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INTRODUCTION

Historically, post-downburst research and damage
surveys have been limited to damage assessments,
review of nearby wind measurements and estimations,
and weather radar review. However, there are
limitations to each of these high-wind indicators,
including differences in building materials, codes, and
structural integrities, unknown tree and soil health
(if trees are downed; e.g. Frelich and Ostuno 2012),
overestimation of winds (Doswell et al. 2005; Edwards
et al. 2018), lack of reliable nearby wind measurements
(e.g. Horel et al. 2002), and limited-to-non-ideal radar
base velocity imagery (e.g. Tirone et al. 2024).

Meanwhile, operational forecasters routinely utilize
various atmospheric parameters to predict severe
wind gust potential associated with downbursts, most
notably downdraft convective available potential
energy (DCAPE; Emanuel 1994), but also the wind
index (WINDEX; McCann 1994), and T1/T2 indices
(Fawbush and Miller 1954; Miller 1972), the microburst
wind potential index (MWPI; Pryor 2015), among
others. Radar-based methods including a comparison
of 18 dBZ reflectivity echo tops to vertically
integrated liquid (VIL) have been long-utilized in
some environments (Stewart 1991), as well as peak
wind gust relationships to outflow boundary
propagation speeds (Sherburn et al. 2021). In some
cases, even low-level radar base velocity scans of
nearby high wind pockets can assist in determining
surface wind speeds (Hjelmfelt 1988).

Figure 1 summarizes the favorable thermodynamic
and dynamic factors that promote strong outflow wind
generation: 1) precipitation loading, 2) latent cooling,
3) negative buoyancy (Fdown), 4) downdraft acceleration,
5) downshear wake entrainment, and 6) rear-flank
circulation/rear-inflow jet.

Typically, in during daily forecasting operations,
meteorologists are concerned with three categories
of downburst wind speeds: sub-severe (< 50 knots),
severe (50-64 knots), and significant severe (= 65 knots).
Little attention is paid directly to a particular speed,
other than those outlined placing the magnitude of
the maximum gust into one of the three categories.
Such categorization may be useful for warning purposes
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but identifying the true maximum gust speed (or range
of speeds) is crucial for forensic purposes. This precision
is due to implications for building codes, insurance
claims, and other forms of liability (for example:
construction defects, roofing installation errors,
transportation safety, premises liability, etc.).

While each of these methods for operational forecasting
downburst wind speed potential can also be utilized
for forensic, post-storm analysis, the focus of this
case study is on the applications of the highly adaptable
MWPI to different storm modes within different climatic
environments and different geographies.

THE BASICS OF THE
MWPI EQUATION

The MWPI was first developed by Pryor (2010) and
is designed to quantify the most relevant factors in
convective downburst generation in by incorporating
1) surface-based or most unstable CAPE, 2) the
temperature lapse rate between the 670- and 850-mb
levels, and 3) dew point depression difference between
the 670- and 850-mb levels. The MWPI is then
incorporated into predictive linear and quadratic
regression models and consists of a set of predictor
variables (i.e., dewpoint depression and temperature
lapse rate) that generates output of expected microburst
risk and wind gust potential. In general, the MWPI
algorithm is found to be most effective in assessing
downburst wind gust potential associated with ordinary
cell and multi-cell convective storms in weak wind
shear environments.

Equation 1:

CAPE
MWPI = (

+
1000 ] kg™ ) {5"6 km™t
(T — Td)lower — (T — Td)upper
* 5°C }

In Equation 1, IT represents the temperature lapse
rate between the upper and lower pressure levels
selected, which is based largely on the sub-cloud
convective mixed layer in the parent environment.
Traditionally, the MWPI has, by default, selected
a layer of 850-670 mb for this layer based on
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Ellrod (1989) and Maddox et al. (1995; Pryor
2015). However, in higher elevation geographies,
a 500-700 mb layer has been considered (Pryor and
Miller 2016; Pryor 2017; based on Caplan et al. 1990),
while in maritime, daytime environments, even surface
or near-surface based convective mixing levels have
been considered (e.g. Pryor 2016).

The unitless MWPI is then applied to either Equation 2
or Equation 3 (depending on geography) to result in
a wind gust magnitude:

Equation 2 (Eastern United States):

Wind Gust (knots)
= (0.35435365777 x (MWPI?)
+(1.29598552473 x MWPI)
+ 33.8176788073

Equation 3 (Western United States):

Wind Gust (knots)
= (L.1)MWPI? + (—-3.8)MWPI
+43.7

This adaptability and versatility to the local storm
environment showcases the MWPI’s utility in a variety
of geographies and convective modes, as the user of
the index can customize the computation to match the
most unstable atmospheric parcel in any scenario.

