reef Watch – NESDIS/STAR 

 

2015 STAR JPSS Annual Science Team Meeting 
24-28 August 2015 · NCWCP  · College Park, Maryland 



http://coralreefwatch.noaa.gov 2 

 Coral Reef 
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Reefs: meters to tens of kilometers 3 

Pearl and Hermes Atoll 
(Northwestern Hawaiian Islands) 
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Individual reefs: meters to tens of kilometers 

Great Barrier Reef, Australia 
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- Most in remote areas 
- Covering only 1/10 of 1% of ocean floor   

(Map from ReefBase) 

(35S-35N) 

   

Distribution of World’s Coral Reefs 
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 Photos by Anthony R. Picciolo 

Culture 
Fisheries 
Tourism 
Biomaterials 
Coastal protection (erosion/storm/flooding) 

  Importance of Coral Reefs 
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• One of the most diverse ecosystems on the earth 
• Providing habitat for 25% of all known marine species 
• One billion people relying on reef fish for food globally 
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Bleached colony 

  Coral Bleaching 
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• Anomalously high water temperature induced mass bleaching  
• Increasing in frequency & intensity over the past few decades  

A major threat  
    to the world’s coral reefs 
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Coral reef 

Photo by Marj Awai 

Coral colony 

Symbiotic relationship  
between algae and corals  

Coral polyps 
Symbiotic algae 
(Zooxanthallae) 

   

Coral and Symbiotic Algae 

8 

Image by Scott R. Santos 
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• Corals expel symbiotic algae under environmental stresses.  
• White coral skeleton reveals through translucent coral tissue. 
• Bleached colony becomes pale, even stark white. 

Coral polyps  

Symbiotic algae Bleached reef 

Bleached colony 

   

Coral Bleaching 

Image by Scott R. Santos 
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Healthy Bleached 

Dramatic long-term ecological and social consequences  

   

Coral Bleaching & Coral Reefs in Crisis 
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(Photo Credit: J.Lamb) 

Disease 

Bleaching increases the  
susceptibility of corals  
to disease 

??? (long time, favorable environmental conditions) 

Dead 
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NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 
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Since 1997 

1997 

2000 

50-km 
Twice-weekly 

SST 

Coral Bleaching HotSpot 

Degree Heating Week 
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2000-present: Bring managers, scientists, and stakeholders together 

Thailand and Indonesia, 2013 

St. Lucia, 2015 

American Samoa, 2014 

NOAA Coral Reef Watch  
Workshops, Outreach, and Trainings 

Pigeon Key, Florida, 2008 Maui, Hawaii, 2008 American Samoa, 2007 

Guam, 2015 
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Coral Bleaching HotSpot 

NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 

Since 1997 
50-km 

Twice-weekly 

2009 
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Degree Heating Week 

Bleaching Alert Area 
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NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 

50-km 
Twice-weekly 

2000-2011 
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Coral Bleaching HotSpot 

Bleaching Alert Area 

Degree Heating Week 

Virtual Stations 
(expanding from 24 to 227 sites) 
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NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 
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50-km, twice-weekly 

Virtual Stations 

================================================ 
       [NOAA Coral Reef Watch Coral Bleaching Alert 20120621] 
================================================ 
Atlantic Ocean  
** Caribbean  
   -- Bocas del Toro, Panama  (+) Bleaching Watch  
   -- Cayos Miskitos, Nicaragua  (+) Bleaching Watch  
   -- San Bernardo, Colombia   (+) Bleaching Watch  
   -- Santa Marta, Colombia   (+) Bleaching Watch  
** Florida  
   -- Gulf Sloughsway, Florida   (-) No Stress  
   -- SW FL Shelf Inshore, Florida   (-) No Stress  
----------------------------------------------------------------------------------- 
Pacific Ocean  
** Eastern Pacific  
   -- Clipperton Island, France   (-) No Stress  
** Micronesia  
  == Federated States of Micronesia  
   -- Chuuk, FSM  (+) Bleaching Watch  
   -- Pisaras, FSM   (+) Bleaching Watch  
** Polynesia  
   -- Funafuti, Tuvalu   (+) Bleaching Watch  
----------------------------------------------------------------------------------- Automated email alert for  

Virtual Stations 

2005 

Degree Heating Week 

Bleaching Alert Area 

Coral Bleaching HotSpot 
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NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 
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=============================================== 
       [NOAA Coral Reef Watch Coral Bleaching Alert 20120621] 
=============================================== 
Atlantic Ocean  
** Caribbean  
  -- Bocas del Toro, Panama  (+) Bleaching Watch  
  -- Cayos Miskitos, Nicaragua  (+) Bleaching Watch  

Seasonal Bleaching Outlook 

2008 
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NOAA Coral Reef Watch  
Decision Support System for Coral Reef Management 

17 

============================================ 
  [NOAA Coral Reef Watch Coral Bleaching Alert 20120621] 
============================================ 
Atlantic Ocean  
** Caribbean  
  -- Bocas del Toro, Panama  (+) Bleaching Watch  
  -- Cayos Miskitos, Nicaragua  (+) Bleaching Watch  

Bleaching Thermal Stress  
Analysis/Seasonal Guidance 

ENSO forecast 
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50 km Twice-weekly 
Satellite Products 

5 km Daily Satellite Products 
(NESDIS 5 km Blended SST-based) 

2 degree 4-Month Outlook 
(deterministic, OAR/LIM-based) 

0.5 degree 4-Month Outlook 
(probabilistic, NCEP/CFS-based) 

