3. Results

3.1 ALT Climatology

A composite of 13 warmseason ALTs occurring at 1800 UTC (Fig. 3.1a) shows
the three common lowdropospheric features for which the climatology algorithm
searchedl) wind components over the Appalachians orthogonal to and downslope of the
Appalachians, 2) the ALT itself in the lee of the Appalachians with a surface pressure
ridge on the windward side of the Appalachian crest, and 3) a thermal ridge collocated
with the ALT. In addition, an area of negative 10880-hPa thermal vorticity is located
in the vicinity of the ALT. This negative thermal vorticity has two distinct minima in the
lee of the Appalachians from central Virginia to South Carolina: 1) in theedrate lee
of the Appalachian crest, and 2) just inland of the Atlantic Coast. The negative thermal
vorticity implies a warm core in the 100860-hPa layer. Six hours later, at 0000 UTC,
the composite shows that the thermal vorticity minimum near trs¢ baa moved farther
inland, likely because of the cooling of coastal areas as a result of the sea breeze, whereas
the thermal vorticity minimum in the immediate lee of the Appalachians has remained

guastistationary (Fig. 3.1b).

The climatology of ALTs isensitive to the threshold values used for the MSLP
anomaly and 100@50-hPa layeimean temperature anomaly (hereafter thermal
anomaly). The algorithm to identify ALTs was run keeping the wind criteria (defined in
section 2.2.1) constant but varying MM&LP and thermal anomaly thresholds. The
|l oosest thresholds used (i.e., an MSLP ano

anomaly of > 0.5°C) resulted in an ALT being recorded 37.5% of the time during the
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climatology after false alarms (e.qg., fronti@ughs, cyclones, and large MSLP gradients)

were removed (Fig. 3.2). In contrast, the strictest thresholds used (i.e., an MSLP
anomaly of < 1T1.75 hPa combined with a the
being recorded just 0.6% of the time dgrthe climatology after false alarms were
removed. It was subjectively determined t
hPa and a thermal anomaly threshold of > 1°C. These thresholds were chosen because
they were strict enough to omit weaker ALTalaelaxed enough to include enough

ALTs with which to construct a robust climatology. With these thresholds, an ALT was
recorded 26.6% of all the CFSR analysis times during the climatology (i.e., 1629 times)

after falsealarmswere removed. The temgad distribution of ALT occurrence shows

that ALTs occur most often at 1800 and 0000 UTC (33.3% and 31.9% of ALTs occur at

these times, respectively; Fig. 3.3a). The monthly distribution of ALT occurrence shows

that ALTs occur most often during June, Jagd August (23.0%, 27.8%, and 25.0% of

ALTs occur during these months, respectively; Fig. 3.3b). The temporal and monthly
distributions of ALTs suggest that ALT formation is partially tied to the diurnal and

seasonal heating cycles result which agreewith the findings of the idealized modeling

study performed by Benjamin (1986)

3.2 ALT Categorization

Figure 3.4 shows the percentage of occurrence of each ALT category with respect
to all 1629 ALTs. Category 2 (no PFT) occurs the most frequentl8¥g0Qwhereas
categories 3 and 4 (i.e., the two PFT categories) account for 44.8% of ALTs (36.8% and

8.0%, respectively). Category 1 occurs the least frequently (4.4%).
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Figures 3.58d show the monthly percentage of occurrence of each ALT category.
Categoy 1 ALTs are spread out fairly evenly between June, July, and August (JJA), and
May and September (MS) (54.8% and 45.2%, respectively; Fig. 3.5a). Category 2 and
category 3 ALTs occur more often during JJA than during MS. The months of JJA
account for 7.4% (82.6%) of category 2 (3) ALTs (Figs. 3.5b,c). The peak month of
occurrence of category 2 (3) ALTs is July (August), which accounts for 29.9% (30.2%)
of category 2 (3) ALTs. In contrast to categories 2 and 3, category 4 ALTs occur more
often duringMS than during JJA. The months of MS account for 53.1% of category 4
ALTs (Fig. 3.5d). The peak month of occurrence of category 4 ALTs is May, which
accounts for 30.8% of category 4 ALTs. The preference for category 4 ALT occurrence
during MS is likelytied to stronger baroclinicity associated with a stronger mean-upper
tropospheric jet, which promotes more frequent frontal passages through the entire ALT

Zone during MS compared with JJA.

