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ABSTRACT

A 5-yr climatology of elevated severe convective storms was constructed for 1983–87 east of the

Rocky Mountains. Potential cases were selected by finding severe storm reports on the cold side of sur-

face fronts. Of the 1826 days during the 5-yr period, 1689 (91%) had surface fronts east of the Rockies.

Of the 1689 days with surface fronts, 129 (8%) were associated with elevated severe storm cases. Of the

1066 severe storm reports associated with the 129 elevated severe storm cases, 624 (59%) were hail re-

ports, 396 (37%) were wind reports, and 46 (4%) were tornado reports. A maximum of elevated se-

vere storm cases occurred in May with a secondary maximum in September. Elevated severe storm

cases vary geographically throughout the year, with a maximum over the south-central United States

in winter to a central and eastern U.S. maximum in spring and summer. A diurnal maximum of elevated

severe storm cases occurred at 2100 UTC, which coincided with the diurnal maximum of hail reports. The

wind reports had a broad maximum during the daytime. Because the forecasting of hail from elevated

storms typically does not pose as significant a forecast challenge as severe wind for forecasters and torna-

does from elevated storms are relatively uncommon, this study focuses on the occurrence of severe wind

from elevated storms. Elevated severe storm cases that produce only severe wind reports occurred roughly

5 times a year. To examine the environments associated with cases that produced severe winds only, five

cases were examined in more detail. Common elements among the five cases included elevated convective

available potential energy, weak surface easterlies, and shallow near-surface stable layers (less than 100 hPa

thick).
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1. Introduction

Deep moist convection can be either surface based or

elevated. Surface-based convection occurs when near-

surface air is the most unstable air parcel in the column.

Elevated convection occurs above a near-surface stable

layer, such that the most-unstable parcel is above the

surface. Recent research has shown that elevated con-

vective storms may be relatively common. For example,

Wilson and Roberts (2006) found that half of the con-

vective storms during the International H2O Project

were elevated. Recent papers also argue for a greater

understanding of the processes that initiate elevated

convection (e.g., Dabberdt et al. 2005).

Means (1952) may have been the first to recognize

the importance of elevated convection by presenting

conceptual models of thunderstorms on the cold sides

of fronts (see his Figs. 21–23) and by stating, “The sur-

face chart is less representative than the 850-mb. chart

because summer showers and thunderstorms in the

Midwest are primarily higher level phenomena. The

lower portion of the stable layer is frequently near the

850-mb. level. Unfortunately such summer thunder-

storm and precipitation patterns do not correspond well

to classical concepts of precipitation around frontal cy-

clones” (Means 1952, p. 181).

Colman (1990a,b) was the first to provide detailed

documentation of the widespread occurrence of el-

evated thunderstorms in the United States. Colman’s

(1990a) climatology revealed that elevated deep con-

vection typically occurs north of a surface warm front in

an environment of strong baroclinity, large vertical

wind shear, and warm-air advection. His climatology

also showed that nearly all cool-season storms are el-

evated, and a smaller proportion of warm-season

storms are elevated. Colman (1990a, 1991) argued that

nearly half of the elevated thunderstorms from his cli-

matology formed in the absence of conditional instabil-

ity, although Williams (1991) disagreed with that as-

sessment. Case studies of elevated convection by Roch-

ette and Moore (1996), Rochette et al. (1999), and

Moore et al. (1998, 2003) focused on elevated convec-

tive storms that produce heavy rainfall, finding they

were associated with elevated instability.

Sometimes elevated convection produces severe

weather in the form of large hail, strong winds, and/or

tornadoes (e.g., Branick et al. 1988; Colman 1990b;

Schmidt and Cotton 1989; Bernardet and Cotton 1998;

Banacos and Schultz 2005). Grant (1995) examined 11

cases of elevated convection producing severe weather

occurring between April 1992 and April 1994. The en-

vironments of these cases possessed convective insta-

bility above a shallow, but strong, inversion. Of the 321

severe reports associated with these 11 cases, he found

that 92% were hail, 7% were wind, and 1% were tor-

nadoes. Although Grant (1995) provided a preliminary

analysis of elevated severe convection, a more thor-

ough study that examines when, where, and how often

elevated convection produces severe weather does not

exist.

