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Abstract. Electron density profile data obtained from the 1 Introduction

FORMOSAT-3 radio occultation (RO) measurements over

Ascension Island are used to study the bottomside thick-

ness paramete?0 in the International Reference lonosphere INvestigation of the ionospheric electron density profile
(IRI) model, scale height around the F region peak height,NVe(%) is an important topic in the study of the ionosphere;
and other F2 region parameters. The RO data were colfor instance, it plays an important role in the study of iono-
lected when the radio occultation occurred at Ascension IsSPheric storms, ion compositions, plasma temperature, and
land (345.8 E, 8.0 S) during the solar minimum activity pe- the effects on radio communications between satellites and
riod from May 2006 to April 2008. Results show that the ground receivers. Most ionospheric studies focus on the F
BO values are in moderate agreement with the ground-basetggion of the ionosphere because this is the most sensitive
observations in the equinox period (correlation coefficient@rea and contains the most important ionospheric dynamics.
r = 0.682) and winter { = 0.570), with a strong correla- The F region is usually divided into three parts. The low-
tion in summer £ = 0.750). The seasonal and diurnal vari- €St region, where photochemistry dominates, is called the F1
ations in BO over Ascension Island show peak values dur- region. The region where there is a transition from photo-
ing the daytime and in winter. In addition, th0 values chemical dominance to diffusion dominance is called the F2
were underestimated and overestimated in the RO measuréedion, and the upper F region, where diffusion dominates, is
ments during the daytime and nighttime, respectively. More-Called the topside ionosphere. The bottomside ionospheric
over, the comparison of scale heights shows that scale heigh@lectron density profile can be measured from ionograms
obtained from the retrieved data and digisonde observation§ecorded by ground-based observation, the electron density
are weakly correlation in all three seasons. Furthermore, alProfile of the bottomside F2 layer can be described by the pa-
though the effective scale heightif) values were reverse rameters peak density and height of the F2 lajxemi2 and

of those obtained from the RO measurements and are highdt"F2), thickness g0), and shapeK1). The electron den-
during the nighttime than in the daytime, they are in good sity profile of the topside ionosphere can be obtained from
agreement with those from ground-based observations. Thificoherent scatter radar (ISR), space-borne topside sounder
paper also provides a comprehensive discussion of the effe¢fieéasurements, or empirical models. Ground-based observa-

of the asymmetric ionospheric electron density profiles onfion methods have spatial and temporal limitations for use
RO measurements. in topside ionospheric profile reconstruction; therefore, the

empirical model is important for this purpose.

During the past several decades, many ionospheric em-
pirical models have been developed to describe the verti-
cal profile of electron density; these models include Chap-
man, exponential, parabolic, and Epstein functions (Booker,
1977; Rawer et al., 1985; Rawer, 1988; Di Giovanni and
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Radicella, 1990; Reinisch and Huang, 2001; Reinisch et al. Hy over Ascension Island from May 2006 to April 2008 dur-
2004, 2007). The method proposed by Reinisch et al. (2004)ng a solar minimum period. In addition, this study is the first
is simple and convenient, and tlae Chapman function is to compare th&0 andHt around the F2-peak height derived
used to derive the ionospheric topside shape in this methodrom the electron density profiles collected by FORMOSAT-
They assumed a constant scale height around the F2 lay& with ground-based observations at Ascension Island. Al-
peak height to interpolate the topside ionosphere. Their resulthough the seasonal variationshfy derived from COSMIC
shows good agreement with the ISR topside electron denhave been studied by Liu et al. (2011), this is the first time
sity profile during the daytime in the equatorial ionosphereto our knowledge that these values have been compared with
(Reinisch et al., 2004). This method can also applied to modground-based observation to study the effect in the inversion
ern digisonde to derive vertical electron density profiles inof RO measurements.

real time. In the past, only the application of ISR or radio

occultation (RO) techniques using data from low Earth orbit ) _

(LEO) satellites provided an opportunity to study the iono- 2 Data collection and analysis

sphere topside and bottomside simultaneously.

