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Introduction/Program goals
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One of the aims of of our group is to study the link between updraft characteristics and the cloud properties of the generated anvil
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This can be achieves through the use measurements to force cloud resolving models which produce statistics on the updrafts and microphysics
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But where our work fits in is the direct measurement of updraft properties through multi-doppler synthesis and the measurement of microphysics through polarimentric radar. From these measurements we can produce data sets and statistics to verify the CRM results. And in addition we can measure cloud properties directly with cloud radar and lidar



Velocity retrievals from Doppler radar I

» Uses a variational method based on the work by Protat and Zawadzki
(1999, JAOT)

» Essentially variational assimilation of radar data using the anelastic
mass continuity equitation as an constraining model
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To measure updraft properties of convection around the Darwin ARCF we use a adaptation of the variational code from the McGill group to reconstruct 3D wind fields from the radar derived radar velocity. In essence we take radial velocities from the ….


Velocity retrievals from Doppler radar I

» Uses a variational method based on the work by Protat and Zawadzki
(1999, JAOT)

» Essentially variational assimilation of radar data using the anelastic
mass continuity equitation as an adjoint model
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Berrimah operational radar and the ….
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C-POL research radar at Gunn Point


Velocity retrievals from Doppler radar I
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Grid the data onto a common cartesian grid and variationaly assimilate them using the anelastic mass co eqn as a constraining model to enable the retrieval of the vertical wind field. 


Velocity retrievals from Doppler radar I

» Uses a variational method based on the work by Protat and Zawadzki
(1999, JAOT)

» Essentially variational assimilation of radar data using the anelastic
mass continuity equitation as an constraining model
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Grid the data onto a common cartesian grid and variationaly assimilate them using the anelastic mass co eqn as a constraining model to enable the retrieval of the vertical wind field. 


Sample reconstruction
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This is an example of a derived wind field, showing a squall line embedded in the general precipitation field of the wet monsoon during TWP-ICE. The top left hand panel is an overhead view at 4000m while the top right hand panel shows a slice at constant longitude bottom left hand panel shows a slice at constant latitude. The coloured grid is the reflectivity in dBz from CPOL while the arrows show wind speed and direction, for example *pointing to bottom panel* weak westerlies at the sfc and easterlies aloft*. The contour lines show the updraft intensity with blue lines indicating a 2m/s updraft through to red at 8m/s. We can see that the up draft is sitting in front of the reflectivity maximum and is increasing the height of the echo tops.


» Variational: More constraints and observations can be added,
possibility of adding a NWP constraint.

 Fall speed reflectivity relationship may break down in regions of large
halil in its current version. This would impact on retrievals close to the
radar. Possibility of using polarimetric particle ID retrievals to improve
this.

* Pre processing is VITAL!
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Self explanatory, basically just read


Wet monsoon”19-22/01/2006 I

e Corresponds to the same period chosen by the ARM Cloud Modelling
Working Group and the GEWEX CSS model intercomparison exercise

 Alternating cirrus layer, stratiform rain and stratiform rain with
embedded squall lines.

* Retrievals performed from 0Z on the 19" to 1950Z on the 22" every 10
minutes

» “Deep convective cores” defined as a column where w>1m/s for at
least 5500m
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Same… just scene setting. Highlight what a convective core is. I removed refernce to the Wu and Del Genio description as I am not going to show there result
”””. , slightly differing from the definition used by Wu and Del Genio of w > 1m/s and total water content > 0.1g/kg for 450mb. “””



Vertical profiles of convective cores

Convective cores only
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Here we see the variation of the percentiles of the PDF with height for the entire domain and regions where convective cores were detected. Our PDFs show a peak in the updraft velocity at around 400hPa across the PDF. Since the equilibrium level for moist adiabatic ascent is near the tropopause dry air entrainment is a likely explanation for the deceleration above that point. 


Or... If you prefer..
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Looking at a plot showing the normalised histogram of velocity as a function of height shows a similar picture with rapid acceleration  after the FZL and entrainment processed slowing parcels before the tropopause. The artefact is due to bright band pollution of the fall speed parameterisation.


Break period 7-14/02/2006 I

* |solated deep convection

* Most convection occurring on the sea breeze convergence line on the
Tiwi islands or inland from Darwin (both outside of the dual Doppler
lobes)

» Some systems propagated into the lobes after forming and there was
at least one instance of a squall line

e Some issues with erroneous data rejection in the operational radar as
well as intractable aliasing in outflow aloft.

« May need more constraints or moving frame of reference to extend
range to capture boundary driven storms for a more complete picture of
PDFs
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Basically read the points


Single squall line
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Here are the PDFs for an Squall line that propagated into the dual Doppler domain. Since these statistics were only derived from about an hour of data the PDFS are noisy and there are  uncertainties beyond the ones I mentioned in the previous slide. What is important to note is the change in shape of the PDF with declaration only happening in the convective cores at top of the atmosphere.  Once again this is for a single mature propagating system.
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These PDFs are for the 9th to the 14th of February. As can be seen the peak velocity at 15m/s for the 99th percentile is clearly to small. This is due to the lack of new vigorous convection in the lobes, so we are basically only capturing older convection. These results are driving our desire to look at ways to extend the range of our retrievals outside the dual doppler lobes using further constraints such as incorporating reflectivity derived velocities, using a moving frame of reference or using a NWP constraint. 


Another tool: Microphysical retrievals I

« Uses moments from the C-POL polarimetric radar.

 Various different classifiers exist, we use the one described in Keenan,
T, 1999: Hydrometeor classification with a C-band. polarimetric radar.
29th AMS Conf. On Radar. Meteorology, Amer. Meteor. Soc.

» Based on a decision tree echoes are classified as unclassified, drizzle,
rain, dry graupel, wet graupel, high density snow, low density snow
melting snow, small hail (<2cm), large hail (>2cm) or rain hail mix
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Here is the same embedded squall line as shown in the velocity retrieval example. This time the coloured grid Is showing the radar derived hydrometeor classifications with *pointing* grey for unclassified, light pink for drizzle (which unsurprisingly is absent during the monsoon!!!) orange for melting snow and  purple and green for dry  and wet graupel. 


Dry Graupel being lofted into the upper
Troposphere consistent with updrafts
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And it is pleasing to see the location of graupel consistent with updraft locations and an absence of melting snow.


Conclusions —

 We have developed a robust tool for the retrieval of storm dynamics
from radar data based on the McGill variational code

* There is a clear difference between the shape of the updraft PDF with
height between the break and wet monsoon

» Locations of graupel consistent with retrieved updraft locations.

* Initial studies on the sensitivity of graupel production to updraft
properties will be shown on the poster.

e Information on how this work ties in with the rest of the ACRF work will
be shown on the poster by Peter May.
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Thank you
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Special thanks to Michael Whimpey and Brad Atkinson (CAWCR)
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