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Abstract. We present a summary of the statistical charac-
teristics of echoes from ionospheric (E- and F-region) field-
aligned irregularities obtained with the Piura VHF radar.
This radar is located at7.0° dip latitude, just outside the 1 Introduction

equatorial electrojet (EEJ) region. Our results are based on

(1) intermittent observations made between 1991 and 1999\t low latitudes, but outside the equatorial electrojet (EEJ)
just few days a year, and (2) continuous observations madeegion, i.e. £3° off the dip equator (e.g. Forbush and
between January 2000 and June 2001. During most of the in€asaverde, 1961), the characteristics of the ionospheric ir-
termittent observations, simultaneous measurements of EE&gularities are not well known, mainly because there have
and equatorial spredeé (ESF) irregularities were performed been only few observational and theoretical studies at these
with the Jicamarca VHF radar. From the continuous mea-atitudes. On the other hand, ionospheric field-aligned irreg-
surements, we have obtained the diurnal and seasonal chamfarities (FAI) have been intensively studied in the equato-
acteristics of a variety of parameters (percentage of occurfial and auroral regions with radars and in situ measurements
rence, signal-to-noise ratio and/or Doppler velocities) from(see, e.g. Kelley, 1989). In the last decade, intensive efforts
the lower and upper E-region irregularities and also from(radar, optical and in situ observations, modeling) have been
F-region irregularities over Piura. For example, we havededicated to the understanding of FAIl at mid-latitudes (e.g.
found that (1) the E-region echoes are stronger and occuFukao etal., 1998; Larsen, 2000 and references therein for E-
more frequently during local summer (i.e. between Decem-region studies; and Fukao et al., 1991, Swartz et al., 2000 for
ber and March); (2) between May and June, the E-regiorF-region studies). Special emphasis has been placed on the
echoes are weaker and occur less frequently; moreover, dutnderstanding of the so-called “quasi-periodic” (QP) echoes
ing these months, a semidiurnal wave with large amplitudedirst observed by Yamamoto et al. (1991) (see, e.g. Hysell
is observed in the meridional wind-(100 ms1); (3) there  and Burcham, 2000 and references therein).

is vertical wavelength of about 20km in the Doppler ve- The few radar observations at low latitudes have been
locity, particularly after midnight; (4) the lower (upper) E- made with the Indian VHF radar in Gadanki (%3N,
region Doppler velocities are influenced mainly by merid- 79.2° E; dip latitude 125° N) (e.g. Choudhary et al., 1996;
ional winds (equatorial F-region vertical drifts). In addition, Krishna Murthy et al., 1998; Choudhary and Mahajan, 1999;
we have observed that the seasonal and daily occurrences phtra et al., 1997; Rao et al., 1997), the Piura VHF radar
Piura F-region irregularities are similar to the occurrence ofin Peru (52° S, 8063° W; dip latitude 139° N) (Woodman
topside ESF irregularities over Jicamarca. The likelihood ofet al., 1999; Chau and Woodman, 1999) and with a forward-
occurrence of F-region irregularities over Piura and, therescatter radar system installed in South America during the
fore, topside ESF over Jicamarca is greater when there are ngternational Geophysical Year (IGY) (Cohen and Bowles,
E-region irregularities over Piura. On the other hand, there1963).

is more probability of observing bottomtype/bottomside ESF  The main characteristics of the E-region echoes at these
irregularities over Jicamarca when E-region irregularities areow |atitudes are very similar to those observed at mid-

observed over Piura. latitudes, i.e. they occur mainly at night, are produced by gra-
Key words. lonosphere (ionospheric irregularities; equato- dient drift instabilities, where the lower echoes are of a con-
rial ionosphere; instruments and techniques) tinuous type and the upper E-region echoes are of QP type.

On the other hand, the few F-region observations present
Correspondence tal. L. Chau (chau@geo.igp.gob.pe) very similar characteristics to the equatorial F-region irreg-
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ties. Coincidentally, one of the predefined pointing direc-
tions of the Piura VHF radar, points perpendicular to the
magnetic field, i.e.~14° zenith angle to the north; there-

25

15

E fore, we needed only to modify the acquisition parameters to

= 5 perform these experiments.

'E’ The basic parameters of the Piura radar are the 49.920-
-5 MHz operating frequency, an 100 s 100 m antenna area,

~2.1° two-way half-power beam width, and 20 kW of trans-
mitted peak power. More details on this system are given by
Gage et al. (1991).

