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Abstract. Previous studies showed that conventional coher-1  Introduction

ent backscatter radar measurements of the Doppler veloc-

ity of the so-called 150 km echoes can provide an alterna-

tive way of estimating ionospheric vertical plasma drifts dur- At F region heights, electric fields are responsible for the
ing daytime hours Kudeki and Fawcett1993 Chau and fransport of plasma in th&€ x B direction, whereE is the
Woodman 2004). Using observations made by a small, low- background ionospheric electric field vector aBdis the
power 30 MHz coherent backscatter radar located in thedeomagnetic field vector. Electric fields in the low-latitude
equatorial site of S&o Luis (2.58, 44.22 W; —2.35 dip ionosphere are created, in most part, by the dynamo action of
lat), we were able to detect and monitor the occurrence ofitmospheric tides and thermospheric neutral winds blowing
150 km echoes in the Brazilian sector. Using these measureacross geomagnetic field lines (e.ggelis 2004. This at-
ments we estimated the local time variation of daytime ver-mospheric dynamo drives electrical current systems with ver-
tical ionospheric drifts in the eastern American sector. Here fical and horizontal components. In order to maintain the cur-
we present a few interesting cases of 150 km-echoes obsefent divergence-free, large-scale polarization electric fields
vations made by the Sao Luis radar and estimates of the d@re created in the upper atmosphere.

urnal variation of vertical drifts. These cases exemplify the Based on experimental and modeling studies, the zonal
variability of the vertical drifts in the Brazilian sector. Us- component of the background equatorial electric field, during
ing same-day 150 km-echoes measurements made at the Jfie day, is expected to be in the eastward direcBuhgrliess
camarca Radio Observatory in Peru, we also demonstrate tr@"d Fejer 1999 Anderson 2006 Fesen et a).200Q Fang
variability of the equatorial vertical drifts across the Ameri- €tal, 2008 Shume et a)2009. This component of the elec-
can sector. In addition to first estimates of the absolute vertiiric field causes an upwarBl x B drift of the ionospheric

cal plasma drifts in the eastern American (Brazilian) sector,F region plasma. The upward drift, as a consequence, moves
we also present observations of abnormal drifts detected b§h€ F region plasma to higher altitudes. Subsequently, how-

the S&o Luis radar associated with the 2009 major suddefVver. the ionospheric plasma moves along magnetic field
stratospheric warming event. lines under the action of plasma pressure and gravity and

