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Abstract. A physical mechanism and the location and latitudinal extent of an 
additional layer, called the F3 layer, that exists in the equatorial ionosphere are 
presented. A statistical analysis of the occurrence of the layer recorded at the 
equatorial station Fortaleza (4øS, 38øW; dip 9øS) in Brazil is also presented. The 
F3 layer forms during the morning-noon period in that equatorial region where the 
combined effect of the upward ExB drift and neutral wind provides a vertically 
upward plasma drift velocity at altitudes near and above the F2 peak. This velocity 
causes the F2 peak to drift upward and form the Fa layer while the normal F• layer 
develops at lower altitudes through the usual photochemical and dynamical effects 
of the equatorial region. The peak electron density of the Fa layer can exceed that 
of the Fu layer. The F3 layer is predicted to be distinct on the summer side of 
the geomagnetic equator during periods of low solar activity and to become less 
distinct as the solar activity increases. Ionograms recorded at Fortaleza in 1995 
show the existence of an Fa layer on 49% of the days, with the occurrence being 
most frequent (75%) and distinct in summer, as expected. During summer the layer 
occurs earlier and lasts longer compared to the other seasons; on the average, the 
layer occurs at around 0930 LT and lasts for about 3 hours. The altitude of the 
layer is also high in summer, with the mean peak virtual height being about 570 
kin. However, the critical frequency of the layer (foF3) exceeds that of the Fu layer 
(foF•) by the largest amounts in winter and equinox; foFa exceeds foF2 by a yearly 
average of about 1.3 MHz. 

1. Introduction 

The low-latitude ionosphere is known to exhibit 
unique features in the distribution of plasma density, 
temperature, and velocity which arise from the 
horizontal orientation of the geomagnetic field at the 
geomagnetic equator. In plasma density the ionosphere 
exhibits the well-known equatorial ionization anomaly 
(EIA), which is characterized by an ionization trough 
at the magnetic equator and crests on either side at 
latitudes around 4-160 [Appleton, 1946]. Numerous 
experimental and modeling studies have been used 
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to understand various aspects of the anomaly. 
Recently, optical techniques have been used to map 
the movement of the anomaly crests [•'ridharan e! al., 
1993]. Review articles have been presented by R•ajaram 
[1977], Moffett [1979], Anderson [1981], Walker [1981], 
$astr'i [1990], $tening [1992], Abdu [1997], and Bailey 
et al. [1997]. The cause of the anomaly (EIA) is well 
understood; it is caused by the'equatorial plasma 
fountain that transfers ionization from around the 

equator to higher latitudes [Hanson and Moffett, 1966]. 
The sudden strengthening of the plasma fountain dur- 

ing evening hours and the subsequent nighttime cool- 
ing of. the plasma give rise to a recently observed fea- 
ture in the latitudinal distribution of the plasma tem- 
perature, the equatorial plasma temperature anomaly 
(EPTA) JOyarea et al., 1997; Balan ½t al., 1997a]. The 
EPTA, first revealed by observations made by the elec- 
tron temperature probe on board the Hinotori satellite, 
has features similar to the ionization anomaly (EIA) 
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but exists only in the topside ionosphere and during the 
evening-midnight period. Plasma bubbles and spread F 
[Booker and Wells, 1938; Woodman and La Hoz, 1976] 
also originate in the bottomside of the evening intense 
plasma fountain [OssaLow, 1981; Abduet al., 1982; Kel- 
ley, 1985; Jayachandran et al., 1993; Sekar et al., 1994]. 

