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ABSTRACT

A severe thunderstorm wind gust climatology spanning 2003-09 for the contiguous United States is de-
veloped using measured Automated Surface Observing System (ASOS) and Automated Weather Observing
System (AWOS) wind gusts. Archived severe report information from the National Climatic Data Center
publication Storm Data and single-site volumetric radar data are used to identify severe wind gust observa-
tions [=50 kt (25.7 m s~ !)] associated with thunderstorms and to classify the convective mode of the storms.
The measured severe wind gust distribution, comprising only 2% of all severe gusts, is examined with respect
to radar-based convective modes. The convective mode scheme presented herein focuses on three primary
radar-based storm categories: supercell, quasi-linear convective systems (QLCSs), and disorganized. Mea-
sured severe gust frequency revealed distinct spatial patterns, where the high plains received the greatest
number of gusts and occurred most often in the late spring and summer months. Severe wind gusts produced
by supercells were most frequent over the plains, while those from QLCS gusts were most frequent in the
plains and Midwest. Meanwhile, disorganized storms produced most of their severe gusts in the plains and
Intermountain West. A reverse spatial distribution signal exists in the location between the maximum
measured severe wind gust corridor located over the high plains and the maximum in all severe thunderstorm
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wind reports from Storm Data, located near and west of the southern Appalachians.

1. Introduction

Numerous studies have highlighted limitations and
biases in severe thunderstorm wind reports in the Na-
tional Climatic Data Center (NCDC) publication Storm
Data. These reporting inconsistencies within the severe
thunderstorm wind database (Schaefer and Edwards
1999; Brooks et al. 2003) have made climatological
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interpretation of these reports [defined as estimated or
measured thunderstorm gusts =25.7 m s~ ' (hereafter
referred to as 50 kt), or thunderstorm-produced wind
damage] problematic. Several nonmeteorological fac-
tors lead to variability and inconsistency within the se-
vere wind report database (e.g., measured and estimated
gusts versus damage) and some of these include over-
estimated wind speeds by human observers (Doswell
et al. 2005), a nonmeteorological increase in the number
of reports (Weiss et al. 2002), and the dependence of
report frequencies on population density and time of
day (Trapp et al. 2006). The inhomogeneous spatial
distribution of population and wind damage tracers
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(e.g., trees, powerlines, etc.) and the variability in reporting
standards (Weiss et al. 2002) undoubtedly influence Storm
Data severe wind reports.

Many studies have examined the climatological fre-
quency of severe wind reports and the synoptic and me-
soscale environments associated with these events (e.g.,
Johns and Hirt 1987; Wakimoto 1985). While not focused
solely on measured severe convective wind gusts, these
studies provide important insight into the frequency and
patterns of severe thunderstorms historically responsible
for producing severe wind reports. Much of the sub-
jectivity and inconsistency in a severe thunderstorm wind
climatology can be alleviated—thereby lending credibil-
ity to the subsequent dataset (Weiss et al. 2002)—if such
a climatology only includes data from a consistent source
(e.g., calibrated instrumentation sited at similar loca-
tions), across a large area, and over a sufficiently long
period. Hence, a severe thunderstorm wind gust dataset
was developed using instrument-measured Automated
Surface Observing System (ASOS) and Automated
Weather Observing System (AWOS) severe wind gusts
observations =50 kt during 2003-09 for most of the
contiguous United States.

Archived severe report information from the National
Climatic Data Center’s Storm Data and single-site vol-
umetric Weather Surveillance Radar-1988 Doppler
(WSR-88D) level-II radar data are used to identify
measured severe wind gusts attributed to thunderstorms
and to classify the convective modes associated with
these measured gusts using the storm classification
methodology of Smith et al. (2012, hereafter S12). The
primary motivations for this study are to assess the
spatiotemporal distribution of severe gusts with limited
influence from nonmeteorological factors, and to docu-
ment and analyze the spatial frequency of convective
mode with respect to the severe gusts.