3.3 Distributions of Severe Convective Storms in the-Kikdntic

3.3.1 Temporal Distribution

At least one storm report occurred within the ALT Zone on 754 out of the 1530
days in the climatology (49.3%). Of the 12 330 storm reports examined, severe
convective winds, severe hail, and tornadoes accounted for 79.15%,18hd 4.4% of
the reports, respectively. If only the 8116 storm reports occurring < 6 h after an ALT are
considered, the proportion of severe convective wind reports increases whereas the
proportion of tornado reports decreases (i.e., severe conveftigds, severe hail, and

tornadoes account for 82.0%, 16.3%, and 1.7% of the reports, respectively). There were
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99 days (6.5% of all the days in the climatology) with at least 20 active grid boxes, which
is a subjective metric of a fairly widespread sewasnvective storm event. This result
means that roughly 10 fairly widespread severe convective storm events can be expected
in the ALT Zone per warm season. The day with the most active grid boxes (90) was 13
May 2002 (a day in which an ALT was abseatjhough this day was a statistical

anomaly since the secomabst active grid boxes on a single day was 49. A pronounced
peak in storm report frequency occurs during the midafternoon and early evening hours,
with maxima at 2100 and 2200 UTC, whereasi@mum in storm report frequency

occurs during the overnight and early morning hours (Fig. 3.6). Dufingesiods

beginning at 1800 UTC with at least one active god, nearly twice as many storm

reports occurred, on average, when an ALT was presdr800 UTC (17.0) than when

an ALT was absent at 1800 UTC (9.3). A possible reason for this important result will be

discussed in section 3.4.

The temporal distribution of the first daily storm report for each ALT Zone sector
(comprising 1272 storm perts) is shown in Fig. 3.7. A pronounced peak in first daily
storm report frequency occurs during the early afternoon and early evening hours, with
maxima at 1800, 1900, and 2000 UTC. This peak leads the peak in the time of all storm
reports (Fig. 3.6by 2 3 h. A secondary maximum in first daily storm report frequency
occurs during the 0400 UTC hour, which likely exists simply because the day begins at
that hour by definition. Differences in the peak time of the first daily storm report are
evident fa each sector. The South Sector exhibits a peak during the 1800 UTC hour,

whereas the North Sector exhibits a peak during the 2000 UTC hour. The earlier peak in
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the South Sector is likely due to stronger surface heating, which leads to the South Sector

reaching the convective temperature earlier (on average).

3.3.2 Spatial Distribution

The spatial distribution of the percentage 4f periods with an active grid box
for all ALT categories combined is shown in Fig8.3Two local maxima in activerigl
boxes exist within the ALT Zone: 1) from northwestern South Carolina through
southwestern Virginia, and 2) from northeastern Virginia through southeastern
Pennsylvania. Overall, the percentage of active grid boxes is higher within the ALT
Zone than otside of the ALT Zone, suggesting that the ALT Zone is a favored location

for severe convective storms when an ALT is present.

Figure 3.9 shows the spatial distribution of the percentagengieégiods with an
active grid box for each ALT category. Acatigrid boxes are favored over the southern
half of the ALT Zone during categorypkeriods(Fig. 3.9a). The distributions of active
grid boxes within the ALT Zone in categories 2 and 3 (Figs. 3.9b,c) are qualitatively
similar, with local maxima in the same locations as in Fig. 3.8. Two differences between
the distributions of categories 2 aB@re evident: 1) more active grid boxes occur over
central North Carolina and central South Carolina in category 3, and 2) more active grid
boxes occur northwest of the ALT Zone from Indiana and northeastern Kentucky through
central Pennsylvania in caty 2. The latter difference is likely a result of the varying
position of the cold front between the two categories (i.e., in category 3, on average, the
front has already passed through the area northwest of the ALT Zone that exhibits

variation betweeihe two categories). In category 4, a distinct maximum exists from
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northeastern Virginia through southeastern Pennsylvania, including the Washington, DC,
and Philadelphia metropolitan areas (Fig. 3.9d). Also, relatively more storm reports
extend towardHhe Atlantic Coast in category 4 than in categories 2 and 3, which is likely

tied to frontal forcing for ascent spreading across the entire ALT Zone in category 4.

