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Abstract
This study presents the experimental results of the equatorial ionospheric plasma drift zonal velocity

obtained from Incoherent Scatter Radar (ISR) observations for 6 selective days in 2011 from Jicamarca,

Peru. Our results indicate that the daytime drifts are westward with peak values mostly below ~50 m/s,

while the night time drifts velocities are eastward, with a maximum value up to 120 m/s at around local

midnight hours. The drift velocity decreases during post-midnight hours and starts to reverse westward in

early morning hours. Our plasma drifts results are in good agreement with results from previous radar

studies and other measurement techniques.
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1. Introduction

The climatology and characteristics of low-latitude F-region plasma drift have been extensively studied

over the past few decades using ground-based radar observations, optical measurements, ionosonde, and

satellite observations [1, 2, 3, 4, 5, 6, 7, 8]. The previous studies have shown that the night-time zonal

plasma drifts in geomagnetically quiet days were eastward while plasma drift during the geomagnetic

disturbance days are westward. Many of these studies have reported on the geomagnetic zonal motion of

large-scale ionospheric depletions, or equatorial plasma bubbles (EPBs), and the small-scale irregularities

[9, 10, 11, 12]. Fejer et al. [12] reported the model results of zonal plasma drift velocity obtained from

Jicamarca incoherent scatter (ISR) radar observations and they investigated that the zonal drifts velocities

were westward during the day and eastward during the night-time period.

The majority of the information about plasma drifts at equatorial latitudes has come from observations at

the Jicamarca Radio Observatory near Lima, Peru using incoherent scatter radar (ISR) at 50 MHz [1, 3,
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12]. The primary goal of this on-going study is to address the zonal plasma drift velocity using the

database available from Jicamarca ISR observations from the data recorded in 2011.

Incoherent Scatter Radar (ISR)

Radar techniques have been used since the beginning of the space age in the 1950s to study the

ionosphere [13]. Incoherent scatter radar is a very powerful ground-based remote sensing technique that

can be used to measure many ionospheric parameters including density and temperature of the electrons

and ions and line-of-sight ion flow velocity, as well as some of the properties and behaviour of the neutral

atmosphere. It can also observe both sides of the peak electron density region simultaneously. It has a

larger antenna relative to the radio wavelength and hence, it produces a narrow beam and achieves far

better resolution. As incoherent radar scatter has to work with very weak signals, which requires a high

power transmitter, a large antenna and the most sensitive receiver and sophisticated data processing

available. This can be observed in very powerful radars such as Jicamarca Radio Observatory in Peru and

Arecibo Observatory in Puerto Rico.

The physical basis of the incoherent radar technique is Thomson scattering in which the echo is the result

of the scattering of electromagnetic energy radiated by the radar and reflected by electrons in the

ionospheric plasma. Incoherent radars transmit a radar signal and receive a reflected echo from the

ionosphere. ISRs’ usually emit at a frequency of a few hundred MHz up to ~1200 MHz [14], which is
much higher than the peak plasma frequency. Since the frequencies used by ISR are much higher than the

plasma frequency, almost the entire transmitted signal passes through the ionosphere and out into space.

Therefore, ISR can probe the ionosphere above the F-region peak. The transmitted signals are emitted in

pulses so the distance of the echoing region (altitude) can be calculated from the delay time and the speed

of light. However, there is a very small amount of the transmitted signal that gets reflected by the

ionosphere and is received back to the radar. It is the spectrum of this received signal that contains the

information about the ionospheric region being investigated. Overviews of this technique have been

presented by several authors [14].

Thermal backscatter level is the source of the ISR echoes often used to determine ionospheric parameters.

This method requires a minimum plasma density in the scattering volume determined by the system

noise, antenna size, transmitter power, integration time etc. For the Jicamarca radio observatory, this

minimum is ~104 cm-3. This limitation usually prohibits measurements at night in the altitude range below

the F peak.

2. Measurement Techniques

The Jicamarca Radio Observatory (JRO) is in the equatorial region of the western hemisphere and was

established in 1961 at Lima, Peru (12˚S, 76.9˚W, dip latitude ~1˚N).  The basic procedure for measuring
F region drifts at Jicamarca was described in detail by Woodman [1]. Here we have explained briefly that
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the large 50 MHz antenna is split into two beams perpendicular to the geomagnetic field and pointed

about 2.5° to the east and 4.3° to the west of vertical, giving a net split of about 6.8°. These line-of-sight

drifts are combined to give the vertical and zonal drift components. The measurements were usually made

from about 200 to 900 km with a resolution of about 15 km, and an integration time of about 5 min. The

data used in this study correspond to averages near the F region peak (typically between about 300 and

500 km), where they do not change much with altitude, and the signal-to-noise ratios are highest. Reliable

drift measurements are not possible during periods of spread F occurrence over a large range of altitudes.

Figure 1 shows an example of radar echo measured by ISR from Jicamarca on September 14, 2005. The

figure indicates three nicely developed plumes with quasi-periodic equatorial spread F (ESF) structure on

its bottom. The altitudinal resolution was 25-40 km with an integration time of 5 min. In this paper, we

use extensive F-region ISR data from Jicamarca to investigate the night-time zonal drift velocities. These

velocities were calculated at altitude range of ~ 300-400 km, where signal-to-noise ratio is large.

Fig. 1: An example of radar echo obtained from Jicamarca incoherent scatter radar observation on
September 14, 2005.

In this study, we use selected days from data recorded by the Jicamarca incoherent scatter radar

observations in 2011. Since the ISR requires high power transmitter, its running cost is very expensive.