The purpose of the present paper is to report on a 
physical mechanism and the statistics of occurrence of 
an additional layer at equatorial latitudes. The addi- 
tional layer, predicted by modeling studies, was origin- 
ally called the G layer [Balan and Bailey, 1995]. It was 
later renamed the Fa layer [Balan et al., 1997b; Jenkins 
et al., 1997] to be consistent with the well-established 
nomenclature of using capital letters to denote different 
regions of the ionosphere, for example, D, E, and F, and 
using the region letter followed by a number to denote 
distinct ionized layers within the region, for example, 
F1 and F2. The F3 layer was predicted to form dur- 
ing the morning-noon period at altitudes above the F2 
peak; its peak density can exceed the peak density of 
the F2 layer. Following the prediction, the layer was de- 
tected in ionograms recorded at the equatorial station 
Fortaleza (4øS, 38øW; dip 9øS) in Brazil [Balan et al., 
1997b]. Jenkins et al. [1997] presented and discussed 
two cases of an F3 layer recorded at Fortaleza when 
there was no trace of an F3 layer in the ionograms re- 
corded at the nearby ionosonde station S•o Luis (2.3øS, 
44 øW; dip 0.5øS). 

Although the Fa layer has been predicted to arise 
from the vertical E x B drift at the geomagnetic equator 
and to be modulated by neutral wind [Balan and Bailey, 

1995], a physical mechanism for the formation of the 
layer has yet to be given. In section 3 of the present pa- 
per are presented a physical mechanism and the results 
of a modeling study to determine the location and lat- 
itudinal extent of the layer. The proposed mechanism 
holds for all longitudes, while the location and latitud- 
inal extent refer to the longitude of Fortaleza (38øW). 
The statistics of occurrence of the layer recorded at 
Fortaleza are presented in section 4. A summary of 
the results of this study is presented in Section 5. No 
attempt has been made to reproduce the observations 
as the E x B drift, and neutral wind velocities that cause 
the Fa layer were not measured. 

2. Model Calculations 

The model calculations were carried out for the lon- 

gitude of Fortaleza using SUPIM [Bailey and Balan, 
1996; Bailey et al., 1997]. In SUPIM, coupled time- 
dependent equations of continuity, momentum, and en- 
ergy balance,for the O +, H +, He +, N2 +, 02 +, and NO + 
ions, and the electrons, are solved along closed dipole 
magnetic field lines between altitudes of about 130 km 
in conjugate hemispheres to give values for the concen- 
trations, field-aligned fluxes, and temperatures of the 
ions and electrons at a discrete set of points along the 
field lines. For the present study, the model equations 
are solved along 114 eccentric-dipole magnetic field lines 
distributed with apex altitude between 150 and 5000 km 
and with the number of points along the field lines in- 
creasing with apex altitude from 201 to 301; this gives a 
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Figure 1. Local time variations of (top) the equatorial vertical E x B drift velocity (positive 
upward) used in the model calculations and (bottom) the magnetic meridional neutral wind 
velocity (positive equatorward) at 300 km altitude for the location of Fortaleza. The drift and 
wind are for low solar activity. 
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reasonable 24-hour distribution of model data between 

150 and 2000 km altitude and q- 300 magnetic latitude. 
The vertical E x B drift velocity and the magnetic me- 

ridional neutral wind velocity are important parameters 
for the formation and maintenance of the Fa layer. The 
drift velocities used in the model calculations are ob- 

tained from the measurements made at Jicamarca and 

Arecibo (77øW). The Jicamarca drift [Fejer et al., 1991] 
is used for magnetic field lines with apex altitude less 
than 450 km and the Arecibo drift [Fejer, 1993], scaled 
to the magnetic equator, is used for field lines with apex 
altitude greater than 2000 km; a linear interpolation is 
used for the field lines at intermediate apex altitudes. 
As Figure I (top) shows, the equatorial ExB drift velo- 
city increases upward during the morning-noon period 
in all seasons; this increase is needed for the formation 
of the F3 layer (see section 3). The vertical gxB drift 
velocity models available for Fortaleza IBatista et al., 
1996] are not used in the present study as they are only 
available for periods of high solar activity; the present 
study is mainly for periods of low solar activity to suit 
the observations made in 1995. The neutral wind ve- 

locities are calculated from the HWM90 neutral wind 

model [tiedin et al., 1991]. The wind velocity in the 
magnetic meridian (see Figure 1, bottom) controls the 
location of the F3 layer (see section 3). The concentra- 
tions and temperatures of the neutral gases, solar EUV 
fluxes, photoelectron heating rates, and other inputs to 

the model are the same as those described by Balan et 
at. [1997b]. 

