HRDL RV Brown - VOCALS

Last updated:  12/1/2008

1 The NOAA/ESRL High Resolution Doppler Lidar

NOAA’s High Resolution Doppler Lidar (HRDL) is a scanning, motion-stabilized, coherent Doppler lidar that operates at an eyesafe and invisible wavelength of 2 microns. The instrument measures range-resolved, line-of-sight wind speed and aerosol backscatter intensity with 30m spatial and ½ second temporal resolution.  Housed in a seatainer laboratory, during VOCALS the instrument was located on the starboard side of the O2 deck, inboard and forward.  This position provided a fairly unobstructed view of the sky for the system’s hemispheric scanner to direct the beam (Figure 1).

The instrument operated continuously during the VOCALS experiment, running an automated sequence of scans with a twenty minute repeat period.  It combined fixed elevation, varying azimuth (PPI) and fixed azimuth, varying elevation (RHI) scans with vertically staring zenith operation.  Running in this fashion, the data taken are used to determine low-level (from the ocean surface, through the top of the aerosol/boundary layer) vertical profiles of wind speed and direction, turbulence and mixing (velocity variance), and aerosol backscatter intensity every 20 minutes (see later section for details). Individual PPI scans can be used to visualize the residual wind field and the horizontal distribution of aerosol backscatter intensity.  The high spatial and temporal resolution of these scans is ideal for visualizing resolvable divergence patterns and gradients in the aerosol backscatter strength field associated with precipitation outflow events.   The vertical velocity data will be used to determine coupled vs decoupled mixing conditions, sub-cloud base velocity statistics, and provide high temporal and spatial resolution information on aerosol vertical spatial distribution.
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	Figure 1, the O2 deck of the RV Ron Brown.  HRDL is located inboard on the starboard side with the yellow cover on the scanner
	Figure 2 the HRDL scan sequence represented as a twenty minute portion of a clock face.


1.1 The repeating scan pattern

The HRDL scan pattern typically consists of low and higher elevation angle PPI scans.  During VOCALS, the shallow elevation angle was 1 degree, while the high elevation angle ranged from 10-20 degrees depending on the height of the aerosol layer and the bottom of the cloud deck. Crossed RHI scans (performed in azimuthal planes oriented 90 degree relative to one another) were also included and typically repeated at least three times.  The balance of the 20 minutes was spent staring vertically, usually for about 10 minutes.  The shallow PPI was done at the beginning and repeated midway through the sequence to provide continuity and overlapping coverage so resolvable divergence and aerosol backscatter features could be tracked by combining several scans.  The azimuthal coverage of the PPI scans was limited only by the bridge (aft of the scanner) and small shadowing zones caused by the PMEL sampling mast, safety rails, and ship’s mast.  These can be seen as black shadow regions in Figure 3.  A potential outflow manifests itself as a warm/cold color linear divergence feature in the left plot and as similarly shaped sharp gradient in the aerosol backscatter signals strength shown in the right plot. 
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	Figure 3 Residual wind field (left -brw) and aerosol backscatter signal field (right-rcint) from a shallow (1 degree elevation angle) PPI scan.


The ship is in the center of the plots and the scale is km for both spatial axes.  The color bars represent residual radial velocity in m/s on the left and range corrected backscatter inensity in dB for the right plot.
1.2 Motion Compensation
A differential GPS-based inertial navigation system (INS) provides attitude, angular rate, linear acceleration and velocity data at a 20 Hz rate.  This data is used by the real-time data system to both actively stabilize the pointing of the hemispheric scanner (typically to a precision better than 0.5 degrees) and to remove the effect of ship motion on the radial wind speed measurements. The INS system is calibrated while properly leveled on a trailer before shipment for upload on the ship.  The antenna and outriggers are disassembled for shipment and re-assembled on the boat.  The assembly of the system is sufficiently reproducible in the antenna position to ensure better than 0.1 degree precision in the attitude data.
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	Figure 4 The four differential GPS navigation system antenna are mounted on the HRDL seatainer.


The INS system is shown deployed on the HRDL seatainer during VOCALS in Figure 4. Raw data from the various components of the system (JAVAD GPS, Crossbow 6 axis accelerometer, KVH optical gyro angular rate sensor) were stored nearly continuously during the cruise and are archived on DVD. 
1.3 (Near) Real-Time processing and display of HRDL profiles:  horizontal mean wind speed and direction and vertical velocity variance (NOAA/ESRL/CSD3)
During the cruise, images of the HRDL wind and aerosol data are posted once every 20 minutes (once per scan pattern) to an internal ship-based web-page and ftp’d to shore to be posted on a NOAA/ESRL web site as well as transferred to the UCAR-VOCALS data library.  

A Real-time processing script, set up to run once every 20 minutes (i.e. once per scan cycle), starts by automatically transferring the most recent files from the main HRDL system computer to a dedicated post-processing machine.  The script sorts the files according to scan type and processes them into the appropriate profiles, writes the profiles to out in text-format, and generates display images, written out as png files.

