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ABSTRACT 

Supercooled cloud and precipitation water droplets constitute a safety hazard to aviation. Concerned agencies 
are funding research on methods of remotely sensing the icing potential of such clouds and precipitation. The 
parameters needed are the temperature, the liquid water content (LWC) and the average droplet size. We report 
here on preliminary results obtained with a multiple-field-of-view (MFOV) lidar in an experimental program carried 
out at Mount Washington during April 1999. The MFOV technique consists in the measurement of the forward 
multiple scattering contributions to lidar returns coupled with a solution method that makes use of this additional 
information to calculate the extinction coefficient and the effective droplet diameter as the dependent functions, and 
the LWC as a by-product. The paper describes the MFOV retrieval method and gives sample results obtained in the 
Mount Washington experiment. The retrieved solutions demonstrate the lidar capability of remotely sensing droplet 
size and LWC profiles of clouds and precipitation. Solution accuracy is determined to be 30-40% but the analysis of 
the data from all fielded sensors will be needed to validate these numbers. 
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1. INTRODUCTION 

Lidar is one of the first application that has quickly followed the invention of the laser .1 The principle is the same 
as for radar but the comparatively very short wavelengths of laser sources have opened the way to new application 
fields. The lidar has been successfully used to retrieve profiles of atmospheric constituents and trace gases, to 
monitor pollution, to detect clear air turbulence, etc. Major projects are currently underway for making global wind 
measurements which is possible with a lidar because it can still work at very low aeros~lloadings. Recently, a need has 
been expressed for the remote detection of regions of supercooled cloud and precipitation water droplets responsible 
for in-flight icing of aircraft. The lidar appears as a valid candidate for this task but, at the high particulate 
concentrations encountered in such conditions, extinction creates retrieval difficulties because of nonlinearity and 
multiplicity of unknowns. 2 Indeed, single scattering lidar solution methods have had mixed success at quantifying 
parameters of dense aerosols. The icing detection problem is therefore a challenge to conventionallidar methods. 

For a number of years, we have been working on a multiple-field-of-view (MFOV) detection technique to capture 
and angularly resolve the multiply forward scattered photons.3 •4 Multiple scattering in lidar has been the subject of 
numerous studies.5 The direct problem is well understood and modeled but inversion methods for the quantitative 
retrieval of the information contributed by multiple scattering are only emerging. We are actively pursuing this goal 
with the MFOV lidar.6- 9 Detection of icing conditions is particularly well suited to the MFOV method because 
the responsible clouds are dense enough to produce measurable multiple scattering and the droplets are in the 
right size range to ber_esglved (lt the lidar wavelength. Consequently, the invitation to participate in a coordinated 
experimental program designed to assess icing detection technologies was very much welcomed. The project was a 
unique opportunity to gain access to quality validation data and to evaluate the MFOV lidar as a potential remote 
sensor of icing conditions. 

2. MFOV LIDAR TECHNIQUE 

The multiple field-of-view (MFOV) lidar technique is designed to measure the multiple scattering contributions to 
lidar returns. A first system3 was built a number of years ago and used by Hutt et al.4 to demonstrate the principle. 
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