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Abstract. We present here the first Jicamarca observations ofmore sophisticated measurements of the F-region electron
incoherent scatter radar (ISR) spectra detected from E- andensities, ion and electron temperatures, ion composition, as
D-region altitudes. In the past such observations have notvell as zonal and vertical electric fields (e.Barley, 1991,
been possible at Jicamarca due a combined effect of strongudeki et al, 1999 Hysell, 200Q and references therein).
equatorial electrojet (EEJ) clutter and hardware limitationsYet, it has not been possible, until the experiment to be de-
in the receiving system. The observations presented herscribed here, to exploit the incoherent scatter technique at
were made during weak EEJ conditions (i.e., almost zeraJRO to study the equatorial lower ionosphere below 200 km
zonal electric field) using an improved digital receiving sys- altitude. The main reason for this has been the following
tem with a wide dynamic range and a high data throughput. coherent echo sources above Jicamarca which interfere with
The observed ISR spectra from E- and D-region altitudedower-ionospheric incoherent scatter:
are, as expected, narrow and get even narrower with decreas-
ing altitude due to increasing ion-neutral collision frequen-
cies. Therefore, it was possible to obtain accurate spectral
measurements using a pulse-to-pulse data analysis. At lower
altitudes in the D-region where signal correlation times are
relatively long we used coherent integration to improve the
signal-to-noise ratio of the collected data samples. The spec-
tral estimates were fitted using a standard incoherent scatter
(IS) spectral model between 87 and 120 km, and a Lorentzian _ 150.km irregularities Echoes from the 150-km region
function below 110 km. Our preliminary estimates of tem- are weaker than EEJ echoes but still 1 to 3 orders of
perature and ion-neutral collisions frequencies above 87 km magnitude stronger than ISR returns. They occur only
are in good agreement with the MSISE-90 model. Below during the day and come mainly from field aligned ir-
87 km, the measured spectral widths are larger than expected, regularities organized in narrow layers between 140-
causing an overestimation of the temperatures, most likely 170 km altitudes (e.gKudeki and Fawceft1993. Re-
due to spectral distortions caused by atmospheric turbulence. cently, Chau(2004 have reported the observations of

Keywords. lonosphere (Equatorial ionosphere; Plasmatem-  these echoes also at angles slightly off perpendicular to
perature and density; |0n05pheric irregu|aritie5) B. OccaS|onaIIy, relatlvely strong echoes occur at these
altitudes at night, but they are associated to equatorial

spread- events (ESF) (e.gWwoodman and Cha001).

— Equatorial electroje{EEJ): VHF radar echoes from the
electrojet are 2 to 6 orders of magnitude stronger than
ISR echoes, confined to the 95-110 (90-140) km region
during the day (night), and come from field-aligned ir-
regularities. During the day, these echoes get weaker or
disappear when the zonal electric field is close to zero
or reverses direction (e.dg-arley, 1985.

1 Introduction — Mesospheric turbulencélesospheric echoing layers at

50 MHz caused by neutral turbulence are formed dur-
The first incoherent scatter radar (ISR) measurements at the  ing the day between 55 and 85km. The echoes are
Jicamarca Radio Observatory (JRO) were conducted in 1961  1-3 orders of magnitude stronger than ISR echoes at
(Bowles et al.1962. Theoretical and experimental advances similar altitudes, and are organized in very narrow lay-
in incoherent scatter radar technique since then were accom-  ers (e.g.Woodman and Guién 1974 Kudeki, 1989
panied at JRO, located near Lima, Peru, with increasingly with widths ranging from less than 100 m up to few kms
(Sheth et a].2006.
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Table 1. Radar Parameters for Faraday experiments on 13 Decem2 Experimental setup

ber 2004. . .
D- and E-region backscatter measurements described above
Parameter Value Units were performed using the standard Faraday rotation configu-
_ ration at JRO (e.gFarley, 1969 except for the pulse wave-
Inter pulse period (IPP) 420 km form details. The radar beam was pointed along the antenna-
Pulse width 21 km plane on-axis direction, which is nearly vertical and makes an
gmar_y Coge dwidh 22 bits angle of 8811° with respect to the nearly horizontal geomag-
ecelver bandwi Hs netic fieldB pointing to the north. In this setup the strongest
Sampling rate 5(0.75) us (km) - . .
Initial range 50 Kkm two-way sidelobe of the radar beam that points perpendic-
Number of samples 456 ular toB is ~30dB weaker than the main b_eam. Contrar_y
Number of complex channels 2 to previous Fa'raday experiments, a sho'rter inter pulse perlod
Transmitter peak power 2 MW (IPP) (2.8 ms instead of 10ms) and a finer range resolution

