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Abstract. The physical and geographical characteristics of over 1.4 million cloud-ground
electric air discharges recorded by the National Electric Air Discharge Detection Network
throughout Romania over 2003-2005 are presented here. These characteristics include total
density of cloud- ground discharges, density of positive discharges, percentage of positive
discharges, and diurnal variation of the total number of discharges. Every analysis was
carried out at 0.2° space resolution, corresponding to about 20-km resolution. Discharge
density was not corrected according to detection efficiency, herein being presented only the
measured values. Maximum density tops 9 discharges km-2 in Olteniei Plain and Jiu’s
Defile areas. The monthly mean number of discharges reached a maximum of about
12.5·104 in July. Maximum density of positive discharges, which is higher than 0.08
discharges km-2, was recorded around the cities of Barlad and Suceava. The monthly mean
number of positive discharges has a main maximum corresponding to July (about 2000
discharges) and a secondary one in May. High values of the annual mean percentage of
positive discharges are specific to Eastern Romania regions. Monthly mean positive
discharge percentage varies between 2% in July and 18% in January. Diurnal variation of
discharges has the same characteristics over the year, with a maximum within
1600-1800 TL. When the connection between whole atmospheric electricity and ETOPO-2
topographic measurements, at 0.2° x 0.2° resolution, is analyzed, a decrease by altitude can
be noticed in total number of discharges. The proximity sounding method was applied in
order to point out the physical processes leading to lightning strokes.

1. INTRODUCTION
Convective storms bring forth precipitation, which could be beneficial, but
also flash floods, hail, wind gusts,
tornadoes and electric discharges.
Information on the spatial and temporal
distribution of these events could be used
in determining the physical processes

leading to convective storms, forecasting
beneficial and destructive convectionrelated effects, and verifying the outputs
of the numerical weather forecasting
models
whose
resolution
allows
the analysis of mesoscale phenomena.
Climatology studies of the abovementioned convective phenomena have
been developed for Romania, but the
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distribution of cloud-ground atmospheric
electricity is not based upon a
continuous, spatial and temporal data set
throughout Romania.
Aspects of the lightning strokes that
have occurred across Romania can be
found in several works or can be derived
from old historical data. Thus, one of the
first attestations of air discharges over
Romania can be found in a metope of
Traian’s Column. Old chronicles include
references to thunderstorms (such one
reads: “On the 31-st of March, there were
very intense lightning strokes and
lightning at 9 hours - March 31, 1764,
Constantin Ramniceanu”, the Biserica
Domneasca Museum, quoted by Corfus
1975). Works of history, belles letters,
traveling impressions by foreigners
passing through Romania, news in
Romanian or foreign publications, all can
provide observations on thunderstorms
with a stress on lightning stroke-related
damages.
The first general views on climate
and weather phenomena by seasons and
over a whole year, showed up in 1896.
Since 1922, monthly bulletins have
presented “normal” climatological data
(multi-year means, 1896-1925), which
include also the number of days with
atmospheric electricity phenomena, per
month and per year. Occasionally studied
or just mentioned as number of days,
thunderstorms appear incidentally in
many papers elaborated after 1960,
focused particularly on problems of
synoptic meteorology, aeronautics or
atmospheric physics.
A thorough climatological research
on atmospheric electricity over Romania
was carried out by Iliescu (1989), who
used the 1951-1980 daily (audio-visual)
observations performed by weather
stations and the 1968-1980 observations
by means of the newly implemented
lightning counters. The two data strings