A
0:00 1:00
Local Time
Date: 31-Oct-98 (304)

2.1 Intermittent E-region observations

Fig. 1. Example of altitude-time signal-to-noise ratios from E-

region irregularities. . L " .
The main features of E-region irregularities obtained from

these intermittent campaigns have already been presented
ularities, particularly those from the topside (e.g. Patra et al. by Woodman et al. (1999) and Chau and Woodman (1999).
1997). Here we present just one example and summarize the results

In addition to the scientific importance of understanding Previously obtained in order to avoid duplication. In Fig. 1,

the morphology of ionospheric FAI at these latitudes, there'® Show altitude-time signal-to-noise ratio (SNR) values ob-
is the need to study the possible relationship between FAf&ined from E-region irregularities observed on 31 October
at these latitudes and the occurrence of ESF irregularities at298- In this particular example we are able to clearly distin-
the dip equator, since F-region magnetic flux tubes over th&Uish between the two regions described by Woodman et al.
dip equator map into the E-region heights at low latitudes.(1999), namely the lower, continuous-type E-region echoes

This relationship could help with the forecasting of the ESF (95— 105km) and the upper, patchy-type E-region echoes
irregularities. (105— 120km). As it can be seen, the latter echoes, when

The Piura VHF radar constitutes the easternmost elemen?bserved_ W,'th h|gh time resolution, s_how _quaS|—per|od|c
of a network of atmospheric radars located close to the geogh_aracterlstlcs like those reported at mid-latitudes. The co-
graphic equator in the Pacific Ocean sector (see Gage et aﬁ,X'Stence of echoes fron_w both regions has also been shown
1991 for details on these radars). The main purpose of thi;?y Choudhary and Mqhe}jan (1999). )
radar is to study the lower atmospheric dynamics operating | "€ Main characteristics of these E-region echoes are:
as a wind profiler. Between 1991 and 1999, we have sporadi-
cally interrupted its normal observations to study the charac-

teristics of E-region and F-region irregularities. Preliminary

— They appear mainly at night, between 19:00LT and
06:00LT. Their spectral widths range from 30 to
100m s and their mean Doppler velocities vary be-

results have been published by Woodman et al. (1999) and
Chau and Woodman (1999). Although the Piura observa-
tions are taken at a similar magnetic latitude as the Gandaki
radar in India, they are very unique, since Piura is located in
the southern geographic hemisphere.

In this paper, we extend the results presented by Wood-
man et al. (1999) based on 15 days of data, by making use
of more data taken intermittently between 1991 and 1999.
Particular emphasis is given to the concurrent observations
of FAIs between the Piura and the Jicamarca radars. Then
we present and discuss the statistical characteristics (diurnal
and seasonal) obtained from new data taken between January
2000 and June 2001. During this period, ionospheric obser-
vations have been made on a “continuous” fashion without
interrupting the lower atmospheric observations, but with a
poorer time resolution compared to the previous observations
(see details below).

2 Results from intermittent observations

In this section, we present the results obtained between 1991
and 1999 from intermittent Piura campaigns dedicated ex-

tween—30 and 30 mst. The ratio of the spectral width

to the mean Doppler velocity is greater than 1, imply-

ing that the echoes are due to gradient drift instabilities,
i.e. type 2 echoes (e.g. Fejer and Kelley, 1980). There-
fore, these low-latitude echoes resemble more the mid-
latitude irregularities than the equatorial irregularities

(e.g. Yamamoto etal., 1992; Haldoupis and Schlegel,
1996).

There are two distinctive regions: one between 95 and
105km and the other between 105 and 120km. The
lower region is less turbulent (mean spectral width of
~60ms1) than the upper region>75ms™?). In
addition, the lower region echoes present a close-
to-zero mean Doppler velocity, while the upper re-
gion echoes show a consistent positive velocity (down-
ward/southward) (7m3g) (see also Patra and Rao,
1999).

The upper region echoes present quasi-periodic echoes
with negative and positive slopes (Chau and Woodman,
1999).

Itis important to mention that although we have previously

clusively to the observations of E- and F-region irregulari- labeled the lower E-region echoes as “continuous”, some-
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times structured echoes are observed, which are apparently
very similar to those described by Urbina etal. (2000).