3.4 Convective Environments Characteristic of the ALT Zone

Figures 3.10a,b show the statslidistributions of MUCAPE and VWS,
respectivelycalculatedat the location of the first daily storm report for each ALT Zone
sector. Since the diurnal cycle is the dominant mode of temporal variability of storm
reports, MUCAPE and VWS were calatéd only for first daily storm reports that
occurred between 1530 and 0029 UTC [comprising 1037 of the 1272 first daily storm
reports (81.5%)]. The distribution of MUCAPE (VWS) is highest in the South (North)
Sector and lowest in the North (South) Sectdhese distributions are likely a reflection
of the ambient conditions representative of each sector during the warm season (i.e., the
North Sector experiences the highest mean VWS since it is located closest to the mean
uppertropospheric jet, wherealsd South Sector experiences the highest mean MUCAPE
since it is associated with the highest mean lemayospheric temperature and
humidity). MUCAPE and VWS at the location of the first daily storm report are plotted
in MUCAPE/VWS phase space for eacletee in Figs. 3.11iec. For each sector,

MUCAPE and VWS at the location of the first daily storm report does not appear to be a
good predictor of the number of active grid boxes on a particular day. However, for each
sector, a line can be drawn within MBEE/VWS phase space below which few first

daily storm reports occur. The monthly distributions of MUCAPE and VWS at the first

daily storm report are inversely related. For each of the sectors, the distributions of
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MUCAPE are higher during JJA than durikip (Figs. 3.12a,c,e), whereas the

distributions of VWS are higher during MS than during JJA (Figs. 3.12b,d,f). This

inverse relationship is intuitive since the strongest surface heating occurs in JJA, whereas
the mean uppetropospheric jet is shifted agtorward (i.e., closer to the ALT Zone) in

MS compared with JJA.

Figures 3.13a,b show observed MUCAPE statistical distributions for GSO, RNK,
WAL, and IAD compared at ALT times and néi.T times for 0000 and 1200 UTC.
The observed MUCAPE distributioase greater at ALT times compared with ol
times for all four sites at both 0000 and 1200 UTC. The difference in MUCAPE between
ALT times and nofALT times is linked to the increased number of storm reports during
the 6 h following the observation ah ALT compared with the 6 h following the absence
of an ALT. Increased MUCAPE at ALT times relative to £AldT times is intuitive

since ALTs, by definition, contain lowéropospheric thermal anomalies.

A comparison of the statistical distributionsSMCAPE at 0000 UTC between
the observations, the NARR, and the CFSR for all four sites is shown in Figd.d3.14a
For each of the four sites, the MUCAPE distributions in the NARR and the CFSR are
significantly less than the observations, and the MUCAREiblution in the CFSR is
less than the NARR at the median and at thk, Z%th, and 9@h percentiles. This
discrepancy between the reanalyses and the observations demonstrates that caution
shouldbe used when attempting to interpret derived reanalysis variables such as

MUCAPE quantitatively.
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3.5 Composite Analysis

An absence of strong QG forcing for ascent in the immediate vicinity of the ALT
Zone, as indicated by the absenc&efector convergece, is a characteristic of 2N, 2S,
3N, and 3S (Figs. 3.15a, 3.16a, 3.17a, 3.18a). Despite the similar absence of strong QG
forcing for ascent, differences between the severe and nonsevere composites of categories
2 and 3 are evident in the position obad upper troughs and ridges. A broad-686@
ridge is in place over the ALT Zone in 2N (Fig. 3.15a), whereas a broaldP#@ough
is located over and to the northwest of the ALT Zone in 2S (Fig. 3.16a). The bread 500
hPa ridge is apparent in 21 outtbé 22 2N composite members, whereas it is apparent in
only 9 out of the 22 2S composite members. This difference implies that the presence of
a broad 50hPa ridge is a relatively good discriminator between category 2 active severe
convective days andui days. A broad 50®Pa trough is present in 3N downstream of
the ALT Zone (Fig. 3.17a), with weak QG forcing for descent over the northern portion
of the ALT Zone. In contrast, a walkefined 506hPa trough exists upstream of the ALT
Zone in 3S, withweak QG forcing for ascent over portions of West Virginia and western
Virginia (Fig. 3.18a). A broad, losamplitude 50€hPa trough exists upstream of the
ALT Zone in 4N, as well as two areas of QG forcing for ascent that are maximized over
eastern Ohio ahnortheastern New York, respectively (Fig. 3.19a). In contrast, 4S
features a sharper 500Pa trough upstream of the ALT Zone, as well as an area of QG
forcing for ascent just upstream of the ALT Zone from central Pennsylvania through
southwestern Virgia (Fig. 3.20a). This area of QG forcing for ascent is located farther

