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1.  INSTRUMENT BACKGROUND


The NOAA/ETL Millimeter cloud radar package is composed of a Ka- radar with Doppler capabilities, a narrow band  infrared radiometer, and a multi-channel microwave radiometer.    The following Table summarizes the operating specifications of the instruments in this package.

Table 1. Instrument Package Characteristics

----- Combined System -----

Major Capabilities: Multi-wavelength remote sensing, unattended operations, transportable.

Primary Uses: Monitoring cloud layer heights and thickness, water vapor and liquid water path, cloud base temperature, and retrievals of profiles of hydrometeor median size,

total concentration, and mass content.

Platform: 6.1-m sea container.

----- Cloud Radar (MMCR) -----

Major Capabilities: Ultra-high sensitivity, Doppler.

Primary Uses: vertical profiles of clouds, drizzle, snowfall and very light rain.

Frequency: 34.86 GHz (= 8.6 mm)

Transmit Power: 100 W peak, with up to 25 W avg.

Transmitter: Traveling Wave Tube (>20,000 h life)

Antenna: 1.8-m diameter; tilted flat radome.

Beam Width: 0.3 deg., circular.

Height Coverage/ Resolutions: ~20 km / 45 & 90 m;(255 and 495-m resolutions also available).

Polarization: transmit and receive H.

Sensitivity: approx. -40 dBZ at height of 10 km.

Doppler Processing: FFT.

Data System: wind profiler POP with 2 computers.

----- Microwave Radiometer (MWR) -----

Primary Uses: Monitoring vertical water vapor path and liquid water path.

Frequencies: 20.6, 31.65, and 90.0 (optional) GHz.

Beam Width: 5 deg.

----- IR Radiometer (IRR) -----

Primary Uses: Sensing presence of cloud overhead, estimating base temp. of optically thick clouds.

Wavelength: 9.9-11.4 (m or 10.6-11.3 (m.

Field of View: 2 deg.

(Table taken from “NOAA/ETL’S VERTICAL-PROFILING CLOUD RADAR AND RADIOMETER PACKAGE” Brooks E. Martner, Duane A. Hazen, Kenneth P. Moran, Taneil Uttal, M.J. Post, and Wendi B. Madsen NOAA Environmental Technology Laboratory, Boulder, Colorado, USA)
2. OPERATING SUMMARY

During most of Leg 1 the MMCR package operated successfully and continually with the exception of the IR radiometer which had a failed power supply early in Leg 1.  This problem was corrected with a new power supply that arrived with the Leg 2 crew.  

On October 4th, just before arrival in the Galapagos, the cloud radar began having worrisome power fluctuations which continued after the ship left the Galapagos, however, by terminating one of the 4 data collection modes and keeping the trailer MMCR trailer temperatures cool, the system operated continually and stably between October 10 and October 24.  The operating mode that was eliminated was an extremely sensitive cirrus mode that would have been significantly contaminated by surface echo for the low level boundary clouds observed during Leg 2, therefore, it is unlikely this will have any significant impact on the quality of the final, post-processed data set.

3. DATA SAMPLES

Figure 1 shows an example of radar reflectivity (upper panel), Doppler velocity (middle panel) and the spectral width (bottom panel) of the Doppler spectrum for a 24 hour period with a height scale of 0-5 km ASL (note:  Data was collected from 0-20 km ASL).  Radar reflectivity is a strong function of cloud droplet size with a secondary dependence on concentration, Doppler velocities indicate total droplet fall speed (air motion + droplet terminal velocity) 

Figure 2 shows an example of the radar reflectivity superimposed with the data on cloud base heights from the ceilometer.  The radar echo beneath the ceilometer base is indicative of virga, and drizzle below cloud base, which for the radar is indistinguishable from cloud.  Annotations from surface observations indicate periods when clouds visually appeared to create overcast, partially overcast conditions, visible virga etc. 

Figure 3 shows raw brightness temperatures from the three channels of the microwave radiometer.  These brightness temperatures will be recalibrated in post processing using “tip-curve” data which is collected when the atmosphere is as cloud free as possible, and then processed with retrieval techniques which will result in integrated values of total atmospheric column liquid water and water vapor.

4. LEG 2 SUMMARY 

In contrast to the first leg of EPIC that was characterized by deep, precipitating, ITCZ clouds, the clouds during Leg 2 were persistent, low-level boundary clouds with tops typically around 1 to 1.3  km ASL. There were no upper level clouds observed during the period, and the weaker, thinner clouds between 16:00 and 24:00 were typical of the diurnal cycle that was observed.  The radiometers indicated that integrated vapor values decreased steadily as the Ron Brown moved south from the equator, with values at 10 degrees south being about half the value of those at 0 degrees.
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