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ABSTRACT

Raman lidar has provided a remarkable tool for characterizing the various properties of the lower atmosphere.  The research
of the Penn State University Lidar Laboratory is focused on development of Raman lidar techniques and research using five
Raman lidar instruments prepared since the mid-1970's.  The LAPS instrument was demonstrated in 1996 as the first
prototype for an operational shipboard lidar sensor.  It is the most advanced lidar instrument developed to date for profiling
properties of the lower atmosphere.  The LAPS sensor measures profiles with eight data channels to determine several
atmospheric properties simultaneously.  The single most important property for understanding the meteorological state in the
lower atmosphere is the water vapor profile.  The  specific humidity and temperature profiles are measured directly using the
vibrational and rotational Raman scattered signals.   The  electromagnetic parameter of most interest is the gradient in the
refractive index profile, because of the influence it has on RF-propagation of radar and radio communications signals.  The
electro-optical parameter of most interest is the optical extinction profile at various wavelengths, because optical propagation
affects aircraft operations, visual aesthetics, and optical sensor performance.  Profiles of water vapor, temperature and multi-
wavelength optical extinction are measured simultaneously to describe the meteorological, electromagnetic, electro-optical
and air quality environmental conditions.  Measurements are key in forecasting atmospheric conditions and are of major
importance because of their influence on the performance of various systems.  Current techniques and capabilities are
described in this paper, and examples are used to indicate how well the Raman lidar performs in characterizing the
atmosphere. 
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INTRODUCTION

The goals of this paper are to describe the processes of Raman scatter, summarize the capabilities of Raman lidar techniques
that have been developed during the past thirty years, and show examples of the measurement capabilities.  A brief
introduction to Raman scatter will be followed by an overview of the five generations of Raman lidar instruments that we
have built and used for various research projects during the past thirty years.  A most important step in the maturation of
Raman lidar has been the development of the LAPS instrument because it is the first prototype for an operational instrument.
Lidar Atmospheric Profile Sensor (LAPS) has been used to demonstrated the capabilities of Raman lidar for several different
applications and in many operating environments.

Measurements of the electromagnetic radiation scattered by the gas and particulate matter in the atmosphere provide detailed
profiles which describe various atmospheric properties.  The wide wavelength range of the electromagnetic spectrum can be
used to investigate different characteristics.  The information content of the signals measured is determined by two key
factors: (1) the relationship between the size of the scatterer and the wavelength of the scattering radiation; and (2) the
properties of the scattering object, including the electronic, vibrational, rotational, stretching, and bending states of the
molecules.  Radar is effective in tracking large targets, and high frequencies can be effective for measuring targets as small
as the precipitating rain drops and the larger particles in clouds.  Sensitive receivers in high frequence radars can even detect
Doppler velocity in signals scattered from refractive irregularities caused by turbulent eddies.  At microwave and infrared
wavelengths, the thermal emission of molecules can be sensed by radiometers.  Molecules can be identified and concentration
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