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The University of Wisconsin High Spectral Resolution Lidar operated during October and early November 2004 in Barrow, AK as part of the 
Mixed-Phase Arctic cloud Experiment (MPACE). Since August 12, 2005 it has been operating at Eureka, Canada (80N, 85 W) as part of the 
SEARCH program. The lidar provides a real-time, publicly accessible data stream and archive on our web site: http://lidar.ssec.wisc.edu. 
Robustly calibrated measurements of back scatter cross section, depolarization, scattering cross section and optical depth can be displayed and 
downloaded as netcdf files. The web site also provides access to data from the millimeter radar located with the lidar. Radar data, along with 
particle size, number density and liquid water contents, derived from the combination of lidar and radar observations can be downloaded with the 
lidar data.  This poster presents  a preliminary look at data from one-month of MPACE and data from the first eight months of the continuing 
Eureka deployment. Unless stated otherwise, this data is presented as 3-min time, and 60 m altitude averages with all data points between 
altitudes of 200 m and 12 km included. 
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                                                                            Lidar-Radar Particle Size Retrievals
Ratios of the lidar back scatter cross section and the radar cross section can be used to determine an lidar-radar effective particle
diameter (Donovan et al. JGR 106, 2001).  HSRL data is intrinsically corrected for attenuation and a very small receiver angular 
field of view (45 ur) reduces the errors due to multiple scattering.  This eliminates the need for iterative solutions and makes the 
retrieval more robust. The lidar-radar effective diameter is converted to the standard definition of effective diameter assuming 
spherical particles and a modified gamma distribution of particles size with  p=2.
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The physical and optical depths of clouds vary. As a result, cloud fraction depends on the thresholds used to define the presence of a cloud.  Here we consider  cloud base to occur when the optical depth measured from the ground upward reaches a threshold value. 
These curves show the fraction of the time that cloud base occurs below a  given altitude as a function of the optical depth threshold.  Because all significant clouds occur below 12 km (at this latitude) the values at 12 km gives the monthly observed cloud fraction. 
Notice that dense low level clouds are frequent in the fall and become less prevalent as the weather becomes colder and the frequency of water  clouds decreases.

These plots present measurements of depolarization as a function of temperature.  The plots show all data points measured within the month which meet a signal to noise threshold and which have a back scatter cross section greater than 1e -6 1/(m sr).  Notice 
the decrease of liquid water  as the winter temperatures decrease.  Optical depolarization is a sensitive function of particle shape.  Light back scattered from spherical particles maintains its polarization while light back scattered from non-sphrerical particles is 
partially depolarized. This allows a polarization sensitive lidar to distinguish between water droplets and ice.  The presence of multiply scattered photons in the lidar return provides a complication because this light is also partially depolarized.  This problem is 
mostly avoided in measurements derived from the HSRL by use of a very small receiver field-of-view which eliminates most multiply scattered photons. The  HSRL angular field-of-view is only 45 micro radians whereas conventional lidars often use values as 
large as 1 milliradian. 

March 1-->22

Radar observed Doppler velocities are plotted as a function of the radar-lidar derived effective radius of the cloud particles.  The effective radius is derived assuming a gamma distribution of spherical particles sizes with p=2.  As expected large particles fall faster 
than small particles.  A limitation of the particle size derivation is evident in the MPACE results. A wide range of fall velocities is seen for the smallest particles. This occurs because the radar signal is primarily derived from large ice crystals. In mixed-phase 
portions  of the cloud the derived size is small due to a large lidar signal from water droplets.  These are not seen by the radar and thus the fall velocity is that of the ice crystals. The radar does not generally detect the purely water section of the cloud and the 
derived particle sizes are larger than the actual water droplet sizes.

Histograms describing the frequency of occurrence for the back scatter phase function in ice clouds. Each data point represents a 3-minute time average and a 60-m vertical average. Ice clouds were selected by requiring a linear depolarization of at least 25%.
 for the selected points. Points were also selected by requiring a signal to noise ration of at least 5 and a back scatter cross section of at least 1e-6. 

Back scatter cross section for Jan 2006 at Eureka---------->

Vertical flux of water at 250 m  gr/(m^2 sec)  (blue)------->
Cumulative precipitation (mm water) (green line) --------->

Particle size retrievals for 17-Oct-2004
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To generate a Downloadable NetCDF Dataset,
select UTC time and averaging intervals for data

From:

year 20062006  month MarchMarch  day 2222  hour 2020  minute 5555

To:

year 20062006  month MarchMarch  day 2222  hour 2222  minute 5555  

Min altitude: 00 km

Max altitude: 1515 km

Time Resolution: 3030 seconds/record

Altitude Resolution: 3030 meters/point

Continuous Time Axis 
 Minimum Signal to Noise Ratio

under construction

Documentation

Select your desired datasets:
Derived Quantities Raw Data Radar Quantities (MMCR)

Particulate Backscatter Cross Section Combined Channel Counts Reflectivity

Particulate Optical Depth Molecular Channel Counts Backscatter Cross Section

Particulate Depolarization Cross Polarized Channel Counts Spectral Width

Particulate Extinction Cross Section Radiosonde Profile(s) Doppler Velocity
Attenuated Molecular Backscatter Molecular Scattering Cross Section

Error Estimates Calibration/System Measurements

Data Quality Metrics(incomplete)

HSRL/MMCR Cooperative Quantities
Effective Diameter Prime

Particle Measurements
Particle Size Distribution Parameters

Water:

Ice:

Backscatter Phase Function used for Effective Diameter Prime

Ice:
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netcdf download web page

Our web site allows the user to download data
as netcdf files. The time and altitude range can
be defined along with altitude and time 
averaging intervals.  Constants for gamma size 
distributions can be defined separately for water 
droplets and ice crystals. Volume filling and area 
filling power laws are now being implemented 
to account for different ice crystal forms. 
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Pie charts show cloudy data points (those with backscatter cross sections > 1e-6 1/(m sr). The number of points are weighted by the backscatter cross section to show the approximate optical depth contribution of water, ice and mixed-phase cloud.
This representation is limited to cloud elements within approximately optical depth 3 measured from the surface upward. Notice the decreasing role of water clouds as the winter progresses.

Measurement of snowfall using traditional methods is difficult. Correlations between radar measured vertical velocity and radar-lidar measuremnts of liquid water content provide another approach to this problem. 
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Effective diameter prime (red) derived from
lidar and radar. Effective diameter (black)
with assumed gamma size distribution.
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Number density (top) and liquid water
content (bottom). Min and max values
for the period are shown as fine lines.
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