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The estimation of horlzontal drift velocities of the Es
irregularities using the Chung-Li VHF radar

T E e
HEPT90 &8
AL L3 E T

VRFEAR DN

NSC 90 - 2111 - M - 034 - 004
lp =2
FJH’QIL"\%;]?’/_J

91 & 7% 31 p

a]_g;]Q,L_\%‘f ?«Fiﬂg‘f,gngzb'ﬁ-

ﬂi%%w,ijﬁ%ﬁ PR it BTk

- P YRR

AFHEJr P VHF G £ 03 4 ¢ B
:ffm Ay A R T iR E E(E9R
+ 3 RPWAEBER - FEFHZHT
kpBR109-1222 2% tR3F > b §at

B (8124 RKBLE L0250 ) - fi
Eswig » £28 =R 5 B4 23] 2
vk A - BEF R G k7 A

%%éi;wm&@%z%mWﬁﬁiﬁ
PP ROBEER (s EBER) Bk
P EerR R R (s EFER)
FREFERAEVEHRE RIS < 2 R

Rk Tk o
M4t B ER ~HBE R CELFEAR
Abstract

The drift velocity of echoes from 3-meter
plasma irregularities of ionospheric sporadic
E (Ey) layer are analyzed in this proposal by
using the Chung-Li VHF radar. The
interferometry result indicates that the Es
echoes extending from about 109 to 122 km
atitude are extremely aspect sensitive with
enormously narrow aspect angle of +0.25°.
After reconstructing the 3-dimensional
structure of the echoes, we find that the
object responsible for the radar returns is an
isolated and solid blob-like plasma structure
with elliptical cross section. A comparison
between the so-called trace veocity V,
deduced from the bulk displacement of the

plasma structure projected on three mutually
orthogonal planes and the true velocity V;
estimated from the least squares fit is aso
made. We find that for the present case in
average V; is systematically larger than V,by
afactor of 2.
Keywords: sporadic E ~ trace velocity ~
true velocity
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Basicaly, patterns in range-time-intensity
(RTI) plots and the Doppler velocity of the
radar echoes are strongly related to the
movement and the spatia distribution of the
Es irregularities in the echoing region.
Therefore, one might speculate that the
dynamic behavior and the spatia structure of
the irregularities can be inferred from the
information contained in RTI plots and
Doppler spectra in cooperation with the
pointing direction of the radar beam. For
example, the Es irregularities are thought to
drift in vertical or northward direction if
corresponding echoes with negative Doppler
shift (away from the radar) show a positive
range rate (defined as the slope dr/dt of echo
intensity contour, where r is range and t is
time) in RTI plot. However, in this report we
will show that the Es type-2 irregularities
moving westward can aso produce the
echoes with positive range rate in RTI plot
and negative Doppler shift, provided the
effective radar beam width is broad enough



and the irregularities locate in the west side
of the effective radar beam for a
north-pointing radar beam.

An attempt is made in this article to
investigate the three-dimensional spatial
structure and the velocity of a discrete and
blob-like plasma structure appearing in the
nighttime E region. Once the 3-dimensional
gpatia structures of the Es irregularities are
obtained by using the interferometry
technique, the bulk velocity, termed as trace
velocity thereafter, of the large scale plasma
structure can be inferred from the
consecutive displacement of the echo
patterns projected on the mutually orthogonal
planes. In order to estimate the trace velocity,
the mean position of each echo pattern is
caculated first, the displacements of the
mean position of the echo pattern in
north-south and east-west directions are
measured from the projections on the
horizontal planes. Alternatively, the velocity
of the plasma structure can also be estimated
by using least-squares method, which we call
true velocity.
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The data employed in this investigation
were taken by the Chung-Li VHF radar on
August 11,1997, 22:00 ~ 23:00 LT. The radar
parameters were set as follows: peak
transmitter power (for each module) of 40
kW, interpulse period of 2.0 ms, pulse width
of 28 ns with 7 bits Barker code, coherent
integration of samples of two interpulse
periods, and 66 range gates were recorded.
The radar probing range was set from 123.6
to 159 km with range resolution of 0.6 km.
Pronounced Es echoes were observed in the
period from 22:1 to 22:33 LT. The 512-point
fast Fourier transform (FFT) agorithm was
utilized to compute the Doppler spectra of
the echoes for each range gate and receiving
channel. Fig.1 presents the RTI contour plot
of the radar echoes. Asindicated in Fig.1, an
intense and well-organized contour lasting
about 15 minutes extends from 136 to 159
km with positive range rate of about 16 m/s.
The average thickness of the contour is about
15 km in range. Fig.2 shows the consecutive

variations of the spatial distributions of the
Es echoes projected on three mutually
orthogonal planes. The panels in the top row
of Fig.2 display the Es echoes projected in
vertical plane with the axes aong vertica
and north-south directions, where four solid
lines, declined from upper right to lower left,
correspond to the elevation angles of 52°, 51°,
50° and 49°, respectively. The panels in the
middle row of Fig.2 display the projections
of the echoes in azimuth planes with axes
along vertical and east-west directions, while
the panels in the bottom row represent the
projections of the Es echoes on horizontal
planes. The vertical straight line in each
panel in the middle and bottom rows of Fig.2
represents the projection of the apex direction
of effective radar beam.