Ir_1 addition, in Flg' 1, we can observg the presence of I:'Fig.3. Occurrence correlation between E and F-region irregulari-
region echoes foIdmg_over our SamF?'”?g window, aroundties observed over Piura and F-region irregularities observed over
20:15LT. Note the striated characteristic of these echoes;icamarca. These statistics have been obtained from 152 events ob-
starting at very low heights and covering almost all heights.tained between 1991 and 1999. The different types of spFead
In the next sections, we will discuss more about this “inter- events over Jicamarca are denoted with different patterns.
ference” and how we use it to obtain proxy measurements of
F-region irregularities.

E irregularities (Piura)

radar was not working, to determine the occurrence of spread
2.2 Intermittent F-region observations F over Jicamarca.
In Fig. 3, we summarize the relationship between the Piura
As it has been mentioned before, on some occasions, simults&and Jicamarca irregularities based on 152 events taken be-
neous measurements were performed at Jicamarca, and welwgeen 1991 and 1999. The (y) axis corresponds to the
made with the JULIA system (these may be viewed fromoccurrence of Piura E-region (F-region) echoes. For each
http://jro.igp.gob.pefjulia). combination, the type of Jicamarca F-region irregularities is
In Fig. 2, we present an example of simultaneous Sprea(ﬂuantifiEd, i.e. none (If no irregularities were observed), bot-
F measurements obtained with the Piura and the Jicamarc®m (bottomtype or bottomside), top (plumes), and unknown
VHF radars. The Piura spredd echoes are weaker than (no data were available from Jicamarca). For a description
the echoes from Jicamarca. Note that the Piura system ha@) the different types of equatorial F-region irregularities,
less sensitivity than Jicamarca (antenna size difference o$€€ Woodman and La Hoz (1976) and Hysell and Burcham
—13dB, transmitted power difference of3dB, and pulse  (1998).
width difference of-3 dB). There is a time difference 616 The main results from this diagram are:
min due to the difference in longitude, but that has been cor-
rected in Fig. 2. So far, we have been able to observe only
topside echoes (plume-type). There is a slight increase in the
noise level in both sites around 02:00 LT (LT = UT - 5 h); this
is due to the noise temperature at the center of the Galaxy.
Although the Piura spreaH echoes are weaker than Ji-
camarca’s, we have been able to use them to quantify the — The likelihood of obtaining F-region irregularities at

— E-region echoes are observed most of the time (lower
right quarter).

— When F-region echoes are observed over Piura, plume-
type echoes are observed over Jicamarca (first row).

relationship between the occurrence of E- and F-region ir- Piura and, therefore, topside ESF irregularities at Jica-
regularities over Piura and the occurrence of F-region irreg- marca is about half if there are no E-region irregulari-
ularities over Jicamarca. It is important to point out that F- ties, but only about one-fifth if there are E-region irreg-

region magnetic flux tubes over Jicamarca map into E-region  ularities.

heights at low latitudes. For the case of Piura, magnetic flux

tubes at 200- and 300-km altitude over Jicamarca map to — There is more probability to observe bottom-
~100- and~200-km altitudes over Piura, respectively. In type/bottomside ESF irregularities over Jicamarca
addition, we have used the Jicamarca ionograms when the =~ When E-region irregularities are observed over Piura.
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Fig. 4. Seasonal variability of maximum daily SNR observed from Fig.5. Seasonal variability of percentage of occurrence of lower
the lower E-region (red) and the upper E-region (green). The thickefE-region (red) and the upper E-region (green) irregularities. The
symbols represent 60-day median averages. thicker symbols represent 60-day median averages.

Percentage of E-region Echoes (%)(105-115 km)

3 Results from continuous observations 1200

10:00

8:00
6:00

me (hour)

Since January 2000 we have been taking “continuous” meaz 3o
surements of E-region irregularities using the Piura VHF g 5o
system. Every 12 min the system takes averaged spectréfgggi
from the E-region (85- 140 km) for about 1 min, with sim- 100,
ilar parameters to those used in the intermittent experiments
(see Woodman etal., 1999 for details). During the other 1230
11 min, the system works in its normal way, i.e. it cy-
cles through different beam positions in order to obtain theE zoo
three-dimensional wind vector of lower atmospheric heights.§ zzoo
Therefore, this new E-region data set is not ideal for stud-~ 1§33
ies where good time resolution is needed (e.g. quasi-periodic =~ &
echoes). Nonetheless, since these measurements are made From: 22-3am-2000 ( 53] oa 30-May-2001 (150)
unattended and continuous, as we show below, this data set

allows us to obtain good statistical characteristics of theseFig. 6. Seasonal variability of the diurnal percentage of occurrence
echoes. of lower E-region (bottom) and the upper E-region (top) irregular-
ities. These statistics have been obtained by processing 15 days at
the time. The local sunrise (sunset) times are shown with the upper
(lower) black curve on each plot.

