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Abstract 

Trans-equatorial F region plasma bubbles are large-scale 
ionospheric depleted regions that develop in the 
bottomside of equatorial F region due to plasma instability 
processes. Simultaneous all-sky imaging observations of 
the OI 630.0 nm and OI 777.4 nm nightglow emissions 
were carried out at São José dos Campos (23.21oS, 
45.86oW; dip latitude 17.6oS), Brazil, during the years 
2000 and 2001, a period of high solar activity. In this work 
we present and discuss the height-resolved nocturnal F 
region zonal drift velocities obtained from plasma bubbles 
observed in imaging observations of these two emissions 
for several days of 2000 and 2001. We have investigated 
the nighttime zonal plasma drift variations using fixed 
emission peak altitudes, used by earlier investigators, as 
well as emission peak altitudes based on simultaneous 
ionospheric sounding observations. The average 
maximum and minimum zonal plasma drift velocities 
inferred for both the emissions, using emission peak 
altitudes based on simultaneous ionospheric observations  
are lower and with less scatter than those using fixed 
emission peak altitudes. Also, the nocturnal variations of 
the zonal plasma drift velocities obtained for the two 
emissions with peak altitudes based on simultaneous 
ionospheric observations show better agreement than for 
the case with fixed emission peak altitudes . 

Introduction 

The ionospheric plasma density profile or electron density 
at any specific location, altitude, and local time are usually 
slightly different on consecutive days. This day-to-day 
variability (weather) has significant impact on the 
observed F region ionospheric parameters, such as F 
region peak heights and critical frequencies. The 
propagation of waves, electric fields, and neutral plasma 
coupling are the main sources for the ionosphere-
thermosphere variability. Zonal plasma drifts are 
important for a good understanding of both plasma and 
neutral dynamics. It is expected that the day-to-day 
changes in the ionosphere will influence the plasma drift 
velocities, which is the subject of this paper. 
Measurements of the zonal plasma drifts at equatorial 
and low-latitude regions have been carried out by several 
investigators using observations by satellite, radio 
technique (backscatter radar and scintillations), optical 

technique (OI 630.0 nm scanning photometer and wide-
angle imaging system), and multi-spectral optical 
technique (s imultaneous OI 630.0 nm and OI 777.4 nm 
wide-angle imaging system). The ground-based wide-
angle imaging system, used to infer zonal plasma drifts, is 
gaining importance because depending on the location, it 
is possible to observe the formation and evolution of 
large-scale ionospheric irregularities and follow their 
spatial and temporal variations. 

The OI 630.0 nm emission comes from dissociative 
recombination process (O2

+ + e ?  O + O*(1D)), followed 
by  radiative process (O*(1D) ?  O(3P) + h? (? = 630.0 
nm)), whereas the OI 777.4 nm emission  comes from 
radiative recombination process (O+ + e ?  O* + O*)  
followed by radiative process (O*(5P) ?  O*(5S) + h? (? = 
777.4 nm)). The simultaneous wide-angle imaging 
observations of the large-scale ionospheric plasma 
irregularities, seen through the OI 630.0 nm and OI 777.4 
nm emissions, are unique optical observational technique 
that permits determination of the height resolved zonal 
plasma drifts. Airglow images at 630.0 nm and 777.4 nm 
emissions provide information about the plasma density 
at two different alti tudes because of the different airglow 
production mechanisms. The emission peak altitudes are 
separated by ~50-80 km in the F region. It should be 
mentioned that the OI 777.4 nm emission (its intensity 
depends on the square of the peak electron density) 
comes from a wider layer centered near the F region peak 
(~300-380 km), whereas the OI 630.0 nm emission (its 
intensity is proportional to the product of the O+ and O2 
concentrations) comes from a relatively narrow layer 
centered below the F region peak in region of increasing 
O2 abundance. 