3. Physical Mechanism and Location 
A physical mechanism and the location and latitud- 

inal extent of the F3 layer are presented and discussed 
using values modeled by SUPIM for longitude 38øW 
(Fortaleza). The solar activity index F10.7 and its 81- 
day running mean are between 90 and 100 for the days 
used for low solar activity calculations, and the values 
for the medium and high solar activity calculations are 
in the ranges 145-150 and 190-200, respectively. The 
magnetic activity is quiet for all cases with Ap: 4. 

3.1. Physical Mechanism 

The F3 layer arises from the daytime photochemical 
and dynamical processes in the equatorial F region. 
The model electron density (Ne) profiles shown in Fig- 
ure 2 illustrate the formation and maintenance of the F3 
layer. The layer forms during the morning-noon period 
when the production of ionization dominates over the 
loss of ionization and when there is large upward flow 
of ionization due to the combined effect of the upward 
E xB drift and the neutral wind. Early in the morning 
(0800 LT), there is the usual F2 layer. With advan- 
cing time, the layer becomes broad, much broader than 
at other latitudes, because of the large production and 
unique dynamical effects of the equatorial region. Also, 
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the peak of the layer rises in altitude, faster than at 
other latitudes, because of the dominating effects of the 
upward E xB drift. Until about 0930 LT, there is only 
a single peak. By this time the peak has risen to the top 
of the altitude range, where both chemical and dynam- 
ical effects are important in maintaining a single-peak 
layer structure; above this altitude range the dynamical 
effects strongly dominate the chemical effects. Thus, 
while the original (F2) peak rises farther in altitude be- 
cause of the dynamical effects, another peak forms at 
lower altitudes because of both chemical and dynamical 
effects. The new peak develops into the usual F2 layer 
and the original (F2) peak that drifts upward forms the 
Fa layer. The two layers become distinct by about 1030 
LT. 

After the two layers become distinct (Figure 2) the 
peak electron density of the F3 layer (NmFa) decreases 
with time, mainly because of chemical loss and diffusion 
(there is very little production at F3 layer altitudes), 
while that, of the F2 layer (N.,F2) increases because 
of production and dynamical effects. However, there 
is a period of time between 1030 and 1230 LT when 
N.,Fa remains greater than N.•F2. During this time 
both the F2 and Fa layers can be recorded by ground- 
based ionosondes as has been done at, Fort, aleza [Balan 
e! al., 1997b; Jenkins e! al., 1997]. At later times, 
N.•F2 exceeds N.•Fa and undergoes the usual daytime 
increase. Although N.•.Fa continues to decrease, the 
layer can exist until after sunset, as has been observed in 
the modeled and measured Ne profiles. The Ne profiles 
measured by the incoherent scatter radar at the equat- 

orial station Jicamarca between 1327 and 1349 LT on 

January 8, 1997, show structures resembling an Fa layer 
[Aponte e! al., 1997]. The ledges observed in the Ne 
profiles measured during afternoon hours at equatorial 
latitudes using the ISIS satellite [Sharma and Raghav- 
arao, 1989] could be due to decaying Fa layers. 

