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Abstract. We present long-overdue details about the inten-1 Introduction

sity and spectral characteristics of 150-km echoes observed

by the $o Lus radar in Brazil. The &o Lus observations  Observations of non-thermal scattering of radio waves occur-
show that the echoes usually come from multiple scatteringiing at approximately 150-km altitude in the equatorial iono-
layers that descend in altitude before local noon, and ascengphere were first reported iBalsley (1964 based on mea-
during afternoon hours, similar to what has been found insurements made with the Jicamarca radar in Peru. Jicamarca
observations made in other longitude sectors. The layers armeasurements made Royrvik (1982 almost twenty years
usually 3-5km thick and located, mostly, between 130 andater showed that the echoes were caused by field-aligned
170km altitude. The measurements also show variations irelectron density irregularities. These echoes are observed
echo intensity that are similar to observations made at othetluring daytime only and are commonly referred to as 150-km
equatorial and off-equatorial sites. Analysis of observationsechoes. Despite being known for many years, an explanation
made during 2008 shows significant37 %) monthly occur-  for the origin of these echoes is still topic of current investi-
rence rates for every month. Reduced occurrence rates wekgation. The difficulty to explain the origin of these echoes is
observed around March Equinox. We associate this reduceaused by the absence of any obvious source of free energy
tion in occurrence rate, however, to a non-geophysical factorthat could be responsible for the generation of density irreg-
An increase in the daytime sky noise in the months arouncularities at those altitudes (e Gsunoda and Ecklun@000).
March Equinox causes a decrease in the signal-to-noise raHowever, it has been hypothesized that the ionospheric ir-
tio (SNR) of the echoes, which makes them less distinguishregularities causing 150-km echoes could be generated by
able in our analysis. A higher occurrence of weaker echoes gravity wave driven interchange instabiliti\udeki and
around March Equinox was confirmed by an statistical anal-Fawcett 1993 or by polarization electric fields generated off
ysis of the seasonal variation of echo intensities. Strongmagnetic equator by a sporadic E layer instabilffgynoda
long-lasting and, therefore, more noticeable echoing layers1994). More recent results indicate that 150-km echoes can
however, were observed between June and early Septembpe related to naturally enhanced ion acoustic wa@sa(
compared to other months in 2008. Spectral analyses showt al, 2009.

that most of the echoes have negative mean Doppler shifts A renewed interest in these echoes was motivated by the
indicating upward velocities. The echoes also have narrovhigh time and range resolution observations madiugyeki
spectral widths of only a few ms. Finally, we also found  and Fawcet1993 using the Jicamarca radar. Their observa-
that the mean Doppler shift of the observed echoes can varyons showed that the echoing region descends during morn-
noticeably with altitude at times. Using spaced antenna meamg hours reaching a minimum altitude around local noon
surements we show that this is caused by the wide field-ofang ascends in the afternoon. This creates a necklace-like
view of the radar and the spatial distribution of the scatterergattern in Range-Time-Intensity (RTI) radar maps and has
within the radar beam. been associated with the daily variation of the solar zenith an-
Keywords. lonosphere (Equatorial ionosphere) gle (Kudeki and Fawceft1993. Kudeki and Fawcett1993

also showed that the intensity of the echoes was modulated in
time with periods between 5 and 15 min. Similar modulation,

Correspondence tdf. S. Rodrigues however, was not detected in the magnitude of the Doppler
BY (frodrigues@astraspace.net) shifts of the echoes. More importantly, they pointed out
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Table 1. Main radar parameters for observations of 150-km echoes.