The early ionosphere-thermosphere studies based on the 
wide-angle imaging system observing the nightglow OI 
630.0 nm emission line have been quite successful, in 
view of the fact that this emission line is very intense and 
the has a moderate dependence on solar activity. It is 
important to mention that the O(1D) state is metastable 
and has a radiative lifetime of 110 s. Therefore the 
observed large-scale plasma depletions in wide-angle 
images, appearing as dark structures, are seen blurred or 
diffused because of the large radiative lifetime. However, 
with the recent advances in electro-optical technology and 
development of high-sensitivity cooled CCD cameras, the 
quality of the wide-angle imaging systems considerably 
improved and opened up new perspectives for 
ionosphere-thermosphere studies, including obtaining 
images with good signal/noise ratios for weak emissions, 
for example, the OI 777.4 nm emission, which is much 
weaker than the OI 630.0 nm emission and has high 
dependence on solar activity. Since at F region heights, 
the concentrations of O+ and electrons are nearly equal, 
the emission rate is independent of the layer height but it 
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is mainly dependent on the concentration near the F layer 
peak. This emission is prompt and consequently their 
images are not subject to the blurring effect. 

In this paper we present and discuss the nocturnal zonal 
plasma drift velocities obtained from the west to east 
motion of large-scale plasma depletion structures 
observed from simultaneous all-sky (field of view 180o) 
images in the two emissions for several days of 2000 and 
2001. Recently, Pimenta et al. (2001) have presented an 
improved technique for the determination of the zonal 
plasma bubble drift velocities using the OI 630.0 nm 
emission all-sky images. In their technique, first the 
images are linearized using an appropriate geographic 
coordinate system. Then, the plasma intensity depleted 
regions, in consecutive image slices, using the bubble 
western wall, the minimum intensity depletion point, and 
the eastern wall are compared to obtain the west-east 
plasma bubble drift velocities. They observed that the 
plasma bubbles shapes and dimensions change with 
space-time dynamics and discussed the observed 
different dynamic behavior related to the eastern and 
western walls, and the minimum intensity depletion point 
of the plasma bubbles, and inferred that the western walls 
are much more stable than the eastern wall and the 
minimum intensity depletion point. Therefore in the 
present paper we have used the motion of the bubble 
western walls to infer the zonal plasma drift velocities 
using both the emission images. 

Observation 

Simultaneous nighttime observations of the OI 630.0 nm 
and OI 777.4 nm emissions, using two multi-channel all-
sky imaging systems (for the observations reported in this 
paper, the two emissions were observed using two similar 
imaging systems) have been made at São José dos 
Campos (23.2oS, 45.9oW; dip latitude 17.6oS; hereafter 
referred as SJC), Brazil, a station under the equatorial 
ionospheric anomaly, during the years 2000 and 2001. 
The ionospheric sounding observations presented here, 
using a Canadian Advance Digital Ionosonde (CADI), are 
being carried out from the same location on a routine 
basis, since July 2000. In previous studies, we assumed 
the emission heights for the OI 630.0 nm and OI 777.4 
nm emissions as 300 and 380 km, respectively. In the 
present study, we have used simultaneous clear-sky 
imaging observations obtained on five nights (three in 
spring equinox and two in summer; two nights are from 
the year 2000 and three from 2001) during quiet 
geomagnetic conditions and high solar activity, with the 
presence of large-scale ionospheric plasma depletions. 

Data analysis 

Figures 1 and 2 (top) show two examples of the OI 630.0 
nm and OI 777.4 nm emissions images, respectively, 
observed ~30 minutes apart at SJC, on 15 October, 2001, 
with the presence of large-scale quasi north-south 
magnetic field-aligned ionospheric plasma irregularities 
(dark structures). In spite of the fact that the two images 
shown in the top parts of Figures 1 and 2 are looking at 
the same part of the sky, with plasma depletions 
structures at almost the same time, the plasma structures 
appear different. The spatial irregularity structures seen 
though the OI 777.4 nm emission (Figure 2, top) shows  

ray-like thin patterns, whereas the structures seen though 
the OI 630.0 nm (Figure 1, top) are diffused or blurred. 
The causes for this difference have been discussed in 
detail by Abalde et al. (2001).  

