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As part of the Cirrus Regional Study of Tropical
Anvils and Cirrus Layers - Florida Area Cirrus Exper-
iment (CRYSTAL-FACE), a number of thunderstorms
were observed by aircraft and radar in July, 2002. Mea-
surements of CO, Og, and NO were conducted on-
board the NASA WB-57 within the anvils of the Florida
storms. Observations of cloud-to-ground lightning were
available from the National Lightning Detection Net-
work for the project’s duration. Selected CRYSTAL-
FACE storms were simulated using the PSU/NCAR
mesoscale model (MM5) and the resulting meteorologi-
cal fields were used to drive an offline cloud scale chem-
ical transport model (CSCTM) developed at the Uni-
versity of Maryland. The transport of CO, NOyg, and
O3 was simulated, as was the production of NOg by
lightning. Transport in the model was tested through
comparisons of the probability distributions of simu-
lated CO and Og with those constructed from the anvil
observations. An estimate of NOg production per light-
ning flash is obtained by comparing in situ chemical
observations with model results.
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The SD School of Mines & Technology armored T-28
aircraft was deployed to Norman, OK, from 14 May - 10
June 2003 in order to obtain measurements of lightning-
produced nitric oxide (NO) mixing ratios in the cores of
active thunderstorms (17 - 21 kft altitude range) in con-
junction with lightning channel locations determined
by the newly-installed NSSL lightning mapping array

(LMA). To sample the NO, a TEI 42C-TL NO/NOx an-
alyzer was used, operating in the NO-only mode. The
inlet tube for the sampling system was situated above
and behind the pilot’s canopy along the aircraft axis.
Six research and two calibration/test flights were con-
ducted. Electric fields rarely exceeded 50 kV/m in the
regions sampled with hydrometeors comprised of aggre-
gates, graupel, and small hail. The TEI instrument of-
ten indicated broad regions of elevated NO that may
have accumulated from many lightning discharges over
a period of time, which were then distributed by con-
vective circulations. A number of instances of narrow
NO spikes were observed that we attribute to recent
lightning discharges that passed through the sampled
region. Peak values were typically from a few to 10s of
ppbv. In one instance lightning attached to the T-28’s
propeller. The NO reading rose to 180 ppbv in one
second, then decayed. Depending on the actual time
during which NO generated during this discharge en-
tered the inlet (probably less than one second), and
subject to a more refined calibration of the raw instru-
ment reading, we estimate that the peak mixing ratio to
have been in the range of 0.5-1 ppmv. With the LMA-
derived lightning locations anticipated to be available
shortly, we will present a more refined analysis of the
overall NO mixing ratio structure within these thun-
derstorm cores as well as analyses of the NO spikes,
focusing on the lightning strike to the aircraft.
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Lightning has been identified as a potentially
important natural source of nitrogen oxides (NOx
=NO+NO2) and thus several laboratory experiments
have been conducted to measure the NOx production
as a function of energy dissipated in sparks and laser
plasma discharges. Chameides et al. [1977] measured
NOx production in air subjected to a centimetre long
spark by chemiluminescenc and derived a yield of (6 1)
1016 molecule J-1. The sparks were generated by a 35
kV electrostatic generator, yielding an energy of 36 mJ
per spark. Levine et al. [1981] measured NOx produc-
tion in air using chemiluminescent technique from sev-
eral centimetre long sparks having a discharge energy
of 12 kJ, which is more than a five order of magni-
tude energy increase compared to the energy produced
in Chemeides experiment and derived a yield of (5 2)
1016 molecule J-1. Hill et al. [1988] investigated also
the production of NO in atmospheric coronas using a
specially designed plasma reactor operated at a pres-
sure of 0.1 MPa and a temperature of 300 K and found
a yield of NO to be (1.4 0.7) 1016 molecule J-1. Wang
et al. [1998] employed sparks with lightning like peak
currents of up to 30kA, a spark of 4 cm long at at-
mospheric pressure and found that the production was
about (15-40 1016) molecule J-1. Navarro-Gonzdlez et
al. [2001] simulated lightning in the laboratory by a
laser-induced plasma generated by a pulsed Nd.YAG
laser at 1064 nm and found a yield of NO to be 1.5
0.5 1017 molecule J-1. Rehbein et al. [2001] measured
NOx from a 0.5-2.0 cm long sparks in the energy range
of 0.5-2.5 J by chemiluminescenc and derived a yield
of (2.97 0.2) 1016 molecule J-1. An experiment on the
production of NOx from a DC corona discharge main-
tained by applying a high voltage to the central wire
of a coaxial metal cylinder, has also been conducted by
Rehbein et al. For the estimated energy dissipated in
the discharge of about 0.4 mJ it has been found that the
NOx yield was slightly higher for the positive corona
and the NOx production was in general two orders of
magnitude smaller than that of spark discharges (3-5)
1014 molecule J-1. Here an experimental study on the
production of NOx as a function of dissipated energy
in laser-produced plasma in air is presented. A plasma
was produced by focusing a (60-180)mJ, 5-ns, 532-nm
pulse from a Q-switched Nd:YAG laser. The results
show that the produced NOx molecules per joule in the
case of laser plasma at 532 nm is comparable to the case
of electrical discharges. The results also show that the
NO and NOx production rates are linearly correlated
to the dissipated plasma energy, within the studied en-
ergy range. From the results one can observe that the
laser plasma with energy in the range of 13-99 mJ gen-
erates 6.7 1016 NOx molecules per joule and 4.6 1016
NO molecules per joule.

