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MODIS Ocean Products MODIS Ocean Products 

Developing Future Ocean CapabilityDeveloping Future Ocean Capability

� Advanced ocean color products / algorithms
Extending new products for Coastal Processes

� High resolution 250 m for Coastal Products
Detecting coastal jets, coastal plumes, estuaries and harbors

� Satellite products and Model fusion  in the  Gulf of Mexico
Pathway toward data assimilation

� West Coast Bio-Optical Physical Coupling 
Underneath the satellite product – 3d view.

� Predicting and Forecasting the Ocean  Process
Particle tracking 

�� Advanced ocean color products / algorithmsAdvanced ocean color products / algorithms

Extending new products for Coastal ProcessesExtending new products for Coastal Processes

�� High resolution 250 m for Coastal ProductsHigh resolution 250 m for Coastal Products

Detecting coastal jets, coastal plumes, estuaries and harborsDetecting coastal jets, coastal plumes, estuaries and harbors

�� Satellite products and Model fusion  in the  Gulf of MexicoSatellite products and Model fusion  in the  Gulf of Mexico

Pathway toward data assimilationPathway toward data assimilation

�� West Coast BioWest Coast Bio--Optical Physical Coupling Optical Physical Coupling 

Underneath the satellite product Underneath the satellite product –– 3d view.3d view.

�� Predicting and Forecasting the Ocean  ProcessPredicting and Forecasting the Ocean  Process

Particle tracking Particle tracking 



Recent Advances in Remote Sensing
Inherent Optical Properties (IOP)
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� Uncoupling the Surface Color Signature 

� Understanding Coastal Processes require 

IOP’s -

� Differences represent in-water processes

� Limitation is “Color” Represents the   

“near –surface”    (first Attenuation 

Coefficients) 

� Rich data sources - available 2+ times day

Monterey Bay – Ocean Color 

a(detrtus)  



Identifying Coastal ProcessesIdentifying Coastal Processes

Using IOP Using IOP –– Absorption Budget Absorption Budget 

Water Mass Classification Water Mass Classification 
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(green)(green)

DetritalDetrital
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Controlling Controlling 

Absorption ProcessesAbsorption Processes

--CDOMCDOM
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--DetritusDetritus

Inputs to Inputs to 

biobio--physical modelsphysical models

Open Ocean and Open Ocean and 

Coastal Water Coastal Water 

Processes are different Processes are different 

Gould, Green et al.,Gould, Green et al.,Organic/ InorganicOrganic/ Inorganic



Real Time Real Time –– Ocean Products  Ocean Products  
MODIS Terra and Aqua SeaWIFS, MODIS Terra and Aqua SeaWIFS, 

Real Time (3Real Time (3--4 hours) 4 hours) 
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Level 4Level 4

Latest Pixel CompositeLatest Pixel Composite
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~ 35 / day ~ 35 / day 

Daily product of the 
Latest Pixels

��Chlorophyll Chlorophyll 

��atotalatotal 443 443 

��adgadg

��bb555bb555

��aphiaphi

��sstsst dayday

��sstsst nightnight

~ 7 day ~ 7 day 

Level 5 ComingLevel 5 Coming

Best Image of the day Best Image of the day 

“Now cast”“Now cast”
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Fusing the MODIS products with Fusing the MODIS products with 
Circulation ModelsCirculation Models

MODIS MODIS –– Terra Terra ––SST /Ocean Color SST /Ocean Color 

MODIS MODIS –– Aqua Aqua –– SST /Ocean ColorSST /Ocean Color

SeaWiFS SeaWiFS –– Ocean ColorOcean Color

3+ times / day 3+ times / day 

Physical Ocean Models Physical Ocean Models ––

Navy Coastal Ocean Models (NCOM)Navy Coastal Ocean Models (NCOM)