Also, it should be pointed out that the raw images are 
distorted, curved, and compressed at the edges (low 
elevation angles) and inflated in the center or zenith (high 
elevation angles), due to the effect of the fish-eye lens. 
Therefore for any quantitative analysis, these images 
need to be first linearized to remove the effects of the 
fish-eye lens.  

In order to calculate the zonal (east-west) plasma drift 
velocities, as a function of local time, first we have to 
consider emission peak altitudes for both the emissions 
and transform the raw images into linear grid images, 
using the linearization method (Garcia et al. 1997; 
Pimenta et al., 2001, 2003). The choice of these emission 
peak altitudes are important because the linearized 

Figure 1 - All-sky airglow images at OI 630.0 nm 
observed at São Jose dos Campos, Brazil, on October 
15, 2001. The local times are 21:01:45 (left) and 
21:30:46 (right). The images are raw (top) and 
linearized assuming emission peak altitudes of 250 km 
(middle) and 300 km (bottom). The linearized images 
are divided in 16 cells, with the top left cell being (1,1). 
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images are slightly different when we assume different 
peak heights. The width and length of the dark structures, 
seen on the linearized images, are slightly modified, and 
these modifications affect the inferred zonal plasma drift 
velocities. 

The middle and bottom parts of Figures 1 and 2 show 
examples of the linearized images (1024 km x 1024 km 
area),  extracted from the circular fields shown in top part 
of Figures 2 and 3, assuming two different emission peak 
altitudes. The horizontal and vertical lines have been 
included to divide each linearized image in 16 cells to 
allow better visualization of the slight differences due to 
the assumption of different emission peak altitudes. The 
notation cell (x, y) to identify different cells is x = 1,2,3, 
and 4 from left to right and y = 1,2,3, and 4 from below to 
top (e.g. cell (4, 4) refers to the top right corner cell). 

Figure 1 presents two linearized OI 630.0 nm images, 
observed at 2101:45 LT (left) and 2130:46 LT (right), for 
two emission peak altitudes, 250 km (middle) and 300 km 
(bottom). Comparing some details in the middle and 

bottom left-hand images, cell (2, 2), it is noted that the 
dark structure in the middle-panel is thinner than that 
seen in the bottom. Also, the dark structures in the bottom 
right-hand side, cells (3, 2) and (3, 3), are enlarged and 
displaced towards right, as compared with the middle 
right-hand side. 

Similarly, Figure 2 shows two linearized OI 777.4 nm 
images, observed at 2101:06 LT (left) and 2130:46 LT 
(right), for two emission peak altitudes, 350 km (middle) 
and 380 km (bottom). Comparing the middle and bottom 
left-hand images, cell (2, 3), it is noted that the dark 
structure in the middle is thinner than that seen in the 
bottom. Also, the dark structures in the bottom right-hand 
side, cell (4, 1), are thicker than the ones in the middle 
right-hand side. 

Since the present technique used to calculate the plasma 
drift velocities is based on space-time displacements of 
the western walls of dark structures (which are the optical 
signatures of large-scale plasma bubbles), we have used 
similar linearized images, as shown Figures 1 and 2, in 
the present investigation. Since the assumed emission 
peak altitude alters the widths and sizes of the dark 
structures, as discussed earlier, consequently changing 
the emission peak altitude is likely to influence the 
inferred plasma drift velocity, either being superestimated 
or underestimated. This may result in slight changes in 
the calculated nighttime zonal plasma drift velocities. 

Results and discussion 

Figure 3 shows the zonal plasma drift velocities inferred 
from all sky-image observations of the OI 630.0 nm and 
OI 777.4 nm emissions using linearized images assuming 
fixed emission peak altitudes of 300 km and 380 km, 
respectively, based on earlier investigations (Mendillo and 
Baumgardner, 1982; Sobral and Abdu, 1990, 1991; 
Mendillo et al., 1997) and displacements of the western 
walls (Pimenta et al., 2001, 2003) of the intensity 
depletion bands (dark structures, as shown in Figures 1 
and 2) on five nights: 23-24 October, 2000; 31 October – 
01 November, 2000; 21-22 February, 2001; 15-16 
October, 2001 and 18-19 December, 2001 (three in 
spring equinox and two in summer). The average 
maximum and minimum zonal drift velocities, from the OI 
630.0 nm emission, are 185±10 and 104±18 m/s, 
whereas the average maximum and minimum zonal drift 
velocities from the OI 777.4 nm emission are 202±19 and 
121±20 m/s. 

