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Abstract. This paper studies the seasonal changes in thd Introduction

diurnal variation of ionospheric bottomside slab thickness

(B0), based on observations during high solar activities at thdnowledge of the spatial distribution of the electron density
equatorial ionization anomaly (EIA) area station of Chung- in the ionosphere, especially the ionospheric profitgh) is

Li (121.1° E, 24.9 N), Taiwan. The data examined in this in- critical in applications, such as ionospheric empirical model-
vestigation are derived from ionograms recorded at Chunging, HF telecommunication, ionospheric tomography, GNSS
Li in 1999, and are compared with International Referenceoperations (even if GNSS operations focus on total electron
lonosphere (IRI-2007) model values. In our data set Bocontent (TEC), the electron density profiles must be known
shows largest values and biggest changes during the daytini@ understand TEC more clearly), and ionospheric studies.
(06:00-12:00 LT) particularly in the summer. Moreover, the Such data are also useful in practical space weather applica-
diurnal variation of BO shows an abnormal peak during thetions and when modeling various physical processes in the
pre-sunrise period, especially in the winter. The variation inionosphere. The electron density profile for the ionospheric
the F-peak heighthfrF2) is related to a thermospheric wind bottomside F2-layer is described regarding the F2-layer max-
traveling toward the equator, which also enhances BO duringmum electron densityNmF2), the thickness parameters, BO,
the pre-sunrise period. The results of the comparison withand the shape parameter, B1, which represent the state of the
the IRl model show that BO is overestimated, in both the B0-bottomside region. In the International Reference lonosphere
table and the Gulyaeva option, after noon LT in the equinox(IRl) model, the electron density profile of the bottomside
(BO-table and Gulyaeva average values for the overestimailonosphere is described using the following analytic expres-
tion are 11 and 47 km, respectively) and summer (BO-tableSion (Ramakrishnan, and Rawer, 1972):

and Gulyaeva average values for the overestimation are 23 1

and 71km, respectively) periods. Furthermore, the modeledye(y) — NmF2& P ") | _ hrF2- )
values are underestimated at approximately 31 and 14 km coshx)

for the table and Gulyaeva option during the daytime in thewherehrrFZ is the peak height of the F2-layer.

winter, respectively. The F2-layer maximum electron den-“.rp o oo o options for calculating BO in the IRI-2007

sity (NmF2) data _s;how reaso_nably fayqrable agreement WIthmodel. The first is the standard model, which uses a table of
the model for a high correlation coefficient of approximately

. . . . BO values deduced from the profile inversion of ionograms
0.97, with the major difference observed at approximately . . : . -
. . . ; at equatorial, low-, and mid-latitude stations (Bilitza, 2001).
noon in the equinox and winter seasons. Regardingtie?

The other option (the so-called Gulyaeva option) is based on
The Gulyaeva’s model (Gulyaeva, 1987, 2007), which gives

observed in the summer and the smallest (average value | " : o
11 km) in the equinox season. This paper provides a compre@O'S) (Bilitza, 1990). The half density height is that below

hensive discussion on the relationship among BONHE? the F2 peak height where the electron density is half of the

; F2-peak density.
and thehm2 for geomagnetic storm events. Several previous studies have investigated the variability
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1250 Y. J. Chuo: Variations of ionospheric profile parameters during solar maximum

Table 1.Monthly mean values of F10.7 solar flux and sunspot num- the diurnal and seasonal variations of BO andhiinE2 using

berin 1999. ionosonde observations over Chung-Li, Taiwan, during a pe-
riod of high solar activity in 1999. Table 1 lists the monthly
Month  F10.7 solar flux  Sunspot number F10.7 solar flux and the sunspot number for the period of
1 138.1 62.0 investigation. We then compare these observations with the
2 138.6 66.3 IRI-2007 model to validate the IRI model over the northern
3 124.9 68.8 crest of the EIA in East Asia. In addition, the effect of geo-
4 118.8 63.7 magnetic storms on BO, tidmF2, and thénmF2 is presented
5 151.0 106.4 and discussed. Such an investigation has not previously been
6 175.2 137.7 undertaken in this area.
7 171.0 113.5
8 175.0 93.7
9 137.2 71.5 2 Data and analysis method
10 163.7 116.7
11 187.4 133.3 The Chung-Liionosonde observation (24N 121.7 E), lo-
12 164.5 84.6 cated in northern Taiwan and at the crest of EIA in East Asia,