Figure 2 also shows that the peak electron density 
(N.,a•) of the equatorial ionosphere during the 
morning-noon period changes from N.,F2 to 
and then changes back to N.,F2. When the peak 
height h.,a• of the ionosphere is examined, the first 
changeover (NmF2 to NmFa) forms part of the 
morning increase of h.,a:. and the second changeover 
(N.•Fa to N•F2) produces a rapid decrease in 
which has been recorded by the ionosonde at Fortaleza 
[Abdu e! al., 1990]. The Jicamarca radar has also 
recorded the rapid decreases in h.,a• [McClure 
al., 1970; Farley, 1991], which have been reproduced 
by theoretical models [Bailey e! al., 1993; Preble 
al., 1994]. However, the decrease in h.•a• depends 
on the rate of decrease of NmFa, the rate of increase 
of N.,F2, and the rate of ascent of h.•Fa and 
Considering the above factors, the expected decrease 
in h.•a• may not happen in all occurrences of an 
layer. Also, as seen from the model Ne profiles (Figure 
2), the value of N•,a• during the morning-noon period, 
which includes N.•,Fa for a period of time, decreases 
before noon (0900-1130 LT). This does not contradict 
the existence of the Fa layer, because the decrease of 
]Vma.. is part of the noon bite-out observed at, low 
latitudes [Rajaram, 1977]. 
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Figure 3. Vector plasma fluxes at 1200 LT which correspond to the model inputs of Figure 2. 
The shaded area shows the latitudinal extent of the F3 layer, with the thick portion showing the 
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3.2. Location of the Fa Layer 
The Fa layer forms near the equator and is centered at 

that location where there is a vertically upward plasma 
velocity at altitudes near and above the F2 peak during 
the morning-noon period. Once formed, the layer can 
continue to exist provided the vertically upward plasma 
velocity is maintained near the altitude of the layer. 
This can be understood by comparing the Ne profile at 
1200 LT in Figure 2 and the corresponding plasma flux 
vectors shown in Figure 3. The location and latitud- 
inal extent of the F• layer at 1200 LT are also shown in 
Figure 3. The flux vectors are vertically upward at the 
location of the F• layer. A vertically upward velocity 
is needed because, otherwise, the plasma will diffuse 
downward along the geomagnetic field lines as at other 
latitudes; the vertical velocity should also be of suffi- 
ciently large magnitude, especially for N,•F• to exceed 
N,•F2. The plasma velocity is determined by the res- 
ultant of the upward E xB drift velocity and the neut- 
ral wind velocity in the magnetic meridian. However, 
since the drift velocity during the morning-noon period 
is more or less the same for all seasons (Figure 1) and 
is symmetric with respect to the geomagnetic equator, 
the neutral wind should be the main factor in deciding 
the location and latitudinal extent of the F• layer. 

An equatorward neutral wind combined with an up- 
ward E xB drift is needed to produce the required ver- 
tically upward plasma velocity. Considering the gen- 
eral circulation of the neutral wind, the F3 layer should 
therefore be centered at the geomagnetic equator at the 
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Figure 4. Latitude extent (horizontal bars) of the 
modeled Fa layer at 1100 LT at. the longitude of 
Fortaleza for December solstice, June solstice, and equi- 
nox during periods of low solar activity; the thick por- 
tion of the shaded areas correspond to the latitude cen- 
ters of the layer. The electron density profiles shown 
correspond to the latitude centers; latitude is magnetic. 
The mark F denotes the location of Fortaleza. 
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Figure 5. Electron density profiles from model calcu- 
lations with no ExB drift and no neutral wind (dashed 
curve), with neutral wind and no ExB drift (dotted 
curve), and with both ExB drift. and neutral wind 
(solid curve). The profiles correspond to 1100 LT at 
40 N magnetic latitude at the longitude of Fortaleza dur- 
ing June solstice at low solar activity. Note that the Fa 
layer does not form when the wind alone is used (dotted 
curve). 