It is seen in Figure 3 that in general, the zonal plasma drift 
velocities obtained from the OI 777.4 nm emission are 
higher than those obtained from the OI 630.0 nm 
emission, but it is also noted that there are periods when 
the zonal plasma drift velocities obtained by one emission 
do not follow the local time variations obtained from the 
other emission. The latter result is surprising because it 
indicates that two close-by regions in the F layer are not 
showing similar local time variations. This could be 
possibly due to the assumption of fixed emission peak 
altitudes for the two emissions; since there may be 
considerable F region height changes during the course 
of a night. Therefore we recalculated the zonal plasma 
drift velocities from the two emissions using F region 
altitudes for the two emissions obtained from 

Figure 2 - All-sky airglow images at OI 777.4 nm 
observed at São Jose dos Campos, Brazil, on October 
15, 2001. The local times are 21:01:06 (left) and 
21:30:08 (right). The images are raw (top) and 
linearized assuming emission peak altitudes of 350 km 
(middle) and 380 km (bottom). 
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simultaneous ionospheric sounding observations carried 
out at the same location. 

Figure 4 shows the variations of the ionospheric F region 
sounding parameters, the minimum virtual height (h'F is 
the upper line) and virtual height at 0.834 of foF2 (hpF2 is 
the lower line) (left hand side), and the critical frequency 
(foF2) variations (right hand side), observed at São José 
dos Campos on five nights: 23-24 October, 2000; 31 
October – 01 November, 2000; 21-22 February, 2001; 15-
16 October, 2001 and 18-19 December, 2001. As pointed 
out by Danilov and Morozova (1985), hpF2 is fairly close 
to the F region peak height during the nighttime. A 
perusal of the period of imaging observations on different 
nights in Figure 5, indicates that hpF2 shows height 
changes during the course of the optical measurements 
only on the night of 23-24 October. On the other nights, 
the hpF2 variations do not show much change during the 
periods of the optical observations. On the basis of these 
considerations, we have recalculated the zonal plasma 
drift velocities using the same technique described earlier, 
but assuming the OI 777.4 nm emission peak height close 
to the average hpF2 values and the OI 630.0 nm 
emission peak height ~50-80 km below the average hpF2 
(but not below h'F). 

Figure 5 shows the zonal plasma drift velocities 
recalculated for both the emissions and for the same five 
nights (Figure 5) but assuming different emission peak 
altitudes for four nights and three different values in the 
case of the night 23-24 October, 2000, as follows: post-
sunset (1930 to 2030 LT; emission peak altitudes 
assumed of 300 km and 350 km for the OI 630.0 nm and 
OI 777.4 nm emissions, respectively); early night (2045 to 
2230 LT; emission peak altitudes assumed of 250 km and 
300 km for the OI 630.0 nm and OI 777.4 nm emissions, 
respectively), and midnight (2245 to 0130 LT; emission 
peak altitudes assumed of 270 km and 310 km for the OI 

630.0 nm and OI 777.4 nm emissions, respectively). For 
the other four nights, the emission peak altitudes 
assumed were as follows: 31 October – 01 November, 

2000, 300 km and 350 km for the OI 630.0 nm and OI 
777.4 nm emissions, respectively; 21-22 February, 2001 
and 15-16 October, 2001, 280 km and 330 km for the OI 
630.0 nm and OI 777.4 nm emissions, respectively; and 
18-19 December, 2001, 280 km and 350 km for the OI 
630.0 nm and OI 777.4 nm emissions, respectively. The 
average maximum and minimum zonal drift velocities 

Figure 3 - Zonal plasma drift velocities inferred from the 
OI 630.0 nm and OI 777.4 nm emissions all-sky 
observations using linearized images assuming emission 
peak altitudes of 300 km and 380 km, respectively, and 
displacements of the western walls of the intensity 
depletion bands (dark structures as shown in Figures 1 
and 2). 

