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Introduction Diagnostic Equations Diagnostic Signatures of Ascent for MCS Case

Data and Wind Definitions

• Mesoscale circulation systems modulate when and 
where deep, moist convection occurs

• Dynamical diagnosis of mesoscale ascent associated 
with these systems is an important component of the 
research and forecast process

• Continuing increases in resolution of operational 
NWP models are resulting in the improved 
representation of mesoscale circulation systems, but 
these increases also have resulted in noisier 
diagnostic signatures of mesoscale ascent

• We hypothesize that using the nondivergent wind 
(Vnd) in place of the geostrophic wind (Vg) in the 
alternative balance framework will produce cleaner 
diagnostic signatures of mesoscale ascent in 
convection-allowing operational models (CAMs)

• Substituting Vnd (ѱ) for Vg (ϕ) is fully consistent 
with QG theory (Nielsen-Gammon and Gold 2008)

• Use of Vnd has been shown to improve diagnostic 
signatures of mesoscale ascent with snowbands in 
cold season cyclones in global NWP models 
(Galarneau and Keyser 2008; Kenyon et al. 2020)

• We will extend QG diagnosis to CAMs by comparing 
diagnostic signatures of mesoscale ascent using Vnd 
and Vg for two warm season convection cases

• Use of Vnd in the alternative balance framework 
produces cleaner and more coherent diagnostic 
signatures of mesoscale ascent and frontogenesis 
with less spatial smoothing than with Vg

Conclusions
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• Fn is the frontogenetical component and highlights 
banded vertical motion about baroclinic zones 

• Fs is the rotational component and highlights cellular 
vertical motion associated with synoptic-scale waves

• F components in standard Cartesian coordinates are 
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• Operational High-Resolution Rapid Refresh (HRRR) 
analyses at 3-km grid spacing 

• Poisson equation for streamfunction (𝜓) and velocity 
potential (χ) are solved with homogeneous boundary 
conditions (𝜓 = 𝜒 = 0) 

• Wind definitions: 𝑽𝒅𝒊𝒗 = 𝛁𝒑𝜒, 𝑽𝒓𝒐𝒕 = :𝑘×𝜵𝒑𝜓, 
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• Raymond (1988) high-order low-pass filter used to 
reduce small-scale motions (e.g., gravity wave 
signatures in geopotential field) but retain forcing 
from coherent mesoscale features

Comparison of Vnd/F and Vg/Q for Supercell Case
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MRMS composite reflectivity (shaded in dBZ) at (left) 1800 and (right) 1900 UTC 20 May 2019. Source: https://mrms.nssl.noaa.gov/qvs/product_viewer/

MRMS Composite Reflectivity: 20 May 2019

500 hPa Z, ζg, and Vg

(left) 500 hPa geopotential height (solid contours in dam), smoothed geostrophic relative vorticity (< 300-km wavelengths suppressed; shaded in 10-5 s-1), and smoothed 
geostrophic wind (< 90-km wavelengths suppressed; barbs in kts), and (right) 500 hPa streamfunction (solid contours in 107 m2 s-1), smoothed relative vorticity (< 300 km 
wavelengths suppressed; shaded in 10-5 s-1), and nondivergent wind (barbs in kts) at 1800 UTC 20 May 2019.

1800 UTC 20 May 2019
500 hPa ѱ, ζ, and Vnd

• Dryline supercells 
initiate in TX 
Panhandle by 
1900 UTC

• Filtered 𝜻g much 
noisier than 
filtered 𝜻
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𝑥′ is the axis of dilatation
𝑦′ is the axis of contraction

(Davies-Jones 1991;
Keyser et al. 1992)

(Keyser et al. 1988)

1800 UTC 1900 UTC

• Unfiltered Vnd 
smoother than 
filtered Vg

• Filtered Q 
fields are noisy

850 hPa Z, θ, Q, and −𝛁𝒑 $ 𝑸 850 hPa ѱ, θ, F, and −𝛁𝒑 $ 𝑭

(left) 850 hPa geopotential height (solid contours in dam), θ (green contours in K), Q  (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑸  (shaded in K m-1 [100 km]-2 [3 h]-1), and (right) 850 hPa ѱ  (solid 
contours in 106 m2 s-1), θ (green contours in K), F  (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑭  (shaded in K m-1 [100 km]-2 [3 h]-1) at 18Z 20 May. Less than 300-km wavelengths suppressed.

