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Introduction

Stratospheric aerosols can change by factors of one hundred between background conditions and large explosive volcanic eruptions.  There can be a large natural climate change as the radiative transfer of the atmosphere changes from one dominated by the absorption and scattering in the boundary layer to one dominated by the stratosphere.  The most recent eruptions of this magnitude were El Chichon in Mexico and Mount Pinatubo in the Philippines.  A general global cooling of one or two degrees (C) was seen after Pinatubo due to the increased scattering of incoming solar radiation.  Satellite measurements are crucial for tracking the dispersion of aerosol from eruptions globally.  But limb-scanning measurements, such as SAGE (Stratospheric Aerosol and Gas Experiment), were saturated in the heavy Pinatubo cloud before it was significantly dispersed.     Lidars are not limited in this respect and complement (and validate) the satellite observations with higher altitude resolution and much lower expense. 

CMDL Boulder Lidar

 A lidar operating at 532 nm wavelength was designed and constructed for stratospheric aerosol measurements at CMDL in Boulder, CO and first observed the stratospheric layer in August, 1999.  Components of the lidar were tested at Mauna Loa Observatory (MLO) and compared to the MLO lidar.  The Boulder lidar uses many of the same components as the MLO lidar, the main difference being the much lower power laser used at Boulder.   The agreement of multiple profiles measured on July 20, 1999 at MLO was within the calculated error (( 6%).

Addition of Second Channel

The first few months of measurements over Boulder indicated that the lower tropopause (compared to MLO) and greater scattering in the upper troposphere, complicated the interpretation of the lower part of the stratospheric aerosol profile.  It was determined that the dynamic range of the single detector channel could not accurately profile the aerosol backscatter over the entire altitude range of interest.  A second, low altitude channel, for which the signal is attenuated, was added in April, 2000.  This increased the altitude range covered and decreased the error in the Integrated Aerosol Backscatter (IABS) from an average of 8.3% to 5.9%.   Signals for the two channels are shown below.  The signals are mainly from molecular scattering.  Channel 2 is normally spliced onto Channel 1 at 14 km.
2001 Asian Dust Episode

Springtime wind storms over high Chinese desert plateaus often load large amounts of particulates in the upper troposphere.  The air is transported to the east picking up pollutants from industrialized areas and is advected out over the Pacific Ocean.   The dust is regularly seen at Mauna Loa Observatory and in some years is seen over the continental U.S.  The spring of 2001 saw unusually high amounts of Asian dust over much of the U.S. and the lidar recorded the vertical distribution of the dust on several nights.   Seasonal averages are shown below for 2000 and 2001, followed by the individual profiles in March and April, 2001.   The 2000 springtime average (AM 2000) is lower than any of the 2001 profiles and may have been an unusually clear spring.  March 2000 was not included in the average because the lidar was not recording the lower altitudes at that time.  The profiles of 4/14, 4/15 and 4/24 show the dust reaching well up into the upper troposphere.   The tropopause was between 11 and 13 km for these profiles.

Lidar Design

The lidar design was optimized for nighttime measurements of the stratospheric layer.  The photon counting method, as opposed to analog (current) detection, was chosen for linearity of the signal throughout a very large dynamic range (about six orders).   There is an upper limit on photomultiplier tubes when counting single photons (about 3E7 counts/sec), which limits the telescope size and laser power that can be used.   The availability and cost of appropriate lasers is usually an important design criterion.  A low repetition rate (20 Hz), high energy per pulse laser was chosen for high signal to noise characteristics.   The data acquisition electronics are PC plug-in boards that can run independent of the computer.  Molecular density used for the analysis can be obtained from the Denver radiosondes or a model atmosphere.  The model in this case is a two-dimensional (altitude and time) fit of several years of monthly averages of the density from the CMDL/Boulder ozonesondes.  
CMDL/Boulder Lidar Specifications.

	Laser Power (mJoules/pulse)
	30 mJ at 532 nm

20 mJ at 1064 nm residual

	Beam Diameter
	2.8 mm

	Laser - Telescope separation
	71.75 cm

	Telescope field of view
	1 mrad (Full angle)



	Telescope
	61 cm diameter, parabolic

	Ch. 1,  532 nm high altitude signal
	photomultiplier tube, electronically gated

	Ch. 2,  532 nm low altitude signal
	photomultiplier tube, no gating


Annual Cycle

The average Integrated Aerosol Backscatter (IABS, integrated above the tropopause) for the winter of 2000-2001 was 38% higher than the winter of 1999-2000 (4.60E-4 per sr versus 3.32E-4 per sr).  The IABS was significantly lower over MLO but the same increase of 38% was observed (1.82E-4 versus 1.32E-4).  The higher IABS over Boulder reflects the lower altitudes (higher densities) of the bulk of the aerosol compared to MLO.  The small seasonal cycle in the MLO tropopause is seen to peak in winter, changing by only 1.5 km from the summer minimum.  This is characteristic of the tropopause in tropical latitudes and is opposite the seasonal cycle at midlatitudes, which peak in summer.

The peak backscatter ratio (analogous to a mixing ratio) is very similar between the two locations, both in magnitude and seasonal dependence. A ratio of one is defined as pure molecular scattering (no aerosol).  More scatter is apparent in the Boulder data, which is due to larger error in the measurement (before April, 2000), as well as high cirrus clouds.  The peak scattering ratio above Boulder is usually just above the tropopause, which may often be influenced by cirrus, whereas the MLO peak is usually several kilometers above the tropopause. 

Profiles of backscatter ratio show the winter maximum occurs at all altitudes in the stratospheric layer.  The top of the aerosol layer is near 32 km in the winter and near 27 km in the summer.  Only about 7 to 10 profiles were averaged for each of the profiles, so more data is certainly needed, but the increase in aerosol in the upper troposphere seems to propagate upward into the stratosphere from the springtime minimum.  The wintertime profile from MLO is shown for comparison.  The layer is seen to occur at higher altitudes at MLO, and the lower limit of the layer is much easier to determine.  Picking a lower limit of the Boulder profiles has relied on the Denver radiosonde tropopause height. 