-- Nowcast Nowcast –– 12, 24 ,48 hour forecast12, 24 ,48 hour forecast

TimeTime

ProductsProducts
RRS RRS –– 412, 443,490,510,555,670      K532, 412, 443,490,510,555,670      K532, 

ChlorophyllChlorophyll (OC4, Carder)(OC4, Carder) absorptionabsorption (total, (total, λλλλλλλλ) ) (A, C,QAA)(A, C,QAA)

aphi443 aphi443 (Carder, OAA, Gould, Stumpf)(Carder, OAA, Gould, Stumpf) adg412 adg412 ((Carder, QAA, Stumpf)Carder, QAA, Stumpf)

adg443adg443(Carder, QAA,) (Carder, QAA,) ad412ad412 (Gould)(Gould)

acdom acdom (Gould)(Gould) bb555 bb555 (Arnone, Carder, QAA)(Arnone, Carder, QAA)

C555 C555 (carder, (carder, Arnone, QAA)Arnone, QAA) c670 c670 (Carder)(Carder)

Horizontal Vis Horizontal Vis (QAA, Arnone)(QAA, Arnone) Vertical Vis Vertical Vis (QAA, Arnone)(QAA, Arnone)

Particulate Organic matter Particulate Organic matter Particulate Inorganic Matter Particulate Inorganic Matter (Gould)(Gould)

Total Total SusSus SedSed (Gould)(Gould) Water Mass Water Mass (Gould) (Gould) 

Cloud Cloud AlbedoAlbedo L2 FlagsL2 Flags

True ColorTrue Color

250M 250M –– True Color          True Color          c670 (G&A)c670 (G&A)

SST SST 

Products Products 
-- salinity, temperature, density salinity, temperature, density 

-- velocity (velocity (u,vu,v), Sea Surface Height), Sea Surface Height

Near Surface Observations:Near Surface Observations:

Assimilation  Assimilation  

Altimetry SSH Altimetry SSH 

SST SST –– (9 km) (MODIS 1km) (9 km) (MODIS 1km) 

Synthetic BT (MODAS)Synthetic BT (MODAS)

Forced by COAMPSForced by COAMPS

�� Resolution 6 km Resolution 6 km 

�� 41 hybrid sigma/z levels41 hybrid sigma/z levels

�� River fluxes (nonRiver fluxes (non--real time)real time)

�� Driven by wind fields and heat fluxesDriven by wind fields and heat fluxes

Dong Ko et alDong Ko et al



Intra-Americas Sea
Nowcast/Forecast System

Coastal 

Forecasting

(a)

(c)

(b)

(d)
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MODIS – AQUA – SST
1 km  

Assimilation of SST into Navy Coastal Ocean Model Assimilation of SST into Navy Coastal Ocean Model 

Currently Uses – 9 km Global SST (AVHRR) 
NAVOCEANO

Existing NCOM   Model SST Field 

Intra-American Sea Forecasting System 

Improved NCOM  Model in coastal 
areas  , resolves the fine scales 

Coastal features.   

NCOM with MODIS SST



-- Automated Scripts to generate combined Automated Scripts to generate combined 

--Remote sensing and model regional productsRemote sensing and model regional products

--PrePre--operational at NRL operational at NRL –– “Real time Room” “Real time Room” 

-- Integrated with NASA and NOAA Integrated with NASA and NOAA 

Fusing the Satellite Optical Products and Physical Models Fusing the Satellite Optical Products and Physical Models 

Currents Currents –– NCOMNCOM

“Intra Americas Seas” “Intra Americas Seas” 

SSHSSH–– NCOM NCOM SalinitySalinity
SeaWIFS, MODIS Chlorophyll SeaWIFS, MODIS Chlorophyll 

Absorption, Scattering, Diver visibility etc Absorption, Scattering, Diver visibility etc 



