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[1] The global configuration of the geomagnetic field shows that the maximum east-west
difference in geomagnetic declination of northern middle latitude lies in the US region
(~32°), which produces the significant ionospheric east-west coast difference in terms of
total electron content first revealed by Zhang et al. (2011). For verification, it is valuable to
investigate this feature over the Far East area, which also shows significant geomagnetic

declination east-west gradient but smaller (~15°) than that of the US. The current study
provides evidence of the longitudinal change supporting the thermospheric zonal wind
mechanism by examining the climatology of peak electron density (NmF2), electron
density (Ne) of different altitudes in the Far East regions with a longitude separation of up
to 40—-60° based on ground ionosonde and space-based measurements. Although the
cast-west difference (R.,,) over the Far East area displays a clear diurnal variation similar to
the US feature, that is negative R.,, (West Ne > East Ne) in the noon and positive at
evening-night, the observational results reveal more differences including: (1) The
noontime negative R.,, is most pronounced in April-June while in the US during
February—March. Thus, for the late spring and summer period negative R.,, over the

Far East region is more significant than that of the US. (2) The positive R, at night is much
less evident than in the US, especially without winter enhancement. (3) The magnitude of
negative R.,, tends to enhance toward solar maximum while in the US showing
anticorrelation with the solar activity. The altitude distribution of pronounced negative
difference (300—400 km) moves upward as the solar flux increases and hence produces the
different solar activity dependence at different altitude. The result in the paper is not simply
a comparison corresponding to the US results but raises some new features that are
worth further studying and improve our current understanding of ionospheric

longitude difference at midlatitude.
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1. Introduction

[2] In recent years, there has been a growing interest re-
garding the longitudinal dependence of the ionosphere and
thermosphere. At low and equatorial latitudes, numerous
studies have shown that the ionospheric and thermospheric
parameters, such as the plasma density, equatorial electrojet
(EEJ), the vertical E x B plasma drifts, the electron temper-
ature, the nitric oxide density in the low thermosphere, and
F-region zonal neutral wind, show obvious longitudinal

'Key Laboratory of Ionospheric Environment, Institute of Geology and
Geozphysics, Chinese Academy of Sciences, Beijing, China.

Beijing National Observatory of Space Environment, Institute of
Geology and Geophysics, Chinese Academy of Sciences, Beijing, China.

Corresponding author: B. Zhao, Key Laboratory of Ionospheric
Environment, Institute of Geology and Geophysics, Chinese Academy of
Sciences, Beijing 100029, China. (zbqjz@mail.iggcas.ac.cn)

©2012. American Geophysical Union. All Rights Reserved.
2169-9380/13/2012JA018235

structures [cf. England, 2011, and references therein]. The
physical mechanism responsible for the observed phenome-
non is mainly due to the upward propagating of the diurnal
nonmigrating tide, modifying the dynamo electric field to
produce longitudinal variability in the equatorial fountain
effect [e.g., Immel et al., 2006; Hagan et al., 2007]. Although
the source of this longitude difference is not directly associated
with the geomagnetic field configuration, the intermediate
dynamo process is indeed coherent to the horizontal magnetic
field at the magnetic equator. At midlatitudes, another kind of
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longitude variability in the ionosphere named the Weddell
Sea anomaly (WSA), characterized by an evening enhance-
ment in electron density in summer (actually including equi-
nox months) usually exceeding the noon value, was raised by
Horvath and Essex [2003]. It was later renamed by Thampi
et al. [2009] and Lin et al. [2009, 2010] as the midlatitude
summer nighttime anomaly (MSNA) because of its northern
counterparts near the northeast Asia and Europe/Africa
regions, Liu et al. [2010] called it the phase reversal of diur-
nal anomaly, and Burns et al. [2011] named it summer
evening anomalies (SEAs) in a more general concept, which
is proved to be directly related to the geomagnetic field
configuration.