Data from conical (PPI/VAD) and sector scan files in each time period are processed into profiles of horizontal mean wind speed and direction by binning the data by altitude and then fitting a sinusoid to the data as shown in the following example.  The amplitude and phase of this sinusoidal fit correspond to the horizontal mean wind speed and direction at that altitude bin.
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	Left Panel:  Low-elevation conical scan velocity data.  Cool colors indicate wind coming toward the lidar while warmer colors indicate winds moving away from the lidar.  The red ring indicates the altitude bin for which velocity estimates are plotted on the right.  Right Panel:  Velocity estimates corresponding to the red ring plotted as black circles against earth azimuth.  Blue circles indicate the best fit sinusoid for these estimates.  The resulting wind speed and direction estimates for this example are ~2.8 m/s and ~70º.


Such wind speed and direction estimates are found for each available altitude bin, and the data are saved in text format.  The profiles from the last 12 hours are plotted in a wind-barb display like that shown below 
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	12 hour wind barb data from October 7, 2008 – off the coast of Florida.  All the “barbs” in each profile are “anchored” at the time stamp for the profile and point into the direction from which the wind is coming.  The color of the barb indicates the wind speed.


Likewise, vertical velocity and signal intensity (SNR) data, derived from zenith stare files, are processed, imaged, and posted at the 20 minute intervals.  The zenith stare files generate vertical velocity and signal strength (i.e. signal to noise ratio or SNR) data like that shown in the next figure.  On the right side of each panel is an example of the resulting profiles:  vertical velocity variance σw2 (top) and mean SNR (bottom).  
The script estimates the σw2 profiles by first creating a velocity time series from the data in each 30 m range gate in the zenith stare period, removing the mean and calculating the total variance σ2.  This total variance includes both correlated and uncorrelated components.  Instrument and atmospheric fluctuations may both contribute to the uncorrelated component of σ2 , however the value are typically dominated by instrument variations/noise.  Thus, for simplicity, the uncorrelated component is referred to here as “instrument variance” σinst2.    The resulting difference between σ2 and σinst2 gives the estimate of the atmospheric vertical velocity variance σw2.  The plot in the top right panel of the figure illustrates the results of this method with profile plots of the total velocity variance σ2 (red line) for the example data from the left panel, the uncorrelated portion of this profile σinst2,  (green) and the difference between these which represents the atmospheric σw2 profile (thick blue line).  

The mean SNR are calculated using a linear average of the signal return strength at each 30 meter altitude range gate across the time period of each the zenith stare file.  An example of a resulting profile is plotted on a log scale in the lower right panel of the figure.
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	Vertical wind (w- top panel) and aerosol distribution (bottom panel).  Corresponding vertical velocity variance and mean SNR data are plotted on the right side of each panel.  Again, cool colors indicate winds coming toward the lidar (down in the vertical case) and warm colors indicate winds moving away from the lidar (rising air).


After processing the data in each zenith stare file, the resulting profiles are displayed in a 12 hour format, similar to that for the winds.  The following figure contains examples of zenith profiles for the same time period as the previous wind profiles plot.
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	Vertical velocity variance (σw2 - top panel) and average signal strength (bottom panel) for October 6, 2008, as the ship was leaving Charleston, SC.


At the end of each processing cycle, images of the last 12 hours of each kind of profile are posted to the ship and land-based servers for near-real-time context and planning purposes.  At 0000 and 1200 UTC each day, the last 12 hour images are archived.  
The last hour worth of vertical data are also displayed in a high temporal resolution format, along with the corresponding wind profiles, as shown below.  The figure contains panels of relative aerosol backscatter (log scale) and vertical velocity estimates acquired during zenith stare scans performed as the ship was leaving the Charleston, NC area on October 6, 2008.  Cool colors indicate downdrafts and warm colors indicate updrafts.  Interspersed between the scans are wind barb profile displays.
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	Example of one hour worth of vertical return signal strength data with corresponding wind profiles (top panel) and vertical velocity data (bottom).


At the end of each UTC day, images of 1 hour vertical data for the 24 hour period are consolidated into a quick-time movie that will also be made available on the ship and on the web.

The NOAA/ESRL website hosting the HRDL images has the following look:
1.4 Leg 1 Summary
Below is an image of the horizontal wind speed (top) and direction (bottom) profiles measured on the first leg of the cruise.
The large gap in data in the middle, filled with images from Panama, is due to the ship’s presence in EEZ waters for which we did not have an agreement to sample.
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During the first leg HRDL observed strong winds, reaching 14 m/s at some times, strong nocturnal vertical velocities of +/- 1-3 m/s, and cooler weather with occasional rain and drizzle.

1.5   Leg 2 Summary
The 2nd leg of the experiment started upon leaving Arica late on November 9 (beginning of November 10, UTC).  Conditions during this part of the experiment were slightly warmer and drier, with generally weaker winds as shown in the following images.
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The gap during the beginning of the 2nd leg was due to problems with the differential GPS unit that provides orientation information for the wind scans.  During most of this period, data was acquired without motion stabilization.  Some motion data was acquired using the Seapath unit available on the ship, however post processing of the data to produce wind profiles has not been performed at this time.
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