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Why study DOM?

2

• Major component of the global carbon pool
• Accounts for 12-50% of phytoplankton production

• Underestimation of Ocean’s primary production
• Source of nutrients & energy for the microbial 

community
• Predominant flux of carbon from coast to ocean occurs 

through DOM

Applications of Satellite-Derived CDOM 
• Retrieve coastal DOC and salinity
• Estimate photochemical production of CO2 and CO
• Track water masses including river plumes; upwelling
• Measure of AOU (particle remineralization)*

*Swan et al. 2009; Nelson et al. 2010



Objectives
• Develop and validate global ocean satellite 
algorithms that will yield new MODIS ATBDs for:

• Colored Dissolved Organic Matter (CDOM) 
absorption coefficient (aCDOM) 
• CDOM Spectral slope (SCDOM)
• Dissolved Organic Carbon (DOC) 

• Examine the seasonal, inter-annual and decadal-
scale variability of global ocean surface layer DOC, 
aCDOM & SCDOM for SeaWiFS-MODIS time series.
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Algorithm Development
• Extend and validate coastal ocean band-ratio 
algorithms for aCDOM and SCDOM to the global ocean.

• Evaluate GIOP model with variable CDOM spectral 
slope

• Develop and validate multivariate machine learning 
algorithms including neural network and Gaussian 
Process models to retrieve DOC, aCDOM and SCDOM.

• Compare aCDOM products with GSM and QAA products

• Select best performing algorithms using statistical 
plotting tools (Taylor and Target diagrams)
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CB Plume
May 27, 2005
Nov. 3, 2005
Sep. 6, 2006

Nov. 28, 2006
March 19, 2007
April 23, 2007

July 3, 2007
Aug. 16, 2007

SMAB
March 30-April 1, 2005

July 26-30, 2005
May 9-12, 2006
July 2-6, 2006

Gulf of Maine
April 26-30, 2007
May 26-28, 2007
June 6-8, 2007

New York Bight
May 5-9, 2007

Nov. 10-14, 2007
July 21-24, 2008
May 19-21,2009

Field Stations for Coastal Algorithms

Lower CB:  July 2004 to May 2006
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Multi-regional CDOM Algorithms - in situ data
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R2 = 0.939
Sy.x = 0.084

R2 = 0.948
Sy.x = 0.077

R2 = 0.951
Sy.x = 0.082

R2 = 0.950
Sy.x = 0.085aCDOM(355) = ln([Rrs412/Rrs547-0.272]/

4.49)/(-5.78)

Rrs412/Rrs547 = 0.3 - 0.12X + 0.17X2 - 
0.19X3 

X = ln[aCDOM(355)] 

aCDOM(412) = ln([Rrs412/Rrs555-0.257]/
4.21)/-14.5

Rrs412/Rrs555 = 0.18 - 0.22X - 0.26X2 - 
0.16*X3 

X = ln[aCDOM(412)] 

N ~ 145

N ~ 145

Radiometry data from Stan Hooker



Regional & Seasonal DOC:aCDOM Relationships
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Southern MAB  Summer 
Southern MAB Fall, Winter & Spring 
Hudson July 2008 
Del Bay Summer 2005 & 2006 
Hudson May & Nov 2007 & May 2009 
GoM late May & early June 2007 
GoM late April 2007 

•  DOC per unit aCDOM increases from N to S: differences in source materials, such as 
more colored terrestrial DOM exported to the GoM due to the absence of large 
estuaries where the DOM can be degraded.
• Seasonal shift in DOC to aCDOM relationships from accumulation of DOC from NCP and 
photooxidation of CDOM between spring and fall.

R2 = 0.90

R2 = 0.96 R2 = 0.92
R2 = 0.88

R2 = 0.91
R2 = 0.92
R2 = 0.97



Preliminary Satellite Validation with Field Data

±8 hour between sample collection & satellite overpass

Recent sampling should increase N to ~100 match-ups
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DOC 2004 
Monthly 

Composites - 
MODIS-A 4km

May

Sept. Nov.July

MayMarchJanuary

Seasonal increase 
in DOC from 
winter to summer



DOC inventory in the MAB for winter 2004

DOC inventory = ~3.4 x 1012 g C
Depth integrated over top 100m for bathymetry 10-100m
35° to 41.5°N, -77 to -71.5°W 

Bathymetry
Vertically integrated
DOC February 2004
MODIS-Aqua
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Open Ocean CDOM vs DOC

Tropical North Atlantic Ocean Equatorial Pacific

No trend between aCDOM and DOC in ocean basins;
positive trend between DOC and SST (Siegel et al. 2002)



Coastal ocean machine learning DOC algorithms 
Neural Network (NN) Gaussian Process Model (GP ML)

• Applied all Ocean MODIS-Aqua bands 
• Randomized dataset:  80% to generate model; 
10% to compute RMS; 10% for model validation
• Need ~1000 or more data points for more 
robust model 

CliVEC Project Year 2 Annual Report 
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The Taylor diagram summarizes these results 
and shows that the Gaussian Process Models 
(GPMs) perform the best (Fig. 11). On a Taylor 
diagram the closer the point is to the origin the 
better the fit. However, the computational time 
required for GPMs is significantly greater than 
for the Neural Networks. 

 
Another advantage of using GPMs is they provide us a measure of the relative importance of the 
inputs. The GPM hyper-parameters provide this measure of the relative importance of the inputs. 
The table below shows the results for the fit of DOC to the SeaWiFS bands, the best inputs are 
those with the smallest values, here they are sorted in order of importance. 

