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Abstract. We analyze multi-scale dynamics of thunderstorm electric structure as related to high-energy radiation enhancements and 
lightning initiation. First, we review experimental data on the multi-layer charge structure of thunderstorm clouds. A special attention is 
paid to the lower positive charge region (LPCR) and its possible effects on the development of CG and IC discharges and thunderstorm 
ground enhancements (TGEs). Based on the graph theory, we have developed a fractal simulation code to examine the occurrence of 
lightning flashes of different type as a function of the cloud charge structure. We show in particular that presence of relatively intense 
lower positive charge region prevents the occurrence of negative CG flashes by ”blocking” the progression of descending negative leader 
from reaching ground. Further, based on our recent observations of electrical discharges in the artificial cloud of charged water droplets, 
we present the description of a complex hierarchical network of interacting channels at different stages of development (some of which 
are hot and live for milliseconds), which can possibly be considered as a missing link in the still poorly understood lightning initiation 
process. 

1. INTRODUCTION 

The paper presents some results of experimental and 
theoretical studies illustrating a key role of thunderstorm 
electrodynamics in high-energy radiation enhancements and 
lightning initiation. The main attention is paid to the role of 
so-called lower positive charge region (LPCR) and recently 
discovered unusual plasma formations (UPF) in electrified 
cloud. Both phenomena can be substantial for lightning 
initiation. But first of all, we review some necessary infor-
mation on the experimental data showing the complicated 
charge structure of thunderstorm clouds.  

The gross charge structure of a ”normal” thundercloud 
can be viewed as a vertical tripole consisting of three 
charge centers (regions), main positive at the top, main 
negative in the middle, and additional positive below the 
main negative [Krehbiel et al.(1986), Williams(1989)].  The 
model also includes a negative screening charge at the top 
of the cloud. The magnitudes of the main positive and nega-
tive charges are typically some tens to hundreds of cou-
lombs, while the lower positive charge magnitude is con-
siderably less. The negative charge region is apparently 
related to the − 10 to − 25°C temperature range, while the 
lower positive charge is typically found just below the 
freezing level, five or less kilometers above ground, de-
pending on season and latitude. 

It should be noted that the charge structure of real 
thunderstorm cloud is often far from idealized picture given 
above. Conceptual model of the electrical structure in ma-
ture, mid-latitude convection is presented in Fig.1.  

Four main charge regions (with red + for positive 
charge, blue – for negative charge) are typically found in 
soundings through updrafts, while soundings outside up-
drafts have at least six charge regions in common. Repre-
sentative electric field (E) and electrostatic potential (V) 
profiles in the nonupdraft (left) and updraft (right) of the 
convective region are also shown; the altitudes in these 
soundings do not correspond exactly to the conceptual 
model. Schematic representations of an intracloud flash (in 

green) and a cloud-to-ground flash (in purple) are shown as 
they might appear in lightning mapping data [Stolzenburg 
and Marshall, 2009]. 

 
Figure 1. Conceptual model of the electrical structure in mature, mid-
latitude convection.  

2. MODELING OF LPCR AND ITS INFLUENCE ON 
LIGHTNING INITIATION 

The presence of the LPCR (lower positive charge re-
gion, see Figure 1) is an essential feature of the cloud 
charge structure. Whatever the source of the LPCR [Rakov 
and Uman, 2003; Nag and Rakov, 2009], it is generally 
thought that it serves to enhance the electric field at the 
bottom of the main negative charge region and thereby fa-
cilitate the launching of a negatively-charged leader toward 
ground [Tessendorf et al., 2007; Nag and Rakov, 2009]. 
Also, it may play an important role in the facilitating of so-
called Thunderstorm Ground Enhancements (TGEs), a siz-
able flux of electrons and gamma rays correlated with thun-
derstorms [Chilingarian et al., 2010, Chilingarian and 
Mkrtchyan, 2012]. Negative CG flashes produced by the 
model suggested in [Mansell et al., 2002] are consistent 
with the hypothesis that a lower positive charge region is 
critical for their development. On the other hand, the pres-
ence of excessive lower positive charge may prevent the 
occurrence of negative cloud-to-ground discharges by 
”blocking” the progression of descending negative leader 
from reaching ground [Qie et al., 2005]. The role of the 



 