\\\i

e (hour)

3.1 Continuous E-region observations

In Fig. 4, we show the daily maximum SNR from January
2000 to June 2001. Again, we have obtained the statistics for During the summer months, the daily percentage of oc-
the two regions mentioned above, lower (in red) and uppercurrence is the highest-60% and~35% for the lower
(in green). The thicker symbols represent 60-day median avand upper regions, respectively). As time moves away from
erages. Since the stronger echoes occur mainly at night, th@oward) the local summer months, the percentage of oc-
maximum SNR is calculated just from nighttime hours. In currence follows a (an) decrease (increase), with the lowest
both regions, the maximum SNRs occur from mid-Novemberaround mid-April. Although not shown here, on average,
to mid-March (i.e. centered around the summer months). Onthere is no significant dependence between the occurrence
the other hand, the weaker echoes (up to 15 dB less) tend tgf nighttime low-latitude E-region echoes and geomagnetic
occur between May and August. In addition, there is a strongactivity.
day-to-day variability in both regions. Now we show in Fig.6 the diurnal percentage of occur-
The daily percentage of occurrence of E-region echoegence of E-region echoes as a function of the time of the year,
shown in Fig.5 represents the fraction of the time thatagain for the lower and upper regions. These values have
E-region echoes were observed between 17:00LT andbeen obtained by taking 15 days of data at the time (without
07:00LT. We have used a threshold SNR value-8fdB to repeating), and counting the number of good echoes (SNR
decide if irregularities were observed or not. As in Fig. 4, —3 dB) for every 45-min time interval.
statistics are obtained for both regions, and 60-day median The highest percentage occurs between 02:00 and
averages have been estimated. 04:00LT (23:00 and 01:00LT) in the lower (upper) region
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during the summer months. Again, we can see that theZ 100t o -

echoes are observed during most of the nighttime of the o
summer months. The majority of the echoes disappear af- 16:00 1800 20,00 2200 000 200 400 600 800 10:00 1200
ter 06:00 LT (right before local sunrise), particularly in the

upper region, when photoionization in the E-region starts t0rig g pjumal percentage of occurrence of E-region echoes as a

Increase. function of altitude for different periods of the year: Fall, Winter,
From January to June, the lower echoes appear earlier &pring, and Summer in the first, second, third and fourth rows, re-

time increases (from 24:00 to 20:00 LT) in a narrow time in- spectively.

terval (2 h), then suddenly the occurrence is shifted to the

03:00 to 06:00 time interval. Between April and June, the Up-fa\y gccasions where the velocities are negative, the percent-

per region echoes occur mainly between 21:00 and 24:00 LTage of occurrence and SNR (not shown) are very low.

In Fig. 7, the diurnal mean Doppler velocities (positive  yntil now, in order to simplify the presentation of the re-
means towards the radar, i.e. downward/southward) argyits, we have presented them for two regions, i.e. lower and
shown for the 18 months under study. We have only con-ypper. In order to show that there is also important height-
sidered those values whose SNR is greater thamB and  gependent information, in the next two figures we show
the percentage of occurrence is greater than 2% (black colohe diurnal statistics (percentage of occurrence and mean
represents no valid data). Doppler velocity) as a function of altitude (every 1.0 km) for

A clear annual periodicity is observed in the lower re- all four local seasons (fall, winter, spring and summer).
gion, in addition to a semidiurnal pattern, particularly be- The percentage of occurrence presented in Fig.8 shows
tween April and July, where the mean Doppler velocities a strong height dependence during the fall and winter sea-
are positive between 19:00 and 24:00LT and negative afsons (first and second rows), where there are fewer echoes
ter midnight. The transition time from negative to positive in between the lower and upper regions. Moreover, during
velocities follows an annual periodicity, the latest occurredthese months there is a slightly larger occurrence of daytime
around 22:00 LT during the summer months, and the earli-echoes than during the other seasons. During the spring and
est occurred around 19:00 LT during the winter months. Thissummer seasons (third and fourth rows), there is no clear dif-
pattern is similar to the local sunset time, although the timeference between the lower and upper regions. Note that in
difference between the summer and the winter sunsets is nall four seasons there is a small occurrence of echoes in a
3h. narrow region around 100 km between 17:00 and 19:00 LT.