Reference Chameides W L, et. al.J Atmos Sci
1977;34:143-9. Hill R. D., et. al. Ind. Eng. Chem.
Res. 1988;27, 1264-9. Levine J S, et. al. Geophys Res
Lett 1981;8:357-60. Navarro-Gonzdlez R. et. al. Geo-
phys. Res. Lett. 2001;28(20):3867-70 Rehbein N.et.
al. J. Electrostatics 2001;51-52:333-9 Wang Y et. al. J
Geophys Res 1998;103(D15):19149-59.
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Cloud-to-ground (CG) lightning flash densities have
been consistently lower over the Appalachian Moun-
tains than in surrounding regions, as recorded by the
National Lightning Detection Network (NLDN). The
decreased lightning activity might be expected as the
mountain range can reduce the amount of low level con-
vergence in storms moving through that area. One fea-
ture that has not been documented is when CG light-
ning activity stops completely when a storm system
reaches the Appalachians from the west and northwest
and begins again as the storm moves beyond the moun-
The occurrences of this lightning
jump over the Appalachian Mountains are presented

tains to the east.

along with some characteristics of the storms exhibiting
this behavior.
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Central Europe is a region with highly variable
thunderstorm activity. The annual number of thun-
derstorm days in this area varies between 13 days in
the northern parts and 26 days in the alpine region
with a high interannual variability. Around the half
of all storms are related to frontal systems. The north-
ern parts have a considerable number of winter thun-
derstorms. Basing on lightning location data for the
years 1992-2003 a climatology of lightning and storm
occurrence is presented. The geographical distribution
is analyzed, particularly with respect to orography and
the regions where the storm development starts. The
statistical distribution of lightning is compared against
the convective precipitation amount as derived from
operational radar data and ground observations. The
correlation to the various stability indices is critically
analyzed. Since 2003 the data from a newly installed
SAFIR system for an area of 200km x 200km in North-
ern Germany are available. SAFIR data contain both
cloud-to-ground and intracloud lightning. A comparing
statistical analysis of these data is given with emphasis
to the temporal evolution of both types of lightning.
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Lightning discharges generate electromagnetic
pulses, known as sferics, that propagate through

the waveguide formed by the earth and the ionosphere.
The energy in the VLF band of the sferic can propa-
gate over great distances (~10,000 km) with low loss
(3 dB/Mm) and can therefore be detected far from
the source lightning location. Using sferic measure-
ments from VLF receivers located at three globally
separated sites (Palmer Station, Antarctica; Upland,
Indiana; Sde Boker, Israel) the locations of individual
lightning discharges are triangulated. Both time of
arrival (TOA) and magnetic direction finding (MDF)
data are used in the location algorithm. The very
large distances between receiver sites and a high global
sferic rate (~100 per second) create space-time compli-
cations in the correlation of data between sites causing
ambiguities in the pairing of sferics detected at one
site to their corresponding sferics detected at the other
two sites. These complications sometimes result in the
detection of “ghost” lightning discharges which occurs
when physically inconsistent (not originating from the

