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1. Introduction

Within the next year, the US National
Weather Service will begin to upgrade the national
network of WSR-88D weather radars to include
polarimetric capabilities (e.g., Istok et al. 2009).
Simultaneous transmission and reception of
Horizontally and Vertically polarized waves (SHV
mode) was chosen for this wupgrade and
implemented on the prototype polarimetric WSR-
88D (hereafter referred to as KOUN), located in
Norman, OK (Doviak et al. 2000). The concept of
polarimetric measurements in SHV mode was
tested on KOUN during the JPOLE experiment
(Schuur et al, 2003).

One of the primary advantages of
polarimetric radars is their ability to classify
hydrometeors types (rain, snow, hail), as well as to
identify non-meteorological echoes resulting from
birds, insects, and ground (Zrnic and Ryzhkov
1999, Liu and Chandrasekar 2000, Zrnic et al.
2001, Schuur et al. 2003). Automated fuzzy logic
Hydrometeor Classification Algorithms (HCAs),
which are based on measurements in a single radar
resolution volume and the spatial characteristics of
some parameters along the radar radial, are then
used to delineate weather echoes from non-
meteorological returns.

After analyzing KOUN’s data collected in
thunderstorms, we have noticed that the weather
echoes are sometimes disrupted by non-
meteorological returns caused by lightning. All
radar parameters experience these disruptions
which, in turn, also affects the HCA results. To
eliminate misclassifications by the HCA, it is
necessary to better understand the variations of
radar variables caused by lightning. In this paper
we document these variations.

SHV mode will be the primary operational
mode for the WSR-88D but the radar hardware will
also be capable of conducting depolarization
measurements. In this mode, the full energy is
injected at horizontal polarization and both
horizontally and vertically polarized returns are
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received. This mode will be referred to as LDR
mode because the main polarimetric measurable is
the Linear Depolarization Ratio. Cross-polarization
properties of lightning echoes have been studied at
L and X-bands by Mazur and Walker (1982),
Krehbiel et al. 1991, and Caylor et al. (1993). To
our knowledge, there have been no reports on
cross-polarization properties of lightning echoes at
S-band. In this paper, we document disturbances to
the radar variables during lightning for LDR mode.

2. Types of disruptions

Radar observations with KOUN show that
there are two types of ‘“non-meteorological”
disruptions to weather echoes caused by lightning.
Examples are provided by the RHI vertical radar
cross sections shown in Fig. 1. The first type (Fig.
1b) appears in the form of “outlier” echoes; note a
significant drop in the copolar correlation
coefficient at distances of 80 to 95 km and at
heights of 5 to 6 km. The disruption is more than
10 km long with a duration of 500 ms, i.e, several
radar dwell times. Because of the low correlation
coefficient, this disruption can be confused with
the presence of hail. This type of disruption is
caused by echoes from lightning (Caylor et al.
1993, Caylor and Chandrasekar 1996).

The second type of disruption appears in the
form of “outlier” radials; in Fig. lc, one can see
three such radials at elevations of 0.8°, 7.3°, and
11.4°. These “outliers” are caused by wideband
lightning radiation intercepted by the antenna.
Lightning radiation significantly increases noise
and can be received through the antenna sidelobes,
so it is possible that there may be no lightning
echoes the in disrupted radials. This type of
disruption is caused by wideband noise-like
lightning radiation and can be eliminated by
utilizing the 1-lag estimators, which are immune to
noise (Melnikov and Zrnic, 2006). The field of 1-
lag estimators of the correlation coefficient is
shown in Fig. 1d. The 1-lag estimators eliminate
such disruptions in the differential reflectivity
fields as well (not shown). Because it is possible to
eliminate the second type of disruption, we
hereafter focus on the first type, i.e., on radar
echoes from lightning.
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Fig. 1. RHISs collected in SHV mode on (a,b) 1 July, 2005 at 1258 in azimuth of
120°, (c, d) on 17 August, 2006 at 1155.
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Fig. 2. Consecutive range profiles of Z, Zpg, ¢, and pj, on July 22, 2006 at 0016:24. M =128,
PRF = 1013 Hz. Range numbers are shown in each other panels.