[3] The physical mechanism for WSA (or MSNA) forma-
tion in the earlier research was assumed to be the combined
effect of the longer summer sunlight hours and the day-to-
night/summer-to-winter equatorward neutral winds as
WSA takes place in the longitude sectors where the dip
equator excurses farthest toward the geographic pole [Kohl
and King, 1967; Rishbeth and Garriott, 1969; Dudeney
and Piggott, 1978; Horvath and Essex, 2003]. Later, a num-
ber of researches emphasized that the contribution of the
zonal wind with the declination to the vertical component
of the effective neutral wind cannot be neglected at dusk,
which is capable of transporting the plasma along the mag-
netic field line [Luan and Solomon, 2008; Jee et al., 2009;
He et al., 2009, 2011; Ren et al., 2012]. Jee et al. [2009]
found that the seasonal variations of the WSA are physically
consistent with the seasonal characteristics of the neutral
winds further supporting the wind lifting mechanism. How-
ever, Burns et al. [2008] pointed out that if the zonal wind
prevails around dusk as suggested by Dickinson et al.
[1981], the wind process would not be significant at driving
the WSA. In addition to this neutral wind process another
mechanism can also affect the WSA. For example, Evans
[1965] suggested that the rapid fall of electron temperature
at sunset causes the downward motion of the ionization from
above the F2 peak and from the plasmasphere, and leads to
an increasing of plasma near and above the F2 peak. To
study which mechanism is more important, Chen et al.
[2011, 2012] on the basis of the SAMI2 model, found that
equatorward neutral wind is identified as the major cause
of the WSA, while the downward flux from the plasma-
sphere provides an additional plasma source to enhance or
maintain the density of the anomalous structure.

[4] More recently, Zhang et al. [2011] reported a new
finding of pronounced longitudinal variations in midlatitude
total electron content (TEC) over the continental US mani-
fested as an east-west coast difference, based on observa-
tions of ground-based GPS receivers. The phase of the
east-west difference depends on the local time. The pro-
posed physical mechanism of this phenomenon, an analogy
of WSA or MSNA, is the varied magnetic declination over
the US along with the behavior of thermospheric zonal winds
and, in particular, their diurnal variations. The meaning of
this study lies in that longitudinal variations for some regions
in ionospheric electron density contain critical information
on thermospheric zonal winds, which can be used to derive
zonal winds. Zhang et al. [2012b] has shown a good linear
relationship between the east-west differential ratio in plasma
density Ne at 400 km and the Fabry-Perot interferometer
eastward winds over Millstone Hill during the nighttime.

Such idea resembles the work of Karpachev and Gasilov
[2001, 2006], which have derived zonal and meridional wind
components from Intercosmos-19 hmF2 measurements using
the main principles ionospheric model developed by Rishbeth
et al. [1978] called a servo model. In addition, as pointed out
by Zhang et al. [2012a], this new longitude variability actu-
ally differs from the recent MSNA feature in that: (1) The
MSNA is primarily an evening enhancement in plasma den-
sity relative to its daytime level, while the longitudinal
change here shows a diurnal course. (2) The MSNA occurs
most evident in summer time; the longitudinal difference
occurs persistently in all seasons, without particular prefer-
ence in summer.

[s] The global configuration of the geomagnetic field
shows that the maximum east-west difference in geomag-
netic declination over middle latitude lies in two longitude
intervals, US 140°W-60°W and East Asia 60°E-140°E
zones. The east-west asymmetry in geomagnetic declination
for the US longitudes (~32°) is obviously larger than that of
the East Asia longitudes (~15°) for typical midlatitude with
inclination about 60—-65°. Thus, it is valuable to investigate
the east-west difference in the ionospheric parameters of
the East Asia zone and compare the result with that of US
region. If the mechanism of magnetic declination combined
with the effect of thermospheric zonal winds is the primary
drivers, the east-west asymmetry should be smaller than that
in the US region. In this paper, we have investigated the di-
urnal, seasonal, solar cycle, and height dependency of the
longitudinal variation of the ionosphere in the East Asia
longitudes, more comprehensively than the previous work
of Wu et al. [1998]. The paper demonstrates the similarity
and discrepancy between the diurnal east-west asymmetry
in the Eastern and Western Hemispheres and discusses the
possible physical mechanisms.

2. Observation

[6] For the current study, we focus on observations made
over the East Asia continent including three pairs of iono-
sondes distributed in the east and west of China, the electron
density profiles (EDPs) derived from radio occultation (RO)
technique of COSMIC/FORMOSAT-3 (a Constellation Ob-
serving System for Meteorology, lonosphere, and Climate
mission, here COSMIC for short), in situ plasma density mea-
sured from the Instrument Sonde de Langmuir (ISL) onboard
the DEMETER satellite. A detailed description of the ISL
measuring techniques relevant to its in situ satellite application
on board DEMETER is given in Lebreton et al. [2006].