Parameter Value
Peak power 4kw
h\ Sao Luis Code length 28 bauds
i Baud length 1-km
g 10 ok IPP 600 km
i 0 Number of samples 120
camarca Initial sampling height 90 km

L Number of coherent integrations 16
Number of incoherent integrations 10
Number of FFT points 64

Latitude N (degrees)

(Choudhary et a)2004 Patra and Ra@®007). de Paula and
Hysell (2004 also reported the detection of 150-km echoes
in the Brazilian sector during initial observations made by a
small, low-power coherent backscatter radar deployed in the
equatorial site of 8o Lus. Here, we examine more carefully
the observations of equatorial 150-km echoes made by the
Sao Lus radar with emphasis on the comparison of these ob-
servations with similar measurements made elsewhere. We
—90 -75 60 _45 -30 point out similarities and differences in the characteristics of
the echoes observed ovea&sLus and other sites. While
this comparative analysis does not explain the origin of the
Fig. 1. Location of the @0 Lus radar. Contours of magnetic in- 150-km _EChoes’ it provides qddltlonal_ Informatlor_l that mgs_t
clination and the location of the Jicamarca radar in Peru are alscpe considered when developing theories to eXP'a'“ the origin
shown for reference. of the 150-km echoes. Our results also provide further in-
sights on utilizing small radar systems for detection of 150-
km echoes and interpreting these observations. This report

that the Doppler velocities followed the intensity of the elec- IS ©rganized as follows: information about the experimental
trojet current measured by latitudinally-spaced magnetomef@dar setup used for observations of 150-km echoes are pro-
ters. They suggested that observations of 150-km echoe%'ded, in Sgct. 2. Details about the observatlons_ and analyses
could be used to estimate the magnitude of the equatoria‘?‘re given in Sect. 3. .The results of tr_]e observat!ons and anal-
zonal electric field, an important driver of the low-latitude YS€S are discussed in Sect. 4. Section 5 contains a summary
ionosphere. They also suggested that smaller radar systenfdd final remarks for this study.

could detect these 150-km echoes and therefore could be
used for monitoring equatorial electric fields. Using simul- ,
taneous incoherent and coherent scatter radar observations at

JicamarcaWWoodman and Villanuevgl993 andChau and A 30 MHz coherent backscatter radar is installed near the ge-

Woodman(2004) confirmed that the vertical Doppler veloc-  omagnetic equator in#® Luis, Brazil (2.59°S, 44.22 W,

ity of 150-km echoes is in fact a good proxy of the vertical F- _5 35 dip lat) and is operated by the Brazilian National

regionE x B plasma drift. Routine measurements of vertical |nstitute for Space Research (INPE). Figure 1 shows the

plasma drifts are now made at Jicamarca using observationgcation of the S0 Lus radar. The location of the Jica-

of 150-km echoes. marca radar in Peru where measurements of equatorial 150-
Analysis of the characteristics of the 150-km echoes meakm echoes were first made, and contours of magnetic incli-

sured at different longitude sectors can help us better unnation are also shown for reference. T3 us radar has

derstand the underlying processes responsible for the fieldseing used mainly for studies of equatorial spréade.g.

aligned irregularities producing scattering. The occurrenceRodrigues et al2004 de Paula et 412004 Rodrigues et aJ.

of 150-km echoes have already been detected, for instanc008 but observations of the equatorial electroject and 150-

in the Peruvian sector (e.fudeki and Fawceftl993 Chau  km echoes have also been made Paula and Hysel2004).

and Kudekj 2006, in Pohmpei, Micronesia (e.d&udeki The So Lus radar is equipped with two 4kW transmit-

et al, 1998 Tsunoda and Ecklun@004, in IndonesialPatra  ters and four independent antenna sets. Each antenna set

et al, 2008 Yokoyama et al.2009, and in the Indian sector is formed by a 4x 4 array of Yagi antennas. The four sets

Longitude E (degrees)

Experimental setup
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Fig. 2. Top panel shows the number of observation days for every month in 2008 and the number of days when 150-km echoes were observec
in the RTI maps. The bottom panel shows the occurrence rate for each month computed using the information shown in the top panel.

are aligned in the magnetic East-West direction. One or two 2. We considered 150-km echoes to have occurred on a

antenna sets can be used for transmission. Observations of
150-km echoes are usually made using only one antenna set
for transmission and one transmitter. Soundings were made

given observation day if echoes were clearly identified
(usually with SNR=> —10 dB) in the RTI maps between
09:00 and 16:00LT and between 130 and 170 km alti-

with 28-bit coded pulses giving a range resolution of 1 km. tude.
The inter-pulse period is 600 km and voltages are sampled
every 1km for ranges between 90 to 210 km altitude. Ta- 3.
ble 1 summarizes the specifications of the radar mode used

for 150-km echoes observations.

