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Abstract.

We have investigated the solar activity dependence of tbetreh den-
sity at equatorial and low latitudes using six years of measents between
Aug. 1, 2000-Aug. 1, 2006 from the CHAMP satellite, and coragat with
the International Reference lonosphere model (IRI). THarsactivity depen-
dence observed by CHAMP at 400 km altitude exhibits sigmticariation
with latitude, season and local time. First, the electronsdg in the crest
regions of the Equatorial lonization Anomaly (EIA) growsughly linearly
from solar minimum to solar maximum, with higher growth réten that
in the EIA trough region. Second, the solar activity depe&wéein the EIA
crest regions varies strongly with season. The growth rhteeoelectron
density with increasing solar activity around equinoxeabsut 1.5 to 2
times of that near solstices. Third, the solar activity dejgnce of the EIA
structure varies significantly with local time. In the no@tw®r, the crest-
to-trough ratio (CTR) obtained at 400 km altitude varieshimitonly a small
range between 1.14 and 1.43 from solar minimum to solar maxinin the
post-sunset local time sector, however, the CTR grows reabér with solar
activity level, reaching values of above 3.9 at solar maximrhese differ-
ences are attributed to the different solar activity depeid of the vertical
plasma drift in corresponding local time sectors. The IRldeglovas found
to reproduce well the equatorial electron density near 480rkthe noon
sector at all solar activity levels. However, it signifidgnbverestimates it in

the post-sunset to pre-midnight sector at high solar agtievels. The major

DRAFT Jul'y 30, 2007, 9: 32am DRAFT



LIU ET AL.: SOLAR ACTIVITY DEPENDENCE OF THE EQUATORIAL IONOSPHERE X-3

» cause for this overestimation has been found to be the IRéidequate rep-
« resentation of the F2 layer maximum height (hmF2) in thig@eevhile the

= IRI's lack of equatorial spread F seems to play only a verylsmke.
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1. Introduction

The Earth’s ionosphere is mainly formed via photo-ion@atof the upper atmosphere by
solar EUV and X-ray radiation. Since the solar radiationngjes significantly at various time
scales, the ionosphere tends to undergo similar variattam®ng these, solar cycle is an impor-
tant long-term variation [e.@ilitza and Hoegy1990;Balan et al, 1994a;Truhlik et al, 2003].
A number of ionospheric quantities have been found to be sgtde dependent, for instance,
the maximum F-region electron density (NmF2) and the rdlatéical frequency (foF2), the
total electron content, etc [see eBalan et al, 1994b;Bilitza and Williamson2000;Liu et al,
2006, 2007c]. In addition to solar radiation, the state efributral atmosphere and ionospheric
electrodynamics strongly influence various ionospheripgprties as well. Particularly in trop-
ical regions (including equatorial and low latitudes), theospheric structure is dominantly
controlled by the so-called equatorial fountain processchvis driven by the large-scale east-
ward electric field viaE x B drift [e.g. seeRishbeth 2000, and references therein]. It forms
the well-known EIA structure, with an electron density gbuat the dip equator sandwiched
by two high density bands off the dip equator. The uniqueteddgnamic process related to
the fountain has been found to significantly modulate evenidhospheric response to solar
flares Liu et al,, 2007a]. And it is expected to play an important role as wethie solar cycle
dependence of the F-region ionosphere in tropical regiand,to distinguish the EIA trough
from crest regions. This forms the principle motivation af gtudy.

Another purpose of this study is to evaluate the IRl modetapital regions. The IRI is an
important empirical climatological model of the Earth’siasphere and has been continuously

updated Bilitza, 1992, 2003]. The model version IRI-2001 has included aelaglection of
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LIU ET AL.: SOLAR ACTIVITY DEPENDENCE OF THE EQUATORIAL IONOSPHERE X-5