[7] The ionospheric F2 region critical frequency, foF2, is
routinely scaled at the ionosonde stations in East Asia.
The detailed information of each ionosonde station is given
in Table 1 and the locations of the stations are illustrated in
Figure 1. The geomagnetic declination and inclination are
calculated from the 11th generation of International Geomag-
netic Reference Field (http://www.ngdc.noaa.gov/IAGA/
vmod/igrthw.html). Data of Wakkanai (WK) and Alma ata
(AA) are collected from the SPIDR website (http://spider.
ngdc.noaa.gov/). History data of Changchun (CC) and Wulu-
muqi (WM) are obtained from China Research Institute of
Radio wave Propagation. Beijing (BJ) and Kashi (KS) obser-
vatory are newly built ionosonde stations affiliated to the
Beijing National Observatory of Space Environment of
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Table 1. Information of the Used Ionosonde Stations

Station (Abbr.) Latitude(®) Longitude(®) Magnetic Inclination (°) Magnetic Declination(®) Data Coverage
Wakkanai (WK) 45.40 141.70 59.1-59.2 ~7.8—-8.0 1958-1988
Alma ata (AA) 43.25 76.92 61.7-61.8 3.8-3.7 1958-1988
Changchun (CC) 43.83 125.27 60.1-60.1 ~7.4--17.5 1964-1975
Wulumugi (WM) 43.70 87.60 62.3-62.2 2.2-2.1 1964-1975
Beijing (BJ) 40.00 116.30 58.2 5.7 2011
Kashi (KS) 39.70 76.20 58.8 3.1 2011

Institute of Geology and Geophysics in the Chinese Acad-
emy of Sciences and the National Center for Space Weather
in China Meteorological Administration, respectively. The
three pairs of ionosondes are grouped according to the crite-
rion of minimum difference in geomagnetic inclination.

[8] The COSMIC constellation provides approximately
24h local time coverage and 1000-2500 vertical EDPs
(100-800 km) globally per day. The inversion of EDPs from
RO observations is based on several assumptions, with the
local spherical symmetry assumption being the most signif-
icant error source. The horizontal structures in some cases
may significantly affect the retrieved profiles. Some statisti-
cal validations have showed good agreements with measure-
ments of globally distributed incoherent scatter radars (ISRs)
and ionosondes, especially at midlatitude area because of
its relatively low horizontal gradient in Ne [e.g., Schreiner
et al., 1999]. This indicates that the COSMIC RO observa-
tions provide an unprecedented three-dimensional Ne data
source for ionospheric physics studies. The reader is referred
to Schreiner et al. [2007] and Yue et al. [2011] for a detailed
description on the COSMIC mission and EDPs inversion
technique. This database has attracted the interests of the
community in the aspects of the ionospheric climatology
and large-scale structure [e.g., Liu et al., 2009; Zhao et al.,
2011].

[9] The French microsatellite DEMETER was launched on
29 June 2004 and put into a circular and quasi-Sun-synchro-
nous orbit with an inclination of 98°. Descending and as-
cending nodes are at around 10:30 and 22:30 local time
(LT), respectively. Altitude of DEMETER was 710, 680,
and 660 km from June 2004 to December 2005, to January
2006, and to December 2010, respectively. The orbital period
is about 100 min, and all longitudes are covered within +65°
geomagnetic latitude.

3. Result

3.1. Diurnal Variations and Seasonal Dependence
in R.,,(NmF2)

[10] Figure 2a illustrates the diurnal variations of the
observed 31 year monthly mean NmF2 in equinoctial and
solstitial months at WK and AA during the interval 1958—
1988, spanning two and a half solar cycles. To remove the
magnetic activity effect, only the periods of Kp < 4 were con-
sidered. The error bar reflects the day-to-day variability asso-
ciated with solar cycle variation. The blue empty circle
denotes the ANmF2 (NmF2wx — NmF2,,) while the red
dot refers to the hourly east-to-west differential index R,
5 x 10°. The index Re, is constructed through the procedure
of Zhang et al. [2011], equivalent to a % east-to-west differ-
ence, where R.,(NMF2)=(NmF2., — NmMF2,.)/(0.5 X
(NmMF2, + NmF2,,.) and NmF2 data are hourly median