Operational experience at the National Weather Ser-

vice’s (NWS’s) Storm Prediction Center (SPC) con-

firms the results of Grant (1995), indicating that the

primary threat with elevated storms is severe hail. Be-

cause the ingredients associated with hail are similar

regardless of whether a storm is elevated or surface

based, the forecasting of hail from elevated storms typi-

cally does not pose as significant a forecast challenge as

severe wind for SPC forecasters. Because the near-

surface stable layer limits the potential for tornadoes

(e.g., Fritsch and Forbes 2001, p. 339), tornadoes from

elevated storms are rare (e.g., Grant 1995). In contrast,

severe surface wind from elevated storms occurs some-

what more frequently. Knowledge of the factors that

affect the production of severe surface winds from el-

evated storms, however, is limited. Consequently, el-

evated storms producing severe surface winds remain

problematic for forecasters.

The purpose of this paper is twofold. First, we extend

Grant’s (1995) work by creating a 5-yr climatology of

severe-weather-producing elevated convection. Sec-

ond, we explore the synoptic environments favoring el-

evated convection that produce severe wind at the sur-

face. Section 2 of this paper details the data and meth-

odology used to construct the climatology. The

geographical, annual, and diurnal distributions of se-

vere-weather-producing elevated convection are pre-

sented in section 3. Section 4 presents five case studies

in which elevated storms produce severe surface winds.

Section 5 raises unanswered questions about elevated

severe wind cases, and section 6 concludes this paper.

2. Data and methodology

To assess the environments that cause elevated con-

vection producing severe weather, a climatology was

created containing possible elevated severe storm cases

across the contiguous United States from the Front

Range of the Rockies eastward to the Atlantic coast for

1983–87. These five calendar years were chosen for two

main reasons. First, the years were selected to maxi-

mize the number of National Meteorological Center

(NMC; now known as the National Centers for Envi-

ronmental Prediction) manually analyzed 3-h surface

maps archived on microfilm at the SPC. Using these

maps avoided the perceived degradation in the quality

of the surface analyses in later years from the switch to

1032 W E A T H E R A N D F O R E C A S T I N G VOLUME 22



automated isobar analysis (e.g., Bosart 1989; Corfidi

and Comba 1989, p. 344; Mass 1991) and surface frontal

analyses performed by less experienced analysts. Sec-

ond, a dramatic increase in severe reports for wind

(Weiss et al. 2002; Doswell et al. 2005), hail (Schaefer et

al. 2004; Doswell et al. 2005), and tornadoes (Doswell

et al. 2005; Verbout et al. 2006) has occurred over time.

Thus, the climatology will be dependent upon our

choice of years. By using severe reports from the 1980s,

the inflation in the number of severe reports in recent

years, many of which were of marginal intensity, is less

of a problem.

Severe reports were defined using the NWS criteria

of hail 0.75 in. (1.9 cm) or greater in diameter, wind

gusts of at least 50 kt (26 m s�1), or tornadoes (e.g.,

Johns and Doswell 1992). Significant severe weather

was defined by Hales (1988) as hail 2 in. (5.1 cm) or

greater in diameter, wind gusts of at least 65 kt (33

m s�1), or tornadoes with F2 intensity or greater. Both

severe reports and significant severe reports were ex-

amined in this climatology of elevated severe weather

cases.

Identifying elevated severe weather cases for the cli-

matology consisted of two steps. This two-step tech-

nique mimics the methodology used in forecasting el-

evated convection during operations at the SPC. The

first step was to examine the daily 1200 UTC surface

maps in the weekly National Oceanic and Atmospheric

Administration (NOAA) publication Daily Weather

Maps for any analyzed surface fronts. If a surface front

was found, the National Climatic Data Center’s publi-

cation Storm Data was examined to determine whether

any severe reports occurred on the cold side of the

surface front. Of the 1826 days during the 5-yr period,

1689 (91%) had surface fronts east of the Rockies. Of

these 1689 days with surface fronts, 394 (23%) had po-

tential elevated severe storm cases associated with

them.

The second step was to take the 394 potential el-

evated severe storm cases and apply two more criteria

to determine if the cases were indeed elevated. The first

criterion was that the severe reports needed to be at

least 1° latitude (111 km) on the cold side of the surface

front. This criterion was used to help ensure that the

reports occurred sufficiently far enough into the cold

air to be elevated. NMC’s 3-h manually analyzed sur-

face maps on microfilm were examined to determine

the location of the front around the time the severe

reports occurred. This criterion focuses on convection

occurring in association with surface frontal boundaries

and tends to exclude convection that may be occurring

above a surface-based nocturnal inversion.