In this investigation, we examine and compare the di-
urnal and seasonal variations MMF2, hmF2, BO, and
effective scale height 1) by using the electron den-
sity profile from the Constellation Observing System
for Metrology lonosphere and Climate/Formosa Satel-
lite 3 (COSMIC/FORMOSAT-3) with the variations ob-
served in the corresponding digisonde observations. Th
FORMOSAT-3 is a scientific satellite, developed by the

US and Taiwan, that orbits at an altitude of approximately ~ - .
500 km. Approximately 1000—2500 ionospheric RO eV(_jmsaltltudes of approximate 800 km. The FORMOSAT-3 obser-

registered per day by the COSMIC mission have been useéfation proviQed the.electron qensity_profilgs employed in this
study by using an ionospheric RO inversion technique. The

to study the various ionospheric phenomena (e.g., He et al.d tails of the dat . dthe i ion techni
2009; Liu et al., 2008, 2009, 2011, Luan et al., 2008: Po- I‘?%‘fc’. et F";‘O"" proc?s'”gtar.‘ € 'ﬂve.rs'oln fc ”éq“e.";‘p'
tula et al., 2011; Yue et al., 2010; Zeng et al., 2008). ForP!€C 0 INVELRL Soundings 1o 10nospheric electron density

ground-based observations, we used data from Ascension I@_rofiles can be found _in the reports of Kuo et al. _(2004)’ Leiet
land (345.6 E, 8.0 S) located in the low latitudes area in the al. (2007), and Schreiner et al. (1999). The retrieved electron

Southern Hemisphere density profiles can be downloaded for study from the web
Validation of NmF2 has been the focus of most previous addresshttp://tagc.cwb.gov.tw/cdaac]’he electron density
studies on the electron density profile (e.g., Lei et al., 2007;data for the region betweeri’ 5 and 1.15 and 342E "’F”d
Kelley et al., 2009; Wu et al., 2009; Yue et al., 2010); the re_349’ E were extracted. The |0n0_spher|c botto_mS|de th|ckr_1ess
sults of these studies suggest that the most significant err aramete’0 was calculated using the following expression

source is the spherical symmetry assumption in the horizon-Ramak”Shnan and Rawer, 1972).

tal direction applied in Abel inversion. Furthermore, Straus . B1

(2007) and Wu et al. (2009) showed that error is a relativerNE(h) = NmF2: exp(—x )/ costix) @

large fraction of Abel in the retrievelinF2 corresponding to  \yherex — (hmF2— h)/ BO.

low latitudes. These findings are based on the comparison of p( is the slope determined frohmF2 corresponding to

NmF2 andhmF2 ionospheric parameters. However, because,, ,, which indicates that the electron density decreases to

the electron density values can also be derived from profiley 24 times that oNmF2. B1 is the shape parameter in the In-

shapes, we compared the ionospheric RO measurements WitByational Reference lonosphere (IRI) model. Brmea-

the ground-based observation over the low-latitude area Qurement, Gulyaeva (1982) suggested that the bottom pro-

estimate the ionospheric profile and bottomside thickness pagjje pe modified toho5, which represents half-density height

rameters. . _ from ho 24 in Eq. (1). Furthermore, in this study we followed
Itis widely accepted that the low-latitude area is a com- Gylyaeva’'s method (Gulyaeva, 1982) to setBieparameter

plex part of the ionosphere because it is simultaneously afyt 5 constant value of 3 to derive tiB® value.Ht at hmF2

fected by dynamo electric fields and thermospheric winds,,a5 derived from the Chapman profile function (Eq. 2) by

The Ascension Island observation is nominally located be-gsing the method followed by Reinisch et al. (2004) to fit the
low the southern crest of the equatorial ionization anomalytopside profile.