91 

 

lower positive charge (LPC) as a potential well has been 
examined previously observationally [e.g., Coleman et al., 
2008], statistically [e.g., Nag and Rakov, 2009] and in 
cloud model simulations [e.g., Mansell et al., 2010]. Cole-
man et al. [2008] examined potential profiles derived from 
electric field soundings to relate the relative strength of the 
LPC region to the amount of lightning channel branching 
and the time delay between initiation and ground contact. 
They found that a stronger LPC resulted in more branching 
and larger time delay, which makes sense from basic phys-
ics. Nag and Rakov [2009] developed the qualitative picture 
of the inferred dependence of lightning type on the magni-
tude of the lower positive charge region. Mansell et al. 
[2010] suggested that the electric potential of the channel 
could be a determining factor for whether a discharge 
reaches ground. Both of these results were based on com-
plicated (real or simulated) configurations and could be 
nicely tested in a more controlled and methodical idealized 
setup.  

We have developed a fractal simulation code to exam-
ine the detailed space and temporal evolution of the light-
ning discharges initiated at the main negative charge region 
and the corresponding structure of the electric field and 
potential in the cloud [Iudin et al., 2016]. We can demon-
strate how changes in the cloud charge structure can facili-
tate development of lightning flashes of different type, pay-
ing the special attention to the role of the lower positive 
charge region.  

Our model employs the four-layer charge structure de-
scribed above and located above a flat, perfectly conducting 
ground plane, as illustrated in Figure 1. Each charge layer is 
assumed to have a cylindrically symmetric charge density 
distribution with Gaussian shape: 

 

where ρi (0) is the volume charge density magnitude of the 
ith layer, zi, hi and Ri are its altitude, depth (thickness), and 
lateral extension (radius), respectively. The power exponent 
α determines the width wρ of transition zone from charge 
density magnitude ρi(0) in the center of the layer to nearly 
zero value at the boundary of the computational domain; wρ 

∼ Ri /α . In this paper, we use a relatively sharp transition 
zone with α = 4. Similar to the characteristic time from 
cloud–to–ground lightning initiation to the return-stroke 
onset at ground of a few tens of milliseconds, the IC dis-
charge formation characteristic time is some tens of milli-
seconds [Rakov and Uman, 2003]. Since this time is much 
shorter than the Maxwell relaxation time of the charges in 
the cloud and in the air, the conduction currents in the latter 
can be neglected. The electric potential ϕ(r) produced by a 
distribution of charges specified by the volume charge den-
sity ρ(r) is obtained as a solution of the Poisson equation. In 
turn, the electric field vector E(r) is obtained from ϕ(r) as 
E(r) = − ϕ(r).  

Electric field lines produced by four charge layers, each 
described by equation (1), for three different charge 
configurations that are summarized in Table 1 (#1, #2, and 
#3), are shown in Figure 2 by cross-sectional views in the 
x–z plane at y = 0. The sets of parameters in Tables 1-3 are 
in agreement with observations and well correlate with 
those used by [Krehbiel et al., 2008]. 

 

Table 1. Parameters of different charge layers - configuration #1 

Charge 
layer 

Height, 
z , km 

Depth, 
h , km 

Radius, 

R , 
 km 

Charge 
 density, 

0 , 
3mnC  

Charge, 

Q , C 

 NS   11   0.4  4 -0.77 -20 

 P   9.8   0.6  4 0.727 40 

 N   6.5   0.55  3 - 2.185 -60 

 LP   4.7   0.7  1.8 0.855 11 

Table 2. Parameters of different charge layers - configuration #2  

Charge 
layer 

Height, 
z , km 

Depth, 

h  , 
km 

Radius, 

R , 
km 

Charge 
density, 

0 , 

3mnC  

Charge, 

Q , C 

 NS  11 0.4 4 -0.77 -20 

 P  9.8 0.6 4 0.727 40 

 N  6.5 0.55 3 - 2.185 -60 

 LP  4.7 0.7 1.8 0.967 12.5 

Table 3. Parameters of different charge layers - configuration #3  

Charge 
layer 

Height, 
z , km 

Depth, 

h  , 
km 

Radius, 

R , km 

Charge 
density, 

0 , 
3mnC  

Charge, 

Q , C 

 NS  11 0.4 4 -0.77 -20 

 P  9.8 0.6 4 0.727 40 

 N  6.5 0.55 3 - 1.82 -50 

 LP  4.7 0.7 1.8 1.32 17 

 

 
Figure 2. (a) A cross-sectional view in the x – z plane at y = 0 of the 
model thundercloud with negative screening (NS), main positive (P), 
main negative (N) and lower positive (LP) charge layers for charge 
configuration # 1. Electric field lines produced by the charges are also 
shown for reference. 

