
No single mission can do everything 

|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 





Maria Tzortziou, Arnold Dekker, Nima Pahlevan, Joe Ortiz, Chuanmin Hu, ZhongPing Lee, Eric 
Hochberg, Joe Salisbury, Antonio Mannino, Wonkook Kim, Jacques Stum  

Combined High-Spatial/High-Temporal Resolution Capabilities 

o What applications can be better achieved by combining high-temporal and high-frequency data? 

o Can high-temporal and high-spatial resolution observations be fused into a single product? 

o Attention to what common attributes help promote interoperability of high-temporal or high-spatial resolution remote 
sensing products and what are common end-user objectives and requirements? 
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EPA – Spatial Resolution Requirements for Satellite Imagery Application  
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Agency Applications Satellite products Spatial 
requirements 

Temporal 
requirements 

NOAA Habitat assessment, fisheries 
management, water quality, HABS, 
ecological forecasting, pollution 
monitoring, coral health, acidification 

Chlorophyll, Rrs(λ), abs(λ), 
HABs, K490, KPAR 

100m – 4km 3hrs - daily 

EPA Sustainable coastal resources; air, 
climate and energy research; healthy and 
sustainable coastal communities 

Chlorophyll, Rrs(λ), abs(λ), 
abs(cdom, phy, det), HABs, 
SPM, K490, KPAR and more 
 

<250m to 500m 0.5 – 3hrs 

EPA 

 

Pathogen detection, indicators, modeling Turbidity,  
salinity proxies, etc 

<250m to 500m 1 – 3hrs 
 

EPA 

 

Oil Spill monitoring in rivers, lakes, 
estuaries and coastal waters 
 

Visible/true color imagery <250m to 500m 0.5-1 hr 

US Navy Surface currents, instrument 
assessments, bathymetry, visibility, 
coastal oceanography, navigation 

Chlorophyll, Rrs(λ), abs(λ), 
abs(cdom, phy, det), bbp(λ), 
HABs, SPM, K490, KPAR currents, 
etc.  

250m – 1km 1hr - daily 

U.S. Army 

Corps of 

Engineers 

Coastal & Inland Water Quality 
Monitoring and Forecasting (including 
HAB detection and monitoring), 
Nearshore Benthic Habitat Mapping to 
Support Coastal Operations and Planning 

Chl-a, phycocyanin, CDOM, 
turbidity, CDOM, green laser 
reflectance, hyperspectral Rrs, 
bottom type characterization, 
habitat change detection  

5 to 50 m daily (WQ), monthly-
seasonal (mapping) 



Application of satellite imagery for monitoring inland water quality 
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Application of satellite Imagery to monitor Oils Spills  

 For operational purposes, 1 km resolution would only be useful for large events such as the Deepwater Horizon or Valdez.   

 For the small (more frequent spills), improved spatial resolution would be needed to increase the number of spills that could be detected. 
Sensors operating in wide swath mode with a spatial resolution of 50–150 m were found to be sufficient and allow covering large ocean 
areas efficiently (“Oil spill detection by satellite remote sensing” by Brekke and Solberg, 2005). 
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Adapted by Tom Dunne from an illustration by Tommy Dickey 
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Toward a Satellite-Based Monitoring System for Water Quality  
Nima Pahlevan 

Combined High-Spatial/High-Temporal Resolution Capabilities 
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Nima Pahlevan 
NASA Goddard Space Flight Center  

1. Landsat & Sentinel-2A/B 
2. End-users’ engagements 



Li, J.; Roy, D.P. A Global 
Analysis of Sentinel-2A, 
Sentinel-2B and Landsat-8 
Data Revisit Intervals and 
Implications for Terrestrial 
Monitoring. Remote 

Sens. 2017, 9, 902. 

10 -16 DAYS  8 - 10 DAYS 

 ~ 5 DAYS 

 3 - 4 DAYS 

Sentinel-2A Landsat-8 

Sentinel-2A & 
Landsat-8 

Sentinel-2A &  
Sentinel-2B 

Sentinel-2A &  
Sentinel-2B & 
Landsat-8  

 5 - 7 DAYS 



Example time-series applications 

NASA’s Blue Marble 
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Lake Kyoga, January 23rd 2016 

Lake Bangweulu, July 23rd 2016 
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Apopka Lake, April 7th 2017 

  

San Francisco Bay, June 14th 2017 
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1. Landsat & Sentinel-2A/B 
2. End-users’ engagements 



NASA’s end-user workshop (Sep 2017)   

• Promote analysis-ready  
Landsat/Sentinel-2 data for 
water quality monitoring    

 

• Understand end-users’ needs 
and requirements 

 

• Attendees: Water authorities, 
decision-makers, ecologists, 
private sector, academicians   

Distribution of Participants (n ~ 350)   
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NASA’s Applied Sciences and SDG 6 monitoring  

Latin America (Bogota, Colombia)  

 

 

 

 

 

 
 

Colombia, Peru, Venezuela, Bolivia, Panama,  
Costa Rica , Ecuador  

 

Zambia, Senegal, Uganda, Egypt, Mongolia,  
Colombia  

Africa/Asia (Bellagio, Italy)  

 

 

 

 

 

 
 

• Since 2017  

• Introduce EO-based water quality monitoring   

• Engage countries in validating EO products  
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APPLICATION AREA SPATIAL SPECTRAL TEMPORAL 