The second criterion was to examine proximity

soundings for possible lower-tropospheric stable layers.

The proximity sounding had to be on the cold side of

the front, no more than 3° latitude (333 km) away from

the reports, and within 3 h of the initial report. Our

criteria are comparable to previously published studies

of severe wind climatologies. Coniglio et al. (2004) used

300 km and no time frame, whereas Burke and Schultz

(2004) used 300 km and 5 h for their climatologies of

derechos and cold-season bow echoes, respectively.

Harnack et al.’s (1997) study of warm-season wind

events in Utah used criteria of 170 km and 3 h after the

nominal sounding time. If the initial report was more

than 3 h from sounding times, both of the soundings

surrounding the time of the initial report were exam-

ined. If the report was on the cold side of the front and

the proximity sounding possessed a low-level stable

layer, this case was considered to be a probable el-

evated severe case. The case was also given a subjective

ranking from 1 to 10 on both the confidence of being

elevated and the availability of appropriate proximity

soundings. A case with low confidence (�5) typically

had no most-unstable convective available potential en-

ergy (MUCAPE) in its proximity soundings, a small

number of severe reports, no proximity soundings near

the reports, and/or its associated severe reports were

less than 111 km from the front. A further complication

occurred if the 1200 UTC proximity sounding possessed

a lower-tropospheric stable layer (such as a nocturnal

radiational inversion), but the 0000 UTC proximity

sounding did not possess such a stable layer. If the se-

vere report occurred between these two times, the case

was assigned a low confidence value, as it was unclear

whether the convection would have been elevated. A

case with high confidence (�8) had a stable layer in its

proximity soundings, its associated severe reports more

than 111 km on the cold side of the front, and/or more

than 10 severe reports associated with it. Of the 394

potential elevated severe storm cases, 129 (33%) were

considered elevated severe storm cases by these confi-

dence criteria. Thus, of the 1689 days with surface

fronts, 129 (8%) were considered elevated severe storm

cases for the purposes of this paper, an order of mag-

nitude greater than the 11 cases in Grant (1995).

3. Climatology

This 5-yr climatology resulted in 129 elevated severe

storm cases with 1066 severe reports. Of the 1066 se-

vere reports, 624 (59%) were hail, 396 (37%) were

wind, and 46 (4%) were tornadoes (Fig. 1). Compared

with Grant’s (1995) dataset, our dataset has a much

larger percentage of wind reports (37% versus 7%) and

a slightly larger percentage of tornado reports (4% ver-
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sus 1%). The reasons for these differences are unclear,

but may be related to the differing methodologies be-

tween the two studies, the different years from which

cases were obtained, the much smaller sample size in

Grant’s (1995) study, and the evolving nature of the

severe weather database, as discussed in the last sec-

tion. Evidence for this last effect being quite important

is that Grant’s 11 cases produced 321 severe reports (29

reports per case), whereas our 129 cases produced 1066

severe reports (8 reports per case).

Of the 1066 severe reports, 73 (7%) were significant

severe reports. Of the 624 hail reports, 58 (9%) were

significant severe reports, whereas only 10 (3%) of the

396 wind reports were significant severe reports. Of the

46 tornado reports, 5 (10%) were significant severe re-

ports. This compares with the 7.5% of hail, 13.6% of

wind, and 25% of tornadoes during 1970–2004 that are

significant from all storms (D. McCarthy 2006, personal

communication). Clearly, elevated convection is less

likely to produce significant wind and tornado reports

than convection in general, whereas the percent of sig-

nificant hail is approximately the same for the elevated-

storm and all-storm datasets. These results are consis-

tent with SPC forecaster experience with elevated con-

vection (as noted by coauthors JEH, SFC, and RHJ).

Elevated severe storm cases occurred most often

across and just east of the Great Plains (Fig. 2). Ne-

braska had 19 elevated severe storm cases, 5 more than

any other state (Fig. 2). Florida, Illinois, and much of

coastal New England had no occurrences of elevated

severe storm cases during 1983–87. Elevated severe

storm cases possessed an annual cycle (Fig. 3). In the

spring, elevated severe storm cases occurred across

much of the central and eastern United States (Fig. 3a).

