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Abstract 
 
 The FORMOSAT-3/COSMIC (F3/C) constellation lunched on 15 April 2006, which consists of six micro-
satellites in the low-earth orbit, is capable of monitoring the troposphere and ionosphere by using the powerful 
technique of radio occultation. With more than 2000 observations per day, it provides an excellent opportunity to 
monitor three-dimensional structures and dynamics of the ionospheric scintillations during 2006-2011.  The global 
F3/C S4 index are subdivided and examined in various latitudes, longitudes, altitudes, and seasons.  The F-region 
scintillations in the equatorial and low-latitude ionosphere start around post-sunset period and often persist till post-
midnight hours (0300 MLT, magnetic local time) during the March and September equinox as well as December 
Solstice seasons.  The E-region scintillations reveal a clear solar zenith effect and yield pronounced intensities in 
mid-latitudes during the Summer Solstice seasons, which are well correlated with occurrences of the sporadic E-
layer.  There is no obvious scintillation activity observed in the high-latitude ionosphere. 
 

1. Introduction 
 
 The Earth’s ionosphere often becomes turbulent and develops electron density irregularities which manifest 
themselves as spread- F on ionograms, plume-like structures in the range-time-intensity images of HF radars, 
intensity bite-outs in airglow intensity measurements and scintillations on amplitude, as well as the phase of VHF 
and UHF signals from satellites, and are commonly referred as equatorial spread- F irregularities (ESF), spanning 
scale sizes from 10’s of centimeters to 100’s kilometers. 
 There have been many studies on the occurrence characteristics of ionospheric density irregularities using 
ground-based, satellite-based in situ measurements, and topside sounders and many important features of them have 
been reported including temporal variations, seasonal-longitudinal variability, several days variation, and day-to-day 
variation though several enigmatic features of them are yet to be revealed (see papers listed in [1-6]).  However, 
studies on continuous and global characteristic features of ionospheric plasma irregularities are very scanty due to 
fact that the global coverage is difficult to obtain from ground-based observations and, further, the number of its 
observational locations are limited around the world, and though satellite measurements can cover all longitudes, 
observational areas are fixed in the geographic latitude and the satellite altitudes. On the other hand, with the aid of 
low earth orbit (LEO) satellites performing GPS radio occultation (RO) observations, it is possible to obtain global 
soundings of the atmospheric profiles in three dimensional perceptive from the earth surface to topside of the 
satellite altitude with higher vertical resolution [7].  For a better understanding of the global phenomena of 
ionospheric irregularities, a RO technique using multiple satellites that can provide dense spatial coverage of the 
world such as FORMOSAT-3/COSMIC (F3/C) is essential. The F3/C constellation is equipped with six micro-
satellites at about 800 km altitude which are placed in 72° inclination circular orbits with a separation angle between 
neighboring orbital planes of 300 longitude. In principle an occultation takes place when a GPS sets or rises behind 
Earths’ atmosphere as seen by the LEO satellite, then the GPS radio signals are received by a receiver on LEO 
satellite and such an occultation would lasts for few minutes. Once the GPS signal received at LEO during an 
occultation and the on-board algorithm, which was implemented into the GPS RO receiver software by the Jet 
Propulsion Laboratory (JPL), measures SNR intensity fluctuations from the raw 50-Hz L1 amplitude measurements 
and these intensity measurements are recorded in the data stream at a 1-Hz rate at the ground for the reconstruction 
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of S4 index.  On average, nearly 6000 to 7000 S4 index profiles are derived by F3/C per day covering altitude range 
from the Earth’s surface to 800 km. 
 This paper is to present 3-D global structure of the S4 index observed by the F3/C in various seasons during 
an extreme low solar active (LSA) year of 2008.  Results of the 5-year period of 2006-2011 will be shown in the 
XXX URSI General Assembly and Scientific Symposium in detail.  We transfer the S4 index data to magnetic local 
time (MLT) coordinate and divide them into four seasons including M-month (March 21±1.5 month), S-month 
(September 21±1.5 month), D-month (December 21±1.5 month) and J-month (June 21±1.5 month) (hereafter M-, S-, 
D-, and J-month respectively).  The season divided S4 index data is binned into grid cells of size 1-hour (MLT) x 60 
(latitude) x 50 km (altitude) resolution and calculated the median value of S4 index in that grid cells with a sliding 
window of 3-hour x 180.  This procedure effectively reduces the extreme ones and left with frequently observed S4 
index values.  The data from 150 to 350 km and 350 to 800 km in a view to verify exclusively the global S4 index 
behavior in the bottom and top side of the ionospheric F-region.  Those between 75 and 125 km altitudes are 
employed to derive the global information on the ionospheric E-region. 
 