Radar echoes from lightning are rare
events but it is nevertheless necessary that the
HCA has the ability to recognize and eliminate or
tag them. Parameters of radar variables from
lightning must therefore be studied. We know the
only paper by Caylor at al. (1993) that documented
the polarimetric parameters of lightning echo at S-
band in Florida. We present our results obtained in
central Oklahoma. Because lightning can change
spectral characteristics of radar returns (Zrnic et al.
1982, Mazur et al. 1987), we also study properties
of the Doppler velocity and spectrum width.

To shorten the update time of radar
observations, phased array radars, PAR, at X- and
S-bands are used (e.g., Heinselman et al 2007,
Blustein et al, 2007). Utilization of polarimetric
weather PARs are under consideration. Often PAR
estimate radar parameters with smaller number of
pulses. We show data of polarimetric properties of
lightning at small number of samples that can be
utilized with conventional polarimetric radar and
PARs.

3. Parameters of lightning echoes in SHV mode

In SHV mode, six radar variables are
measured in each radar resolution volume:
reflectivity, Z, the Doppler velocity, V, spectrum
width, o, , differential reflectivity, Zpy, differential
phase, ¢4,, and copolar correlation coefficient, pj,.
A detailed description of these variables can be
found in Doviak and Zrnic (1993) while the main
features of the SHV mode have been discussed in
Doviak et al. (2000).

Radar echoes from lightning are usually
observed by stationary antenna, which reduces
changes in echoes due to antenna movement and
provides better estimates of the radar variables in
the same radar resolution volumes before and after
lightning. We have analyzed KOUN data collected
with both stationary and a slow moving antenna.
For a moving antenna, vertical radar cross sections
collected with a vertical rate of less than 0.2° s
have been analyzed. Range profiles from before,
during, and after a lightning strike are presented in
Fig. 2. Reflectivity in the horizontal channel is
denoted as Z, M is the number of samples, and PRF
is the pulse repetition frequency. Perturbations of
echo caused by lightning are seen at distances from
58 to 65 km in the six inner profiles. The height of
the lightning echo is about 4.5 km. The first and
last profiles have close radar parameters and
represent the profiles before and after lightning. To
obtain polarimetric characteristics of lightning
echoes, KOUN’s data with 128 and 256 samples
were used. Such a large number of samples allows
for an accurate estimation of radar variables both

before and after lightning. Pitfalls are rather coarse
estimation of the duration of lightning echoes and
smoothing of their parameters.

Disturbances in the differential phase seen
in Fig. 2 can lead to false calculations of the
specific differential phase, K4y, and can also be
confused with the presence of the phase upon
backscattering J. Disturbances in p;, could be
confused with hail signatures. Zpr experiences
large variations, both positive and negative, and Z
increases by more than 10 dBZ at some ranges.
Combined, these fluctuations can lead to a
misclassification by the HCA and an overall
reduction in data quality.

a) Radar data processing

Radar echoes of lightning have been
identified by a visual inspection of consecutive
radials, as in Fig. 2. A group of radials with similar
radar variables in the first and last profiles and with
significant deviations in Z and Zpg have been
selected. The following criteria have been used for
the selection: at least one profile in the group has a
deviation of Z exceeding 3 dB and a deviation of
Zpr exceeding 1 dB at least in one range gate.
These are applied at SNR larger than 10 dB to
eliminate noise fluctuations. If these conditions are
satisfied, then neighboring range gates are
examined if exceeding at least one of the above
thresholds. Consecutive range gates fulfilling these
criteria form a distinct lightning echo.

Caylor at al. (1993) have employed
different criteria based on change of reflectivity
and the correlation coefficient; the criteria used by
both Caylor et a. (1993, hereafter referred to as
CCBM) and this study are listed in Table 1. We
employed the power criteria, i.e., the deviation of Z
and Zpp because of the presence of interference
signals at KOUN’s site. Interference signals drop
Py by about 0.1 but did not exceed the thresholds
imposed on Z and Zp by the chosen criteria.

