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Abstract Twenty-seven-day variation caused by solar rota-
tion is one of the main periodic effects of solar radiation
influence on the ionosphere, and there have been many stud-
ies on this periodicity using peak electron density NmF2 and
solar radio flux index F10.7. In this paper, the global electron
content (GEC) and observation of Solar EUVMonitor (SEM)
represent the whole ionosphere and solar EUV flux, respec-
tively, to investigate the 27-day variation. The 27-day period
components of indices (GEC27, SEM27, F10.727, Ap27) are
obtained using Chebyshev band-pass filter. The comparison
of regression results indicates that the index SEM has higher
coherence than F10.7 with 27-day variation of the iono-
sphere. The regression coefficients of SEM27 varied from 0.6
to 1.4 and the coefficients of Ap27 varied from −0.6 to 0.3,
which suggests that EUV radiation seasonal variations are the
primary driver for the 27-day variations of the ionosphere
for most periods. TEC map grid points on three meridians
where IGS stations are dense are selected for regression, and
the results show that the contribution of solar EUV radia-
tion is positive at all geomagnetic latitudes and larger than
geomagnetic activity in most latitudes. The contribution of
geomagnetic activity is negative at high geomagnetic lati-
tude, increasing with decreasing geomagnetic latitudes, and
positive at low geomagnetic latitudes. The global structure
of 27-day variation of ionosphere is presented and demon-
strates that there are two zonal anomaly regions along with
the geomagnetic latitudes lines and two peaks in the north
of Southeast Asia and the Middle Pacific where TEC27 mag-
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nitude values are notably larger than elsewhere along zonal
anomaly regions.
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1 Introduction

Solar activity is the most important modulation factor of
ionosphere seasonal variations. Variations in solar wind and
EUV radiation generated by solar rotation influence the earth
ionosphere (Kutiev et al. 2012). Because of the non-uniform
distribution and motion of EUV radiation sources, the EUV
radiation reaches to the earth changes with the rotation of
the sun. Because of the sun’s rotation at its equator, the solar
EUV radiation shows a seasonal variation of approximately
24–30 days (Pap et al. 1990; Kane 2002, 2003;Woods 2005;
Ma et al. 2007). Bartels (1950) observed a period of approx-
imately 27 days caused by solar radiation on an order of
6 to 10% in the noon values of foF2 for Huancayo, Peru.
Titheridge (1973) studied the ionosphere electron content
from June 1965 to August 1971 at latitudes of 34◦S and 42◦S
and reported that the 27-day variations in the ionosphere fol-
low the variations in solar flux with a delay of 1.0 ± 0.1
days. The signal of global mean TEC exhibits primary oscil-
lations of 27-day, 0.5-, 1- and 11-year periods; there is a
strong correlation between EUV radiation and global mean
TEC in the 27-day oscillation, and the 13.5-day variation
of EUV weakly correlates with 13.5-day variation of global
mean TEC (Hocke 2008).

The F10.7 emission originates in the lower corona and
chromosphere of the sun and has been a standard for
solar activity in studies of the thermosphere and ionosphere
(Viereck et al. 2001). The F10.7 index is used to repre-
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sent solar EUV radiation in many studies of the relationship
between solar and ionospheric periodic modulations (e.g.,
Lei et al. 2008; Ma et al. 2012; Lee et al. 2012; Kutiev et al.
2012; Altadill and Apostolov 2003; Pancheva et al. 2002).
Balan et al. (1994) and Liu et al. (2006) found that the F10.7
index exhibits a nonlinear relationship with solar EUV. Chen
et al. (2011) found that the F10.7 index does not reflect the
reduction in EUV radiation during the extended solar min-
imum of 2007 to 2009. F10.7 index may be not a perfect
indicator of solar EUV radiation. Thus, there is a necessity
to compare the coherence of F10.7 and SEMwith solar EUV
radiation in ionosphere variations.

Since coronal holes on the solar surface rotatewith the sun,
solar wind high-speed streams (HSS) that emanated from
coronal holes will also cause repeated, temperate geomag-
netic activities. If there is a large, isolated, near-equatorial
coronal hole, the high-speed solar wind will interact/collide
with the upstream slower-speed stream and form a corotating
interaction region (CIR) (Tsurutani et al. 2006). Both, HSS
and CIR generate temperate geomagnetic storms and contin-
uous auroral activities, thereby generating 27-day variation
in ionosphere.