is deposited at low-latitudes creating what is known as the
“Fountain Effect”. This Fountain effect creates a trough of
ionospheric plasma near the magnetic equator and makes the
F region electron density to peak at low-latitudes. There-
fore, large latitudinal gradients in electron density are cre-
ated in the low-latitude ionosphere and the magnitude of
these gradients is controlled by the magnitude of equato-
rial vertical drifts (e.g.Klobuchar et al.1991). The action
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of trans-equatorial thermospheric neutral winds at F regionmprove our knowledge about the variability of the iono-
heights also controls the deposition of plasma at low lati-spheric electric fields.
tudes. It pushes the plasma from one hemisphere to another, Therefore, motivated by the importance of new equatorial
and creates asymmetries in the distribution of the ionospheriplasma drift observations, we present results of an analysis
plasma. of 150 km echoes observed by a coherent backscatter radar
Despite the importance of the equatorial electric field for located in the magnetic equatorial site of S&o Luis in Brazil.
ionospheric modeling and specification, only the JicamarcaNe use these measurements to obtain, for the first time, esti-
Radio Observatory (JRO) in Peru has been been able tmates of the local time variation of daytime F region plasma
provide routine ground-based measurements of equatorialrifts, at a given day, in the Brazilian longitude sector. Pre-
plasma drifts. For about 50yr, vertical (and zonal) plasmasentation of this study is organized as follows: first, in Sect. 2,
drifts have been measured at JRO using incoherent scatteve provide information about the experimental radar setup
radar (ISR) measurements. Jicamarca is the only equatorialsed for observations of 150 km echoes. Examples of mea-
facility capable of making ISR measurements. ISR obser-surements available and analyzed during this study are pre-
vations, however, are expensive since they require the opsented in Sect. 3. Results of analysis presented in Sect. 3 are
eration of high-power (MW) transmitters and large trans- discussed in Sect. 4. These results are compared with empir-
mitting/receiving antenna systems. Therefore, only a limitedical model predictions and with similar type of observations
number of observation hours per year is available, in generalmade in the Jicamarca Radio Observatory in western side of
Recent studies, however, have shown that coherent scaBouth America. Section 5 contains a summary of our findings
ter echoes caused by non-thermal ionospheric plasma wavesnd final remarks for this study.
located around 150 km altitude might provide an inexpen-
sive way to monitor equatorial plasma drift&udeki and
Fawcett 1993. Since the early observations made by the Ji-2  Experimental setup
camarca ISR in the 1960s, coherent scatter echoes have been
observed from regions around 150 km altitude during day-The measurements used in this study were made by a
time (Balsley, 1964. The origin of these echoes is still not 30 MHz coherent backscatter radar installed in S&o Luis,
understood since there are no obvious sources for plasma iBrazil (2.59 S, 44.22 W; —2.35 dip lat), an observation
stabilities and, therefore, plasma irregularities in that regionsite located near the geomagnetic equator in the eastern side
(Tsunoda and Ecklun@00Q Patra et a.2011). of the South American sector. The measurements were made
Using radar observations with higher resolution than pre-in 2008 and early 2009. Approximately 90 days of observa-
viously possibleKudeki and Fawce(t1993 revisited the ob-  tions were available for this study. In several days, however,
servations of the 150 km echoes and uncovered some impo& reduced number of echoes were detected. The radar is op-
tant features. In particular, they found that the mean Doppleferated and maintained by the Brazilian National Institute for
velocity of the echoes would follow the bulk velocity of the Space Research (INPE). This ionospheric radar system has
plasma at F region heights. Additionally, they pointed outbeen used mainly for studies of F region ionospheric irreg-
that small, less expensive radar systems could be used to detarities (e.g.Rodrigues et al.2004 de Paula et 312004
tect 150 km echoes and monitor the mean equatorial F regioRodrigues et aJ2008 de Paula et 812011, Rodrigues et a).
plasma drift. Measurements made Kydeki et al.(1998 2012 but it is also capable of observing E region irregulari-
confirmed that 150 km echoes could be detected by smalleties (de Paula and Hyse2004 Shume et a).2011).
radar systems outside the Peruvian sector. Using concurrent de Paula and Hyse{R004 presented a description of the
incoherent and coherent backscatter radar observations at Yadar system with a few examples of different E and F re-
camarca,Woodman and Villanuevg1995 and Chau and  gion measurements made by the radar during its earlier years.
Woodman(2004) confirmed that 150 km-echoes Doppler ve- In their description of the system, they showed observations
locities represent the bulk velocity of the plasma at 150 kmindicating the occurrence of 150 km echoes over Sdo Luis.
altitude, and that they could be used as a good proxy of théespite the successful detection of 150km echoes by the
equatorial vertical drifts. Sé&o Luis radar, little had been done, so far, to derive esti-
Significant advances in our knowledge about the aver-mates of vertical plasma drifts from these observations. In
age behavior of ionospheric vertical plasma drifts have beenhis study we examine the detection of 150 km echoes by the
made using several decades of incoherent scatter radar meg#o Luis radar to estimate the daytime variation of vertical
surements and in situ satellite measurements @ogerliess  plasma drifts in the Brazilian longitude sector.
and Fejer 1999 Fejer et al, 2008 Stoneback et 312011).
Currently, however, we seek a better understanding of thénstrumentation and analysis
day-to-day and small-scale (say a few 10s of degrees in lon-
gitude) variability of the F region zonal electric field. New The S&o Luis radar is equipped with two 4 kW transmit-
measurements of 150 km echoes and drifts made by lowters and four independent antenna sets. Each antenna set is
power, low-cost radar systems have the potential to greatlyformed by a 4x 4 array of Yagi antennas. The four antenna
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sets are aligned in the magnetic east—west direction. One o w
two antenna sets can be used for transmission. In general
observations of 150 km echoes are made using only one an
tenna set for transmission and one transmitter. Soundings
were made with 28-bit coded pulses giving a range resolu-

151

tion of 1 km. The inter-pulse period is 600 km and voltages 0; 20 >% Sao Luis— |
are sampled every 1km for ranges between 90 to 210km | 10
altitude. f

In order to estimate the mean Doppler velocity of the
echoes we analyzed the radar returns using the Fast Fourie
(FFT) algorithm. Prior to the FFT analysis, however, we co-
herently integrated 16 voltage samples. A total of 64 points
were used for spectral analysis, and a total of 10 resulting 3
power spectra were incoherently integrated before spectra\%
parameters were estimated from the final power spectrum. - -30 ]
Therefore, we were able to estimate unambiguously Doppler
velocities between-40ms! and +40ms™. The uncer- |
tainty of typical mean Doppler estimates is within 1nts \

Full spectral widths and mean Doppler shifts (velocities) -45 7 By i
were estimated by fitting a Gaussian function to the final es- |
timate of the power spectrum.