(EIA) and near the magnetic equator in the F region; thus the

distribution of electron density here is higher than that in the No(1) = NnF2- exp{1/2[1 — z — exp(—2)1}, 2)
neighboring areas. In this paper, we examine the data includ-

ing the ionospheric profile paramet&taF2,hnF2, B0, and  wherez = (h — hmF2)/ Hr.

This paper examines the variability in the data of the iono-
spheric profile parametefdnF2, hnF2, BO, and Ht ob-
tained from space-borne observations and digisonde data
from May 2006 to April 2008 during the solar minimum
activity periods. The space-borne data were collected from
FORMOSAT-3 observations. The COSMIC/FORMOSAT-3
és a space scientific mission under the cooperation of Tai-
wan and the US. Six identical microsatellites constituting the
COSMIC constellation system were launched into orbits at
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In this investigation, we fitted the topside profile retrieved e - ,
from FORMOSAT-3 measurements by a least-square pro- 2006/9/10,10:15 RO profile
cedure to deriveHt corresponding tdmF2 by using the
Eq. (2). Figure 1 shows the electron density profiles ob-
tained using the RO measurements (solid line) and the fit-
ting « Chapman profile (red line) for daytime on 10 Septem-
ber 2006, 10:15UT (LE UT + 1 h), and the F2-layer peak
(red circle). In addition toHy, the scale height nearby the
peak height of F region could be determined from the shape?
of the bottomside electron density profile. This method also
uses ther Chapman function with variable scale heightk)
(Rishbeth and Garriott, 1969):
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wherey = [ % and Hn is the scale height at the F2 peak. Fig. 1. Example of Hy value by fittinge Chapman function (red

hm line) between the F2-layer peak electron density point (red cir-
Here N(h) is calculated from the measuréd f) trace  ¢je) and the RO measurement (solid line) around 10:15UT on

in the ionogram. However, this method is applled in the 10 September 2006 using arChapman function.

SAO-Explorer software package in digisonde. Although

and Ht both are derived from the Chapman function,

there are some differences between them. Further, Huangnd bottomside shape parametéks and BO near the EIA
and Reinisch (2001) mentioned that we can deternfige  area. Thus, we cataloged the data into three seasons as
from the bottomside profile to estimate for the scale heightequinox (March, April, September, and October), summer
of the topside profile, i.e.HT = Hny. In addition, we com-  (November—February), and winter (May—August). We then
pared the ionospheric profile parameters obtained from theompared theNmF2, hnF2, B0, and Hy values derived

RO measurements with those obtained from ground-baseffom RO measurements and from digisonde observations by
observation at low latitudes in the Southern Hemisphere. Thejualifying their differences during the period May 2006—
ground-based observation was collected from the Ascensioipril 2008 to elucidate possible asymmetric effects on the
Island digisonde located at a geophysical latitudé 8.and  four parameters.

longitude 345.6E near the equator in the Southern Hemi-

sphere. The analyzed data of manually scaled ionograms

were processed by the University of Massachusetts-LowelB Results

(UML) software system SAO-Explorehttp://ulcar.uml.edu/ his i I : h
digisonde.htmIReinisch, 1996; Reinisch and Huang, 1996). In this investigation, we examined two datasets to study char-

The ionospheric electron density profiles were derived us-acteristics of the ionospheric profile: the retrieved data and

ing the true height inversion algorithm NHPC, which is in- the ground-based observations. The RO measurements do not
cluded in the SAO-Explorer software package (Reinisch include entire daytime periods, and the solar activities are
1996; Huang and Reinisch, 2001). The ionospheric profileaII in minimum phase_s. Therefore, we gathered al! t_he data
parameters can be obtained using the above-mentioned soig-om May 2006 tO'ApI’I| 2008 to represent 1 yr. The digisonde
ware in order to compare the results. TeF?2 values were ataset was obtained on days when RO occurred. The annual
derived as shown below. distributions ofNmF2, hmF2, BO, andHt were obtained by

considering the median values on the days for each month,

NmF2 = 1.24 x 100(foF»)2elm 3, (4)  and the median values were derived from digisonde observa-
tions and RO measurements, as shown in the left and right
wherefoF; is expressed in MHz. panels in Fig. 2, respectively. Figure 2a and b show the an-

The digisonde data are routinely recorded at 15 min inter-nual distribution inNmF2 that was obtained from digisonde
vals at the Ascension Island station. In this study, we selectednd RO data, respectively. Two peaks were apparent in the
the ionogram in which RO occurred within these limited pe- daytime during the period October—April, both occurring si-
riods. multaneously in digisonde and RO measurements.