There are rare magnetic storms generated by CIRs whose
main phases intensity (in respect to Dst) are smaller than
100 nT. But nonlinear Alfvén waves (plasma oscillations in
magnetized systems)withinHSScan stretch the geomagnetic
storms “recovery” phases to 27 days (Tsurutani et al. 2006).
Apostolov et al. (2004) found that the evident increases of
the 27-day oscillation could be distinguished in the foF2 and
Ap variation sequences during the late declining phases of
solar cycles, but the oscillations of F10.7 reduce gradually. In
the geomagnetic disturbances, enormous solar wind energy
is sedimented into the polar thermosphere. That generates
the reduction in atoms-to-molecules ratio and the rise of the
neutral gas temperature. Both of the changes contribute to a
reduction in electron concentration in the high-latitude iono-
sphere (Danilov 2001).

Ma et al. (2012) investigated the contribution of EUV and
geomagnetic activity at different latitudes and observed that
at geomagnetic low latitudes, the contribution of EUV radia-
tion was greater than geomagnetic activity. But geomagnetic
activity has more prominent effect than EUV radiation at
higher latitudes. Sagawa et al. (2005) found four peaks in
longitudinal structure of equatorial anomaly in Far Ultra-
violet (FUV) observations. Then, Immel et al. (2006) and
England et al. (2006) provided mechanism interpretation
with E-region non-migrating tide and noontime equatorial
electrojet (EEJ) current density. There have not been many
studies about 27-day variations that consider the earth as
a whole, and it is necessary to study the global structure
of 27-day variations of the ionosphere for the investigation
of the relationship between geomagnetic field and iono-
sphere.

In this paper, we study the 27-day variation of the iono-
sphere and its relationship with solar EUV radiation and
geomagnetic activity. The main goal is to present the 27-day
variation of the ionosphere by time domain and analyze the
contributions of solar EUV and geomagnetic activity with an
emphasis on the difference between different geomagnetic
latitudes. The global electron content (GEC), F10.7, SEM
and Ap from 2000 to 2014 have been analyzed and filtered
with the Chebyshev band-pass filter. Multiple linear regres-
sion was subsequently used to analyze the indices of SEM
and F10.7 and contributions of solar EUV and geomagnetic
activity. We employ the Chebyshev band-pass filter to filter
the time series from 2000 to 2014 for all of the global iono-
sphere maps (GIM) grid points in order to obtain the global
structure for 27-day variation of the ionosphere.

2 Data and methodology

2.1 Global ionosphere maps

The International GNSS Service (IGS) Ionosphere Working
Group started to publish ionospheric TEC maps from June
1998. The TEC maps are generated from the weighted aver-
ages of the ionospheric products obtained by the independent
calculation of the four analysis centers. Ionosphere clima-
tology has recently been investigated on global and regional
scales based on these long-termGPSTECproducts (Liu et al.
2009; Lean et al. 2011). The characteristics of low-latitude
TEC over the Indian sector are obtained using GIM data
(1998–2014) filtering out the solar flare and storm effects,
and long absence of winter anomaly is found (Dashora and
Suresh 2015). Liu et al. (2014) calculated the Arctic mean
TEC for the long-term prediction of the Arctic ionospheric
TEC based on time-varying periodograms.

The global ionosphere maps used in the present work
are generated by the Center for Orbit Determination in
Europe (CODE) at the Astronomical Institute of the Uni-
versity of Bern (Hernández-Pajares et al. 2009). The TEC
maps produced by CODE are modeled with spherical har-
monic expansion up to degree 15 and order 15 with 3328
parameters referring to a solar-geomagnetic reference frame
(http://aiuws.unibe.ch/ionosphere/). CODE provides TEC
maps with a resolution of 5◦ in longitude, 2.5◦ in latitude,
and 2 h in universal time. In this study, the TEC maps from
June 1, 1999, until December 31, 2014, are used (ftp://ftp.
unibe.ch/aiub/CODE/).