X 0
Jicamarca

} -20

N (degrees)
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Table 1 provides a summary of the radar parameters usec

for 150 km-echoes observations. Figurshows a map in- -60 ‘ ‘ ‘

dicating the location of the S&o Luis radar. For reference -90 e 60 45 -30

purposes, the location of the Jicamarca Radio Observatory is Longitude E (degrees)

also shown. Jicamarca is located across the American sector, i B )
approximately 39 of longitude to the west of S&o Luis. Ji- Fig. 1. Location of the S&o Luis radar whose measurements of

camarca measurements of 150 km drifts, whenever available150 km echoes were used o derive Vert'ca.l drifts in the Brazilian
. ~ . Sector. The location of the Jicamarca Radio Observatory and the
are compared with S&o Luis measurements.

inclination of the geomagnetic field lines are are also shown for
reference.

3 Results
negative Doppler velocities, which indicates upward motion.

Figures2-6 present examples of observations made by theHigh-resolution measurements at Jicamarca showed that the
Sao Luis radar and the results of our analyses. We chose eXoppler velocities of 150 km echoes do not vary much with
amples of observations that show 150 km echoes with sigaltitude. In the measurements made with the S&o Luis radar,
nificant signal-to-noise ratios (say SNR-5dB) occurring  however, we found some variability in the mean Doppler ve-
during four or more hours on each day. These examples arcity with height at times. We found that this variability is
part of a set of measurements made during 2008 and earlgaused by the somewhat large beam widi.(°) of the an-
2009 that have been available for this study. Additionally, tennas used by the rad&ddrigues et al.2011h. Some of
these measurements were made during periods considerelde echoes detected by the S&o Luis radar are caused by ir-
geomagnetically quiet. The 3h Planetary K (Kp) index did regularities located a few degrees off zenith.
not exceed Z during the observations. The eight 3h Kp in-  Panel ¢ in each figure shows the full spectral width of
dex values for each day are provided in each figure caption.the echoes. Similar to what has been observed in other sites
Panel a in each figure shows the range-time—intensitfRoyrvik and Miller, 1981 Chau and Kudeki2006 Patra
(RTI) map of the echoes. The vertical dark blue lines indicateet al, 2008, the 150 km echoes detected by the S&o Luis
data gaps caused by artificial clutter that has been observegdar have, in general, narrow spectral widths (usually only
from time to time in the radar measurements. The RTI mapsa few ms1). Careful analysis of S&o Luis echoes, however,
show that 150 km echoes, in general, descend from higher akhow that double-peaked spectra could be observed at times.
titudes during morning hours and ascend again in altitude inAgain, this can be caused by the occurrence of multiple scat-
the afternoon as expected from typical observations made agering centers within the radar field-of-view and within the
Jicamarca and other siteéBsunoda and Ecklun@004 Patra  same range gat&pdrigues et al2011h.
et al, 2008. Panel d shows the uncertainty in our estimates of the mean
Panel b shows the mean Doppler velocity estimated fromDoppler velocity. It can be seen that, in most cases, the un-
the echoes with SNR —5dB. The echoes, in general, have certainty is well within 0.5 mst.
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Table 1. Typical radar parameters for observations of 150km
echoes.
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Height [km]

Parameter Value oo |
Peak power 4kwW 1401 I
Code length 28 bauds 180 -
Baud length 1km _ 1707 -
IPP 600 km gleof F
Number of samples 120 g‘mo— -
Initial sampling height 90 km 140 L

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

Height [km]

Finally, panel e shows a curve (black markers) of the . (1) Uncertainty Mean Doppler Viocty (') )
height and time averaged Doppler velocity of the echoes as 1]
a function of local time. The mean values were obtained by
averaging all the Doppler velocities within 10 min time bins.
The error bars represent the standard deviation of the val- -
ues used in the average estimate. Therefore, they represer , (O Averyge ot
the temporal and spatial (height) variability of the estimated . 1 EHHEH?“E?EL -
Doppler velocities. Note that the sign of the Doppler velocity i i
has been converted so that positive velocities values represer g = |
away (upward) velocities. Consecutive bins do not overlap ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
and running averages were not used to smooth the curves. W~ %% %% 1000 1001200 T4 160 1900 1000 AT 180
also only used echoes with full spectral widths that are less ) ] ]
than 2ms?. Observations from all the range gates within F'9- 2- ()range-time-intensity (RTI) map of 150 km echoes ob-
that time bin were used in the average. Panel e also showiSrVed by the Sdo Luis radar on 30 January 2008. The vertical