Figure 4 - F region minimum virtual height (h'F – upper 
line) and virtual height at 0.834 of foF2 (hpF2 – lower 
line) variations (left hand side), and critical frequency 
(foF2) variations (right hand side), observed at low-
latitude station São José dos Campos on five nights: 
October 23-24, 2000; October 31-November 01, 2000; 
February 21-22, 2001; October 15-16, 2001 and 
December 18-19, 2001. The hatched portions indicate 
the period of imaging observations. 

Figure 5 - Zonal plasma drift velocities re-calculated for 
the OI 630.0 nm and OI 777.4 nm emissions using the 
displacements of the western walls of the intensity 
depletions (dark structures of Figures 1 and 2), for 
linearized images assuming different emission peak 
altitudes based on the simultaneous ionospheric 
sounding observations. 
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from the OI 630.0 nm emission are 172±2 and 89±15 m/s, 
respectively, whereas the average maximum and 
minimum zonal drift velocities, from the OI 777.4 nm 
emission, are 184±12 and 103±16 m/s, respectively. The 
average maximum and minimum zonal plasma drift 
velocities for both the emissions in the present 
calculations are lower and with less scatter than those 
presented earlier using fixed assumed emission peak 
altitudes. Also, the nocturnal variations of the zonal 
plasma drift velocities obtained for the two emissions with 
peak altitudes based on simultaneous ionospheric 
observations show  better agreement  than  for the case 
with fixed emission peak altitudes (h = 380 km  for OI 
777.4 nm  and h = 300 km for OI 630.0 nm). For the five 
nights studied in the present investigations, the average 
correlation coefficient (r), with fixed emission peak 
altitudes r = 0.89, whereas with emission peak altitudes 
based on the simultaneous ionospheric observations r = 
0.93. 

Table 1 shows the average zonal plasma drift velocities 
calculated for the two different cases investigated in this 
work. It is noted, from Table 1, that both the calculations 
show that the zonal plasma drift velocities are slightly 
higher in the case of the OI 777.4 nm emission than that 
for the OI 630.0 nm emission. It should be pointed out 
that the uncertainties in the average values (maximum 

and minimum drifts in Table 1) reported are associated 
with both the variability in geophysical conditions and 
errors in the drift velocity determination method used. 
Also, the zonal plasma drift velocities have similar values 
in both the equinox and summer seasons. 

The observed OI 630.0 nm emission zonal plasma drift 
velocities in low-latitude region are comparable with those 
reported by Sobral and Abdu (1990, 1991) and Sobral et 
al. (1999) but slightly higher than those presented by 
Mendillo and Baumgardner (1982), Taylor et al. (1997), 
Santana et al. (2001), Otsuka et al. (2002), and Pimenta 
et al. (2003). This is possibly because the emission peak 
altitude assumed in the present case is higher. Pimenta et 
al. (2003) have reported that “if the OI 630.0 nm emission 
peak altitude is considered as 300 km, instead of 250 km, 
the plasma drift velocities increase by about 20 %”, i.e., 
the plasma drift velocities increase by ~20 % for 50 km 
height increase in the assumed  emission peak altitude. 
Also, this difference could be attributed, in some cases, to 
the different magnetic latitudes of the observing sites. 
Recent results have shown that plasma, in the vicinity of 
the equatorial ionospheric anomaly, can have a larger 
eastward speed than would be expected if one referred to 
the vicinity of equatorial region (Kil et al., 2000; Immel et 
al., 2003; Martinis et al., 2003). 

 
Table 1. Calculated average zonal plasma drift velocities. 

