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A COORDINATED STUDY OF A STORM SYSTEM OVER THE SOUTH AMERICAN CONTINENT
1. WEATHER INFORMATION AND QUAST-DC STRATOSPHERIC ELECTRIC FIELD DATA

¢. Pinto, Jr., I. R. C. A. Pinto, R. B, B. Gin and 0. Mendes, Jr.

Instituto Hacional de Pesquisas Espaciais, S&o José dos Campos, 530 Paulo, Brazil

Abstract. This paper reports on a coordinated
campaign conducted in Brazil, December 13, 1989,
to study the electrical signatures assoclated
with a large storm system over the Scuth American
continent, Inside the storm, large convective
cells developed extending up to the tropopause,
as revealed from meteorological balloon
soundings. Quasi-DC vertical electric field and
temperature were measured by zero-pressure
balloon-borne payload launched from Cachoeira
Paulista, PBrazil., The data were supported by
radar and GOES satellite observations, as well as
by a lightning position and tracking system
{LPATS). The analysis af infrared imagery
supports the general tendency for lightning
gtrikes to be near to but not exactly under the
coldest <cloud tops. In  turn, the radar maps
located the strikes near to but outside of the
most intense areas of precipitation (reflectivity
levels above 40 dBz). The balloon altitude and
stratospheric temperature show gignificant
variations in association with the storm. The
quasi-DC vertical electric field remained almost
during the whole flight in a reversed direction
relative to the wusual fair weather downward
orientation with wvalues as large as 4 V/m, A
simple calculation based on a static dipole model
of electrical ¢loud structure gives charges of
some tens of coulombs, In contrast with most
electric field measurements in other regions, no
indication of an intensification of the vertical
ffield in the downward fair weather orientation
was observed. This fact is in agreement with past
obgervations in the South American region and
seems to be related to a particular type of storm
that would occur with more frequency in this
region, If so, such a difference may have an
important role in the global atmospheric
electrical circuit, considering that South
America is believed to give a significant current
contribution to the global circuit.

Introduction

In the last decade there have been a large
number of observations of electric fields in the
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stratosphere due to thunderstorms or other forms
of electrified storm systems (Bering et al.,
1980; Holzworth, 1981; Holzworth et al., 1085,
1986; Barcus et al., 1986; Pinto et al., 1988; Hu
et al,, 1988). The main objective of these
observations was te¢ study the electrical
gtructures responsible for these fields and their
influence on the local stratosphere, as well as
on the global atmospheric electric circuit.

In the stratosphere the onset of thunderstorm
electrification is indicated when the electric
field above the cloud changes its orientation and
begins to  increase in the anti-fair-weather
sense, This can be adequately explained assuming
that the cloud has become approximately a
vertical dipole with a positive polarity, that
iz, a positive charge in the upper part and a
negative charge in the lower part of the cloud.
Another possible representation of the
thunderstorm siructure considers an electrical
tripole. The tripole consists of a dominant
region of negative charge located generally in a
relatively narrow range of altitudes (actually
less than a kilometer) where the temperature is
around 109-209C below freezing (Krehbiel, 1986},
with a positive charge region above extending
nearly te¢ the cloud top and a more localized
region of positive charge below, For most of the
investigateors the first two charge regions are
considered the dominant accumulations of charge
in the c¢loud, or main charge regiona, with total
charges reported to be from a few coulombs to a
few hundred coulombs. Nevertheless, Williams
(1989) has pointed out that the lower positive
charge region may have a total charge of the &same
order of magnitude. Beside these regions there
are usually two thin layers of charges, negative
at the top and positive at the base of the cloud,
called screening layers. These layers are formed
by ions attracted into the cloud from the
adjacent clear air, After entering the cloud,
these ions become attached +to cloud particles,
charging  them but becoming effectively
immobilized. Larger charges may still exist in
localized regions of a storm (Winn et al,, 1974).
In fact, recent in situ measurements made by
Marshall and Rust  {199i) have shown that the
charge structure is much more complex, being
described in some cases by as much as 10 charpe
centers,

The above description however represents only
a simplified picture of how charge is distributed
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in a thunderstorm. The actual charge distribution
depends on complex  and varied electrical
processes that are intimately related to the
cloud dynamics and to microphysics of the ¢loud,
which we are only beginning to understand.

The electrical structure of thunderstorms
seems also to be related to their convective
gtate. However, there is some uncertainty about
the details of such relationship. Some
observations show that lightning and
precipitation are <¢orrelated (e.g., Larsen and
Stansbury, 1974; Krehbiel et al., 1979; Taylor et
al., 1l9g4; Williame, 198%9), whereas other
obgervations show that lightning avoids regions
of strong precipitation {Williams, 198%) or
occurs before maximum precipitation (3zymanski et
al., 1980).