. . . . ark blue lines indicate data gaps caused by interferéhf&lean
model pr_e.dlctlons$;cherllress arld Fej’61999 of the _vertl- Doppler velocity of the echoeg&) Full spectral width of the echoes.
cal yelocn@s for _Sao Luis (solid black line) and. chamarca(d) Uncertainty in the mean Doppler velocitie) The solid lines
(solid red line). Finally, whenever available, we include the show the model prediction of vertical plasma velocities for S&o Luis
vertical drifts in the western American sector estimated from(b|ack) and Jicamarca (red). The markers show the estimated mean
150km echoes measured by the JULIA (Jicamarca UnatDoppler velocity of the 150 km echoes observed by the S&o Luis
tended Long-term Investigations of the lonosphere and At-radar. The 3 h Kp indices for this day are %,2, 0+, 0, 0, 0, 0.
mosphere) mode of the Jicamarca radar.

Height [km]

‘elocity [m/s]

]

Panel b shows that the mean Doppler velocities vary only
slightly (a few m s') with height on this day. We remind that
The previous section presented examples of measurement8e negative velocities in this panel represent motion away
of 150 km echoes made by the Sao Luis radar and resung'om the radar. The magnitude of the velocities can be as
of our analyses of these measurements. These examples dasge as 30 ms' or more on this particular day.
now examined and discussed individually. The most striking Panel ¢ shows that most of the spectral widths are well
feature (or features) of these observations and analyses a¥éthin 2ms~! with only a few cases reaching5ms™.

4 Discussion

pointed out. Panel d shows that the uncertainties in the estimation of
the mean Doppler velocity are really small, usually less than
4.1 30 January 2008: abnormally large drifts 0.5ms ! as mentioned earlier. Somewhat larger uncertain-

ties were limited to a strong scattering region observed be-
Figure 2 shows results for observations made on 30 Jantween 14:00 and 15:00 LT and 140 and 150 km altitude. The
uary 2008. . following examples (Figs. 3—6) confirm a noticeable tendecy

The RTI map (panel a) shows 150 km echoes occurring beof g low-altitude (below~ 150 km) scattering layer to appear

tween approximately 140 and 170 km. Despite the data gapgfter~ 14:00 LT.
caused by clutter, itis still possible to identify the “necklace”  panel e shows the local time variation of the mean Doppler
pattern in the RTI map caused by echoes descending in altivelocity averaged in time (every 10 min) and height. In this
tude during morning hours and ascending in the afternoon. panel, positive values indicate upward velocities. Therefore,
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as expected, our results show mean upward drifts through-
out the entire period of observations (between 10:00LT and
15:00LT). We also show predictions of vertical F region
drifts made by theScherliess and Fejg1999 empirical
model for S&o Luis (black solid curve) and Jicamarca (red .. 11 gy Py 8
solid Curve). fean Doppler Velocity (mis)
The most striking feature on this day is that the measured |
drifts greatly exceed the Scherliess—Fejer model predictions &
for Sdo Luis (and Jicamarca). The model only predicts an
average value of the mean vertical drift. The measured drifts, 11
however, are well outside the region of expected values ever i
when the quiet-time day-to-day variability is taken into ac- _
count. Using Jicamarca incoherent scatter radar (ISR) mea:
surements-ejer and Scherlieg2001) showed that the quiet-
time variability is approximately 4-7 nt$ during low so- 1407
lar flux conditions. At 14:00LT, however, the model pre- o
dicts ~5ms! drifts while the measurements show values _ 11
exceeding 30 mg.
We must point out that thBcherliess and Fejét999 em- £ 1507
pirical model of F region drifts was developed using a large
set of local measurements made by the Jicamarca ISR be *
tween 1968-1992, but augmented by a limited set of global z | S TLII L I
measurements made by the Atmosphere Explorer E satellite 2 |, | !
between 1977 and 1979. Therefore, it is not unreasonable > [ aw™=l 75Tt e _
to think that the limited data set outside the Peruvian sector o —— - —
might not be complete enough to describe well the behavior a0

of the drifts in the Brazil sector. Continuous measurement OfFig. 3. Same as Fig2 but for 4 January 2008. The mean Doppler

150km echoes can help the improvement of empirical ande|ocity of the 150 km echoes measured by the Jicamarca radar is
physics-based electric field (plasma drift) models. also show ine) as red markers. The 3 h Kp indices for this day are
Unfortunately, measurements of 150 km echoes were nop, 0, 0, -, 1—, 1, O+, 2—.

