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Abstract 

The low-latitude ionosphere is characterized by large-scale instabilities in the post-sunset hours 

due to the distinct geometry of the earth’s magnetic field lines at the equator. The magnetic 

field lines are horizontal at the equator contributing to the high vertical drift velocity of the 

plasma bubbles growing from the bottomside of the ionospheric F-region. The phenomenon, 

commonly known as equatorial spread F, is an important problem in aeronomy as it can cause 

radio wave scintillation effects representing the most critical impacts of space weather on man-

made technologies, such as satellite communications and global navigation satellite systems 

(GNSS). Here, we report results on the dependence of the peak heights of the irregularities at 

the magnetic equator, also called as apex-altitude, on solar flux by analyzing in-situ 

observations made on-board the Communications/Navigations Outage Forecasting System 

(C/NOFS) satellite mission. Our analysis indicates the median of the peak-height distributions 

of the irregularities increases linearly from about 491 km at solar minimum to 737 km during 

solar maximum. The Physics-Based Model (PBMOD) has been used to confirm the space-

based observational results and we find the field-line integrated conductivity is the key 

parameter which controls the peak-heights of the irregularities. In this investigation, we also 

seek to understand the possible dependence of the irregularity parameter characterizing the 

equatorial ionospheric irregularities on the background ionospheric density.  

 

Keywords: Equatorial ionospheric irregularities, Physics-based model (PBMOD), Ionospheric 

density. 

 

1. INTRODUCTION 

The in-situ ion-density measurements made by the 

Planar Langmuir Probe (PLP) sensor on-board 

C/NOFS [1] satellite has been analyzed to 

understand the climatological features of the 

equatorial ionospheric irregularities (EIA) in 

several previous studies. Equatorial plasma 

irregularities are caused by the non-linear evolution 

of the generalized Rayleigh Taylor (RT) instability 

[2, 3] in which the bottomside low-density plasma 

drifts upward into the high-density plasma much 

like the rise of air bubbles in a liquid [4]. The 

ionospheric irregularities are generically called 

‘spread F’ owing to the spread observed in the 

ionograms when they were first observed. Since 

their first discovery by Berkner and Wells [5] in 

1934, these irregularities have been extensively 

studied in a variety of experiments involving 

sounding rockets [6], ground-based radars, 

satellites, in-situ probes, conventional ionosondes, 

topside ionosondes, airglow measurements and 

satellite beacons [7]. The irregularities have been 

an active field of research due to both academic 

interest and practical applications as these 

irregularities because radio wave scintillations 

disrupting satellite, communication, navigation, 

surveillance and aviation systems.  

Following the important works by Haerendel [2] 

and Balsley et al. [8], the disturbances in the 

equatorial ionospheric region started to be 
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understood as a flux-tube aligned interhemispheric 

effect explained by the gravitational Rayleigh-

Taylor (GRT) flux tube interchange instability. In 

this scheme, the high plasma density magnetic flux 

tubes at the bottom-side of the ionospheric F region 

are replaced by the lower plasma density flux tubes 

from below similar to the hydrodynamic Rayleigh 

Taylor instability. The magnetic field lines are 

horizontal at the equator contributing to the high 

vertical drift velocity, due to the polarization 

electric fields created by the disturbances in the 

plasma, of the plasma bubbles growing from the 

bottomside of the ionospheric F-region.  

 
Fig. 1: (a) An example of ion-density measurements for 

UTC day 089, 2011 made by C/NOFS PLP sensor (above). 
(b) Ionospheric Irregularities in the upper subplot and 
smooth ion density measurements on the same day in 

the lower subplot (below). 

In this work, we seek to characterize the spatial 

distribution of equatorial ionospheric irregularities 

(Fig. 1) and try to understand the dependence of the 

peak heights of the irregularities at the magnetic 

equator, also called as apex-altitude, on solar activity. 