values. The corresponding 31 year monthly maximum, mean,
and minimum F10.7 are labeled in each subplot. It can
be seen from the Figure 2a that during daytime (08:00—
18:00 LT) NmF2 being higher at AA than at WK is most
evident in June, less in September, and least in March and
December, with daytime minimum R..,(NmF2) approaches
—0.4,-0.28,-0.05, and —0.12. At nighttime, the east-to-west
difference is shown to have no seasonal preference with rela-
tively higher R.(NmF2) reaching 0.2—0.3 after midnight in
March and June. Figure 2b presents the same diurnal varia-
tions as Figure 2a but for CC and WM during the interval
1964—1975 spanning the 20th solar cycle. Note that CC and
WM are separated by 37.67° longitude, which is much smal-
ler than that of WK and AA (64.78°). It is shown that the east-
to-west difference in NmF2 between CC and WM resembles
the situation of WK and AA in Figure 2a, but with smaller
value. The daytime negative difference is most evident in
September, less in June, and least in March and December,
with minimum R.,,(NmF2) approaches —0.25, —0.18, —0.05,
and —0.02 under F10.7=110 sfu. The nighttime difference
appears most evident in March and June after midnight with
R.w(NmF2)=0.2-0.23. It is least evident in December.

[11] A more subtle seasonal variation in east-west differ-
ence for WK-AA and CC-WM are given in Figure 3, which
shows R, (NmF2) as a function of the day of year (DOY)
and LT. The data were binned for 30 day sliding average
throughout the entire year. For WK-AA, it can be seen that
the daytime negative R.(NmF2) exists during DOY 110-
270 with first minimum value 0.5 appearing around DOY
150 and the second at DOY 240. The nighttime positive
Rew(NmF2) was shown to exist generally during DOY 30—
300 that has two peaks in March and June with magnitude

115°E
Longitude(°)

100°E

Figure 1. Locations of the stations listed in Table 1, and
the blue lines represent the magnetic latitudes 20°N, 30°N,
40°N, and 50°N. The star and filled circle represent the west
and east stations, respectively.
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Figure 3. Averaged R..,(NmF2) values as a function of DOY versus LT for WK-AA during 1958-1988

and CC-WM during 1964—-1975.

around 0.2-0.3. For CC-WM, R.,(NmF2) is much smaller
but the distribution resembles that represented at WK-AA.

3.2. Solar Activity Dependence in R,,, (NmF2)

[12] Figure 4 shows the evolutions of east-to-west differ-
ential index R.,(NmF2) for pair stations WK-AA and CC-
WM as a function of local time and day number spanning
solar cycles 19-22. The solar activity dependence of the
overall patterns in the parameters of WK-AA is clearly seen
in the figure. The diurnal minimum R.,(NmF2) for WK-AA
occurs in 1960 with value of —0.64. The diurnal maximum
R (NmF2) occurs in 1978 with values of 0.56. For CC-
WM, the feature is not as clear as shown for WK-AA. The
diurnal minimum R, (NmF2) for CC-WM occurs in 1968
with value of —0.46.

[13] To illustrate the solar activity dependence of east-
to-west differential index more specifically, we have binned
data into five groups of F10.7 level as the following:
[0, 80], [80 120], [100 140], [120 160], [160 350]. Here we
choose the minimum R, (NmF2) during 08:00-16:00 LT
and maximum R.,(NmF2) during 17:00-07:00 LT of WK-
AA. For each F10.7 level, a seasonal variation is derived
through 30 day moving average. The results, indicated in

Figure 5, show clearly that the magnitude of the minimum
R.(NmF2) increases with increasing solar activity and
mainly occurs during DOY 150-240 and much less evident
during rest days. One may also notice that as the solar activity
increases, the lowest minimum R.,(NmF2) occurs around
DOY 130, with subminimum around DOY 255, and gradu-
ally shifts to one minimum around DOY 160. Furthermore,
the difference between the low solar activity and high solar
activity in R.,(NmF2) reflects an enhanced semiannual com-
ponent. In comparison, the relationship between the maxi-
mum R, (NmF2) and solar activity versus DOY is rather
weak and complicated. The maximum R.,(NmF2) value is
shown to slightly increase with enhanced moderate solar ac-
tivity during DOYs 0-90 and 240-330, and further reduced
with increasing solar activity for the level F10.7 > 160. As
a result, the solar activity does not seem to affect both maxi-
mum and minimum R, simultaneously, which accords with
Zhang et al. [2012a] for the northern American region.