During summer, the maximum of elevated severe storm

cases occurred over the central United States with less

activity in the southern United States (Fig. 3b). In the

fall, a maximum of elevated severe storm cases oc-

curred in September over the central United States, but

elevated severe storm cases also occurred over the

southeast United States in October and November

(Fig. 3c). During the winter, the elevated severe storm

cases were concentrated over the southern United

States from Texas to South Carolina, particularly in the

south-central states (Fig. 3d). These results are similar

to Colman’s (1990a, his Fig. 3) annual cycle of elevated

thunderstorms.

The 129 elevated severe storm cases had a springtime

maximum in May with a secondary maximum in Sep-

tember (Fig. 4a), which Colman (1990a) attributed to

an early fall storm track. This distribution looks nearly

identical to Colman’s (1990a, his Fig. 4) 5-yr climatol-

ogy of elevated thunderstorms, indicating a close rela-

tionship between the frequencies of both occurrences.

The 45 hail-only cases had a similar distribution to the

total of all elevated severe storm cases with the same

May and September maxima (Fig. 4b), and the 26 wind-

only cases had a maximum in February with a second

maximum in July (Fig. 4c). Twice as many hail-only

cases existed as compared to wind-only cases, which

explains the similarity between the distribution of all

cases and the distribution of hail-only cases.

Elevated severe storm cases have diurnal, as well as

seasonal, variations (Fig. 5). Of the 129 elevated severe

storm cases, the initial reports from the 34 (26%) wind/

hail cases and the 45 (35%) hail-only cases had maxima

at 2100 UTC (Figs. 5b and 5d). These results are similar

to the distribution of all elevated severe storm initial

reports (Fig. 5a) because of the abundance of hail re-

FIG. 1. Distribution of 1066 severe storm reports for the 129

elevated severe storm cases in the climatology by type of severe

weather. The striped part of each bar indicates significant-severe

reports.

FIG. 2. Total number of elevated severe storm cases by state

across the contiguous United States from the Front Range of the

Rocky Mountains eastward to the Atlantic coast for 1983–87. The

black line along the Front Range of the Rocky Mountains repre-

sents the approximate western edge of the domain. Events that

occurred in more than one state were counted multiple times,

once for each state.
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ports. The initial reports from the 26 (20%) wind-only

cases had a broad daytime maximum of 1300–0000

UTC (Fig. 5c).

4. Environments of elevated severe storm

wind-only cases

As previously discussed in section 1, forecasting se-

vere wind occurrence from elevated storms is challeng-

ing. In this section, we explore the environments in

which severe wind occurs from elevated storms. There

were 26 cases that were associated with only wind re-

ports (Fig. 4c), leading to an average of roughly 5 cases

per year. The 26 wind-only cases obtained through the

climatology were scrutinized independently by two co-

authors (KLH and JEH) for their veracity. This scru-

tiny resulted in five cases that were rated with high

confidence levels (rating of 7 or greater) and were as-

sociated with only wind reports. These five cases are the

focus of the remainder of this paper and are presented,

not in chronologic order, but in an order that illustrates

the similarities and differences between them. Because

of our limited 5-yr dataset, other environments condu-

cive to elevated severe storm wind-only cases may exist

that are not described by these five cases. We recognize

that five cases is inadequate to understand fully the

possible types of elevated convection producing severe

wind reports, but we hope that future work will further

elucidate a more complete spectrum of cases.

a. Case 1: Georgia, 20 November 1986

The first case occurred on 20 November 1986 across

Georgia (Fig. 6). At the surface, an east–west-oriented

stationary front was present over southern parts of Ala-

bama and Georgia (Fig. 6a), whereas a strong 500-hPa

trough was centered over the Mississippi River valley

(Fig. 6b), similar to the case presented by Branick et al.

(1988). Cold-air damming occurred east of the Appa-

lachians, with surface temperatures north of the sta-

tionary front in the 40s (°F) (5°–10°C) and easterly

winds about 5 kt (3 m s–1). The 1200 UTC Centreville,

Alabama (CKL), sounding showed a 50–100-hPa-deep,

cool, stable layer, just above the surface (Fig. 6c).