(1) 
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Figure 2. (b) The same as in Figure 2(a), for charge configuration # 2.  

 
Figure 2. (c) The same as in Figure 2(a), for charge configuration # 3. 

 
Figure 3. Electric potential (at the top) and z-component of electric field 
(at the bottom) before lightning discharge initiation. Curves 1, 2, and 3 
correspond to3 different cloud charge configurations that are 
summarized in Tables 1-3 

Lightning discharge initiation starts with an electrical 
breakdown between two adjacent cells of the computational 
domain having the voltage drop (potential difference) that 
exceeds the breakdown value Eith. For an adequate descrip-
tion of the discharge tree dynamics, we introduce the physi-
cal time t that is discretized with model time steps. Each 
stage or step in the growth of the lightning structure be-
tween moment’s t and t +1 corresponds to an interval �of 

physical time. Our calculations were made using �= 50 μs. 
The discharge develops as a bidirectional leader from its 
parent pair of adjacent cells. Positive and negative leaders 
are propagated from opposite ends of the initial parent 
channel. Positive branches gather net negative charge and 
extending preferentially into and through regions of lower 
electric potential. Negative branches distribute negative 
charge and tend to propagate toward and through regions of 
net positive charge and higher electric potential. 

 
Figure 4.  Three-dimensional views of model-predicted lightning 
discharges for three configurations (see Tables 1-3). We specify the 
viewpoint in terms of azimuth and elevation. The azimuth, (a) 75° and (b) 
15°, is the horizontal rotation about the z-axis (labeled Altitude) measured 
in degrees with respect to the negative y-axis. Positive values indicate 
counterclockwise rotation of the viewpoint. The elevation of the viewpoint 
is 15°. Color-coded equipotentials are shown in each plot in two 
orthogonal planes: (a) x = 0 and y = 5 km and (b) x = 5 km and y = 0. 

Fractal modeling arises as a phenomenological ap-
proach and thus our choice of critical fields and thresholds 
should be based on experimentally testable and reasonable 
estimations. The first spark can initiate discharges in neigh-
boring pairs of cells with the electric field that is considera-
bly smaller than the critical one (required for initiation of 
the first spark). Following Wiesmann and Zeller (WZ mod-
el) ideas we choose the electric field required for discharge 
propagation at sea level air pressure makes E±

pth = E+
pth = E-

pth  = 50 kV/m the same for both positive and negative di-
rections. It is assumed that values E±

pth also vary propor-
tionally to the neutral atmospheric density. 

To take into account both the breakdown value Eith and 
propagation threshold E±

pth we use the following weibul-
lized distribution of the probability of the channel growth 
associated with candidate link i.  
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where ri (i = 1,...N) is the candidate link position vector and 
m is a weibullized distribution index.  For relatively small 
values of m (slowly increasing function P(E)), the probabil-
ity of formation of several new segments from the stream-
er/leader tip is larger than that for rapidly in- creasing P(E). 
In the present study we use m = 1. 

Most implementations of the WZ discharge model (in-
cluding the most prominent one by Mansell et al. [2002)]) 
add only one new extension at a time and then update the 
potential of the surrounding grid for the effect of extending 
the conducting channel. In reality, growth may occur simul-
taneously on different branches or even come to a stop in 
development. Charge transfer dq along the lightning chan-
nels is proportional to the potential difference dji j across 
the link and obeys Ohm’s law 

 

Here I is the current, t is the model time step, Ei j is the 
local electric field amplitude, s is the conductivity of the 
plasma channel, ai j is the channel length and a is the lattice 
spacing. The charge distribution on the discharge tree nodes 
obeys the continuity equation 

 
where the right-hand term denotes the algebraic sum of all 
the currents I that flow in and flow out the node. The varia-
tion in the channel conductivity s is determined by the bal-
ance between the production and dissipation of Joule heat 
in the plasma lightning channel. As a first approximation, it 
is assumed that the increase in the channel conductivity is 
directly proportional to the energy release, i.e. 

 
where h is the growth rate parameter for the conductivity 
and dissipation critical level is determined by plasma chan-
nel internal field threshold. 

