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1. INTRODUCTION

On the evening of 14 June 1990, a devastat-
ing flash flood occurred in Belmont
County, Ohio, near the town of Shadyside,
where 3 to 4 inches of rain fell in about 1
hour. Rainfall totals in southeast Harrison
county, just north of Belmont county, were
over 5 inches in 3.5 hours (Figure 1).

The following analysis is a cursory inves-
tigation of the flash flood event based only
on cloud-to-ground (CG) lightning data.
The State University of New York at Al-
bany (SUNYA) lightning detection net-
worl); (Orville et al., 1983) was used. The
SUNYA system uses colors to differentiate
when the CG strikes occurred within a dis-
played time interval (e.g., strikes occurred
during the last 20 minutes of a 1 hour
display). Unfortunately, this cannot be
reproduced here.

2. DISCUSSION

A Mesoscale Convective System (MCS)
was propagating through Ohio, Kentucky,
and Indiana on the evening of 14 June
1990. A concentrated line of convection
along the southeast periphery (or leading
edge% of the system extended throug

central Ohio in a northeast to southwest
orientation at 2150 UTC (Figure 2). By
2235 UTC (Figure 3), the convective line
extended from east-central Ohio to Ohio’s

southwest border. The line had shown a
relatively slow but steady movement to the
southeast. Studies, such as Rutledge and
MacGorman (1988), and Engholm et al.
(1990), have found that the deepest convec-
tion and strongest radar reflectivities in an
MCS are associated with a squall line em-
bedded within the convective system. This
squall line is often characterized by an in-
tense line of predominantly negative
strikes. Additionally, to the rear of the
squall line, the trailing stratiform precipita-
tion shield is characterized by a higher fre-
quency of positive CG strikes. The lightn-
ing associated with the trailing stratiform
g;ecipitau'on shield can be seen in Figure 3

hind the main convective line. Some
positive strikes are a;:garent, but negative
strikes predominated the stratiform area at
this time.

At 2242 UTC, convection began in south-
western Pennsylvania, just to the west of
Pittsburgh (Figure 4). Meanwhile, the
main convective line continued its stead

southeast progression. By 2310 UT

(Figure S), new convection had started in
eastern Ohio just to the north of Belmont
County. At this time, the northern end of
the main convective line was showing signs
of dissipation. At 2328 UTC, (Figure 6)
convection was well underway just to the
north of PBc.elmolnt Coun than e;_rtendeg
east into Pennsylvania. ough Figure

shows the lightning strikes forgthile 1-hour
period from 2228-2328 UTC, the majority



of strikes just north of Belmont County and
through the panhandle of West Virginia
occurred during the last 20 minutes of the
1-hour period (2308-2328 UTC). The
(CG) lightm'nﬁ data also shows that the
north end of the main convective line con-
tinued to fragment as indicated by the
f)resence of separate individual cells (CG
ightning clusters).

Figures 7a through 7e represent the CG
lightning data in 20-min increments, and
shows the interaction between particular
cells (lightning clusters). Three separate
cells are noted in Figure 7a, all of which
appeared to have had an impact on the
flooded area. Cells 1 and 3 are the new
convection discussed in Figures 4-6, while
cell 2 is residual convection from the
original MCS convective line. It is likely
that all three cells were involved in the ex-
cessive rainfall. At 2349 UTC (Figure 7b),
the three distinct cells were still evident,
with the flash count in cells 1 and 3 increas-
ing during the previous 20 min. In addi-
tion, more convection began south of Bel-
mont Coug%: (cell 4 in Figure 7b). Figrulxl'c
7¢ (0001 UTC) shows all four cells. e
strikes in cells 1 and 3 indicated that the
convection was propatgatir:g in a more
southerly direction, rather than southeast
like the main MCS line. The propagation
was also very slow. Forty-three minutes
elapsed between Figures 7a and 7c, yet the
1convection appears to have moved very
ittle.