equinoxes and slightly toward the summer hemisphere 
at the solstices at longitudes where there is no offset in 
the geomagnetic and geographic equators. At other lon- 
gitudes, where there is an offset in the geomagnetic and 
geographic equators, the layer is expected to be centered 
on the summer side of the geomagnetic equator at the 
solstices and on the side of the geomagnetic equator 
where there is an equatorward wind at the equinoxes. 
At the Brazilian longitude (38øW), where the geomag- 
netic equator is located on the southern side of the geo- 
graphic equator, the Fa layer is expected to be centered 
on the southern side of the geomagnetic equator at the 
December (summer) solstice and on the northern side at 
the June (winter) solstice; at the equinoxes the center is 
expected to be located at an intermediate latitude. This 
feature is illustrated in Figure 4, which shows the loca- 
tion and latitudinal extent of the Fa layer at 1100 LT at 
the longitude of Fortaleza (38øW) during the solstices 
and equinox during low solar activity. The correspond- 
ing Ne profiles at the respective central latitudes are 
also shown in Figure 4. The time periods when N,•Fa 
remains greater than N,•Fu are found to be 0930-1230 
LT for June solstice, 0945-1215 LT for December sol- 
stice, and 1000-1145 LT at equinox. Thus, as shown in 
Figure 4, a distinct Fa layer is expected to form over 
Fortaleza (dip 9øS) during the December (summer) sol- 
stice; no Fa layer is expected to form over Fortaleza at 
the June (winter) solstice. Figure 4 also shows that the 
most distinct Fa layer at the longitude of Fortaleza is 
expected during the June solstice at latitudes on the 
northern (summer) side of the geomagnetic equator. 
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Figure 6. Electron density profiles from model calcu- 
lations at the June solstice for different levels of solar 

activity. The profiles correspond to 1100 LT at 4øN 
magnetic latitude at the longitude of FortMeza. Note 
that the F• layer becomes less distinct with increasing 
solar activity. 

The December solstice results of Jenkins et al. [1997] 
are in agreement with those shown in Figure 4. 

Although the neutral wind controls the location of the 
F3 layer, the main driving force for the formation and 
maintenance of the F3 layer is the upward ExB drift 
velocity. This is illustrated in Figure 5, which shows the 
Ne profiles modeled for different combinations of ExB 
drift and neutral wind. As Figure 5 shows, an F3 layer 
forms when an E xB drift is included in the model cal- 

culations (solid profile); model calculations that include 
an E xB drift, but not a neutral wind, give an Fa layer 
centered at the geomagnetic equator (not shown). Al- 
though the driving force (the upward ExB drift) under- 
goes a large and sudden upward strengthening during 
the evening hours [Fejer et al., 1991], it is unlikely for an 
F3 layer to form during this time. This is because dur- 
ing the evening period when the F2 layer drifts upward, 
another layer cannot form at lower altitudes because of 
the absence of the production of ionization. 

Figure 6 illustrates the modeled solar activity de- 
pendence of the Fa layer. Figure 6 shows the Ne pro- 
files at 1100 LT at 4øN magnetic latitude at the lon- 
gitude of Fortaleza for different levels of solar activity 
at the June solstice. It can be seen that the layer for 
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make the F3 layer comparatively less distinct during 
medium and high solar activities is not as distinct as 
that for low solar activity. These differences arise be- 
cause the morning-noon ionosphere becomes broad and 
intense with increasing solar activity, while the corres- 
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Figure 8. The frequency of occurrence, mean crit- 
ical frequency, mean virtual height, and mean local time 
duration of the F3 layer recorded at, Fortaleza for dif- 
ferent months in 1995. The dots in the duration lines 

(bottom) represent the mean local time of the strongest 
F3 layer; the virtual heights (h/F, h/F2, and h/F3) and 
critical frequency (f0F2 and f0F3) correspond to this 
time. Note that the F3 layer occurs frequently at high 
altitudes and it lasts for the longest, time in summer; 
the excess critical frequency of the layer compared to 
the F2 layer is small in this season. 

ponding ExB drift and neutral wind remain more or 
less constant. Thus the upward force arising from the 
drift and wind becomes insufficient to raise the morn- 

ing F2 peak to the topside altitude to form a clear F3 
layer as discussed above. The greater production of 
ionization that results in a strong F2 layer could also 
medium and high solar activities. It is to be pointed out 
that the above predictions on the dependence of the F3 
layer on longitude, season, and solar activity are based 
on the general circulation of the neutral wind as given 
by HWM90 and the ExB drift, measurements made at 
Jicamarca. 