A better understanding of the electrical
structure of thunderstorms as well as on their
influence on the stratosphere may have important
implications in global terms. The electric
currents  flowing from the top of the
thunderstormg to the upper atmosphere maintain
the electrically conducting upper atmosphere at a
positive potential of several hundred kilovolts
with respect to the Earth, giving rise to a
global fair weather electric field, in a process
known as the global atmospheric electric circuit.
Yariations in  the electrical  structure of

thunderstorms at different geographic locations
may have a direct effect on the intensity of
currents  flowing in  the  atmogphere. In
particular, this fact could bpe of ipcreasing
importance if it would occur in  the tropics
(mainly over South America and Africa) where a
dominant <current contribution to the global

circuit is expected.

In this paper the results of a coordinated
campaign conducted in Brazil on December 13,
1389, to  study the electrical signatures
associated with & large storm system  are

presented but with emphasis on the weather-
related information and temperature and quasi-DC

electric field stratospheric data. A detailed
presentation of the lightning-related
stratospheric electric field data {sferics) can
be found in part 2 (Pinto et al,, this issuel.
Also found in part 2 is an analysis of the data
obtained on the ground by a lightning detection
system.

Observations

The observations were conducted in Brazil on
December 13, 1989, using several different
techniques: (1} & =zero-pressure balloon-borne
payload carrying an external temperature sensor
and an electric field detector. The temperature
sensor congisted of a standard LM135 integrated
circuit located Jjust below the payload, mounted
on a plastic support. The sensor was not shielded
to radiation which came from below. The electric
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field detector was similar to that flown in the
past (e.g., Pintoc et al., 1988) and consisted of
two aquadag-coated spherical sensors (22 cm in
diameter) mounted on two high-impedance vertical
booms 1.5 m up and down to the payload, which was
used as a ground plane, Besides the quasi-IDC
vertical field a broadband filter centered at 2
kHz was used to measure the VLF electric field,
The data were sampled at a d4-Hz rate; ({2}
synoptic information from a number of weather
stations and meteorological balloon, soundings:
{3) GOES 7 satellite ipfrared data;
(4) meteorological radars; and (%) a Llightning
position and trackihg system (LPATS},

Figure 1 shows a map of part of Brazil, where
the campaign was cenducted. In this figure one
can identify the balloon trajectory starting at
Cachoeira Paulista, geographic  coordipates
2203915, 459Q01'W  (the launching site), and the
regions covered by the LPATS to the south and
west {with an error less than 1-2 km} and by the

radars of BaurG aend S8o FRoque. The radars
operate at S5—cm and 10-cm  wavelengths,
respectively,

Figure 2 shows synoptic observations at

surface from a number of weather stations in

Brazil at 1200 UT on December 13, 1989. A low-
pressure center {indicated by "B"} situated
around 2195, 63% with a cold front extending

south produced a large instability region
characterized by a cyclonic c¢irculation at low
levels and an anti cyclonic circulation at high
levels {300 mbar and above). Figure 3 shows the
vertical profiles of air temperature and humidity
{dew point temperature) from a radicscnde balloon
launched from Cacheeira Paulista at 1400 UT {1200
LT summertime) on December 13, 1989. Two samples
of wet adiabats have been jincluded. The
tropopause was located at about 17 km altitude.
Radar data indicated that inside the storm,
vigoreous convection carried the <loud tops up to
the tropopause, while at the edge of the storm,
thunderstorm lines with cloud tops reaching 14 km
developed,

The above observations were
infrared imagery taken each 30 min from GOES 7
satellite. The infrared data have peen processed
to yield the equivalent blackbody temperature of
the observed features. The results are
represented by l4-step colors from 193 K to
258 K, each spanning approximately 4,6 K. This
temperature is generally assumed +to be a good
indicator of the heights to which the cloud tops
have risen. For example, Plate 1 shows imagery
taken at 1200 UT, 1730 UT, and 1930 UT on
Decemper 13, 198%. A large storm system can be
identified in the top left-hand portion of the
imagery. The storm was progressively advancing
south, approaching the balloon {marked by a
dot). Using +%he temperature profile in Figure 3,
it is possible to estimate the heights for the
cloud tops in the storm system. Based on  this

supported by
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showing part of Brazil where the campaign was conducted. Also shown are
the balloon trajectory starting at Cachoeira Paulista
regions covered by the lightning position and tracking system