MODIS ChlorophyllMODIS ChlorophyllMODIS ChlorophyllMODIS Chlorophyll



True ColorTrue Color

Sept 2004 Sept 2004 –– March 2005March 2005

ChlorophyllChlorophyll

BackscatterBackscatter SST SST 

Gulf of Mexico Gulf of Mexico 

MOVIESMOVIES

Absorption (total)Absorption (total)--

IvanIvan--ChlChlMS_Bight_bbMS_Bight_bb



LOOPLOOP
Cyclonic Cyclonic 

ring ring 

Cyclonic Cyclonic 

ring ring 

Cyclonic Cyclonic 

ring ring 
Upwelling Upwelling 

Salinity   SSH



Processing:  (Being upgraded) Processing:  (Being upgraded) �� L0          L1B: MCST Calibration L0          L1B: MCST Calibration 

performed by Goddard DAAC or HRPT performed by Goddard DAAC or HRPT 

stations.stations.�� Raleigh CorrectionRaleigh Correction: : �� Atmospheric CorrectionAtmospheric Correction: : �� Cloud DetectionCloud Detection::�� Land DetectionLand Detection: : 

NDVI Threshold or land maskNDVI Threshold or land mask

Ocean Products:Ocean Products:�� Beam Attenuation (c645): Beam Attenuation (c645): ��Gould/Arnone algorithm.Gould/Arnone algorithm.

SeaDAS Processing SoftwareSeaDAS Processing Software

Beam Attenuation Coefficient 
0.25                     0.45                      0.83       1/m        1.5                        2.8                       5.0

30.5N

30.1N

29.7N

29.3N

28.9N

90.1W          89.7W          89.3W              88.9W        88.5W             88.1W            87.7W    

Lake

Pontchartrain

Mississippi

Sound

Mobile

Bay

M
ississippi River

30.5N

30.1N

29.7N

29.3N

28.9N

250 M MODIS250 M MODIS
MODIS 250 meter MODIS 250 meter 

Coastal ProcessingCoastal Processing

Combined with PC Tides Combined with PC Tides 

Martinolich, Casey, FranzMartinolich, Casey, Franz



Beam Attenuation Coefficient,  c645Beam Attenuation Coefficient,  c645

Miss Bight Processed Miss Bight Processed 

Aqua  Aqua  

Friday Dec 10,2004 Friday Dec 10,2004 

Extracting Quantitative Extracting Quantitative 

Ocean Properties In Coastal regions Ocean Properties In Coastal regions 

Monitoring Estuaries and Harbors Monitoring Estuaries and Harbors 



�� � � �� � � �� � � �� � � � � �

Beam Attenuation CoefficientLadner, Preller, Posey, Blain, GouldLadner, Preller, Posey, Blain, Gould



MODIS 

250 m

MODIS 

250 m
MODIS 

1 km,

Comparison of Spatial 

resolutions Chesapeake Bay 
March 13, 2004

Monitoring the Estuarine 

and   Riverine Environment 

�� � � �� � � �� � � �� � � � � �Beam Attenuation Coefficient

�� � � � � � ��� � � � � � �� � � � 	 � 
 �� 	� � � � 	 � 
 �� 	
� 
 � � �� 
� 
 � � �� 
� 
 � �� 
 � �

New Capabilities for New Capabilities for 

Managing Coastal Resources Managing Coastal Resources 

(Franz, McClain, Martinolich, Casey)(Franz, McClain, Martinolich, Casey)



Ocean
Hydrodynamic

Thermodynamic
Prediction
System

Atmospheric
Prediction
System

Goal: Real-time Coupled  Ocean Prediction Systems

West Coast West Coast ––

BioBio--Optical Models Optical Models 

Ecosystem 
Model

Bio-Optics 
Module

MODIS MODIS 

“Color”“Color”

--Altimetry Altimetry 

--SSTSST

--SSMISSMI

--WindsatWindsat

--etc etc 



Physical

Model
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Physical-Biogeochemical Model: Fei Chai

Constraining Ecosystem Models with Constraining Ecosystem Models with 

IInherent nherent OOptical ptical PProperties roperties 

3-d light field

Optical  Model 

Hydrolight/ 

Ecolight/ 

Lee_et_al (2005)