2. Data and methods

a. Data and event filtering

A surface observation database at the Storm Pre-
diction Center (SPC) contains archived ASOS/AWOS
data extending across much of the contiguous United
States (excluding the West Coast and sites near the
Canadian border) that can be used to extract wind gusts
=50 kt from 2003 to 2009. To be included in this study,
ASOS/AWOS stations must have archived data avail-
able for =95% of the days during the 7-yr period (686
sites). The method for measuring ASOS/AWOS wind
gusts transitioned from an averaged maximum 5-s gust
with an anemometer to an ultrasonic device and a 3-s
gust for all sites. This occurred as early as 2003 for a few
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sites but little difference was found in comparing severe
wind gusts frequency before and after sites transitioned
to the new scheme (C. Turner 2012, personal commu-
nication). Coded observation data were manually ex-
amined, and maximum gusts in a 1-h period exceeding
50 kt were recorded with the first observed gust taking
precedence if two or more qualifying gusts of equal
magnitude occurred within a given hour. A multistep
quality control (QC) approach was used to eliminate
nonconvective high-wind events and erroneous re-
corded gusts from the dataset. To accomplish this, each
candidate severe wind observation was placed on a
Rapid Update Cycle (RUC) model (Benjamin et al.
2004) analysis grid with 40-km horizontal grid spacing in
a 3 X 3 grid array centered on the closest grid to each
ASOS/AWOS. The gusts were assigned to the closest
prior analysis hour and were required to pass an initial
environment check of most unstable convective avail-
able potential energy (MUCAPE) =1 J kg~ ! from ar-
chived SPC mesoanalysis data (Bothwell et al. 2002;
Schneider and Dean 2008) and the presence of a light-
ning strike as detected by the National Lightning De-
tection Network (NLDN). Next, observations were
further scrutinized using archived single site WSR-88D
level-1I data and assigned a convective mode. Wind gust
observations from landfalling tropical cyclones were
omitted. This QC process retained 1911 wind gusts.'

b. Radar-based storm mode classification criteria

The Gibson Ridge radar-viewing software package
(http://www.grlevelx.com/) was used to analyze archived
WSR-88D level-1I or level-II1 single site radar data from
NCDC (http://www.ncdc.noaa.gov/nexradinv/). The clos-
est radar-site data were used (for gusts within 230 km of
radar) to classify the convective mode based on S12.
Convective mode was determined using full volumetric
radar data, especially when data through a deep layer
were needed to perform a more thorough assessment of
storm structure. Preference was given to the volume
scan and lower-elevation tilts (e.g., 0.5°) of base re-
flectivity immediately prior to the time of the measured
severe gust. If level-II data were unavailable, then level-
III data were used. In situations when radar data were
unavailable or incomplete, convective mode was not
assigned (0.2% of total cases). Emphasis herein is placed
on the three major convective mode classes: supercell,
quasi-linear convective system (QLCS), and disorga-
nized (i.e., cells and clusters clearly not meeting QLCS
or supercell criteria).

! The 1911 wind gusts include 25 marginal supercell mode gusts
and 3 gusts not assigned a mode; these are not included in Figs. 2—4.
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FIG. 1. Proportional symbol (gray circles) plot of measured severe thunderstorm wind gusts
[225.7 m s~ (50 kt)] per ASOS/AWOS site during 2003-09. The total gust count (1911,
labeled top right) was corroborated with Storm Data reports. The maximum measured gust
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count was 18 at Burlington, CO (near the eastern CO and northwest KS border).

Discrete or embedded cells with focused areas of
cyclonic (or anticyclonic) azimuthal shear were fur-
ther scrutinized as potential supercells, following the
mesocyclone nomograms developed by the Warning
Decision Training Branch of the National Weather
Service (Andra 1997; Stumpf et al. 1998). Supercells
required a peak rotational velocity =10 m s~ ! (i.e.,
a peak-to-peak azimuthal velocity difference of roughly
20 m s~ ! over a distance of less than 10 km). Range
dependence was included in the mesocyclone desig-
nation, per the 1-, 2-, and 3.5-n mi [where 1 nautical
mile (n mi) = 1.852 km] mesocyclone nomograms (Andra
1997).