RO data offer an additional method for studying iono- In the case ohmF2, the two datasets also showed a simi-
spheric dynamics and the topside ionosphere. In this studyiar trend, with two apparent peaks appearing in the daytime
we focused on the diurnal and seasonal variations in then the summer season (November—February). In addition, a
ionospheric profile parameters, in particular, the topsidetrough appeared at 07:00-08:00 LT (Fig. 2¢c—d). In the case

www.ann-geophys.net/31/787/2013/ Ann. Geophys., 31, 7894, 2013
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Fig. 2. Variations inNnF2, hmF2, B0, andH values measured from ground-based observations (left panels) and RO measurements (right
panels).
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of the BO parameter, two apparent peaks occurred at 10:00-at 07:00-09:00 LT. These results indicate that RO measure-
12:00 LT in the summer season in the digisonde observationments were overestimated and underestimated during 11:00—
a similar trend appeared in the RO measurements. Howevef,5:00 LT and 21:00-06:00 LT, respectively. Figure 3f shows
the values were underestimated (Fig. 2e—f). a good correlationr(=0.872) in hmF2 between RO and

In the case of{y, ground-based observation showed two digisonde data. Figure 3c illustrates the diurnal variation in
peak values at 10:00-13:00LT in October—March, and day-BO with a peak value occurring at 10:00-12:00 LT both in
time values were greater than the nighttime values in alldigisonde and RO measurements. These results indicate that
seasons. The RO measurements differed completely fronRO measurements were underestimated and overestimated at
the digisonde data (Fig. 2g—h). The result corresponding td@8:00-14:00 LT and 21:00-06:00 LT, respectively. Figure 3g
RO showed a conspicuous peak during the pre-sunrise peshows a middle correlationr & 0.682) in BO values be-
riods in April-September. Figure 3 shows the diurnal varia-tween the digisonde and RO measurements in the equinox
tions inNnmF2, hnF2, BO, andHT in the equinoctial season. period. Figure 3d represents the diurnal variatioAinin the
Gray dots and the dotted line respectively denote the meaequinox period, showing that the behaviors of RO measure-
surements and average hourly point from RO inversion, andnents and digisonde data at 00:00—06:00 LT were completely
the red asterisk represents the monthly median of digisondedifferent. These results show an increase from 08:00 LT, with
derived values. the maximum value at 11:00 LT in digisonde data. RO mea-

Figure 3a shows that the RO measurementsrik-2 fol- surements indicate that the nighttime values were greater
lowed a trend similar to that of digisonde observations. Onlythan the daytime values, and a trough appeared at 06:00—
slight underestimation and overestimation were apparent at0:00 LT. Figure 3h shows a weak correlation= 0.195)
12:00 LT and at 20:00-00:00 LT. Figure 3e shows a high cor-between the RO measurements and digisonde data in the
relation (correlation coefficient= 0.962) between RO mea- equinox period.
surements and digisonde observations in the equinox period. Figures 4 and 5 represent the same variability of the four
Figure 3b represents the diurnal variationhimF2 in the  ionospheric profile parameters, clearly shown in Fig. 3, dur-
equinox period and shows a trend similar to that of digisondeing summer and winter, respectively. In the case of sum-
data with a daytime peak during 11:00-15:00 LT and a troughmer, theNmF2 andhmF2 values from the RO measurements
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Fig. 3. (a)«(d) Comparison of the diurnal variations obtained from Fig- 4. (@){d) Comparison of the diurnal variations obtained from
ground-based observations (red asterisk) and RO measuremer@§ound-based observations (red asterisk) and RO measurements
(circled line) ande)~(h) scatter plots for thelmF2, hmF2, B0, and  (Circled line) ande)~(h) scatter plots for thé&imF2, hnF2, B0, and