Table 1. Criteria of lightning echo recognition with
S-band polarimetric radars

Parameter CCBM This study
SNR, dB 30 10

Z deviation, dB 2 3

Py drop 0.075 N/A

Zpr absolute | N/A 1
deviation, dB
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Fig. 3. Distributions of the deviations of (a) reflectivity, (b) differential reflectivity,
(c) differential phase, and (d) copolar correlation coefficients from lightning.
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Fig. 4. Distributions of the (left) durations and (right) horizontal extent of lightning echoes.
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Fig. 5. Distributions of the deviations of (a) Doppler velocities and (b) spectrum
widths in lightning echoes.



The criteria listed above helps isolate the
lightning detection from natural fluctuations of the
estimates that might occur in the absence of
lightning. The probability that the deviations of
estimates satisfy the criteria for hydrometeors is the
false alarm rate, which should be sufficiently
small; we require the rate to be less than 1%. It can
be shown that probability of Z and Zpr deviating
by more than 3 and 1 dB simultaneously is 0.1%
for SNR =20 dB and 0.5% for SNR = 10 dB (p;, =
0.95,6,=1ms™”, M= 128). We therefore conclude
that a SNR threshold of 10 dB can be used, which
is substantially lower than 30 dB utilized in
CCBM. This allows us to detect more lightning.

b) Deviations of polarimetric variables at
lightning

The KOUN data analyzed in this study
was collected on 19 days from 2002 to 2006.
Overall, 223 lightning events on these 19 days
were identified using the criteria listed above.
Because the lightning event may contain several
contiguous range gates, the total number of range
gates with lightning echoes was determined to be
771. In this section, we present statistics of the
deviations in the polarimetric variables caused by
lightning in these radar resolution volumes.

Distributions of the deviations of
polarimetric variables are presented in Fig. 3. 70%
of deviations of reflectivity exceed 3 dB, with a
maximum at 3-4 dB. In almost 30% of cases, the
increase of reflectivity exceeded 10 dB. The
distribution of Zpg deviations is nearly symmetrical
with maxima at £1 dB and the width of absolute
deviations of 1.5 dB. In 65% of cases, the
deviations exceeded 1 dB. In CCBM, a similar
distribution was found for Florida but with a small
bias of -0.2 dB and slightly smaller width of 1.2
dB. The two-peak distribution of Zpp is an
intriguing feature. Analyzing power distributions
in lightning echoes, Williams et al. (1989) came to
the conclusion that the echoes are formed by many
reflectors in the radar volume. Comparing data for
S- and X-bands, they concluded that plasma in
lightning channels is overdense (see also Caylor et
al.,, 1993), so that scattering of electromagnetic
waves can be considered as reflections from many
metal wires. If lightning channel elements are
distributed uniformly in the radar volume then a
one-peak distribution of AZpr should be observed,
which is not the case. A two-peak distribution
could result from the fact that lightning has two
major types: intra-cloud and cloud-to-ground
discharges. With the first type, the lightning
branches have a preferred horizontal alignment that
results in positive Zpr whereas, with the second

type, the branches are oriented preferably vertically
and produce negative Zpg. Thus the total
distribution would be expected to have a two-peak
form.

Deviations of the differential phase
reported in CCBM are smaller than for our data
(Fig. 3c). A small 0.7° positive bias was reported
by CCBM; in our data, the mean is 8°. Our
distribution is also wider (SD = 24°) than in CCBM
(SD = 9.5°). The ¢, bias cannot be explained with
the theory of scattering by thin wires. According
to Van Fleck et al. (1947), the differential phase for
a thin cylindrical conductor is zero.

The distribution of the copolar correlation
coefficients in CCBM has a mean of 0.8 and a
width of 0.086. Our data has nearly the same mean,
i.e., 0.75, but a wider distribution, i.e., 0.17 (Fig.
3d). No p, drops of more than 0.45 were reported
in CCBM. On the other hand, we have registered
drops down to 0.05, which is almost the full
possible magnitude. Our data also shows a
correlation between deviations in Z and p;,. That
is, strong Z deviations are typically associated with
large drops in py,.