 
 
 

 
 
 

Zonal plasma drift velocities assuming emission 
peak altitudes based on earlier investigations 

Zonal plasma drift velocities assuming emission 
peak altitudes based on simultaneous 

ionospheric F region parameters 

Date Season OI 630.0 nm 
m/s 

OI 777.4 nm 
m/s 

OI 630.0 nm 
m/s 

OI 777.4 nm 
m/s 

  Minimum Maximum Minimum Maximu
m 

Minimum Maximum Minimum Maximum 

Oct. 23-24, 2000 Equinox 85 188 102 173 65 170 78 165 
Oct. 31-Nov. 1, 

2000 
Equinox 101 170 134 199 101 170 113 184 

Oct. 15-16, 2001 Equinox 132 188 147 204 98 173 115 196 
Feb. 21-22, 2001 Summer 94 181 100 224 83 175 97 188 
Dec. 18-19, 2001 Summer 108 198 120 212 98 172 112 188 
Average values  104 ± 18 185 ± 10 121 ± 20 202 ± 19 89 ± 15 172 ± 2 103 ± 16 184 ± 12 

 

The observed nocturnal variations of the zonal plasma 
drift velocities inferred from the OI 630.0 nm emission, 
that is, decrease from evening hours to midnight, are 
similar to those reported by Fejer et al. (1985), Sobral and 
Abdu (1991), Sobral et al. (1999), Taylor et al. (1997), 
Otsuka et al. (2002) and Pimenta et al. (2003). Also, the 
observed nocturnal variations are fairly similar to the 
zonal neutral wind velocities reported by Sahai et al. 
(1992) from the low-latitude region in Brazil, for these 
seasons. 

The observed OI 777.4 nm emission zonal plasma drift 
velocities are fairly similar in behavior but slightly higher 
than the OI 630.0 nm drift velocities. This fact indicates 
that the zonal plasma drifts near the peak of the F layer 
are slightly higher than at the bottomside of the F layer. 
The observed simultaneous OI 630.0 nm and OI 777.4 
nm emissions zonal plasma drifts are much higher than 

those reported by Mendillo et al. (1997) from similar 
observations at Arequipa, Peru. 

Conclusions 

Simultaneous observations in the OI 630.0 nm and OI 
777.4 nm emission all-sky imaging observations carried 
out from a low-latitude station in Brazil have been used to 
infer the nighttime zonal plasma drift velocities. Since the 
two emissions originate from the F region bottomside (OI 
630.0 nm) and peak height (OI 777.4 nm), it was possible 
to calculate the nighttime zonal plasma drift variations at 
two different F layer heights. In this paper we have 
investigated the nighttime zonal plasma drift variations 
using fixed emission peak altitudes, used by earlier 
investigators, as well as emission peak altitudes based on 
simultaneous ionospheric sounding observations. The 
main results are presented below: 
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1. For the case of fixed emission peak altitudes, the 
average maximum and minimum zonal drift velocities, 
inferred from the OI 630.0 nm emission, are 185±10 and 
104±18 m/s, whereas the average maximum and 
minimum zonal drift velocities from the OI 777.4 nm 
emission are 202±19 and 121±20 m/s.  

2. For the case of emission peak altitudes based on 
simultaneous ionospheric observations, the average 
maximum and minimum zonal drift velocities, inferred 
from the OI 630.0 nm emission, are 172±2 and 89±15 
m/s, whereas the average maximum and minimum zonal 
drift velocities from the OI 777.4  nm emission are 184±12 
and 103±16 m/s. 

3. The average maximum and minimum zonal plasma 
drift velocities inferred for both the emissions, using 
emission peak altitudes based on simultaneous 
ionospheric observations, are lower and with less scatter 
than those using fixed emission peak altitudes. Also, the 
nocturnal variations with emission peak altitudes based 
on simultaneous ionospheric observations show better 
agreement between the zonal plasma drift velocities 
obtained from the two emissions than for the case with 
fixed emission peak altitudes. 

4. During the course of a night, in general, the zonal 
plasma drift velocities inferred from the OI 777.4 nm 
emission are slightly higher than those inferred from the 
OI 630.0 nm emission, indicating that the plasma drift 
velocities near the F layer peak height are slightly higher 
than that at the bottomside of the F layer. Also, in both 
emissions the zonal plasma drift velocities decrease from 
evening hours to midnight. 

5. Simultaneous optical and ionosonde observations are 
becoming increasingly important for a better understand 
of ionosphere dynamics and thermosphere-ionosphere 
coupling. 
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