Figure 4 shows examples of fully developed discharges 
for the three different cloud charge configurations. The 
simulated discharge is initiated at an altitude of 5.9 km 
above ground level, where the maximum electric field (ex-
ceeding the breakdown value) is achieved (see Fig. 3b). 
Figures 3a and 3b compare, respectively, the total electric 
field and potential at the center of the simulation domain, 
along the vertical axis before and after the flash for the 
three cloud charge configurations presented in Figure 2 and 
summarized in Tables 1-3 (configurations #1, #2, and #3). 
The altitude of each new discharge tree node that gives rise 
to more than three new links (channel segments) is plotted 
in Figure 6 versus time represented by model steps. Our 
simulations show that the characteristic time of CG dis-
charge formation gradually in- creases with increasing the 
lower positive charge density (compare the LP rows in Ta-
bles 1-2 for configurations #1, and #2). The dying out of 
nodes with incident links is a unique feature of the model 
compared to the previous cellular automata models that 
account for discharge tree extension only [Dulzon et 
al.(1999), Petrov and Petrova(1995), Riousset et al.(2007) , 
Krehbiel et al.(2008)]. This feature allows us to include the 
difference between sreamer and leader velocities. 

Figures 4a and 4b show that, when LPCR is relatively 
weak, the altitude of negative part of discharge rapidly de-
creases leading in either case to a negative CG flash. On the 
contrary, Figure 4c demonstrates that the presence of rela-
tively large (excessive) LPCR prevents the occurrence of 

negative CG flash by ”blocking” the progression of de-
scending negative leader from reaching ground.  Statistical-
ly, this ”blocking” effect occurs when a negative potential 
well at the cloud bottom is present and the electric field at 
the cloud bottom is negative, as opposed to being positive 
or zero for configurations #1 and #2, respectively, as seen 
in Figure 2. Next, starting with configuration #2 we show 
that the LPCR ”blocking” effect can be achieved by slightly 
changing the geometrical parameters, while keeping the 
charge magnitudes the same.  Note that changes in the di-
mensions of the cloud charge regions lead to changes in 
their charge densities. When the LPCR radius decreases and 
its depth increases in such a way that its charge density 
increases, a negative potential well at the cloud bottom ap-
pears again, and the electric field at the cloud bottom 
changes polarity. Such a configuration change prevents the 
progression of descending negative leader from reaching 
ground and leads to an IC flash, in contrast with configura-
tion #2 that leads to a negative CG flash. Conversely, when 
both the LPCR radius and its depth increase in such a way 
that its charge density appreciably decreases, the magnitude 
of electric field between the main negative and lower posi-
tive charge layers falls below the threshold level (see Figure 
3b).  We observed that a noticeable depletion of the lower 
positive charge density eliminates the possibility of nega-
tive CG flashes and leads to IC flashes between main posi-
tive and main negative charge layers instead. Figures 3a 
and 3b show the total potential and electric field, respec-
tively, before the discharge initiation at the center of the 
simulation domain, along the vertical axis for three differ-
ent cloud charge configurations that are summarized in Ta-
bles 1-3. It is clear from the previous analysis that the dy-
namics of thunderstorm cloud at the stage preceding a 
lightning discharge, are very sensitive to the cloud electrical 
structure, so that even minor changes in the geometrical 
parameters and charge magnitudes can lead to significant 
alteration of discharge activity, including its fine structure 
and LCPR ”blocking” effect. This observation illustrates 
once again that the thunderstorm cloud is a good example 
of self-organized criticality. Our model is capable of repro-
ducing such a behavior and, moreover, finding quantitative 
criteria for the prediction of the discharge development 
based on available experimental data. On the other hand, 
the model is in need of further elaboration to include the 
processes responsible for the formation of the cloud charge 
structure, such as corona beneath the cloud and charging 
currents inside the cloud. 

3. UNUSUAL  PLASMA  FORMATIONS  FORMING 
A HIERARCHICAL  NETWORK  OF  CHANNELS 
IN CLOUDS 

We have observed unusual plasma formations (UPFs) 
in artificial clouds of charged water droplets using a high-
speed infrared camera operating in conjunction with a high-
speed visible-range camera [Kostinskiy et al., 2015]. In-
ferred plasma parameters were close to those of long-spark 
leaders observed in the same experiments, while the chan-
nel morphology was distinctly different from that of lead-
ers, so that UPFs can be viewed as a new type of in-cloud 
discharge. These formations appear to be manifestations of 
collective processes building, from scratch, a complex hier-
archical network of interacting channels at different stages 
of development (some of which are hot and live for milli-
seconds). We believe that the phenomenon should com-
monly occur in thunderclouds and might give invites on the 
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missing link in the still poorly understood lightning initia-
tion process. 