Distributions of the duration and extent of
lightning echoes are shown in Fig. 4. The durations
are for a single range gate. The dwell time for data
collection on the WSR-88D network is about 50
ms. From the left panel of Fig. 4, it can be seen that
it is possible for several dwell intervals to be
affected by lightning echoes. The right panel of
Fig. 4, shows that 70% of lightning echoes extend
less than 1 km, i.e., four or fewer 250-m range
radar gates are affected by lightning. A significant
percentage, however, have extents that reach 10
km.

Statistics of lightning radar echo
parameters show that the hail detection algorithm
experience the strongest impact from lightning.
The longevity of a lightning echo can reach several
radar dwell times and the radial extent can be
several kilometers. These comprise an area
comparable to hail cores. Because correlation
coefficients drop significantly at lightning, those
echoes can be easily misclassified as hail. We have
not yet found a radar moment that allows
distinguishing hail from lightning.

¢) Deviations of the Doppler moments.
Doppler spectra

Lightning can change Doppler spectra of
scattered signals (Zrnic et al. 1982, Mazur et al.
1987). Therefore, the spectral moments can be used
to recognize lightning. Lightning echoes are
reflections from ionized air. At stages with electric
currents, the lightning channels can be moved by



cloud electric fields, the magnetic field of the
Earth, and the buoyancy force. Mazur et al. (1987)
have measured accelerations of lightning echoes up
to 120 m s™. Lightning channels at cooling stages
can be considered as passive inclusions and thus
should have spectral parameters close to the ones
for the hydrometeors.

Fig. 5 presents distributions of deviations
of Doppler velocities and spectrum widths in
lightning echoes. The distribution of deviations of
the Doppler velocities is symmetrical around zero
and the histograms of the absolute deviations are
shown in Fig. 5a. About 80% of the flashes have
velocity deviations of less than 1 m s™. For flashes
with stronger reflectivity deviations (AZ > 10 dB),
however, 56% of deviations exceeded 1 m s™.
That is, stronger power deviations have greater
velocity variations.

The distribution of the spectrum widths is
nearly symmetrical (Fig. 5b) with a mean of 0.9 m
s’ and a width of 1.6 m s™. The positive bias
indicates that, in the mean, lightning increases the
spectrum widths, but that this increase is rather
small. For stronger power deviations (AZ > 10 dB),
65% of spectrum width deviations are greater than
1 m s”. There is a correlation between the power
and width deviations.

The Doppler spectra of strong lightning
echoes (AZ > 15 dB) are quite broad. An example
is shown in Fig. 6. Panels 1 and 4 correspond to
times before and after the event while panels 2 and
3 present the spectra at the time of the lightning
flash. For p,, greater than 0.95, the strongest parts
of the Doppler spectra at horizontal and vertical
polarizations repeat each other in detail (panels 1
and 4). At the time of the lightning flash, p,,
decreases and the spectra differ. The radar
parameters for the panels are shown in table 2. It is
seen from the table that the power increases by
approximately 25 to 27 dB at lightning and that all
radar variables experience significant changes.

Table 2. Radar variables for four spectra shown in
Fig. 6.

Panel | Z v, oy 5| Zpr, | Pdp» | Piv

dBZ |ms |ms | dB deg
1 1

1 298 144 146 |03 43 0.995
2 555 |10 |67 |-22 |29 0.823
3 57.1 | -19 |68 |-1.0 |46 0.705
4 294 140 147 105 45 0.980

We have not noticed any significant
changes in reflectivity in radar resolution volumes
after lightning flashes. Rather, reflectivity appears

to return to the value measured before the flash.
This means that strong acoustic waves
accompanying the lightning flash do not noticeably
affect hydrometeors in the radar resolution volume.
Therefore, we can assume that the Doppler
spectrum at lightning is a sum of the hydrometeor’s
spectrum and the one from the lightning flash
itself. To obtain the latter, we can subtract the
hydrometeor’s spectrum from the measured one.
To obtain the hydrometeor’s spectrum in Fig. 6, we
averaged four spectra: the two spectra measured
before the lightning, i.e., the one shown in panel 1
and the previous one (not shown), and the two
spectra measured after the lightning, i.e., the one
shown in panel 4 and the next one (not shown).
Because the hydrometeor’s spectral powers are 20-
25 dB smaller than the total spectra, panels 2 and 3
can be considered to be the lightning spectra.

