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ABSTRACT 

 
 Measurements obtained by the PSU Lidar Atmospheric Profile Sensor (LAPS) Raman lidar, during different 
periods, provide a comprehensive dataset to characterize cloud properties and aerosol distributions. The PSU Raman 
lidar measures the profiles of molecular nitrogen, molecular oxygen and the rotational Raman scatter (the mixture of all 
molecular species) at both visible and ultraviolet wavelengths, which are then used to generate vertical aerosol 
extinction profiles from the incremental extinction. Since the optical extinction at different wavelengths is strongly 
dependent on the size distribution of aerosols, variations in the profile of the size distribution can be inferred over an 
interesting range corresponding to accumulation mode particles, 50 nm to 1µm. The variation in the extinction profiles 
at different wavelengths is also used along with the water vapor profiles to observe the formation, growth and 
dissipation of cloud structures. The water vapor concentrations have been seen to decrease in regions surrounding a 
growing cloud as the particles increase in size by absorbing the water. Also, the water vapor concentration is found to 
increase as clouds begin to dissipate. The change in the size of the cloud particles during the different stages can also be 
observed in the multi-wavelength aerosol extinction. Results obtained from different locations, and for a wide range of 
atmospheric conditions, are used to compare and contrast the aerosol distributions and also to study the physical 
properties of clouds. 
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1. INTRODUCTION 

 
 Aerosols play vital roles in balancing the Earth’s radiation budget, in applications of electro-optic sensors, and 
they are of increasing importance due to their impact on human health from air pollution. Atmospheric aerosols are 
generated from various natural and anthropogenic sources and include all liquid and solid particles, except pure water, 
that exist in the atmosphere under normal conditions1. Studies have shown tropospheric aerosols to be directly related to 
a myriad of health problems2. Particles having a diameter less that 2.5 microns, referred to as PM2.5, are considered to be 
of greater risk to human health because a large number of these particles are associated with the emissions from 
combustion products and carry carcinogenic materials. Particles having a diameter less than 10 microns (PM10) are also 
considered to be a risk to human health but this older standard appears to be less descriptive of their pollution hazard. 
The distribution of aerosols in the atmosphere influences Earth’s climate because the scattering and absorption by 
particles, those in aerosols and clouds, play a major role in determining what fraction of the solar radiation incident at 
the top of the atmosphere reaches the Earth’s surface. The propagation of light through the atmosphere is also strongly 
affected by the presence of aerosols, and hence causes a significant deterioration in the performance of electro-optic 
sensors. In order to mitigate the effects of aerosols, research efforts are focused on identifying and predicting production 
and transport mechanisms as well as ascertaining number densities and species concentrations. Raman lidar provides 
one of the best techniques for describing the aerosol distributions and studying cloud properties.  Because the gradient 
of the vertical profile of the primary constituents is well known, the difference in the slope of the measured profile from 
the molecular scale height can be used to determine the incremental extinction and thereby generate an aerosol 
extinction profile. By taking the ratio of extinction at three different wavelengths we can describe changes in particle 
size and density as a function of time and altitude. 

 
2. LAPS RAMAN LIDAR INSTRUMENT 

 
 The Lidar Atmospheric Profile Sensor (LAPS) instrument was built by the staff and graduate students of the 
Applied Research Laboratory and the Electrical Engineering Department of Penn State University for the U.S Navy. It 
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