By 0042 UTC (Fi§ure 7d), cell 1 had
merged with cell ve?' near the Ohio
River, just upstream of Shadyside. Cell 2
continued to trail the merged cells.
Meanwhile, only a few remnant strikes lin-

ered from cell 4 south of Belmont County.

igures 7b through 7d indicate that Cell 4
developed and then dissipated with little
movement. It is possible, however, that cell
4 produced an outflow boundary which
could have moved north, further enhancing
low level convergence in Belmont County.
Other data sources would be required to
confirm this hyﬂgthesis. Figure 7e shows
the merged cells approximately over the
hardest hit area, with Cell 2 remaining to

'Flood (Schwartz et al.,

the rear. Cell 2 subsequently crossed over
the exact area traversed by the merged
pair.

Figure 8 represents the CG lightning for
the 1-hour period ending at 0116 UTC.
Note the number of strikes that occurred
southwestward of the main cluster
(compare Figures 7c-e with Figure 8). This
indicates a deviation in motion from the
convection in the main MCS line which was
toward the southeast. The 500 mb and 700
mb winds at 0000 UTC 15 June 1990 were
from the northwest. Convective systems
can often be viewed as propagating rather
than moving. That is, the convective ele-
ments on the meso-beta scale and below
tend to form and accrete on the side of the
convective system exposed to the warm
moist low-level inflow. This governs the
speed orientation of propagation (Merritt
and Fritsch, 1984). As a result, two types of
convective motion are usually evident:

1. i ion (Browning,
1964) occurs when newer cells form on the
inflow side of the system and sustain the
larger complex.
2. i ion (Newton and
Newton, 1959) occurs when new cells form
slightly away from the periphery of the
main convective unit and then merge.

The southwestward or backward propaga-
tion suggested by the CG lightning signa-
tures in Figure 8 is indicative of intense
convection which produces excessive rain-
fall (Scofield and Shi, 1987; Juying and
Scofield, 1989) (Here backward refers to
convective systems that have a component
of motion to the west (e.g., NW, W, or SW)
rather than the usual eastward component
(e.g, to the NE, E, or SE) of motion). In
particular, backward propagating convec-
tive systems usually produce heavier rain-
fall and more flash flooding than forward
propagating systems (Shi and Scofield,
1987). The 23 July 1987 Minneapolis Flash
1990) also had
backward propagating tendencies.

Figure 9 (0242 UTC) shows the lightning
cluster as it continued a southward
propagation. By this time, the cell was



showing signs of diminishing since the num-
ber of strikes had decreased considerably
(compare Figure 8 and 9). In addition,
many more positive strikes can be seen in
Figure 9. In fact, only 2% of the strikes
were positive at 0116 UTC (Figure 8) while
12% were positive by 0242 UTC (Figure 9).
Often, positive CG strikes show a tendency
toward a hitgher frequency in the dissipat-
ing stage of a convective system (Fuquay,
1982; Orville et al., 1983; Holle et al., 1988;
Brook et al., 1989). Also, it is interesting to
note that the first CG lightning strike oc-
curred in Belmont County at 2323 UTC
and the last at 0309 UTC. Convection, as
defined by CG lightning strikes, occurred in
some part of Belmont county for over 3
hours and 45 minutes. Of course, cloud-
to-cloud lightning may have continued for
even a longer period.

Finally, Figure 10 shows the total CG
strikes for an 8-hour period from 2001
through 0400 UTC. The path of the cell
that was originally part of the main MCS
line is clearly evident. Note, how the cell
track leads into the cluster which formed in
eastern Ohio. Also evident is the southeast
propagation of the main convective line,
the southward movement of the Belmont
Cluster, and the proliferation of positive
strikes as the cells dissipated.