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.



same lightning discharge) yet statistically consistent
(acceptable arrival times and azimuths) sferics are
used in the location algorithm. Both “ghost” event
reduction and location accuracy for three verses two
station location are discussed. Selected results are
shown from August 2002.
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Climatological studies of cloud-to-ground (CG)

lightning have discovered interesting features across the
United States. One such feature that has been noted
in previous research is a sharp increase in the median
negative peak currents along the U.S. coasts. The val-
ues over the ocean are consistently higher than over
land with a rapid increase of approximately 4kA at
the coastline. The median positive peak currents also
show an increase offshore. However, there is no distinct
change at the coastline. Ome explanation for this ob-
servation is the higher conductivity of the salt water
decreases the attenuation of the electromagnetic signal
of the CG flashes over the water. This would lead to
a flash that would appear stronger to the NLDN sen-
sors. However, there is a problem with this hypothe-
sis. If the attenuation explanation is correct, the same
sharp transition at the coastline should be seen in the
positive peak current. A possible explanation for the
absence of the sharp coastline increase in the positive
peak currents is due to intracloud flashes, which are de-
tected as weak positive CG flashes and contaminate the
dataset. To minimize contamination all positive flashes
below 10kA are omitted. However, this cutoff can also
remove weak positive CG flashes and leave strong in-
tracloud flashes in the dataset. Analyses of the peak
currents for selected locations along the U.S. coasts are
performed to determine the validity of this hypothesis.
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Relationships between cloud-to-ground (CG) light-
ning and surface rainfall have been studied in 9 iso-
lated, warm-season thunderstorms near the Florida sea-
coast. Counts of CG lightning flashes and the associ-
ated rain volumes were measured as a function of time
in storm-centered reference frames that followed each
storm over a network of rain gauges. Values of the
storm-integrated rain volume per CG flash range from
6.6 x 10%*3 to 6.4 x 10**4 cubic meters per CG flash,
with a mean and standard deviation of 2.4 x 10%%4 +
2.1 x 10**4. Lag correlation analyses (using 5 minute
bins) between the CG lightning and rainfall rates show
that the peak rainfall followed the lightning (positive
lag) by 0 to 20 minutes in 7 storms, and 2 storms
showed no significant lag. A plot of the optimum pre-
cipitation lag (in the 7 storms that had a positive lag)
vs. the total number of CG flashes shows a linear trend
(R2 = 0.78), a result that suggests storms with more
CG flashes have longer lags, but our statistics are lim-
ited. A plot of the lagged rain volume vs. the con-
current CG flashes in all storms shows a linear correla-
tion (R2 = 0.81) with a slope that corresponds to 1.6
x 10**4 cubic meters per CG flash. We conclude that
warm-season thunderstorms in Florida produce a rela-
tively constant precipitation volume per CG flash, and
that CG lightning can be used as a proxy for the loca-
tion and intensity of convective rainfall in that weather
regime.
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The multi-year database of observations of radar,
passive microwave, and lightning flash rates from the
TRMM satellite has allowed examination of the prop-
erties of Tropical rainfall systems. This study seeks to
use the University of Utah multi-year TRMM database
to investigate the properties of rainfall systems hav-
ing horizontal dimensions of rainfall on the mesoscale.
Quantification of these systems properties is important
for many climate implications because of their signif-
icant contribution to rainfall, heating budgets, rain-
fall estimation and hydrology, and the global electric
circuit. The goals of this study are three-fold, in-
cluding: (1) examining the sensitivity in regional rain-
fall contribution as a function of the definition of a
mesoscale convective system (MCS), whether it be de-
fined by radar or passive microwave sensors, rainfall
or convective intensity thresholds, and/or by length or
areal scales, (2) quantify the bulk regional and seasonal
rainfall contribution, convective intensity, convective-
stratiform partitioning, and lightning characteristics of
MCSs based on radar or ice scattering definitions, (3)
examine the internal vertical and horizontal structures
(including rainfall rates) of MCSs on a regional basis by
examining their radar reflectivity profiles, ice scatter-
ing intensities, and lightning flash rates as a function
of horizontal and vertical morphology in both convec-
tive and stratiform regions. This will be performed by
using the standard TRMM convective-stratiform sepa-
ration as well as an automated pattern recognition al-