Hy parameter in the equinox period. Hr parameter in the summer.

and those derived from digisonde observations were in goodnd shows that the RO-derived values are generally under-
agreement (Fig. 4a—b); the two datasets have high correestimated (Fig. 5b and f). The illustration 80 shows that
lation coefficients of 0.975 and 0.867 in terierF2 and  the RO measurement was underestimated/overestimated dur-
hmF2, respectively (Fig. 4e—f). In addition, thBO param-  ing the daytime/nighttime in winter (Fig. 5c). THBO values
eter derived from RO measurements and digisonde-derivedepresent a higher diurnal variation in the daytime than that in
data showed a similar tendency, with a peak value appearthe nighttime. In addition, a trough observed in ground-based
ing at 10:00-11:00LT (Fig. 4c). These results illustrate anderived data was not obvious in retrieved data for 18:00—
underestimation and overestimation at 08:00-14:00 LT and®1:00 LT. Furthermore, a medium correlatiens£ 0.570) ap-
00:00-06:00 LT, respectively. Figure 4g shows a mediumpeared with a similar trend (Fig. 5g).
correlation coefficient of 0.750. Moreovei derived from In the case ofHT, the digisonde-derived values showed
digisonde data showed a daily variation and a peak value ocgreater diurnal variation in the daytime and a trough was ob-
currence at 12:00LT; however, the daily variation was notserved at 20:00 LT (Fig. 5d). The values derived from the
apparent in the RO measurements (Fig. 4d). The illustratiorretrieved data also showed diurnal variation; however, the re-
shows a smaller difference between the retrieved and groundsult is in contrast with that obtained from ground-based data.
based data during 15:00-23:00 LT (Fig. 4d). A daytime increase starting at 09:00LT was also observed
The correlation of thédt values obtained from RO mea- in RO measurements, and the values were underestimated
surements and those obtained from the digisonde-derivedt 09:00-16:00 LT. Thereafter, the digisonde-derived values
data was also weak- & 0.473) in summer (Fig. 4h). In  decreased to the minimum value (approximately 21 km), and
the winter season, the variation NnF2 from RO mea- the retrieved data continued to increase to higher values (ap-
surements and ground-based observations showed a goguioximately 40-65 km) during the nighttime period. The cor-
agreement and strong correlation=£ 0.915) (Fig. 5a and relation coefficient was 0.270, representing a weak correla-
e). These results indicate that the RO measurements wer#n (Fig. 5h).
underestimated at 23:00-07:00 LT. The resultifoF2 rep- To summarize, the statistics of timF2 parameter was
resents a similar trend with a high correlation=0.729) in good agreement between the retrieved and observed
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@ 5, Winter © ., summer (0.750), and winter (0.570). Chuo et al. (2011) re-
, X210 153 fg 57741, 001% ported a similar result in their study of RO measurements in
N % 10 Yoo L s the Jicamarca region; these measurements indicated a weak
Lzé 1 2 el B0 parameter correlation between the retrieved data and
sk ¥ . S ground-based inverse values. The apparent increag#9in
% 36 0 12151821 24 % 5 10 15 during 00:00-04:00 LT in summer was not observed in the
(b) (f) Digisonde , 141 Ascension Island area. In addition, the correlation was lower
400 300(,_47 03940.772%X" in low-latitude areas (present study) than near the equator
Q. g =0729 . r (Chuo, et al., 2011). Moreover, tH0 parameter in both ar-
E 300'%& I A IR BT g eas was underestimated during the daytime in all seasons.
200 L% NS O ook What is the influence orB0? Equation (1) shows that
0 36 91215182124 200 250 300 the BO value is strongly associated with bodmF2 and
Digisonde hmF2. However the result mentioned above indicates that
© :
200 o 29| y=46.840+0.246* the NmF2 is in good fitness with the ground-based obser-
o o0 = 200 =0.570 vation and also highly reliable. Therefore, th® parameter
® w00 Q00| . g could be more dependent on the variatiorhaf2. During
SOPRRY. 4 ol i the past years, Liu et al. (2010) studied the variatiorB6f
036 91215182124 0 1g?gison§2° 300 during 12:00-14:00 LT around the low latitudes by the elec-
150, (@) 150 (h) tron profiles retrieved from FORMOSAT-3/COSMIC radio
5 0 y=35.720+0.148"X occultation measurements. They showed a seasonal variation
2 100 z 100 N in BO, and the value was higher in solstice months and lower
T 50 ” sl ] G 50| —hg A in equinox months. This result is similar to the outcome of
n Bk X A H : H H _
036 9121518514 0, = 00 1%0 Fig. 2b during the same time period. Neverthelesg, t_he re
LT(hr) Digisonde sult could be caused by errors. Yue et al. (2010) indicated

