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PROBING QLCS PROPERTIES
Motivation (McDonald and Wiess 2021) PERiLS: Propagation, Evolution, and Rotation in Linear StormsHypothesis
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.  

The challenge:
 Sampling of the microphysical and thermodynamic properties of QLCSs is 
challenging and typically unachievable with the current operational observing 
infrastructure. 

- What are the cold pool properties and processes taking place?

Through the joint efforts of the Propagation and Evolution of Rotation 
in Linear Systems (PERiLS) project, sampling of the microphysical and 
thermodynamical properties of QLCSs are achieved.

Heterogeneities are suspected to play a role in QLCS hazard 
production.

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

- Can processes be attributed to subsequent hazards? Research Goal: Identify operationally observable proxies that 
could ultimately lead to a more robust indication of QLCS risk 
potential. Fig. 3: PERiLS Project Domain (NOAA NSSL)

QUANTIFYING COLD POOL STRENGTH
Spatiotemporal Distribution of Buoyancy Gradients Characterize Variability of Cold Pool Strength.

Thermodynamic 
data provided by 
Texas Tech 
University 
StickNets

Using direct StickNet measurements, departures in virtual potential 
temperature (𝜽𝒗" ) from the environmental ”base-state” are calculated to 
quantify gradients of negative buoyancy
Equation for virtual potential temperature from Bolton(1980) 

Multipass objective analysis techniques are employed in interpolation of 
virtual potential temperature departures to produce contouring of 
negative buoyancy production.
Multipass objective analysis techniques from Majcen et al. (2008)

Fig. 2: (left) 
StickNet with 
Labeled 
Components 
(Texas Tech 
Univ StickNet 
Doc. PERiLS 
2022) 

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 data 
retrieved by Doppler on 
Wheels (DOW) mobile 
weather network

KEY TAKEAWAYS

Specific Attenuation: as radar pulse penetrates an area of precipitation, some of the signals are  
            absorbed and/or scattered

scattering and/or absorption per unit distance along the propagation path through precipitation 

POLARIMETRIC RADAR PROXY
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Fig. 5: Field estimates of specific attenuation (𝑨) 
using C-band DOW data retrieved during the first 
intensive observational period (IOP 1) of PERiLS 
2022 campaign.

QLCS HETEROGENEITIES

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)

Test spatial resolution variability
Estimate specific attenuation field using X-band DOW data
Incorporate more mobile and fixed observational datasets

Apply the idea of ”separation vector” between regions of 
enhanced specific attenuation and enhanced differential 
reflectivity (𝑍#$)
Separation vectors have been shown to provide information 
on storm tornadic potential and will be compared to 
damage reports.

Analyze remaining IOP data from 2022 and 2023 field 
campaigns

Estimation
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𝑨 =
𝒁𝒂𝒃 𝒓 𝑪(𝒃, 𝑷𝑰𝑨)

𝑰 𝒓𝟏, 𝒓𝟐 + 𝑪 𝒃, 𝑷𝑰𝑨 𝑰 𝒓, 𝒓𝟐

𝑰 𝒓𝟏, 𝒓𝟐 	= 𝟎. 𝟒𝟔𝒃.
𝒓𝟏

𝒓𝟐
𝒁𝒂𝒃 𝒔 	𝒅𝒔

𝑰 𝒓, 𝒓𝟐 	= 𝟎. 𝟒𝟔𝒃.
𝒓

𝒓𝟐
𝒁𝒂𝒃 𝒔 	𝒅𝒔

C 𝒃, 𝑷𝑰𝑨	 = 𝐞𝐱𝐩 𝟎. 𝟐𝟑𝒃𝑷𝑰𝑨 − 𝟏

𝑷𝑰𝑨 𝒓𝟏, 𝒓𝟐 	
= 𝜶[𝝓𝑫𝑷 𝒓𝟐 −𝝓𝑫𝑷(𝒓𝟏)]

𝑟%, 𝑟& : Beginning & ending ranges of rain 
segment in radial (reference range)

Specific attenuation estimated from 
the total usable span of 𝝓𝑫𝑷 and 𝒁.

𝑍': Intrinsic reflectivity

𝑟, 𝑟& 	: Running & reference ranges of radial

𝐶	: Known 2-way attenuation along 
propagation path when subject to rain

𝑃𝐼𝐴: Path-integrated attenuation
𝜙() Span proportional to total path-

integrated attenuation

Raindrop drop size distributions (DSDs) and 
scattering calculations used to estimate 𝛼

𝑏: Constant (usually 0.6-0.9 for microwave frequencies)

Fig 6: Radar reflectivity field 
corresponding to estimated 𝑨	 (Fig. 
2) from the COW during 2022 IOP1. 
Beginning and end ranges used in 
PIA calculation and 𝑨 estimation for 
each radial given by the red and 
black lines, respectively.

Fig. 7: Estimated of specific attenuation (𝐴, 
dB/km) overlayed with contours of virtual 
potential temperature departures (𝜃′, , K).

Higher values (warm colors) indicate 
enhanced attenuation, as well as weaker 
virtual potential temperature deficits. 

Low values (cooler colors) indicate suppressed 
specific attenuation, as well as stronger virtual 
potential temperature deficits.

Fig 1: (left) DOW  mobile 
Doppler radar truck (FARM)

Fig 8: Radar reflectivity 
field from COW during 
2022 IOP4. Separation 
vectors (black lines) 
shown between 𝐴 
centroids (yellow 
triangle) and 𝑍#$  
centroids (magenta 
circle) for comparison to 
locations (red x markers) 
of damage reports.
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Check out the 
animations!
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