gorithm to identify characteristic reflectivity structures
(e.g. linear convective pattern vs. an embedded con-
vection pattern).
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Recent research has raised several issues that have
significant implications for understanding storm elec-
trification and lightning. The scientific purpose of
TELEX is to test and revise hypotheses concerning the
inter-relationships among the wind field, microphysi-
cal characteristics, electrical structure, and lightning
of isolated severe storms and of large storm systems
(called mesoscale convective systems, MCSs). We con-
ducted the first-year’s field program of TELEX in cen-
tral Oklahoma, 11 May-6 June. This was the initial
spring field deployment for several new observing sys-
tems operating in central Oklahoma: a 10-cm wave-
length polarimetric Doppler radar, a lightning mapping
array (LMA), and a new mobile lab for storm intercept
and coordination of mobile ballooning of electric field
meters and data acquisition. Also, the electric field me-
ter was substantially upgraded (both mechanically and
electronically) to provide higher resolution data, in-
cluding more accurate determination of instrument ori-
entation using a three-axis flux gate magnetometer ar-
rangement and a two-axis accelerometer. The improve-
ments allow more accurate determination of the electric
field vector, and thus inferred charge structure, in con-
text of the three-dimensional structures of storm pa-
rameters and lightning. Presented in this paper are ex-
amples from among the seven storm-intercept missions
during which fourteen balloon soundings were obtained
with instrumented balloons carrying a radiosonde and
electric field meter. Owing to a scarcity of isolated deep
convection in the target area during the program, the
flights are mostly from nighttime multicellular storms
and MCSs. Electric fields ranging above 100 kV/m were
measured.
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Global measures of lightning activity, including
classical thunder day observations, optical measure-
ments with the Optical Transient Detector and Light-
ning Imaging Sensor in space and Schumann Resonance
observations are all consistent in showing a predomi-
nance of Africa among the three tropical “chimneys”.
Given the common assumption that thunderstorms are
the “batteries” of the global circuit and the Wilson
conduction current measurements over thunderstorms
(Blakeslee et al, 1989), one expects Africa to dominate
the DC global circuit. Yet the classical Carnegie Curve’
and numerous diurnal records of ionospheric potential
(Markson) clearly show South America as the dominant
chimney. This paradox has resolution in an often over-
looked aspect of C.T.R. Wilson (1920) giving special
attention to “shower clouds” as contributors to the DC
global circuit in addition to thunderstorms. Observa-
tions from the NASA TRMM (Tropical Rainfall Mea-
suring Mission) satellite support a greater number of
shower clouds in South American than Africa. Further
climatological thermodynamic comparisons for surface
stations in the Amazon and Congo River basins are ex-
amined to understand chimney ranking in lightning and
in conduction current. Evidence will be presented that
the hotter and dryer characteristics of the most con-
tinental chimney (Africa) can account for its factor of
two predominance in lightning activity.
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The daily Schumann resonance (SR) frequency pat-
terns are mainly determined by the lightning source-
observer configuration consequently their variations are
indicative for the changes of global lightning position.
Four basic types of daily frequency patterns have been
distinguished corresponding to the four seasons ob-
served for each SR mode at Nagycenk, Hungary. The
number of days with daily frequency patterns charac-
teristic for a season were very different. Similar daily
frequency patterns have been observed during 160-165
consecutive days from the beginning of November to
the first part of April in any year of SR observations at
Nagycenk. The same time sequences (four seasons with
different lengths) can be recognized in the global light-
ning distribution observed by OTD (Optical Transient
Detector) (Christian et al., 2003) as it was shown in the
seasonal distributions of the daily frequency patterns of
Shumann resonances. The land/ocean ratio is smaller
in the Southern Hemisphere than in the Northern Hemi-
sphere. It seems that oceanic thermodynamical prop-
erties (large thermal inertia) are manifested in the dy-
namics (speed) of the north-south lightning migration
identified by the long lasting (160-165 days) southern
position of global lightning in the Southern Hemisphere
summer and by the time lag of the northward lightning
migration in spring. The spring-fall asymmetry of the
migration speed is attributed to the different thermo-
dynamical properties of land and ocean.
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