In the upper region there is also an annual periodicity,In addition, note the occurrence of F-region irregularities be-
where the transition from negative to positive velocities is tween 20:00 and 22:00 LT (narrow vertical band covering all
the earliest (19:00LT) during the winter months, and is theheights) during the spring and summer seasons.
latest during the summer months (22:00 LT). In this region, In Fig. 9 we can see clearly a semidiurnal pattern, particu-
the Doppler velocities follow a diurnal pattern, contrary to larly in the lower heights. As height increases, the semidiur-
the semidiurnal behavior observed in the lower region. In thenal pattern starts to disappear during all seasons. Moreover,

50.
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From: 21-Mar-2000 to: 20-Jun-2000 on seasonal and diurnal occurrences and the characteristics
- of the mean Doppler velocities. Then, we will discuss the
relationship between E- and F-region irregularities, including
the Jicamarca F-region measurements.

Before we continue, it is important to mention that the
continuous data set may be slightly contaminated by me-
teor echoes, given the poor time resolution and the sampling
window used. Apparently, there is a possible connection be-
tween the occurrence of the Piura E-region FAI and meteors,
since most of the meteor echoes come from the north beam
(i.e. from close to perpendicular #®). Nonetheless, we do
not expect that the meteor echoes contaminate much of our
results, taking into account that their occurrence rate over
Piurais small (S. Avery, personal communication); therefore,
the probability of obtaining meteor echoes when we receive
E-region echoes is low.

Altitude (km)

From: 21-Jun-2000 to: 22-Sep-2000

Altitude (km)

From: 23-Sep-2000 to: 15-Dec-2000

Altitude (km)

4.1 E-region: Diurnal and seasonal occurrences

From: 21-Dec-2000  to: 24-Mar-2001 ] ) S -~
Our results confirm that the Piura E-region irregularities oc-

cur mainly at night. Moreover, they occur all year long. The
maximum occurrence that is accompanied by the maximum
SNR is observed during the local summer months, while the
minimum occurrence (and minimum SNR) happens between
16:00 1800 20:00 2300 o0 200 200 600 500 1000 1200 April and June. In the Introduction, we have mentioned that
Local time (hour) the low latitude E-region FAIl resemble more the mid-latitude
echoes than those from the EEJ, i.e. they are generated
mainly by the gradient drift instability rather than the two-
stream instability and occur mainly at night. However, the
mid-latitudes echoes are considered only a summertime phe-
nomena (e.g. Tanaka and Venkateswaran, 1982; Haldoupis
and Schlegel, 1996).
after mldnlght we can see a wave in the vertical direction Now we compare the Piura diurnal and seasonal charac-
with an average wavelength of about 20 km. The amplitudeteristics, to those obtained during the IGY with a CW VHF
of this wave behavior is larger during the fall and winter sea-fgrward-scatter experiment at a similar dip latitudes¢ N),
sons. especially with a radar link between Huancayo (Peru) and
Guayaquil (Ecuador). These observations were made dur-
ing solar max conditions (the continuous observations were
also obtained under solar max conditions), and the Bragg

As it was mentioned before, sometimes F-region 'rregwan'wavelength was-24 m (3m for Piura). Moreover, there was

tE'iSeafnoZ-Sr?(:\e/iﬂghcec,r:n?ﬁﬁ%mhenﬁ?;?t-fe;gs;ﬁéﬁ Zu g;ﬁo altitude discrimination from these forward-scatter obser-
gon, st Y '9 i v vations, so the results obtained represent integrated values

’:Eetlit;]re%lprr\]sa{né)llng_Wlndor\:v (see Flgs.fl ancti) 8|)' K?g\g';galong all the E-region scattering heights. The specific de-
at tne highest =-region €Choes come 1rom bHelow Meails of the experiment and results can be found in Cohen and

we have used the echoes above 130km (SNRdB) as Bowles (1963)

proxy measurements of the F-region irregularities. Although The main features of this forward scatter experiment that

this is not a good way to obtain morphological character- o .
I . 2 ; are similar to the Piura echoes are (see Cohen and Bowles,
istics of these echoes, we can still use this information 101963 Fig. 19):

obtain their seasonal characteristics. From the 18 months

of observations, we have seen (results not shown here) that _ Njighttime echoes were observed all year long.

