June 13 2022

Precursors to an extreme wind event
Todd Holsten and Jeff Logsdon, National Weather Service Northern Indiana


Presenter Notes
Presentation Notes
A view of the incoming road grader from Lima Ohio 


2205 UTC 13JUN22 - Big Deal ?
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Presenter Notes
Presentation Notes
2205Z, note the bowing segment over sw Ohio (hint !) and the upstream severe supercell over central lake Michigan
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Presenter Notes
Presentation Notes
2205Z, 3D look at the mid lake supercell in progress. Deep, penetrative convection can seed the development of bores in favorable synoptic envs.  
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Presenter Notes
Presentation Notes
There was a rash of scientific research from the mid 70s to mid 80s concerning gravity waves and their apparent effects on convection. 

White dashed ovals indicate anvil trenches in this GOES IR image from 0206Z on June 14 2022.  These trenches indicate the presence of a wake low while the black/grey shaded cold cloud tops (temps < -80C) denote intense cumulonimbus updrafts of which can often lead to deep tropospheric gravity waves (Raymond, 1975).  Warming (yellow shading) immediately upshear of these cold cloud tops causes the wake anvil trench to develop and typically signal a downburst in progress.  See Fujita, Project NIMROD, 1978.  Satellite signatures such as this were used in conjunction with rudimentary WSR-74C radar data to distinguish severe storms in the 70s/80s.
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Presenter Notes
Presentation Notes
2307 UTC, KIWX 0.5 Z/V. Northwest flow pattern aloft with broad and very unstable airmass residing swd across the OH valley within a warm and moist upper ridge axis. Supercell about to make landfall with well developed rear inflow/cold pool. New supercell upstream over Chicago.
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Presenter Notes
Presentation Notes
2359 UTC GR2 cross-section near Cassopolis MI showing a mature rear-inflow jet and severe sfc winds beneath a deep and intense convective updraft. Bore development likely near or just prior to this, timed with nocturnal ramp of LLJ (not shown) and swd surging larger scale outflow boundary seen spreading sewd out of this broken line of convection over the next 30 mintues and beyond. It was initially thought that this undercutting outflow may end up weakening the upstream storms as it became the dominant storm.
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Presenter Notes
Presentation Notes
The 2002 International H2O field project (IHOP) over the southern great plains (KS/OK/TX panhandle), 13 may to 25 June, was conducted to sample the 3D moisture distribution to better understand convective processes.

One of the bigger surprises from this study was the ubiquity of bores in this study and how they affected the imitation and maintenance of convective systems.  In fact 2 spectacular bore events were observed and the data captured has been used to examine the dynamics of bores and their impact on convective initiation and maintenance.

Radar fine lines observed during IHOP_2002 (43%, Haghi 2017). 65 of the categorized bores or solitary waves were initiated by a density current or cold front.  44 of the 65 were classified as well determined.  Thus 44 density currents generated a bore, 5 did not.
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Presenter Notes
Presentation Notes
Haghi (PECAN Project, BAMS 2019). Illustration of a soliton that arises from a decaying bore. Both can occur simultaneously, bores arising from intruding convective outflows, and tropospheric gravity waves manifesting from the latent heat release within intense convection.

Observations show bores become trapped by vertical shear above the nocturnal low level jet, typically from 1.5 to 2.5 km AGL.  Bore movement is slightly counterclockwise to the bulk shear vector extending to 1.5km and slightly clockwise to the bulk shear vector extending to 2.5 km. Bore alignment to the bulk shear vectors typically increases with time leading to decay.��Tim Coleman - “Bores are a source for thunderstorms." That's right, thunderstorms make bores and bores return the favor. "These waves churn up the atmosphere, causing instabilities that can initiate and sustain severe storms."
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Presenter Notes
Presentation Notes
Numerical studies by Haghi (2020) show illustrate what a bore looks like in a composite sounding and ideal jet framework. Contours represent vertical velocity (+/-) with insentopic surfaces (solid black lines) and turbulent kinetic energy (brown shades) representing turbulent mixing. Note greatest turbulent mixing is immediately following the passage of the bore crest as expected.��In Haghi’s numerical simulations, the key environmental condition necessary for the support of the bore is some component offlow within a strong low-level jet opposing the propagation of the bore.