led to the following climatic parameters:
annual thunderstorm interval, number of
stormy days, number of thunderstorms,
thunderstorm duration (by year, by
month, mean and high values), number of
electric discharges/100 km2 (by year, by
month, by day, time, low and high
values). These data strings were not
gathered
continuously
and
the
observations give an accurate picture
only for certain regions.
Once the National Electric Air
Discharge Detection Network (NEADDN)
was implemented in 2002, it was possible
to carry out an air electric discharge
database with no time gaps and extended
throughout Romania. This paper is aimed
at presenting a climatology of the
atmospheric electricity over Romania
using the 2003-2005 database. At the
same time, through the proximity
sounding method, lightning data were
correlated with upper-air sounding data
in order to determine the atmospheric
conditions that favor storms with cloudground electricity and also several
electricity types.
Section 2 presents the structure and
main features of the lightning detection
network and the aerological database.
Annual mean density (lightning strokes
km-2), monthly and diurnal distribution
of the January 2003-December 2005
cloud-ground
discharges
(lightning
strokes) are analyzed in section 3.1. The
correlation between land elevation and
number of lightning strokes (3.2) and
the diurnal variation of the number
of lightning strokes was studied. The
same type of statistical analysis
was applied to the activity and
percentage of positive lightning strokes,
the results being presented in sections 3.4
and 3.5. Section 3.6 is dedicated to
analyzing upper-air sounding data in
correlation with the NEADDN-provided
data.
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2. DATA AND METHODS
a) Data on lightning
The data on atmospheric electricity over
Romania analyzed in this paper
were provided by the National Air
Electric Discharge Detection Network,
which is owned and operated by the
National Meteorological Administration
of Bucharest. This network includes eight
SAFIR3000 sensors (Fig. 1) and it
can detect both intra-cloud electricity

and cloud- to-ground lightning. For each
cloud-ground discharge, there are
provided the following data: occurrence
time, point of impact in geographic
coordinates, discharge polarity, peak
current of the first discharge, multiplicity
(number of successive discharges
connected to the same event). Within the
network area, strokes are detected with
an accuracy of 1 km at most (Fig. 2),
while detection efficiency is 90%.
Network performances are relatively
homogeneous within this contour and the

Figure 1. Romania’s National Lightning Detection Network.

Figure 2. NEADDN’s Horizontal Accuracy
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spatial variation of lightning strokes can
be attributed to natural variations.
Outside this contour, spatial variations
are due to the superposition of network
performances and natural variations. No
correction on detection efficiency has
been made in this paper. The spatial and
temporal distribution of lightning strokes
is examined over an area ranging
between 43.2-48.2°N and 20.0-30.0°E,
which covers the entire territory of
Romania.
2003-2005 is the analyzed interval.
Every geographical representation has a
resolution of 0.2°, corresponding to about
20 km. Latitudes significantly converge
along the geographical area from South
to North. Consequently, the area for
which density of lightning strokes is
calculated varies from 360 km2 at 43.2°N
to 330 km 2 at 48.2°N. In order to
calculate density and percentage of
positive lightning strokes, there were
selected from the database those
lightning strokes with peak currents
above 10 kA. This kind of selection was
first used by Cummings et al. (1998) “We recommend that the sub set of small
positive discharges with peak currents
less than 10 kA be regarded as cloud
discharges unless they are verified to be
cloud-to-ground” – and then explained by
Wacker and Orville (1999a,b).

1973-2006 interval. Over it, every 00 and
12 UTC sounding performed at
Bucharest-Afumati was archived. Using
the database, a number of thermodynamic indexes (Convective Available
Potential Energy - CAPE, Convective
Inhibition - CIN, Level of Free
Convection - LFC, Equilibrium Level EL, -10°C and -40°C isotherm heights,
mixing ratio, and precipitable water)
were calculated and then correlated with
the cloud-ground electricity. The 20032005 soundings (for this interval there
are available lightning data) used in this
study are those for which CAPE is not 0.
The area of interest, ranging
between 43°58'-44°53'N and 24°19'27°51'E, is located in Southern Romania,
in a region of rather low orographic
influences (Fig. 1). Thus, the proximity
area for which the Bucharest-Afumati
sounding is deemed representative is a
280km x 100km rectangle. By selecting
this area of study, we aimed at obtaining
certain correlations between upper-air
sounding
data
and
cloud-ground
electricity data, which could be used in
forecasting convective developments
around Bucharest. The proximity interval
for which lightning stroke data were
selected is 11-17 TL, one hour before the
12 00 UTC sounding and five hours later.

b) Upper-air data

3. RESULTS

The climatology of thermo-dynamic
indexes was carried out with an
aerological database including the

Table 1 presents the annual distribution
of detected 2003-2005 lightning strokes.

