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2. Introduction

During the afternoon of 29 June 2012, a complex of strong thunderstorms
developed over lllinois and Indiana and then tracked southeastward over
the Ohio Valley and central Appalachian Mountains by evening, and
eventually produced widespread significant severe winds (> 65 knots) over
northern Virginia and the Washington, DC metropolitan area. This
convective system satisfied all criteria to be classified as a “derecho”.

The purpose of this study is twofold:

— To identify and document severe downburst events from the time of
derecho initiation over northern Indiana to the time that the derecho-
producing convective system (DCS) moved off the Atlantic coast.

— Apply GOES-13 Rapid Scan Operations (RSO) water vapor (WV) and
thermal infrared (IR) channel brightness temperature differencing (BTD)
imagery, level-Il NEXRAD imagery, and Rapid Refresh (RAP) model-
derived microburst prediction algorithm output, including the Microburst
Windspeed Potential Index (MWPI), to demonstrate the development
and evolution of severe DCS-generated winds.
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Presentation Notes
During the afternoon of 29 June 2012, a complex of strong thunderstorms developed over Illinois and Indiana and then tracked
southeastward over the Ohio Valley and central Appalachian Mountains by evening. As the derecho-producing convective system (DCS) moved over and
east of the Appalachian Mountains at a forward speed of 45 to 50 knots, the leading storm line re-intensified and eventually produced
widespread significant severe winds (> 65 knots) over northern Virginia and the Washington, DC metropolitan area. In addition, as the
severe thunderstorm line tracked over the tidal Potomac River region south of Washington, DC, numerous severe downbursts were
generated. The passage of the thunderstorm gust front and downbursts embedded in the thunderstorm line were recorded by an
ultrasonic wind sensor on the Potomac River buoy located 30 miles south of Washington, DC.   This convective system satisfied all criteria to be classified as a “derecho”, defined as a family of downburst clusters produced by an extratropical mesoscale convective system (MCS) (Johns and Hirt 1987).  A discussion of the synoptic and mesoscale setting for this derecho, as well as general observational features, are included on SPC’s website “About Derechos”:  http://www.spc.noaa.gov/misc/AbtDerechos/casepages/jun292012page.htm

Fujita and Wakimoto (1981) noted the occurrence of severe outflow winds on five different scales associated with the 16 July 1980 mesoscale convective system (MCS).  The authors found four distinct downburst clusters that were produced by this MCS between Chicago, Illinois and Detroit, Michigan.  Thus, it follows that the study of the June 2012 Derecho, featured in this presentation, entails two components with respect to downburst occurrence:
-Application of pattern recognition techniques to an observational description of downburst activity that occurred with the DCS.
-The extraordinary forcing factors that resulted in the proliferation of downbursts, as inferred from NEXRAD, GOES, and NWP model-derived downburst detection and prediction parameter evaluation.   

As is typical for warm-season DCSs, a cluster of convective storms merged on the poleward side of a weak cold frontal boundary and evolved into a bow echo complex over northern Indiana, where the system began to produce significant severe downburst winds near Fort Wayne by 1900 UTC.  Over the next eight hours, the DCS tracked east-southeastward across the frontal boundary and into the warm sector, steered by strong mid-tropospheric  winds along the northern periphery of a strong anticyclone centered over the southeastern U.S. 

Persistent westerly flow on the north side of a high-pressure area over the southern states resulted in an eastward extension of the elevated mixed layer (EML) (Corfidi et al. 2013).  The EML stretched far past its usual boundaries, and extended from the Rockies and northern Plains to the mid-Atlantic coast.  The presence of the EML enhanced development and intensity of the day's storms, and its extent across the Appalachians helped the system from collapsing after reaching the mountains. –CW






3. Methodology/Expected Outcomes

The comparison of GOES WV-IR BTD and NEXRAD imagery to
Storm Prediction Center (SPC) high wind reports emphasized the
role of larger downbursts and downburst clusters in the generation
of enhanced severe winds, especially over the Washington, DC
metropolitan areas. This comparison also established the DCS as a
progressive derecho. Overlying of NEXRAD and theta-e cross
sections over RAP model-derived microburst product imagery
described the tropospheric thermodynamic structure that was
favorable for severe downburst generation.