made at Jicamarca on this d&@hau et al(2008, however,

conducted measurements of vertical drifts at Jicamarca be-

tween 17 and 26 January 2008 as part of an observationdhen descend in altitude. Again, the removal of the clutter
campaign that targeted the detection of the effects of sudeauses gaps in the RTI map, but the perturbation in the echo-
den stratospheric warming (SSW) events in the low-latitudeing layer behavior is still observable. Assuming that 150 km
ionospheric electrodynamics. Drifts that were much largerechoes are caused by irregularities generated by a plasma in-
than average were observed at Jicamarca between 21 Jastability, perturbations in the echoing layer suggest a disrup-
uary, when the SSW event started and 26 January, when oltion in the underlying conditions controlling the instability
servations ended. While we are inclined to hypothesize thagrowth rate. The disturbance in the height of the echoes (as
the large drifts observed by the S&o Luis radar could haveseen in the RTI map), was not followed by any detectable
been a result of the 2008 SSW event, the example to be devariations in the mean Doppler velocities, which indicates
scribed next suggests that this might not be case. Abnormallyhat the underlying instability conditions are independent of
large drifts during January can occur even during geophysithe background zonal electric field.

a) Sao Luis, Brazil - 20080104 SNR (dB)

W

Height [km]

Height [km]

STYRITIR |
[ “ iy o ]

Height [km]

(d) Uncertainty Mean Doppler Velocity (m/)

Height [km]

(e) Average drifts
I 1 I

/S|

‘elocity

cally quiet times in the eastern American sector. Panels b—d show typical values of mean Doppler veloc-
ity, spectral width, and uncertainty in the estimated mean
4.2 4 January 2008: longitudinal variability Doppler velocities for 4 January 2008.

Panel e shows that the amplitude and pattern of the es-

Figure 3 shows results for observations made on 4 Jan-timated drifts are very similar to what was observed in the

uary 2008. previous example (for 30 January 2008). They confirm that
Panel a shows that, similar to the previous example, echoethe unusually large plasma drifts seen on 30 January were
were observed between 140 and 170 km altitude. In this exnot unique. On 4 January, however, 150 km echoes measure-
ample, however, we observed that the echoing region departsients were made at Jicamarca and drifts were available for
from the regular necklace pattern. Between approximatelycomparison with the drifts measured over S&o Luis. The Jica-
12:00LT and 13:30 LT, two layers (or regions) of echoes aremarca drifts are also shown in panel e as red markers. Despite

perturbed from their regular necklace pattern and ascend angeomagnetically quiet conditions, the local time variation
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180

and amplitude of the measured drifts (in S&o Luis and Jica- (e) Sao Luis, Brazil - 20080805 SNR (48)

marca) depart significantly from the model drifts. The drifts
measured over Jicamarca and S&o Luis depart significantly £ ;|
from each other as well. The drifts over S&o Luis reach am- £
plitudes that are 3 times or more larger those observed at Ji- 1.0/ GUTANEE g 8 R
camarca for the same local time. o - an Dopplr Veos
The Scherliess—Fejer climatological model does not pre- ;]
dict large zonal gradients in the daytime vertical plasma drifts
in the American sector. A recent study Afaujo-Pradere
et al. (2012 using C/NOFS satellite measurements, how- o
ever, indicated that a large zonal gradient might exist. They s
associated the zonal gradient in the vertical drifts with the _ 7]
longitudinal variation of the dynamo winds driven by non-
migrating tides. Our observations provide unambiguous ev-
idence of the occurrence of large longitudinal gradients in
the values of vertical plasma drifts (for a given LT) over the
American sector. These gradients can cause additional dif-
ficulties in the proper modeling of the equatorial and low- =1
latitude ionosphere when using, as input, the current clima- £ **]
tological models of vertical drifts.
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4.3 5 August 2008: downward drifts
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Figure 4 shows results for observations made on 5 Au- * ]
gust 2008. 10

T T T T T T T T T
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

In a previous studyRodrigues et al(2011h found that Local Time
the 150km echoing layers observed by the S&o Luis radaIEig. 4. Same as Fig2 but for 5 August 2008. The 3 h Kp indices
between July and early September of 2008 were strongefy; ihis day are @, O+, 1—, 1, 1—, O+, O+, O.
and lasted longer than echoing layers observed during other
months on that year. The observations for this day exemplify

that finding. On 5 August 2008, in particular, echoes weregyr results resemble drift estimates obtainedPagra et al.

observed throughout the entire period of observations, fror‘r‘(2013 using Gadanki radar (138, 79.2 E, 6.5 N mag.

about 10:00 LT to approximately 15:00 LT. _ lat.) measurements of 150 km echoes. Their analysis show
Similar to previous examples, panels b—d show typical val-qownward drifts of a few ms! in the afternoon. See, for

ues of mean Doppler velocity, spectral width, and uncertaintyinstance, the drifts for 5 July 2008 in Fig. 6 of their paper.
in the estimated Doppler velocity.