Table 1. Annual lightning stroke distribution over 2003-2005
Year

Total
Activity

Negative
Lightning Strokes

Positive Lightning
Strokes

2003
2004
2005
Total

410794
501769
360679
123242

401085
490817
354291
1246193

9079
10952
6388
26419

Percentage of
Positive Lightning
Strokes
2.37
2.18
1.77
2.07
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3.1 Lightning stroke density
Annual mean density for the
1.2·106 lightning strokes detected
over January 2003–December 2005
throughout Romania is represented in
Figure 3. The highest densities (> 5
strokes km-2) can be noticed in SouthWestern Romania, topping 9 strokes km-2
in Jiu’s Defile area. Relative low
densities, running between 3 and 5
strokes km-2, are specific to the Southern
Carpathians, Olteniei region, and the
southern parts of Transylvanian Plateau
and Western Carpathians. Western and
Northern Romania regions see low values

(< 3 strokes km- 2). More than 3 strokes
km-2 can be noticed around Bucharest,
too. This effect – more intense
electricity over urban areas, has
been previously reported for the USA by
Westcott
(1995), who noticed a
connection between this phenomenon,
air pollution and extent of urban areas.
The 2003-2005 monthly mean lightning
stroke distribution is shown in
Figure 4. The graph presents a symmetry
around July, characterized by a mean of
12.5·104 strokes. Low values of about a
few hundred lightning strokes only,
are recorded over November-March.

Figure 3. Annual Mean Density of lightning strokes detected across Romania. More than 1.2·106
lightning strokes that occurred over 2003-2005 were used to make this map.

Figure 4. The 2003-2005 monthly mean lightning stroke distribution is symmetrical around July.
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3.2 Air electricity variation by
land elevation

3.3 Diurnal variation of lightning
activity

In order to establish a connection
between total number of lightning strokes
and
land
elevation,
ETOPO-2
topographic measurements at 0.2x0.2
resolution were used. Lightning stroke
data are represented in Figure 5 by
altitude. The number of lightning strokes
decreases by altitude, which is due to a
decrease in temperature and humidity by
altitude.

Diurnal variation of total number of
lightning strokes over the warm season
(May–September) is the same as that
over the cold season (October-April).
Lightning strokes reach a peak
corresponding to the 1600-1800 TL
interval (Fig. 6), which is associated
with the highest afternoon convective
activity.

Figure 5. Variation of cloud-ground electricity by land elevation

Figure 6. Diurnal variation of total number of lightning strokes
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3.4 Density of positive lightning
strokes
In this section, the positive lightning
strokes were singled out and only
those carrying positive charges to the
ground were analyzed. The positive
lightning strokes were first identified by
Berger (1967), and Rust et al. (1981)
subsequently confirmed the existence of
such electric air discharge. On an
average, positive lightning strokes
amount to 10% of the total number of
lightning strokes. The absolute and/or
relative numbers of positive lightning
strokes tend to increase: 1) during the
dissipation phase of non-severe (Fuquay
1991) and severe (Kane 1991) convective
storms, 2) in the stratiform region of
mesoscale convective systems (Schuur
and Rutledge 2000 a, b); 3) during the
full-grown stage of storms bringing about
hail falls or tornadoes (Bluestein and
MacGorman 1988; Smith et al. 2000),
and 4) during the cold season. The
positive lightning strokes’ tending to
occur during the dissipation phase of
non-severe and severe convective storms
has been explained by the inclined dipole
model (Brook et al. 1982) and by the
precipitation unshielding mechanism
(Carey and Rutledge 1998), both