“plume”-like F-region echoes occur only between September

and April. — The nighttime echoes were stronger around summer
months, and weaker during winter months.

Altitude (km)

Fig. 9. Diurnal Doppler velocity from E-region echoes as a function
of altitude for different periods of the year: fall, winter, spring, and
summer in the first, second, third and fourth rows, respectively. No
valid data are represented in black color.

3.2 Continuous F-region observations

4 Discussion — The daytime echoes occur more frequently between

March and September than during the other months.
In this section, we first discuss the E-region results obtained  Nonetheless, these signals were much weaker than
with the new continuous data set, putting special emphasis  those observed in the EEJ region.
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— The strongest daytime echoes were observed betweeperiods on the midaltitude irregularities, while Voiculescu
16:00LT and 18:00 LT between October and January. etal. (1999) found that the most commonly observed periods
appear in two preferential bands, i.e. the 2 to 3 day and the
Although, the daytime signals at Bl were weaker than 4 to 6 day band. We believe that planetary waves are also re-
in the EEJ, in general the daytime and nighttime echoes agponsible for the day-to-day variability of the Piura E-region

this latitude were of comparable magnitude. Recall that atechoes (see Figs. 4 and 5). However, a detailed study on this
Piura, the nighttime echoes are much stronger than the dayariability will be left for future work.