Processing

Inherent Optical 

Properties (IOP)

Surface Light 

Satellite Derived Light FieldSatellite Derived Light Field

MODIS MODIS 



MODIS  ChlorophyllMODIS  Chlorophyll Model ChlorophyllModel Chlorophyll

Combined Small and Large Phytoplankton within Combined Small and Large Phytoplankton within 

satellite optical depth  (1/e)  satellite optical depth  (1/e)  

Biological Model Simulations Biological Model Simulations 
vs.vs.

Satellite ChlorophyllSatellite Chlorophyll

MODIS   MODIS   



Model Simulations vs. MODIS IOPModel Simulations vs. MODIS IOP

Phytoplankton Absorption  (a Phytoplankton Absorption  (a PhiPhi))

NCOM with   a Phi from MODIS NCOM with    Model aPhi

Lee et al., (QAA)., Kindle et al., Lee et al., (QAA)., Kindle et al., 

Differences in Magnitudes require “constraining” the ecosystem mDifferences in Magnitudes require “constraining” the ecosystem models with the IOPodels with the IOP



MODISMODIS

MODISMODIS Real time UpdatesReal time Updates

of Biological Models of Biological Models 

And And 

MODIS Ocean Products MODIS Ocean Products 

Large and Fine Scales Large and Fine Scales 



Subsurface Subsurface 
ChlorophyllChlorophyll
Light Field Light Field 
West Coast West Coast 

Looking below the Surface Satellite Ocean Color Looking below the Surface Satellite Ocean Color 

Combining the Biological Model with MODIS Surface Chlorophyll Combining the Biological Model with MODIS Surface Chlorophyll 

11

150150

11

150150

11

150150

MODIS MODIS –– Surface  Surface  Model Model –– Surface Surface 

Courtesy of Penta and Kindle Courtesy of Penta and Kindle 

West Coast West Coast 

3d3d--ChlorophyllChlorophyll

MonteryBayMonteryBay

MODIS  MODIS  

3d3d--ChlorophyllChlorophyll



MODIS Observed Chlorophyll   MODIS Observed Chlorophyll   Predicted Model  Chlorophyll Predicted Model  Chlorophyll 

Coastal Modeling at Fine Scales Requires 

Joint Assimilation of Physical & Bio-Optical Data

Aug 15-21
Aug 15-21

•• Satellite Observations: Ocean Color, SST, Altimeter, SAR Satellite Observations: Ocean Color, SST, Altimeter, SAR 

MODIS MODIS –– IOP products IOP products 

�� HF Surface Radar Currents    HF Surface Radar Currents    �� Autonomous Platforms, Autonomous Platforms, �� Moorings Moorings 

W Light fieldsW Light fields

+ AUV + AUV 

Courtesy of Schulman et al.Courtesy of Schulman et al.



Applications :Applications :

Movements of Different River PlumesMovements of Different River Plumes

Movements of Harmful Algal Blooms Movements of Harmful Algal Blooms 

Dispersion Coastal Jets Dispersion Coastal Jets 

How physical processes affect Ocean How physical processes affect Ocean 

Color.Color.

Define the  Chlorophyll Blooms  or Color Define the  Chlorophyll Blooms  or Color 

response.  response.  