that the reliability of the retrieved electron density profile
Fig. 5. (aHd) Comparison of the diurnal variations obtained from s Jower in low-latitude regions and at low altitudes. They
ground-based observations (red asterisk) and RO measuremeniso mentioned that the errors were caused by the horizon-
(circled line) ande)(h) scatter plots for thelmF2, hnF2, B0, and 4] inhomogeneity of electron density. In this study, the re-
Hr parameter during winter. sults of Figs. 3-5 also show that tB0 derived from the

retrieved measurements is overestimated during noontime.

During the same period, therF2 is underestimated from the
digisonde data for all three seasons. The correlation valueRO measurements. This result satisfies the suggestion of Yue
were 0.962, 0.975, and 0.915 in equinox, summer, and winet al. (2010) that the inhomogeneity distribution of horizon-
ter seasons, respectively. The research of Wu et al. (2009) dfl electron density underestimates =2 and also causes
the global asymmetry error in ionospheric RO measurementa shape change in ionospheric bottomside profile.
indicates that the error is larger in winter and smaller in the The Ht results show poor correlation or nearly non-
equinox period. In addition, Chuo et al. (2011) indicated thatcorrelation ¢ =0.195, 0.473, and 0.270) between the re-
the NnF2 is better in summer and worse in winter over Ji- trieved data and ground-based values. Hievalues were
camarca during the solar minimum phase. This study showsgenerally underestimated in the daytime (09:00-15:00LT)
that the correlation is almost the same for all seasons withand overestimated in the nighttime (17:00-07:00LT) in all
a slight decrease in winter, which was caused by the asymthree seasons. Potula et al. (2011) compared the topside ver-
metric distribution of the electron density and lower/higher tical scale height (VSH) obtained from the RO measurements
electron density occurring in summer/winter over the equa-and from the IRl model in 2007 and indicated that the lati-
torial region. These results are in good agreement with theudinal distribution was in contrast with the result predicated
previous studies. by the IRl model for daytime.

During the same perioddimF2 was overestimated at the  In the case of the topside ionosphere, dynamical processes
equator (Chuo et al., 2011) and underestimated at low latplay an important role, particularly in the fountain effect
itudes (present study). In the casetwfiF2, the correlation (Rishbeth and Garriott, 1969), which is due to a strong ver-
values (0.872, 0.867, and 0.729) indicate that the accuracyical E x B drift at the equator that leads to a simultaneous
of the retrieved data was highest in the equinox period ancelectron density decrease in the ionosphere bottomside and
lowest in winter. These results also agree with those of Chudncrease in the topside. This increased plasma and subse-
et al. (2011), who studied the retrieved density profiles overquent change in thickness and scale height of the topside
equatorial latitudes and concluded that the RO measurementenosphere begins at 12:00LT (Liu et al., 2008; Potula et
were better ilNnF2 than inhmF2. TheBO parameter result  al., 2011). Equation (2) indicates that tli& value is de-
showed a medium correlation in the equinox period (0.682) termined by the plasma density ahd¥F2. Therefore, the
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fountain effect leads to an increase in the plasma content
in the topside ionosphere during the daytime, and this de-
lays RO resulting in the underestimationfiF2, BO, and