Above this frontal inversion, 500 J kg�1 of MUCAPE

FIG. 3. Seasonal distribution of elevated severe storm cases. Shades of gray indicate the number of cases for a

given state during the designated season. Black line along the Front Range of the Rocky Mountains represents the

approximate western edge of the domain. Seasons are defined as (a) spring (March–May), (b) summer (June–

August), (c) fall (September–November), and (d) winter (December–February).
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was present with 50 kt (26 m s�1) winds or greater

above 700 hPa. Dry air was also present at midlevels in

the CKL sounding (Fig. 6c). Dry air at midlevels allows

for evaporational cooling to occur, which can enhance

strong downdraft potential and produce severe winds at

the surface (e.g., Johns and Doswell 1992; Wakimoto

2001). South of the surface stationary front, warm-

sector MUCAPE was around 2000 J kg�1 (not shown).

Composite radar maps (not shown) showed that a

squall line formed in the early morning hours. This el-

evated squall line produced 18 severe wind damage re-

ports across Georgia (Fig. 6d).

b. Case 2: Georgia and South Carolina, 28

December 1983

The second case occurred on 28 December 1983

across Georgia and South Carolina (Fig. 7). As in the

first case, an east–west-oriented surface front lay across

the southeast United States and cold-air damming oc-

curred east of the Appalachians (Fig. 7a). A strong 500-

hPa long-wave trough was centered over the Great

Plains with a well-defined short-wave trough over the

lower Mississippi River valley (Fig. 7b). Surface tem-

peratures north of the front were around freezing and

easterly winds were less than 10 kt (5 m s�1). South of

the front, warm-sector MUCAPE values were about

1000 J kg�1 (not shown) with temperatures in the 50s

(°F) (10°–15°C). The Athens, Georgia (AHN), sound-

ing indicates a very strong, but shallow, inversion about

50–100 hPa above the surface (Fig. 7c), although the

profile above may have been contaminated by existing

convection. Winds just above the surface were around

50 kt (26 m s�1), and the strong winds were present

much closer to the surface than during the 20 Novem-

ber 1986 case (cf. Figs. 6c and 7c), perhaps allowing for

easier transport of these strong winds to the surface. A

squall line was apparent from the composite radar maps

(not shown) and produced 24 severe wind damage re-

ports (Fig. 7d).

c. Case 3: Mississippi, 1 February 1983

The third case producing only wind reports occurred

on 1 February 1983 in Mississippi (Fig. 8). Like the

previous two cases, an east–west-oriented surface front

associated with a developing surface cyclone to the west

(Fig. 8a) and a strong 500-hPa trough (Fig. 8b) were

present. Unlike these other two cases, however, cold-

air damming was not present. MUCAPE south of this

warm front was 2500 J kg�1 or greater (not shown) with

surface temperatures in the 60s (°F) (15°–20°C) and

weak easterly winds. The Jackson, Mississippi (JAN),

sounding possessed a 50–100-hPa-deep surface-based

frontal inversion and dry air was present at midlevels

FIG. 4. Annual distribution of elevated severe storm cases com-

piled from the 5-yr climatology: (a) all cases, (b) cases with only

hail reports, and (c) cases with only wind reports.
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(Fig. 8c). This case, however, had the strong flow con-

fined to a somewhat greater altitude than in the previ-

ous two cases (i.e., 50 kt or 26 m s�1 around 500 hPa).

A squall line was analyzed from radar imagery (not

shown) and on the surface map (Fig. 8a), producing

four wind damage reports (Fig. 8d).

d. Case 4: Iowa, 3 November 1983

The fourth case occurred on 3 November 1983 in

Iowa (Fig. 9). Surface temperatures in southern Iowa

north of an east–west-oriented surface warm front were

about 60°F (15°C) (Fig. 9a), which is about 9°F (5°C)

above the seasonal norm. The 500-hPa positive vortic-

ity advection was relatively weak (Fig. 9b), especially

considering that this case occurred in November. The

1200 UTC Omaha, Nebraska (OMA), sounding pos-

sessed a 50–100-hPa-deep, surface-based inversion, and

dry air was present at midlevels (Fig. 9c). Near-surface

winds were light and from the east and southeast (Fig.