d) Small number of samples. Possible
PAR implication

Most of the KOUN’s lightning data have
been collected with a sufficiently large number of
samples, i.e., M = 128, to produce good estimates
of hydrometeor parameters. Unfortunately, such a
large number of samples also smooths the
estimates of transient lightning returns. We
therefore processed time series data to analyze the
M-dependences of lightning echo parameters.
Using 128 samples we detected a lightning event
on criteria described earlier and then analyzed the
lightning parameters estimated with smaller
number of samples.

Fig. 7 presents an example of the radar
polarimetric parameters calculated with M = 128,
64, 32, 16, and 8. In the AZ panel (top left), it can
be seen that M = 32, 16, and 8 all exhibit a two-
peak pattern, whereas the second hump is not seen
at M = 64 and 128. The AZ peaks correspond to the
two minima in py, for M =32, 16 and 8. KOUN’s
data show a significant correlation between the
raise of Z and the drops of pj, at the time of the
lightning flash. An increase in M makes py,
deviations smaller with the difference of p,, at
M=128 being more than two times that for M= 8.
AZpg and Agg, for M = 8, 16, and 32 experience
rather random and deep oscillations.

Phased array weather radars (PAR) can
scan clouds fast. A short update time is achieved
with a smaller number of samples, among other
options (Heinselman et al., 2007). The described
results on time-series analysis show that lightning
can be detected with a PAR. It is possible even to
track lightning with a PAR because such a radar
steers the beam electronically in contrast to
conventional mechanical antennas.



Spectral Power (dB)

20 ET) 0 10 20 20 10 0 10 20
Doppler Velocity (m s Doppler Velocity (m s

Fig. 6. Consecutive Doppler spectra at (the solid lines) horizontal and (the dash lines) vertical
polarizations before (panel 1), during (panels 2 and 3), and after (panel 4) lightning. The spectral
powers are in the inner processor units. 17 June, 2006 at 0452:16, azimuth is 280°, elevation is

8.8 the height of the radar volume is 10.2 km, Von Hann spectral window, M = 128, PRF = 1013
Hz.
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Fig. 7. Radar variables at lightning calculated with 8, 16, 32, 64, and 128 samples.
13 June, 2005 at 2203, azimuth is 191°.



2. Parameters of lightning echoes in
LDR mode

The SHV configuration is the main
polarimetric mode for the WSR-88Ds. Research
WSR-88D KOUN can operate in another
polarimetric mode during which all of the power is
injected into horizontal plane and radar returns are
received at both polarizations. In this mode, six
radar variables are calculated in each range gate:
reflectivity, the Doppler velocity, spectrum width
(these are calculated in the H-channel), linear
depolarization ratio, Lpp, the differential phase, and
cross-polar correlation coefficient, p,;,, where the
second subscript denotes horizontal incidence and
the first one stands for orthogonal receive
polarization which is vertical for KOUN.

The left panel in Fig. 8 presents Lpg. The
melting layer is clearly seen at heights near 4 km.
The layer is not as pronounced beyond 80 km in an
area of strong convection. Strong depolarization is
also seen at heights from 7 to 10 km in the far cell,
which is an area of strong electric fields with
aligned crystals. This conclusion is supported by
the field of the cross-polar coefficient (Fig. 8
right). The strongest Lpy is seen at distances of 110
— 130 km and just above the melting layer at
heights of 4 to 6 km. Lpy in these spots, which are
believed to be echoes from lightning, reach -10 dB.