south in 4S than in 4N. The 50®a trough in 4S (Fig. 3.20a) is deeper and better
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defined than the 508Pa trough in 3S (Fig. 3.18a), leading to stronger QG forcing for
ascent neahe western boundary of the ALT Zone in 4S compared with 3S. Category 4S
is unique in that it is the only category to feature strong QG forcing for ascent in the

immediate vicinity of the ALT Zone.

The appearance of broad troughs and ridges in the caegpssat least partially
an artifact of the compositing procedure. A significant subset of the members of each
category except 2N do not display the broad trough or ridge evident in the composite. To
minimize the artificial broadening of the troughglaitdges in the composites, an
alternative approach could involve compositing based on the position of the ridge or
trough instead of based on the presence or absence of a frontal passage. However, this
alternative approach may artificially broaden otsignals evident in the composites.
Despite the shortcomings of the compositing procedure with respect to the upper
tropospheric geopotential height field, the locations of troughs, ridges, and QG forcing
for ascent relative to the ALT Zone are consisteitth the presence or absence of severe

convective storms in each composite.

Differences between the severe and nonsevere composites also arise with respect
to the center of the composite surface low pressure. The surface low pressure is located
northeasof Maine in 3N (Fig. 3.17b), whereas it is weaker and located near the triple
point of New York, Ontario, and Quebec in 3S (Fig. 3.18b). However, the position of the
surface low pressure in 3S appears to be a result of two preferred surface low pressure
locations. In 3S, 7 (5) of the 17 members have surface low pressure centers in a preferred
location near Lake Ontario (northeast of Maine). The number of 3S members with

surface low pressure centers east and west of the composite surface low pressuie ce
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9 and 8, respectively, which explains the location of the composite surface low pressure.
In contrast, 11 of the 17 3N members had surface low pressure centers located in a
similar location as the composite (northeast of Maine), and all but dhe ofembers

had surface low pressure centers east of 75°W. Knowledge of the preferred location of
the surface low pressure in 3N can be useful in identifying possible null events on days
that also exhibit other characteristics of the 3N composite. Uifece low pressure is
centered over southern Quebec in both 4N and 4S; however, it is roughly 5 hPa deeper in
4S than in 4N (Figs. 3.19b, 3.20b). In addition, the MSLP gradient and\Wihds are
greater in 4S than in 4N over nearly the entire arearpigtin Figs. 3.19b and 3.20b.

These facts suggest that, on average, a dynamically stronger system is present in 4S
compared with 4N. Both 2N and 2S exhibit similar MSLP patterns with a windward
ridge over the Appalachians and an ALT to the east of dlge rjFigs. 3.15b, 3.16Db).

Winds at 10 m have a greater southerly component in 2S than in 2N over the Atlantic
Ocean south of 40°N and east of 75°W, which is related to a stronger Bermuda High in

2S (Figs. 3.15b,c, 3.16b,c).

A feature common to 2S, 39)@4S is the presence of a plume of high MUCAPE
extending poleward through the ALT Zone (Figs. 3.16d, 3.18d, 3.20d). A similar plume
exists in 4N (Fig. 3.19d), although it is 2560 J kg'* less than in 4S in the ALT Zone.
Such a plume does not exist2N or 3N (Figs. 3.15d, 3.17d). In 2S, 3S, and 4S, higher
MUCAPE in the ALT Zone exists to the east of the ALT (Figs. 3.16d, 3.18d, 3.20d).
Higher MUCAPE in the severe composites compared with the nonsevere composites is
related to higher-2n dewpoints.Over the ALT Zone, Zn dewpoints areiR2°C greater

in 2S compared with 2N (Figs. 3.15c, 3.16¢) ah8°Z greater in 3S compared with 3N
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(Figs. 3.17c, 3.18¢). In 3S, 40 winds over the ALT Zone have a greater southerly
component than in 3N, especially o¥le northern portion of the ALT Zone (Figs.