has significant advantages for studying EIA ionospheric dy-
namics. This paper lists a data set of more than 34 000 iono-
rams collected (routinely recording ionogram every 15 min)
uring high solar activity in 1999. Considerable effort was
o . . 'expended to scale these ionograms manually, so that the
Z'“t(zzzoif) alga('cizs?gozgﬁdsiggua?zdocl;i?hﬁgaazr:) (eztoe?lzz,zop(\)tilo)lu Leeti bottomside profiles could be calculated using the standard
et. al (20(')4) Zhang et al. (2004) EZhen ot al .(2006)' Le true-height inversion program POLAN (Titheridge, 1985).
CAE ' ’ ' ' €€1his allowed the critical frequency of the F2 laydoK?2),
and Reinisch (2006), Lazo et al. (2007), Blanch et al. (2007),as well as thénmF2 and BO, to be obtained. The data were

Adeniyi et al. (2008), McKinnell et al. (2009), Altadill et grouped into 3 seasons for examination: equinox (March,

al. (2009), Sethi et al. (2009), and Oladipo et al. (2011)'April, September, and October), summer (May—August), and

These studies have found that BO shows appreciable d'urWinter (November—February). The value of (ReF2 is cal-

nal, seas_onal, and solar aCt.'V'ty Val’.latIOI’IS, which depenq oM lated according to the measurementsfaf2 from the
the location of the observation station, whereas B1 exhibits

) : ) jonograms:
little seasonal change. However, most previous studies have

focused on the mid-latitudes and equator area. Few studieNmF2 = 1.24(foF2)2 x 10%e|m3 2
on the equatorial ionization anomaly (EIA) region have been o

conducted, and the northern crest of EIA in East Asia hagvherefor2 is in MHz.

not been studied. The complexity of the ionospheric forma- 1he monthly averages (median values) of these parame-
tion increases in the EIA region. The EIA is characterized byters, which are the standard parameters in the ionosonde data

a trough of the F2 layer peak electron density on the mag-set of the Ipternational Upion of Radio Sci_ence (URSI), were
netic equator and by 2 humps at approximately NIES of then examined. Meanwhne, monthly m'edlans were also used
this point. The daytime development of the EIA occurs un- to compare the observational res_ults with I_RI-ZOO? model pa-
der the action of the E-region tide-induced dynamo electricrameters for the same geophysical conditions and location.
field driving a vertical uplift of the F-region plasma, which For theNmF2 parameter, IRI-2007 offers 2 options: the first
then diffuses away from the magnetic equator under the predS "ecommended by CCIR (CCIR, 1966), and the second was
sure gradient force and gravity (Stening, 1992). The persisdeveloped by Rush et al. (1989) for URSI. In this study, the
tence of the EIA into the night hours depending on the sea/nodel-calculated val_ues were obtained using both the table
son and solar activity, is known to be produced by the post-"’_‘nd Gulyaeva coefficients to compare the_m with the obsgrva-
sunset enhancement in the eastward electric field generatdPns: We compare the IRI model result with the observations
by the F-region dynamo action. This dynamo action, in turn,©f BO, theNmF2, and thenmF2. Because IRI represents an
results from the eastward component of the thermospheri@/€rage ionosphere, we use the monthly median values of
wind blowing in the region of the decreasing dawn-to-dusk foF2 thehmF2, and BO for this comparative study.
E-layer Pedersen conductivity distribution (Heelis, 2004).

