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The SABOR (Ship-Aircraft Bio-Optical Research) experiment, was conducted during the 
summer of 2014 (July 17th to Aug 7th) off the east coast of the US. As part of this experiment, 
the NASA High-Spectral-Resolution Lidar (HSRL) was flown on the NASA B-200 aircraft. The 
attached data set includes estimates of particulate backscatter and diffuse attenuation estimated 
from these data using the HSRL technique and also using a perturbation retrieval technique. 

In its simplest form, the signal from a single channel of a profiling lidar can be expressed as 
(J H Churnside, 2008) 

   (1.1) 

where z is depth, A is a calibration factor that includes system parameters and measurement 
geometry, β(π,z) is the volume scattering function for both seawater and hydrosols at the lidar 
scattering angle of π radians, and α(z) is the lidar attenuation coefficient. The objective is to 
measure the profiles β(π,z) and α(z). For typical airborne lidar geometries, α is nearly equal to the 
diffuse attenuation coefficient, Kd, and β can be used to estimate the backscattering coefficient, 
bb (J Churnside et al., 2017; Schulien et al., 2017). These parameters are important because they 
can be used to estimate vertically-resolved carbon and primary productivity in the upper ocean 
(Schulien et al., 2017). 

For the backscatter lidar, some method must be found to derive both β(π,z) and α(z) from a 
single signal. There are several approaches available, depending on the ocean optical conditions. 
If the water column is well mixed, both α and β will be constant over the profile. In this case, α 
can be found from the slope of the logarithm of the signal and this can be used to estimate β. If 
the type of particles in the water does not change with depth, the profile of the optical properties 
will depend only on the profile of the number density of those particles. In this case, the lidar 
ratio (αp/βp) of those particles can be used, along with the known values for seawater, to resolve 
the ambiguity (J H Churnside et al., 2014). If changes in the depth profile of the optical 
properties are not too extreme, they can be represented by the sum of their depth-averaged values 
and a depth-dependent perturbation. In this case, the integral of the perturbation of the 
attenuation will be small and can be neglected. With this approximation, the depth profile of the 
scattering can be found (J H Churnside and Marchbanks, 2017). That study showed that β(z) 
could be determined to within about 10% for thin plankton layers, assuming that the lidar profile 
was accurately calibrated against satellite-based chlorophyll estimates. 

For HSRL, an additional receiver channel removes the backscattered light from particulate 
scattering by spectral filtering (Hostetler et al., 2018). Since the volume scattering function from 
seawater is known (Shifrin, 1988), this channel provides the profile of α directly. Independently, 
the ratio of the two channels provides the profile of β. A further advantage of HSRL is that 
absolute calibration is not necessary as long as the relative calibration of the two channels is 
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known.  The calibration of the relative gain between the channel is performed during each flight 
and has been assessed to be stable within a few percent (J W Hair et al., 2008). 

For the retrieval technique, absolute calibration is required, and was not available from 
normal techniques. For this investigation, we adjusted the calibration coefficient for each flight 
so that the average backscatter coefficient from the retrieval technique matched the average 
obtained from the HSRL technique. 
 