(0.75km instead of 15km) were used during the observa-
tions. The main parameters of the experiment are presented
in Tablel. We made a full use of the duty cycle available

— Meteors Echoes from meteors could come from meteor &t JRO (-5%) by employing a 28-bit binary cod&(ay and

heads as well as non-specular and specular meteor trail§arey 1973 with a 0.75km baud width.

At Jicamarca, the first two type of echoes occur between TWO Circular polarizations, right- and left-handed, were

90 and 110km, and head echoes occur mainly aroundransmitted and received during the experlm_ent. The res_ults
sunrise (e.g.Chau and Woodmar2004. Non-specular presented here corresponds to one of the circular polanzed.
trails can last as long as 5 min (e.Ghapin and Kudeki channels. Since the observed spectra have the same shape in

1994 and they come from irregularities perpendicular both polarizations at E-region heights and below, statistical
to B. Specular meteor trails are seldom observed withfluctuations in the measured spectra can be further reduced

the Jicamarca ISR due to the narrow beams employed.by averaging the estimates from the two polarizations (not
done here, however). Total power measurements and abso-
Late in the afternoon of 13 December 2004, the Jicamarcaute electron density estimates obtained using both polariza-
radar was being operated with the recently completed widdions are reported i€hau and Woodma¢2005.
dynamic-range receivers in a relatively high-resolution and
high-sensitivity mode when the zonal electricfieldthatdrive33 Backaround parameters and spectral models
the equatorial electrojet vanished for a short period. The 9 P P

radar return samples collected during that period from the,, ihis section we summarize the main background parame-
D- and E-region altitudes exhibit the first uncluttered and o< for the E- and D-region ionosphere needed to understand
clearcut signatures of lower-ionospheric i_ncoherent scattefha incoherent scattered radar spectra presented in the fol-
detected at JRO. A pulse-to-pulse analysis of the scattereging section. We also specify the spectral model equations
signal samples revealed unaliased Doppler spectra below gfise 1o fit the measured spectra. Since our measurements are
altitude of about 110km, consistent with theoretical expec-.qnfined to daytime, we only focus on daytime conditions.
tations for the collision dominated E- and D-regions. The  rpe ghane of incoherent scattered signal spectrum from
r_adar spectra to be presented in this paper are not only thge jow-altitude ionosphere below 110km is mainly con-
first recorded ISR spectra at JRO from D- and E-regions, bu, a4 by jon-neutral collisions. The dominant ions to be

also the first for the same heights at any equatorial 'atitUd%onsidered are NO(30 amu) and 9 (32 amu) between 90—
inside the EEJ belt, i.e4£3° with respect to the magnetic 140 km (e.g. Shunk and Nagy2000 and heavy cluster ions
equator. Moreover, due to its carrier frequency of 50 MHz ~(with amu such as 37, 55, 83, ...) below 90km — negative
the lowest of all the ISRs — Jicamarca is the only ISR thations are only important below 60 krifijedrich 2004). Note
can measure the E-region with pulse-to-pulse techniques, a4 o+ starts to appear above 130 km. In addition, for the
lowing cleaner spectral estimations than possible anyWher%quatorial ionosphere below 140 km, electron and ion tem-

else. ) ) _ ) peratures are expected to be equal, Te=T;.
The paper is organized as follows: Sect. 2 describes the 1 fit our measured Doppler spectra from this region of the

experimental setup while in Sect. 3 we present a brief sUmyonogphere we made use of the following spectral models:
mary of incoherent scatter theory relevant for lower iono-