Panel e shows that the average drifts measured by the Sap4 2 September 2008: typical drifts
Luis radar have amplitudes that are much smaller than those
presented in the previous examples (from January 2008). ThEigure5 shows results for observations made on 2 Septem-
drift model, however, predicts larger drifts than what was ber 2008.
measured. Once again, the model predicts very similar drifts Again, strong and long-lasting echoes were observed on
for Jicamarca and Sao Luis. Measurements of 150 km echoehis day (panel a). Similar to 5 August 2008 two echoing

were not made at Jicamarca on this day. layers could be distinguished in the RTI map during most
The most interesting feature, for this day, is that nega-of the observations.
tive drifts were observed early in the afternoen(4:00 LT). Panel b shows, before 12:00 LT, some height variability in

This is atypical based on theoretical expectations and climathe mean Doppler velocity of the echoes. It is unclear why
tological models. A recent investigation of vertical plasma we have more height variability on some days than others.
drifts measured by the ion velocity meter (IVM) onboard We found, however, that we can use this height variability, to-
the C/NOFS satellite, however, showed an unexpected higlgether with spaced-antenna radar measurements, to estimate
occurrence of negative plasma drifts, particularly during thenot only the direction of the scattering centers but also the
2008-2009 period when solar flux conditions were extremelyvertical and zonal component of the drifts. Preliminary re-
low (Stoneback et g312011). While we did observe a few sults are promising but are outside the scope of this study,
cases of negative daytime plasma drifts in our 150 km-echoeand will be reported at a later time.

observations, they did not show values as large as those seenPanel ¢ shows values of spectral widths that are sim-
in the average curves computed 8toneback et a(2011). ilar to what was seen in the previous examples. Panel d
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also distinct. The day-to-day variability reached 15Th at
Gadanki and only 7 ms" at Kototabang. The observations
in S8o Luis and Jicamarca confirm that the local time vari-
ation of the drifts over two sites can be very distinct even if
they are spaced by only a few 10s of degrees in longitude.
We point out that the Sdo Luis and Jicamarca are equato-
rial sites and both observe electric fields around the same
apex height £ 150 km). As stated earlier, this longitudinal
variability of the drifts could be caused, at least in part, by
the variability in non-migrating tides such as those responsi-
ble for the wavenumber-4 structures observed in low-latitude
ionospheric total electron content — TEC (elghmel et al,
2008 Araujo-Pradere et 3l2012).

Another factor contributing for the differences in vertical
drifts observed at Jicamarca and Sao Luis could be the lo-
cation of these sites with respect to the geographic equa-
tor. The equatorial electric fields are a result of the E/F re-
gion dynamos. The winds and tides driving the dynamos are
known to vary with geographic latitude. Therefore, the neu-
tral winds and tides over (and near) Sao Luis and Jicamarca
60 i are expected to be distinct as a result of their latitudinal dif-
40 - ferences. While Sao Luis is located near the equatof §).2

i Jicamarca is at a low geographic latitude (12.9% The dif-
1§§HHH 77777777777777 T —— [ ferences in the magnetic equatorial drifts seen at Jicamarca
-1%8:00 09:‘00 10‘00 11‘:00 12‘:00 13:‘00 14:‘00 15700 16‘:00 17‘:00 18:00 and Sao LUIS Can be due to dlﬁerences In thelr geographlc

Local Time latitudes. Furthermore, winds from different local times con-
Fig. 5. Same as Fig but for 2 September 2008. The mean Doppler tribute to the (_lenamq elt_ectri_c field over Sao Luis_due to the
velocity of the 150 km echoes measured by the Jicamarca radar i@79€ magnetic declination in the eastern American sector

also show ine) as red markers. The 3 h Kp indices for this day are (~—20
1-,0+,1-,1,1,0+ 0+, L.
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4.5 29 January 2009: SSW event