Such a customization is valuable to a post-storm, forensic
analysis when a downburst is already known to have
occurred. Instead of relying nearly entirely on damage
indicators and their many documented limitations for
localized wind speed estimations, meteorologists now
have an accurate, adaptable tool at their disposal to
environmentally estimate the maximum gust potential
of a downburst.

As demonstrated in Figure 2, MWPI-wind gust potential
regression charts and attendant regression equations
are derived by direct comparison between calculated
MWPI values and associated proximate measured
downburst wind gust speeds.
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The NOAA-Unique Combined Atmospheric Processing
System (NUCAPS) is an enterprise algorithm that
retrieves atmospheric profile environmental data
records (EDRs) and is applied and evaluated for both
daytime and nocturnal severe convective windstorm
cases. NUCAPS is also the primary algorithm for the
operational hyperspectral thermal IR and microwave
sounders. An example of the process of downburst
wind gust potential diagnosis employing NUCAPS
sounding profiles and regression charts is illustrated
in Figure 3.

In addition, as shown in Figure 4, Correlation Coefficient
(CC) is the measure of similarity of the radiative
characteristics of horizontally and vertically polarized
pulses emitted from dual-polarization Doppler radar.
Precipitation characteristics, including particle phase
and shape can be inferred by the coordinated use of
CC and differential reflectivity (ZDR) measurements.
Two distinct case studies are presented in which the
versatility of the MWPI is showcased and supported
by satellite-retrieved microwave (MW) brightness
temperature (TB) measurements, Doppler radar
reflectivity and CC signatures, and NUCAPS and GOES
sounding (thermodynamic) profiles.

CASE STUDY 1:JULY 2014
WESTERN NEVADA DRY
DOWNBURST EVENT

A dry microburst occurred near Carson City on the
afternoon of 1 July 2014, resulting in a measured significant
severe wind gust of 68 knots (78 mph) at the Little Valley
remote automated weather station (RAWS; Zachariassen
et al. 2003) at about 6,500 feet above sea level. This
storm produced an outflow boundary which travelled
into Reno, resulting in severe wind gusts, including a
59 knot (68 mph) wind gust at Reno-Tahoe Airport and
a 62 knot (71 mph) wind gust at the Reno NWS office.

The 0000 UTC radiosonde from Reno indicated a virtual
parcel MUCAPE of 357 J kg™', with a 9.676°C km™ lapse
rate between the selected layers of 761-568.8 mb.
A very strong “inverted-V” profile was exhibited, typical
of dry downbursts, with nearly a 37°C surface dew
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point depression with a dry-adiabatic layer stretching
from the surface to above 500 mb (Wakimoto 1985).

A unitless MWPI value of 5.7922 was calculated, and
applied to Equation 3, resulted in a 59-knot potential
wind gust. Once one-third of the forward storm motion
was added (6 knots), a potential wind gust of 65 knots
(75 mph) resulted. This is remarkably close to the
68 knots measured at the Little Valley RAWS. Shortly
after this burst, the parent storm decayed and only
the outflow boundary remained, still resulting in severe-
caliber winds in the populated areas of the Truckee
Meadows. The afternoon northwestern Nevada NPP
NUCAPS and GOES sounding profile comparison shown
in Figure 5 underscored the favorable environment for
dry microbursts by exhibiting a classic Miller (1972)
Type 4 or Wakimoto (1985) Type A (“inverted-V”) profile
that promoted downdraft acceleration below the melting
level and thunderstorm cloud base and subsequent intense
straight-line winds at ground level.

The 2327 UTC NOAA-18 Microwave Humidity Sounder
(MHS) 89 GHz brightness temperature as compared to
the 157 GHz scattering index in Figure 6, closest to the
time of occurrence of the Little Valley downburst at
2338 UTC, showed correspondingly low MW brightness
temperatures and relatively high scattering index values
associated with the parent storm. In addition, the
Reno, Nevada NEXRAD imagery in Figure 7 showed the
coincident occurrence of high reflectivity and relatively
high correlation coefficient values (near 1.0) within the
precipitation core of the storm that signified the presence
of dry graupel, small hail and ice crystal aggregates. This
precipitation composition of the storm promoted a large
amount of latent cooling and resulting negative buoyancy
in accordance with the process described in Figure 1.