A QLCS is defined as consisting of contiguous
reflectivity at or above the threshold of 35 dBZ for a
horizontal distance of at least 100 km and a length-to-
width aspect ratio of at least 3 to 1 at the time of the
event, similar to Trapp et al. (2005). Disorganized
storms were cellular modes that did not include super-
cell structures, and consisted mainly of conglomerates of
storms meeting the reflectivity threshold but not satis-
fying either supercell or QLCS criteria. The most chal-
lenging storm mode assignments involved cases of line
segments or loose bands of storms near the QLCS
threshold (i.e., 35 dBZ extending =100 km, 3:1 aspect
ratio), as well as those that exhibited arcing gust fronts
>100-km length, but possessed discontinuous higher
reflectivity. For a more thorough discussion pertaining
to the complexity and challenges of categorizing con-
vective mode, please refer to S12.

3. Results

The ASOS/AWOS sites recording the highest counts
of severe gusts were primarily confined to the high plains
(Fig. 1). Station sites such as Burlington, Colorado (lo-
cated along the Colorado—Kansas border), tallied the
highest count (i.e., 18 measured severe thunderstorm
wind gusts) and other locations in the high plains re-
corded comparable severe gust counts [e.g., Lubbock,
Texas (15), and Hill City, Kansas (13)]. A secondary
corridor of higher counts extends eastward from the
central plains into the Midwest and Ohio Valley regions.
Reduced counts prevail across the lower Mississippi
Valley northeastward into the upper Tennessee Valley
region.

Several spatial patterns became evident when the
gusts were categorized by convective mode. Supercell
gusts most commonly occurred east of the Rockies and
primarily favored the plains and central Mississippi
Valley (Fig. 2). Supercell gusts were infrequent across
much of the South and along the Atlantic coast, while
supercell gusts were nearly nonexistent from the Rockies
westward. Sites located over the plains and Midwest
displayed nearly equal QLCS gust counts (Fig. 3). QLCS
gust counts were lower across the Southeast and rarely
measured across the Rockies, Intermountain West, and
Sonoran Desert. Disorganized storm mode gusts were
most frequent across the high plains, with other higher
counts observed over the Midwest, Intermountain West,
Sonoran Desert, and portions of Florida and Carolinas
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FIG. 2. As in Fig. 1, but for supercell gusts. Shading denotes relative frequency of supercell
gusts to total measured gusts at each site. Supercell gusts compose 11% of the total measured

severe gusts.

(Fig. 4). An areal minimum was found over the lower
Mississippi Valley northeastward into the central
Appalachians.

Supercell wind gusts were most frequent relative to
all mode gusts during March—June and in November,
with an absolute peak in June (Fig. 5). Supercell wind
gusts contributed to a greater fraction of wind gusts at
higher thresholds [e.g., =33.4 m s~ ' (65 kt)] than QLCS
and disorganized modes, similar to S12. QLCS wind
gusts were more frequent than those for the other

modes from November through April, but with an ab-
solute peak in June. Disorganized storm wind gusts
were uncommon during the winter (i.e., December—
February) but rapidly increase in number during the
spring (i.e., March-May). By May, disorganized storm
gusts contribute to the greatest number of gusts by
mode, reach a maximum in July, and rapidly decrease
in number by September. The majority of measured
gusts (63%) occurred during the summer (i.e., June—
August), most of which were produced by disorganized

| | aLcs Gusts (2003-2009) |

FIG. 3. As in Fig. 2, but for QLCS gusts. QLCS gusts compose 42% of the total
measured severe gusts.
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FIG. 4. As in Fig. 2, but for disorganized gusts. Disorganized gusts compose 47% of the total
measured severe gusts.

storm (53%) and QLCS (35%) modes (Schoen and
Ashley 2011).

Spatially, QLCS gusts in the summer (not shown)
were not recorded over the Intermountain West and
were rare from the northern Gulf Coast and Florida
northeastward through the Carolinas. The greatest
proportions of gusts for the Midwest and southern Great
Lakes were attributed to QLCS (Fig. 3) (Johns and Hirt
1987). Although QLCS summer gust frequency was
maximized in the Midwest and southern Great Lakes,
where northwest flow events (Johns 1982) are common,
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much of the central plains southward into the southern
high plains exhibited a nearly equal rate of summer
QLCS occurrence (Coniglio and Stensrud 2004).
Kernel density estimation was performed on a 40-km
analysis grid to depict the spatial density of all Storm
Data severe wind reports in the publication during
2003-09. A striking difference is evident in the distri-
bution of severe wind reports from Storm Data and the
spatial distribution of measured ASOS/AWOS severe
wind gusts (Figs. 6a,b). The maximum in all severe
thunderstorm wind reports from Storm Data, in which
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FIG. 5. Convective mode count distribution by month (supercell, black; QLCS, medium gray;
disorganized, light gray).