The IRI model has been available for more than 30 years Reguits
and has undergone a continual series of improvements since
its first release in 1978 (Rawer et al., 1978; Bilitza, 1990,3.1 Experimental BO andhmF2
1997, 2001; Bilitza and Reinisch, 2008). In the version
IRI-2007, numerous changes have been made (Bilitza anérigure 1 shows the diurnal variations of BO and tid=2,
Reinisch, 2008; Gulyaeva, 2007). In this paper, we analyzecompared to local time (LT) under high solar activity; the

by Ramanamurty and Rawer (1972), Reinisch and Huan%
(1996), Adeniyi and Radicella (1998), de Gonzales (1996)

Ann. Geophys., 30, 1249257, 2012 www.ann-geophys.net/30/1249/2012/



Y. J. Chuo: Variations of ionospheric profile parameters during solar maximum 1251

(@  EQUINOX )  SUMMER

(©  WINTER
250

v L
2157

BO(km)

hmF2(km)

00 06 12 18 24 00 06 12 18 24
LT(hr) LT(hr) LT(hr)

Fig. 1. Scatter plots (gray dots) and median values (solid line) show diurnal variation of Bnafifor (a), (d) equinox,(b), (e) summer,
and(c), (f) winter, respectively.

corresponding median values are also provided. The result87:30—14:00 LT (Fig. 1f). ThemF2 then falls gradually, and
show a large day-to-day (dotted) and seasonal median (solidjses to 330 km from 18:00 LT until 19:00 LT.
variation for all seasons. The top panels (Fig. 1la—c) show Figure 1 shows the seasonal variation of BO anchiing2.
the value of BO, indicating that the lower values occur at This indicates that the daytime BO values are higher in the
night and the higher values occur during the day, especially irsummer and lower in the winter, and there is no apparent
the summer. In the equinox, the median BO (solid) increaseslifference in nighttime BO among the 3 seasons. Figure 1
from its nighttime value of approximately 80 km to a diur- shows that thémF2 is higher during the daytime than night-
nal peak of approximately 145 km during the period 06:00—time in the summer and the very reverse in the winter. In
11:00 LT, then falls gradually until 17:30 LT before increas- addition, there are interesting phenomena with the 3 clear
ing again until 20:00 LT (Fig. 1a). In the summer, BO begins peaks in thehmF2 occurring at pre-sunrise, noon, and post-
to increase at 00:00 LT, and achieves its peak values of apsunset in all 3 seasons. Meanwhile, there is a rapid decrease
proximately 230 km at approximately 10:00LT. This is fol- in BO and thehmF2 during 05:00-06:00 LT. Furthermore,
lowed by an abrupt decrease until 13:00 LT before increasthere are 2 clear increases during pre-sunrise and 06:00—
ing again to 130km at 15:30 LT, and then falling back until 11:00 LT period. For the pre-sunrise increase in BO, it is
17:45LT (Fig. 1b). Figure 1c shows the variation in BO in observed in all 3 seasons, particularly in the winter. Dur-
the winter; the maximum value (approximately 130 km) oc- ing the period of 03:00-05:00 LT, themF2 also shows an
curs at 12:00 LT and a secondary higher peak (approximatelyncrease with the highest value in winter. The results indi-
120 km) occurrence during the pre-sunrise period. This pealkcate that the peak value in BO is associated with the uplift
is stronger in the winter than in the equinox and summer. Fig-of the F-layer during 03:00—05:00 LT in the winter. Krishna-
ure 1d shows the diurnal variation plot for theF2 in the  murthy et al. (1990) studied the nighttime equatorial thermo-
equinox. A higher peak is shown from 300-345km during spheric winds and found that the neutral wind turns south-
the period of 03:00-05:00 LT, and this rises from 06:00 LT ward (equatorward) at 03:00 LT and reserves at 05:00 LT for
to a maximum value of 355km at 12:00 LT because of thelow latitudes. The southward (equatorward) neutral wind in-
daytime upward drift velocity (Fejer et al., 1991). For the duces an upward plasma drift. Consequently, the upward ve-
summer, the observations showed that tih@2 rises from  locity does not only uplift the F-layer to a higher altitude,
290km to a maximum value of 410 km during the period but also increases the BO simultaneously. The daytime peak
09:00-11:30LT before falling gradually, and then increasesin BO begins to increase at 06:00 LT and achieves a maxi-
again from 18:00LT to 22:00LT (Fig. 1e). In addition, a mum value during 09:00-10:00 LT in the equinox and sum-
slight increase in thé@mF2 occurs from 03:00 to 05:00LT mer, and 12:00LT in the winter. In the daytime period, the
(340-355 km). In the winter, the maximum value (approxi- hmF2 increases beginning at 06:00 LT and achieves the max-
mately 375km) of thehmF2 occurs during the pre-sunrise imum value during 11:00 LT in the equinox and summer, and
period and suddenly decreases to 280 km at 07:30 LT, befor&3:00 LT in the winter. However, the correlation between BO
gradually increasing again to 350 km during the period ofand hmF2 variation during 06:00-13:00LT is low in all 3
seasons (the correlation coefficient values are 0.452)28,
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Fig. 2. Variations observed in the monthly median BOyF2, anchnF2 values measured from ionosonde (left panels) and IRI-2007 (middle
and right panels) during 1999.
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and 0.508 for equinox, summer, and winter, respectively).urnal variations. Both model options show some seasonal and
After sunrise, the vertical plasma flow drift enhances anddiurnal variation in BO. The daytime values in BO are higher
lifts the plasma to the higher altitudes on the equator, and the¢han nighttime and the summer values are higher than the
plasma then diffuses along the magnetic lines to low latitudether 2 seasons. However, the distribution of observed and
and increases the electron density. Fejer et al. (1995) studnodeled daily values is relatively different. For tNenF2