4. Statistics of Occurrence 

The ionograms recorded at Fortaleza in 1995 are ana- 
lyzed to study the occurrence and other characteristics 
of the Fa layer; the ionograms were recorded at 5-min 
intervals by a digital ionosonde. On the days when the 
Fa layer occurs the ionograms are found to show some 
distortions at the high-frequency end starting at the 
time when the original F2 peak starts to form the Fa 
layer. The distortions then develop into a "cusp," and 
an additional trace appears at the high-frequency end 
when the Fa layer density exceeds the F2 layer density. 
The trace lasts for a period of time (see below) and then 
decays and disappears. The additional trace cannot be 
the signature of propagating disturbances such as that 
caused by gravity •vaves for the reasons discussed by 
Jenkins et al. [1997]. 

Figures 7a-7c show typical examples of the 
ionograms displaying the F3 layer traces recorded at 
Fortaleza during December solstice, June solstice, and 
equinox, respectively. The ionograms correspond to 
the local times when the F3 layer is strongest. The 
daily magnetic activity index (El(p) is also noted. 
As Figures 7a-7c show, the characteristics of the F3 
layer clearly depend on season. The layer occurs more 
distinctly and at higher altitudes during December 
solstice than during other seasons. This seasonal 
dependence arises because the magnetic meridional 
neutral •vind over Fortaleza is equatorward during 
December (summer) solstice and poleward during 
other seasons (Figure 1). The equatorward wind and 
the upward E xB drift, as explained above, produce 
the required vertically upward plasma velocity needed 
to form a distinct F3 layer during December solstice. 
A poleward •vind, on the other hand, acts against the 
requirement of a vertically upward plasma velocity. 
The interhemispheric plasma flow from the summer 
hemisphere to the winter hemisphere at altitudes and 
latitudes outside the plasma fountain (Figure 3) also 
helps to form and maintain a distinct F3 layer for 
a longer duration during the December (summer) 
solstice period. 

The characteristics of the F3 layer have been studied 
in detail. Figure 8 shows the frequency of occurrence 
and other characteristics of the F3 layer on a monthly 
basis. The frequency of occurrence refers to the per- 
centage of days of available data when foF3 exceeds 



29,176 BALAN ET AL.' AN ADDITIONAL LAYER IN THE IONOSPHERE 

foF2; the data is available for almost all days except 
for 1 day in January and 2 days in June. It may be 
noted that ionosondes can detect the layer only when 
foF3 exceeds foF2. As shown by Figure 8, the layer 
occurs most frequently (75%) in summer (December- 
February) and least frequently (28%) at the equinoxes 
(March-May and September-November), with the oc- 
currence in winter (June-August) falling in between 
(66%). The frequency of occurrence varies from a min- 
imum of about 20% in September to a maximum of 
about 93% in December. The bars in the bottom of 

Figure 8 represent the monthly mean local time dura- 
tions when the Fa layer was recorded or when N,•Fa 
exceeded N, n F2, with the dots showing the time of 
strongest NmF3. As seen, the layer occurs earlier in 
the October-February period, which covers the sum- 
mer season, than in other periods; the layer also lasts 
longest in summer. The time of occurrence varies from 
0900 LT in November to 1115 LT in September, and 
the time duration varies from about i hour in October 

to about 4 hours in January. The altitude of the layer, 
shown by the mean peak virtual height (h•Fa, Figure 8), 

is also high in summer. The virtual height varies from 
about 430 km in June to about 625 km in January. The 
altitude difference between the F3 and F• layers (h•F• 
and h•F•) is also largest in summer. The base altitude of 
the F region (h•F), however, varies little on the days of 
the F• layer. Unlike the other characteristics, the crit- 
ical frequency of the layer (foF3) exceeds that of the 
F• layer (loFt) by the largest amounts in winter and 
equinox (Figure 8). This is related to the winter anom- 
aly and semiannual variation of the ionosphere, which 
provide more ionization in winter and equinox than in 
summer. The value of foF• exceeds that of foF• by a 
yearly average of about 1.3 MHz. 