Fig.3 shows the scatter diagram of Ly
(vertical extent of the Es echoes) versus Lys,
where Ly and Lys are scaled from the echo
patterns in the vertical plane. It is clear from
Fig.3 that the correlation between the
north-south size and the vertica size is
significantly  high  (with  correlation
coefficient of about 0.94) and the slope of the
linear regression line fitted to the datais 1.26.
Note that the mean elevation angle of the
effective radar beam in the echoing region for
the Chung-Li VHF radar is about 51.6°. As a
consequence, the expected value for the slope
of the fan-like effective radar beam should be
1.262 (equa to tan(51.6°)), in an excellent
agreement with the observed value of 1.264.
Therefore, evidences shown in Fig.2, and 3
suggest that the Es echoes displayed in Fig.1
were originated from a solid and discrete
blob-like plasma structure with an
asymmietric gross cross section.

Fig.4 presents the time series of the trace
velocities in north-south and east-west
direction. A wave modulation on the
east-west and north-south components of the
trace velocity at the period of about 3-4
minutes is seen. The average westward and
northward trace velocities are, respectively,
41.5 m/s and 0.4 m/s, corresponding to the
horizontal trace speed of 41.9 m/s at the
azimuth angle of -90.2° (toward west) with
respect to the geographica due north.
Therefore, the direction of the trace velocity



isamost exactly westward.

Fig 5 shows the profiles of the zonal (solid
curve with asterisks) and meridional (dashed
curve with dots) components of the true
velocity, where positive (negative) values in
the abscissa indicate the direction toward
east/north (west/south). As shown, the true
velocity is primarily dominated by the zonal
(westward) components and the magnitude of
the true velocity ranges from about 68 to 165
m/s. In addition, the change in the true
velocity with height is not significant, except
at theinitial stage of the plasma structure.

The 3-meter Es irregularities responsible
for the radar returns investigated in this
article are categorized into type 2
irregularities. It is believed that the type 2
irregularities are resulted from primary
kilometer wavelength plasma waves through
non-linear cascade process, which have
grown sufficiently due to gradient drift
instability (Sudan, 1983). Therefore, 3-meter
Es irregularities can be treated as tracers to
study the dynamic behavior of plasma waves
and background ionosphere. Note that the
true velocity is estimated from information of
angular positions and velocities of eectron
density 3-meter irregularities deduced from
Doppler spectra. Therefore, the true velocity
can be regarded as the electron drift velocity.
However, the trace velocity, obtained from
the displacement of the echo patterns
projected on the mutual orthogona planes,
can be thought to be the phase velocity of the
large scale plasma wave, in which type 2
irregularities are embedded. Because of the
close connection between large scale plasma
wave and type 2 irregularities as mentioned
above, one can speculate that the large scale
plasma structure results from the primary
plasma wave. If this is the case, the trace
velocity will be the phase velocity of the
plasma wave. According to Kudeki et al.
(1982), the phase velocity of a kilometer
plasmawave will be

_ VY 1
Pty 1+ KK ®
where V4 is electron drift velocity, kp isthe
wavenumber of the plasma wave,
ko=ni/(WL(1+y)) is a characteristic
wavenumber which corresponds to a

wavelength of | o, L is the scale length of
ambient  electron  density  gradient,
y=nindWW,, n; and n. are, respectively,
collision frequencies of ion and electron, W
and W; are, respectively, gyrofrequencies of
ion and electron. In mid-latitudes at atitude
of 110 km, y ~ 0.02 and |, ~ 1.35L.
Therefore, from (1) V, will be approximately
Val2if | ~1 0. Figs.6a, 6b, 6¢, and 6d display,
respectively, the time series of zonal
component, meridional component, velocity
magnitude, and velocity direction for true
(asterisk) and trace (opened circle) velocities,
where the true velocities are the
height-averaged values calculated from the
data presented in Fig.5. It is clear from Fig.6
that a substantial difference in true and trace
velocities is seen, not only in the magnitude,
but also in the direction. Further computation
shows that the magnitude of the true velocity
is greater than that of trace velocity by about
a factor of 2, consistent with the theory as
mentioned above.
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As illustrated in this report, interferometry
anaysis shows that a blob-like plasma
irregularity drifting westward is responsible
for the echoes. The comparison between true
velocity calculated by using aleast squares fit
method and the trace velocity deduced from
the displacement of the echo patterns in the
horizontal planes is aso presented in this
article. The result shows that the former is
greater than the latter by a factor of about 2.
Presumably, this discrepancy is attributed to
the effect of the propagation of a large scale
plasma wave and the evolution of the plasma
structure. The result comes up to the
expectation of this proposal and has been
published in J. Atmos. Solar-Terr. Phys.
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Fig.1. Range-time-intensity contour
plot of the Es echoes.

Fig.2. Six examples of the 3-dimensional
gpatia structures of the Es echoes resolved
by interferometry technique.
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Fig.3. Scatter plot of north-south size and
vertical size of theirregularity.

and Chu Y. H,
Interferometry investigations of blob-like
gporadic E plasma irregularity using the
Chung-Li VHF radar, J. Atmos. Terr. Phys,,

40
207 W |
0 )

0
E
2-20
S
L
T
>
o
g 401

-60|

J -0- : north-ward
-801 -*- west-ward
0 2 4 6 8 10 12 14

minute after 22:19

Fig.4. Time series of trace velocitiesin
north-south and east-west directions.
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Fig.5. Consecutive variation of the profiles of
the zonal (solid curve with asterisk) and
meridional (dashed curve with dot)
components of the true velocity.
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Fig.6. Time series of (a) zonal component, (b)
meridional component, (c) velocity
magnitude, and (d) velocity direction for true
(asterisk) and trace(opened circle) velocities.
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