The combination of satellite, radar, and numerical model resources,
visualized by McIDAS-V software, will describe the evolution of this
DCS and will serve as an example of how to use this data in
forecasting meso- to micro-scale severe wind events (i.e.
downbursts, microbursts) embedded in larger-scale derechos.
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Severe wind reports from the Storm Prediction Center database were compared directly to NEXRAD level-2 reflectivity imagery distinguish between winds resulting from downbursts and winds resulting from other convective processes, such as gust fronts and mesoscale downdrafts (Wakimoto 2001).  Wind reports in which high reflectivity and other signatures (i.e. bow echo, spearhead echo) associated with downburst occurrence were observed in close proximity to the report were classified as a downburst.  The rapid forward motion of the DCS warranted that only severe wind reports (wind speeds greater than 50 knots) be considered as candidates for downburst events.  In order to correlate downburst strength with ambient environmental features, as identified in proximity sounding profiles, and downburst prediction parameters, only measured wind speeds were used to build a severe wind event database for this study.

To diagnose downburst potential of the undisturbed, pre-storm environment, Microburst Windspeed Potential Index (MWPI, Pryor 2011) and Theta-e Difference (Δθe, Atkins and Wakimoto 1991) product images were generated for the hour prior to each downburst event.   

Theta-e cross sections with overlying NEXRAD reflectivity, near the time of severe downburst occurrence, displayed the interaction of cores of heavy precipitation within the leading convective storm line with a prominent mid-tropospheric dry-air layer.  Also apparent were foot-shaped signatures near the surface that likely indicated downbursts in progress. The cross sections effectively illustrate the process of downburst generation that includes evaporation of precipitation, generation of negative buoyancy, and subsequent intense downdraft development.
�


4. Results: GOES-NEXRAD-Storm Report Comparison
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Left:  NEXRAD reflectivity image from Wilmington, Ohio at 2015 UTC 29 June 2012 as visualized by the NOAA Weather and Climate Toolkit (top) compared to a Composite Geostationary Operational Environmental Satellite (GOES) water vapor-thermal infrared brightness temperature difference (BTD)-NEXRAD image product with 600-mb wind streamlines overlying the image as visualized by McIDAS-V.  Downburst occurrence at Dayton at 2018 UTC and Bellefontaine, Ohio at 2024 UTC are marked as “18” and “24” in the composite image.

Right: NEXRAD reflectivity image from Sterling, Virginia at 0231 UTC 30 June 2012  as visualized by the NOAA Weather and Climate Toolkit (top) compared to a Composite Geostationary Operational Environmental Satellite (GOES) water vapor-thermal infrared brightness temperature difference (BTD)-NEXRAD image product as visualized by McIDAS-V.  

Both sets of NEXRAD and composite GOES-NEXRAD images show the occurrence of downburst clusters over western Ohio, near Dayton, between 2000 and 2030 UTC 29 June; and over the Washington, DC area between 0215 and 0255 UTC 30 June.  These downburst clusters produced concentrated areas of significant severe winds (75 mph or greater) associated with the DCS. 

During the early stage of the derecho, as the MCS was moving from Indiana eastward into western Ohio, a prominent dry-air notch and bow echo (Type 2, Przybylinski 1995) were apparent in WV-IR BTD product and NEXRAD imagery.   Between 2000 and 2100 UTC, the MCS was moving roughly parallel to the 600-mb streamlines into a region with concurrently MWPI and TeD values.  Also important to note is the northern dry-air notch, also roughly parallel to the streamlines, pointing eastward toward the rear-inflow notch (RIN) and the apex of the bow echo. During this time, downburst wind gusts of 82 and 80 mph were recorded at Dayton Airport at 2018 UTC and Bellefontaine at 2024 UTC, respectively.  The stronger downburst was recorded near the local maximum in MWPI and TeD values.
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5. RAP Model MWPI-AB8_-NEXRAD Composite
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Image animation with MWPI (shading) computed for the 550-700mb layer, the approximate level of the elevated mixed layer (EML), Δθe (contours), and NEXRAD reflectivity.  Highest MWPI values, indicated by red shading, show the EML extending from the central Great Plains eastward to the Mid-Atlantic region.  Overlying NEXRAD reflectivity shows the propagation and interaction of the MCS with the EML to generate families of downburst clusters.  Times of downburst wind occurrence, in minutes after the top of each hour, are plotted over the composite image.


6. RAP Model Sounding Profiles
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RAP model sounding profiles echo the favorable environment for severe downbursts
with very large convective available potential energy (CAPE) and a prominent EML
between the 500 and 700-mb levels. 6
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RAP model sounding profiles echo the favorable environment for severe downbursts with very large convective available potential energy (CAPE) and a prominent EML between the 500 and 700-mb levels.  The injection of dry mid-tropospheric air in the EML by strong winds near the 600-mb level into the leading convective storm line of the MCS was a major factor in severe downburst generation associated with the derecho.  Additional downdraft energy was likely provided my melting of graupel and hail below the 600-mb level, and subsequent evaporation of rain in the sub-cloud mixed layer (SCML).