3.17b,c, 3.18b,c). This greater southerly component allows moister air to be advected
poleward in 3S, accounting for the increased dewpoints and MUCAPE plume. The
westerly winds in 3N allow air that has sudel and dried from crossing the

Appalachians to spread eastward across a larger portion of the ALT Zone compared with

3S.

VWS in the ALT Zone is weak ( < 25 kt) in categories 2N, 2S, 3N, and 3S (Figs.
3.15d, 3.16d, 3.17d, 3.18d). Weak VWS in these caiteg)is consistent with the lack of
strong QG forcing for ascent described above. VWS is stronger in 4N and 4S than in the
other categories. The 20 VWS contour is located across central Virginia in 4N (Fig.
3.19d), whereas it is located farther soonler northern South Carolina and southern
North Carolina in 4S (Fig. 3.20d). VWS in the ALT Zone north of northern Virginia
increases to 4@0 kt in 4N, and 3035 kt in 4S. A polewargxtended plume of high
MUCAPE juxtaposed with > 30 kt VWS is a sigmia of 4S and is present in 11 out of
the 17 members of the composite. This juxtaposition is also collocated with the category
4 storm report maximum (Fig. 3.9d). The stronger QG forcing and higher VWS in 4S
compared with all other categories suggest4i$asevere convective storm events are

more spatially organized and favor the Washington, DC, to Philadelphia corridor.

The equivalent potential temperatudg) fleficit (TeD; Pryor and Ellrod 2004),
defined here as the difference betwdgat the surdice and the minimumf value
between 750 and 450 hPa, is shown in panel (e) of Figs.32Ab As part of the

Microburst and Severe Thunderstorm (MIST) project in northern Alabama, Atkins and
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Wakimoto (1991) found that wet microbursts were associatédved values of > 20 K

in a high CAPE, low VWS environment. Wheeler and Roeder (1996) performed a
similar study for Cape Canaveral, FL, and found that wet microbursts were associated
with TeD values of > 30 K. TeD values in 2N (2S) range froir28XK (25 30 K) over

the vast majority of the ALT Zone (Figs. 3.15e, 3.16e.). Both 3N and 3S are
characterized by TeD values > 20 K over the ALT Zone, with > 25 K in 3S over much of
eastern Virginia and eastern and central North Carolina (Figs. 3.17e and 3.4Be).

values over the ALT Zone in 2N, 2S, 3N, and 3S appear to be conducive to wet
microbursts using the criterion of Atkins and Wakimoto (1991), with slightly higher TeD

values in the severe composites compared with the nonsevere composites.

Differences bateen the severe and nonsevere composites are also evident with
respect to midtropospheric lapse rates. The maximum midtropospheric lapse rate
(between 850 and 500 hPa) with a depth of 200 hPa (hereafter MaxLR) is shown in panel
(e) of Figs. 3.163.20. MaxLR values are greater in the severe composites compared
with the nonsevere composites, which projects onto the greater MUCAPE values evident

in the severe composites.

3.6 Case Study

3.6.1 Event Overview

The 6 June 2002 severe convective storm eventh@sen for analysis because it
was a higampact event, it contained features similar to the ALT composites, and both
the ALT and a trailing cold front played roles in initiating and sustaining severe

convective storms. From 0400 UTC 6 June to 0400 UTGné, 93 storm reports and 48
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active grid boxes were recorded within the ALT Zone, making it the category 4 day with

the most active grid boxes, and the day with the #mogt active grid boxes on all days

during the climatology. Overall, 112 storm refsonvere associated with this event (Fig.

3.21) . Five injuries were reported in the
460-yr-old state tree, the largest white oak in the world, was toppled by severe convective
winds Baltimore Sun7 June 2002)Notable storm reports from this event included a

61-kt (31.4m $1) wind gust recorded at Easton, MD; hail with a diameter of 2.75 in (7

cm; basebaltized) measured at Cedar Run, NJ; and af Effnado reported in Orange,

VA. The initial (final) stormreport of the day within the ALT Zone occurred at 1830