3.3. Altitude Dependence of East-West Asymmetry
in Ne

[14] The altitude dependence of the east-to-west difference
in Ne is investigated through the global observations of EDPs

Figure 2. (a) Local time (LT) variations of the observed 31 year monthly mean NmF2 at WK (green) and AA (magenta) in
March, June, September, and December. The blue empty circle denotes the ANmF2 (WK-AA) while the red dot refers to the
east-to-west differential index Re, X 5 x 10°. From top to bottom, the 31 year monthly maximum, mean, and minimum
values of the 10.7 cm solar radio flux (F10.7 index) are labeled on the upper-right corner. (b) Same as Figure 2a but for
CC (green) and WM (magenta) during the interval 1964—1975. The blue empty circle denotes the ANmF2 (CC-WM).
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Figure 4. From top to bottom are the monthly mean values of F10.7 index, east-to-west differential in-
dex R.w(NMF2)wik_aa, and R (NmMF2) cc.wn during the period 1958—1988.

from the COSMIC satellites. We followed the procedure of
Lin et al. [2010] to obtain the monthly averaged global iono-
spheric maps at various altitudes by taking median value of
occultation soundings within each 5° by 5° grid in both lon-
gitude and latitude every 2h during 40days period (i.e.,
5 days prior to and 5 days after each month). It is noted that
only the data of Kp <4 are taken to construct the iono-
spheric maps presented in this paper. We only present iono-
spheric maps in the 220-500km altitude range, because
some satellites were in the orbital lifting process and the
microsatellites were at different altitudes during the early
stage of the COSMIC project.

[15] InFigure 6 from top to bottom are columns of altitude-
latitude profiles in Ne at longitude 135°E, 75°E, and east-to-
west differential index R.,, for LT=10:00, 12:00,. .., 18:00,
20:00 during June 2007. It is clearly seen that the negative
east-to-west difference in R, mainly occurs around 10:00—
12:00 LT in the midlatitudes 30°N—65°N with the maximum
value 0.8 centered at 50°N and ~350km. The parameter
hmF2 denoted by black shows that the west side F' layer is
10-50 km higher than that of the east side where pronounced
negative R, exists. The R, near the hmF2 is much lower
than that of 100km above, of which the value roughly
reaches agreement with the NmF2 result. The positive R,
actually reflects the intensity of the MSNA that accords well
with the result of Lin et al. [2010]. Figure 7 presents the three-
dimensional distribution of the plasma density over the Far
East region at a fixed local time 12:00 LT with three slices
representing the situation of Ne (Longitude = 60°E), Ne (Lat-
itude =50°N), and Ne (altitude =250 km) respectively. The
blue, red, and black dashed lines denote the negative, zero,
and positive value of declination separately. The consecutive
altitude-longitude and longitude-latitude variations in Ne
show that there is an east-to-west gradient in Ne with a tran-
sition band existing around 90°E-100°E, which is clearly
superimposed with the zero line in declination at midlati-
tudes. The distribution in Ne and configuration of declination
are matched well. This result suggests a coherence between
these two parameters which will be discussed in section 4.

[16] Figure 8 upper panels illustrate the altitude-latitude
profiles of negative differential R, at 12:00 LT in summer
month of different solar activity levels. For medium solar
activity year 2012, we use the data of May—June instead
because the daily number of RO events reduced from
2000-2500 in 2007 to ~1000 in 2012 due to the degraded
performance of the COSMIC satellites. It is recognized
that the region of pronounced negative east-west difference
with R.,, <—0.5, 300-400km, for the solar flux level
F10.7=76 lifts entirely to 350-450km for solar flux level
F10.7=125. The centered minimum R, increases from
360 to 410km. Thus, we can see that above 360 km, the
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Figure 5. Seasonal and solar activity dependency of the di-
urnal maximum/minimum of east-west difference R, (WK-
AA). The bottom curves are for the diurnal maximum R,
(NMF2g.5 > NmF2y.), and the blue ones for the diurnal
minimum Rey, (NMF2p, < NmF2y.). Results are given
for five level groups of F10.7 solar flux units as a function
of day number of the year.
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Figure 6. From top to bottom are the columns of Ne profiles at longitude 135°E, 75°E, and east-to-west
differential index R, for LT =10:00, 12:00, ..., 18:00, 20:00 during the month June 2007. The parameter
hmF2 denoted by black line is superimposed on each profile map.

R.,, for topside ionosphere shows a positive correlation with
the solar activity while in the bottom side (250 km) remains
constant or reduced slightly. This is opposite to the result of
Zhang et al. [2012a] at a fixed altitude 400 km based on the
ISR data, which shows a negative correlation. The R, of
different altitudes should manifest different solar activity de-
pendence. Because COSMIC is operated most of the time
during low solar activity, further result is needed as the solar
activity increases in the next 2 years reaching 24th solar cycle
maximum. Figure 8 (bottom) shows the altitude-latitude pro-
files of positive differential R, at 20:00 LT. The maximum
R.y, 0.3, of low solar activity is centered at ~57°N and
~310km and reduces a little and move upward slightly under
moderate solar activity. Its altitude gradient is not as evident
as that of negative R.,, at noon, and neither the solar activity
dependence. This weak solar activity dependence is in agree-
ment to the changes of positive R.,(NmF2) in Figure 5.