We used (a) artificial clouds of negatively charged wa-
ter droplets with an average radius of 0.3–0.5 μm and (b) an 
infrared (IR) camera sensitive in the wavelength range of 
2.7–5.5 μm to “see” what happens inside the cloud. We are 
not aware of any previous IR observations of electric dis-
charges. Our cloud (10–15 m3 in size), when negatively 
charged, is capable of drawing long sparks from nearby 
grounded objects and, hence, can be viewed as a model of 
some natural charged aerosol systems. Our unique combi-
nation of cloud parameters (relatively small droplet size) 
and relatively long recorded wavelengths allowed us to 
observe a new class of in-cloud plasma formations, both in 
the presence and in the absence of sparks between the cloud 
and nearby grounded sphere. In our experiments, typically 
the best images of these unusual plasma formations are 
obtained when a spark is formed nearby. For this reason, 
most of the presented images correspond to this latter kind 
of the phenomenon.  

Fig. 5a and 5b show two consecutive frames taken by 
the IR camera viewing the upper part of cloud (the lower 
frame boundary was about 70 cm above the grounded 
plane). All the discharge processes seen in these frames 
were hidden inside the cloud and, hence, were not imaged 
in the visible range (only flashes of scattered light were 
observed). Each frame had 6.7 ms exposure and 2ms dead 
time, so that the two images could be separated in time by 2 
to 15.4 ms. It follows that most of the discharge processes 
recorded in the two frames were visible in IR for at least 2 
ms. The processes seen in the IR images include (1) the 
upper, in-cloud part of the upward positive leader from the 
grounded sphere, whose lower part, developing in clear air, 
was outside the field of view of the IR camera; (2) a large 
streamer zone, crossing each frame from the lower right to 
the upper left corner (presumably positive corona from the 
upward positive leader channel, including its branches that 
are outside the camera field of view); and (3) unusual plas-
ma formation (UPF) that is the focus of this paper. Both the 
imaged part of upward positive leader and the UPF appear 
to be inside or in the immediate vicinity of the streamer 
zone. The upward positive leader current had a peak of 5 A, 
lasted 35 μs, and transferred 15 μC of charge. No return-
stroke-type process was observed. This UPF was formed as 
early as within 1.4 μs of the initial corona burst from the 
grounded sphere. 

It is clear from Fig. 5 that the UPF is very different 
from either the upward positive leader or the streamer zone. 
Its brighter parts are much (an order of magnitude) brighter 
than streamers. Further, in Fig. 5a, the intensity of the IR 
radiation coming from some elements of UPF is similar to 
that coming from the hot upward-leader channel (this was 
determined both visually and quantitatively, using image 
analysis software). On the other hand, UPF morphology (a 
complex network of channels pervading a relatively large 
cloud region) does not resemble that of leader (main chan-
nel with branches indicating its direction of propagation 
and streamer zones at its extremities). In Fig. 5b, the UPF 
radiates even stronger than the decaying upward leader 
channel. 

 
Figure 5. Two consecutive infrared images (negatives) obtained with 6.7 
ms exposure and separated by 2ms that show various discharge 
processes inside the cloud. Only flashes of scattered light, as opposed to 
distinct channels, were observed during this event in the visible range. 1: 
upper part of the upward positive leader (its lower part, developing in 
clear air, is outside the field of view of the IR camera), 2: streamer zone, 
3: unusual plasma formation (UPF). AGP stands for “above the 
grounded plane.” 

The IR images of UPF shown in Fig. 5a and 5b are typ-
ical in the presence of upward positive leader from the 
grounded sphere entering a negatively charged cloud. More 
than 100 of such events have been recorded to date. We 
observed that UPFs can take different forms and occur in 
different contexts, essentially anywhere in the cloud and in 
its immediate vicinity, with or without a spark discharge 
(Figure 6). In Figure 7, we show an example of simultane-
ous IR and rare visible-range images of the same UPF in-
side the cloud. 