2.2 Global electron content

In recent years, a few indices have beenproposed for the iono-
sphere climatology research such as the globalmeanTECand
global electron content (GEC). The parameter of GEC was
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introduced by Afraimovich et al. (2006; 2008). It is defined
as the total number of electrons in the near-earth space from
the bottom of the ionosphere (60 km) to GPS satellites orbit
(2000 km). The GEC is calculated by the summation of the
values in each TECmaps cell multiplied by the cell area over
all TEC maps cells (Afraimovich et al. 2006):

GEC =
∑

i, j

Ii, j · Si, j

=
∑

i, j

Ii, j · R2
E · �ϕ · [sin θ j − sin(θ j + �θ)] (1)

where Ii, j is the value of indices i, j of TEC maps cell, RE

is the earth’s radius, �ϕ and �θ are the longitudinal and lat-
itudinal region of the TEC maps cell, and ϕ j and θ j are the
longitude and latitude of the cell. The authors suggested the
GEC unit GECU = 1032 electrons for convenience.

The estimation accuracy of GEC is higher than the accu-
racy of a single-cell value in TEC maps (5–20% Mannucci
et al. 1998). GEC makes it possible to investigate the short-
term and long-term state and variations of the ionosphere on
a global scale.

2.3 SEM flux and F10.7 indices

The solar 10.7 cm radio flux has been continuously observed
since 1947 by the National Research Council of Canada. The
F10.7 cm flux originates in the lower corona and chromo-
sphere of the sun and has been a standard for solar EUV
radiation for the studies of thermosphere and ionosphere
(Viereck et al. 2001). The Solar and Heliospheric Observa-
tory (SOHO) was launched on December 2, 1995, and it is
in a orbit around the sun–earth L1 Lagrange point. The Solar
EUV Monitor (SEM) onboard SOHO has observed EUV
with high temporal resolution (15 s) in three channels since
December 1995. The first order of 26–34 nm flux is derived
from channels 1 and 3, and the zero order of 0.1–50 nm flux
is derived from channel 2 (Judge et al. 1998).

For comparison, we used both the F10.7 index and SEM
flux data to analyze the 27-day variation of the ionosphere.
The F10.7 data from January 1, 1999, to December 31, 2014,
are downloaded from http://omniweb.gsfc.nasa.gov/form/
dx1.html. The SEM data are downloaded from http://www.
usc.edu/dept/space_science/semdatafolder/semdownload.
htm. The daily average data of zero-order flux fromMarch 1,
1999, to December 31, 2014, were chosen in this study (due
to data gaps which occur before March 1, 1999).

2.4 Ap index

Ap index is a linearized geomagnetic index derived from a
logarithmic Kp index through a one to one correspondence

table. The Ap index is the daily average of Ap, and its val-
ues range from 0 to 400 with the unit 2 nT (Dieminger et
al. 1996). The Ap index is determined from 13 stations at
46◦ to 63◦ north and south latitude, so it is able to represent
the geomagnetic state of the whole earth. Ap index data are
downloaded from http://omniweb.gsfc.nasa.gov/form/dx1.
html. The time series from January 1, 1999, to December
31, 2014, is used in this study.

2.5 Data preprocessing

There are mainly two kinds of geomagnetic storms: CIR-
generated and CME-generated geomagnetic storms. The
CME-generated geomagnetic storms days need to be elimi-
nated since it may influence the accuracy of the following
study. We selected the days of Dst<-30 (Gonzalez et al.
1994) and further determined CME-generated geomagnetic
storms days referring to Jian et al. (2006a, b). Ninety-two
CME-generated geomagnetic storms corresponding to 177-
day data were removed from original data (GIM,GEC, SEM,
F10.7, Ap).