time echoes. We believe this difference is because tie 5
forward-scatter echoes are closer to the EEJ region than thé.2 E-region: mean Doppler velocities
Piura echoes, and, therefore, subject to the EEJ influence.
Although statistically, the EEJ region is known to coue8° Before we continue, one should keep in mind that the radar
from the dip equator, we know this boundary is not fixed. is sensitive to plasma waves propagating perpendicular to the
Moreover, Cohen and Bowles (1963) found that there is aEarth’s magnetic field and that the Doppler shifts are due to
strong asymmetry between radar echoes observed it 5 the phase velocities of the scattering waves. Then, the Do-
and 5 S, with the southern echoes stronger (during the daypler velocities are interpreted as the line-of-sight projection
and night) than the northern echoes. We believe the southof the E x B electron drift speeds, Doppler shifted by the
ern echoes present more similarities to the EEJ echoes. Thigeutral winds. At Piura, the magnetic declination is close to
result is still puzzling and needs further investigation. zero (128°), and since the radar points °1tb the north to
In the Indian sector, using the Gadanki MST radar, day-become perpendicular B, we will consider the zonal (i.e.
time echoes have been frequently observed. Nonetheles§ast-west) influences negligible. Thus, the observed Doppler
these echoes were weaker than the nighttime echoes arilocity can be represented as:
were confined to the very low altitudes (e.g. Krishna Murthy E x Buits "
etal., 1998). Given that the Piura and Gadanki radars aré/, o« — [ + vcos@] , 1)
located almost at the same dip latitude and assuming that 1+v 1+vy
there is not much longitudinal dependence on the occurrenc@herey is the anisotropy factor defined iy = v.v; / Q.9;.
of these echoes, daytime echoes are not observed much @the v; and2; terms refer to the ion-neutral collision fre-
Piura because of lower sensitivity (smaller antenna and lesguencies and cyclotron frequencies, respectively, for species
transmitted power). As in the case of mid-latitudes (e.g. Hal-j, v is the meridional wind component afds the elevation
doupis and Schlegel, 1996), the “absence” of daytime echoegointing angle {76°). We are neglecting the contributions
is probably due to the smoothing of electron density gra-of vertical neutral winds.
dients due to strong solar photoionization production, and Given that the E-region altitudes are linked to the lower F-
electric field shortening effects due to conductivity enhance-region over the dip equator, and that within a few degrees of
ments, causing the gradient drift instability to be inefficient the dip equator the vertical plasma motions result essentially
during the day. from electrodynamic drifts driven by the zonal electric fields
At this point we are still not in a position to determine (Fejer, 1997), we consider that the Piura E-region drifts are
the origin of the observed diurnal and seasonal charactemainly influenced by the equatorial F-region drifts. From (1),
istics, given the limited radar observations and the lack ofif v « 1 ( > 1), the Doppler velocities represent thex
knowledge of other important variables at these latitudesB “vertical” equatorial F-region drifts (projected meridional
(e.g. density gradients, electric fields, etc.) However, know-winds), given that they is the dominant factor.
ing the close similarities with mid-latitudes echoes and with  In the lower E-region (below 100 km) > 1 (Fejer etal.,
the present knowledge, these echoes might come from th@975), thus Doppler velocities at these heights represent the
combined action of more than one agent, e.g. spordic meridional winds. Therefore, it is not surprising to see that
(Es) layer, ambient density gradient and electric fields, neu-echoes from this region are of a continuous type. Moreover,
tral winds, etc. as it was observed by Urbina etal. (2000), echoes from this
For the mid-latitude case, Haldoupis and Schlegel (1996)ower region may be due to volume scattering.
found that the morphology (seasonal and diurnal behavior) As altitude increases; decreases and th& x B contri-
of their echoes fits very much the well-known morphology bution starts to dominate. This fact explains the predomi-
of strongE; layers. However, this does not mean necessarnant positive Doppler velocities in the upper region, which
ily that when E; is present, backscatter echoes are alwayss consistent with the downward nighttime F-region vertical
produced. In addition, sufficient large density gradients per-drifts measured at Jicamarca. Since the nighttime downward
pendicular taB and threshold electric fields parallel to those drifts over Jicamarca have large seasonal and solar cycle vari-
gradients could also be required for the instability to set inations (e.g. Fejer, 1991), a detailed study is needed to arrive
and operate. at better conclusions, for example, making concurrent com-
Recently, Tsunoda etal. (1998) and Voiculescu etal.parisons for different seasons and solar flux conditions.
(1999) suggested the role of atmospheric planetary waves on Under these considerations, our results suggest that: (1)
the day-to-day variability of mid-latitude scatter echoes andthere is a consistent, semidiurnal wave in the meridional
strongE; layers. Tsunoda etal. (1998) reported clear 5-daywind during all seasons with a southward (northward) phase
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before (after) midnight; (2) when the amplitude of the semid- and, therefore, topside ESF irregularities over Jicamarca, is
iurnal wave becomes larger, i.e. between April and June, thgreater {0.5) when there are no E-region irregularities over
E-region echoes becomes weaker and occur less frequentlfgiura than when they are preserf).2). Nonetheless, in our
(3) northward winds are, on average, larger than the southeurrent analysis, we have considered events taken at differ-
ward winds, and could be as large as 20050 ms!, par-  ent seasons; therefore, a more careful analysis will be done
ticularly between the April and June months; (4) althoughin the future to separate events when F-region irregularities
we observe a vertical wave in the Doppler velocity, it is diffi- are not expected, i.e. between May and August. On the
cult to interpret it without having an independent concurrentother hand, there is more probability of observing bottom-
measurement of either thEB x B drifts or the meridional type/bottomside ESF irregularities over Jicamarca when E-
winds. region irregularities are observed over Piura. The latter re-
At mid-latitudes using the Clemson HF radar, Hysell and sult is understandable given that the Piura E-region heights
Burcham (1999) also observed a correlation between th€90— 120 km) map to the very low F-region heights over Ji-
strength of the echoes and the direction of the Doppler vecamarca (i.e. 196- 220 km). Nonetheless, from our current
locities, namely the strongest echoes seemed generally tesults, there is not a straightforward relationship that could
turn on and intensify when the Doppler velocities were awayhelp us with the understanding of the ESF seeding mecha-
from (upward/northward) the radar and to diminish when thenism.
Doppler velocities were towards (downward/southward) the
radar. Recently, Schlegel and Gurevich (1997) proposed a
possible dependence of the backscatter echo intensity on neé- Conclusions
tral turbulence (as well as ionospheric parameters), particu-
larly for lower E-region irregularities. Although our results In general, we have been able to corroborate most of the char-
suggest that the meridional winds can influence the growthacteristics of the E-region irregularities already published by
rate of the irregularities, the way they do it is beyond the Woodman etal. (1999) using only a few days of data, namely
scope of the current paper. that the Piura E-region echoes (1) occur mainly at night, (2)
Performing a harmonic analysis to the Gadanki lower E-are generated by the gradient drift instability, and (3) could
region Doppler velocities, Krishna Murthy etal. (1998) also be classified into lower and upper region echoes. Based on
found a semidiurnal component in their data, along with a di-18 months of continuous observations, the seasonal and diur-
urnal component. Their results are based on a few days takefal occurrences, as well as Doppler velocities, have also been
in September 1994, and they found that the peak amplitud@resented and discussed. The morphological characteristics
of the southward phase of their semidiurnal wave was aroun®f the lower echoes and their Doppler velocities suggest that
00:00 LT, with an average amplitude of 10 mis These re-  these echoes are strongly influenced by neutral winds and
sults are not in agreement with ours, however, one has ténay be due to volume scattering. We will verify this asser-
consider that the Gadanki radar is in the northern geographi@on and study in detail the morphology of the quasi-periodic
hemisphere, at almost opposite longitude and based only ofchoes by adding interferometry capabilities to the Piura sys-