shows typical values of the uncertainty of the estimated mearrinally, Fig.6 shows results for observations made on 29 Jan-
Doppler velocities with a few larger values before 11:00 LT. uary 2009.
Jicamarca measurements of 150 km echoes were available Panel a shows that only after12:00 LT two distinct lay-
on this day. Panel e shows the average measured drifts fagrs were observed on this day. Panel b shows large values of
Jicamarca and Sao Luis. Like in most cases when we havenean Doppler velocities. Panels ¢ and d show typical values
data from both sites, the drifts over Sdo Luis and Jicamarcaf spectral widths and uncertainties for the estimated mean
have different magnitudes. The relatively large error bars inDoppler velocities, respectively.
the height and time averaged drifts for S&o Luis are a re- Panel e shows the mean vertical drifts for Sdo Luis. Mea-
sult of variability (in height — panel b) of the mean Doppler surements of 150 km echoes were also made at Jicamarca
velocities. on this day, and the resulting average drifts in the Peruvian
This example illustrates typical vertical drifts measured in sector are shown as well. The most interesting features of
Sao Luis. Typical refers to the fact that the drifts indicate the drifts observed on this day are the large magnitudes and
mostly upward plasma motion, with magnitudes no largerthe high similarity between the local time variation of the
than 20 ms?®. Additionally, the local time variation of the drifts over S&o Luis and Jicamarca. Upward drifts as large as
S4&o Luis drifts also do not generally follow the drifts seen at45ms ! were observed in Jicamarca and drifts as large as
Jicamarca. 35ms ! were observed in S&o Luis. We point out the differ-
Recently, Patra et al.(2012 analyzed observations of ence in the range of the vertical axis for this example com-
150 km echoes made by radars in Gadanki (1R.,579.2 E; pared to previous examples.
6.5° N mag. lat.) and Kototabang (0.3, 100.32E; 10.36 S Previous experimental studies have already shown that
mag. lat.). They found that, despite being spaced by onlythe daytime zonal equatorial electric field can be severely
20 in longitude, the two sites observed a distinct behaviordisturbed during what is called sudden stratospheric warm-
in the daytime vertical drifts. Not only drifts could be dif- ing (SSW) events (e.gAnderson and Araujo-Pradei201Q
ferent over the two sites, but their day-to-day variability was Chau et al.2008 Fejer et al,201Q Rodrigues et al20113.
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(a) Sao Luis, Brazil - 20090129 SNR (dB)

drifts were observed during morning hours and unexpected
downward drifts were seen in the afternoon. The effects of
SSW events on the ionospheric electrodynamics exemplify
| a complex coupling between the high-latitude lower atmo-
L sphere and the low-latitude ionosphere.

Using vertical drift measurements made by the lon Veloc-
ity Meter (IVM) instrument on-board the C/NOFS satellite,
L Rodrigues et al(20113 had already found that the magni-
- tude and local variation of drifts did not vary much over a
- large range (10s of degrees) of longitude during the 2009
- SSW.
- The observations at Jicamarca and Sao Luis on 29 Jan-
- uary 2009 provide measurements without the space—time
- ambiguity associated with satellite observations. The radar
r measurements, nevertheless, confirm the satellite measure-
- ments showing a large spatial (zonal) correlation length of
r the equatorial vertical drifts during the 2009 SSW event at
r least for the American sector.
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Height [km]

(e) Average drifts
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o0 — 5 Summary and final remarks

Velocity [m/s]

ol 143 S [ We presented results of first estimates of the daytime ver-
I tical ionospheric drifts in the Brazilian sector. These esti-

Tee B .

; ; ; ; ; ; . ; mates were obtained from measurements of 150 km echoes

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Local Time measured by the 30 MHz low-power coherent backscat-

. . ter radar installed in S&o Luis, Brazil (259, 44.22W;
Fig.6. S Fig2 but for 29 J 2009. Th Doppl . ~ P ’ ’ '
9 ame as Fig2 but for anuary © mean Jopp er —2.35 dip lat). Sdo Luis measurements were compared

velocity of the 150 km echoes measured by the Jicamarca radar is = - ; A )
also show ir(e) as red markers. The 3h Kp indices for this day are 9@inst empirical modeScherliess and Fejet999 predic-
0,2, 2+, 1+, 1+, O+, O+, 0. tions of equatorial F region drifts. The measurements were

also compared against same-day measurements of 150 km-

echoes drifts made by the JULIA radar in the Peruvian sec-
The mechanism linking the variations in the high latitude tor, only 30 to the west of the S&o Luis site (see Fig. 1).
stratosphere and the low-latitude ionosphere are being inOur measurements and comparisons show that equatorial
vestigated and new measurements can prove very useful tdrifts can be highly variable, departing severely from model
test/validate proposed theories. predictions and changing dramatically in longitude for the