So the observations from ISR are recorded for a few days. The data presented in this paper are for 6

selective days from many observations, which give the overall trends of the plasma drifts velocity

obtained over this region.

3. Results and Discussion

We have studied the diurnal variations of plasma drifts zonal velocities from Jicamarca ISR observations.

Figure 1 shows the zonal plasma drift velocity as a function of local time (LT) over Jicamarca, Peru on
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01-02 and 03-04 August 2011. The solid curves represent the plasma drifts zonal velocities, while vertical

bars denote the standard deviations in the measurement uncertainty at that time.

Fig. 2: Plasma drift zonal velocities using Incoherent Scatter Radar Observations obtained from
Jicamarca Radar Observatory on 01-02 and 03-04 August 2011.

In the plot, positive values correspond to eastward drifts, while negative values denote the westward

motions of the plasma drifts. In the first plot (August 01-02), initially, the drift velocity is almost zero at

about 09:00 LT (day time) and then the drift motion is in westward, which increases as time progresses

and then peaks to about 50 m/s at around 12:00-13:00 LT.  The drift velocity gradually decreases in

magnitude and finally reverses eastward at ~16:00 and ~19:00 LT, around the sunset time. The eastward

velocity gradually increases as the night progresses and finally becomes maximum value of about 120 m/s

at around local midnight (00:00 LT). The velocity then decreases in the post midnight hours and again

starts to reverse westward in early morning (at around 07:00 LT).

On the second plot of Figure 2, the daytime plasma drift velocity is westward, which reverse eastward at

around 15:00-16:00 LT. However, the data are discontinuous between 20:00 LT and local midnight,

which does not represent actual trend of the plasma drift velocity. In the post midnight period, the results

also show similar trends of variations of plasma drifts as plotted on August 01-02. In this case, the peak

drift velocity is also ~120 m/s at just right after the local midnight. The drift velocity again reverses

westward in the early morning hours at ~07:00 LT with similar trends to the first plot.

Figure 3 also shows the local time variations of the average zonal drifts velocity on August 04-05 and 07-

08. Similar to previous plots, the daytime plasma drift velocity is westward, while the nighttime drift

velocity is eastward. The magnitude of westward velocity is about 50 m/s in the first plot and it is quiet



Narayan P. Chapagain/ BIBECHANA 14 (2017) 1-8 : RCOST  p.5 (Online Publication: Dec., 2016)

large in the second plot increasing up to ~100 m/s.  In both plots, the magnitudes of eastward drifts

velocities are larger than that of westward drifts. The trends of plasma drifts zonal velocities are similar to

the other previous results reported by Fejer et al. and Chapagain et al. [3,4].

Fig. 3: Plasma drifts zonal velocities using Incoherent Scatter Radar Observations obtained from
Jicamarca Radar Observatory on 04-05 and 07-08 August 2011.

Fig. 4: Plasma drift velocities using Incoherent Scatter Radar Observations obtained from Jicamarca
Radar Observatory on 10-11 June and 30 November - 01 December 2011.

Similarly, Figure 4 shows the plasma drifts zonal velocities on June 10-11 and November 30- December

01, 2011.  Both plots show the westward motions during the day and eastward during night -time period

in which the magnitudes of eastward motions are larger than that of the westward motions. In first plot,
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the data are not available after ~ 22:00 LT, while in the second plot, the data are discontinuous around

19:00 LT to midnight hours. Similar trend of variations of the plasma drift velocities as a function of local

time has been observed as in other plots.

The results presented above reveal a significant day-to-day variability in magnitudes of the plasma drift

zonal velocities, however, the trends of the variations with the local time is similar. The plots as explained

above  (Figure 2- 4), show that daytime plasma drifts are westward, while the night-time drifts are

eastward, which is consistent with the previous results [3, 4, 12, 15]. Similarly, increase in the plasma

drifts has been seen shortly after sunset (see in Figures 2-4) as the drift reverses from westward to

eastward from the day to night transition. It is also noted that the eastward zonal drifts are much larger

than the westward drifts. These results are good consistent with the previous experimental results [3] and

the model results as well [12]. The zonal drifts have a large eastward peak (up to 120 m/s) near local

midnight, and then gradually decrease during the post-midnight period. Fejer et al. [3] reported that

Jicamarca plasma zonal drifts are westward during the day with typical values of about 40 m/s, and they

do not change much with altitude, season, and solar activity. They also found that the night-time zonal

drifts are eastward near the F –region peak with maximum values of about 100 and 150 m/s near solar

minimum and maximum, respectively. These drifts are largest at about 2100–2200 local time, and they

decrease toward dawn.  Our results are in moderate solar flux conditions, which is very good consist with

the results reported by Fejer et al. [3] and Sobral et al. [16]. The daytime westward and night-time

eastward zonal drifts are due to the upward vertical electric fields during the day and the downward fields

during the night-time period, respectively [17, 18, 19].

4. Summary

We have studied the trends of equatorial ionospheric plasma drifts zonal velocities using Jicamarca

incoherent scatter observations for selective 6 days from many observations recorded in 2011. Our results

indicate that the daytime drifts are westward with peak values mostly below ~50 m/s. On the other hand,

the night time drifts velocities are eastward, which gradually increases with the night progresses and

finally becomes maximum value of about 120 m/s at around local midnight hours. The velocity then

decreases during post-midnight hours and again starts to reverse westward in dawn.  Our plasma drifts

results are in good agreement with results from previous radar studies and other measurement techniques.

The day-time westward and night-time eastward zonal drifts are due to the development of upward

vertical electric fields during the day time and the downward fields during the night-time period,

respectively. The more research work needs to be done to investigate the actual physical process involved

on these phenomena.
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