ground and satellite observations and is expected to gieasonably description of the iono-
sphere under quiet geomagnetic conditions. However, tirerevidences showing the need for
further improvement in specific regions. Particularly ie ffost-sunset equatorial and low lati-
tudes, key ionospheric parameters like the maximum denéitlye F2 region electron density
and height (NmF2 and hmF2) often deviate significantly frdyeeyvations [e.gAdeniyi et al,
2003;0brou et al, 2003;Souza et a).2003;Abdu et al, 2004]. This strongly affects the IRI's
predictions of the electron density in terms of either hefglofile or absolute values at certain
altitude in this local time sectotfemoto et al.2007;Liu et al, 2007b]. On the other hand,
this region is an interesting and important part of the ighese, where the combination of the
zonal wind and the local time/longitude gradient of the fialidned integrated E-region con-
ductivity across the evening terminator causes the dexsopof the pre-reversal enhancement
(PRE) [see e.gKelley, 1989]. This subsequently raises the ionosphere to hidtiterdz, which
promotes the generation of the equatorial spread F (EBft)foda 1985] and the formation
of the fast neutral wind channdRpghavarao et al.1991], which are important phenomena in
equatorial regions. Therefore, it is highly desirable teeha more reliable IRI representation
of this region for various theoretical and practical pugssin present study, we focus on the
tropical region and carry out a model-data comparison foioua solar flux levels. By doing
so, we attempt to characterize systematic differencesdmstwhe IRI predicted electron den-
sity with those observed by the CHAMP satellite, hence tovigie® useful information for its

improvement.

2. Data selection and analysis
The CHAMP (CHAllenging Minisatellite Payload) satelliteag/ launched on 15 July 2000

into a near-circular orbit with an inclination 87.3° and an initial nominal altitude of 456 km.
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Its orbital plane precesses through all local times evauyiimonths and through all longitudes at
a fixed local time every 24 hours. The CHAMP measures thetini@n density (assumed to be
O™) using a Planar Langmuir Probe (PLP) every 15 s. The Ne vatdgeorocedure is described
in McNamara et al[2007] along with a validation of the Ne measurements. By [garnmg
with the plasma frequency measurements of the Jicamaresodip, they found the mean
discrepancy between the PLP and the ionosonde records &b bed 2.6% for CHAMP orbital
heights below and above the F2 peak, respectively. Readeisrally referred tdVicNamara
et al.[2007] for detailed procedures regarding this comparison.

Our analysis of the solar activity dependence of the elactlensity is based on the PLP
data from Aug. 1, 2000 to Aug. 1, 2006. IRI-2001 Model (markedIRI in the follow-
ing) predictions were generated for every sample point efntleasurements. Only data under
guiet geomagnetic conditions (K{3+) are used to limit effects from geomagnetic disturbance.
Furthermore, since the CHAMP orbit has decayed from 456 kighthéo about 350 km dur-
ing these six years, a normalization of the data to a comntdnde of 400 km has been ap-
plied to possibly exclude variations induced by the orbitaje The normalization is done as:
CHAMP(400km) = CHAMP(h) 555", whereh denotes CHAMP's orbital height (h).
Although this procedure may introduce some uncertaint@s the model to the data, for the
analysis of the solar activity dependence, it is highly sseey to avoid density variations due
to the large altitude changes.

In this study, we have chosen the proky= (F'10.7 + F'10.7A)/2 to represent the solar
activity. Here F10.7A is the 81-day average of the F10.7askentered on the day of interest.
Previous studies [e.dRrichards et al. 1994;Liu et al, 2006] have shown that this proxy is

more suitable than F10.7 as a linear indicator for the Sold¥ Eadiations. The variation of
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the F10.7 and P during the period of Aug. 1, 2000 — Aug. 1, 2G@6shown in Figure 1.
Due to the smoothing behavior of P the range of the solar fluiatran becomes smaller when
using P instead of F10.7 as the proxy. We have repeated tbeviiog analysis with both P and
F10.7, and found that using P gives a significantly higheretation when the solar activity
dependence is studied quantitatively like those showm lat€igures 7 and 8. But it makes
little difference for qualitative analysis which uses onbugh grouping of the solar activity,

like that discussed for Figures 2 and 6 in the following sewi

3. Results

In this section, after examining the solar activity deperu#eof the diurnal variations at the
dip equator, we expand in latitudes to investigate the EtAcstire and its solar activity depen-
dence. In particular, we focus on the differences betweektth crest and trough regions, and

also on the differences between the noon and post-sunsétilme sectors.