Consequently, we considered that 150-km echoes did
not occur in a given observation day if no echoes were
identified in the RTI maps between 09:00 and 16:00 LT

and between 130 and 170 km altitude.

3 Observations and analysis Figure 2 indicates a significant occurrence rate of 150-km
echoes for every month in 2008. The occurrence rates were

F|gur?_2 showz absu?llnjzér{ PIOt %f th_e 1;6%;”} eCh(;)est()b'computed using the criteria described above and, therefore,
servations made by theab LUs radar in -_INOrderto 4iq not take into account variations in the intensity or du-

Cg_ﬁte this plot, V\t/e(;:a.rerf]ttJllﬁtexammhedgzanget—.Tlme-Ir(;t%n?tyration of the observed echoes. We only evaluated whether
(RTI) maps created right after each observation, and befor choes were detected or not. Nevertheless, Figrovides

raw data (voltage samples) were written into magnetic dataan useful overview of the occurrence of 150-km echoes in

tapes. The RTI maps were visually mspec_ted tq |dgnt|fy th_ethe Brazilian longitude sector, which until now had yet to be
occurrence of echoes. We used the following criteria to esti-

te th i f £ 150-k hoes: provided. We will limit our statistical analysis here to ob-
mate the monthly occurrence frequency o "KM €CNOES: servations made during 2008. A comprehensive multi-year

1. We considered an “observation day” only those daysanalysis of the occurrence of 150-km echoes oy Blis
with, at least, 4 h of upper E-region observations be-is under way (A. Kherani, personal communication) and is
tween 09:00 and 16:00LT. outside the scope of this paper. We must point out that, at

www.ann-geophys.net/29/1905/2011/ Ann. Geophys., 29, 19955-2011
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Fig. 3. Range-Time-Intensity (RTI) maps of upper E-region observations made byatheuss radar in Brazil on three consecutive days
during 25-27 August 2008.

least for observations made in 2008, the echoes observed besdths for each spectrum were estimated by fitting a Gaus-
tween June and September seem to be stronger than echogian function to the measured spectrum. The left-side panels
observed in other months based on our visual inspection ofn Fig. 4 show the mean Doppler shifts of the observations
the RTI maps. More details about the variability in echo in- showed in Fig.3, while the right-side panels in Fig.show
tensity and implications are given in the following section. the full spectral widths. Note that the convention in these
plots is that a negative Doppler shift indicates motion away
Figure 3 shows Range-Time-Intensity (RTI) maps illus- from the radar. Also, the full spectral width is twice the stan-
trating typical upper E-region observations made by the S dard deviation parameter of the fitted Gaussian function.
Luis radar. Daytime observations ia&Lus usually started
around 10:00 LT and finished around 15:30LT. On these ob- As mentioned earlier, after observations are made and a
servations, moderate to strong echoes were observed béigure with the quick-look RTI map is produced and saved,
tween 135 and 170 km altitude. Vertical dark blue bands indata is written into magnetic data tapes. In order to carry
the RTI maps indicate data gaps caused by either technicalut spectral analyses of the echoes observed byabhd Gs
problems with the acquisition system or by intermittent radio radar, raw data (voltage samples) written in the tapes must
interference sources located near the radar site. The Doppldre read again. This is a time-consuming and tedious pro-
spectrum of observations such as those shown inFigere  cess, one of the main reasons for a report of 150-km echoes
also computed using the Fast Fourier Transform (FFT) algoimeasured by the#® Luis radar to be long overdue. In ad-
rithm. The spectra were computed using 64 data points obdition to this difficulty, during the data reduction process we
tained using 16 coherent integrations and 10 incoherent intealso found that some of the tapes were damaged, and the data
grations. Therefore, a Doppler spectrum for each range gateould no longer be retrieved from these tapes. While a set of
was obtained every40s. Mean Doppler shifts and spectral 136 observation days could be used to produce the histogram