The occurrences of an Fa layer at Fortaleza during 
summer (December solstice) and equinox are in gen- 
eral agreement with what is expected from the E xB 
drifts and neutral winds used in the model predictions 
(Figure 4). However, in winter (June solstice)when an 
F• layer is not expected to occur (Figure 4), a layer is 
observed almost as frequently as in summer, although 
for shorter durations. This could be due to the fact 

that (1) the upward E xB drift at Fortaleza in winter 
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Figure 9. Electron density profiles from model calculations at 1100 LT for the location of 
Fortaleza at June solstice and low solar activity with (1) the daytime upward E xB drift (Figure 
1) multiplied by the factor 1.5 and the neutral wind (Figure 1) unchanged (dot-dashed curve), (2) 
the neutral wind in the southern hemisphere multiplied by 0.5 and the drift unchanged (dashed 
curve), and (3) the drift multiplied by 1.5 and the wind in the southern hemisphere multiplied 
by 0.5 (solid curve). The profile obtained for the drift and wind shown in Figure 1 is also shown 
(dotted curve). Note that a combination of strong drift and weak wind can cause the occurrence 
of an F• layer at Fortaleza at the June (winter) solstice. 
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is stronger than that used in the calculations, or (2) 
the neutral wind in winter is less poleward than that 
given by HWM90 (Figure 1), or a combination of I and 
2. These possibilities have been tested through model 
calculations. As shown by Figure 9, a combination of 
strong upward drift and weak poleward wind can cause 
the occurrence of an Fa layer during winter. A strong 
upward drift and strong poleward wind can also give 

rise to the formation of the layer, although it cannot 
be recorded by ionosondes, as N,•F3 remains less than 
N,• F2. However, a weak poleward wind with a typically 
average drift cannot form the F3 layer during winter. 

Figures 10a-10c show the frequency of occurrence 
and other characteristics of the Fa layer recorded at 
Fortaleza on a day-to-day basis for the months of Janu- 
ary, June, and March, respectively. The daily magnetic 
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Figure 10a. The critical frequency, virtual height, local time duration (vertical lines), and 
frequency of occurrence of the Fa layer recorded at Fortaleza in January 1995. The histograms at 
the bottom give the daily magnetic activity index Elfp, with the shaded histograms corresponding 
to the Fa layer days. The dots in the duration lines represent the local time of the strongest 
F3layer; the virtual heights (h•F, h/F2, and h•Fa) and critical frequencies (foF2 and loft) 
correspond to this time. 
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Figure 10b. Same as Figure 10a but for June 1995. 

activity index (EKp) is also shown as histograms, with 
the shaded histograms corresponding to the F3 layer 
days. As Figure 10a shows, an F3 layer occurs on 70% 
of the days during the summer month of January; it oc- 
curs from as early as 0900 LT and lasts from about 15 
rain to 5 hours (most cases last for more than 2 hours). 
The peak virtual height varies from about 475 to 775 
km, and the critical frequency of the layer generally 
exceeds that of the F2 layer by 0.2-1.0 MHz. In the 
winter month of June (Figure 10b) the layer occurs at 
a lower altitude and lasts for a shorter duration com- 

pared to the summer month (Figure 10a), although the 

frequency of occurrence is the same (70%). The peak 
virtual height in the winter month (Figure 10b) varies 
from about 375 to 575 kin, with only one case exceed- 
ing 500 kin; the duration ranges from about 15 rain to 
3.5 hours, with most of the cases lasting for less than 
1.5 hours. Unlike the other characteristics, the critical 
frequency of the F• layer generally exceeds that of the 
F2 layer by a large amount (0.5-1.8 MHz) in the winter 
month. This, as mentioned above, is a consequence of 
the winter anomaly. The frequency of occurrence (30%) 
and the other characteristics of the layer are small dur- 
ing March (equinox); see Figure 10c. 
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Figure 10c. Same as Figure 10a but for March 1995. 

