Differences between measuring ocean color and SST


AVHRR measures the amount of radiation EMITTED from the ocean surface



Assumes the ocean is like a black-body emitter




Its TB is related to its actual temperature



It measures the skin temperature only


Ocean color sensors do not measure emission, they measure reflectance



Emission is radiation given off because of an object’s temperature



Reflectance is radiation from an external source that bounces off an object



Why don’t emitted and reflected signals interfere with each other?




Or how do you know you are measuring reflectance and not emission?





The emission by the Earth in the visible is zero





The reflectance of the ocean in the thermal infrared is zero


Reflectance is not only a “skin” phenomenon so its signals are much more complex.

What color is the ocean?


Satellite images demonstrate how the ocean is blue (greater reflectance at blue wavelengths)

Why is the ocean blue?


Absorption+scattering



Water absorbs red light strongly and scatters blue light strongly


Pure water absorption and scattering coefficients

But is it always blue?

What other colors? green, white

What can be learned from its color?


How much phytoplankton


How much CDOM?


How much scattering?



Can give information on cell size.

But first, the signals must be interpreted – Hydrological optics

Basic equation


Ez() = E0() exp(-Kd()z)

Kd() is the diffuse attenuation coefficient for downwelling irradiance (1/m).


Kd varies spectrally

Optical depth = Kd()z

Euphotic depth = 1% light depth


1 = 100 exp(-Kd()z)


Kd()z = ln(0.01) = 4.6

Satellites “see” the upper optical depth


1 = Kd()z


If Kd() is large, z will be small



1 = 0.15z, z = 6.67 m



The satellite will see a relatively thin layer


If Kd() is small, z will be large



1 = 0.03z, z = 33 m



The satellite will see a relatively thick layer

How is Kd() measured?


Measure downwelling irradiance at 2 different depths


Solve for K in the equation, Ez() = E0() exp(-Kd()z)

Kd() is not always constant with depth

Kd() varies by location

Kd() is not a strict optical property of the medium.


What if light is travelling at an angle?



Pathlength will be longer than the difference in depths between measurements



Kd() will be much higher despite the fact that the water hasn’t changed at all.


Kd() is an apparent optical property (AOP)



Its magnitude is a function of optical properties of water and its direction

Inherent optical properties (IOP)


These properties depend only on the characteristics of the water, not the radiation field


Absorption, a()


Scattering, b()



Forward and backscattering, bb


Only backscattering is relevant for attenuation of downwelling irradiance


Beam attenuation, c() = a() + b()

Relationship between IOP and AOP


Kd() = (a() + bb())/µ

The mean cosine, µ, is the average cosine of the zenith angle of all light in a given layer


Varies with depth but reaches an asymptotic value of about 0.7

What absorbs radiation in the ocean?


Water


CDOM


Suspended sediments


Phytoplankton

What backscatters light in the ocean?


Water


Suspended sediments


Small phytoplankton and bacteria



Large particles primarily scatter light forward

The bulk absorption and backscattering coefficients are the sum of the coefficients of the individual constituents


a() = aw() + ap() + aCDOM()


bb() = bbw() + bbp()


aw() is a constant


ap() = Chl a*ph()



a*ph is treated as a constant with a known spectral shape



Chl is variable but unknown


aCDOM() = aCDOM(0)exp(-S(0))



S is treated as a constant (0.017)



aCDOM(0) is variable but unknown


bbw() is a constant


bbp() = bbp(0)b*bp()



bbp(0) is the backscattering at some reference wavelength



b*bp() is the spectral shape of particulate backscattering (dimensionless)



b*bp() = x/0x



x=0, typical of phytoplankton cells - spectrally uniform scatterers




x=-1, typical of small phytoplankton cells 




x=-2, typical of bacteria cells  