• Filtered F and 
−𝛁𝒑 2 𝑭 
fields are 
cleaner than 
Q, and mark 
ascent regions 
near dryline 
in TX and 
MCS in KS

MRMS Composite Reflectivity: 10 Aug 2020
(a) 0700 UTC

MRMS composite reflectivity (shaded in dBZ) at (a) 0700, (b) 0900, (c) 1100, and (d) 1700 UTC 10 Aug 2020. Source: https://mrms.nssl.noaa.gov/qvs/product_viewer/

(b) 0900 UTC (c) 1100 UTC (d) 1700 UTC

850 hPa Z, θ, Q, and −𝛁𝒑 $ 𝑸 850 hPa ѱ, θ, F, and −𝛁𝒑 $ 𝑭

(left) 850 hPa geopotential height (solid contours in dam), θ (green contours in K), Q  (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑸  (shaded in K m-1 [100 km]-2 [3 h]-1), 
and (right) 850 hPa ѱ  (solid contours in 106 m2 s-1), θ (green contours in K), F  (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑭  (shaded in K m-1 [100 km]-2 [3 h]-1) at 06Z 
10 Aug. Less than 300-km wavelengths suppressed. (far right) Vertical cross section (along A–B) of CAPE (shaded in J kg-1), θ (gray contours in K), wind speed (black

CAPE, θ, 𝑽 , and Ascent 
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850 hPa Z, θ, Qn, and −𝛁𝒑 $ 𝑸𝒏 850 hPa ѱ, θ, Fn, and −𝛁𝒑 $ 𝑭𝒏

850 hPa Z, θ, Qs, and −𝛁𝒑 $ 𝑸𝒔 850 hPa ѱ, θ, Fs, and −𝛁𝒑 $ 𝑭𝒔

850 hPa ѱ, θ, V, and 𝑭𝒏

850 hPa ѱ, θ, V, and 𝜻

0600 UTC 10 August 2020

contours in m s-1), and ascent (red contours every 25 cm s-1) at 0600 UTC 10 Aug.

(left) 850 hPa ѱ  (solid contours in 106 m2 s-1), θ (green contours in K), total wind (arrows in m s-1), and 𝐹"  [shaded in K (100 km)-1 (3 h)-1], (middle) 850 hPa geopotential height (solid contours in dam), θ (green contours in K), Qn (arrows in K [100 km]-1 [3 
h]-1), and −𝜵 𝒑 ) 𝑸 𝒏  (shaded in K m-1 [100 km]-2 [3 h]-1), and (right) 850 hPa ѱ  (solid contours in 106 m2 s-1), θ (green contours in K), Fn (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑭𝒏  (shaded in K m-1 [100 km]-2 [3 h]-1) at 06Z 10 Aug. Less than 300-km 
wavelengths suppressed. 

(left) 850 hPa ѱ  (solid contours in 106 m2 s-1), θ (green contours in K), total wind (arrows in m s-1), and 𝜻  (shaded in 10-5 s-1), (middle) 850 hPa geopotential height (solid contours in dam), θ (green contours in K), Qs (arrows in K [100 km]-1 [3 h]-1), and 
− 𝜵 𝒑 ) 𝑸 𝒔  (shaded in K m-1 [100 km]-2 [3 h]-1), and (right) 850 hPa ѱ  (solid contours in 106 m2 s-1), θ (green contours in K), Fs (arrows in K [100 km]-1 [3 h]-1), and −𝜵 𝒑 ) 𝑭 𝒔  (shaded in K m-1 [100 km]-2 [3 h]-1) at 06Z 10 Aug. Less than 300-km wavelengths 
suppressed. 

• Convection initiated north of a frontogenetical 
baroclinic zone and grew upscale to a derecho

• Filtered Fn and −𝜵𝒑 # 𝑭𝒏 fields are cleaner than 
Qn, and show banded ascent forcing on warm 
side of front associated with frontogenesis