spheric heights. D- and E-region spectral measurements arel. Collisional incoherent scatter (1S) modellthough in-
presented in Sect. 4 along with the results of fitting the ob- coherent scatter spectral theory is well known — see,
served spectra to ISR spectrum models. In Sect. 5 we discuss  e.g., Farley (1971 for a comprehensive review — we
the observational results and our model fits and, finally, in outline here its pertinent aspects. The backscattered sig-
Sect. 6 we present our conclusions. nal spectrum from an ionosphere in thermal equilibrium
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is known to be (e.g.Swartz and Farleyl979 propor-
tional to the real part of

|wyi + jkPAE1P o + 1yelP i
e + i + jk2r2)2

@)

where k=|k| is the Bragg wavenumber (twice the
wavenumber of backscattered radiowave)the elec-
tron Debye lengthu=T,/T;, and, in case of multiple
ion species an ion-composition weighted sumuof

and w—_‘w over all ion species is impliedy,; stand

for normalized admittances (e.§arley et al. 1961)

for electrons and ions which are functions of wave fre-
quencyw and Bragg vectok as well as the state param-
eters of ionospheric plasma. In the lower ionosphere,
where collisions with neutrals are a dominant process,
the use of the BGK collision modeBpatnagar et al.
1959 leads to an admittance moddddugherty and
Farley, 1963

Js
o itH 2
Ys =] Al_‘ﬂs-]s 2
where
e ) - 1//St—&-£sin2 +-L sir?( %) co ]
JsEfO dre %" e [ ot ot (% o ©)

is referred to as Gordeyev integral; the paramefigrs
Y, and ¢, are the Doppler shifted wave frequency
w—Kk-Vy, collision frequencyv,, and gyro-frequency
Q,, respectively, all of them normalized by2kC;,
with Cy,=+/KT;/my, whereK is Boltzmann constant,
denoting the thermal speed of speciaxf a bulk veloc-
ity Vi, massng, and temperaturg;.

At low frequenciesw and within the altitude regime
probed in this study the above model is primarily sen-
sitive to ion parameters;, y; xv;, andk-V;; the gyro-
frequencies and electron collisions cause no detectible
variations in spectral shapes within the same regime. It
is then convenient to consider a single ion case with
31amu mass (representing a mix of N@nd Oﬁ),

and carry out a four parameter least-squares fit of the
BGK IS model outlined above to the measured spectra;
the fit parameters consist of the ion parameters men-
tioned above — Doppler shik-V;, collision frequency

v;, and temperaturd; — plus a scaling constant re-

1297

2. Lorentzian model For k?22«1 and in the high col-

lision frequency limity;>>1 applicable at lower alti-
tudes, the IS spectral shape above approaches (e.g.,
Dougherty and Farley1963 Tanenbaum1968 a sim-

ple Lorentzian

1

, 4
1+ (w—k-V)2c? @
where

vim;
= 5
Kb rear (5)

represents the ion diffusion time at the Bragg scale. Us-
ing this Lorentzian model for the measured spectra we
fit for a scaling constant related to the received power
as well as for Doppler shif-V; and the diffusion time

74. A similar approach is also used with Arecibo ISR
data from the lower ionosphere (e.iylathews 1986

and references therein). Note that one can calcdiate
from the measured; if v; is known, and vice versa. For
instance, in Secb, we obtain7; from fitted z; using a
collision frequency model based &tichmond(1972.
The model equations for ion-neutral collisions are

0-22 7\ 016
q {1.07[N2] <—> +
mNo+ TO

T\ ~0.16 T\ 019
1.06[0;] (%) +0.6[CO] (Fo) },(6)

10722 7\ %20
Vor = el {O.89[N2] (F) n
0

2 mo;

7\ 005 7\ 036
1.16(02] (F) + 0.890] <—> } )
0 To

where To=500K, T is the neutral temperature taken
from the MSISE-90 model (e.gkledin 1991, [X]
stands for the neutral density of atom or molecule X,
andgq is the magnitude of electron charge, all in MKS
units. Since we are fitting for an average ion com-
ponent, we used an averaged ion-neutral collision fre-
quency corresponding to the arithmetic meanvg§
andvyo+. Note that the collision frequencies depend
on neutral temperatur€, and sinceT =T7; in this al-
titude range, one could in principle directly invert the
measured diffusion times for ion temperatdfaising a
suitable model for the neutral densities. However, that
task will be left for future work.