UTC 6 June (0215 UTC 7 June).
3.6.2 Synoptic Overview

At 1800 UTC 6 June, a 3@tPa trough axis ran from eastern Upper Michigan
southward toward the triple point of lllinois, Indiana, and Kentuékyg. 3.22a). An area
of uppertropospheric divergence downstream of the trough and within the equatorward
jet entrance region was located just upstream of the ALT Zone (Fig. 3.22a). At the
surface, a cold front extended from Nova Scotia to northernJéesey to central West
Virginia to central Tennessee (Fig. 3.22b). Southeast of the front, an ALT was evident
within the ALT Zone running from the intersection with the cold front in New Jersey
southwestward to Georgia (Fig. 3.22b). By 0000 UTC 7 Jhee3@GhPa trough and
equatorward jet entrance region had translated eastward, placing much of the ALT Zone
into an area of uppdropospheric divergence (Fig. 3.23a). This divergence was
maximized over far southeastern Pennsylvania (Fig. 3.23a), wherakasurface frontal

wave had developed (Fig. 3.23b). The surface cold front extended from New Jersey
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southwestward through central North Carolina and had overtaken the northern portion of
the ALT (Fig. 3.23b). Meanwhile, the southern portion of the &kiended from
southeastern Virginia southwestward into Georgia. The deformation of the baroclinic
zone in the vicinity of the frontal wave occurred as the cold front accelerated from the
Appalachians to the Atlantic Coast. This acceleration was likedgddby convectively

driven cool outflow, discussed further in section 3.6.3.2.
3.6.3 Summary of Radar and Storm Reports

Two distinct regimes of severe convective storms were evident via radar imagery

on 6 June 2002: (1) a prefrontal regime and (2) angditont regime.
3.6.3.1 Prefrontal Convective Storms

Discrete prefrontal convective storms began to form near astiiidboundary
over western Virginia by 1700 UTC (Fig. 3.24a). These storms (inferred from
reflectivity values > 50 dB) strengthenedly 1800 UTC west of the ALT, which was
collocated with an axis of higif (355 365 K; Figs. 3.24b,c). The ALT was located west
of a NARRanalyzed MUCAPE maximum (Fig. 3.25a), TeD values 6f3%K, and
MaxLR values of 6.67 K km'* (Fig. 3.25b). In reality, the MUCAPE and TeD maxima
were likely located closer to the ALT within the axis of high obsedi€Bigs. 3.24b,c).
A 24-h backward trajectory analysis (Fig. 3.26) shows that parcel trajectories originating
in the lee of the Apalachians at 100 m AGL at 1700 UTC did not pass over high
elevations of the Appalachians, and therefore did not experience any downslope drying.
The lack of downslope drying was a major contributor to the moistsugtace air mass

(e.q., surface dewpais of 20 24 °C) that characterized the ALT Zone at the time of
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convective initiation.Steep loweitropospheric lapse rates were evident from 1200 UTC
soundings at WAL and IAD, which exhibited 95@0-hPa lapse rates of 7.9 and 6.7 K
km'%, respectively (Fs. 3.27a,b). These steep lapse rates contributed to the high
MUCAPE values east of the ALT. The discrete prefrontal convective storms grew
upscale into clusters and line segments and moved eastward (Fig$i)3@fdinuing to

be located west of bothe ALT and an axis af.values ranging from 34360 K at 2100

UTC (Figs. 3.24f,g). These storms reached the Atlantic Coast by 2300 UTC and
accounted for 51 storm reports from 1830 to 2300 UTC, including all 16 hail reports from

the event.

A region of MUCAPE > 1000 J Kd at 1800 UTC extended from South Carolina
northward into central Delaware (Fig. 3.25a). The northern portion of this region of
MUCAPE > 1000 J K¢ was collocated with a region of 240-kt VWS (Fig. 3.25a).

This juxtaposition of a poleard-extended plume of MUCAPE with > 30 kt of VWS is a
signature of the 4S composite (Fig. 3.20d). The discrete prefrontal convective storms that
initiated over central and northern Virginia were in a region o#2%t of VWS, which

likely helped sustaiand intensify the storms from 1800 to 2000 UTC (Figs. 3.24b

3.25a). These storms produced 11 storm reports from 1800 to 2000 UTC. Meanwhile,
the discrete prefrontal convective storms that initiated farther south over southern

Virginia and northern Nidh Carolina were in a region of < 20 kt of VWS, and these

storms did not produce any storm reports from 1800 to 2000 UTC (Figsi 8,21B5a).
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3.6.3.2 Alongfront Convective Storms

A broken line of convective storms along the eastveathébincingcold front was
ongoing at 1800 UTC from southern West Virginia sesglithwestward through eastern
Tennessee (Figs. 3.24b,c). Ample losirepospheric moisture continued to exist over
central Virginia at 2100 UTC in the wake of the prefrontal convectoens, as
manifested by dewpoints of 223°C and a plume af, values of 350355 K between the
prefrontal and alongfront convective stor(Rrig. 3.24g). The alongfront convective
storms intensified upon interacting with this warm, moist air fron020@200 UTC
(Figs. 3.24éh). These storms accounted for 20 storm reports from 2100 to 2200 UTC,

including both of the tornado reports from the event (Fig. 3.24h).

