




Retrieval of droplet-size density distribution from 
multiple-field-of-view cross-polarized lidar signals: 
theory and experimental validation 
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Multiple-field-of-view (MFOV) secondary-polarization lidar signals are used to calculate the particle-size 
density distribution (PSD) at the base of a cloud. At the cloud base, multiple scattering is weak and 
single backscattering is predominant by many orders of magnitude. Because secondary polarization is 
a direct measure of multiple scattering, it is therefore advantageous to use secondary polarization. A 
mathematical relation among the PSD, the lidar fields of view, the scattering angles, and the angular 
depolarization is derived to facilitate use of secondary polarization. The model is supported by exper­
imental MFOV lidar measurements carried out in a controlled environment, and its limitations arid 
restrictions are discussed. 

OCIS codes: 280.0280, 280.1100, 280."3640, 290.4210. 

1. Introduction 

Recent theoretical and experimental studies of mul­
tiple scattering and multiple-field-of-view (MFOV) li­
dar detection have made possible the retrieval of 
cloud droplet size.1- 5 Basically and as originally in­
dicated by Eloranta6 and Platt,7 the enhanced lidar 
signal caused by multiple scattering contains infor­
mation about droplet size. Multiple-scattering 
events are always present in clouds and are usually 
measured by detection of the cross-polarized compo­
nent of the received signals8•9 or by measurement of 
the lidar returns at different fields ofview.to In our 
previous theoretical modell we used the total (sum of 
both- polarizations) MFOV lidar signal, ~hich limits 
the analysis to cloud · depths large enough for 
multiple-scattering contributions to be significantly 
above the lidar pulse-to-pulse signal fluctuation. 
This means that droplet-size retrieval was not possi­
ble at small depths of penetration into the cloud. In 
this paper we·show, .both theoretically and experi­
mentally, that the use of secondary polarization 
makes possible the retrieval of the droplet-size den­
sity function of clouds of small optical depth. 

In the absence of multiple scattering, the lidar sig-
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nal consists of backscattered light at exactly 180°, 
and a linearly polarized light source produces no 
secondary-polarization lidar signal because, for 
spherical droplets, the depolarization ratio is zero at 
180°. To illustrate this, Figs. 1 a,n.d 2 show the 
phase function and the depolarization ratio of lin­
early polarized light obtained from Mie calculations 
for a type C2 water-droplet cloud11-and a submi­
crometer oil-droplet suspension. The high peak 
values of the phase function near oo for the water­
droplet cloud are attributed to diffraction and, there­
fore, contain particle-size information. Diffraction 
does not cause depolarization, as is clearly shown in 
Fig. 1, but the multiple internal reflections in the 
waFer droplets cause §trong <:Iepolarization at large 
scattering angles. Tlie phase function and the de­
polarization ratio of the oil-droplet cloud are typical of 
Rayleigh scattering, with a signature close to a dipole 
(phase function quasi-flat and a zero-depolarization 
ratio except at 90°). As we stated above, both depo­
larization ratios of Figs. 1 and 2 rapidly drop to zero 
at exactly 180°. 

2. Model 

Basically, MFOV lidar measurements are not local 
measurements. They depend on the forward­
scattered radiation by all aerosol particles preceding 
the point where the backscattering occurs. The 
droplet-size distribution function, particularly the 
number density, at the backscattering point has an 
effect on the amplitude of the backscatter signal but 






