CASE STUDY 2: APRIL 2023
SPACE & TREASURE COAST
FLORIDA SUPERCELL EVENT

A long-track high-precipitation (HP) supercell thunderstorm
moved across Brevard, Indian River, St. Lucie, and Martin
Counties Florida on the afternoon and evening of 26
April 2023. This supercell resulted in several reports
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of significant-severe wind gusts and surveyed wind
damages, published in the NOAA Storm Events Database.
This storm resulted in an area of damage in West Melbourne
(Brevard County) in which the National Weather Service
(NWS) determined was between 70-75 miles per hour
(mph). Specifically mentioned within this damage survey
was a nearby measured wind report from a personal
weather station (PWS) of 62 knots (71 mph).

Utilizing a virtual parcel most-unstable CAPE (MUCAPE)
from the 1500 UTC Cape Canaveral radiosonde of
5,451 ) kg™ and temperature and dew point measurements
from the 925-753 mb levels (including a lapse rate of
6.18°C km™), a unitless MWPI of 6.3065 was obtained.
This resulted in a downburst wind gust speed potential
of 56 knots. Adding one-third of the radar-measured
forward storm motion (in general relation to the method
of adding one-third of the surface-5,000-foot mean wind
speed to overall downburst speed recommended by
Miller (1972)), a resultant 62 knots was established —
identical to that measured by the personal weather
station located proximate to the downburst swath
surveyed by the NWS. Figure 8, the early afternoon
(1752 UTC) NOAA-20 NUCAPS physical (IR+MW) and
MW-only soundings, retrieved near Melbourne, displayed
a classic moist Miller (1972) Type 2 profile with large
CAPE, conditional instability, and an MWPI value of 5
that corresponded to downburst wind gust potential of
50 knots or greater. The wet-bulb zero height near the
700 mb level was conducive for hail and subsequent
intense downdraft generation.

Additional downburst wind gusts were recorded at Vero
Beach (56 knots at 2042 UTC) and Fort Pierce (47 knots
at 2103 UTC) airports, and the strongest of the event
was recorded at Jensen Beach Weatherflow station
(74 knots at 2146 UTC). The late afternoon (2132 UTC)
DMSP F-18 SSMIS sensor overpass, shown in Figure 9,
was optimal for observing the physical characteristics of
the supercell storm that favored downburst generation.
Melbourne NEXRAD imagery in Figure 10 showed the
coincident occurrence of high reflectivity and relatively
low correlation coefficient values (0.8-0.9) within
the precipitation core of the storm that signified the
presence of a large graupel and hail content. A high
concentration of ice-phase precipitation in the rear
flank of the storm favored intense downburst generation
that was promoted by a large amount of latent cooling
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and resulting negative buoyancy in accordance with the
process described in Figure 1.

DISCUSSION AND
CONCLUSIONS

The MWPI can be demonstrably employed in any situation
where convective downdraft and/or downburst activity
is suspected due to its versatility and adaptability across
various geographies, climate zones, and convective modes.

The MWPI has also been utilized internationally, including
with documented positive results in Australia (Grundstein
et al. 2017), as well as in the United Kingdom (currently
ongoing). Even the 16 April 2024, historic rainfall and severe
weather event in the United Arab Emirates (UAE) indicated
reliable uses of the MWPI originating both from observed
polar-orbiting meteorological satellite sounders as well as
measured radiosondes from Abu Dhabi.

This versatility of the MWPI is due to the customizable
nature of the index’s variables. For example, the user may
define specific atmospheric levels corresponding with the
steepest sub-convective-cloud base layer lapse rates, and
equations are presented to determine a maximum wind
gust speed based on western and eastern U.S. geographies
(though we suspect that these can apply anywhere in the
world with similar geography and climate zones).

We also have introduced the recommended,
demonstratively accurate method of applying one-third
of the radar-measured forward storm motion to the
organic wind gust speed obtained through the MWPI
equations, as this method further adapts the MWPI
wind gust speed to the parent storm itself.

In general, afternoon NPP and NOAA-20 NUCAPS
soundings qualitatively indicate a strong signal for
severe thunderstorm and downburst occurrence:
1) close agreement between the boundary layer
structure (“inverted-V”) as resolved by the GOES and
NUCAPS sounding profiles and the calculated MWPI gust
potential; 2) strong relationship between high radar
reflectivity and very low MW brightness temperatures
(BTs) apparent in NOAA-18 and F-18 satellite overpasses;
3) low BTs also correspond well with the high integrated
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graupel values, suggesting that intense downdrafts and
resulting downbursts were forced by ice precipitation
loading and melting, as well as unsaturated air entrainment
into the mixed-phase precipitation core.