7. VA-DC-MD Downburst Clusters

During the period of DCS re-intensification, and its track through the Washington, DC
metropolitan area after 0200 UTC 30 June, the leading convective storm line was

elevated through a prominent mid-tropospheric dry (low 6, ) layer. 7
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Analysis of satellite, radar, and Rapid Refresh (RAP) model-derived imagery of the two hour period following the re-intensification of the derecho-producing convective system (DCS)  (0100-0300 UTC 30 June) reveals the evolution from a type 2 to a type 1 bow echo (Przybylinski 1995), a quasi-linear storm with smaller embedded bow echoes.  Between 0200 and 0300 UTC, after the re-intensification of the DCS over the Blue Ridge Mountains, a swath of severe downburst wind gusts were recorded over northern Virginia, Washington, DC and the adjacent Maryland suburbs. The MPWI (shading)-Δθe (countours)-NEXRAD reflectivity composite image shows the leading thunderstorm line of the DCS moving rapidly eastward toward Washington, DC into a region of high MWPI (>50, red shading) and Δθe (>30, magenta countour) at the time two bow echoes over Maryland and northern Virginia were merging. The MWPI for this image was computed for the sub-cloud mixed layer (800-950 mb), and showed a much stronger signal for downburst potential as compared to the MWPI computed for the EML.  Large Δθe values, echoed by the large temperature lapse rates and the presence of the dry-air layers in the sounding profile in slide 6, were resulting in strong convective instability that generated intense storm updrafts and elevated the heavy precipitation core (reflectivity > 60 dBZ, red-purple shading) through the dry (low θe) layer, as illustrated in the NEXRAD-θe cross section.  The interaction of the deep, moist convective storm with the very dry mid-tropospheric air fostered evaporational cooling, negative buoyancy, and subsequent intense downdraft generation.  The radar cross section animation shows the high reflectivity core of the leading convective storm descending toward the surface as the DCS was moving over Washington, DC.  During the 20 minute period from 0235 to 0255 UTC, numerous  wind gusts from 50 to 70 knots  (58 to 80 mph), associated with a downburst cluster, were recorded over the Washington, DC metropolitan area. 


8. Possible Path to Operations

* Forecast technique for enhanced severe winds
resulting from downburst activity associated with
derecho-producing convective storms (DCSS)
will be disseminated as McIDAS-V bundles
(scripts).

e Training and operational applications of the DCS
forecasting technique will be presented in a
Virtual Institute for Satellite Integration Training
(VISIT) lesson, to be available at the
NOAA/NWS Learning Center.



O. Future Plans

* In order to correlate dry-air notch
signatures identified in GOES WV-IR BTD
Imagery with rear-inflow jets (RIJs)
associated with severe-wind producing
MCSs, BTD imagery will be compared to
NEXRAD radial velocity imagery.

e This correlation will also be studied In
additional DCS cases both prior to and
following the June 2012 derecho.



10. Publication List

e References

Atkins, N.T., and R.M. Wakimoto, 1991: Wet microburst activity over the
southeastern United States: Implications for forecasting. Wea.
Forecasting, 6, 470-482.

Corfidi, S.F., J.S. Evans, and R.H. Johns, cited 2013: About Derechos.
Available online at
http://www.spc.noaa.qgov/misc/AbtDerechos/derechofacts.htm

Fujita, T. T., and R. M. Wakimoto, 1981: Five scales of airflow
associated with a series of downbursts on 16 July 1980. Mon. Wea.
Rev.,109, 1438-1456.

Johns, R.H., and W. D. Hirt, 1987: Derechos: Widespread convectively
induced windstorms. Wea. Forecasting, 2, 32-49.

Pryor, K.L., 2011: Microburst Nowcasting Applications of GOES. NOAA
Technical Report NESDIS 140.

Przybylinski, R.W., 1995: The bow echo. Observations, numerical
simulations, and severe weather detection methods. Wea. Forecasting,
10, 203-218.

10


http://www.spc.noaa.gov/misc/AbtDerechos/derechofacts.htm

	1. Title Slide
	2. Introduction
	3. Methodology/Expected Outcomes
	4. Results: GOES-NEXRAD-Storm Report Comparison
	5. RAP Model MWPI-Δθe-NEXRAD Composite
	6. RAP Model Sounding Profiles
	7. VA-DC-MD Downburst Clusters
	8. Possible Path to Operations
	9. Future Plans
	10. Publication List