3.1. Solar activity dependence of the diurnal variation at the dip equator
We have compared the diurnal variation of the electron dgobtained from CHAMP within
+5° dip latitudes with that modeled by IRI at three differentasactivity levels, low forP <
100, moderate for00 < P < 150, and high forl50 < P < 200. Since saturation occurs for
P above 200 as shown by several studigadn et al, 1994b;Liu et al., 2006] and also will be
seen in section 3.2.2, data pointdat- 200 are not used in this section. It should be noted that
the diurnal variations presented here are longitudinalgraged.
We see in Figure 2 that at low and moderate solar activityltewbe Ne diurnal variation
generally consists of a dayside maximum, whose local timesaround 14 LT depending on

season. However, the maximum at 18 LT near Sept. equinowatdtar flux level appears to be
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different from that shown in all other cases in Figure 2. At thoment, we cannot explain this
single deviating behavior. After reaching the maximum,dkasity then decays monotonically
till dawn, forming a minimum at about 05 LT. At high solar aqty levels, however, the post-
sunset decay is dramatically intensified in all seasons.déneity rapidly drops to a minimum
near 20 LT, then increases again towards midnight. Thisifeatombined with the density
decay after midnight, results in a midnight density maximahich is not discernible at low
and moderate solar activity levels. In comparison, the IRdel reproduces pretty well the
observed diurnal variation at low and moderate solar dgtievels at all local times. However,
a striking CHAMP-IRI discrepancy stands out in the postsaiperiod at high solar flux levels.
It reaches nearly 100% near March equinox and alba»@% in other seasons. Consequently,
the IRl is unable to capture the midnight density maximumsseCHAMP.

The post-sunset period is a region experiencing extrenoéreth/namic processes and also
frequent occurrence of the ESF. If CHAMP happens to be saigptirough ESFs, which are
characterized by large density depletion, it would therdtengive a lower average Ne than
the IRI predictions (the IRI does not include ESF signatfurée investigate the possibility of
such ESF influences, we examined the longitudinal disiobutf the CHAMP-IRI difference
between 19-23 LT at high solar activity levels. Results Am in Figure 3. Figure 4 presents
the ESF occurrence rate in corresponding seasons as detexte CHAMP's total magnetic
field measurements, which represents a linear measure oéltited electron density gradients
[Stolle et al, 2006]. Comparing these two figures, we notice the followfgefures. The lon-
gitudinal distribution of the CHAMP-IRI difference seentssomehow follow that of the ESF.
For instance, the difference maximizes ng2gi° around December solstice, and negat and

150° around June solstice. These longitudinal sectors cointidéh those of frequent ESF
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occurrences, hence indicating possible ESF contribubahée lower average Ne values from
CHAMP. However, this figure also shows evidences that theiE 86t the principle contributor
to the CHAMP-IRI discrepancy. This is because, first, the GHANe values are significantly
(~ 20%) below the IRI values at all longitudes, even in regions wehemost no ESF occurs.
Second, the CHAMP-IRI difference exhibits a clear seaseauahtion, being largest near March
equinox. This cannot be explained by the seasonal variafitine ESF occurrence rate. Take
the longitude sector nedg0° for example, the CHAMP-IRI difference near March equinox
reaches value 0£90%, which is nearly double of that around June solstice. ¢l@wn the ESF
occurrence rate near March equinox is only about half ofdhatind June solstice. Therefore,
there must be a more principle cause for the CHAMP-IRI dizaney.