YnOt =

A distortion is applied to the theoretical models described

lated to the background electron density and transmit-above prior to fitting them to the measured spectra in order
ted radar power (se€hau and Woodmar2005. We to compensate for the windowing effect of finite-length time-
looked into the possibility of fitting for ion composition, series used in spectral estimation. A weighted least-squares
but given that the major ion components have similarfitting is then carried out with the Levenberg-Marquardt al-
masses the spectrum shape is almost invariant even tgorithm (e.g. Bevington 1969 using a procedure similar to
drastic changes of composition, at least£er100 km. those described iKudeki et al.(1999 andChau(1998.
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(a) Spectrogram with EEJ [dB] (a) Measured Spectrogram [dB]
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Fig. 1. Examples of spectrograms obtained un(_}ler the presence (aqzig_ 2. Similar to Fig. 1, but this time the top panel shows the
sence) of EEJ echoes at the top (bottom) obtained on 13 Decembgfeasured spectrogram, and the bottom panel shows the fitted spec-

2004 at 17:27 (17:07) LT. Each spectrogram have been integrategtogram. Note that we have added the expected uncertainties to the
3min. The color represents relative total power in dB (see coloriiaq spectrogram.

bar) between 60 and 130 km.

the saturated signals seen in Fii at the left and right
edges correspond to cross-talk echoes from the orthogonal

The new results to be shown in this section were observedircular polarization, which is phase-flipped on every other
in the absence of strong EEJ echoes. However, to help thRulse transmission so as to avoid the interference of the op-
reader understand the effects of EEJ returns normally prese0Sing polarized returns within the baseband (i.e., near zero
in JRO radar experiments we include in Fig a Doppler ~ Doppler frequency) (e.gFarley, 1969. Coming to our main
spectrogram obtained during a period with strong EEJ echoekesults, Fig.1b shows not only an example of the first E-
(top panel). The same figure also includes a second spe@-”d D-region ISR spectra recorded at Jicamarca, but also
trogram (bottom panel) recorded when there were no gejhe cleanest E-region spectra of all the ISRs, given that Ji-
echoes. In both spectrograms the color scale represents tif@marca’s VHF frequency allows pulse-to-pulse estimation
relative total power (backscattered signal plus noise) in dBOf the spectra. Note that such estimation is only good up to
while the horizontal and vertical axes represent radial veloc-~110km, above this height the ISR spectra get wider caus-
ity (positive towards the radar) in m/s and the scattering al-ing frequency aliasing.
titude in km, respectively. The spectrograms are constructed In Fig. 2 we compare the measured ISR spectrogram (top
from Doppler spectra (see Fig. 4 for examples of individ- panel) for the 90 to 120 km altitude range with a synthetic
ual spectra) obtained with 3-min integration of 128-point pe- spectrogram (bottom) obtained by fitting the theoretical BGK
riodograms. The periodograms are, in turn, the magnituddS model to the measured spectra. In order to make a closer
square of 128-point FFT of time-series samples collected orfomparison, we have added a random noise component to
a pulse-to-pulse basis. the fitted spectrogram with an rms value that depends on the
When EEJ echoes are present, as shown inEgthey ~ number of incoherent integrations and the fitted value. From
practically wipe out the weak ISR component of the returns,a simple inspection, the agreement is excellent, moreover the
not only in the region they appear (100-105km), but alsogoodness of fit is also excellent.
at lower and higher altitudes due to range sidelobes of the Given that the ISR spectrum gets narrower with decreas-
coded transmitter pulses. It should be clarified here thaing altitude it is possible to use at lower altitudes coherent

