
doi: 10.3319/TAO.2016.08.18.01(EOF5)

* Corresponding author 
E-mail: tigerjyliu@gmail.com

An observing system simulation experiment for FORMOSAT-5/AIP probing 
topside ionospheric plasma irregularities by using DEMETER/IAP

Jann-Yenq Liu1, 2, *, Yang-Yi Sun1, Chi-Kuang Chao1, Shih-Ping Chen1, and Michel Parrot 3

1 Institute of Space Science, National Central University, Taoyuan City, Taiwan 
2 Center for Space and Remote Sensing Research, National Central University, Taoyuan City, Taiwan 

3 LPCE/CNRS, Orleans, France

AbSTRAcT

The ion density probed by IAP (Instrument d’Analyse du Plasma) on board 
the DEMETER (Detection of Electro-Magnetic Emissions Transmitted from Earth-
quake Regions) satellite is used to find whether the science payload of Advanced 
Ionospheric Probe (AIP) on board FORMOSAT-5 can be employed to observe space 
weather of ionospheric plasma irregularities. The low-latitude irregularities within 
±15° dip latitudes of the DEMETER/IAP ion density are nighttime phenomena, and 
become prominent in the South America-Central Africa sector almost all year round, 
especially during May to August. The high-latitude irregularities of the DEMETER/
IAP ion density appear around ±65° dip latitude worldwide in both daytime and 
nighttime, and become very intense in the winter and the equinox month/hemisphere. 
DEMETER/IAP results show that FORMOSAT-5/AIP can be used to monitor space 
weather of ionospheric daytime/nighttime plasma irregularities in not only the low- 
but also high-latitude ionosphere.
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1. InTRODucTIOn

FORMOSAT-5 is a remote sensing satellite scheduled 
to launch by the end of 2016, anticipated to fly in a 98.28° 
inclination sun-synchronous circular orbit at 720 km alti-
tude near the 1030 LT (local time) and 2230 LT sectors. AIP 
(Advanced Ionospheric Probe) is an all-in-one plasma sen-
sor to install on the FORMOSAT-5 satellite with a sampling 
rate up to 8192 S s-1 (Sample per second) to measure the 
ion density, ion velocity and ion/electron temperature over 
a wide range of spatial scales in a time-sharing way (Lin et 
al. 2017). This allows scientists worldwide (both low- and 
high-latitude) to monitor space weather of ionospheric plas-
ma irregularities in both daytime and nighttime with much 
higher accuracy. The FORMOSAT-5/AIP science mission 
is to explore ionospheric space weather (Chen et al. 2017) 
and detect seismo-ionospheric precursors associated with 

large earthquakes (Liu and Chao 2017). One of the impor-
tant space weather issues is to monitor ionospheric plasma 
irregularities that affect high accuracy positioning, naviga-
tion, and communication applications (cf. Sun et al. 2013, 
2015; Liu et al. 2016).

The most comprehensive plasma irregularity observa-
tion in the low-latitude ionosphere has been carried out by 
the Ionospheric Plasma and Electrodynamics Instrument 
(IPEI) onboard ROCSAT (i.e., FORMOSAT-1), which or-
bits at 600 km altitude with 35° inclination. This satellite 
circulates around the Earth every 97 min, transmitting col-
lected data to Taiwan’s receiving stations approximately six 
times a day during 1999 - 2004. Although, ROCSAT/IPEI 
conclusively observes global distributions of low-latitude 
ionospheric irregularities (cf. Su et al. 2006, 2010), high-
latitude ionospheric irregularities have not yet been stud-
ied in detail. AIP on board FORMOSAT-5 is a next ver-
sion and advanced generation science payload of IPEI on 
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board ROCSAT. The inclination 98.28° of FORMOSAT-5 
allows us observing global distributions of both low- and 
high-latitude ionospheric plasma irregularities near 1030 
and 2230 LT.

This paper explores whether FORMOSAT-5/AIP 
can be used to detect ionospheric plasma irregularities at  
720 km altitude or not. We conduct an observing system 
simulation experiment (OSSE) using the ion density probed 
by IAP (Instrument d’Analyse du Plasma) onboard DEME-
TER (Detection of Electro-Magnetic Emissions Transmit-
ted from Earthquake Regions) satellite and cross compare 
with that observed by ROCSAT/IPEI.

2. ExPERIMEnT DESIgn AnD ObSERvATIOn

The DEMETER satellite is a micro-satellite that ob-
serves the region within 65° geomagnetic latitude in a  
680 km altitude, 98.3° inclination orbit. It is also a sun-syn-
chronous satellite that passes in almost the same local time 
everywhere at 1030 and 2230 LT. DEMETER carries 6 pay-
loads. We focus on IAP detecting the plasma density and the 
ion composition (Berthelier et al. 2006). Since both have 
sun-synchronous orbits at 680/720 km altitude in the 1030 
and 2230 LT sectors, DEMETER/IAP provides an excel-
lent opportunity to conduct the OSSE for FORMOSAT-5/
AIP observing low-latitude topside ionospheric plasma ir-
regularities. For the cross comparison we examine the iono-
spheric plasma irregularity using the v index proposed by 
Su et al. (2006). Here, the v index is given as,
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where ni is the ion density at each second and noi is the 
linearly fitted value of 10-sec data. Su et al. (2006) used  
v ≥ 0.3% as the threshold to find the occurrence probabil-
ity of ionospheric plasma irregularities from the ROCSAT 
1-sec ion density. Figure 1 displays two examples of the ion 
density along the DEMETER track of about 45°W and the 
associated v index computed with Su et al. (2006).

