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Figure 1: Biral BTD-300
thunderstorm detector

hunderstorms and their associated
lightning flashes can pose a major
threat to life if people are caught
in the open. In the aviation
industry, staff and passengers can find
themselves on an exposed site with little or no
protection. In such circumstances, the early
detection of thunderstorm activity is critical.

A common method of thunderstorm
warning is the detection and tracking of
lightning flashes surrounding the site,
allowing the proximity of the thunderstorm
to be monitored in real time. Lightning
location networks, single-site detectors and
even optical detection from space are used to
get information about lightning activity, with
kilometer-accurate locations available across
most of the world within minutes — and
sometimes even seconds.

While detection technology, sensitivity and
global coverage have advanced considerably
over the past few decades, challenges in
thunderstorm warning still remain. One of
these is the ability to warn of the potential for
lightning activity in an area before the first
lightning flash is detected. Clearly a
thunderstorm has to begin somewhere and
although in the majority of cases adequate
warning is provided by the detection of
distant lightning from an approaching storm,
occasionally the first lightning strike will be
uncomfortably near to your site.

METHODS OF PREDICTION

How likely is it that a thunderstorm will
develop overhead without warning from the
detection of previous flashes occurring a safe
distance away? The answer to this question
will vary according to the site and even the
time of year, with some locations more
favorable to overhead thunderstorm generation
than others. For example, thunderstorms can
be triggered when moist air is forced to rise
above a mountain range, where it becomes
unstable, rising higher into the atmosphere
and producing persistent thunderstorms for
the windward site of the range.

For sites with no systematic trigger of
overhead thunderstorm activity, it is worth
evaluating the probability that the first lightning
flash of a storm will be nearby, compared with
storms that are already producing lightning
some distance away as they approach.

In one such case, archived data was
analyzed from a Biral BTD-300 thunderstorm
detector (Figure 1) near Bristol in southwest
England during 2017. This mid-latitude
coastal site has no nearby mountains or other
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likely triggers of thunderstorm activity.

Like the rest of northwest Europe, the site

is subject to strong extratropical cyclones
during the autumn and winter months,
which can produce thunderstorms near their
center and along trailing cold and occluded
fronts. Convection from polar air traveling
over the relatively warm sea can also trigger
thunderstorms during these seasons, which
are blown over the western coasts of the UK.
In summer, deep convection is initiated at the
site by local heating of the land, with a key
ingredient of the strongest thunderstorms
being hot, moist air moving north from
France and Spain.

In addition to lightning detection, the
BTD-300 warns of the potential for overhead
lightning by measuring the charge on
individual raindrops and the variability of the
atmospheric electric field. The latter indicates
if the atmospheric electric field is sufficiently
strong to produce ions as the air breaks down
around tall, pointed objects below a
developing thunderstorm. Charged rain
and ions are both indications of increased
lightning risk and can occur several minutes
before the first lightning flash is produced by
the storm. This enables the BTD-300 to alert
the user before any warning is issued from a
lightning-only detection technique.

With this in mind, the BTD-300 warnings
issued during 2017 were analyzed in relation
to thunderstorms that produced lightning
within 10 nautical miles (18.5km) of the site.
This distance was chosen since it is defined
as “thunderstorm in the vicinity” for US
METAR (aviation weather observation) codes.
Lightning within this range is referred to as
‘nearby’ in this article. To assess whether
nearby flashes were preceded by distant ones,
a suitable definition for “distant” must be
used. The lower limit must be 18.5 km (10
nautical miles), and since the maximum
reporting range of the BTD-300 is 83km (45
nautical miles), this must be the upper limit.
Distant lightning is therefore defined here as
occurring between 18.5-83km (10-45
nautical miles) from the site. As an indication
of the scale of these areas, a map showing the
location of the BTD-300 and the nearby/
distant lightning zones is shown in Figure 2.