Ann. Geophys., 29, 1903916 2011 www.ann-geophys.net/29/1905/2011/
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Fig. 4. Mean Doppler velocities (left-side panels) and full spectral widths (right-side panels) for-SNRdB echoes observed on 25, 26
and 27 August 2008.

of 150-km echoes occurrence shown in Fy.only mea- 4 Discussion

surements from 81 observation days were available for spec-

tral analyses. Fortunately, a large number of observations 0{¢;,n0da and Ecklun004 were the first to investigate sea-

150-km echoes was still available for each season. Once th?onal variations in the occurrence of 150-km echoes. They

tapes were read and the spectra of the echoes were Calcﬁhalysed observations made between 1999 and 2003 by a

lated, we grouped the observations into height versus Iocallow-power 50 MHz radar located under the magnetic equator

time bins for each season in 2008 (March Equinox: Februy, Pohnpei (6.96N, 158.19 E, 0.3 dip lat). They showed

ary/March/April; June Solstice: May/June/July; Septemberih; the occurrence frequency of 150-km echoes over Pohn-

Equinox: August/September/October; and December Solyej has 4 clear maximum during Northern Hemisphere Sum-

stice: November/December/January). The bins were 5Kmyer months and minimal (nearly absent) activity during other

wide in height and 15 min wide in local time. The number of yonths. Because of the similarity with the seasonal varia-

observations in each bin were then calculated and are showgy,, of sporadic E layersKs) in that longitude sector, they

in the left-hand side panels of Fi§. The occurrence rate of g qgested that the ionospheric irregularities causing 150-

echoes with SNR- —5 dB was also calculated for each sea- km echoes could be created by an off-equagrinstabil-

son. The results are shown in the right-hand side panels ofy (cosgrove and Tsunod2002. Using observations made

Fig. 6, and will be discussed in the following section. by the JULIA (Jicamarca Unattended Long-term Investiga-
tions of the lonosphere and Atmosphere) mode of the Jica-
marca radarChau and Kudek{2006 investigated the sea-
sonal variation of 150-km echoes in the Peruvian (Western

www.ann-geophys.net/29/1905/2011/ Ann. Geophys., 29, 19955-2011
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Fig. 5. Range-Time-Intensity (RTI) maps of upper E-region observations made byatheuss radar in Brazil on three consecutive days
during 29-31 October 2008.

South American) sector. They found that 150-km echoesstice and nearly absence of echoes during other months as
are observed virtually every day over Jicamarca. Their refound by Tsunoda and EcklunfR004) in the Pacific sector.
sults indicate a high occurrence- 70 %) of echoes for all However, we must point out again that the analysis of the
seasons but with slightly higher occurrence86 %) dur-  occurrence rate of 150-km echoes whose results are shown
ing June Solstice monthLChau and Kudek{2006 results in Fig. 2 does not take into account the intensity (SNR) of
challenge the hypothesis dfsunoda and Ecklung2004) the echoes. A more quantitative statistical analysis of the
about the control oEs layers over the occurrence of 150-km variability in echo intensity will be presented and discussed
echoes since off-equatoriék layers occur more frequently in the following section. Nevertheless, our inspection of the
during the December solstice in the Peruvian sector. StatisRTI maps indicated that echoes observed between June and
tics of the occurrence of off-equatorial 150-km echoes in theSeptember were stronger and consequently more distinguish-
Indian sector were also presentedPgtra and Ra¢2007). able in the RTI maps than in other months of 2008. To illus-
They studied observations made by the Gadanki MST radatrate this, Figs shows RTI maps of upper E-region observa-
(2.33 S, 44 W) between July 2005 and August 2006. The tions made during three consecutive days in October 2008.
radar probes the upper E-region around &@3nagnetic lati-  The RTI maps in Fig5 serve to exemplify the occurrence of
tude. Their analysis did not show clear evidence of a seasonaleaker echoes compared to those observed in August (see
variability in echo occurrence in the Indian longitude sector. Fig. 3). Fewer echoes can be seen in the October RTI maps
and the “necklace” pattern cannot be clearly identified in
Figure 2 shows that 150-km echoes were observed oversome days.
Sao Lus with significant occurrence rates 37 %) in every
month of 2008. We did not observe the conspicuous maxi- In order to better quantify the occurrence of 150-km
mum in the occurrence of 150-km echoes around June Solechoes in the Brazilian longitude sector and its seasonal