Figure 2 depicts the seasonal and geographical distri-
butions of the occurrence probability near 2230 LT that the 
low-latitude irregularities probed by DEMETER/IAP de-
velop within ±15° dip latitudes constantly from 0 - 60°W 
(South America-Central Africa sector), especially promi-
nent in May to August, during 2006 - 2010. The most in-
tense ionospheric plasma irregularities appear about ±65° 
dip latitude in the high-latitude ionosphere. It is interesting 
to find that the high-latitude ionospheric plasma irregulari-
ties appear prominently in the winter hemisphere (i.e., the 
Northern hemisphere in October to February, and the South-

ern hemisphere in April to August), but become equally 
pronounced in both hemispheres in March and September 
(equinox months).

Figure 3 displays the geographical distributions of the 
occurrence probability of low-latitude nighttime (1900 - 
2400 LT) plasma irregularities probed by ROCSAT/IPEI in 
various months during 1999 - 2002. The pronounced pat-
tern generally follows the magnetic equator over the twelve 
months, taking place from 10 - 70°W longitude (South 
American-Atlantic sector) in November-January; from 
15°W - 40°E and 120 - 240°E longitude (African and Pacific 
sector) in April-August; and from 120°W - 120°E longitude 
(Atlantic sector) in February to March and September to Oc-
tober, respectively. In fact, the irregularities spread over the 
entire magnetic equator during the equinox months.

3. DIScuSSIOn AnD cOncluSIOn

Figures 2 and 3 show that the longitudinal distributions 
of low-latitude ionospheric plasma irregularities detected 
by DEMETER/IAP and ROCSAT/IPEI are different from 
May to August. Note that the main difference between the 
two satellites is the inclination, 35° (a quasi-magnetic zonal 
direction) for ROCSAT and 98.3° (a quasi-magnetic meridi-
onal direction) for DEMETER. The large scale equatorial 
ionospheric disturbance structure, such as plasma bubbles, 
is elongated along the magnetic field lines. Because of the 
geomagnetic control, the scale length in the magnetic meridi-
onal direction is much greater than that in the zonal direction 
(Kelley 2009; Retterer 2010; Yokoyama et al. 2014). The v 
index in Eq. (1) is computed every 10 s. The DEMETER and 
ROCSAT satellite speeds are about 7 - 8 km s-1, and therefore 
the v index can be employed to detect ionospheric plasma 
irregularities approximately smaller than about 80 km.

Figure 4 is the Fourier analysis on the ion density 
within ±15° magnetic latitudes probed by DEMETER/IAP. 
It is surprising to see that the longitudinal distributions of 
the spectrum amplitude agree with those of the irregularity 
occurrence probability observed by ROCSAT/IPEI, shown 
in Fig. 3. The irregularity occurrence probability distribu-
tion and the spectrum amplitude observed by DEMETER/
IAP disagrees with each other, which suggests that the in-
dex computed using Eq. (1) may need to be redesigned for 
detecting low-latitude ionospheric plasma irregularities 
probed by sun-synchronous circular orbit satellites.

Low-latitude ionospheric plasma irregularities have 
been intensively examined, and found to be nighttime phe-
nomena (Kelley 2009). Here, high inclination satellites, such 
as DEMETER and FORMOSAT-5, provide an opportuni-
ty to probe global ionospheric plasma irregularities in the 
high-latitude ionosphere in both nighttime at 2230 LT and 
daytime at 1030 LT. Figure 5 displays the irregularity oc-
currence probability distribution probed by DEMETER/IAP 
at 1030 LT. No prominent irregularity was found occurring 
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Fig. 1. Latitudinal structures of ion density probed by DEMETER/IAP near 45°W in 5 January and 29 July 2006 (top panel). Red dots (v index > 
0.3%) indicate the associated occurrence of irregularities (bottom panel). (Color online only)

Fig. 2. Geographical ionospheric irregularity occurrence probability distributions in the ion density probed by DEMETER/AIP near 2230 LT during 
the period of 2006 - 2010. The spatial resolution of these maps is 1° in both the geographic longitude and latitude. The probability is the number of 
detected irregularities divided by the total data points in each lattice. (Color online only)
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Fig. 3. Geographical ionospheric irregularity occurrence probability distribution in the ion density observed by ROCSAT/IPEI from 1999 - 2002. 
(Color online only)

Fig. 4. Fourier spectra of the DEMETER/AIP ion density within ±15° magnetic latitude near 2230 LT during the period of 2006 - 2010. (Color 
online only)
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in the low-latitude ionosphere, which agrees with existing 
radar and satellite observations (Kelley 2009). Meanwhile, 
for the high-latitude ionosphere, the irregularity occurrence 
probability distributions near 1030 LT are very similar to 
those near 2230 LT, shown in Fig. 2.

The irregularity occurrence probability detected by 
DEMETER at high latitudes is much higher than that at low 
latitudes. This could be due to the fact that the DEMETER 
data used in this study were taken during 2006 - 2010, a 
period of deep solar minimum. Note that the ionospheric 
irregularity occurrence probability depends on solar activity 
and is higher at equatorial latitudes than at high latitudes 
during solar maximum. However, the occurrence probabil-
ity is higher at high latitudes than at low latitudes during 
solar minimum (e.g., Basu et al. 1988). 

In conclusion, the OSSE of DEMETER/IAP shows 
that FOROMSAT-5/AIP can be used to study the iono-

sphere plasma irregularity of the globe near 1030 and 2230 
LT. It is found that different approaches might yield dif-
ferent results in studying ionospheric plasma irregulari-
ties. The spectrum analysis can robustly detect ionospheric 
plasma irregularities, while the occurrence probability ap-
proach might need to be redesigned for the upcoming FOR-
MOSAT-5/AIP mission.
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