 
4.  Students, Postdoctoral Researchers, and Research Associates  

From Old Dominion University (ODU), a graduate student has been working on this project 
(Cory Staryk), and two post-doctoral associates (Chris Burbage and Mamoon Al-Rshaidat) have 
worked on adding molecular components to this study. Chris Schweitzer, at ODU, will 
participate in the fifth CliVEC cruise, currently underway.  Another student at ODU, Brittany 
Widner, has begun collecting samples as part of this project as well and these will support her 
doctoral research at ODU.  In addition, Mulholland’s laboratory manager, Peter Bernhardt has 
worked on this project and participated in cruises.   
From NASA GSFC, Mannino’s research associate, Michael Novak, is working on this project 
and participated on all cruises.  
 
From University of Washington, a graduate student (David Munro) supervised by collaborator 
Paul Quay participated on the November 2009 cruise to collect samples for gross and net 
primary productivity measurements using O2/Ar ratios and !17O.  Novak and Mannino collected 
samples for Quay’s lab on the August 2009 cruise.  Quay sent other representatives to collect 
samples on the Feb. 2010 and May-June 2010 cruises. 
 
5. Project Outreach  

 
Mulholland is developing relationships with primary and secondary schools.  We anticipate that 
during the May-June 2011 cruise, we will be able to use the capability for 24-7 internet aboard 
the NOAA vessel to allow daily contact between elementary school students and the ship to 
answer a daily question of the scientists at sea that will be broadcast during morning 

Figure 11.  Taylor diagram comparing various 

machine learning approaches. 



The Impact of Climate Variability on Primary Productivity and Carbon 
Distributions in the Middle Atlantic Bight & Gulf of Maine (CliVEC)

• Field Observations
• PP, pigments, POC/PN, DOC/

TDN, DIC, alkalinity, aCDOM, aph, 
ad, N2 fixation, nutrients, beam-
c, FDOM, phyto cell counts, N 
uptake, respiration, ...

• PP model development
• Algorithm development and 
validation
• Satellite data processing
• Climate change impact 

analysis

co-Is:  M. Mulholland, K. Hyde 
& D. Lary



Other Field Data for Global Algorithms 

• NOMAD portion of SeaBASS

• Field datasets from Equatorial Pacific, Tropical 
North Atlantic, Southern Ocean and Patagonian 
shelf/slope waters.

• DOC from Hansell & Carlson public databases

• BCO-DMO database



Algorithms Comparison with Taylor Diagram

MODIS Algorithms for Global Ocean CDOM and DOC 
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normally non-analytic. As such, we usually fit hyperparameters using maximum likelihood 
techniques, or approximate our integrals using Monte Carlo methods. These methods determine 
the `best fit' hyperparameters given the observed data. 
 
c. Validation of satellite algorithms  

 To validate the band-ratio algorithms, the validation protocols described by Bailey and 
Werdell (2006) will be followed with native sensor resolution products centered on the location 
of each field station.  The coincident satellite sensor and field observation datasets will be 
randomly divided into two datasets, one for algorithm curve fitting and the other for the 
validation analysis.  Our goal is to achieve an uncertainty of ±35% for each satellite product, 
which is equivalent to the uncertainty required for retrieval of global chlorophyll a for the 
SeaWIFS and MODIS missions.  
 
 The evaluation of algorithm performance is based on statistical parameters comparing the 
satellite-derived retrievals of products such as aCDOM, SCDOM and DOC with the field 
measurements, which are referred to here as validation match-ups.  The statistical parameters 
applied include the mean and standard deviation of the absolute percent difference (APD), root 
mean square error, and the R2 and slope values from linear regression analyses of the validation 
match-ups for each satellite sensor (Bailey and Werdell 2006; Mannino et al. 2008).  
Furthermore, we will also evaluate the skill of all the NN, SVM, GP and empirical band-ratio 
algorithms along with available operational (OBPG) and semi-analytical algorithms (Maritorena 
et al. 2002; Siegel et al. 2002; Morel & Gentili 2009; Lee et al. 2010) using the Target and 
Taylor diagrams (Fig. 5).  The Taylor diagram (Taylor 2001) quantitatively compares the 
centered-pattern root-mean-square difference, normalized standard deviation, correlation of 
satellite-derived and observed time series in a given dataset (e.g., by sensor, algorithm, region, 
season, etc.), and bias between satellite data and field measurements.  The graphical 
representations of Taylor and Target diagrams provide a straightforward approach to directly 
compare multiple algorithms to determine which algorithms provides results closest to the field 
measurements.  Example Taylor diagram show that the band-ratio algorithms do quite well, 
especially, the SWF_aph443, Chla_OC4v4, DOC, ag355 (aCDOM[355]) and ag443 (Fig. 5).  
 

 
Figure 5.  Taylor diagram 

comparing algorithms for 

multiple SeaWiFS (SWF) and 

MODIS (MOD) ocean color 

products including ag355 

(aCDOM[355]), DOC, 

chlorophyll, etc.  REF 

represents ideal agreement 

between simulated (satellite 

product) and field data. Sample 

sizes are small (n<60 for SWF 

and <40 for MOD; Mannino et 

al. 2008; Pan et al. 2008) 
 

Taylor diagram quantitatively compares the centered-pattern root-mean-square difference, 
normalized standard deviation, correlation of satellite-derived and observed time series in a given 
dataset (e.g., by sensor, algorithm, region, season, etc.), and bias between satellite and field data.



Thanks

SeaWiFS

1 August 1997 - 11 December 2010