[17] Furthermore, we also investigate the east-to-west
asymmetry of the topside ionosphere at DEMETER altitude
around 670 km. Monthly medians of Ne during 2007 June
measured by DEMETER satellite are calculated for bins
sized with 12° longitude and 8° latitude with shifting in the
steps of 5° longitude and 3° latitude between +£60° geomag-
netic latitude. Notice that the satellite altitude in the Northern
Hemisphere varies between 665 and 675 km during the se-
lected month. We constructed a map of R, (lon) as a func-
tion of longitude by setting R., (lon)=(Nej,,—Negoer)/
(0.5 x (Nejon + Negoep)). The spatial distributions of the R,
(lon) for 10:00 and 22:00 LT are shown in Figure 9. The dis-
tribution of daytime negative R.,, in the topside ionosphere
resembles that in the bottom side and F layer peak region
with the minimum appearing at 130°E and 45°N—-50°N; how-
ever, the magnitude —0.45 is smaller than that in the lower re-
gion (—0.8) as shown in Figure 6. The magnitude of positive

Ry (02-0.3) is comparable to that observed in the bottom
side ionosphere from Ionosonde and RO measurements,
which shows that the positive R.,, has no obvious altitude
dependence.

4. Discussion

4.1.

[18] We have shown, from both the ground- and space-
based instruments, that the ionosphere over the Far East re-
gion has large east-to-west differences at midlatitudes. The
main features of this phenomenon and comparisons with
the US region can be summarized as follows: (1) The most
distinctive longitude difference in the Far East region is the
large negative R.,, in the noon sector (West Ne > East Ne).
The positive R.,, (East Ne > West Ne) at night is not evident
and appear relatively higher in March and June, while in the
US is much significant in winter and less evident in June.
(2) The noontime negative R.,, in NmF2 is most pronounced
in April-June while in the US for Ne at 350-450km in the
February—March period. Thus, for the late spring and sum-
mer period negative R.,, over the Far East region is more
significant than that of the US especially during moderate
and high solar activity. The second minimum appears around
August—September for both regions. (3) The minimum nega-
tive R, in NmF2 tends to enhance toward increasing solar
activity and the phase of minimum value shifts to the sum-
mer, while in the US negative R.,, shows anticorrelation
with the solar activity. The positive R.,, has weak solar activ-
ity dependence. (4) The altitude distribution of pronounced
negative R.,, mainly concentrates at 300—400 km and moves
upward with the increased solar flux level, correspondingly
leading to the different solar activity dependence of varied
altitudes. Thus, the features of R.,, are quite different from

Comparison with the Results of US Region
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Figure 7. Three-dimensional distribution of the plasma density over the Far East region at a fixed local
time 10:00 LT during June 2007 with three slices represent the situation of Ne (Longitude=60°E), Ne
(Latitude =50°N), and Ne (altitude =250 km), respectively. The blue, red, and black lines denote the pos-
itive, zero, and negative value of geomagnetic declination separately.

those shown in the US longitude [see Zhang et al., 2012a,
2012b].

[19] Actually, the above comparisons with the results of
the US region are not strict. To make an accurate compari-
son, the west and east observational sites should be of the
same geomagnetic inclination, and the declination difference
should also be equivalent. According to Zhang et al. [2012a,
2012b], the US east-west differences in electron density
Ne at various F region heights were derived based on the
Millstone Hill ISR observations with a longitude span from

June/2007 (F10.7 = 76)

Altitude(km)

approximately —45°E to —95°E. Most data points were
binned from (51 +3°E, 47+ 6°N) on the east side, and
(-92°E £ 2°E, 48 + 6°N) on the west side. The geomagnetic
inclinations of the center points are 67° and 74° and declina-
tions are —18.7° and 0.5° for the sample year 2008. The span
of latitude bin seems too wide, which may introduce the
error due to the ionospheric latitude variation especially if
the data coverage is not uniform. In the Far East region we
calculate the R., point-to-point while the geographic and
geomagnetic latitude are nearly identical. The same