This principle cause is likely to be the IRI's inadequateresentation of the F2 peak height in
post-sunset period8[litza, 2003;Adeniyi et al, 2003;Souza et a).2003;Abdu et al, 2004]. It
is known that the ionosphere is lifted up considerably aftarset by increasing upward plasma
drifts related to the pre-reversal enhancement of the eadtalectric field [e.gAbdy 2001, and
references therein]. The degree of uplift positively dejsean the pre-reversal enhancement,
whose magnitude has been showrFejer et al.[1995] to increase with solar cycle, particularly
near equinox and December solstice. However, the IRI'srgg#gm of the post-sunset hmF2 at
equatorial regions has been shown to fall more than 100 kowbiile real hmF2 at high solar
flux levels [see figures in e.ddeniyi et al, 2003;0brou et al, 2003;Abdu et al, 2004]. In this
case, the altitude of 400 km becomes much closer to the IE&ligted hmF2 than to the real
hmF2, leading to the IRI's overestimation of Ne at 400 km.c8ithe pre-reversal enhancement
is stronger near equinoxes and December solstice than nearsblstice, the CHAMP-IRI

discrepancy can be expected to vary accordingly. And tlagastly what Figure 2 reveals, with
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larger differences near March equinox and December se|stitd smaller difference near June
solstice. This provides strong evidence that the large-atdel discrepancy in the post-sunset
period is dominantly due to IRI's strong underestimatiortted hmF2 at high solar activity
levels.

Figure 5 shows several types of Ne profiles seen on CHAMPlisatehsses at high solar
activity levels. The corresponding IRI predictions areegi\by the black curves.The satellite
tracks are all near 20 LT. The pink and green ones show normat-time EIA profiles, but
with ESF signature in the green track. The red curve showe ldepletion in the EIA trough
regions which often appears during magnetic storms. We eartlsat the IRI overestimates
the equatorial Ne values for all types of profiles, with a shodistance between the two EIA
crests. This strongly suggests the post-sunset F regiombisInot lifted sufficiently high
enough. Superposed on this, ESF can also contribute to tAeMEPHRI discrepancy to a very
small degree. Storm-time passes like the red curve are ohtded in the current study of
guite-time ionospheric features, but is shown here to sasven example of huge uplift of the
F2 layer. In this case, CHAMP tends to sample regions far dmathe bottomside of the F2

layer and hence lead to even larger CHAMP-IRI difference.

3.2. Thesolar activity dependence of the EIA structure

The variation of the electron density with solar activitydifferent for different local times,
as we have seen in Figure 2. Two local time sectors show phatlg strong solar activity
dependence. One is the noon time sector, the other is thesposet sector. In this section,
we take a closer look at how Ne varies with solar activity iash two local time sectors and
how this solar activity dependence differs in the EIA trougid crest regions. To emphasize

the first-order LT variation, we tried to minimize the effedftlongitudinal variations. This
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is done by taking daily averaged values from CHAMP. Since GHPAhas a full longitudinal
coverage during one day, using daily averaged values kbepartgitudinal bias to be negligible
in the following figures. Furthermore, daily values are msugable for quantitative correlation
analysis between Ne and P, like the one shown later in Figuaesl 8. This is because the solar
flux indices P or F10.7 are generally available as daily \&ludsing track by track satellite

data which includes all variations with time-scales dowB@3aninutes (the orbit period) would

inevitably degrade the correlation significantly.

3.2.1. Comparison between the noon and post-sunset local time sectors

Figure 6 presents the EIA latitudinal profiles at four soletivdty levels in the noon (11-15
LT) and post-sunset sector (18—-23 LT) around equinoxes. mMnecon parameter to character-
ize the EIA structure is the crest-to-trough ratio (CTR)Bar to that given inrMendillo et al.
[2000], this parameter is defined here @R =
mean of the northern and southern EIA crest peak value to ihiemam Ne in the EIA trough.
In this way, a CTR value of one indicates there is no discéeribA structure. Table 1 sum-
marizes the CTR values at different P levels derived from @HPAelectron density curves in
Figure 6. This figure also shows that the location of the peditevin the EIA crests tends to

move poleward with increasing solar activity. This trengtionger in the post-sunset sector

than in the noon sector.