Since the irregularities map along the magnetic field 

lines, their height above the magnetic equator 

determines the spatial extent of the irregularities in 

latitude allowing us to identify regions affected by 

space weather impacts. In this investigation, we seek 

to understand the possible dependence of the 

irregularity parameter characterizing the equatorial 

ionospheric irregularities on the background 

ionospheric density. This is a critical examination of 

the irregularity parameter to confirm our results on the 

peak-height distributions of the irregularities at the 

magnetic equator and also several other studies which 

have employed similar definition of the irregularity 

parameter. 

 

2. OBSERVATIONS AND METHODOLOGY  

In our work, we use the following parameter σ to 

identify ionospheric irregularities: 

 

where Ni  and Noi    are the ion density and the 

linearly fitted value at the i
th
 data position. This 

definition has been used in previous studies aimed 

[9,10] at investigating ionospheric irregularities. 

Equation (1) is the standard deviation of ion density 

variation in logarithmic scale for an 11-s segment 

of data.  In our work, while applying      defined in 

equation (1) as the parameter to identify 

irregularities, we have taken the background 

density (Noi) to be moving median of 200 

points/secs. In this work, we set    > 1.2 % as the 

criterion to identify the ionospheric irregularities 

with ion-density units taken to be in m
-3

.  

While understanding the observational results, we 

also analyze Physics Based Model (PBMOD) 

ionospheric model results to determine if a physics-

based model can reproduce the observed 

dependence of bubble height on solar activity. 

PBMOD [11] ionospheric model, as described in 

the reference, is a system of Physics Based MODels 

that describes the three-dimensional time-

dependent evolution of the low-latitude ionosphere 

on several different spatial scales: globally it 

provides the plasma density and composition at 

altitudes between 90 and 2000 km; at finer scales it 

describes the development of fluid plasma 

turbulence within this region and the resulting radio 

scintillation. We varied the seed perturbation in the 

model to compare with the C/NOFS observational 

results. The seed value which produced non-linear 

b) 

a) 
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effects in the model results and closely matched 

with the C/NOFS observational results was chosen 

for further analysis so that we could look for 

physical parameters accessible through the model 

runs to understand the physical mechanism 

responsible for the peak-heights of the equatorial 

ionospheric irregularities at the magnetic equator. 

 

3. VARIATION OF PEAK APEX ALTITUDE 

DISTRIBUTIONS OF EIA WITH SOLAR 

ACTIVITY  

We now proceed with our objective of determining 

the apex-altitude distribution of the bubbles. We 

take data from 2008 through 2010 as low solar 

activity period. Since the first half of 2011 has 

transitional F10.7 values, we include data from the 

second half of 2011 through 2014 as high solar 

activity period. The sampling window for both 

solar low and high activity years includes active 

seasons Jan – April and Sep – Dec., Local-Time 20 

– 24 LT and longitudinal region : 80
o
 W: 10

o 
E.   

 

 
 

Figure 2: Apex Altitude vs F10.7 plot shows the 
evolution of the median peak apex-altitudes from low 

solar activity year 2008 to high solar activity year 2014. 
The line fit shows that the irregularities rise from about 

491 km at solar minimum to 737 km during solar 
maximum. The line fit has higher slope for the 90

th
 

percentile peak apex-altitudes. The PBMOD results for 
the variation of the plasma bubble apex altitude with 

solar flux matches closely with that of the median 
values of the peak apex-altitude distributions deduced 

from C/NOFS observations. 

We are interested in finding out the ‘True 

Distribution’ of peak-altitudes of the bubbles at the 

magnetic equator. It is the peak altitudes of the 

bubbles at the magnetic equator which determine 

their latitudinal extent as the irregularities map 

along the equipotential magnetic field lines in either 

side of the hemispheres. The True Distribution is 

estimated from the Observed Distribution based on 

the physical reality that the number of observed 

distribution at an apex altitude is integral of the true 

distribution at apex-altitudes equal and higher than 

that of the observed distribution. Conversely, all 

higher altitude bubbles at the magnetic equator pass 

through the lower altitudes beneath them. 

Mathematically, 

 

where, Mzo   is observed distribution and N(z) is true 

distribution.  

We apply this approach to deduce the peak apex 

altitude distributions from the observed apex 

altitude distributions of the equatorial ionospheric 

irregularities as observed by the sensor on-board 

C/NOFS satellite. The variation of the peak apex-

altitude distributions of the equatorial ionospheric 

irregularities with solar activity is as seen in Fig. 2. 

