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The Downburst 

• The downburst is defined as a strong downdraft 
produced by a convective storm (i.e., 
thunderstorm) that induces an outward burst of 
damaging winds on or near the earth's surface 
(Fujita and Wakimoto 1983) . 

• Due to the intense wind shear they produce, 
downbursts are a hazard to aircraft in flight, 
especially during takeoff and landing phases. 

Presenter
Presentation Notes
You may be familiar with the definition of a downburst as presented in published literature by Fujita and his colleagues.  It is important to understand that a downburst consists of two components:  the intense convective storm downdraft and the resulting outward “burst” of strong winds on the surface. Studies of two wind-shear-related crashes that occurred in 1975 have shown that the accidents were caused by the aircraft encountering concentrated thunderstorm downdrafts. In his weather analysis of the Eastern Flight 66 crash at J.F. Kennedy International Airport, New York, of June 1975, Fujita showed a strong concentrated downdraft along the landing approach very near the crash site. An analysis of surface winds at Stapleton International Airport, Denver, Colorado, of the crash of Continental Flight 469 in August 1975 revealed a concentrated, strong outflow that strongly suggests the impact of a small-scale jet-like downdraft.  Also studied extensively were microburst-related plane crashes at New Orleans and Dallas-Fort Worth International Airports in 1982 and 1985, respectively.  These aircraft disasters prompted a wealth of research in microbursts and the development of techniques to anticipate microburst risk.  
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GOES Microburst Products

• GOES sounder-derived parameters have been 
shown to be useful in assessing the potential for 
convective downbursts.  Products include:

• Wet Microburst Severity Index (WMSI)
• Microburst Windspeed Potential Index 

(MWPI)
• Dry Microburst Index (DMI)
• Hybrid Microburst Index (HMI)

Presenter
Presentation Notes
Accordingly, products derived from the GOES sounder have been developed to assess microburst risk in forecast operations.  These are diagnostic indices that are designed to infer differing attributes of microburst environments. 
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GOES Microburst Products

• Generated hourly at the NOAA Science Center in Camp 
Springs, MD

• Based on prototype vertical temperature and 
moisture profiles derived from GOES sounder 
radiances

• Available on the GOES Microburst Products web page 
at the following URL: 
http://www.orbit.nesdis.noaa.gov/smcd/

opdb/aviation/mb.html

Presenter
Presentation Notes
GOES sounder-derived microburst products update on the WWW approximately 50 minutes after each sounder scan that occurs on the top of each hour (:00).
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Wet Microburst

From Atkins and Wakimoto (1991)

Presenter
Presentation Notes
Wakimoto (1985) defines a wet microburst as a microburst that is accompanied by heavy rain between the onset and the end of high winds. The GOES microburst algorithms are based on prototype sounding profiles.  The prototype wet microburst environment sounding (Atkins and Wakimoto 1991) is shown on the left.  Characteristic of a wet microburst environment is a deep low to mid-tropospheric moist layer. 
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Wet Microburst Severity Index 
(WMSI) 

WMSI = (CAPE)(TeD)/1000 
• Large Convective Available Potential Energy 

(CAPE) results in strong updrafts that lift the 
precipitation core within a convective storm to 
minimum theta-e level. 

• Theta-e Difference (TeD) indicates the presence of 
a dry (low theta-e) layer in the middle troposphere 
that would be favorable for the production of large 
negative buoyancy due to evaporative cooling.

Presenter
Presentation Notes
Derivation of the WMSI is based on parameter evaluation and pattern recognition techniques that are typically employed in the forecasting process.
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Theta-e Difference (TeD)

• Maximum vertical 
difference in 
equivalent potential 
temperature (θe 

) 
from the surface to 
the middle 
troposphere 
(Atkins and 
Wakimoto 1991).

Presenter
Presentation Notes
The vertical equivalent potential temperature (θe) profile can provide useful information pertaining to wet microburst environments. θe combines temperature and moisture into one parameter that can be used to infer the presence of convective instability.  Atkins and Wakimoto (1991) found that a significant difference in θe between the surface and mid-troposphere, typically greater than 20 K, was associated with wet microbursts that occurred in northern Alabama during the 1986 Microburst and Severe Thunderstorm (MIST) project.
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Wet Microburst Severity Index 
(WMSI)

Presenter
Presentation Notes
This is an example of a GOES sounder-derived Wet Microburst Severity Index (WMSI) product image in which index values are plotted at retrieval locations on visible satellite imagery.  This is a Mid-Atlantic sector image that displays enhanced cumulus and convective storm activity developing.  Index values are not wind speeds, but, rather are non-dimensional values that are statistically related to categories of wind gust potential. 
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Wet Microburst Severity Index 
(WMSI)

