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Application Note 114 

 

ECO Sensor Centroid Angles and 𝝌 for Backscatter Measurements 
 

ECO and MCOMS/SeaOWL UV-A backscattering meters from Sea-Bird Scientific (formerly WET Labs) allow the 

estimation of the optical backscattering at one wavelength. Configurations of the instrument exist with different 

wavelengths, centroid angles, and χ values. (Sullivan et al., 2013). These properties are summarized in Table 1. 

Single-Channel Sensors: 
Single-channel ECO backscatter sensors have an in-water centroid angle of 124°. These include the ECO BB and 

ECO NTU sensors along with OEM variants of these sensors (AP2, 2K, SLC, etc.). 

Dual-Channel Sensors: 
Dual-channel ECO backscatter sensors (backscatter at 700 nm paired with chlorophyll fluorescence) have an in-

water centroid angle of 142°. These include the FLNTU and FLBB versions, along with OEM variants of these 

sensors (AP2, 2K, SLC, RTD, SB variants). 

Three-Channel Sensors: 
Three-channel ECO backscatter sensors (individually paired LED source with detector) have an in-water centroid 

angle of 124°. These include the following ECO models: bb3, BBFL2, BB2FL and Triplet-w family. 

Combined Three-Channel Sensors: 
Combined three-channel ECO backscatter sensors (backscatter at 700 nm paired with chlorophyll fluorescence, 

along with either another backscatter or fDOM channel) have an in-water centroid angle of 124°. These include the 

following ECO models: FLBB-CD, FLBB-BB along with OEM variants of these sensors (2K, AP2, SLC, REM, 

BOSS, 6K). 

MCOMS and SeaOWL UV-A: 
MCOMS and SeaOWL UV-A backscatter sensors (backscatter at 700 nm paired with chlorophyll fluorescence, 

along with either another backscatter or FDOM channel) have an in-water centroid angle of 150°. 

Summary: 

Table 1: Summary of all Sea-Bird Scientific ECO and MCOMS sensor characteristics for backscattering meters. 

 

Sea-Bird Scientific Sensor In-water centroid 

angle 𝜃̅ 

Full Width at 

Half Maximum 

(FWHM) 

Optical 

Bandwidth 
𝜒(𝜃̅) 

MCOMS and SeaOWL UV-A 150° 20° 20nm 1.142* 

Single-Channel Sensors 124° 20° 20nm 1.076** 

Dual-Channel Sensors 142° 30° 20nm 1.097* 

Three-Channel Sensors 124° 20° 20nm 1.076** 

Combined Three Channel 

Sensors 

124° 20° 20nm 1.076** 
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Angular sensitivity 
The angular sensitivity of each sensor was used by WET Labs to derive the in-water centroid angles 𝜃̅ in Table 1.  

 
Fig. 1. Angular sensitivity for Sea-Bird Scientific backscattering meters  

𝝌 Factor: 
The backscattering coefficient 𝑏𝑏(𝜆) is estimated from the measurement 𝛽(𝜃̅, 𝜆) using 𝜒(𝜃̅) factor as follows: if 

𝛽(𝜃, 𝜆) is the volume scattering function (VSF; [m-1 sr-1], the angular distribution of scattering relative to the 

direction of light propagation, 𝜃, at wavelength 𝜆), then backscatter 𝑏𝑏(𝜆) [m-1] is defined as:  

𝑏𝑏(𝜆) = 2𝜋 ∫ 𝛽(𝜃, 𝜆) sin(𝜃) 𝑑𝜃
𝜋

𝜋 2⁄
   (1) 

To obtain the particulate backscatter coefficient 𝑏𝑏𝑝(𝜆) from a single angle measurement of the VSF in the 

backward direction, the contribution of pure seawater, 𝛽𝑠𝑤, first must be removed (Equation (2)). The values of 

𝛽𝑠𝑤(𝜃, 𝜆) with dependencies on temperature T, practical salinity S, and a depolarization ratio of 𝛿 = 0.039 are 

derived from the study of Zhang et al. (2009).  

𝛽𝑝(𝜃, 𝜆) = 𝛽(𝜃, 𝜆) −  𝛽𝑠𝑤(𝜃, 𝜆, 𝑇, 𝑆, 𝛿)  (2) 

Using 𝜒(𝜃̅) as a conversion factor, which relates 𝑏𝑏(𝜆) to 𝛽𝑝(𝜃̅, 𝜆) and allows us to extrapolate the measurement at a 

single angle to the total coefficient (Boss and Pegau, 2001), it follows that: 

𝑏𝑏𝑝(𝜆) = 2𝜋𝜒(𝜃̅)[𝛽(𝜃̅, 𝜆) −  𝛽𝑠𝑤(𝜃̅, 𝜆, 𝑇, 𝑆, 𝛿)] (3) 
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