ied the global plasma drift during the daytime on the equator(Fig. 2, middle panels), a similar trend can be observed, with
and discovered that an upward plasma flow occurred durin@ apparent peak values occurring from 13:00 to 16:00 LT dur-
06:00-09:00 LT in the equinox and summer, and lasted uning March—May and October—November, and a trough from
til 13:00LT in the winter. The result shows a similar trend 04:00 to 06:00LT in all seasons. Figure 2 also shows the vari-
with BO during 06:00-13:00 LT indicating that the vertical ation of thehmF2 (bottom panels) for the observed (left) and
plasma flow drifts play an important role in BO in the EIA IRI-modeled (middle) data. The same tendency can be seen,
region. Additionally, there is an apparent peak in ltma=2, with 3 apparent peak values appearing at pre-sunrise, local
but not obvious for BO during 18:00-22:00 LT. The gradually noontime, and post-sunset, especially in the summer months.
increasinghm2 is associated with the equatorward thermo- Figure 3 shows the diurnal variations of BO (top panels), the

spheric winds during 18:00-22:00 LT. NmF2 (middle panels), and thenF2 (bottom panels) dur-
ing the different seasons. The results show that the modeled
3.2 Comparison with IRl model values of BO are overestimation of the observed (circled) val-

ues, for both the table (dotted) and Gulyaeva (solid) options
Figure 2 displays contour maps of the monthly median diur-in the period 12:00-19:00 LT in the equinox (the differences
nal variations in BO, th&lmF2, and thénmF2. The left panels  in average are approximately 11 km in the table option and
in this figure show the observed values, and the middle an®7 km in Gulyaeva) and summer (the differences in average
right panels show values calculated using the IRI model forare approximately 23 km in the table option and 71km in
the period of high solar activity in 1999. Figure 2a indicates Gulyaeva) seasons. The values of BO show a seasonal and
a seasonal variation for the observed value of B0, and its didaily variation, with the highest values occurring at daytime
urnal value is lower at night and higher during the day. Anin the summer and the lowest values in the nighttime in win-
apparent peak value occurred in the daytime during May-ter in both the table and Gulyaeva options. The modeled val-
July. Figure 2b—c show the variations in BO that were cal-ues that were obtained using the BO-table option show that
culated using the BO-table and Gulyaeva options in the IRIBO rises from 85 km at night to a maximum value (105 km) at
model. Both modeled values also show the seasonal and dB6:00 LT, before flattening and then decreasing at 18:00 LT.