The cold front had accelerated southeastward and had overtaken the northern
portion of he ALT by 0000 UTC 7 June (Fig. 3.24j). Meanwhile, the ALT was still
evident ahead of the cold front from southeastern Virginia to Georgia (Fig. 3.24j). The
northern portion of the alongfront convective storms had weakened by 2300 UTC (Fig.
3.24i). Meamwnhile, a cluster of nonsevere convective storms, which was a remnant of the
initial nonsevere discrete prefrontal convective storms, was located near the
Virginia/North Carolina border at 2300 UTC (Fig. 3.24i). These storms began to assume
a linear mode er southeastern Virginia and northeastern North Carolina by 0000 UTC 7
June (Figs. 3.24j,k). This linear mode occurred as the cold front caught up with the
cluster of storms. An increase in VWS td 30 kt, associated with the approaching
front, was euwlent between 1800 UTC 6 June (Fig. 3.25a) and 0000 UTC 7 June (Fig.

3.28) in the vicinity of the storms assuming a linear mode. The increase in VWS, along
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with convergence along the cold front, likely helped strengthen the storms and maintain
their linearorganization as they produced nine storm reports from 2300 UTC 6 June to
0100 UTC 7 June (Figs. 3.24). The storms also interactedth a moist lower

troposphere (e.gde values of 350355 K at 0000 UTC; Fig. 3.24k) and advanced to the
Atlantic Coast by 0600 UTC (not shown). The southeastward acceleration of the cold
front from the Appalachians to the Atlantic Coast throughout this event was likely aided
by convectively driven cool outflow from the alongfront storms, as evidenced by severe
convective winds and onaour temperature drops of B0°C as the alongfront storms

passed (e.g., Figs. 3.4

3.6.4 Diagnosis of Severe Convective Storms

Severe convective winds are primarily a result of downdrafts, which are often
initiated by conderate loading and diabatic cooling from precipitation phase changes
(Wakimoto 2001). Midtropospheric dry air can aid in initiating a downdraft by
enhancing evaporational cooling from precipitation falling into the dry air (Wakimoto
2001). Midtroposphericrg air at 550600 hPa was in place over the ALT Zone on 6
June as sampled by the 1200 UTC WAL and IAD soundings (Figs. 3.27a,b). In contrast,
dry air can be detrimental to sustaining a downdraft by decreasing the virtual temperature
difference between thiescending parcel and the environmental air (Srivastava 1985;
Wakimoto 2001). A relatively moist layer in the 6800-hPa layer is evident below the
midtropospheric dry air in the WAL and IAD soundings (Figs. 3.27a,b). A NARR model
sounding was taken a21.00 UTC at Fort Eustis, VA (FAF; location plotted on Fig.
3.24q), just east of a cluster of storms that would produce nine severe convective wind

reports from 2100 to 2200 UTC in the vicinity of FAF (Fig. 3.24h). The sounding shows
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a layer of dry air f'om 500 to 700 hPa, with a moist layer from 750 to 900 hPa, and a
well-mixed layer from 900 hPa to the surface (Fig. 3.29a). This sounding is similar to a
conceptual model of environments conducive for wet microbursts (Fig. 3.29b) created by
Atkins and Wakmoto (1991) from the MIST field project. The NAR&dalyzed vertical

de profile at FAF (Fig. 3.29c) is also similar to the conceptual model (Fig. 3.29d). The
NARR-analyzed TeD value at FAF was 30 K, equal to the wet microburst criterion of
Wheeler and Reder (1996) and 10 K greater than the wet microburst criterion of Atkins

and Wakimoto (1991).