The occurrence of the layer viewed on a day-to-day 
basis (Figures 10a-10c) also shows that the layer occurs 
under both magnetically quiet and active conditions, al- 
though the occurrence is more frequent under quiet con- 
ditions. However, while. the layer generally occurs dur- 
ing the morning hours under quiet conditions, it usually 
occurs in the afternoon hours under active conditions. 
Also, the critical frequency of the layer exceeds that 
of the F2 layer by large amounts under magnetically 
active conditions, especially in January (Figure 10a). 
There is also one magnetically active period (January 
29-31, 1995) when the layer did not occur (Figure 10a). 
The special circumstances leading to the formation of 

the layer under magnetically active conditions will be, 
presented in a future paper. 

The characteristics of the layer (Figures 10a-10c) 
show large day-to-day variability, due mainly to the 
day-to-day variability of the driving and modulating 
forces, the ExB drift, and the neutral wind. The vari- 
ability of neutral density and solar EUV fluxes also can 
contribute to the variability of the layer. Also, on some 
days the layer reappears after disappearing. However, 
this is not the general case (see Figures 10a-10c). There 
are also successive magnetically quiet days when the 
layer occurs on one day and not on the other day. These 
special cases are being investigated. 
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5. Summary 

Studies of the low-latitude ionosphere, using a the- 
oretical model and experimental observations, have re- 
vealed the existence of an additional layer called the F3 
layer in the equatorial ionosphere. A physical mechan- 
ism and a study of the location and latitudinal extent 
of the layer for different seasons have been presented 
using the mathematical model SUPIM •vith ExB drift 
velocities measured at Jicarnarca and neutral wind velo- 

cities given by HWM90. The physical mechanism holds 
for all longitudes, while the location and latitudinal ex- 
tent are for longitude 38øW, the longitude of Fortaleza 
in Brazil. The statistics of occurrence of the layer recor- 
ded by an ionosonde at Fortaleza have also been presen- 
ted. 

The Fa layer forms during the morning-noon period 
in the equatorial region •vhere the combined effect of the 
up•vard E x B drift, and neutral •vind provides vertically 
up,yard plasma velocity at altitudes near and above the 
F2 peak. The vertical velocity causes the F2 peak to 
drift up•vard and form the Fa layer •vhile the normal F2 
layer develops at 10•ver altitudes through the usual pho- 
tochernical and dynamical processes of the equatorial 
region. The density of the F3 layer can exceed that, of 
the F2 layer. The layer is predicted to be distinct, and 
frequent on the summer side of the geomagnetic equator 
and to become less distinct, •vith increasing solar activ- 
ity. The latitudinal extent of the layer can extend to 
the •vinter side of the geomagnetic equator if a strong 
up•vard E x B drift, or a weak poleward wind, or a com- 
bination of the t•vo, exists. 

The ionograrns recorded at Fortaleza in 1995 show 
the existence of the layer on 49% of the days, with 75% 
in summer, 66% in winter, and 28% in equinox. On av- 
erage, the layer starts to occur at 0930 LT in summer, 
1045 LT in winter, and 1015 LT in equinox and lasts 
for about 3.1, 1.9, and 1.2 hours, respectively. The peak 
(virtual) height of the layer is about 570 km in surmner, 
440 krn in winter, and 450 km at equinox. Unlike the 
other characteristics, the critical fi'equency of the layer 
exceeds that of the F2 layer by the largest amount in 
winter and equinox, which is related to the winter an- 
omaly and semiannual variation of the ionosphere; foFa 
exceeds foF2 by an yearly average of about 1.3 MHz. 
On a day-to-day basis the layer occurs as early as 0800 
LT to as late as 1700 LT and lasts for as little as 15 

rnin to as long as 6 hours. The peak height of the layer 
varies frorn 375 to 775 krn, and the critical frequency 
exceeds that of the F2 layer by 0.2-2.3 MHz. 
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