234 WEATHER AND FORECASTING VOLUME 28

0
g
a

........l-
© O NG A BN =

-

0
g
=

.......O.-
OO N ;A WN =

-

FIG. 6. (a) As in Fig. 1, but the kernel density estimation (40-km grid) of all severe wind reports in the Storm Data
severe wind database during 2003-09 is shaded. Wind report count normalized to 10 yr. (b) Asin (a), but the kernel
density estimation of ASOS/AWOS measured =25.7 m s~ (50 kt) wind gusts relative to all severe wind reports
(92 652) in the Storm Data severe thunderstorm wind database during 2003-09 is shaded. The low kernel density
estimate values over much of CA, OR, and WA are due to insufficient ASOS/AWOS kernel density data being

calculated over those states.

gust magnitudes were mostly estimated, is located near
and west of the southern Appalachians (Fig. 6a), where
measured severe gusts were relatively infrequent. A much
higher percentage (~30%-60%) of severe thunderstorm

wind reports were associated with measured ASOS/
AWOS gusts in the high plains, whereas =2% of reported
severe thunderstorm gusts were sampled by ASOS/
AWOS from parts of the Deep South and Appalachians
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northward into New England (Fig. 6b). These differ-
ences are likely related to factors such as vegetation and
population densities, both of which contribute to the
potential for wind damage thresholds below 50 kt.
Cintineo et al. (2012) identified a similar dichotomy
between radar-derived maximum expected size of hail
(MESH) and large-hail report frequency near the
southern Appalachians.

4. Summary

The measured severe wind observations originating
from ASOS/AWOS data were subjected to multiple QC
procedures that filtered candidate severe wind obser-
vations using lightning data, radar reflectivity, and
manual examination of coded observation data. Identi-
fied gusts were compared to Storm Data to assess the
confidence in the validity of the gust. This QC approach
yielded over 1900 measured severe wind gusts =50 kt
across a large portion of the contiguous United States
from 2003 to 2009. Most gusts occurred in the May-
August period, though our sample of measured gusts
represents only 2% of the severe wind reports in Storm
Data. Analysis of measured severe thunderstorm gust
frequency shows a primary corridor over the southern
and central plains states with a secondary axis extending
eastward from the central plains into the southern Great
Lakes states. A much lower observed frequency is evi-
dent from the lower Mississippi Valley northeastward
along the spine of the Appalachians.

Using a methodology outlined in S12, convective
mode was assigned to storms based on radar reflectivity
and velocity thresholds with three primary categories of
mode classification (i.e., supercell, QLCS, and disorga-
nized). Supercells accounted for only 11% of gusts and
were mainly distributed across the central United States.
Supercell severe gusts were most frequent during
March-August. QLCS gusts were most frequent east of
the Rockies from the plains into the Midwest and Ohio
Valley regions—composing 42% of gusts—and were the
most common mode for severe gusts from November to
April. Disorganized thunderstorm gusts—accounting
for 47% of the dataset—were most frequent during the
summer. An overwhelming majority of wind gusts from
the immediate lee of the Rockies into the Intermountain
West and Sonoran Desert were attributed to disorga-
nized thunderstorm modes. A reverse spatial distribu-
tion signal exists in the location between the maximum
measured severe wind gust corridor located over the
high plains and the maximum in all severe thunderstorm
wind reports from Storm Data, located near and west of
the southern Appalachians. The stark contrast in the
measured versus estimated spatial distribution of severe
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wind gust observations calls for further development of
an explicitly measured severe wind gust dataset.

Acknowledgments. This study benefited from several
discussions with Dr. Harold Brooks, Steven Weiss, and
David Imy. The authors thank Dr. Matthew Bunkers
and one anonymous reviewer. Dr. Israel Jirak, Steven
Weiss, and Dr. Michael Coniglio provided an initial
review. T. Castellanos was supported by the NOAA
Ernest F. Hollings Undergraduate Scholarship program
and A. Winters was funded by National Science Foun-
dation Grant AGS-0648566 via the National Weather
Center Research Experience for Undergraduates
program.