{the launching site) and the
{LPATS} (lines denote

the limits to south and west} and by the meteorological radars of Baurid and 53c Rogue
{circles denote 200 km of distance from the radar).

procedure and in agreement with the radar data,
it was found that there are extensive cold areas
around the center of the storm where the cloud
tops are pushed pear to the tropopause. In the
region close to the balloon the heights of the
cloud tops were progressively increasing after
1730 UT, However, there are uncertainties in this
procedure of estimating the heights of the cloud
tops., The principal uncertainties are associated
with the inaccuracy of the temperature profile,
the physics of the ipfrared emissivity of cloud
tops, and the finite spatial instrumental
resolution. While possible bias due to the first
might go either way, the last two lead to an
underestimate of - the cloud tops. In general, the
major error is attributed +to the physics of the
infrared emissivity of cloud tops, amounting to
1-2 km {Minzner et al., 1978; Adler and Fenn,
1979). However, as we should discuss afterward,
such a statement <¢annot be true in some cases
when the spatial resclution is very poor,

Figure 4 shows the balloon trajectory in some
details. The balloon was launched at 0920 UT on
December 13, 1989, from (Cachoeira Paulista, S3o
Paule, Brazil. Almost 10 hours of data were
obtained. During this interval the balloon moved

in the direction of the edge of the storm system.
Figure 5 presents the results of the balloon
measurements. The top panel contains the balloon
altitude {or atmospheric pressure). The second
panel contains the ambient temperature and the
bottom two panels contain the electric field
measurements. The fair weather electric field and
the time occurrence of the first stroke detected
by the LPATS network are indicated by arrows, The
data in Figure 5 show clearly two different
behaviours, one before and cne af'ter
approximately 1630 UT. Before this time all data
are typically what one would expect of fair
weather conditions. In contrast, after 1630 UT
all data show effects related to the storm. These
two different regimes are also evident in the
satellite imagery, which indicate that around
1630 UT the balloon had arrived very close to a
thunderstorm line located on the edge of the
storm system. The ballcon data will be discussed
in detail below.

Discussion

There are three points to note about Figure 5.
The first point ia related to the fact that both
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Fig. 2. BSynoptic chart at surface, 1200 UT,
December 13, 1989, The symbols A and B denote
high-pressure and low-pressure regions,

respectively. Also indicated is a c¢old front
extending into the Atlantic Ocean. The launching
gite is indicated by a dot,

balloon altitude and ambient temperature show
significant variations during the period in which

the electric field shows thunderstorm-related
signatures. Ouring this peried the balloon
altitude drops  from 32 km to 27 km in

approximately 3 hours. The temperature also shows
a variation by about 5°C during this period but
in the opposite sense that cone should expect from
the corresponding altitude change . These
variations suggest  that the storm  may
considerably affect the stratosphere just above
it.

Large balloon altitude
those reported in Figure 5 have also been
reported by Holzworth (1981) (se¢e Figure 7 of
that paper). BSuch large wvariations should be
considered quite different from the common, slow
declipne expected at the end of a flight, normally
attriputed %o a wide variety of possible leak
generation mechanisms (see, for instance, Byrne
et al, (1989}). One possible mechanism to explain
the balloon altitude variations reported here is
the presence of thunderstorw-generated gravity
waves, Several authors have found that high
convective clouds with tops in or arcund the
tropopause can develop large gravity waves in the
stratosphere {(Rottger, 1981: Larsen et al.,
1982; Lu et al,, 1985; Bowhill and Gnanalingam,
1986), in fatt, Byrne et al. {1989) have shown

variations such as
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Fig, 3. Vertical profiles of air temperature and
humidity {dew point  temperature) from a
radiosonde balloon launched from Cachoeira
Paylista at 1400 UT, December 13, 1989. Two

samples of wet adiabats have been included.

that even during fair weather, gravity waves,
probably generated by wind shear instability, can
produce balloon altitude changes by as
40) m. During foul weather it is reasonable to
expect more intense waves in order to produce
balloon altitude wvariations larger than those in
fair weather.

much as

Plate 1, Infrared data from GOES 7
processed to show effective blackbody
temperatures {ld-step color scale 193-258 K) of
features observed between approximately 20°-2508
and 40°-507 at: (a) 1200 UT; (b} 1730 UT; and
{c) 1930 UT. Each step spans approximately 4.6 K
and is portrayed in a different coler. The color
scale 1s shown in the top part of the imagery.
The temperature increases from left to right.
During this time interval the storm system
advanced to the south approaching the balloon
(marked by a dot}).

