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• The use of remote sensing, ocean optics,

knowledge of phytoplankton physiology,

biological and physical oceanography and

geographical information systems to better

understand and manage the coastal marine

ecosystem
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• Once placed in service, satellites provide

regular, regionally synoptic data that can

complement conventional shipboard

surveys by filling the gaps between surveys.

• Satellite based sensors can be a very cost

effect method for collecting environmental

data.

• Remote sensing techniques can be used to

monitor coastal water quality



•Regional synoptic data can help distinguish
between nearfield and farfield effects and
separate local production from that advected into
the region.

•Satellite sensors can also be a continuous source
of information for decadal scale monitoring of
the dynamics of natural and anthropogenic
changes in the ecosystem, often providing
baseline data for “before” and “after” conditions.

•We will go over the basic principles of bio-

optics to understand and interpret satellite data

and how to validate it with field data



A term project for the final class grade that

would require the processing, analysis, display,

and interpretation of ocean color data.

The students will form two person teams for a

total of six projects

Come up with ideas for projects that have a

clear application and validation datasets

needed for it.





Spatial and temporal trends in the data indicate

distinct and persistent increases in water

clarity in the inner bay after the first large

recruitment of zebra mussels in the fall of

1991. The pre-Dreissena imagery show that

turbidity in the inner bay was influenced by the

Saginaw River discharge in spring,

phytoplankton in summer, and wind-driven

resuspension in fall. Spatial patterns in the

post-Dreissena images were more similar

regardless of season, with low reflectances in

the shallow regions of the inner bay where

zebra mussel densities were highest.

Budd et al. 2001 Limnol. Oceanogr., 46(2),

213–223.



Hot Button Issues in Coastal Zone

• Water quality/ human health

• Hypoxia

• HABs

• Invasive species

• Fish farms

• Dredging

• Climate change/ Greenhouse gases



(A) Relationship between bottom

depth and ratio of Rrs(555)/

Rrs(670). (B) Remotely sensed

bathymetry estimated using the

PHILLS 99 data.









Correlation Analysis

Values in bold are

95% significant

The GoMOOS B

Buoy site is 

significantly 

correlated 8 days 

ahead of N16.



2D Graph 3

Date

9/1/98 10/1/98 11/1/98 12/1/98 1/1/99 2/1/99 3/1/99 4/1/99 5/1/99 6/1/99 7/1/99 8/1/99

4
2

.0
5

6

2

6

10

14

2D Graph 4

4
2

.1
4

4

2

6

10

14

2D Graph 1

4
2

.2
3

1

2

6

10

14

2D Graph 2

4
2

.3
1

9

2

6

10

14

2D Graph 3

4
2

.4
0

7

2

6

10

14

2D Graph 4

4
2

.4
9

5

2

6

10

14

Variation in Chlorophyll Concentrations along a 
Transect From Cape Ann to Cape Cod

1998 - 1999

4
2

.5
8

3

2

6

10

14

1998-

1999

%U

%U

%U

%U

%U

%U

%U

42.583

42.495

42.407

42.319

42.231

42.144

42.056



What is ocean color?
Remote sensing of the visible part of the

electromagnetic spectrum



What is ocean color?
Remote sensing of the visible part of the

electromagnetic spectrum

• AVHRR 1979 – present (~ 1km,

• SPOT 1986 – present (20m, 500-590, 610-680)

• Landsat

– MSS 1972-1983 (30m, 500-600, 600-700)

– TM 1982-present (30m, 450-520, 520-600, 630-690)

• GOES 1975 – present (~1 km, 550-750)

• Meteosat 1977 – present (2.4 km, 400-1100, 570-710)





Historical Ocean-Color Sensors
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Current and Future Ocean-Color Sensors



Trichodesmium colonies





Tricho slick



Space shuttle photo



Satellite Image - Trichodesmium 14 July 1998







“The 27th of January, at the entrance of the vast Bay of Bengal …, about
seven o’clock in the evening, the Nautilus … was sailing in a sea of milk ….
Was it the effect of the lunar rays?  No: for the moon … was lying hidden
under the horizon … The whole sky, though lit by the sidereal rays, seemed
black by contrast with the whiteness of the waters.