We now compare the EIA variation in the noon and post-suio®at kime sectors. At noon,
the CTR varies within a small range from 1.14 for low P level4.143 for very high P levels.
This reflects the fact that the noon-time EIA profiles tend edifted up as a whole, but with
little change in shape as seen in Figure 6. In addition, the blirve is falling nearly on top of

the red one, indicating a trend of saturation for P above BG@opical regions. After sunset,
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the CTR slightly increases from 1.30 to 1.47 from low to maderP levels. But it jumps to
3.9 at high P levels. The nearly 3 times enhancement of the @il is mainly caused by
large rise of Ne values in the EIA crest regions. The trougjiore Ne stays nearly the same
as that for moderate P levels. The resulted large CTR valaedgempanied by an apparent
poleward movement of the EIA crests from abeétit0° at moderate P levels to abotii 5° at
high P levels. For very high solar activity levels with> 200, the crest Ne tends to show little
increase, whereas the trough Ne decreases to values fartbelofor low P levels. This leads to
an extremely high CTR value of 29.17. Therefore, the posssuEIA structure and the related
electron density exhibits a much stronger solar activifyahelence than those around noon.
The cause for the depletion of the post-sunset trough regiBrabove 150 is possibly related
to the relative location of the observational altitude (4@ to hmF2 at different solar activity
levels. As mentioned in section 3.1, the ionosphere isdiftehigher altitude due to the pre-
reversal enhancement near the evening terminator. The@®egrthe uplifting increases with
increasing solar activity. Thus, the altitude of 400 km maggbly be above hmF2 at low
solar activity levels (R150) but below it at high solar activity levels ¥250). We have done
a rough calculation with the vertical drift model 8therliess and Fejgl999] to estimate the
uplift effect. We found that the large equatorial depletghown in the blue curve of Figure
6 can be sufficiently produced by pre-reversal enhancemdtiigpeak upward drift of about
50 - 60 m s! at high solar flux levels. The resulting uplift of the F-lagan reach 150-200 km
within the time span of the pre-reversal enhancement (Wtichmences after the local sunset
at ionospheric heights and continues till the westwardimgrof the zonal electric field). This
would most probably lift the hmF2 to altitudes above 500 kke lthose observed b#&bdu

et al.[2004]. The dropping of the observational height relatvéinF2 would potentially lead
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to a stronger decrease of Ne at the dip equator, hence a l@fgerthan the one that would
be obtained from the NmF2. This makes it somewhat complicetejuantitatively relate the
CTR variation from CHAMP at a fixed altitude to the verticahpina drift. However, it does
demonstrate the extremely dynamic nature of the post-siorsesphere.
In comparison to CHAMP measurements, IRI reproduces tha how EIA structure reason-
ably well, though some overestimation@t at both high and low P levels can be noticed. In the
post-sunset sector, the model deviates largely from thergasons. In particularly, it strongly
overestimates the trough region Ne for P above 150, whicbnsistent with that shown in the
right column of Figure 2. Underestimation of the crest redie occurs at all solar activity lev-
els with P over 100. In addition, the EIA crests locate alidwgquatorward than the observed
ones. These discrepancies strongly suggest an IRI uniheagisin of the hmF2 at the equator
in the post-sunset period.
3.2.2. TheNe-P correlation
Scatter plots of Ne over P in the EIA trough and crest regigrsshown in Figure 7 and
Figure 8 for noon and post-sunset local time sectors, réigpgc The significance of the solar
activity dependence can be represented by the slopes ditdtHliines and has been summarized
in Figure 9.
The noon sector exhibits several noticeable featurest, Fagardless of trough or crest region,
a significantly positive correlation prevails for solarigity levels with P<200. Saturation tends
to occur for P above 200, as can be seen in Figure 7 aroundriieptequinox and December
solstice, where data are available. Due to this reason |dpeshave been calculated without
data samples & > 200 for all cases in Figures 7 and 8. Second, the solar activineddence

is apparently stronger in the EIA crest regions than in tbagh region as shown in Figure 9.
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Third, the solar activity dependence in the EIA crest regivaries with season. It is highest
around March equinox and lowest near June solstice. Thigagia strongly with the EIA
trough region, where little seasonal variation is observed

In the post-sunset period, the solar activity dependendbeoEIA crest Ne experiences a
clear seasonal variation, being strong around equinoxgsvaak around June solstices. Fur-
thermore, unlike the equinox asymmetry at noon, the passetuEIA crest regions exhibits
similar values for the slopes near March and September eguiasulting in prominent semi-
annual variation of the solar activity dependence. Theegbf the slopes are generally larger
than those at noon in corresponding seasons. In the EIAhroegjon after sunset, however,
Ne is nearly uncorrelated with the solar flux, as indicatedhgylow "R” values in Figure 8.
Detailed examination shows that the equatorial Ne tendisgiotly increase with P at solar flux
levels with R<150, while decreases rapidly with P for-B50 around March equinox for in-
stance. This is consistent with the post-sunset EIA belhawithe trough region presented in

Figure 6, where the trough Ne value increases first then tiepdd P above 150.

