Relating Polarimetric Radar Measurements to QLCS Cold Pool

PROBING QLCS PROPERTIES

Motivation (McDonald and Wiess 2021)
Quasi-linear convective systems (QLCSs) are mesoscale convective storm systems that
can form year-round and often produce hail, severe winds, and possible tornadoes.

A cold pool is necessary for QLCS progression and plays a role in hazardous production.
- What are the cold pool properties and processes taking place?

- Can processes be attributed to subsequent hazards?
The challenge:

Sampling of the microphysical and thermodynamic properties of QLCSs is
challenging and typically unachievable with the current operational observing
infrastructure.
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Hypothesis
Heterogeneities are suspected to play a role in QLCS hazard
production.

Polarimetric radar-based proxies of cold pool properties can
illuminate these heterogeneities.

Research Goal: |dentify operationally observable proxies that
could ultimately lead to a more robust indication of QLCS risk
potential.

Spatiotemporal Distribution of Buoyancy Gradients Characterize Variability of Cold Pool Strength.

Using direct StickNet measurements, departures in virtual potential Multipass objective analysis techniques are employed in interpolation of
temperature (0,,) from the environmental “base-state” are calculated to virtual potential temperature departures to produce contouring of
quantify gradients of negative buoyancy negative buoyancy production.

Equation for virtual potential temperature from Bolton(1980) Multipass objective analysis techniques from Majcen et al. (2008)
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Fig 4 (a-d): Four-panel time series showing variability in cold pool pool strength. Magnitude of cold pool quantified by departures in virtual potential
temperature from environmental “base-state”. Note the tight gradients along the cold pool’s leading edge.

POLARIMETRIC RADAR PROXY

We estimate specific attenuation (A) as our polarimetric radar-based proxy of negative buoyancy.

Estimation Ryzhkov et al. (2014)

Specific attenuation estimated from Specific Attenuation: as radar pulse penetrates an area of precipitation, some of the signals are
the total usable span of ¢ppp and Z. absorbed and/or scattered
b
A= Zo(T)C(b, PIA) scattering and/or absorption per unit distance along the propagation path through precipitation
I(rli rZ) + C(bl PIA)I(T, TZ)
Z 4 Intrinsic reflectivity R T—
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Fig 6: Radar reflectivity field
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&0 corresponding to estimated A (Fig.
2) from the COW during 2022 I0P1.

PIA: Path-integrated attenuation Fig. 5: Field estimates of specific attenuation (4) Beginning and end ranges used in

_ using C-band DOW data retrieved during the first PIA calculation and A estimation for
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Raindrop drop size distributions (DSDs) and
scattering calculations used to estimate «
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KEY TAKEAWAYS

Greatest enhancement in specific attenuation collocated with largest virtual potential temperature deficit
(specific attenuation enhancements occur along tight virtual potential temperature gradients)

Distribution of buoyancy gradients along leading edge of cold pool imply enhanced baroclinic vorticity
(baroclinic generated vorticity attributed to formation of mesovortices and increased tornado potential)

More robust indication of QLCS risk potential may be achievable by use of specific attenuation as a proxy for
QLCS heterogeneities
(which may influence QLCS evolution and possible hazard production)

QLCS HETEROGENEITIES FUTURE WORK
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