Ann. Geophys., 29, 1903916 2011 www.ann-geophys.net/29/1905/2011/



F. S. Rodrigues et al.: 150-km echoes in Brazil 1911

Mar. Equinox - Number of Observations Mar. Equinox - SNR > -5dB [%]
| 1 L 1 20
— 160 — 160 F
= 2000 = ]
2, 2, 1
§1°0 1000 5% AL
o ] ]
T 140 T 1401 -
. . : 0 L 0
10 12 14 16 10 12 14 16
Jun. Solstice - Number of Observations Jun. Solstice - SNR > -5dB [%]
T S S S S S S S S S S ST S S S S N R R R S 1 20
— 160 —. 160 F
= 2000 = ]
= =
= £ 150 Ft {10
5 1000 ©
L) [i7] ]
- T 1401 -
- - \ 0 L 0
10 12 14 16 10 12 14 16
Sep. Equinox - Number of Observations Sep. Equinox - SNR > -5dB [%]
1 20
—_ — 160 F
= 2000 = ]
=, X
£ £ 150 rr {10
5 1000 © 1
o ] ]
+ T 1401 !
0 L 0]
10 12 14 16 10 12 14 16
Dec. solstice - Number of Observations Dec. salstice - SNR > -5dB [%%]
20
=, =,
— — L 10
5 1000
L) L)
T T i
0 0
10 12 14 16 10 12 14 16
Lacal Time Lacal Time

Fig. 6. Left-hand side panels show the number of observations versus height and local time for each season. Right-hand side panels show
the occurrence rate of echoes with SNR greater thadB.

variability, we grouped the observations by seasons (see désrightness. For the 30 MHZE® Lus radar, the Galactic cen-
scription of the methodology in the previous section). Theter can contribute with 6—8 dB of additional noise power. The
left-hand side panels in Figh show that a large number of Galaxy center, however, is only observed by tt&® $.us
observations were available for analysis in each height/locatadar during daytime (09:00-18:00 LT) hours between Jan-
time bin. The right-hand side panels show the occurrencaiary and June. Therefore, the low occurrence of moderate
rate of moderate to strong echoes (SNR-5dB). The most  to strong echoes during the March Solstice months could be
striking feature shown in this analysis is the somewhat lowa direct result of the variability in the Galactic noise varia-
occurrence rate of echoes with SNR-5 dB during March  tion. The strong and long-lasting echoing layers observed be-
Equinox compared with other seasons. This is in good agreetween June and September also seem to manifest in the statis-
ment with the results shown in Fi@, which indicates a tics shown in Fig6. A distinguishable higher occurrence of
low occurrence of 150-km echoes in March and April. Fig- SNR > —5dB echoes during June Solstice and September
ure 2 shows a high occurrence of 150-km echoes in FebruEquinox compared to other seasons can be observed.

ary but only a few days of observations were available on

that month. The variability in echo intensity throughout the ~ Weaker and fewer echoes in the RTI maps during Octo-

year can be exp|ained, in most part, by the Var|ab|||ty in Sky ber and December Solstice months, for instance, could sug-
gest that the conditions leading to the generation of 150-km

www.ann-geophys.net/29/1905/2011/ Ann. Geophys., 29, 19955-2011
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echoes observed by th@&LLis radar in 2008 as a function of season (rows).