hypotheses being variants of the Wilsonproposed dipole model (1920). Positive
lightning
strokes
occurring
in
the stratiform region of mesoscale
convective systems, sometimes called
bipolar lightning strokes (Orville et al.
1988), may be caused by the advection of
positive charges from convective regions
(Rutledge and MacGorman 1988) and/or
by charge separation in stratiform regions
(Schuur and Rutledge 2000 a,b). The
storms bringing about hail falls
and tornadoes may be sometimes
characterized by prevalent positive
lightning strokes (Stolzenburg 1994;
Seimon 1993). The inclined dipole
hypothesis and that of the precipitation
unshielding mechanism were used in
providing a possible explanation
of storms with predominantly positive
electricity (Knapp 1994). Finally,
the percentage of positive lightning
strokes is higher during the cold season
(Orville and Huffines 1999). This fact
is generally attributed to wind shear
and to low vertical extension of the
storms during in the cold season
(Enghom et al. 1990).
Annual Mean Density of detected
2003-2005 positive lightning strokes is
shown in Figure 7. Positive lightning

Figure 7. Annual mean positive lightning stroke density has a high (0.12 strokes km-2) around the
city of Ramnicu Valcea. Relatively high values (> 0.08 strokes km-2) are also recorded nearby the
cities of Bârlad, Suceava, Botosani, Timisoara, and Călărasi.
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stroke density highs (> 0.4 strokes km-2)
can be noticed in South- Western
Romania, their structure being like that of
the total density high (Fig. 3). Values
topping 0.08 strokes km-2 also occur
around the cities of Barlad, Suceava,
Botosani, Timisoara, and Calarasi.
Except the North-Western region,
relatively high positive lightning stroke
densities (< 0.04 strokes km-2) are
noticed throughout Romania.
Figure 8 shows the 2003-2005
monthly mean positive lightning stroke
distribution. Positive lightning stroke

means reach a main high in July. A
secondary one occurs in May, which
could suggest that positive lightning
strokes reach a high before that of the
total number of lightning strokes.
3.5 Positive
percentage

lightning

stroke

The 2003-2005 percentage of
lightning strokes carrying positive
charges to the ground appears in
Figure 9. High positive lightning stroke
percentages (>10%) are noticed across

Figure 8. The monthly mean positive lightning stroke distribution has a main high
corresponding to July.

Figure 9. The positive lightning stroke percentage reaches high values
(> 10%) across North-Eastern.
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North-Eastern Romania. The regions
where high total and positive lightning
stroke densities were recorded are
characterized by low positive lightning
stroke percentages (< 5%).
The positive lightning stroke
percentage varies significantly over
the year (Fig. 10), from high
values (14-19%) recorded during
the cold season (November-February)

3.6 Correlation between upper-air
sounding data and cloud-ground
electricity
In order to bring about electric
charges within convective clouds – a
process leading to lightning strokes,
MacGorman and Rust (1998) maintain
that it is necessary an “intense” updraft
associated to “convective development”

Figure 10. Monthly mean positive lightning stroke percentage reaches a high in winter and a low in
summer. The cause of this variation is still unknown.

to low values (2- 4%) during the
convective season (May-September).
This distribution can be noticed in every
year of the studied interval.
The reason why such a variation
in positive lightning stroke percentage
exists is subject to conjecture. Studying
the winter storms across Japan,
Brook and Takeuti (1982) noticed a
connection between vertical wind shear
along the cloud and the positive lightning
stroke percentage. Apparently, vertical
wind shear facilitates the occurrence
of electric discharges by horizontally
moving away the centre with positive
charges from the centre with negative
charges, which is closer to the
ground.