4 Radar observations

Ann. Geophys., 24, 1293303 2006 www.ann-geophys.net/24/1295/2006/
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integration with the sampled data that has an effect of im- (a) Measured Spectrogram [dB

proving the overall signal-to-noise ratio (SNR) — the tech- e 0.0
nique, much used in MST radar applications, is convenient 85 ]
when the sampling interval is much smaller than the correla- 15
tion time of the signal component. In Figa we show alow- £ 80 '
altitude spectrogram example constructed using 32-point co,
herent integration. 128-point time-series of coherently inte-g & -3.0
grated samples were Fourier transformed in peridogram con= 7q
struction, and 66 consecutive periodograms were averaged & -4.5
obtain the spectra stacked in FRp; the overall integration 65
time of the spectrogram shown in Figa is about 12 min. 60 6.0
Figure3b shows a synthetic spectrogram constructed from
Lorenztian model fits to the spectra of F&a. As mentioned 0.0
in Sect.3, when the ISR spectrum is dominated by colli-
sions, it is well represented by the Lorentzian curve Bjj. ( _ 15
Note that there is a good agreement between the measureg '
and the fitted spectrograms, except for those regions were fit%
ting was not possible (e.g., due to lack of convergence). Theg -3.0
saturated red regions represent signals from coherent echogs
(from meteors around 85 km, and from mesospheric echoest -4.5
below 80km). The weak ISR signals are seen as the light
blue shades in the figure, which are of course the most excit- 6.0
ing and novel aspect of this data set. -15  -10 -5 0 5 10 15
We have applied both the collisional ISR and Lorentzian Radial Velocity (m/s)

13-Dec-2004 (348) 17:13:00

fitting procedures to all the altitudes of interest between 60
and 120km u.smg d!fferent nymbers of coher'e.nt mtegratlons':ig_ 3. D-region measured (fitted) spectrogram at the top (bottom)
over overlapping altitude regions. More specifically, we LISEdobtained on 13 December 2004 around 17:13 LT. Each spectrum

8 (32) coherent integrations between 80 and 100km (60,5 optained with~12 min averaging. The horizontal white lines
90 km). Fitting a Lorentzian function is of course much faster j, (b) mark the alitudes where fitting failed.

than fitting a numerically evaluated ISR spectrum. In Big.

we show examples of individual Doppler spectra (i.e., “cuts”

from the spectrograms shown in Figs. 2 and 3) comparing thg, i circular polarizations and normalizing the sum against
different fitting procedures. The measured spectra are Showﬁaraday rotation densities at F-region peak.

in red, while the BGK IS and Lorentzian fits are in green and Excluding the obvious outliers, the Doppler velocities

and blue, respectively, and virtually impossible to dlstlngmshshown in Fig.5b exhibit relatively small random errors of

from one another at the scale shown, in particular at lower bout~1 m/s maanitude below 100 km and somewhat laraer
altitudes. Only above 106 km some very small discrepancie values at hi hergltitudes where the spectra broaden Atg)]ove
start to appear, but they are so small that both fits have abOL%Ltlo km the gstimated velocities are mgre variable dué to fre-
the same goodness of fit value. o .

guency aliasing. Also, above 87 km, bathand7; estimates
are in excellent agreement with MSISE-90. However, the re-
sults below 87 km show discrepancies with MSISE-90 which
will be discussed later in this section.

In Fig. 6 we show the results of fitting the measured

In this section we present the profiles of ionospheric param-spectra to the Lorentzian model parametrized by (a) relative
eters obtained by fitting the measured spectra with the sped?ower, (b) Doppler velocity, and (c) diffusion timg defined

tral models described in Sect. 3. The results of the fits to thdn Eq. (). We also plotin panel (d) the ion temperatdyele-
Sing|e-i0n BGK IS model are shown in F|§ Each pane| rived from diffusion tlmer Recall thatT, is obtained from

of the figure exhibits one of the four fit parameters of the 7« Using the collision frequencies taken from the Rich-
single-ion model, namely, the relative signal power, ion drift mond and MSISE-90 models.

velocity, ion-neutral collision frequenay, and temperature Panels (a) and (b) in Figs and 6 are very similar and