3 Results

3.1 Spectrum analysis

To illustrate the characteristics of periodic oscillations in the
indices, we calculated the spectra of GEC, SEM, F10.7 and
Ap index. The results are presented in Fig. 1. Notably, there
is a prominent period peak of 27 days in all indices. The
27-day period in SEM and F10.7, which represent the solar
EUV radiation, is attributed to the non-uniform distribution
of EUV radiation sources as the sun rotates over a 27-day
period (Pap et al. 1990; Kane et al. 2001; Kane 2002, 2003;
Woods 2005; Ma et al. 2007). Coronal holes on the sun’s
surface can produce less EUV radiation than active regions;
thus, the EUV flux will reduce when coronal holes face to
the earth and the GEC will be modulated by the EUV vari-
ation directly (Xu et al. 2015). The Ap index also has 9-day
and 13.5-day period peak. Temmer et al. (2007) suggested
that the 9-day period is caused by a triangular distribution of
CHs ∼ 120◦ apart in solar longitude and the 13.5-day period
is generated by two CHs situated approximately 180◦ apart.

3.2 GEC27

In digital signal processing, band-pass filters allow the
desired frequency components to pass while attenuating the
unwanted frequency components. Chebyshev band-pass fil-
ter has the property that they minimize the error between the
idealized and the actual filter characteristic over the range
of the filter, but with ripples in the passband (Wyndrum
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(a) (b)

(c) (d)

Fig. 1 Amplitude spectra of GEC, SEM, F10.7 and Ap in the period range from 6 to 36 days of 2008

1965; Rabiner 1976; Szentirmai 1982; Lyons 2011). Using
the method described in the previous section, 2.2, we cal-
culated the global electron content (Fig. 2, blue curve) and
obtained the 27-day periodic component of GEC (GEC27,
Fig. 2, red curve) using a Chebyshev band-pass filter with the
sameperiod range as the solarEUVradiation shows (24 ∼ 30
days, Pap et al. 1990; Kane 2002, 2003; Woods 2005; Ma
et al. 2007).

From 2000 to 2003, GEC value and GEC27 amplitude are
both relatively large; from 2003 to 2009, with the decrease
in GEC value, the amplitude of the GEC27 also decreases,
reaching a minimum value; from 2009 to 2014, the ampli-
tude of the GEC27 increases with the increase in GEC value.
However, the amplitude of GEC27 is not always in exact
agreement with the GEC value, such as the case in 2013 and
2014: The GEC value of 2013 is larger than 2014 while the
amplitude of the GEC27 of 2013 is smaller than 2014. This
is due to the variation of CIR.

We investigated the contribution of 27-day variation in the
ionosphere during a 15-year period. The relative amplitude
is defined as

G(i) =
i∗27∑

j=(i−1)∗27

∣∣∣∣
GEC27( j)

GEC( j)

∣∣∣∣/27 (2)

WhereG(i) is relative amplitude;GEC(j) is the value ofGEC
at time j; GEC27( j) is value of 27-day periodic component

of GEC at time j. An average of every 27 data are taken
for showing the mean relative amplitude of every period.
Figure 3 gives the relative magnitude of GEC27 in GEC.
One can see that the contribution is prominent, varying from
1% to 17%. This indicates that the 27-day variations can be
an important factor in the overall variations observed in the
ionosphere.

3.3 A comparison of regression analysis accuracy of
SEM flux and F10.7

A coherence comparison of the SEM and F10.7 with the
ionosphere 27-day variation is shown in this section. We per-
formedmultiple linear regression analysis with the following
formula:

mrGEC27(i) = a + bSEM27(i − t1) + cAp27(i − t2)

mrGEC27(i) = a + bF10.727(i − t1) + cAp27(i − t2) (3)

where mrGEC27 is the regression result of GEC27; a, b and
c are the regression coefficients; t1 and t2 are the time lags
which range from 0 to 5, so there are 36 groups of regression
and the minimum residuals group will be chosen as the time
lags; the regression results show that the time lags of t1 are
typically 1 day and t2 are typically 2 and 3 days; SEM27,
Ap27 and F10727 are filtered in the range of periods from 24
to 30 days as the same as GEC27. All time series of GEC27,
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Fig. 2 GEC and GEC27 from 2000 to 2014

Fig. 3 Relative magnitude of GEC27 variations in GEC

SEM27, Ap27 and F10.727 are normalized to [0,1] with the
formula Xnorm

i = (Xi − Xmin)/(Xmax− Xmin). The multiple
linear regressionwindow is one year, whichmeans the length
of time series of GEC27, F10.727, SEM27 and Ap27 is 365 or
366.