2015 2012 2015 2012 

NOAA Coral Reef Watch  

Next-Generation Products 
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 Heritage  Next Generation 
 50 km     5 km  
  twice-weekly     daily 
   one polar-orbiter only  blended data from  
    polar-orbiting &  
   geostationary satellites 

NESDIS Geo-Polar Blended Night-Only SST Analysis 

NOAA Coral Reef Watch  

Next-Generation Satellite Products 
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 Polar-orbiting satellites:   Suomi-NPP (VIIRS: highest spatial res.)  
    MetOp-B    
 Geostationary satellites:  GOES-E    
    GOES-W    
   MTSAT-2  
    MSG-3    
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NOAA Coral Reef Watch  

Sea Surface Temperature (Input) 

20 

50 km 

5 km 
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NOAA Coral Reef Watch  

Degree Heating Weeks 
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50 km 5 km 
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2014 bleaching event in CNMI  

(CNMI: Commonwealth of the Northern Mariana Islands)  

NOAA Coral Reef Watch  

Degree Heating Weeks 

50 km 5 km 
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2014 bleaching event in CNMI  
50 km 5 km 

NOAA Coral Reef Watch  

Degree Heating Weeks 

Improved Monitoring Accuracy 
 
 

Improved SST quality / Improved Climatology 
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NOAA Coral Reef Watch  

SST Reprocessing and Climatology 

SST Anomaly Based Products 

Long-term SST Data Record 

SST Reprocessing 
(STAR SST teams) 
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NOAA Coral Reef Watch  
Satellite Bleaching Regional Virtual Stations (5-km) 
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NOAA Coral Reef Watch  

Satellite Bleaching Virtual Stations 

50 km virtual station 
(a single 50-km pixel near reef) 

Approx. 50 km pixel size 

Reef Area 50 km virtual station 

5 km regional virtual station 
(a multi-pixel region of at reef) 

20-km buffer around  
reef pixels 

5 km reef mask pixels 
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 Current  
Satellite 
Bleaching  

Alert 

 Outlook  
(1-4 weeks) 

 Outlook  
(5-8 weeks) 

 Outlook  
(9-12 weeks) 

a b 

c d 

a  

b  

c  

d  

Main Hawaiian Islands Regional Virtual Station 
5-km Bleaching Thermal Stress Gauges 
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 SST 

 Degree Heating Week 
(DHW) 

 DHW 

 SST 

SST and DHW 
time series 

for the Main  
Hawaiian Islands 

Regional  
Virtual Station 
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NOAA Coral Reef Watch  
CRW’s Products in Users’ Newsletters/Bulletins 
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ReefBase ReefGIS 
http://www.reefbase.org  

Climate and Oceans Support Program in the Pacific (COSPPac) 
http://cosppac.bom.gov.au/products-and-services/ocean-portal/ 

Pacific Climate Information System (PcCIS) 
http://www.pacificcis.org/dashboard 

Current Conditions Forecast 

Current Conditions Forecast 

NOAA Coral Reef Watch  

CRW’s Products in Users’ Online GIS 
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NOAA Coral Reef Watch  

Information for Local Bleaching Responses 

Hawaii Division of  
Aquatic Resources (DAR) 
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Bleaching Alert Area (Maximum)           2014 

Bleaching Alert Area (year-to-date max) 2015 
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Four-month Outlook for Aug-Nov 2015 
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2015: American Samoa before and after: 
Flower Pot Island in Dec. 2014 & Feb. 2015 
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NOAA Coral Reef Watch  
VIIRS SST for Higher Resolution CRW Products 

-  JPSS funded collaboration with STAR’s Polar SST team: 

-- Develop 0.02-deg gridded VIIRS SST for CRW applications. 
-- Set up in situ dataset in near-shore, coral-specific regions for 

calibrating and improving VIIRS SST (as well as other SSTs). 

- Proposals in collaboration with STAR’s Blended SST team: 
-- Develop 1-2 km geo-polar blended SST analysis using VIIRS 

SST as main global data source. 

In-situ temperature data 
near coral reefs ACSPO L3 VIIRS 0.02-deg SST-skin 
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* 

RECORD MAUI FLOODS – 8 MARCH 2012 * 
* * Kd(490):   Before – 27 Feb Kd(490):   After – 17 Mar 

* 
* * 

* * 
* 

36 In collaboration with STAR’s Ocean Color Team 

NOAA Coral Reef Watch  
Ocean Color Product (Land Based Sources of Pollution) 
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• Based on STAR’s 2 km VIIRS ocean color data 
• Developing climatology for anomaly detection  
• Focusing on USCRTF’s 3 “priority” watersheds: 

 

NOAA Coral Reef Watch  
Ocean Color Product (Land Based Sources of Pollution) 

 

• Southern Puerto Rico (Guánica)  
• W. Maui (Kaʻanapali) 
• American Samoa (Fagaʻalu)  

 

• Collaboration with STAR’s Ocean Color Team 
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- CRW operates the only near-real-time global Decision 
Support System (DSS) for coral reef management. 

   
- CRW develops new products to address ever-growing coral 
reef management needs in a changing climate. 
 

- CRW’s end-to-end DSS engages reef managers and 
scientists throughout product development, validation, and 
improvement. 
 

- Data from next generation satellites such as JPSS and 
GOES-R/Himawari-8 are critical for CRW’s DSS to support 
U.S. and international coral reef conservation. 

NOAA Coral Reef Watch  

Summary 

http://coralreefwatch.noaa.gov 
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