Ht during the daytime. This result is in a good agreement
with the results of Chuo et al. (2011) who studied a com-
parison between RO and ground-based observations in Jica-
marca. During the nighttime, th®0 andH+ parameters were
nearly overestimated in all three seasons, particularly in win-
ter. The difference irBO was smaller than that it during

the nighttime, particularly in summer. These results indicate
that electron distribution plays an important role in recreating
the ionospheric shape from retrieved data.

4 Conclusions

In the present paper, we describe the F layer profile char-
acteristics using RO measurements from FORMOSAT-3
and Ascension Island digisonde observations. Monthly me-
dian values of the ionospheric F2-layer profile parameters
NmF2, hmF2, BO, and Ht were obtained during the period
May 2006—April 2008, when solar activity was low. To the
best of our knowledge, our study is the first to compBfe

and Ht values obtained from FORMOSAT-3 RO measure-
ments and ground-based observations over the low-latitude
area in the Southern Hemisphere. The major results of this
study are summarized in the following points:

1. Two separate measurementdNofi-2 in the low-latitude
region derived from satellite radio occultation and
digisonde measurements show a similar diurnal varia-
tion and a high correlation, during the solar minimum
period. In addition, the fountain effect caused retrieved
data to be underestimated in the equinox period and
overestimated in summer and winter at 15:00-18:00 LT.
These results are in good agreement with those of Fe-
jer et al. (2008), who studied the ROCSAT-1 observa-
tions and indicated that th&€ x B drift is strong in
the equinox period, moderate in December, and weak
in the June solstice. The results also agree with those
of Chuo et al. (2011), who studied RO measurements
in Jicamarca during the same period MfnF2 under-
estimation/overestimation in summer/equinox, respec-

4.
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et al. (2011) for the equatorial region and indi-
cates that RO measurements lofF2 are underesti-
mated/overestimated at 12:00—-18:00/00:00-06:00 LT in
the equinox period and summer, and are overestimated
during the entire day in winter. These results are also
in good agreement with those of Wu et al. (2009), who
studied the global asymmetry error in ionospheric RO
measurements and concluded that the error is larger in
winter.

. This study is the first time comparing th®0 param-

eter in retrieved data with ground-based observations
at Ascension Island. Our results indicate that the re-
trieved data follow a similar trend as that of ground-
based observations; however, RO measurements differ.
An underestimation and overestimation during the day-
time (09:00-15:00LT) and nighttime (21:00-05:00 LT),
respectively, were observed for all three seasons. This
underestimation is similar to that reported at the equa-
tor (Chuo et al., 2011), indicating that the correlation
is stronger in equatorial area than at Ascension Island.
Further, the errors were caused by tid=2 to be un-
derestimated because of the horizontal inhomogeneity
of electron density.

To the best of our knowledge, this study is the first
to compareHy retrieved from RO measurements and
digisonde observations; the results show a compli-
cated seasonal variation in thHT retrieved from
FORMOSAT-3 ionospheric RO data for Ascension Is-
land during periods of low solar activity. Thet val-

ues retrieved from RO measurements are generally
higher at nighttime than at daytime, particularly in
the equinox period and winter. The seasonal varia-
tion in Ht indicates a peak value at daytime/nighttime
in summer/winter for ground-based observations and
RO measurements, respectively. The correlation be-
tween the retrieved data and ground-based observations
is very weak; however, the correlation coefficient is
higher (0.473) in summer than in equinox and winter
(0.195/0.270).
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