T;. In panels (c) and (d) the orange lines represgrdnd  consistent with one another and require no further elabora-
T from the MSISE-90 model. Note that the electron densi-tion. The derived temperature shown in Figd is in a rea-
ties at these heights were estimateddhau and Woodman sonable agreement with the estimated temperature obé#ig.
(2005 by combining the relative power measurements frombetween 87 and 100 km altitudes. But, above 100 km, the

5 E- and D-region parameters inferred from the mea-
sured spectra

www.ann-geophys.net/24/1295/2006/ Ann. Geophys., 24, 1P2HER-2006
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Fig. 4. Comparisons of Doppler spectra at E-region heights; measured spectra (red), single-ion ISR spectra (green), and Lorentzian spectrz
(blue).
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Fig. 5. Profiles of ISR parameters obtained from fitting the single-ion ISR spectajRelative power(b) Doppler velocity(c) ion-neutral
collision frequency, andd) ion/electron temperature. Profiles in red (green) were obtained with 1 (8) coherent integrations w@ry
The orange lines in (c) and (d) show MSISE-90 based collision frequencies and temperatures.
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Fig. 6. Profiles of ISR parameters obtained from fitting a Lorentzian specttapRelative power(b) Doppler velocity,(c) diffusion time,

and(d) ion/electron temperature. Profiles in red (green) were obtained with 1 (8) coherent integrations®m@ry Profiles in blue, were
obtained with 32 coherent integrations ever§2 min. The black lines in (c) represent diffusion time of a 2 m/s rms turbulence (vertical),

and the expected diffusion time from MSISE-90 parameters. In (d) the orange line shows the MSISE-90 temperature and the light blue line
the averaged temperature from fitting ISR spectrum (5.

derived temperature is lower than the MSISE-90 temperaimeasured diffusion times are generally smaller (i.e., wider

ture shown in orange and the estimate from Biyre-drawn  spectral widths) here.

in blue. The lower temperature estimates in Fd.above Similar results, i.e., wider spectral widths below 80 km,

100 km are a clear indication that although the Lorentzianhave also been observed over Arecibo (etarper 1978

model fits the measured spectra very well the interpretatiorFukuyama 1981). At Arecibo, these broadening effects

of diffusion time is not as simple as given by Ef) &tthose  were attributed to the presence of negative ions, that could

higher altitudes. At these altitudes, collisions with neutralsbroaden the spectra as much as 100% (Mgthews 1978.

start to become less dominant, and the full ISR spectrumNonetheless, recent advances in the understanding of chem-

model is needed to get reliable temperature estimates sudltry and physics of D-region indicate that negative ions

as those shown in Figd. should only be important below 60 km in the daytime (e.qg.,
All the parameter profiles in Fig& and6 except for the ~ Kazil et al, 2003. At Jicamarca, spectral widths in the D-

drift velocity profiles exhibit an extremum centered about '€gion have been measured for many years from coherent

87 km altitude, such as the temperature minimum at abougcatter echoes. The widths have been mainly attributed to the

100K seen in Figsd. These localized features are a conse-combined effects of atmospheric turbulence, gravity waves,

guence of a long duration meteor echo which contaminatednd in cases when wide beams were used, to an effect known

the incoherent scatter results. Note that below 87 km the?S beam broadening. Based on these previous studies, we

temperature estimates obtained by both fitting methods apsuggest that the measured small diffusion times (wider spec-

pear to be somewhat larger than the MSISE-90 temperature&@) of the D-region ISR returns presented here are probably

Of course below 87 km there are layers of coherent echo endue to the same spectral broadening effects affecting the co-

hancements as indicated by enhanced power levels ingéigs. herent echoes (e.goodman and Guién, 1974, particu-

and6a (see also the saturated red regions inBigHowever, ~ larly atmospheric turbulence.

both coherent and incoherent (weak) spectra show compara-

ble spectral widths (diffusion times) at these altitudes. Com-

pared to the expected ion diffusion time (using MSISE-90

parameters, and shown as the thin black line in 6@}, the

www.ann-geophys.net/24/1295/2006/ Ann. Geophys., 24, 1P2HE-2006
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6 Conclusions Chapin, E. and Kudeki, E.: Radar Interferometric Imaging Studies
of Long-Duration Meteor Echoes Observed at Jicamarca, J. Geo-

We have shown in this paper that when coherent echoes from phys. Res., 99, 8937-8949, 1994.