3. COMMENTS AND SUMMARY

There was a large amount of lightning in
eastern Ohio over Belmont and the sur-
rounding counties that evening. However,
it is obvious from Figure 10 that there was
even more lighting through other sections
of Ohio and entucg with apparently no
major flooding. B on the CG lightnin,

data only, there seemed to be a number o

meteorological factors and effects which
contributed to the excessive rainfall in Bel-
mont County. These are:

A) The slow movement of the convec-
tive system over eastern Ohio.

B) The southwest (backward) propaga-
tion or development of the convection in
Belmont county.

rainfall events.

C) The merging of cells (lightning
clusters).

D) The possible influence of the last
cell, originally part of the main convective
line, which traveled over the exact area
traversed by the merged pair. The extent
to which this cell affected the flood event is
uncertain since the cell moved over Bel-
m%ntdcounty near the time the heavy rain
ended.

Additionally, other factors may have played
roles in the events over Belmont county
that can be inferred, but not confirmed by
using CG lighting data. These factors re-
quire further study and inclusion of addi-
tional data sources to be confirmed. This
should include the role mesoscale bound-
aries may have played in enhancing low-
level convergence. The cell evident in the
CG lightning data that formed just to the
south of Belmont county could have
produced a boundary that might have inter-
acted with the convection to the north,
which was propagating southward. An out-
flow boundary from the main MCS line
also may have interacted with the Belmont
County cluster as well.

This analysis was performed with the use of
CG lightning data only. Radar data and
satellite imagery were not used in the
analysis, and important mesoscale and
symt)l;])tic factors were not investigated such
as the moisture field, instability, upper-
level ics, etc. These fields and data
will add more insight into the excessive
rainfall event. However, there was still an
enormous amount of information provided
by the lightning data. The lightning data
could become even more valuable when in-
tegrated with the other data sources.

Traditionally, radar data has been a
?rimary tool, along with satellite imagery,
or forecasting and diagnosing excessive
Lightning data has the

tential to be an important forecast tool
in flood situations. It has advantages over
radar data, such as no attenuation and no
gaps in coverage. The absence of any gaps
in the lightning data could prove extremely
important, especially in those western



states where radar data are scarce, and
topography plays an important role in
enhancing flash flood potential. For ex-
ample, Reap (1985) studied over two mil-
lion CG lightning strikes in the western
United States and found that about 41%
occurred with no reported radar echo. Ad-
ditionally, 87% of these strikes occurred
with echo reflectivities less than VIP 3.
This could also have significance for the
rest of the country, since the VIP 3
threshold is often used for reporting thun-
derstorm activity. It is possible that lightn-
ing data will depict the first sign of convec-
tion, even before radar data and satellite
imagery will. Lightning data can also
provide insight into many small-scale inter-
actions, such as the tracki
or potential boundaries. It also provides an
excellent view of cell (lightning cluster) in-
teractions which are extremely important in
flood forecasting. It seems that an ac-
curate, efficient and effective method for
diagnosing and forecasting excessive con-
vective rainfall would be to use real-time
lightning data in conjunction with radar
and satellite imagery.

Finally, it must be remembered that in
hindsight most meteorological events can
be explained and understood, but in an
operational real-time environment it’s of-
ten quite difficult. Real-time lightning data
might have helped to diagnose the eastern
Ohio flash flood. However, at this time,
the SUNY lightning data shown in the
figures are only available in real time to a
limited number of NWS offices. Unfor-
tunately, WSFO Cleveland, WSFO Pitts-
burgh and WSO Canton-Akron do not
have real-time access to the data. Lightn-
ing detection and the availability of this in-
formation in an operational environment is
re;?lﬁvgy new. Adﬁigilt]ional iit:dies, espe-
ci ose linking lightning data to exces-
sive yrainfall are needed. It is also not
known how many events have similar
characteristics as this one without produc-
ing excessive rain. Research, training, and
experience with this new technology are
needed in order for operational
meteorologists to utilize lightning data to
its fullest potential.

g of boundaries
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