May-June/2012 (F10.7 = 125)
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Figure 8. The altitude-latitude profiles of negative differential index R.,, at 12:00 LT and positive value
at 20:00 LT during summer month with different solar activity levels in year 2007 and 2012.
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Figure 9. The longitude-latitude distribution of R.,, at 10:00 and 22:00 LT in June 2007 at topside
ionosphere derived from DEMETER Ne measurement. The geomagnetic declination contour line and
the stations in Figure 1 are superimposed on the map.

procedure should be adopted in the US longitude. Actually,
we have selected several pairs of sites of the GPS TEC data
with the situation the same as that used in the present study
and an overall comparison has been made. The result, show-
ing that the noontime negative R.,, in TEC is more signifi-
cant in Far East Asian region than in the US during late
spring and summer period at middle-high solar activity,
agrees well with our present study. Detailed discussion and
possible explanation will be made in our following work.

4.2. Possible Explanation for the Observed Feature

[20] Zhang et al. [2011] first proposed that the east-to-
west differences in TEC over the US continent at midlatitude
are caused by the difference in magnetic declination, which
gives rise to upward and downward ion drifts across the zero
declination for a given thermospheric zonal wind direction.
The upward/downward field-aligned drift moves the ions
to higher/lower altitudes where their recombination rate is
smaller/larger and thus increases/decreases the plasma den-
sity of the F' region [Rishbeth, 1998]. Later, they analyzed
the zonal wind climatology above Millstone Hill and found
it to be perfectly consistent with what is expected based on
the electron density difference between the east and west
sides of the site [Zhang et al., 2012a]. For comparison, it
is valuable to examine this mechanism over the Far East re-
gion, which also has large geomagnetic declination but
smaller than that of the US.

[21] Figure 10a shows that the morning vertical component
of the field-aligned ion drift Vz,,,, (positive for upward drift)
during June 2011 at midlatitude is up to —8 m/s on the east
side (135°E) of the zero declination longitude and +6 m/s
on the west side (60°E). According to [Zhang et al., 2011,
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Figure 10. Vertical ion drift Vz,,,, derived from HWM93
zonal wind for LT=09:00 and 18:00 under condition
DOY =152 and F10.7 =70, superimposed with geomagnetic
declination contour and the stations used in Figure 1.
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Figure 11. (left) Diurnal variations of the monthly mean hmF2 and foF2 at BJ (green) and KS (magenta)
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refers to the east-to-west differential index R.,, X 5 X

2011], Vz,onar is calculated using —Ue sinD cos/ sin/, D and /
are the geomagnetic declination and inclination derived from
the 11th generation of International Geomagnetic Reference
Field. Ue is the zonal winds derived from HWM93 model
[Hedin et al., 1996] with positive for eastward. Note that
Ue has very small longitude variability in this region with ab-
solute maximum east-west difference not exceeding 5 m/s,
less than 5% of the mean value. Within 30 min, the 14 m/s
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difference in Vz,,,, can approximately cause 25 km differ-
ences in the height of F layer. Figure 11 (left) depicts the
foF2 and hmF2 changes for ionosonde stations Beijing
(116.3°E, 40°N) and Kashi (76.2°E, 39.7°N) during May—
June 2011 while Figure 11 (right) gives the COSMIC-
derived results at point (135°E, 58°N) and (75°E, 58°N).
The 58°N is where the most severe positive east-west dis-
crepancy exists as indicated in Figure 8. It is seen from the
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Figure 12. From top to bottom are the columns of IRI Ne profiles at longitude 135°E, 75°E, and east-to-
west differential index R.,, between two longitudes for LT =10:00, 20:00 on 1 June 2011 and LT =00:00

on 16 March, superimposed with hmF2.
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figure that during 08:00—14:00 LT, the hmF2 on the west side
is 25km (ionosonde, 40°N) and 16 km (COSMIC, 58°N)
higher than that of the east part, and hence results in the large
negative disparity in NmF2 between east and west, which in-
directly proves that the zonal neutral wind is the critical
driver for the east-west difference observed in the midlatitude
of the Far East region. However, zonal neutral wind seems
not to possibly explain the positive correlation between the
magnitude of negative R.,, and solar activity. The daytime
westward zonal wind is shown to diminish as the solar activity
increase due to the enhanced ion-drag as seen from the
CHAMP measurement [Liu et al., 2006]. Thus, other mechan-
isms, for example the longitude dependence of chemical com-
position, may need to be considered in the future study.