9c). Above this inversion, there was 1000 J kg�1

MUCAPE, with convective inhibition of roughly 250 J

kg�1. This cold-sector environment was capped to the

ascent of the most-unstable parcel, unlike the first three

cases. On the warm side of the front, MUCAPE values

were 2000 J kg�1 or greater (not shown). The radar

imagery (not shown) indicated an isolated cell, but

whether it was a rotating supercell is unknown. Thus,

not only is the mechanism for the strong surface winds

not known, but how an elevated convective cell could

form with such a strong cap in November is also an

issue. We speculate that the dry air at midlevels, and

resultant evaporational cooling, were important factors

in producing the severe winds at the surface for this

case because the winds aloft were relatively weak below

500 hPa. This case was associated with two severe wind

reports (Fig. 9d).

e. Case 5: Tennessee, 31 July 1986

Unlike the other four cases, which occurred during

the cool season, this case occurred on 31 July 1986 over

Tennessee (Fig. 10). Radar imagery (not shown) indi-

cated the case was associated with a mesoscale convec-

tive system (MCS). A stationary front extended from

Missouri southeastward into northern Alabama (Fig.

10a). Surface temperatures across Tennessee were in

the 80s (°F) (25°–30°C) and the surface winds had a

weak westerly component. The 500-hPa flow was

northwesterly and relatively weak with a short-wave

trough moving through the area (Fig. 10b), similar to a

northwesterly flow, severe weather outbreak described

FIG. 5. Diurnal cycle of the initial elevated severe storm reports displayed for (a) all reports, (b) wind and hail

both reported, (c) wind only, and (d) hail only.
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in Johns (1984, his Fig. 7). South of the stationary front

in the warm sector, MUCAPE values were over 3500 J

kg�1 (not shown). The elevated MCS formed around

0500 UTC in Illinois and moved southeast, parallel to

the front. The 1200 UTC Nashville, Tennessee (BNA),

sounding possessed a surface stable layer of 50 hPa or

less (Fig. 10c), possibly a nocturnal inversion, and

MUCAPE of 3687 J kg�1, with near-surface dry air

allowing for evaporative cooling that may have been

associated with the strong surface winds. By 0000 UTC

1 August, however, the most unstable parcel in the

sounding was near the ground (not shown), indicating

that the MCS probably became surface based. The pe-

riods during which the MCS was elevated versus sur-

face based were difficult to ascertain because of the

lack of upper-air data around the time of the reports.

There were four severe wind reports associated with

this case (Fig. 10d).

5. Discussion

After constructing the climatology and examining the

five wind-only cases, a number of questions remain un-

FIG. 6. Case 1, 20 Nov 1986: (a) 1200 UTC NMC surface map (station models and surface analysis are conventional), (b) 1200 UTC

NMC 500-hPa map (station models are conventional), (c) 1200 UTC CKL sounding, and (d) severe wind reports (damage or measured

gusts) from 1300 to 1700 UTC.
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answered that affect two fundamental issues posed be-

low. Given the nature of this research, answers to these

questions require further research.

a. What factors affect the production of strong

surface winds?

Given a downdraft generated by a supercell or a

squall line, would the downdraft have ample kinetic

energy to penetrate the environmental stable layer? Or

is the environmental stable layer relevant at all? Hori-

zontal pressure gradients caused by the surface meso-

high–wake-low couplet of squall lines, for example,

could also generate low-level severe winds (e.g., Bran-

ick et al. 1988; Schmidt and Cotton 1989). Horizontal

buoyancy gradients may accelerate flow in from the

back edge of the convective system (e.g., Weisman

1992). Surface pressure gradients associated with grav-

ity waves moving on this low-level stable layer have

also been associated with severe surface winds (e.g.,

Bosart and Seimon 1988; Fritsch and Forbes 2001, p.

339). What role do the surface winds play? The pres-

ence of westerly or weak easterly surface winds appears

FIG. 7. Case 2, 28 Dec 1983: (a) 1200 UTC NMC surface map (station models and surface analysis are conventional), (b) 1200 UTC

NMC 500-hPa map (station models are conventional), (c) 1200 UTC AHN sounding, and (d) severe wind reports (damage or measured

gusts) from 1300 to 1600 UTC.
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to be important in the five case studies. Are there other

processes that may be responsible for the generation of

strong surface winds, either by downward motion of

higher-momentum air from aloft or isallobaric effects at

the surface?

b. How important is the strength or depth of the

stable layer?