within the cloud’s mixing phase region.
This assertion is supported by previous
research (e.g., Wokman and Reynolds
1950). The cloud mixing phase region
extends over the area wherein
supercooled water coexists with ice.
Generally, ice nucleation begins at
temperatures below -5° down to -10°C,
depending upon the type of freezing
nuclei. Supercooled water freezes by
homogeneous nucleation at -40°C (e.g.,
Yau and Roger 1989). Thus, the cloud
mixing phase region is generally
considered to range between the height of
-10°C isotherm and that of the
-40°C isotherm. Interactions between
supercooled water drops and ice crystals
bring about snow pellets in the mixing
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phase region. Snow pellets are deemed to
be the cause of electric charges that bring
about storm-related discharges. When ice
is present, supercooled water is
supersaturated with respect to ice and,
consequently, the Bergeron-Findeisen
process leads to the evaporation of
supercooled water and to depositsincreased ice crystals. In order to have an
efficient process, an intense updraft
providing new supercooled water drops is
necessary. The cloud mixing phase
region and snow pellets’ increase rate are
thus maintained. Processes leading to an
intense updraft cannot be rigorously
defined, but a speed of at least 6-7 m s-1
is generally considered a lower threshold
(e.g. Michimoto 1991, Zipser 1996,
Petersen et al. 1996). Particle theory
shows that maximum speed within an
updraft is wmax = (2 ·CAPE)1/2, where
wmax is maximum vertical speed ready to
be set free by convection-available
potential energy (CAPE). In this way,
CAPEs of only 18-25 J kg-1 are necessary
for such an ideal vertical motion. Particle
theory’s limitations (e.g, Emanuel 1994),
such as mixing, sure influences real-case
CAPE, but this calculus is only a rough
estimation of its value.
Bright et al. (2005) have used three
criteria to determine lightning stroke
probability: condensation level should be
higher than -10°C, ensuring thus a super
cooled water source within convective
clouds; the temperature at the
equilibrium level should be lower
than -40°C, to ensure ice nucleation; and
CAPE
should
be
higher
than
100-200 J kg-1, in the layer ranging
between 0 and -20°C, in order to provide
the ascent required for electrization. In
this way, the electric discharge occurring
potential increases with CAPE in the
mixing
phase
region,
given
a
condensation level warmer than -10°C

and an equilibrium level colder than 40°C.
In order to find out the physical
processes leading to lightning strokes
across a Southern Romania region, there
were analyzed the Bucharest-Afumati
upper-air soundings by proximity
sounding method. Box-and-whisker
graphs (Tukey 1977) were used for
representing statistical data. In this way,
each graph should include information on
the interval, variance and mean. The
lightning stroke data have been divided
into four categories: no lightning strokes
(0-1
strokes),
light
electricity
(2-72 strokes), moderate electricity
(72-360 strokes), and intense electricity
(> 360 strokes).
3.6.1 Instability
The best convective cloud base
estimation from 1200 UTC soundings,
and thus the best representation of
particle’s vertical trajectory, are obtained
when using a particle of temperature and
dew point temperature averaged in the
first 100 hPa. To evaluate instability, it
was involved a CAPE obtained by using
a particle whose properties were
averaged in the first 100 hPa.
In Figure 11, 90% of the intense
electricity cases exceed 200 J kg-1, while
50% and 75% of the light electricity and
no lightning strokes, respectively, cases
are associated with CAPE lower
than 190 J kg-1. The light electricity and
no lightning stroke cases can be
thus separated from the others
by using a threshold of 200 J kg-1.
Convective inhibition energy, shown in
Figure 12, has a tendency to decrease
with the increase in lightning stroke
severity. Still, there is not a threshold
value for various lightning stroke
categories.
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Figure 11. Box-and-whisker graph of convection-available potential energy (CAPE).

Figure 12. Box-and-whisker graph of inhibition energy (CIN).

3.6.2 Free-convection level
The free-convection level was
calculated by the same method as for
CAPE. Cloud base has a lowering
tendency as the severity of category

increases (Fig. 13). In this way, 50% of
the no lightning strokes cases have cloud
base above the 800 hPa level. The
average values for each category, except
the no lightning strokes one, are around
the 820 hPa level.
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3.6.3 Equilibrium level
Figure 14 presents the results on
each
lightning
stroke
category’s
equilibrium level. Using this parameter,

lightning stroke ratios function of the 10°C isotherm height cannot be
established. The same is true for the 40°C isotherm height (Fig. 17).