a few days of data. tem. The upper echoes are very structured in height and time.
For example, on some occasions, we have observed the co-
4.3 E-vs. F-region irregularities existence of positive and negative quasi-periodic striations

(Chau etal., 2000). We expect to perform imaging studies of
Although we have not obtained good morphological charac-these irregularities similar those performed at Jicamarca (Hy-
teristics of the F-region irregularities over Piura, the weaksell and Chau, 2002), to obtain a better understanding of the
Piura F-region echoes obtained suggest that they are veriemporal (less than 1 min) and spatial (inside the illuminated
similar to those observed at the dip equator, contrary to thevolume) characteristics of the E-region echoes.
E-region irregularities that resemble more the mid-latitude As it has been suggested by KrishnaMurthy etal.
echoes mainly because (1) there is a one-to-one correlatio(l998), we also attribute the Doppler velocity (down-
between the occurrence of Piura F-region echoes and thevard/southward) of the upper E-region echoes to be mainly
occurrence of topside ESF echoes (as observed from Jicanfluenced by the equatorial F-region vertical drifts. On the
marca); and (2) their seasonal occurrence is similar to thedther hand, the Doppler velocities of the lower E-region
seasonal occurrence of topside ESF at Jicamarca (e.g. Hyechoes represent mainly the meridional winds. Therefore,
sell and Burcham, 1998). In addition, our conclusion isthese radar measurements could provide nighttime merid-
also supported by the Gadanki observations (e.g. Patra etaignal winds at these equatorial altitudes that are poorly mea-
1997). In the future, we are planning to improve the Piurasured. Moreover, if simultaneous experiments are performed
radar sensitivity (wider pulse width and more transmitted with the Jicamarca incoherent scatter radar in order to ob-
averaged power), to obtain better echoes from these irregtain profiles of vertical drifts and reasonable models are used
ularities. Maybe with more sensitivity, it would be possi- to obtain good values of the anisotropy factor, it could be
ble to see signatures at Piura of the bottomside/bottomtypgossible to infer the meridional winds at all altitudes where
layers seen at Jicamarca. Moreover, our results suggest thétte Piura E-region irregularities occur, i.e. between 90 and
the likelihood of obtaining F-region irregularities over Piura, 120 km.
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Finally, our observations of F-region irregularities over Fukao, S., Yamamoto, M., Tsunoda, R.T., Hayakawa, H., and
Piura suggest that (1) the Piura F-region echoes are well cor- Mukai, T.: The SEEK (Sporadic-E experiment over Kyushu)
related with topside ESF irregularities over Jicamarca, (2) campaign, Geophys. Res. Lett., 25, 1761-1764, 1998.
the likelihood of obtaining F-region irregularities over Piura, Gage, K.S., Balsley, B.B., Ecklund, W.L., Carter, D.A., and
and, therefore, topside ESF over Jicamarca, is greater when I\/_Ic_Afee, J.R.: Wind profiler-related research in the tropical Pa-
E-region irregularities are not observed; and (3) there is more, cific, J. Geophys. Res., 96, 3209-3220, 1991,

- ) . . aldoupis, C. and Schlegel, K.: Characteristics of midlatitude cher-
probability of observing bottomtype/bottomside ESF irregu- ent backscatter from ionospheric E region obtained with spo-

larities over Jl_camarca when E-region irregularities are ob- i scatter experiment, J. Geophys. Res., 101, 13 387-13 397,
served over Piura. 1996.
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