Ann. Geophys., 30, 1249:257, 2012 www.ann-geophys.net/30/1249/2012/
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Fig. 3. Diurnal and seasonal variations in BOyF2, andhnF2 measured from the ionosonde (circle) and IRI-2007 (solid and dotted) for the
three seasons during 1999.

This flattened variation appears because the BO-table optioGulyaeva option occur during 10:00-15:00 LT in the summer
is simply a day—night transition function between a day valueand equinox. Moreover, the BO-table option does not predict
and a night value (Bilitza, 1990; Bilitza et al., 2000). The the pre-sunrise collapse and post-sunset increase behaviors
BO-table values are overestimated (approximately 5-40 kmpccording to the Chung-Li ionosonde. These results indicate
for much of the time, except from 08:00 to 11:30LT in the that the Gulyaeva option reveals a similar trend of the ob-
equinox (approximately 30 km) and summer (approximatelyservations, particularly in the winter. The middle panels of
70km). In addition, the modeled values are underestimatedrig. 3 show the variations in thdmF2 average values, and
for much of the winter, except for the pre-sunrise and post-depict a comparison among CCIR (solid), URSI (dotted), and
sunset periods. Furthermore, BO-table values are in favorablebserved (circle) values over the same duration. The results
agreement with observations during 20:00-05:00LT in theshow a seasonal and diurnal variation, with the maximum
equinox and summer. The daily variation shows that BO in-appearing during the daytime in the equinox and winter. The
creases during the pre-sunrise and post-sunset periods, amtodeled and observed values are in favorable agreement re-
the peaks are more obvious in the winter and summer. The garding tendency for both CCIR and URSI modes, but for a
peaks cannot be obtained using the table-option; however, thiarger underestimation during the local noontime, especially
peaks could be present in the Gulyavea model. For the IRlin the equinox and winter for high solar activities. In addi-
Gulyaeva (solid line), the modeled values are overestimatedion, the largest deviation in the comparison with the URSI
(10—-100 km) during 11:30-19:30 LT and underestimated (3-and CCIR mode are.14x 1012 and 989x 101 electron n13,
10km) during 19:45-11:30LT in both the equinox and sum- occurring from 13:00 to 19:00 LT in both the equinox and
mer. In addition, BO is consistently underestimated in thewinter. The bottom panels of Fig. 3 show the variation of
winter. Furthermore, small differences between the modeledhe hmF2 in the observed (circle) and modeled (solid) data
and observed values are present during the period of 20:00among the 3 seasons. The observed results show 3 apparent
05:00 LT for all seasons, and the annual variation is closest tgpeaks at pre-sunrise, noon LT, and post-sunset in all 3 sea-
the observed values in the winter. The results show a favorsons. These phenomena could also be found in the modeled
able agreement between the Gulyaeva option and observaalues, which show a similar tendency to the observed val-
tions during 16:00—-09:00 LT in the equinox and summer, andues, especially in the equinox season. Again, the modeled
the entire day in the winter. The significant positive differ- values in thehmF2 are underestimations of the observed val-
ences (approximately 117 %) between observations and thaees for much of the time in all seasons, especially in the
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summer. The largest deviation between observed and mod2007). Regarding the second event, Fig. 4e shows the varia-
eled values occurs at 05:00-06:00 LT in the equinox (approxtion of the Dst index during 21 October to 25 October 1999.
imately 30 km) and winter (approximately 60 km), and dur- An intense geomagnetic storm occurred on 22 October, with
ing 10:00-11:00 LT in the summer (approximately 70 km). the SSC at 08:00LT. The Dst index achieved its minimum
values (238nT) at 16:00 LT, followed by a gradual recov-
3.3 Geomagnetic storms effect in BONmMF2, andhmF2 ery through the reset of the day on 22 October. Figure 4f-h
shows the variation in thBlmF2, thehnF2, and BO during
This study also examined the response of the ionospheri@1 October to 25 October 1999. The results show an increase
bottomside profile parameter, BO, to 2 geomagnetic activ-and then a slight decreasehm~2 after the storm onset on
ity events. Figure 4 shows the variations of the Dst index,22 October. In addition, themF2 exhibits a prominent uplift
NmF2, thehnF2, and BO for 2 geomagnetic storms during 5 and an abrupt vibration on 22 October and at pre-sunrise on
consecutive days. The dotted and gray lines denote the o3 October, and the BO values increase simultaneously. The
servation and monthly medians, respectively. Figure 4a andlecrease in th&lmF2 is associated with the increase in the