The median of the distributions varies from 491 km 

at solar minimum years to 737 km at solar 

maximum years.  

 

4. INFLUENCE OF THE BACKGROUND 

DENSITY ON THE IRREGULARITY 

PARAMETER 

We seek to understand the possible influence of the 

background ionospheric density on the irregularity 

parameter characterizing the equatorial ionospheric 

irregularities. This is a critical examination of the 

parameter to confirm our results on the peak-height 

distributions of the irregularities at the magnetic 

equator and also other studies which have 

employed similar definition of the irregularity 

parameter. The scatter plots for the sigma, absolute 

deviation in linear scale and the background density 

in the linear scale with respect to the physical 

altitude all have a ‘steeper’ slope. The sigma values 

closer to the magnetic equator (low apex altitude) at 

lower physical altitudes are higher (Fig. 3) than 

those farther from the magnetic equator (high apex 

altitude). But this does not hold true for the 

irregularity parameter defined in terms of the linear 

scale (absolute deviation ratio). Hence, it requires 

more investigation to understand if the background 

density influences the irregularity parameters.  
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In the scatter plot, the physical altitude spans ~ (400 – 

850) km owing to the altitudinal range of the elliptical 

orbit of C/NOFS satellite. The red dots corresponding 

to the physical-altitudes in the image ‘hide’ the blue 

dots corresponding to the apex-altitudes. Hence, the 

apex-altitudinal range corresponds to ~ (400 – 2200) 

km as the apex-altitude for a physical latitude is 

determined by the magnetic-field mapping between 

the geographic (physical) latitude and the 

geomagnetic equator.  The higher values of Sigma at 

the low physical altitude and very close to the 

magnetic equator (< 500 km) are possibly due to the 

strength of the irregularities as they are just developed 

into non-linear stage which would fade in the strength 

as they grow upwards. More investigation will be 

required to test this hypothesis which will constitute 

future work on this investigation.  

 

5. CONCLUSIONS  

The research results presented in this paper make 

an investigation into altitude distributions of 

equatorial ionospheric irregularities at the 

magnetic equator. We studied the apex-altitude 

distributions of equatorial ionospheric 

irregularities for low and high solar activity 

years. We used PBMOD (Physics Based 

MODels) to see if model predicts similar effects 

of solar activity on the altitude of ionospheric 

irregularities at magnetic equator as of C/NOFS 

observations [12]. We summarize our 

investigation results as following: 

1. Our analysis indicates that the median height 

distribution of bubbles increases linearly from 

about 491 km at solar minimum to 737 km 

during solar maximum. These results apply to 

the -80
o
 W to 10

o
 E longitude sector. Other 

longitude sectors may have different altitude 

distributions. Our occurrence statistics suggest 

that bubbles in this longitude sectors are higher 

than in other regions on average. 

Fig. 3: The scatter plot (bottom right) of the 
Sigma shows that sigma decreases in value 
as we go higher in physical and apex 
altitudes. This holds true for other 
irregularity parameters as well. The plot 
binned in physical altitude (top) shows 
sigma values closer to the magnetic 
equator are higher than those farther from 
the magnetic equator. 
In the scatter plot, the physical altitude 
spans ~ (400 – 850) km owing to the 
altitudinal range of the elliptical orbit of 
C/NOFS satellite.  
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2. A physics-based model was used to confirm our 

findings. In the model it appears that field-line 

integrated conductivity is the key determinant of 

terminal bubble altitude. Specifically, when the 

field-line integrated conductivity inside the 

bubble is equal to that of the background 

ionosphere the polarization electric field that 

propels the bubble upwards vanishes and the 

bubble ceases to rise further.  

3. These results are the first observational 

confirmation of bubble altitude as a function of 

solar flux and are valuable to the development 

of improved scintillation mapping models for 

both real-time and post-processing applications. 

4. More investigation is required to reach towards 

unambiguous conclusions on the influence of 

background density on the irregularity parameter 

characterizing the ionospheric irregularities.  
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