The two tornadoes that occurred during this event were located within the broken
line of alongfront convective storms in the area between the digredtental
convective storms and the approaching cold front (Fig. 3.24h). AhtBmado with a
path length of 2 miles (3.2 km) occurred near Frederick, MD (FDK; location plotted on
Fig. 3.249), from 2105 to 2113 UTC, and anEfrnado with a path letigof 1 mile
(1.6 km) occurred near Orange, VA (OMH; location plotted on Fig. 3.24g), from 2145 to
2150 UTC. Figures 3.30a,b show a 1700 UTC dewpoint depression of 8°C at FDK and
12°C at OMH. As the discrete prefrontal convective storms passed thddw/framn
1800 to 1900 UTC, the temperature decreased and the dewpoint stayed constant or
increased slightly. As a result, the dewpoint depression decreased to 2°C at both sites by
2100 UTC. In addition, the wind direction at 2100 UTC backed to ssnuiheasterly at
FDK and southerly at OMH. Backed winds were observed at several stations between
the discrete prefrontal convective storms and the approaching alongfront storms from
2000 to 2100 UTC (Fig. 3.31). Replacing the NAB&ived boundarayer wirds at

FDK and OMH with the observed winds would result in a vertical wind profile that veers
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with height (Figs. 3.32a,b). The resulting wind profile, along with low LCL heights
inferred from the small dewpoint depressions, likely provided an environaengble

for brief tornadoes as the alongfront convective storms approached.

3.6.5 Summary

The 6 June 2002 severe convective storm event featured two distinct regimes of
severe convection. The first regime initiated as discrete prefrontal storms alomd; a
shift boundary just west of an ALT. These storms grew upscale into clusters and line
segments and produced widespread storm reports from central Virginia to the Atlantic
Coast as the storms were sustained by a convectively unstable environmehtheast o
initiation region. The second regime occurred as a broken line of storms along an
eastwareadvancing cold front intensified upon encountering an air mass within the ALT
Zone that had not convectively stabilized in the wake of the prefrontal corevetdrms.
These alongfront storms produced several storm reports from southern Pennsylvania
through northcentral North Carolina from 2100 to 2200 UTC, and sporadic storm reports
from 2200 UTC 6 June to 0000 UTC 7 June as the broken line of storms edlvanc
southeastward across southern Virginia and central North Carolina. Remnant storms
from the southern portion of the first regime strengthened and assumed a linear mode
from 2300 UTC 6 June to 0100 UTC 7 June over southeastern Virginia and northeastern
North Carolina as VWS values increased (associated with the approaching cold front).
This line of storms advanced to the Atlantic Coast by 0600 UTC and was responsible for

several more storm reports.
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An upstream 30GPa trough and equatorward jet entenegion, in addition to
convergence along the surface cold front and wind shift boundary west of the ALT,
provided forcing for ascent during this event. Both regimes of convective storms were
sustained by the aforementioned convective instability alatigWwWS values of 2040
kt. Midtropospheric dry air located above moist air likely initiated and sustained
convective downdrafts, and verticklprofiles were reminiscent of conceptual models of
storms that produce wet microbursts. A decrease in the dewpoint depression in
association with the passage of the prefrontal convective storms, along with locally
backed lowettropospheriavind diredions, were associated with the occurrence of two

brief tornadoes within the broken line of alongfront convective storms.
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Fig. 3.1. Composite of warseason ALTs (N=13) at (a) 1800 UTC and (b) 0000 UTC.
MSLP (black contours, hPa), 1@®50-hPa thickness (fills, dam), 100850-hPa

thermal vorticity (white contours, only negative values contoured evel) 2s 1), and
10-m wind (barbs, kt).
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ALT Occurrence (%) as a Function of MSLP/Thermal
Anomaly Thresholds (n=6120)

-1.25 -1
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1000-850-hPa Mean Temperature
Anomaly Threshold (°C)
N

Fig. 3.2. Percentage of occurrence of ALTs during the climatology with respect to
varying MSLP and thermal anomaly thresholds. Bubbles are sized proportionally to the
percentage of ALT occurrence. Red boxes indicate the anomaly thresholds adopted to
define ALTs and the percentage of occurrence of ALTs with respect to those thresholds.
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Fig. 3.3. Percentage of occurrence of ALTs by (a) CFSR analysis time and (b) month.
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Fig. 3.4. Percentage of occurrence of each ALT category.
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Fig. 3.5. Monthly percentage of occurrence for (@) ALT categories 14.
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