irregularities might not be as optimal as those found during4.1  On the intensity characteristics of the observed
June—-September. On the other hand, the conditions for irreg-  echoes
ularity development might be similar but, for some reason,

irregularities with smaller amplitudes were generated in Oc-og mentioned earlier, the RTI maps in Figshow typical
tober (and other months) and th&dSLuis is not sensitive moderate-to-strong 150-km echoes observed ogerlSis.
enough to detect the echoes scattered by these irregularitiegcnoes with SNR values greater tha® dB can be seen
Statistical analysis of 150-km echoes observed by a morgyoung 10:00 LT or earlier and last until around 15:30LT.
sensitive radar like JULIA could provide support to the lat- The first echoes appear between 150 and 170 km altitude dur-
ter hypothesis. However, a more careful analysis of seasonghg morning hours. The scattering regions appear as echoing
variations in echo intensity (not occurrence_) would .be NeC-jayers in the RTI maps. These layers are usually 3 to 5km
essary to fully test this idea. The changes in echo intensitypick in altitude. Two layers can be clearly seen throughout
observed over & Lus also make us ask ourselves whether most of the observations on 25 August. Three layers can also
the conspicuous maximum of 150-km echoes during Sumye getected at times. A clear example of three layers can be
mer months observed bjsunoda and Ecklun2004) could ~  seen on 27 August between 12:00 and 13:00 LT. The echoing
be a result of the threshold SNR set in the criteria used forjayers descend in altitude during morning hours reaching the
identifying and counting the echoes. Setting a SNR that iSoyest altitude 140 km) around 12:30 LT. After reaching

too high might lead to an underestimation of the echo countss |owest altitude, the layers start to ascend, reaching their
during periods when only weak echoes are observed. Irregpyitial altitude around 150—170 km.