Presenter
Presentation Notes
Enhanced water vapor image showing convective storms developing within a mid-level dry tongue, displayed as a darker region that extends from western VA to central PA.  A downburst wind gust of 75 knots was recorded at Patuxent River NAS at 2105 UTC.
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Wet Microburst Severity Index 
(WMSI)

Presenter
Presentation Notes
WMSI animation showing development and eastward propagation of convective storms over VA and MD.  75 knot downburst was observed in a region with index values greater than 200 (orange).
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Validation:  Summer 2003-2004 

WMSI 2003-04
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Presenter
Presentation Notes
Correlation coefficient (r) = 0.65
Coefficient of determination (r2) = 0.42
Statistically significant at 99.99% confidence level
T value = 10.24
Df = 82
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Validation:  Other Results 

• Loconto (2006):
– Comparison of RAOB-derived WMSI to 

surface observations of downburst wind at 
KSC, FL, 1995-2006

– Overall Probability of Detection (POD):  52%
– Higher POD (>70%) associated with 

southeasterly flow regime 
– Higher POD during late summer (August, 

>60%), Higher Critical Success Index (CSI) 
values during early and late summer (~ 0.6)

Presenter
Presentation Notes
High FAR attributed to the fact that the WMSI does not account for convective initiation.
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Hybrid Microburst

From Ellrod (1989)

Presenter
Presentation Notes
Hybrid microburst sounding profile features characteristics of both wet and dry microburst environments and is typical for Great Plains region during the warm season.  Attributes include:
Large positive area/CAPE. 
Little or no capping inversion. 
A dry adiabatic lapse rate layer, at least 5000 ft deep. 
A moist mid-tropospheric layer. 
These sounding characteristics indicate an intermediate microburst environment in which sub-cloud evaporation is still quite capable of producing a microburst, but in which the absolute humidity is high enough to produce heavy rain. 
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Microburst Windspeed Potential Index 
(MWPI)

MWPI = CAPE/100 + Γ + (T - Td 
)850 

- (T -  
Td 

)670 

• Γ = temperature lapse rate (°C km-1) from 
850 to 670 mb

• T = temperature (°C) 
• Td 

= dew point temperature (°C)
• Severe microbursts may occur when the 

MWPI > 50
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MWPI vs WMSI

Presenter
Presentation Notes
The dryline was present over western Texas during the afternoon of 6 September 2007 and especially apparent in MWPI imagery as a zone of enhanced cumulus, resulting from mixing and convergence, and developing convective storm activity extending from north to south over the Texas Panhandle.  The 2000 UTC MWPI image, displayed a regional maximum in index values along the dryline over western Texas reflecting an increase in vertical mixing and a resultant increase in boundary layer depth.   The elevated MWPI values east of the dryline in the vicinity of downburst occurrence serve as evidence of the presence of a well-developed mixed layer and a favorable environment for downbursts resulting from sub-cloud evaporation of precipitation. Severe downbursts were observed by West Texas Mesonet stations between 2040 and 2220 UTC.  Plotted over this imagery are downbursts that occurred at Slaton (52 knots), Clarendon (50 knots) and McLean (58 knots). 
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Validation:  Summer 2007 

Presenter
Presentation Notes
Correlation coefficient (r) = 0.78
Coefficient of determination (r2) = 0.60
Statistically significant at 97% confidence level
T value = 1.93
Df = 34
Validation based on 35 downburst events over the Oklahoma Panhandle and western Texas during the 2007 convective season indicated a strong correlation (r2=.6) between MWPI values and observed surface convective wind gusts as compared to the correlation associated with the WMSI (r2=.3) for the 2005-2006 convective seasons. A correlation 
(r2 ) of 1.0 indicates a perfect positive correlation.  The MWPI scatterplot, with an overlying regression line, most effectively illustrates the strong physical relationship between MWPI values and wind gust magnitude, in which 60% of the variability in wind gust speed is coupled with variability in MWPI. In addition, a t-test confirmed the statistical significance of this correlation with a 97% confidence level that the correlation represented a physical relationship between the MWPI and the strength of downburst wind gusts observed at the surface. As exemplified in the case studies, the GOES MWPI product demonstrated utility in the short-term prediction of downburst magnitude.
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4 April 2008 Downbursts
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4 April 2008 Downbursts
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4 April 2008 Downbursts
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Summary of Microburst Generation 
Processes

• WMSI: strong updrafts, precipitation 
loading, and evaporative cooling from the 
entrainment of dry ambient air into the 
precipitation core 

• MWPI: strong updrafts, precipitation 
loading, and subcloud evaporative and 
sublimational cooling 
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Future Research

• Validation of WMSI and MWPI products 
over Intermountain Western U.S. and  
Southeastern U.S. using high-quality 
mesonet data

• GOES-R microburst potential algorithm
• ArXiv.org:

– http://arxiv.org/find/physics/1/au:+Pryor_K/0/1 
/0/all/0/1
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Questions?
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Thank You!
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