““ Forecasting Ocean Properties using MODIS Products “ Forecasting Ocean Properties using MODIS Products “ 

“Particle Tracking”“Particle Tracking”

Derived MODIS bb555 Product Derived MODIS bb555 Product 

Particle distribution Particle distribution 

Surface Currents Surface Currents NEGOM  Model   With Tides –
Hourly Surface Currents  

Courtesy of: Courtesy of: 

Flynn, Parsons, Zimmer, Scott, Flynn, Parsons, Zimmer, Scott, PeggionPeggion

Different from Different from 

Particle Backscattering Particle Backscattering 

ChlorophyllChlorophyll



Develop the particle field from the Develop the particle field from the 

Backscatter  image. (Particle Concentration)Backscatter  image. (Particle Concentration)

(Particle Concentration ~ bb / 0.001(Particle Concentration ~ bb / 0.001)

MODIS –
Particle Concentration 

November 22, 2005
1 km Grid Locations 
(Landsat background)
Converted 
backscatter to Particles

No retrievals 

Backscatter mBackscatter m--11



Compare with 
MODIS 

Nov 23, and 24, 2005

Advect the particles forward
Hourly steps 

Conservative tracers

Seed the Model 
with Particles from MODIS 

Nov 22 2005,

Nov 22, 2005
Backscatter Seed Nov 24, 2005 Nov 23, 2005 

24 hour forecast 24 hour forecast 48  hour forecast 48  hour forecast 



Forecasting the MODIS Particles. (Animated)  
Advection of the Nov 22 backscattering image
-NEGOM– surface currents 

hourly prediction  (2 hour Step) 

Initialization Particle Field 



Forecasting the MODIS Chlorophyll Particles. (Animated)  
Advection of the Nov 22 image to Nov 24
-NCOM – surface currents 

hourly prediction  (2 hour Step) 

Note: Note: 

Tidal Oscillations Tidal Oscillations 

Eastward  Propagation of PlumeEastward  Propagation of Plume

Imagery Imagery -- ~ 1400 Local time ~ 1400 Local time 

Doesn’t capture the tidal responseDoesn’t capture the tidal response

Coastal Jet Coastal Jet 

Plume Plume 

Dispersion Dispersion 

Mobile Bay Plume Dispersion 

Courtesy of :Flynn, Parsons, Zimmer, Scott, Courtesy of :Flynn, Parsons, Zimmer, Scott, PeggionPeggion



Following the MS Plume Advection fieldFollowing the MS Plume Advection field

Non Conservative Particles   Non Conservative Particles   ---- Limited particle settling / dispersionLimited particle settling / dispersion

SeedSeed

MODIS MODIS –– 22 Nov 22 Nov 

Backscatter mBackscatter m--11



Summary Summary ––

� Advanced ocean color products / algorithms
Extending new products for Coastal Processes

� Satellite products Linked with Physical Ocean Models
Pathway toward data assimilation , SST and Ocean Color

� High resolution 250 m MODIS  Products
New Capability for monitoring coastal jets, river plumes, 

estuaries and harbors  

� Coupling MODIS Ocean Color with Biological Models  
Underneath the satellite product – 3d view.

MODIS can provide products to constraint ecosystem 
models

� Predicting and Forecasting the Ocean  Processes
Particle tracking of MODIS fields  

�� Advanced ocean color products / algorithmsAdvanced ocean color products / algorithms

Extending new products for Coastal ProcessesExtending new products for Coastal Processes

�� Satellite products Linked with Physical Ocean ModelsSatellite products Linked with Physical Ocean Models

Pathway toward data assimilationPathway toward data assimilation , SST and Ocean Color, SST and Ocean Color

�� High resolution 250 m MODIS  ProductsHigh resolution 250 m MODIS  Products

New Capability for monitoring New Capability for monitoring coastal jets, river plumes, coastal jets, river plumes, 

estuaries and harbors  estuaries and harbors  

�� Coupling MODIS Ocean Color with Biological Models  Coupling MODIS Ocean Color with Biological Models  

Underneath the satellite product Underneath the satellite product –– 3d view.3d view.

MODIS can provide products to constraint ecosystem MODIS can provide products to constraint ecosystem 

modelsmodels

�� Predicting and Forecasting the Ocean  Predicting and Forecasting the Ocean  ProcessesProcesses

Particle tracking of MODIS fields  Particle tracking of MODIS fields  

MODIS Applications for Coastal ProcessesMODIS Applications for Coastal Processes