4. Discussion

We have investigated the solar activity dependence ofrelectensity at an altitude of 400
km obtained from the CHAMP satellite observations. Sigaiiicvariations with latitude, season
and local time have been identified.

First, the solar activity dependence varies with latitudies stronger in the EIA crest regions
than in trough regions. This is consistent with the trendhtbbyLiu et al.[2006] in NmF2 and
by Huang and Chenf1995] in TEC. Though explicit explanation was not givenheit studies,
we think it is likely to be related to the dynamical effect betequatorial fountain driven by

the £ x B drift. Under the influence of the equatorial fountain, thagpha drifts upward at the
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dip equator, then falls down to off-equator latitudes anthfothe EIA structure. This process
tends to remove Ne from the dip equator, and deposit it to tbst cegions. When superposed
on the enhanced photo-ionization with increasing solaviactevels, it results in a stronger Ne
enhancement with P in the crest region than in the trouglonegn the dayside. In post-sunset
periods, the strengthening of the fountain process togetitd the lack of photo-ionization
evidently lead to even larger difference between the saltivity dependence in the crest and
trough regions, as seen in Figure 9.

Second, the solar activity dependence of Ne in the EIA ceggbns varies significantly with
season. It is stronger around equinoxes than solsticesasisé-igure 9. In the post-sunset
period, the seasonal variation finds good agreement withiabgits ofWhalen[2004]. The
author found that NmF2 measured in the EIA crest region at Rhdows roughly linearly
with the solar activity, but with clearly higher growth rateear equinoxes than near December
solstice, and higher growth rates near December solstarertbar June solstice. The cause for
this has been demonstrated by Whalen to befihe B vertical drift. The vertical drift at the
dip equator exhibits linear relation to the solar activityall seasons, but the linear function
has been shown to vary from season to season. The slope ainttt®h is found to be largest
around equinoxes and smallest near June solstice. Therefm seasonal variation of Ne’s
solar activity dependence in the post-sunset period cattiiguded to that of thek x B vertical
drift. In the noon sector, our results are consistent witt tfiLiu et al.[2006], who studied the
solar activity dependence of the dayside NmF2. They fourtthger solar activity dependence
around equinox than solstices. Furthermore, they notineshainox asymmetry, with stronger
dependence near March equinox than near September eq@mwe the dayside vertical drift

varies little with solar activity levels, this equinox asgmatry should be caused by other factors.
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An important one is the solar activity dependence of thenaédensity. In Figure 10, we have
examined the neutral mass density simultaneously obtdinedthe CHAMP satellite at 400
km altitude Liu et al, 2005]. Since atomic [O] dominates near 400 km, these vangitcan
roughly represent that of [O]. Evidently, the solar activitependence of [O] is abo6b%
stronger around March equinox than around September equlinis difference is sufficient to
account for the higher solar activity dependence of the Ne N&arch equinox.

Furthermore, the solar activity dependence of the EIA gangh local time. Strongest con-
trast is seen between the noon and post-sunset local tin@r.sé¢ noon, the crest-to-trough
ratio obtained at 400 km altitude varies within only a smahge between 1.14 to 1.43 from
solar minimum to solar maximum. After sunset, however, dvgg remarkably larger at high P
level, reaching values of 3.90 and 29.17 at 400 km altitudiés i accompanied with poleward
movement of the EIA crests and a depletion of the trough asfee®>150. Since the EIA is di-
rectly driven by the vertical drift of the plasma at the diuatpr, this difference may be viewed
in light of the climatology of the vertical plasma drift. Bason AE-E satellite observations,
Fejer et al. (1995) found that the F-region vertical plasmt i$ nearly independent of solar
activity at daytime, but enhances considerably with sottivily after sunset. Therefore, extra
photo-ionization with increasing solar activity combinedh a nearly constant vertical trans-
port seems to have led to the increase of Ne at the noon-timeqiiator at 400 km altitude.
In the post-sunset sector, no photo-ionization exists hacetuatorial ionosphere experiences
decay via chemical recombination, and upward and polewargport related to the fountain
process. Since the fountain intensifies at high solar fluglestue to enhanced vertical drift, the