SHELLFISH FARMS 

 
 

 Farm planning/site 
identification 

  
 Proximity to shorelines 

 Harmful algae bloom identification 
and mitigation 

  
 Ability to distinguish specific algae 

species  
  
 Reliable chlorophyll-a products 

 
 
Timely products for growth 
predictions and risk 
mitigations 
 
Diurnal variability of HABs 
(e.g., Cochlodinium) 
 
 

DRINKING WATER SUPPLY 
RECREASIONAL WATERS 

 
30-m may be inadequate 
 
(e.g., 62% of U.S. reservoirs   
can be monitored with 30-m 
GSD (Clark et. al. 2017) 
  

 
 HAB detection 

 
 HAB quantification/identification 

 
 Illegal discharge 

 

  
  
 
 
Major data gaps in cloudy 
regions (e.g., Colombia, 
Senegal) 

AQUATIC INVASIVE 
VEGETATION (AIV) 

30-m may be adequate Separate out IAVs from intensive algal 
blooms   

PIPELINE LIKEAGE Narrow streams: < 30m  Detect anomalous features   When it occurs (i.e., disaster 
response) 

OBSERVATIONS 
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A high temporal/spatial resolution observation 
capability may be achieved through a multi-mission 

strategy and coordinated international efforts 
(NASA/USGS + ESA + ??) 

Takeaway message 



Opportunities and challenges in high-res data 
Chuanmin Hu 

Combined High-Spatial/High-Temporal Resolution Capabilities 
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Opportunities and challenges in high-res data 

Landsat 

ASTER 

 Ikonos  

AISA 

 

Credit: Damaris Torres-Pulliza 

What trade space is optimal between resolution and coverage? 



Opportunities and challenges in high-res data 
High-res data may fill information gap 

MERIS-based results show virtually no 
floating algae in the eastern Gulf of 
Mexico (Gower et al., 2011) 

Landsat-based results show lots of 
floating algae in the eastern Gulf of 
Mexico (Hardy et al., 2017) 



Opportunities and challenges in high-res data 

IKONOS image showing sky glint patterns due to surface waves 
From Hochberg et al. (2003, IEEE TGRS) 

Challenge in correcting glint features due to surface waves 



Temporal Resolution Considerations for Coral Reef Study 
Eric Hochberg 

Combined High-Spatial/High-Temporal Resolution Capabilities 
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NRT satellite detection and drift forecast of Sargassum algae  
in the Equatorial Atlantic  

Combined High-Spatial/High-Temporal Resolution Capabilities 
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Estimation of terrestrial carbon fluxes based on high 
spatial/temporal resolution satellite monitoring 

 
Yan Bai*, Xianqiang He, Xiaoyan Chen, 

Dong Liu, Qianfang Cui, Teng Li, Zhihong Wang 

State Key Laboratory of Satellite Ocean Environment Dynamics (SOED), Second 
Institute of Oceanography (SIO), Ministry of Natural Resources (MNR), China 

Combined High-Spatial/High-Temporal Resolution Capabilities 

|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



|  High Temporal & High Spatial Resolution Observations 
International Ocean Colour Science 
2019 Meeting 



Hyperspectral Application of Derivative Spectroscopy 
Joe Ortiz 

Combined High-Spatial/High-Temporal Resolution Capabilities 
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Hyperspectral Application of Derivative Spectroscopy 

NASA HSI2 (Hyperspectral Imager 2) 
North of Maumee Bay State Park  
June 21, 2016, Swath 13 

Original Image (RGB) After: Ortiz et al. JGLR, 2019 

VPCA Decomposition 

Initial SNR 1000:1 



After: Ortiz et al. JGLR, 2019 
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VPCA 1 Simulated 
L8 bands, 30m 

VPCA 1 Simulated L8 
bands, 3m, Smooth 9x9 

N 

Composition: 
Illite,  
diatoms and 
phycoerythrin 
(R=0.94) 

Ortiz et al., (HyspIRI 2017;  
jortiz@kent.edu) -1
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061916 L8 (surface reflectance product), swath15 subset: VPCA decomposition 

RGB 

N 

061916 L8 swath 15 subset VPCA -1 

Actual L8 Image  Decomposition 

Composition: 
Diatoms 
(R=0.996) 

Composition: 
Phycocyanin 
(R=0.993) 

Composition: 
Chl a & 
carotenoids 
(R=0.996) 

Ortiz et al., (HyspIRI 2017; jortiz@kent.edu) 

061916 L8 swath 15 subset VPCA 2 061916 L8 swath 15 subset VPCA 3 



Indian River Lagoon Brown Tide 
A. lagunensis from Sentinel-3A 

• KSU VPCA spectral decomposition 
identifies Brown Tide in IRL, Florida 

• Spectral signature for A. lagunesis in 
spectral library matches spectral signal 
extracted from Landsat 8 OLI, Sentinel-
3A OLCI 

• Landsat 8 OLI, Sentinel-3A OLCI spatial 
patterns match known Brown tide in 
Mosquito Creek, IRL 

• Cell count concentration for Ochrophyta 
match pixels values extracted from 
Sentinel-3A OLCI (R2= 0.92) 

 

+ A. lagunensis 

+ goethite 

- cyanophyta 

Taylor Judice, Kent State Univ., 2019; Funding: HW Hoover Foundation 