e show the variation in the Dst index from 22 September tohnF2 and BO during the recovery phase during 22 October
26 September 1999 and 21 October to 25 October 1999, reto 23 October. The increase in theF2 is attributed to the
spectively. Two geomagnetic storms occurred on 23 Septemthermospheric winds traveling toward the equator, which are
ber and 22 October 1999. In the first event, the sudden storndriven by auroral heating causing the atmospheric compo-
commencement (SSC) began at 05:00LT (dashed line); aition to change, leading to a decrease infthd=2 and an
minimum value of the Dst index{173 nT) was achieved at increase BO (Rishbeth et al., 1987; Davies and Liu, 1997).
08:00 LT, followed by a gradual recovery during 23 Septem-Because the decrease in thienF2 occurs during 11:00—
ber to 26 September. Figure 4b shows the variation of the24:00LT on 21 September, the Dst index shows a quiet con-
NmF2 during this period, and the lack of data since thedition in the geomagnetic field and tienF2 and BO show
strong seismic event (i.e. the Chi-Chi earthquake) led to thea slight increase approximately 20 and 15 km, respectively.
observation being shut down on 22 September. Nh#2 However, Liu et al. (2004) studied the pre-earthquake iono-
clearly increased after the SSC onset and then decreased apheric anomalies and mentioned that the decrease in the
23 September. From 24 September, a positive storm effect ilmF2 could be associated with a strong earthquake occur-
apparent. Furthermore, theF2 shows an apparent variation rence on 22 October.
and lift after 18:00 LT on 23 September, followed by a less
pronounced downward trend on 24 September (Fig. 4c). A
prominent increase in BO occurred at the initial phase of the4 Discussion and conclusion
storm recovery on 23 September and a slight increase is ap-
parent at approximately noon LT on 24 September (Fig. 4d)lonosonde measurements taken at the Chung-Li observation
There were no significant changes during the other days. Thetation during 1999 were used to investigate the diurnal and
effect on BO is considered an increase during 13:00-18:00 LTseasonal variations of BO and the¥2. The observational
on 23 September, and was accompanied by a decrease @ata were also compared with the IRI-2007 model output
NmF2 and no significant change in theF2. This decrease to validate its predictions. For BO, the results indicate that
in the NmF2 could be caused by the changes of the atmo-a peak occurs from 03:00 to 05:00 LT, especially in the win-
spheric composition such that an increase in thgNratio  ter for high solar activities. Sethi and Mahajan (2002) studied
and also increases in thel*T]/[O"] ratio lead to the loss the B parameters by using incoherent scatter measurements
rate increasing. ThgH*]/[O™] ratio plays an important role  at Arecibo and observed the pre-sunrise peak in BO during
in the ionospheric shape forming. The increase in thgON  a solar maximum period. ThenF2 values also showed an
ratio depends on the increase in the concentration of molecuncrease during the same period, and their maximum also
lar N2 or the decrease in atomic oxygen density. In addition,occurred in the winter. The nighttime winds are primarily
the increase in the Nconcentration is believed to enhance toward equator in the pre-midnight sector, but for the mid-
the loss rate of [@] (Prolss, 1995). The increase MimF2 night temperature maximum (MTM) occurs near the equa-
in the daytime on 24 September was associated with a slightor to turn the winds toward pole in the post-midnight, and
decrease in thbmF2 and increase in BO. This suggests a soon after the meridian winds subsequent return to the equa-
vertical upward plasma flow to a higher altitude with a dis- torward direction in the pre-sunrise (Krishnamurthy et al.,
tribution of ionization at a greater height on the equator and1990; Batista et al., 1997). The increase in timd-2 before
then an expansion to lower latitudes, resulting in an increassunrise is associated with the meridian neutral wind turn-
in the electron density and also a poleward thermospheriéng southward (equatorward) to produce the F-region uplift
wind to reduce théamF2 at Chung-Li. The poleward ther- (Krishnamurthy et al., 1990). The post-sunset increase in BO
mospheric wind induces aligned motions in the plasma fieldduring different seasons at low latitudes can be attributed to
and drags the plasma to a lower altitude, increases the loghe increasing of th&lmF2 and thehnF2 (Lee et al., 2007).
rate, and moves thbnF2 downwelling (Maruyama et al., This increase in th&inF2 andhnF2 is associated with the
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equatorial pre-reversal enhancement of the eastward electritable 2. The rms deviation between modeled and observed values
field (Farley et al., 1986). In addition, the daytime collapse during three seasons.
of BO during 09:00-12:00 LT occurs in the equinox and par-