The five wind-only cases examined showed depths of

the stable layer of less than 50 to around 100 hPa, sug-

gesting that deeper inversions may inhibit strong sur-

face winds. Does a cool layer deeper than 100 hPa pre-

vent downdraft winds from penetrating to the surface?

The small number of cases we examined prevents gen-

eralizing with any confidence.

6. Conclusions

A 5-yr climatology of elevated convective storms

producing severe weather at the surface was con-

FIG. 8. Case 3, 1 Feb 1983: (a) 1200 UTC NMC surface map (station models and surface analysis are conventional), (b) 1200 UTC

NMC 500-hPa map (station models are conventional), (c) 1200 UTC JAN sounding, and (d) severe wind reports (damage or measured

gusts) from 0500 to 0600 UTC.
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structed. In this 5-yr climatology, 1689 (91%) of the

1826 possible days were associated with surface fronts,

which were then considered for their occurrence of el-

evated severe storms. Of these 1689 days with surface

fronts, 129 (8%) were associated with elevated severe

storm cases. The 129 elevated severe storm cases had

1066 total severe weather reports associated with them.

The 1066 severe weather reports consisted of 624

(58%) hail reports, 396 (37%) wind reports, and 46

(4%) tornado reports.

Elevated severe convection had an annual maximum

around May with a secondary maximum in September.

The geographic distribution of elevated severe convec-

tion followed the typical severe convection pattern over

the central and eastern United States in the spring

(March–May), the north-central and eastern United

States in the summer and early fall (June–September),

and the south-central United States in the late fall and

winter (October–February). The diurnal maximum of

the initial reports from elevated severe storm cases oc-

curred around 2100 UTC, which coincided with the

hail-only diurnal maximum. The wind-only cases had a

FIG. 9. Case 4, 3 Nov 1983: (a) 1500 UTC NMC surface map (station models and surface analysis are conventional), (b) 1200 UTC

NMC 500-hPa map (station models are conventional), (c) 1200 UTC OMA sounding, and (d) severe wind reports (damage or measured

gusts) from 1600 to 1800 UTC.
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broad maximum during the daytime. Of the 129 el-

evated severe storm cases, 26 produced severe winds

only.

Because of the difficulty in forecasting elevated con-

vective storms that produce severe wind reports, five

cases producing only wind reports were examined in

greater detail. Although the number of cases is small,

we believe that this study represents the beginning of a

more comprehensive climatology of elevated severe

storms. The first three cases, associated with deep 500-

hPa troughs and relatively weak cyclogenesis events,

formed elevated convective lines. Strong winds close to

the surface in two of the events appeared to be signifi-

cant. A fourth case was characterized by relatively

weak flow aloft and at the surface. Dry midlevel air

causing evaporative cooling is believed to be important

in this case. Finally, the last case was similar to the

northwesterly flow outbreaks of Johns (1982, 1984). All

cases were characterized by elevated convective avail-

able potential energy, weak surface easterlies, and shal-

low near-surface stable layers (less than 100 hPa thick).

This research represents a small contribution toward

FIG. 10. Case 5, 31 Jul 1986: (a) 1500 UTC NMC surface map (station models and surface analysis are conventional), (b) 1200 UTC

NMC 500-hPa map (station models are conventional), (c) 1200 UTC BNA sounding, and (d) severe wind reports (damage or measured

gusts) from 1400 to 1600 UTC.
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understanding elevated severe convective storms. Cer-

tainly, scenarios other than the five cases presented are

possible. Thus, future investigations should embark

upon a larger climatology, especially focusing on el-

evated convective storms producing severe wind and/or

tornado reports. With the new abundance of Aircraft

Communication Addressing and Reporting System

sounding profiles near airports from aircraft, a better

sampling of the local thermodynamic environment of

elevated convection is possible. Understanding the dy-

namics of strong winds at the surface from elevated

convection likely requires numerical modeling of such

storms. The strength and depth of the inversion,

strength of the downdraft, strength of the winds above

the inversion, relative humidity above the inversion,

other unknown factors, or a combination of these fac-

tors may be important to the production of damaging

winds at the surface, despite a near-surface stable layer.
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