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Background

In the 1980’s there was interest by the US Navy in the 
development of a Submarine Laser Communication (SLC) 
Program .  

The idea was to develop climatologies of the spatial and 
vertical  distributions of light attenuation in specified focus 
areas (North Pacific, North Atlantic and GIN Seas). 

“Is there a way to determine the loss due to 
the water and to the atmosphere separately 
without moving the submarine vertically?”

To successfully receive communication from a space-based 
laser system underwater then one would have to know

1.  Atmospheric conditions.
2.  Water clarity.

All without coming to the surface or vertically profiling!
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1st Joint Paper with Dr. Aiken (1992)
(Towed Undulating Recording Device)
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Collaboration with Dr. Aiken

• 30 Mar 1986 (6:45 pm) – Ocean Optics VIII Conference 
(Orlando, FL)
– “A simple hemispherical, logarithmic light sensor”, 

– Aiken & Bellan

• Aug 1986 - GIN Seas (USNS Lynch, SLC)
• Jul 1987 - GIN Seas (USNS Lynch, SLC)
• Jun 1991 - NE Atlantic (RRS Charles Darwin, BOFS)
• Feb 1992 - Equatorial Pacific (RV Thompson, US JGOFS)
• Sep 1992 - Equatorial Pacific (RV Thompson, US JGOFS)
• Aug 1994 - Arabian Sea (RRS Discovery, Arabesque 1)
• Oct 1995 - Arabian Sea (RV Thompson, US JGOFS)

• AMT 1, 2 & 3 Cruises – HPLC Pigment Analyses
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SRS Approach

1.  Using known values of extraterrestrial solar flux and models for 
atmospheric (air molecules, ozone and aerosols contributions) 
and seawater transmittance, the downwelling irradiance at a depth 
Z for any wavelength for a given set of environmental conditions
can be estimated.  This is possible because of the predictability of 
the optical characteristics of the atmosphere and seawater 
(spectral K model).

2.  This estimate is done at two wavelengths to produce a pair of 
irradiance values, which is critical in separating the atmospheric 
and water column contributions by inverting the computations 
listed above. 

3.  Required inputs are (1) spectral irradiance of the sun outside 
the atmosphere, (2) solar zenith angle (function of date, time, 
latitude and longitude) and (3) depth at which the paired 
irradiances were measured.  
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Water Column Diffuse 
Transmittance

 [ ]Z)(K
w e)(T ∗λ−=λ

where:  

K(λ)    is the mean diffuse attenuation coefficient of the water at 
wavelength, λ, from the surface depth, Z.

Spectral K Model (Austin and Petzold 1984 1986 1990)
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Irradiance/Radiance Ratio to K(λ)
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Atmospheric Transmittance

where

τR (λ) is the optical depth of one air mass due to 
molecular (Rayleigh) scattering, 

τo (λ) is the optical depth of one air mass due to 
ozone absorption, 

τa (λ) is the effective optical depth of one air 
mass for diffuse light due to the 
aerosol component,

μo is the cosine of the solar zenith angle.

[ ] oaoR /)()()(τ48.0
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Rayleigh Optical Depth

τR(λ) in the atmosphere varies very nearly with the 
inverse fourth power of wavelength.

The effective value,           , over the pass band λ1 to 
λ2 is
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Arabesque 1&2 Collaboration
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Ozone Optical Depth

The work of Klenk et al. (1983) is used to find the 
spectral absorption coefficient (Klenk 1980) for ozone 
as a function of latitude and season. This 
representation is a simple 4-parameter function 
representing the ozone amount in each of 12 
atmospheric layers.   The optical depth τo(λ) is taken 
to be equal to the total ozone absorption coefficient. 

where

The effective value over pass band λ1 to λ2 is
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Aerosol Optical Depth

The optical depth for the aerosol, τa(λ), has a spectral 
dependency which appears to follow the power law

The exponent, α, is known as the Angstrom exponent 
and is dependent on the amount and quality of the 
aerosol.  It generally falls in to the range of 1.1 to 1.4 
for clear atmospheres and approaches zero for very
large aerosols (fog, overcast, etc). 

 )()/()( 2a211a λτ∗λλ=λτ α−
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Irradiance at Depth ‘Z’

The ratio of EZ(λ) at two wavelengths λ1to λ2 is

Assume that the aerosol component is constant 
for all wavelengths.

 )(TT)(T)(E)(E wsatmooZ λ∗∗λ∗μ∗λ=λ
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Results/Conclusions

Stations = 51
Atmospheric Conditions

100% overcast, broken cumulus, haze to clear sky.
Number Obs. = 221
Water Column Attenuation at 490 nm = 0.03 to 0.4 m-1

Ratio (SRS/Measured) = 0.986 + 0.073
Difference (SRS-Measured) = 0.001 + 0.005 m-1

Diffuse Attenuation Coefficient 
[K(490)]

Measured (m-1)

SR
S 

M
od

el
ed

 (m
-1

)

0 0.05 0.10 0.15
0

0.05

0.10

0.15

0.6 1.00.80.40.20 1.2 1.4
0

60

40

80

20

100

120

140

Modeled SRS/Measured

D
epth (m

)

Error in K(490)



NATO UNCLASSIFIED

Future

1. Implement the SRS approach using more recent 
values of the extraterrestrial solar flux and 
atmospheric models.  

2. Implement the SRS approach using a much 
large in situ optical database (e.g. 
Mediterranean Sea, Black Sea, Ligurian Sea 
Cal/Val Experiment (Oct 08).

3. SRS approach was developed in Case I waters.  
Determine the uncertainties in applying this 
approach to coastal/littoral zones.

4. Published results in peer reviewed journal.