‘It is called a milk sea’, I explained …

‘But sir, … can you tell me what causes such an effect?  For I suppose the
water is not really turned into milk.’

‘No, my boy: and the whiteness which surprises you is caused only by the
presence of myriads of infusoria, a sort of luminous little worm, gelatinous
and without colour, of the thickness of a hair whose length is not more than
seven-thousands of an inch.  These insects adhere to one another
sometimes for several leagues’

‘… and you need not try to compute the number of these infusoria.  You will
not be able, for … ships have floated on these milk seas for more than forty
miles’.

From Jules Verne Twenty Thousand Leagues Under the Sea – Indian Ocean,
January 24th.



Rrs=Lu/ Ed =f(bb/a+bb)



From Stomp et al Nature 2004



FFORWARD AND INVERSEFORWARD AND INVERSE
SEMI-ANALYTICAL OCEAN COLOR MODELSSEMI-ANALYTICAL OCEAN COLOR MODELS

Forward models:Forward models:
Generate R or Generate R or Lw Lw from from Chl Chl and/or and/or IOPsIOPs

ChlChl, a, b, a, bbb                  R(R(��) or ) or LwLw((��))

Inverse models:Inverse models:
Generate Generate Chl Chl and/or and/or IOPs IOPs fromfrom  R or R or LwLw

  R(R(��) or ) or LwLw((��)        )        ChlChl, a, b, a, bbb,,……

From Stephane Maritorena 

••Forward models can be useful to test if specific situationsForward models can be useful to test if specific situations

result in differentresult in different Lw Lw or reflectance spectra. or reflectance spectra.



FFORWARD AND INVERSEFORWARD AND INVERSE
SEMI-ANALYTICAL OCEAN COLOR MODELSSEMI-ANALYTICAL OCEAN COLOR MODELS

Ocean color is very simple:Ocean color is very simple:

a + b = c1) (IOPs)

 

R � 
b
b

a + b
b

2) (AOPs =
f[IOPs])
From radiative
transfer models

3) a = f(R1/R2) Inverse model

From Stephane Maritorena 



Ok, ok, it's not always that simple !Ok, ok, it's not always that simple !
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Water-air transmission termWater-air transmission term"Geometry" factor

The Rrs to bb/a relationship exists in various flavors

Can be reasonably well estimated based on viewing and illumination
geometry, wind speed and salinity

From Stephane Maritorena 



It's not always that simple and most termsIt's not always that simple and most terms  havehave
their own spectral dependencetheir own spectral dependence

From Stephane Maritorena 
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••Reflection by bright shallow bottom was not considered here.Reflection by bright shallow bottom was not considered here.

•• Various ways exist to fill the right-end side of the equation and Various ways exist to fill the right-end side of the equation and

get a forward model.get a forward model.

••Optical properties of water is fixed and assumed to be well knownOptical properties of water is fixed and assumed to be well known
Tricky part:

parameterization of bbp and non-water absorption terms.
Their relative variations need to be realistic



From Stephane Maritorena 



Particulate backscattering, bbp

bp(550) = 0.416 chl 0.766

bbp(�) = {0.002 + 0.01[0.5 - 0.25 log10[chl]] (�/550)�} bp(550)

� = 0.5 (log10[chl] - 0.3) and � = 0 when [chl] > 2 mg m-3

(Morel, 1988; Morel & Maritorena, 2001)

bbp(�0) = f(chl) and � = f(bbp(�0))

bbp(�) = bbp(�0)(�/�0)�

(Reynolds et al., 2001)

bbp(�) = 0.039 bps
o(�) Ps + 0.00064 bpl

o(�) Pl
(Haltrin & Kattawar, 1991)

Small particles Large particles

bb = bbw + bb�1 + bb�2 + … + bb�n + bbdet + bbmin + bbbub (Stramski et al., 2001)

bbp(�) = bbp [cp(�) - ap(�)] (Roesler & Boss, 2003)

Other parameterizations of bbp exist (H. Loisel, Z. Lee, …)



From Stephane Maritorena 
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Absorption

Phytoplankton               a�(�) = A(�)chlB(�)

From Stephane Maritorena 



Absorption

Phytoplankton               a�(�) = A(�)chlB(�)