SSW events are large meteorological events taking placé&merican sector at a given day. Previous studiesgdr et al.
in the high latitude stratosphere. During Northern Hemi- 2008 have already indicated large longitudinal gradients in
sphere winter, a deceleration of the eastward stratospherithe averaged (climatological) drifts measured by satellites.
winds has been observed. A sudden increase in the strat@zombining Jicamarca and Sao Luis radar observations, we
spheric temperature is also observed during SSW eventhave now shown absolute measurements of the drifts across
hence the name of this meteorological event. When a revers&outh America, which quantify the longitudinal gradient for
of the zonal wind is observed (at 10 hPa geopotential height. given day.
and 60 N geographic latitude), the SSW is classified as ma- The Sao Luis observations show that, even during geo-
jor. This is the case of an event observed in January 2009nagnetically quiet conditions, vertical drifts can vary sig-
(e.g.,Fejer et al. 201Q Fang et al.2012 Rodrigues et al.  nificantly across the American sector (over 36ngitude).
20114. During a SSW event, the atmospheric circulation is We found, for instance, that daytime drifts can be as large as
altered from its normal pattern. This change in circulation af-30 ms'1 over S&o Luis and not exceed 10T sver Jica-
fects the propagation of tidal waves; a result of a complex in-marca on the same day. This is likely a result of a longitudinal
teraction between different tidal modes, interaction with thevariability in the E region dynamo winds. Differences in lat-
mean flow and with stationary planetary waves (eékgng  itude of those sites are likely to play a role as well, since Sao
etal, 2012. Luis is approximately 10closer to the geographic equator
Chau et al.(2008 has already reported that, during the than Jicamarca.

January 2009 SSW event, the vertical plasma drifts over Ji- On the other hand, we also found that during a day in the
camarca were severely disturbed. Abnormally large upward2009 sudden stratospheric warming (SSW) event, the local
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time variation and magnitude of daytime drifts over Sao LuisBalsley, B. B.: Evidence of a stratified echoing region at 150 kilo-
and Jicamarca were very similar. Furthermore, in both sites, meters in the vicinity of the magnetic equator during Daylight
the drifts were abnormally large compared to quiet-time ex- Hours, J. Geophys. Res., 69, 1925-1930, 1964.

pectations. Joint radar measurements confirm previous satefhau. J. L. and Kudeki, E.: Statistics of 150 km echoes over Jica-
lite observations that indicated that drifts could be nearly the Marca based on low-power VHF observations, Ann. Geophys.,

same (for a given LT) over a wide range of longitudes during _ 2% 13051310, ddl0.5194/angeo-24-1305-2008006.
the 2009 SSW. Chau, J. L. and Woodman, R. F.: Daytime vertical and zonal veloc-

. dies indi d th f q ities from 150 km echoes: Their relevance to F-region dynamics,
Previous studies indicated the occurrence of unexpecte Geophys. Res. Lett., 31, L17801, dd):1029/2004GL020800

daytime downward drifts during the 2008—-2009 period when 5gg4.

solar flux were abnormally lowStoneback et al201%; Patra  chau, J. L., Fejer, B. G., and Goncharenko, L. P.: Quiet variability
et al, 2019. We did find cases of downward drifts, usually  of equatorial ExB drifts during a sudden stratospheric warming
after 16:00 LT, in the limited set of measurements available event, J. Geophs. Res., 36, L05101, £#0i1029/2008GL036785

to this study. The magnitude of these drifts, however, were 2008.

much smaller than those reported&pneback et a(20]_]), de Paula, E. R. and Hysell, D. L.: The Sédo Luis 30 MHz coherent

and were in better agreement with the values observed by scatter ionospheric radar: System description and initial results,
Patra et al(2012. Radio Sci., 39, RS1014, d&D.1029/2003RS002912004.

. . de Paula, E. R., lyer, K. N., Hysell, D. L., Rodrigues, F. S.,
Finally, we also presented an example where the height vs: Kherani, E. A Jardim, A. C.. Rezende, L. F. C.. Dutra, S. G..

tl_me variation of the 150 k.m echoes in the RT.' ma}‘p could d?' and Trivedi, N. B.: Multi-technique investigations of storm-time
viate, for a .fe\.N t?ns of minutes, from th,e typlcal' .necklace ionospheric irregularities over the S&o Luis equatorial station in
pattern. This indicates that the underlying conditions for the Brazil, Ann. Geophys., 22, 35133522, ddi:5194/angeo-22-
generation of 150 km-echoes irregularities can be disturbed 3513-20042004.

momentarily. The mean Doppler velocity of the echoes, how-de Paula, E. R., Kherani, E. A., Cueva, R. Y. C., and Camargo, L. A.:
ever, were not affected by the changes in the underlying Observations of pre-midnight 5-m irregularities in the equato-
plasma conditions, which suggests that the background elec- rial F-region over Sao Luis, Brazil: Solar flux dependence and
tric field does not play a role in the instability responsible for ~ seasonal variations, J. Atmos.-Sol. Terr. Phys., 73, 1544-1554,

the irregularities causing 150 km echoes. 2011.
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