equatorial Ne near 400 km tends to experience strongerti@pleorrespondingly. Therefore,
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CHAMP observations demonstrate the dynamical nature opdis¢-sunset ionosphere caused
by pre-reversal enhancement and its strong solar actiejpgddence.

Regarding the IRI, we may conclude that it reproduces wellghuatorial electron density
near 400 km in the noon sector at all solar activity levelsweleer, it significantly overestimates
it in the post-sunset to pre-midnight sector. The CHAMP-¢Bmparison indicates that IRI's
post-sunset hmF2 at the dip equator falls significantlywelee true hmF2, particularly at high
solar flux levels. This underestimation seems to be mainiged by the limited order used
for the spherical harmonics representation of M(3000)F&bith the IRI-hmF2 is based. As
pointed out byAdeniyi et al[2003] andObrou et al[2003], using measured M(3000)F2 values
can significantly improve IRI's estimation of hmF2. Furtimere, the possibility of using the
correlation between vertical plasma drift and hmF2 to imprthe IRI's hmF2 model has also

been attempted b@brou et al.[2003].
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Figure 1. Values of F10.7 and P in unit a2 W m~2 Hz~! during the period of Aug. 1, 2000-

Aug.1, 2006 which are used in this study.

Tablel. The Crest-to-Trough Ratio (CTR) near Equinoxes
P <100 100 < P <150 150 < P <200 P >200

(Low) (Moderate) (High) (Very high)
Noon 1.14 1.34 1.42 1.43
Post-sunset  1.30 1.47 3.9 29.17
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Figure2. Diurnal variation of the electron density at the dip equatat00 km obtained from CHAMP
(star lines) and the IRl model (solid lines) at three solax fevels. The error bars represent standard
deviation. The average P values are about 85, 122, and 1 8me€&hn satellite altitudes are given by

the line in the upper part of each panel.
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Figure 3. Longitudinal distribution of the percentage differencévimen the CHAMP and IRI elec-
tron density within 19-23 LT sector. The given seasons agelthee-months periods centred at the

equinox/solstice dates.
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Figure4. Longitudinal distribution of the occurrence rate of ESF metir signatures as observed by

the CHAMP satellite for different seasons. The figure wagpsathfrom Figure 5 irStolle et al[2006].

The given seasons are the three-months periods centreel eqiimox/solstice dates.
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Figure 5. Several types of Ne latitudinal profiles seen in CHAMP saé&epasses in comparison to
those predicted by IRI2001. Since the PLP has a lower thiésif@ x 10° cm=3, the plateau in the

red curve is an instrument effect and the real density coaleMen lower.
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Figure6. Quiet-time equinoxes (combined) Ne latitudinal distribathear 400 km altitude for various
solar flux levels in noon (upper panel) and post-sunset (lgaeel) local time sectors. Thick lines:

CHAMP; thin lines: IRI. The mean P values are 81, 120, 177,20k respectively.
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Figure 7. Solar activity (P) dependence of noon-time (11-15 MLT) Ndliffierent seasons for three

latitude regions. Left column: the northern EIA crest; Meldolumn: the dip equator; Right column:
the southern EIA crest. Data points at 200 are not used in the fitting, hence has no influence on the

slopes.
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Figure 9. Slopes of the solar activity dependence of Ne in differeaseas in the EIA trough and

crest regions for noon and post-sunset local time secttopeS are obtained by least-square fitting of

data points for R200 shown in Figures 7 and 8.
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Figure 10. Solar activity dependence of the noontime neutral densitiyeadip equator.
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