[22] At afternoon-evening hours, the direction of the zonal
wind are reversed but with smaller value compared with the
daytime as illustrated in Figure 10b. The Vz,,,, at midlati-
tude is up to 5m/s on the east side (130°E) and —3 m/s on
the west side (65°E), and hence produce 14 km difference
in the peak height between east and west sides leading to pos-
itive R.,, after sunset as shown in Figure 11. The problem
lies in that the positive R.,, during DOY 60-300 shown in
Figure 3 cannot be explained alone by the thermospheric
zonal wind. In comparison, nighttime R., of the US region
is much larger (>0.5) and prevails over the entire winter at
fixed altitude 400 km [Zhang et al., 2012b]. This feature
in a different way has been investigated by Luan et al
[2008], which revealed that the winter midnight enhance-
ment of the Eastern American area is clearly stronger than
any other longitudes. In fact, Clilverd et al. [1991] found
corresponding longitude changes in the plasmasphere, which
showed a maximum December/June ratio of Ny at L=2.5
with geomagnetic field line footprint located at middle to
high-latitudes of ~300°E geographic longitude. The distribu-
tion has been explained by the largest offset of the geomag-
netic field configuration relative to geographic coordinates
as well as the largest negative declination in the eastern US
sector, which result in that the conjugate area of the Southern
Hemisphere ionosphere is sunlit and the ion density stays
high throughout the summer providing strong downward flux
for the northern winter hemisphere at midnight [Richard
et al., 2008]. However, the above mechanism cannot explain
the observed positive R.,, over the Far East region because it
occurs in March and June. The formation of MSNA, negative
geomagnetic declination around 135°E maximizing the
equatorward wind uplifting effect when sunlight still exists
and in combination with downward diffusion from the plas-
masphere, may explain positive R.,, over the summer season,
while the positive R.,, around March needs a further study.

4.3. Features Captured by International Reference
Ionosphere

[23] The International Reference Ionosphere (IRI) model
describes monthly average ionospheric parameters such as
electron number density, electron temperature, ion composi-
tion, ion drift, and total electron content. The main source of
experimental data of IRI is based on the worldwide network
of ionosondes. Because the IRI model assimilates realistic
observations, it is worthwhile to see if the observed east-
west difference over the Far East region is presented in or
not. Although the IRI-2011 has been released (http://www.
IRI.gsfc.nasa.gov), we use the version IRI-2007, of which

the electron number density profile above the F2 layer max-
imum has already been improved [Bilitza and Reinisch,
2008]. Figure 12 from top to bottom shows the IRI outputs
of Ne profiles along 135°E and 75°E, differential index
R.,, during noontime 12:00 LT, evening 20:00 LT in June,
and 00:00 LT in March 2006. In comparison with the COS-
MIC results in Figure 6 and ionosonde results in Figure 3,
the latitude-altitude distribution in R, captures the summer
noontime negative discrepancy and March nighttime posi-
tive difference but fails to reproduce the summer nighttime
positive R.,, at midlatitude areas. In addition, the IRI_hmF2
is shown 20-30km lower than that of the observation. Hsu
et al. [2011] showed that the IRI successfully generates the
MSNA at a global scale. Here for the Far East region, IRI
has partly shown its ability to grasp the regional longitude
difference. Thus, more data of the Far East region, especially
over China, are needed to be incorporated in IRI that makes
it a highly regional standard for the calculation of iono-
spheric parameters in research and applied problems.

5. Summary and Conclusion

[24] This study focuses on the longitudinal variations of
the ionospheric electron content over the Far East areas.
The feature of east-west asymmetry reported in the US region
has also been revealed in the Eastern Hemisphere but with
significant differences, based on the comprehensive analysis
of the ground- and space-based measurements. The results
show that the negative east-west difference (West side Ne >
East side Ne) in the noontime is more pronounced during late
spring and summer period while the evening-night positive
difference (West side Ne < East side Ne) is much less signif-
icant than that of US continent. The observed diurnal varia-
tion of longitude difference can be explained roughly by
the thermospheric zonal winds. Meanwhile, some new issues
were raised, for example, what is the reason for the difference
of solar activity and seasonal variations in the east-west
asymmetry, clearly altitude-dependent, between the above
two regions. The climatology changes in east-west asymme-
try are obviously related to the annual and semiannual varia-
tions of the F' region at midlatitude. The semiannual variation
is pronounced in the Far East region and the annual in the US
continent [e.g., Zhao et al., 2007], explained by the near-pole
and far-pole theory [Rishbeth, 1998]. Thus, a detailed com-
parison on the climatology features as well as mechanism be-
tween the US and the Far East region is needed.
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