FILTERING THE RESULTS

During 2017 a total of 16 thunderstorms
produced 502 nearby lightning flashes,
which is fairly typical of the region, equaling
a flash density of 0.5 flashes per square
kilometer (0.4 square miles) per year. Of
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Figure 2: Location of BTD-300

in the UK (white cross). The
orange and yellow circles identify
regions defined as nearby and
distant respectively, for lightning
proximity classification

those 16 storms, 10 produced distant
lightning within 30 minutes of the first
nearby flash. There were only four storms
associated with a charged rain or corona
warning and no distant lightning, which
provided the only alert of increased risk to
the site. Of the remaining two events, one
had no warning and the other had charged
rain followed by distant lightning ahead of
the first nearby flash (Figure 3).

These results clearly demonstrate the
benefit of using a combined lightning and
non-lightning method to warn of the first
nearby lightning flash, with 31% of storms
producing their first flash nearby without any
prior distant lightning to act as a warning. By
including the non-lightning warning triggers
of charged rain and ion detection, unexpected
storms reduced to only 6%. The early
warning times when the first flash of a storm
occurred nearby is shown in Table 1. It can
be seen that these vital non-flash triggers
provided 10 to 17 minutes’ early warning.

The warning activity before all nearby
flashes was also assessed, since monitoring
of a nearby storm is necessary to gauge when
activities can resume after it leaves the area.
The probability of detection and false alarm
ratio of nearby lightning for each warning type
is shown in Figure 4. In this figure, the three
BTD-300 triggers of charged rain, corona ions
and distant lightning are also compared with
the occurrence of heavy rain, as a non-electrical
comparison that a user may also use as a sign
of potential nearby thunderstorm development.

This was measured using a Biral VPF-730
visibility and present weather sensor located
approximately 2m (6.6ft) from the BTD-300.
This instrument classifies hydrometeor type
(rain, snow, etc) and intensity each minute
using the forward scatter and backscatter of

Table 1: Early warning
times then the first flash
of a storm was nearby, given

Table 1

by non-flash warning triggers Date of storm Early warning from non-flash triggers
(charged rain and corona ions) 06/06/2017 10 minutes

18/08/2017 12 minutes

15/09/2017 17 minutes

29/12/2017 14 minutes

near-infrared radiation. While the official
definition of heavy rain differs between
countries, the WMO defines heavy rain as
being >10mm/h. This definition is also used
in the UK by the Civil Aviation Authority for
heavy rain associated with cumuliform cloud.

From Figure 4 it can be seen that distant
lightning has the greatest probability of
detection, at 89%. This was followed by charged
rain and corona, with heavy rain offering the
lowest POD for nearby lightning. The false
alarm ratio is used to assess whether the

warning was likely to be followed by a nearby
flash within 30 minutes. The lowest FAR was
for corona, and the highest for heavy rain. This
means that when a warning is activated by
corona ions, it has an even greater chance of
predicting a nearby lightning flash than
distant lightning.

The false alarm ratio from distant lightning
could, however, be improved by considering
the direction of the lightning flashes in relation
to the direction that the thunderstorms are
moving (such as by ignoring distant flashes

of retreating storms). The

BTD-300 consequently has an
optional lightning direction
finder module to aid such
discrimination. The existence
of charge on the raindrops
added substantial accuracy to
the prediction compared with
using rainfall intensity alone.
To summarize, there is
growing evidence that while
the detection of distant
lightning is the best single
method of warning, this
method alone will miss
the typically 25% of
thunderstorms that
develop nearby. Additional
monitoring of atmospheric
electrical precursors at the
site itself is required to
reliably ensure the safety of
people and equipment from
nearby lightning. I

Figure 3: Occurrence

of warning type within
30 minutes of the first nearby
lightning flash during 2017, as
reported by a BTD-300

Figure 4: Probability of

detection (POD) and
false alarm ratio (FAR) for
nearby lightning flashes
according to warning type,

during 2017
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