a) Radar data processing

Like in the SHV mode, data collected
using LDR mode have been recorded with the
antenna either stationary or moving very slowly.
For a moving antenna, vertical radar cross sections
with vertical scanning rates less than 0.2 deg s
have been analyzed. An example of range profiles
of the polarimetric variables during lightning
flashes is shown in Fig. 9, which presents four
consecutive profiles obtained with 256 samples at a
pulse repetition frequency of 1013 Hz. During the
event, the antenna was raised by only 0.22°. The
lightning echo is seen as strong perturbations of
both Z and Lpy at distances of 36 to 40 km in the
two inner profiles. The first and last profiles are
close to each other and represent the profiles before
and after lightning. Lightning echoes have been
identified by inspecting consecutive radials. A
group of radials with close first and last ones in Z
and Lpp, and significant deviations of the variables
in between, has been identified as a lightning echo.
The deviations are considered significant if at least
one profile in the group had a deviation in Z grater
than 3 dB and a deviation in Ly grater than 5 dB at
least in one range gate. SNR in the vertical channel
was larger than 10 dB before lightning (Table 3).

Table 3. Criteria of lightning echo recognition in
LDR mode

Parameter Value
SNR, dB 10

Z deviation, dB 3

Lpy absolute deviation, dB | 5

In LDR mode, the correlation coefficients
of weather echoes without lightning are typically
low, reaching 0.9 in areas of strongly aligned
crystals. At low py, fields of p,; and ¢, are noisy
which makes them difficult to use forlightning
detection, which is in contrast to ¢4, and p, in
SHV mode. Lp; deviations, however, delineate
lightning echoes well. The probability that the
deviations of reflectivity of weather echo (not
lightning) exceeds 3 dB is 0.2% and the probability
that the Lpp deviation exceeds 5 dB is less than
0.06% (M=128, o,=2ms", SNR, = 10 dB), and
probability of AZ>3dB &|ALDR|>5dB is less than
10%%. So that the criteria of lightning echo
recognition listed in Table 3 have an extremely low
false alarm rate.

b) Deviations of radar variables at
lightning

The data analyzed contains 9 days in 2002
to 2006 with 149 lightning events. Distributions of
Lpr, pxi» and ¢, deviations at lightning are
presented in Fig. 10. 93% of deviations of Lpg
exceed 5 dB, with a maximum at 13-14 dB, and the
mean of 14.5 dB. The standard deviation of the
distribution is 5.1 dB. The distribution of Ap,, has
a mean of 0.13 with a standard deviation of 0.18.
The distribution of Ag,, is broad with a mean of
12° and a standard deviation of 46°. In LDR mode,
pxn and  @g, experience strong fluctuations in
precipitation so these parameters are not
appropriate for lightning echo recognition. Lpg
experiences strong deviations at lightning thus the
deviations of Z and LDR can be utilized in the
recognition.
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The mean ALpg at strong lightning (AZ>
15 dB) obtained with our data is -12 dB.
Frequently, a radar echo of lightning, assuming that
plasma in lightning is overdense, is modeled as an
echo from randomly distributed wires (e.g.,
Williams et al. (1989) and CCBM) . The copolar
and cross-polar powers of radiation scattered by
wires can be written as (Van Fleck et al., 1947): P,
= A(0) cos*p, P, = A(0) cos’yp sin*p, where 0 is the
angle between the direction of wave propagation
and the wire, A(0) is a function of 6, the diameter
of the wire, its length, and the wavelength, ¢ is the
angle between incident electric field and a plane
formed by the direction of incidence and the wire.
For random spatial distribution, <Lpz> = <c052(p
sin“p>/<cos*p> = 0.33 that equals -4.7 dB (angular
brackets stand for ensemble averaging). The latter
value is in contrast with the experimental result.
Considering circular polarization data obtained at
L-band, Mazur and Walker (1982) came to the
conclusion that lightning channels are primarily
oriented horizontally. Our data collected in SHV
mode (section 2) do not support such an
assumption. Further discussion on discrepancies
between the experimental and theoretical results
obtained under certain assumptions is beyond the
scope of this paper.