The NEXRAD correlation coefficient product effectively

distinguished between dry graupel, small hail and ice

crystal aggregates that were predominant in the western
Nevada downburst storm and the presence of larger,
melting graupel and hail that was prevalent in the Florida
supercell storms. Accordingly, the Florida storms exhibited
an increased favorability for severe downburst generation.
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FIGURES

Downburst Microphysical and Thermodynamic Processes

1) Tha powear of tha downdraft also increases in propartion to
the relative concentration of smaller particles.

2] In conjunction with precipitation loading, the melting of
frozen hydrometeors and subdoud evaporation of lguid
precipitation results in the cooling and negative buoyancy
that accelerate the downdraft in the unsaturated layer
promated by a significant temperature lapse rate (Srvastava
1985, 1387).

: 3] The melting of ice-phase precipitation, subsequent
1] Pradpitation loading evaporative cooling, and the resulting dewndralt strength
are enhanced by sizeable NHguld water content and the

2] Latent cooling
; relatad watar surfaca availabla for svaporation.

3] Megative buoyancy (F)
4] Downdraft accaleration
Stlvastava (1985, 1987)

Krupp (1989, 1996 refined the understanding of the

dewmnbursr generaton's physleal and dynamle pracasses:

1) Dosenedrafts are chosaly cotrolled by the amival of precipitation at
lowe Bevels. In the storm mickile levels, air Hlows quas Hhoreontally
around the updraft flanks and converges into the downshear flank
[ wiak).

1) The intrusion of drier air into the wakes predpitation region also
enhances the evaporationfublimation process. Diabalk cooling

ST { from mwelting and evaporation is most effective at levels below the
Knupp (1989, 1996) 1 e e tting laval.

M comprehensive understanding of the downdraft initation
provess Is chosely related to the precipitation inftlatlon and transport
prisoess within clouds and s obserable N passive  mECIOwEsE
imagery, as shown in the following case studies.

Figure 1 - Graphical summary and conceptual model of thunderstorm downburst generation.
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Figure 2 - MWPI downburst wind gust potential regression charts
with 50-knot wind gust potential annotated over regression curves.
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Figure 3 - Example of the process of downburst wind gust potential diagnosis employing NUCAPS sounding profiles and
regression charts for the 26 April 2023 Florida Atlantic coast wet downburst event.
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Figure 8 - 1752 UTC 26 April 2023 NOAA-20 NUCAPS physical (IR+MW, left) and
microwave (MW, right) retrieval comparison near Melbourne, Florida.
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Figure 9 - 2132 UTC 26 April 2023 DMSP F-18 SSMIS brightness temperature product comparison. “PCT”
is the polarization-corrected temperature and “SI89” is the 89 GHz scattering index. White circle represents the
1752 UTC NOAA-20 NUCAPS retrieval location. “56”, “47”, and “74” represent downburst wind gusts (knots)
recorded at Vero Beach, Fort Pierce, and Jensen Beach, Florida, respectively.
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Figure 10 - Comparison of 2133 UTC 26 April 2023 Melbourne, Florida NEXRAD reflectivity and associated correlation
coefficient product imagery for the Florida Atlantic coast wet downburst event.
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This publication is for educational and general information purposes only. It may contain errors and is provided as is.
It is not intended as specific advice, legal, or otherwise. Opinions and views are not necessarily those of J.S. Held or its
affiliates and it should not be presumed that J.S. Held subscribes to any particular method, interpretation, or analysis
merely because it appears in this publication. We disclaim any representation and/or warranty regarding the accuracy,
timeliness, quality, or applicability of any of the contents. You should not act, or fail to act, in reliance on this publication
and we disclaim all liability in respect to such actions or failure to act. We assume no responsibility for information
contained in this publication and disclaim all liability and damages in respect to such information. This publication is
not a substitute for competent legal advice. The content herein may be updated or otherwise modified without notice.

J.S. Held, its affiliates and subsidiaries are not certified public accounting firm(s) and do not provide audit, attest, or any other
public accounting services. J.S. Held is not a law firm and does not provide legal advice. Securities offered through PM Securities,

LLC, d/b/a Phoenix IB, a part of J.S. Held, member FINRA/ SIPC or Ocean Tomo Investment Group, LLC, a part of J.S. Held, member
FINRA/ SIPC. All rights reserved.
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