Detritus                      ad(�) = ad(�0) exp[Sd (�0 - �)]

Dissolved organic matter    ay(�) = ay(�0) exp[Sy (�0 - �)]

a = aw + a�1 + a�2 + … + a�n + adet + amin + ay

From Stephane Maritorena 
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Absorption

Detritus                      ad(�) = ad(�0) exp[Sd (�0 - �)]

Dissolved organic matter    ag(�) = ag(�0) exp[Sg (�0 - �)]

From Stephane Maritorena 



From Stephane Maritorena 



FFORWARD FORWARD SEMI-ANALYTICAL OCEAN COLORSEMI-ANALYTICAL OCEAN COLOR
MODELSMODELS
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Putting all together,

From Stephane Maritorena 





"Historical" forward models (Gordon et al., 1988; Morel, 1988) are"Historical" forward models (Gordon et al., 1988; Morel, 1988) are
chlorophyll-based:chlorophyll-based:    Chl Chl               R (R (��))

or ca  orwar  o e s ( r on e  ., ; ore , ) are"Historical" forward models (Gordon et al., 1988; Morel, 1988) are"""""""""""""""""""""HHHHHHHHHHHHHHHHHHHHHHHiiiiiissssstttttoriiicalll"""""""""" fffffffffffffffffffffffffforwarddddd mmmmmmmmmmodddddellls ((((((((((GGGGGGoooooooooooorddddddon etttt aaaaaaaaallll., 111999999888888888; MMMMorelll, 1111199999999999998888888888)))))))))) are"Historical" forward models (Gordon et al., 1988; Morel, 1988) are
chl rophyll- ased:chlorophyll-based:chlooooorophyll-bbbbbbbbbbbbased:chlorophyll-based:  Chl ChlChhhhhhhhhhhlChl               (R (RRRRRRRRRRRRRRR (R (����))))

Chl (mg m-3)

From Stephane Maritorena 
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Reflectance model for Chl=0.1 mg/m
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Reflectance Model for Chl=1.0 mg/m
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Reflectance model for Chl=10 mg/m
3
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Synthetic Aperture RADAR



SAR Image from 3 August 1999







Del Vecchio, R. and A. Subramaniam (2004) Influence of the

Amazon River on the surface optical properties of the Western

Tropical North Atlantic Ocean. Journal of Geophysical

Research. 109, C11001, doi:10.1029/2004JC002503
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ƒ river for the Amazon calculated using the technique of Muller-

Karger et al 1989 was 0.03 for the plume implying that N had to

be recycled 39 times to meet the measured primary production

demand.





Amazon Annual Hydrological Cycle

Fig. 2. From Tapley et al 2004
Science

Geoid height differences between
each 2003 monthly gravity solution
and the 14 month mean for
equatorial South America (smoothing
radius 400 km; degree-2 coefficients
not included). This level of smoothing
admits more error from the GRACE
estimates, but the large signal in this
region allows a higher resolution.
Spacecraft events resulted in
insufficient ground coverage to
resolve the gravity field for the
months of January and June.



From Lieth (1975)



Fig. 1. Global annual NPP (in grams of C per square meter per year) for the biosphere, calculated from the integrated CASA-

VGPM model. The spatial resolution of the calculations is 1° 3 1° for land and 1/6° 3 1/6°for the oceans. Input data for ocean

color from the CZCS sensor are averages from 1978 to 1983. The land vegetation index from the AVHRR sensors is the

average from 1982 to 1990.  Global NPP is 104.9 Pg of C year-1 (104.9 x 1015 g of C year -1), with 46.2% contributed by the

oceans and 53.8% contributed by the land.
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From Behrenfeld and

Falkowski 1997, L&O





Some useful website sites for more information on ocean color

remote sensing:

http://oceancolor.gsfc.nasa.gov/

http://oceancolor.gsfc.nasa.gov/gallery.html

http://visibleearth.nasa.gov/cgi-bin/results?st=1&page=36&th=905&query=seawifs

For the animations go to:

http://www.gsfc.nasa.gov/topstory/20010327colors_of_life.html

http://svs.gsfc.nasa.gov/search/InstrumentsDatasets/SeaStar-SeaWiFS.html