ularities causing 150-km echoes could still be generated but
detection would be limited by instrument sensitivity.
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Changes in the altitude of the echoing regions in a shorter
period of time (from a few minutes up to several tens of min-
utes) are also observed. For instance, on 26 August, starting
at about 13:15LT, a relatively strong echoing region seems
to start to gain altitude with time. The echoing center moves
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from about 150 km altitude to about 165 km in approximately sector. Only a limited number of SNR —5 dB echoes are
45 min, a height change rate of about 5.5Th.sAnother ex-  observed after approximately 14:30 LT.
ample of altitudinal variability with short time-scale can be
seen in the uppermost echoing layer observed on 27 August.2 On the spectral characteristics of the observed
between 11:00 and 12:30LT. Around 11:00LT, the height echoes
of echoing layer varies quasi-periodically with a period of
a few minutes and then starts to descend until reaching abouthe middle panel of Fig7 presents histograms of the mean
155 km altitude around 11:45 LT. After that, the layer starts toDoppler velocities of the observed echoes with SNR
ascend again reaching 165 km altitude. The intensity of the-5dB as a function of season. It shows that most of the
echoes also seems to be modulated at times. For instancechoes have negative Doppler shifts, indicating upward ve-
fluctuations in the intensity of the echoes with a period of locities. This is, again, in good agreement with what is ex-
about 5min are seen on the lowermost layer on 25 Auguspected for 150-km echo observations. The vertical Doppler
between 10:30 and 12:15LT. Fluctuations with longer peri-velocity of the 150-km echoes follow the vertical F-region
ods (12-15min) are also seen on 26 August between 10:0plasma drift (e.gChau and Woodmai2004) and, under geo-
and 11:00 LT and between 13:30 and 15:00LT. physically quiet conditions, daytime vertical plasma drifts
The RTI maps show examples of moderate-to-strong 150are expected to be upward (efgejer et al. 200§. Pa-
km echoes over theZ® LUs site in Brazil. The echoes follow tra and Rao(2007 also examined the spectral character-
the same pattern observed at Jicamarca and other equatori&fics of the off-equatorial 150-km echoes observed by the
sites. The echoing layers in the RTI maps form a “necklace”53 MHz Gadanki radar. They found that most echoes had
shape, which is believed to be related to the daily variation ofupward Doppler velocities with magnitudes below approxi-
the solar zenith angle, and is considered the most striking feamately 40 m st
ture of 150-km echoeK(deki and Fawceft1993 Kudeki The left-hand side panels in Fi§.shows histograms of
et al, 1998 Tsunoda and Ecklun@004 Chau and Kudeki  the (full) spectral widths of the observed echoes with SNR
2006. Fluctuations in the intensity of the echoes with pe- > —5dB. Most of the observed echoes have spectral widths
riods of a few minutes are also observed at Jicamarca (e.darger than 1 ms! but less than 7 ms', and with a max-
Kudeki and Fawceft1993. We point out, however, that the imum around 2m<s!. Our results seem to be similar to
echoes over 3 Lus are more patchy and intermittent than what was observed in the Pohnpei spectral measurements.
the echoes observed with the Jicamarca radar. In the examplesunoda and Ecklun{2004) found that 150-km echoes ob-
shown byChau and Kudek{2006), for instance, the echo- served by the Pohnpei radar are characterized by narrow
ing layers in the RTI map are nearly continuous with time spectral widths (a few nTs or less). Chau and Woodman
throughout the entire period of observations. Additionally, (2004 and Chau and Kudek{2006 also emphasized that
the Jicamarca echoes are stronger than the echoes obsen&d0-km echoes observed by Jicamarca have narrow spectral
in S30 Lus. They commonly exceed SNR=10dB at Jica- widths (less than 15n18). The example shown bghau
marca. In 80 Lus, however, only a few cases exceed this and Kudeki(2006 (Fig. 1 in their paper) shows that most
threshold as shown in Fig.(left-hand side panels). The dif- spectral widths are between 5 and 15Th.sNe must clarify
ferences in the intensity of the echoes observed o&ellSis  that the comparisons made in this paper refer to Jicamarca
and Jicamarca are caused, in most part, by differences in thebservations made with the JULIA radar mode, with antenna
experiment setup (number of coherent integrations, transmitbeams pointing perpendicular to the magnetic field. New off-
ted pulse length and shape) and hardware (transmitters arpkrpendicular observations made at Jicama@tea(g 2004
antenna arrays) of these two radar systems. Figuwieows Chau et al.2009 also show echoes around 150-km altitude
histograms of SNR (left panels), spectral width (middle pan-with spectra as wide as the ion line of the incoherent scatter
els) and mean Doppler shift values (right panels) for eachspectrum (spectral width larger than 1000mM)s Finally,
season. The number in each panel indicates the number d¥atra and Ra¢2006 also found that most spectral widths of
observations/echoes with SNR greater th&dB. The num-  off-equatorial 150-km echoes fall within 2 and 8 mawith
ber between parenthesis indicates the total number of oba maximum occurrence around 4 s
servations available for this analysis. Again, the histograms High-resolution observations at Jicamarca show that the
show that echoes with SNR —5 dB were observed less fre- vertical Doppler velocities of the 150-km echoes do not vary
quently during March Equinox compared with other seasonswith altitude Kudeki and Fawceft1993. However, look-
which, as explained in the previous section, is believed to beéng again at Fig4 (left-hand side panels) we see that the
linked to the increased sky noise during this period. Doppler shifts over & LLis seem to show some height vari-
Finally, the right-hand side panels of Figjalso offer use-  ability at times. This observation is, perhaps, more obvious
ful insights on the intensity characteristics of the 150-km in the lowermost echoing layer on 27 August between 10:30
echoes observed in Brazil. They show that, for any seaand 13:30LT, for instance. We hypothesized that the varia-
son, high-altitude echoes with SNR—5 dB were more fre-  tion in mean Doppler shift as a function of height could be
quently observed in the morning sector than in the afternoora result of echoes coming from different localized scattering
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Fig. 8. Example of 150-km echoes observed ové@&o3.us on

27 August 2008 at 12:47 LTa) SNR profile.(b) Measured (green ) = : !
solid lines) and fitted (black solid lines) spectra as a function of €Cchoes observed in the Brazilian longitude sector. While

height. (c) Differential phase estimated from spaced antenna ob-this study does not explain the origin of the 150-km echoes,
servations (see text)(d) Estimated phases versus corresponding it provides new information that must be taken into ac-
Doppler velocities.

