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Motivation

Observational sampling of 3D cloud fields has been a
longstanding goal of ARM.

Cloud fields required for 3D radiative transfer calculations

Evaluation/formulation of overlap assumptions for statistical
cloud schemes

The 157 WSR-88D weather radar sites exhibit a wide range of
climatic regimes

Challenges
Scanning radars can deliver 3D fields in real
time. Can the WSR-88D weather radar be
used for 3D cloud sounding?

Reflectivities of -25...-30 dBZ @ 10 km should be
measured with a radar to robustly detect clouds.
Can this sensitivity be achieved on the WSR-88D?



Can the WSR-88D radars be used in cloud sounding?
Volume Coverage Patterns (VCP) of the WSR-88Ds



Sensitivity of KOUN with enhanced signal processing.

Radar RHIs correspond to the vertical black lines in the pictures
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Cirrus clouds: pictures of clouds, visible satellite, WSR-88D KTLX, and KOUN images


Presenter
Presentation Notes
Observations of cirrus clouds. Pictures of the sky in the (a) western and (b) eastern directions from the KOUN. (c): reflectivity field from operational WSR-88D KTLX, OK-City. Nothing can be deduced from this picture, this is usual image of clear air. (d): Visual satellite image of Oklahoma; some cirrus can be barely seen in central Oklahoma.

(Radar panel in the left corner): Radar RHIs collected in the western (left) and eastern (right) directions. Clouds are clearly seen.  


Comparison of sensitivity difference

KOUN cloud mode KOUN precip mode


Presenter
Presentation Notes
Comparison of images from the “cloud” VCP (left) collected with the enhanced signal processing and signal processing implemented with the operational WSR-88D, i.e., elevation sector 0 to 20 degs and SNR > 2 dB. Nothing can be observed with the operational WSR-88D but the clouds are clearly detected with the “cloud” VCP. The 45-day experiment on cloud detection with KOUN’s “cloud” VCP  has show high detectability of nonprecipitating clouds. 




Comparison of radar parameters

NOAA WSR-
88D

Wavelength, mm 109

Antenna beamwidth, deg | 0.2 : : 0.96

Radial resolution, m 45/90 45 250

Two-way transversal 17@10 km 29@10 km 82@10 km
resolution, m

Z,, dBZ -30 (general | -26 -26 -25.5 short pulse
mode) -33 long pulse

Attenuation Strong Severe Severe Negligible

Number of systems 5 157




Examples of multi-layer and multi-phase clouds.
Fields of reflectivity (Z), the Doppler velocity (V), and spectrum width (c,)
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Presentation Notes
The base radar products are reflectivity, the Doppler velocity, and spectrum width. Layer structures can be observed with scanning radars in real time. The spectrum width field in the right lower corner reveals Kelvin-Helmholtz waves in clouds.


Long-range cloud observations — up to 150 km from radar
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Presentation Notes
Base radar products can be observed at distances up to 150 km. Some smearing of the fields due to the antenna beamwidth can be seen beyond 75 km, but the main features of the fields are reproduced satisfactory up to 150 km. 


Polarimetric fields: reflectivity (Z) and differential reflectivity (Zpg)
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Presentation Notes
The WSR-88D will be polarized in the near future. This slide illustrates reflectivity and differential reflectivity (ZDR) fields collected with dual-pol KOUN. It is seen that ZDR fields are complex: there are pockets of very high ZDR. So 3D cloud imaging is needed.    


Polarimetric fields: reflectivity (Z), differential reflectivity (Zyg),
and the correlation coefficient (py,,)
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Presentation Notes
Pockets of high ZDR in clouds are seen often. Fields of the correlation coefficient can be also used to characterize cloud particles. To track the formation and evolution of hydrometeors, 3D Doppler and polarimetric fields are needed.


Using polarimetric measurements to identify scatterers

Clouds

Large differential phase: Insects Low correlation

> O
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Recognition of clouds and a layer of insects. Low correlation coefficients (right low panel)  and big differential phase (left low panel) in the lower layer point on insects in that layer. The upper layer is clouds. So polarization capabilities help in recognition of scatterers’ type. 


Simultaneous observations of clouds and precipitation
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Presentation Notes
The WSR-88D can help in studies of transitions from nonprecipitating clouds to precipitation, i.e., the radar can be used to distinguish cloudy scenes from precipitation ones. 


National US WSR-88D radar network
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Conclusions

* Observations from WSR-88D KOUN illustrate the advantage of scanning
Doppler polarimetric radars: near-instantaneous sampling of 3D cloud
fields and their evolution

 Enhanced signal processing techniques applied to the WSR-88D increases
sensitivity to -25.5 dBZ@10km in dual-polarization mode and -33 dBZ in
single polarization mode

-Polarimetric capabilities of the WSR-88Ds
allow for classification of hydrometeor types

-The existing NEXRAD radar network could
be employed for cloud-climate studies and
Incorporation into NWP update cycles
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Possible future work

-Design a VCP for the networking WSR-88D for 3D cloud imaging. Test the VCP
remotely on one of the WSR-88Ds.

Establish detectability of clouds with the WSR-88D for different cloud types and
seasons. Use enhanced signal processing on the WSR-88D. Obtain accuracy of
cloud boundaries measurements with the WSR-88D comparing radar data with a
ceilometer at ARM’s BF-6 site.

Conduct simultaneous dual-polarization
measurements on the WSR-88D and
mobile 3-cm X-Pol to establish

limitations of dual-pol cloud observations

at X-band (this is in support of ARM’s

activity in designing of a scanning X-band radars)

- Design methods of estimation of ice content
and liquid water content in mix phase clouds
using polarimetric radar measurements.
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Polarimetric radar parameters
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Presentation Notes
Dual-polarization WSR-88D: radiating of two orthogonally polarized waves (the red and blue waves) and polarimetric parameters obtained from received voltages EH and EV.


3-Dimentional cloud imaging
28 November, 2008. 0041 UT. 14 elevations
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Presentation Notes
I have 3D cloud data. If I can find time I’ll make 3D cloud images from that data and move them into the main part of the presentation. 


Bragg and particulate scatter
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Presentation Notes
Scattering from inhomogeneities of turbulent air creates Bragg scatter. On the WSR-88D, Bragg scatter is seen in the convective boundary layer below H = 3 km.  


Dual-polarization 3.2-cm-wavelength radar & KOUN
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Presentation Notes
To show that Bragg scatter plays a little role in clouds, two-wavelength radar observations have been carried out. The presence of Bragg scatter results in much higher reflectivities at S-band in comparison with 3.2-cm wavelength; the excess can be 7 to 20 dB. Observations in stratiform clouds do not show that. 
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