Figure 15. Box-and-whisker graph of the difference between free-convection level and
equilibrium level.

the no lightning strokes and light
electricity cases can be separated from
the other ones. Severity of lightning
stroke ratios increases by the altitude
of equilibrium level. A high-altitude
equilibrium level indicates an intense
updraft and leads to some in- cloud
regions of electric charges which can
bring about high lightning stroke ratio.
To estimate the vertical development of
convective clouds, the difference
between free-convection level and
equilibrium level can be used. The higher
this difference, the more intense the
updraft and more severe the lightning
stroke ratios (Fig. 15).
3.6.4 Height of the -10°C and 40°C isotherms
Figure 16 presents the distribution of
the -10°C isotherm height for every
category. An evolution of the severity of

3.6.5 Mixing ratio
Averaged mixing ratio in the first
500m of the atmosphere was used in
determining the humidity content of the
environment (Fig. 18). Figure 18 shows
that mixing ratio can point out the
difference between various lightning
stroke ratio categories. Thus, mixing ratio
increases by lightning stroke ratio. More
than 90% of the no discharge cases have
mixing ratios lower than 10 g kg-1. In this
case, even in the presence of intense
updrafts,
there
is
not
enough
environmental humidity to maintain the
mixing phase region.
3.6.6 Precipitable water
Figure 19 shows that precipitable
water distribution has a tendency to
increase by the severity of lightning
stroke ratios. The larger the quantity of
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mixing phase region supercooled water,
the more snow pellet particles shall
appear, leading to charges within
convective clouds.
4. CONCLUSIONS
The 2003-2005 cloud-ground electricity
recorded across Romania was analyzed in

order to set off the geographic
distribution of total lightning strokes,
number and percentage of positive
lightning strokes. Here are the main
results:
1) Total number of lightning strokes
over 2003-2005 was 1.2 106.
2) The area of high annual mean
lightning stroke densities (> 5 strokes

Figure 16. Box-and-whisker graph of the -10°C isotherm height.

Figure 17. Box-and-whisker graph of the -40°C isotherm height.
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km-2) is located in South-Western
Romania, values topping 9 strokes km-2
being recorded in the Jiu’s Defile area.
3) The 2003-2005 monthly mean of
total number of lightning strokes reaches
a high of 12.5·104, corresponding to July.
4) Total number of lightning strokes
decreases by altitude. This fact is due to

the decrease in temperature and humidity
contents by altitude.
5) Diurnal variation of total number
of lightning strokes reaches at a
maximum over 16-20 TL. This maximum
is associated with the highest afternoon
convective activity.
6) Maximum density of positive

Figure 18. Box-and-whisker graph of mixing ratio in the first 500 m.

Figure 19. Box-and-whisker graph of precipitable water.
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lightning strokes (> 0.4 strokes km-2) is
recorded in South-Western Romania, its
distribution being similar to that of the
annual mean density of total number of
lightning strokes.
7) High percentages (>10%) of
positive lightning strokes are recorded in
North-Eastern Romania.
8) Monthly mean percentage of
positive lightning strokes is at a
minimum in July (2%) and at a maximum
in January (19%).
9) Air electricity was divided into
four categories by intensity and then
correlated with upper-air sounding data
in order to find out which aerological
parameters can be used in lightning
stroke forecasting. The following
parameters can be used in forecasting

electric phenomena: CAPE, level of free
convection (LFC), equilibrium level
(EL), vertical cloud development
(LFC-EL), mixing ratio, precipitable
water. To estimate the cloud-ground
discharge ratio, the following parameters
can be used: CAPE, EL, (LFC-EL),
mixing ratio, and precipitable water.
Though
we
cannot
explain
every observation presented herein,
we have reported these results over
2003-2006 aiming to stimulate further
research and debates.
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