centers within the radar beam. Thad3_us radar uses small

antenna arrays with somewhat wide beamwidtkd 5 in
the zonal direction). To test this hypothesis we used meaechoes. Two or three scattering layers could be observed at
surements made by a pair of antennas spaced by 25m. Thenes. The layers descend in altitude during morning hours
measurements allow us to compute complex spectra, and esnd ascend in the afternoon. Echoes are observed, mostly,
timate the normalized coherency and phase difference of theetween 135 and 165 km altitude and at any given time dur-
echoes as a function of Doppler velocity (eF@grley et al,
1981). Figure8 shows an example of the results of our anal- about 10:00 LT until approximately 15:30LT. Fast changes
Panel (a) shows the SNR vertical profile indicatingin the altitude of the echoing layers were noticed. We also
echoes around 155km altitude. Panel (b) shows measuredoticed that the echoes observed by ti@® &us radar are
(solid green lines) and fitted (solid black lines) spectra asmore “patchy” than the echoes observed by the Jicamarca
a function of altitude. Only spectra for echoes with SNR radar. Quasi-periodic variations in the intensity of the lay-

> —10dB and with normalized coherency greater than 0.7ers were detected with periods ranging from a few to 15 min.
are fitted and show here. Note that, as we mentioned ear-or any season, most of the observed echoes have negative
lier, the mean Doppler velocity varies somewhat with alti- Doppler shifts indicating upward velocities, which is a result
tude. In this particular example, it varies more than 10ts of the ionospheric plasma drifts, which are predominantly
in less than 10km altitude. Panel (c) shows the phase difupward during daytime. The echoes also have narrow spec-
ferences computed for the high cohereney0(7) spectral

ysis.
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bins. Uncertainties for the computed phases are also shown.
The variability in the phases shown in panel (c) indicate that
echoes come from different zenith angles (in the magnetic
zonal plane) above the radar. Panel (c) even suggests a tilted
scattering structure that resemble those suggestélsbg-

oda and Ecklund2004. Radar imaging observations at Ji-
camarca also suggest that most 150-km echoes measured by
JULIA are caused by non-localized (or beam-filling) scatter-
ing structures, but localized scattering structures have also
been seen in the interferometric images.

The phases of the echoes shown in panel (c) are shown
again in panel (d) versus their respective Doppler velocities.
The variation of the Doppler velocity as a function of arrival
phase shown on panel (d) indicates that the measurements
represent radial (not vertical) velocities of localized scatter-
ing regions within the field-of-view of the radar. The vertical
velocity component can be estimated directly from Fd.
just by looking at echoes with zero phase angle (echoes from
overhead) and is about 15m'sin this example. In fact,
measurements of localized scattering structures such as those
shown in Fig.8 can provide enough information to estimate
both the vertical as well as the zonal components of the
Doppler velocity of 150-km echoes oveB& Lus. Details
about this estimation and results, however, are outside the
scope of this report.

5 Summary and final remarks

We presented long-overdue details about equatorial 150-km

count when developing theories to explain the origin of these
echoes.

The upper E-region echoes observed by tld® $us
radar in Brazil show the regular “necklace” pattern in the
RTI maps, which is the most striking feature of the 150-km

ing the period of the observations, which generally runs from

tral widths. Most of the echoes have (full) spectral widths
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between 1 and 7nT$ with a peak in the occurrence rate Topical Editor P.-L. Blelly thanks Y. Otsuka and another anony-
around 2mst. mous referee for their help in evaluating this paper.
Analysis of over 130 RTI maps of radar observations made

during 2008 show that 150-km echoes could be detected Wiﬂ}zeferences

significant monthly occurrence rates 37 %). The lowest

occurrence rates were found around March Equinox. Analy-gagiey, B. B.: Evidence of a stratified echoing region at 150 kilo-

sis of the RTI maps also show that stronger and more 10ng- meters in the vicinity of the magnetic equator during Daylight

lasting echoing layers were observed during the period be- Hours, J. Geophys. Res., 69, 1925-1930, 1964.

tween June and September. Weaker and less distinguishabighau, J. L.: Unexpected spectral characteristics of VHF radar sig-

echo layers were seen in the RTI maps of observations made nals from 150-km region over Jicamarca, Geophys. Res. Letters,
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