2. Observation 
 
 Figure1a depicts the global variation of maximum S4 index from noon to noon in MLT for altitude with 
every 50 km interval from 0 to 800 km during M-month of year 2008.  It is clear that the equatorial scintillations 
become more prominent from post-sunset hours and often persist till post-midnight hours (i.e. from 1900 to 0300 
MLT) at the bottom side of the F-region, 150-350 km altitude.  Though the S4 index intensity increases with the 
increasing altitude up to 300-350 km bin, its latitudinal extent however decreases and fixes to the magnetic 
equatorial regions particularly between 150 and 350 km, and finally disappears beyond 350 km altitude.  Another 
interesting feature is that the latitudinal extent of the S4 scintillations slightly tilts towards the northern hemisphere 
from the equator at altitudes from 150 to 350 km.  Further, the scintillation activity at 100-150 km altitude bin is 
more prominent throughout the day and night and extends up to midlatitudes on both sides of the magnetic equator, 
though less activity is present at and around the magnetic equatorial regions.  The S4 index in the S-month shows 
that the intense scintillation activity appears near the equator and low latitudes in the F-region similar to M-month, 
and however the prominent E-region activity does not spread on both sides of the magnetic equator (Figure 1b).  
Figure 1c displays during D-month that the scintillation activity mainly occurs in the southern hemisphere below 
100-150 km altitude bin, and however beyond this altitude it becomes symmetry with equator till 300-350 km 
altitude.  It can be seen that the S4 index is characterized with relatively higher values at F-region altitudes, 
particularly at 200-250 km and 250-350 km altitude bins.  By contrast, Figure 1d reveals that during J-month, the 
scintillation activity is confined to the northern hemisphere particularly in the E-region between 100 and 150 km.  
The intensity of scintillation activity becomes very less, comparing with other seasons, and in the F-region it almost 
disappears beyond the 250-300 km altitude bin. 
 We further investigate the S4 index in the E layer, which generally appears in the altitude range from 90 to 
120 km.  Figure 2 shows the monthly occurrence of S4 index between 75 and 125 km altitude in year 2008.  It is 
clear that S4 index during March-April and September-October months are characterized with lower values and 
appear around the magnetic equator.  On the other hand, the S4 scintillation activity from May to August is not only 
associated with higher values, also moves toward northern mid-latitudes, and back to the equator by October.  In 
contrast, the S4 index with greater avulses in November to February moves toward southern mid-latitudes and 
returns to the equator by March/April.  Nevertheless, Figure 2 shows a clear signature of the solar zenith angle effect 
and the S4 scintillation activity is greater in the summer solstice (i.e. July in the north and December in the south 
hemisphere) than in the spring/autumn equinox (i.e. March and September). 
 

3. Discussion and Summary 
 
 In summary, this paper for the first time report the 3-D global structure of the L-band S4 scintillations up in 
the ionosphere to 800 km altitude by means of the F3/C GOX RO observation.  It is found that in the F-region (150-
350 km altitude) of low and equatorial ionosphere, the F3/C S4 scintillations start becoming pronounced at about 
post-sunset of 1900 MLT and persist till post-midnight of 0300 MLT within ±300 magnetic latitudes during the 
March and September Equinox, and December Solstice seasons, and no obvious activity can be observed during the 
June Solstice season.  These suggest that pre-reversal enhancement in ExB drift is essential.   It is found that the 
scintillations in low latitudes can last till the post-midnight 0300 MLT, and those in high latitudes show no obvious 
activities.  The E-region (75-125 km altitude) scintillations, which are highly correlated with occurrences of the 



sporadic E-layer, appear both daytime and nighttime and reveal maximum intensities in the middle-latitudes during 
the Summer Solstice and moderate ones around the magnetic equator during equinox seasons. 
 

 
Fig.1: Global maximum S4-index from noon to noon at various altitudes observed by FORMOSAT-3/COSMIC 
during (a) March equinox 2008, (b) September equinox 2008, (c) Winter 2008, and (d) Summer of 2008. Each 
subplot shows integrated S4-index data between the 50 km altitude interval. 



 
Fig. 3: Monthly occurrence of global S4 index at E region altitudes (between 75 and 125km) from January to June 
(top six panels) and July to December (bottom six panels) in 2008. 
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