¢) Doppler spectra

An example of the Doppler spectra at two
polarizations is shown in Fig. 11. Panels 1 and 6
correspond to the times before and after the
lightning event. Corresponding radar parameters
are shown in Table 4. From the table, it can be seen
that the power at horizontal polarization changes
by about 5 dB at the time of the lightning flash,
whereas at cross-polarization, it changes by more
than 20 dB. p,, changes insignificantly during the
event, whereas ¢ 4, experiences large alternations.
The Doppler velocities and spectrum widths differ
significantly at two polarizations: frequently, the
widths at the cross-channel are wider than the ones
at the co-channel. Like for the SHV mode, the
main spectral lobes remain at about same
frequencies during lightning. It should be noted a
big rise in the spectral “skirts” in both channels
during lightning: the increase can reach 25 — 30
dB. This feature can be used for lightning
recognition.

5. Conclusions

Lightning causes two types of “outlier”
radar echoes in clouds and precipitation: 1)
reflections from lightning channels (e.g., Fig. 1b),
and 2) radials contaminated with strong noise
caused by intercepted lightning radiation (e.g., Fig.
1c). In SHV polarimetric mode, the second type of
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“outlier” can be eliminated or significantly reduced
with the 1-lag estimators of polarimetric
parameters, which are immune to noise.

Experimental data on radar lightning echo
statistics at S-band are presented for central
Oklahoma. The distribution of AZpR is symmetrical
and has two strong peaks (Fig. 3b). A similar
distribution was obtained by Caylor et al. (1993) in
Florida, but with a more shallow “saddle”. Such
distributions might be caused by two types of
lightning: 1) cloud-to-ground discharges that are
preferentially oriented in vertical channels, which
could result in the negative peak of AZpg, and 2)
intra-cloud discharges that are preferentially
oriented in horizontal channels, which could cause
the positive peak of AZpg.

In lightning echoes, polarimetric radar
parameters can experience significant alternations
(Fig. 2). The hail detection algorithm, which is
highly dependent on a lowering of the copolar
correlation coefficient, can easily misclassify
lightning echoes as hail. The longevity of lightning
echo can reach several radar dwell times and the
radial extent can be up to several kilometers, which
comprises an area comparable to that of hail cores.

Deviations of the Doppler velocities and
spectrum widths during lightning flashes are not
large with 80% of the velocity deviations and 70%
of the spectrum width deviations being less than 1
m s No significant shifts in the main parts of the
Doppler spectra have been noticed in the H and V
channels at lightning although the spectral lines can
differ. This can be interpreted by considering the
elements of lightning echoes as passive inclusions
driven by the wind. The data show a significant (up
to 30 dB) rise in spectral “skirts” at lightning. This
feature can be used for lightning recognition.

Using a small number of samples, i.e., M
= 8 to 20, allows for the detection of “fine” time
structure of lightning echoes. Deviations of
reflectivity and pj, can be deeper for small number
of samples than with regular M of about 50 for the
WSR-88Ds. A small number of samples can be
implemented with polarimetric phased array radars
to map and track lightning echoes.

In LDR mode, lightning echoes can be
recognized using deviations of reflectivity and the
linear depolarization ratio, Lpz. The mean increase
in Lpgp during a lightning discharge is 13-14 dB,
reaching 27 dB in some cases. The cross-polar
correlation coefficient and differential phase
experience strong fluctuations in hydrometeors and
lightning and the data show their low potentials in
lightning recognition. Frequently, a raise in
spectral “skirts” up to 30 dB is observed. This also
can be used in lightning recognition.
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Fig. 11. Six consecutive 128-sample spectra in the co and cross-polar channels
on 25 June, 2006 at 2316:44, R=78.3 km, H= 6.7 km, azimuth is 315°, Von Hann spectral window.
Table 4. Radar parameters for six panels shown in Fig. 11.
Panel | Z,dB | LDR, | pu Paps W o Ve | Oy s | 0wy s
dB deg ms’ ms' | ms ms’
1 53.0 -32.0 | 0.26 202 10.3 10.1 2.1 34
2 53.5 -16.8 | 0.23 159 9.7 7.5 2.6 6.2
3 56.3 -11.7 | 0.31 43 10.0 8.4 2.9 2.7
4 58.1 -15.2 | 0.30 296 9.0 8.1 2.4 4.9
5 55.2 -15.1 | 0.25 74 9.8 8.0 2.5 4.9
6 52.3 -31.1 | 0.23 117 10.9 9.0 2.8 3.6
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