 
Figure 6. Infrared images (negatives) obtained with 6.7 ms exposure that 
show the processes at different heights above the grounded plane (AGP) 
and different horizontal distances from the cloud axis: (a) The upward 
positive leader from the grounded sphere. No UPF is seen. (b) The upper 
part of the upward positive leader (bottom right) and UPF (top left), both 
inside the cloud. The two appear to be distinct discharge processes which 
interact, via their streamer zones. Relative to Figure 5a, the field of view 
of the IR camera was moved up and left (closer to the axis of the cloud). 
(c) The lower part of UPF (inside the cloud). The upward positive leader 
is outside the IR camera field of view, which was moved (relative to 
Figure 5b) further up and left. The upward positive leader and the UPF 
apparently interact (outside of the field of view) via their streamer zones. 
(d) Same as Figure 5c, but for the upper part of UPF near the central 
part of the cloud (see the dark formation on the left). Note that relatively 
faint UPF channels branch toward the axis of the cloud, but do not cross 
the axis This direction of branching is opposite to that seen in Figure 5c, 
suggesting that UPFs extend bidirectionally. 
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Figure 7. Simultaneous IR (right) and visible-range (left) images of UPF 
inside the cloud. The latter (smaller) image corresponds to a fragment of 
the former, but main features of the IR image are clearly identifiable in 
the visible-range one. Exposure time of the IR camera was 8 ms vs. 1 µs 
for the visible-range camera. Note the much greater level of detail 
provided by the IR camera. IR image size: height – 40 cm, width – 50 
cm; visible-range image size: height – 25 cm, width – 28 cm. The lower 
IR frame boundary was about 100 cm above the grounded plane. The 
lower visible-range frame boundary was about 120 cm above the 
grounded plane. It can be seen that the contours of the brightest UPFs 
are similar in both images. 

Based on our analysis, we conclude that the brightness 
of the IR images of UPFs reasonably represents the final 
gas temperature, which is reached as a result of the dis-
charge process (leaving aside the issue of their size, since 
the brightness of optically thin objects is proportional to 
their spatial extent along the line of sight). A more detailed 
analysis of the air vibrational kinetics during the entire dis-
charge process (including afterglow), needed for determina-
tion of quantitative relationship between the intensity of the 
IR radiation and the final gas temperature, is in progress. 

The UPF often involves multiple and more or less par-
allel channels of relatively high brightness that are repeat-
edly interconnected by a great variety of fainter channels or 
branches. As a result, the overall structure of UPF looks 
like a network of channels of irregularly varying brightness, 
which pervade a relatively large cloud region, in contrast 
with leaders which have a main channel with branches indi-
cating its direction of propagation, more of less regularly 
varying brightness, and streamer zones at its extremities. 
Thus, the morphology of UPFs is distinctly different from 
that of leaders. Further, the secondary channels often ap-
pear to originate from and terminate on different points of 
the same trunk or originate from a common point in space 
and terminate on a neighboring channel, forming kind of 
loops or splits in the overall channel structure. The latter 
behavior has never been observed in leaders. Based on the 
above, we conclude that UPF is a unique phenomenon, dis-
tinctly different from leader. Further, IR brightness of 
streamers in spark discharges differs substantially from that 
of leader, and a rather sharp boundary between the bright 
leader channel and the weakly glowing streamer zone is 
observed. In contrast, UPFs typically exhibit a more gradu-
al change of luminosity along the channel (compare, for 
example, Figures 6a (leader) and 6c (UPF)). 

We conclude with a brief discussion of some implica-
tions of our observations of UPFs in artificial clouds of 
charged water droplets for the improving of our understand-
ing of lightning initiation process in thunderclouds. The 
lightning initiation mechanism remains a mystery, but re-
searchers agree that it must involve the creation of a rela-
tively large ionized region (“lightning seed”) in the cloud 
that is capable of locally enhancing the electric field at its 
extremities. Such field enhancement is likely to be the main 
process leading to the formation of a hot, self-propagating 

lightning leader channel. In our opinion, it is possible that 
UPFs are the key to understanding the “lightning seed” 
formation mechanism. Indeed, UPFs appear to be manifes-
tations of collective processes building, from scratch, a 
complex hierarchical system of interacting channels at dif-
ferent stages of development, some of which are hot and 
live for at least a few milliseconds. In fact, it is possible that 
a UPF (a network of electrically floating plasma channels 
interacting with each other via positive and negative 
streamers) can serve to “metalize” a region of thundercloud, 
as described by Iudin et al. [2003], thereby creating a 
“seed” needed for lightning initiation. The basis for our 
speculation/prediction regarding UPF’s being possibly the 
missing link in the lightning initiation process is the fact 
that UPFs (1) occurred in charged cloud regions that did not 
previously host any other discharge activity and (2) con-
tained hot channel segments in their overall network-like 
structure, while being distinctly different in their morphol-
ogy from leaders. We believe that such formations can be 
an intermediate stage between virgin air (in the presence of 
water droplets) or initial low-conductivity streamer and  a 
hot, self-propagating leader channel, provided that the hot 
segments of UPF can get polarized and grow within its 
overall channel network pervading a relatively large cloud 
volume.  
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