satellite
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‘tThe temperature variation shown ip Figure 5 is adisbatic wvertical motions (that is, decreases
o quite significant, since in the stratosphere with decreasing pressure)] generally occur In
i1 temperature tends to be quite uniform with association with gravity waves. Kitchen and
riations that amount to a few degrees in a Shutts (1890) have recently shown that the
rizontal scale of thousands of kilometers temperature profile in the lower stratosphere can
ring  the day. Also, it 1is expected that be drastically altered by the presence of

orographically forced gravity waves in

assgciation with strong low-leéevel winds. Their
resnlts give support to the idea that the
temperature variation after 1600 UT in Figure 5
may be due to thunderstoerm—-generated pravity
waves,

Another possible  mechanism that could be
invoked to explain the increase of the
temperature as the balloon drops in altitude is
related to the solar radiation reflected on the
tops of the clouds right below the balloon. It is
well documented that the top of large
thunderstorms can reflect a large percent (around
70%) of the incident solar rpradiation (Kreith,
1975}, In contrast to the direct solar radiation,
the radiation reflected on the top of the clouds
could reach the temperature sensor. However, as
it can be seen from Plates 1b and lc¢ (for more
details, see also Figures 6 and 7), after 1730 UT
the c¢loud cover a3 well as the cloud top
altitudes changed in such a way that an opposite
behaviour from that in Figure 5 would be expected
if it was due to the radiation reflected from the
top of the clouds. The temperature variation may
still be influenced by wake effects associated
with the presence of the balloon-payload system
(Quinn, 1987). WNevertheless, it is valid to note
that these mechanisms could not explain the
balloon altitude variation shown in Figure 5.

The second point to note in Figure 5 is that
the quasi-DC vertical electric field remains
almost the whole flight {actually 7 hours) in a
reversed direction relative to the wusual fair
weather downward orientation, with wvalues as
large as 4 V/m. This value is of the same order
as those measured by most investigators at high
latitudes in the northern hemisphere. Figure 5
also shows no indication of an intensification of
the vertical field in the downward fair weather
orientation. Table 1 shows a comparison of these
results with other electric field measurements in
the stratosphere showing the presence of upward
vertical electric fields., An attempt was made to
include all reported measurements. Table 1 also
includes the weather information available al the
time of each measurement, the balloon altitude,
the maximum upward vertical electric field, and
the maximum horizontal electric field measured.
From Table 1| one can see that most measurements
made at high latitudes in the northern hemisphere
as well as those at middle latitudes in the
southern hemisphere show  the presence of
intensification in the fair weather field. Only
four out of 17 measurements did not show such
intensification, two in Brazil and two near Fort
Simpson, Canada. We can also note from Table 1
that these four measurements were associated with
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DC vertical electric field data from the balloon flight indicated in Figure 4. The

fair weather electric
the LPATS are indicated by arrows.

other
storms without the
In addition, there

storm systems, even though there were
measurements associated with
presence of intensification.
is no clear relationship between the fair
weather intensification and the presence of
lightning-related balloon signatures. At the same
time, Table 1 shows clearly that in most cases
the weather conditions as well as the balloon
location were poorly known. The fact that for
both measurements made in Brazil there is no
intensification of the fair weather may indicate
that some differences in the cloud
electrification in this region may exist. If so,
such differences may have an important role in
the global atmospheric electric circuit,
considering that South America believed to
give a significant current contribution to the
global circuit. However, from Table 1 it seems
more probably that such an aspect should be

is

field and the time occurrence of the first stroke detected by

related to =a particular type of storm that
occurs in other reglons {not only in the South
America) although with less frequency.

Although the origin of the Tfair weather

intensification 1is not c¢lear yet, Pinto et al,
(1989) have discussed some possibilities to
explain such observed intensifications in the

fair weather field during storm pericds., They
have pointed out that such an aspect can be
explained considering a constant convection
current density model for the charge structure of
the c¢loud, without the need to invoke a screening
layer of nepgative charges at the top of the cloud
or even a negative polarity cloud.

The +third peint to be made from Figure 5 is
that both the guasi-DC and the VLF electric
fields show a double-peaked structure, although

the peaks do not coincide in time. A similar
behaviour also occurred in the measurements made
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region. Such a fa¢t would have important
implications on +the global electric circuit,
since from this point of view at the time of fair
weather intensification the storm would be acting

more as a sink than as a source, However, before
we  can establish the rele played by such
intensification on the global circuit, more
measurements accomplished with more complete
weather information should be made.
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