Typical Bore Observations & Dynamics

* TEMPERATURE: Steady or rising

« MIXING RATIO: Steady or decreasing

e PRESSURE: Rapid rise

 WIND: Rapid change in direction
All are semi-permanent (not transient)

Destabilization of Boundary Layer

« Common consequence of bores
* Lower LFC

 Increase CAPE, reduce CIN
 Mix warmer, drier air to surface

Temperatures rise just ahead of storms arrival
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Presenter Notes
Presentation Notes
A near text book sounding for gravity wave propagation and maintenance (WAVE-CISK, white layer).

KIWX LAPS sounding at 02Z showing the stabilizing effect of the outflow passage on the boundary layer. Note the large reservoir of instability aloft above the inversion and the existing background LLJ.
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Presenter Notes
Presentation Notes
KIWX 0.5 R/V at 0129Z 14 June 2022. Note bores are propagating sewd at same speed as the convection.

White line denotes outflow boundary, yellow lines denote bores.
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Presenter Notes
Presentation Notes
Earlier postulation that upstream convection may weaken due to undercutting outflow from leading intense convection was obviously incorrect.  Speculation that something else is going on (bore ?) was considered although sfc observations indicating the presence of a bore was unfounded yet (SBN and GSH both lost power prior to arrival of storms).  Nevertheless the bore did pass over the KIWX doppler radar as seen in the VWP at 0210 UTC.  

Blue curve indicates earlier outflow passage, orange curve denotes bore passage.  Note the depth of the bore wave.
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Presenter Notes
Presentation Notes
Bore effect on the atmosphere can be synergistically consequential. 

Fort Wayne ASOS 5 minute observation trace. Outflow noted in black line, bore in orange line. Outflow passage resulted in a measured peak wind gust of 63 mph.  The following bore passage resulted in a peak wind gust of 98 mph and a sustained wind of 73 mph !
Warm restart here due to power outage resulted in temp sensor errors.
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Presenter Notes
Presentation Notes
Defiance ASOS 5 minute observation trace. . Outflow noted in black line, bore in orange line. Outflow passage resulted in a measured peak wind gust of 61 mph. 
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Presenter Notes
Presentation Notes
This bore aided storm produced a broad swath of exceptional wind damage, stretching from Sturgis Michigan sewd into Convoy Ohio.  In fact, this convective cluster remained well separated from the derecho to the east, and went on to produce widespread wind damage from sw OH through ern KY/sw WV and wrn NC before dissipating near sunrise the next morning over nw SC.

Thousands of trees were felled from this storm as well as numerous structures sustaining damage along the path of this storm.  
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Presenter Notes
Presentation Notes
KILN 0.5 degree Ref at 0500Z on June 14, 2022. The western flank of the bore has dispersed into a soliton at this point due to a weaker, parallel LLJ and weakening low level shear. A portion of the bore (yellow) continues to support the ongoing MCS near Columbus.


Food for thought...

* How does convective initiation differ between a bore-driven and cold-
pool driven line segment?

* How common is a bore-driven line segment?

* Does a bore-driven line segment increase or intensify the risk of
severe weather?


Presenter Notes
Presentation Notes
More vigorous CI as evident in model simulations and case studies. Bores can decrease CIN, increase CAPE and lower the LFC making CI more likely.
More common than you think as bores may be masked within the convection and not easily discernable.  5 minute metar data could allow for a gravity wave detecting algorithm in Awips.  Graphs of 5 minute sfc observations can unmask the presence of bores. Vertical wind profilers can also indicate the presence of bores
As shown in a Coleman study (2010 MWR), bores can undoubtedly increase the risk for severe weather under the right conditions
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