REFERENCES

Andra, D. L., Jr., 1997: The origin and evolution of the WSR-88D
mesocyclone recognition nomogram. Preprints, 28th Conf.
on Radar Meteorology, Austin, TX, Amer. Meteor. Soc.,
364-365.

Benjamin, S. G., and Coauthors, 2004: An hourly assimilation—
forecast cycle: The RUC. Mon. Wea. Rev., 132, 495-518.
Bothwell, P. D., J. A. Hart, and R. L. Thompson, 2002: An in-
tegrated three-dimensional objective analysis scheme in use at
the Storm Prediction Center. Preprints, 2/st Conf. on Severe
Local Storms, San Antonio, TX, Amer. Meteor. Soc., JP3.1.
[Available online at https://ams.confex.com/ams/SLS_WAF _

NWP/techprogram/paper_47482.htm.]

Brooks, H. E., C. A. Doswell 111, and M. P. Kay, 2003: Climatol-
ogical estimates of local daily tornado probability for the
United States. Wea. Forecasting, 18, 626-640.

Cintineo, J. L., T. M. Smith, V. Lakshmanan, H. E. Brooks, and
K. L. Ortega, 2012: An objective high-resolution hail clima-
tology of the contiguous United States. Wea. Forecasting, 27,
1235-1248.

Coniglio, M. C., and D. J. Stensrud, 2004: Interpreting the clima-
tology of derechos. Wea. Forecasting, 19, 595-605.

Doswell, C. A., III, H. E. Brooks, and M. P. Kay, 2005: Climatol-
ogical estimates of daily local nontornadic severe thunder-
storm probability for the United States. Wea. Forecasting, 20,
577-595.

Johns, R. H., 1982: A synoptic climatology of northwest flow severe
weather outbreaks. Part I: Nature and significance. Mon. Wea.
Rev., 110, 1653-1663.

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

Schaefer, J. T., and R. Edwards, 1999: The SPC tornado/severe
thunderstorm database. Preprints, /1th Conf. on Applied
Climatology, Dallas, TX, Amer. Meteor. Soc., 215-220.

Schneider, R. S., and A. R. Dean, 2008: A comprehensive 5-year
severe storm environment climatology for the continental
United States. Preprints, 24th Conf. Severe Local Storms,
Savannah GA, Amer. Meteor. Soc., 16A.4. [Available online
at http://ams.confex.com/ams/pdfpapers/141748.pdf.]

Schoen, J. M., and W. S. Ashley, 2011: A climatology of fatal
convective wind events by storm type. Wea. Forecasting, 26,
109-121.

Smith, B. T., R. L. Thompson, J. S. Grams, C. Broyles, and
H. E. Brooks, 2012: Convective modes for significant severe



236 WEATHER AND

thunderstorms in the contiguous United States. Part I: Storm

classification and climatology. Wea. Forecasting, 27, 1114—

1135.

Stumpf, G. J., A. Witt, E. D. Mitchell, P. L. Spencer, J. T.
Johnson, M. D. Eilts, K. W. Thomas, and D. W. Burgess,
1998: The National Severe Storms Laboratory mesocyclone
detection algorithm for the WSR-88D. Wea. Forecasting, 13,
304-326.

Trapp, R.J.,S. A. Tessendorf, E. S. Godfrey, and H. E. Brooks,
2005: Tornadoes from squall lines and bow echoes.
Part I: Climatological distribution. Wea. Forecasting, 20,
23-34.

FORECASTING VOLUME 28

——, D. M. Wheatley, N. T. Atkins, R. W. Przybylinski, and
R. Wolf, 2006: Buyer beware: Some words of caution on the
use of severe wind reports in postevent assessment and re-
search. Wea. Forecasting, 21, 408-415.

Wakimoto, R. M., 1985: Forecasting dry microburst activity over
the high plains. Mon. Wea. Rev., 113, 1131-1143.

Weiss, S. J., J. A. Hart, and P. R. Janish, 2002: An examination of
severe thunderstorm wind report climatology: 1970-1999.
Preprints, 21st Conf. on Severe Local Storms, San Antonio,
TX, Amer. Meteor. Soc., 11B.2. [Available online at https:/
ams.confex.com/ams/SLS_WAF_NWP/techprogram/paper_
47494 .htm.]