EEJ irregularities are not present, very accurate ISR speCChau, J. L.: Examination of various techniques for measuring wind

tral measurements can be made at Jicamarca using a pulse-Velocities using clear-air radars, with emphasis on vertical wind

to-pulse estimation technique. Two types of spectral fit- _measurements, Ph.D. thesis, Univ. of Col., Boulder, 1098.

ting functions were examined: a single-ion ISR spectrumChaU"]' L.: Unexpected Spectral Characteristics of VHF Radar Sig-

. - nals from 150-km Region over Jicamarca, Geophys. Res. Lett.,
model based on BGK collisions and a Lorentzian spectrum 31, L23803, doi:10.1029/2004GL021620, 2004.

parametrized by a diﬁu;ion time' As expected, in both Case%hau, J. L. and Woodman, R. F.: Observations of Meteor-Head

very precise Doppler shift estimates (e.g., less than 1m/s un- gcpoes Using the Jicamarca 50 MHz Radar in Interferometer

certainty below 100 km) were obtained. Above 87 km spec- Mode, Atmos. Chem. Phys., 4, 511-521, 2004.

tral fitting of the ISR model provides reasonable values forChau, J. L. and Woodman, R. F.: D and E region incoherent scatter

ion-neutral collisions and ion temperatures. Between 87 and radar density measurements over Jicamarca, J. Geophys. Res.,

100km, Lorentzian fitting also provides reliable tempera- 110, A12314, doi:10.1029/2005JA011438, 2005.

tures inferred from diffusion times and collision frequency Dougherty, J. P. and Farley, D. T.: A Theory of Incoherent Scatter-

models, but higher up, above 100 km, the interpretation of the ing of Radio Waves by a Plasma, J. Geophys. Res., 68, 5473

measured spectral widths in terms of a simple ion-diffusion 5|486’ 196?' q _ . h

time seems to be problematic. Also, below 87 km, i.e., in the™@/1€¥; D- T.. Faraday Rotation Measurements Using Incoherent
. . . . Scatter, Radio Sci., 4, 143-152, 1969.

D-region, the measured diffusion times are smaller than ex-

d h | dels lead . Farley, D. T.: Radio wave scattering from the ionosphere, Methods
pected. Both spectral models lead to temperature estimates of Experimental Physics, 9, 139-186, 1971.

larger than those predicted by MSISE-90 . We suggest thagayiey, p. T.: Theory of Equatorial Electrojet Plasma Waves: New
this effect is due to a Doppler spectral broadening caused by pevelopments and Current Status, J. Atmos. Sol. Terr. Phys., 47,
relatively large turbulent motions known to exist at these al- 729-744, 1985.

titudes. Farley, D. T.: Early Incoherent Scatter Observations at Jicamarca,

We plan to conduct further measurements of the type re- J. Atmos. Sol. Terr. Phys., 53, 665-675, 1991.

ported here during counter-electrojet periods to be encounFarley, D. T., Dougherty, J. P., and Barron, D. W.: A Theory of In-
tered in the near future. Based on the available statistics of Ccoherent Scattering of Radio Waves by a Plasma Il. Scattering in
zonal electric fields counter-electrojet events are known to be @ Magnetic field, Proc. Phys. Soc. London, 263, 238-258, 1961.
frequent in December solstice months in the afternoon hourge]er’ B.G., de Paula, E. R., Gonzalez, S. A., and Woodman, R. F.:

Fei tal 1997, N dl iod Average Vertical and Zond Region Plasma Drifts over Jica-
(e.g., Fejer et al. 199). New and longer period measure- . "5 ‘Gegphys. Res., 96, 1390113 906, 1991.

ments that we 'hope to conduct, Sh_OU'O! help validate and €XEriedrich, M.: The Lower lonosphere: Abandoned by Communica-

tend the D-region results reported in this paper. tions, to Be Re-Discovered for aeronomy, The Rad. Sci. Bulletin,
309, 3845, 2004.
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