Lab 5: Scattering, back scattering and the beam attenuation


9 July 2007

SMS 598:  Application of Remote and In-situ Ocean Optical Measurements to Ocean Biogeochemistry

Station 1: Backscattering measurements in a bucket and ac-9 (ac-s) measurement of the same waters. Investigation of bb/b as function of type of material.

Station 2: Investigation of acceptance angle effects on attenuation coefficient. Four transmissometers with different acceptance angles (C-star, ac-9, LISST-B, LISST-Floc) taking measurements at the dock.  
In case of rain/thunderstorm, bring water from the dock and run instruments in the lab.

Station 1

A)  Spectrophotometric measurement of particle scattering of Damariscotta River Estuary water, phytoplankton culture, and inorganic clay with ac-9 and measurement of particle backscattering with ECO-VSF or ECO-bb in a bucket:

total particulate attenuation (cp()), 

total particulate scattering (bp()), 

total particulate backscattering at a single wavelength (bbp). 

B)  Microscope examination of particles and cells measured in bucket.

Station 2
A) Measurement of particle beam attenuation coefficient in waters off the dock with
WET Labs C-star,

WET Labs ac-9,

Sequoia Scientific LISST-100-B,

Sequoia Scientific LISST-100-Floc.

Laboratory Safety Issues – General laboratory safety.

A)  Goals for Scattering and Attenuation Lab – be able to discuss

Particles:
Is the backscattering ratio influenced by the composition of material?


Is the particulate scattering spectra influenced by absorption?


Is the particulate attenuation spectra influenced by absorption?
Instrument:
Is particulate attenuation a function of acceptance angle?


Is it affected by method of deployment?

Calculation:
Obtain T/S and scattering spectra for 3 types of samples using difference between total beam attenuation and absorption spectrum.  
Determine backscattering coefficients from measurements of scattering at a single wavelength.

Compute the particulate total scattering to backscattering ratio.

Compute the beam attenuation near 660nm for four different instruments.

Compute particulate absorption, scattering and attenuation spectra for the ac-9 data collected the previous Thursday (Lab 3, particulate absorption lab).
Introduction
The volume scattering function, VSF or , is a fundamental IOP that together with absorption, a, (and assuming no inelastic scattering) uniquely determines the subsurface light field for given boundary conditions (e.g. incoming light, bottom reflectance, etc.).

In this lab we will focus on the beam attenuation (c), the scattering coefficient (b), and the backscattering coefficient (bb) which relate to a and  as follows:
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Where 0 is the acceptance angle of the instrument used (e.g. 0.93( for the ac-9).

As we learned for absorption, scattering can also be decomposed to the sum of scattering by different components of the medium under investigation. For seawater, its components – pure water, salts, dissolved materials, particles (inorganic particles, living and nonliving organic particles, bubbles) – all have important influences on scattering for a given condition. In general it has been found that pure water, salts, organic and inorganic material dominate scattering. 

In today lecture you learned that the beam attenuation (excluding the contribution by water) has a smooth spectrum because it is comprised of 1) CDOM with it characteristic smooth exponentially decreasing absorption and attenuation as function of wavelength and 2) particulate attenuation that in most oceanic conditions can be well represented as a power-law function of wavelength:
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where cpg is the total beam attenuation coefficient (less water), cg is the beam attenuation of the dissolved material, cp is the particulate beam attenuation, s is the spectral slope of dissolved attenuation, and  is the spectral slope of particulate beam attenuation.
Since a photon absorbed is not scattered, the scattering coefficient of materials other than water (b=c-a) does not have a smooth spectrum as function of wavelength and has a shape whose local maxima and minima mirrors that of the particulate absorption spectrum.
The VSF is not measured routinely due to unavailability of commercial instrumentation to measure it. Following the studies of Oishi, 1994, Maffione and Dana, 1997, and Boss and Pegau, 2001, the backscattering coefficient of particles is commonly estimated from measurement of scattering in a single angle in the backward hemisphere ((1)):
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or by interpolating between three measurements of the VSF in the back direction using an Eco-VSF (Mueller et al., 2003).

The ratio between the particulate backscattering coefficient and the particulate scattering coefficient, [image: image9.png]


, the particulate backscattering ratio, has been found to be most sensitive to the particulate composition, compared to changes in size distribution (e.g Twardowski et al., 2001, Boss et al., 2004). For water-filled organic particles [image: image11.png]b~0.005
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The class should divide in half:  Group A measures b and bb and Group B measures c.

Scattering and backscattering coefficient
Divide into two groups (4-5 students per group). 

Both groups:
1. Calibrate an ac-9 with Milli-Q water.

2. For three types of water (phytoplankton culture, dock water and clay suspension) measure (after you homogenize the sample being careful not to create bubbles):

a. Scattering with a VSF device.

b. Absorption and attenuation with ac9. 
c. Don’t forget to measure temperature and salinity for needed corrections.

Beam attenuation coefficient
Divide into two Groups (4-5 students per group).

Group I protocol –  LISST-100X (B or Floc)
1. Following a short introduction to the LISST, calibrate the LISST by obtaining a ‘zscat’ file with the LISST being immersed in a LISST sampling tank filled with MQ water. Compare to manufacturer zscat file.

2. Measure the attenuation of a 0.2m-filtered dock water sample in the lab.

3. Using a computer, cable and power supply, go to the dock and measure at the same time and depth as Group II the beam attenuation at 670nm.

Acceptance angles (from manufacturers, in water):

Ac-9: 

0.9328(
C-star: 

1.1954(
LISST-B: 
0.0262(
LISST-Floc: 
0.0131(
Group II protocol – ac9 and C-star 
1. Following a short introduction to the C-star analogue transmissometer, calibrate the C-star by obtaining its dark current and a reading with Milli-Q water in the tube. Compare with manufacturer values.