ticularly in the summer. The combination of the variations Equinox Summer  Winter
in the hmF2 and theNmF2 can explain the occurrence of BO-IRI-Gulyaeva/BO-true  26.3407 39.0630  16.9983
the daytime collapse of BO. The decrease in BO, combined pgq_|Rr|-Table/BO-true 16.0213 30.7181 18.3715

with the increases in thBmF2 and thenmF2, leads to the
ionospheric shape flattening during this period. An increase
in photoionization and the fountain effect from the equa-
tor produces an increasing number of electrons. The resultthe hnF2 as input parameters in the IRI model to predict the
were not observed on the equator during high solar activitie80 values and calculate the root mean square (rms) deviation
(Sethi and Mahajan, 2002), even at low latitude in Hainanbased on the observed values. Table 2 shows the result of rms
(Zhang et al., 2004). Furthermore, the collapse phenomendeviations between the modeled values and observation dur-
are not predicted by the IRl model. The smaller nighttime ing the 3 seasons. It shows a minimum rms deviation in the
BO values are associated with the lovierF2, smaller pro-  equinox (16.0213) and winter (16.9983) for option BO-table
duction rate, and greater loss rate on the equator (Lee angnd Gulyaeva, respectively.

Reinisch, 2006). However, at the EIA, thelF2 shows an in- For NmF2, the results show that the modeled values from
crease during the evening period, particularly in the summerpoth URSI and CCIR modes are generally close to the ob-
This upliftin the F-layer reduces the;XO ratio (Schunk and  served values. Significantly negative differences exist dur-
Nagy, 2000) and causes the slight peak of BO during the posting 12:00-22:00LT in the equinox and winter, and small
sunset. This phenomenon is predicted by Gulyaeva, but notegative deviations occur during the nighttime in the sum-
the BO-table option in the IRI-2007 model. Regarding BO, mer. These results differ from those obtained by Zhang et
daytime values are greater than those in the nighttime, andl. (2004), who conducted a comparative study for 6 months
they are largest in the summer. The modeled values obtainegh 2002 by using the IRI-2001 model at a low-latitude sta-
using the Gulyaeva option generally agree more favorablytion in Hainan and found thdbF2 values are in favorable
with the observations than do those from the BO-table optionagreement during the daytime and are underestimated for the
Moreover, we examined the study for using the fief2 and  nighttime. In addition, Batista and Abdu (2004) and Bertoni
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et al. (2006) performed similar investigations of the southwan area. This is also the first comprehensive discussion of
EIA crest and found that the IRI model overestimates the val-the effect of geomagnetic storms in the northern crest of
ues offoF2 at approximately 06:00 LT during April (autumn) the equatorial anomaly in East Asia. These results show that
and July (winter). Meanwhile, our results also show that thesome improvements are still necessary to obtain realistic sim-
CCIR mode is slightly more effective when using the ob- ulations results of the ionospheric EIA region.

served data than the URSI mode during the daytime in the

equinox and winter.
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