2. Calibrate the ac-9.

3. Measure the attenuation of a 0.2m-filtered dock water sample in the lab.

4. Using a computer, cable and power, supply go to the dock and measure at the same time and depth as Group I the beam attenuation at 660nm with the C-star and at 676nm with the ac-9 for one minute. Measure the temperature and salinity of the water.

Data analysis for Scattering and backscattering coefficient:

(e.g. Boss and Pegau, 2001, Boss et al., 2004, Mueller et al., 2003, and Sullivan et al., 2005)

Using the calibration constants provided by the manufacturer convert the counts measurements to values of VSF. These values of VSF are relative to pure water, and thus to obtain the VSF of particles in sea water you have to subtract the contribution by salts. How big (in %) is this correction for your sample?
salt()=1.38(/500nm)-4.32(0.3S/37)10-4[1+cos2(1-)/(1+)], 
Correct VSF for absorption along the path. How big (in %) is this corrections for your sample?
The dependence on q can readily be modeled, so that the measured scattering function at a given value of q, (, q), can be corrected to the value for q = 0 m-1 as follows:

(100(, a) e0.0314a = m(100(, a = 0);

(125(, a) e0.0441 a = m(125(, a = 0);

(150(, a) e0.0804 a = m(150(, a = 0);

Convert particulate VSF to particulate backscattering using conversion from a single angle or three angles (for Eco-VSF).
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Table 1 from Boss and Pegau, 2001.

Compute the particulate scattering coefficient from the ac-9 as the difference between total attenuation (corrected for temperature and salinity) and the total absorption (corrected for temperature, salinity and scattering).

Compute the particulate backscattering ratio at the wavelength of the VSF device for the three samples. How do they compare with Figure 9 of Twardowski et al. 2001?
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Using the ac-9 data from the particulate absorption lab from last Thursday (Lab 3), compute the spectral particulate attenuation and scattering coefficient of the dock waters and the culture.

Data analysis for Beam attenuation coefficient:
For all the transmissometers compute the mean and median beam attenuation coefficient near 660nm of the 0.2m-filtered seawater sample and the dock data. 

For the C-star, compute the beam attenuation using the equation:
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Assignments

Coordinate with the other group with whom you simultaneously worked and make sure that the following questions are answered:

1. Does the total scattering to backscattering ratio change with particle composition?

2. What would you estimate the bulk index of refraction of the dock waters to be?

3. Is the particulate attenuation coefficient for the data collected during the lab last Thursday well fitted by a power-law function? Is the particulate scattering coefficient well fitted by such a function?
4. Are there significant differences in the beam attenuation measured by the four instruments for the dissolved sample? For the dock waters? If there are differences, are they consistent with the reported acceptance angles of these instruments?
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Equipment and supplies

3 ac-9.

LISST-100X B 

LISST-100X Floc

Sample chamber for LISST

0.2m filtered dock water.

0.2m filter.

Cables for instruments.

Power supplies.

Computers.
% function [bb_lambda_data]=get_bb_from_ecovsf(lambda,apg_lambda_data,beta_data)
%
% calculate bb from the ecovsf data in accordance with Twardowski et al
% add bbw to data
%
% INPUTS: 
%       lambda: sensor wavelength (ex: 530)
%     apg_lambda: apg data at sensor wavelength (n x 1 array)
%     beta_data: beta values at 100 125 and 150 deg (n x 3 array)
%      
% OUTPUTS:
%       bb_lambda_data: bb values at sensor wavelength (n x 1 array)    
%     
% Written by Scott Pegau, Jan 2001, OSU
% Modified by Francois Baratange May 2001, OSU
function [bb_lambda_data]=get_bb_from_ecovsf(lambda,apg_lambda_data,beta_data)
% transpose (might not be needed) to (n_sample,n_variable)
[n,r]=size(beta_data);
bb100=(beta_data(:,1)-128.6)*3.091e-5;
bb125=(beta_data(:,2)-127.716)*2.78e-5;
bb150=(beta_data(:,3)-132.9)*1.159e-5;
% correct measurements for attenuation
bb100=bb100.*exp(.0314*apg_lambda_data);
bb125=bb125.*exp(.0441*apg_lambda_data);
bb150=bb150.*exp(.0804*apg_lambda_data);
% convert bb data to flux data
flux(:,1)=2.*pi.*sin(pi*100/180).*bb100;
flux(:,2)=2.*pi.*sin(pi*125/180).*bb125;
flux(:,3)=2.*pi.*sin(pi*150/180).*bb150;
flux(:,4)=0;
%fit flux data with a 3rd order polynomial and integrate from 90-180 deg
rad=[pi*100/180 pi*125/180 pi*150/180 pi];
for i=1:n
   [dwrpolycoeff(i,1:4) s]=polyfit(rad,flux(i,:),3);
   coeff=dwrpolycoeff(i,1:4);
   bb_lambda_data(i)=coeff(1)*(pi^4)/4+coeff(2)*(pi^3)/3+...
          coeff(3)*(pi^2)/2+coeff(4)*pi-(coeff(1)*((pi/2)^4)/4+...
          coeff(2)*((pi/2)^3)/3+coeff(3)*((pi/2)^2)/2+coeff(4)*pi/2);
end
bb_lambda_data=bb_lambda_data+1.38*((lambda/500)^(-4.32))*2*pi*(1+(1-0.09)/(3*(1+0.09)))*10^(-4);
bb_lambda_data=bb_lambda_data';
return