Figure 4 shows the multiple linear regression analysis
results. The black lines are the original GEC27, and the red
lines are the multiple linear regression analysis results. The
left-hand column in Fig. 4 shows the regression results with
SEM and Ap, and the right-hand column shows the regres-
sion results with F10.7 and Ap. It is clear that the regression

results with SEM and Ap are better than with F10.7 and Ap,
especially during the periods of day 1 to 150 day of 2001,
day 250 to 365 of 2003, and day 150 to 250 of 2004.

Figure 5 shows the multiple linear regression residuals
of SEM with Ap and F10.7 with Ap. We can see that the
regression residuals of F10.7 with Ap varied from −0.2 to
0.25 and that the regression residuals of SEMwith Ap varied
from −0.15 to 0.15, which are notably smaller than F10.7
with Ap for the most part. Figure 6 shows the annual RMS
multiple linear regression residuals of SEM with Ap (blue
bars) and F10.7 with Ap (yellow bars). The RMS of regres-
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(a) (b)

(c) (d)

Fig. 4 Comparison of the multiple linear regression results between SEM with Ap and F10.7 with Ap
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(e) (f)

Fig. 4 continued

Fig. 5 Multiple linear regression residuals of SEM with Ap (blue dots) and F10.7 with Ap (red dots)

sion residuals of SEM with Ap is smaller than of F10.7 with
Ap except 2006. It is clear that the SEM has a higher coher-
ence than F10.7 for the 27-day variation of the ionosphere.
So in the following study, we just use the SEM index repre-
senting the EUV radiation. The relatively large RMS value

in 2006 of SEM is caused by the period difference between
GEC27 andmrGEC27 fromDecember 2005 to October 2006,
which means the observation of SOHO/SEM may be influ-
enced by some factors during that time. During remarkably
intense solar flares, the SEM measurements are saturated in
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Fig. 6 Annual RMS multiple linear regression residuals of SEM with Ap (blue bars) and F10.7 with Ap (yellow bars)

Fig. 7 Results of multiple
linear regression, GEC27,
SEM27 and Ap27

the zero-order channel and first-order channel is sensitive
to the arrival of solar energetic particles (SEP) (Didkovsky
et al. 2007; Hernández-Pajares et al. 2012). A revision of
SEMmeasurements calibration is needed in the future study.

3.4 Contribution of EUV radiation and geomagnetic
activity to 27-day variations of ionosphere

Figure 7 shows the results of multiple linear regression for
GEC27, SEM27 and Ap27 from 2000 to 2004. The feature

that the two lines of original sequences (red) and regres-
sion sequences (black) are nearly overlapped indicate that
the regression results reproduced the GEC27 well.

As we can see, comparing the variations of SEM27, Ap27
with GEC27, the EUV radiation seasonal variations are the
main driver for the 27-day variations of the ionosphere over
most periods.

Figure 8 shows the regression ratios of SEM27 and Ap27.
The regression coefficients of SEM27 varied from 0.6 to 1.4
which indicates that the EUV radiation seasonal variations
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Fig. 8 Regression coefficients of SEM27 and Ap27

Fig. 9 Regression proportion of SEM27 and Ap27

are the primary positive process. The coefficients of Ap27
varied from −0.6 to 0.3 which suggests that geomagnetic
activity is a secondary factor and characteristics of its process
vary with time.

We calculated the regression proportion of SEM27 and
Ap27 with the following formula:

SEM27 proportion = |b|
|b| + |c|

Ap27 proportion = |c|
|b| + |c| (4)

where b and c are the regression coefficients. Figure 9 shows
the bar chart of regression proportion of SEM27 (blue bars)

and yellow bars). The regression proportion of SEM27 var-
ied from 60 to 98%, and the Ap27 varied from 2 to 40%.
The bar chart further illustrates that EUV radiation seasonal
variations are the main driver for 27-day variation of the
ionosphere.

For the investigation of the contribution of solar EUV radi-
ation and geomagnetic activity in the ionosphere to 27-day
variation at different latitudes, we chose TEC map cells on
three meridians (70◦W, 30◦E, 145◦E, latitude from 70◦N to
70◦S), where IGS stations are dense. There are 57 cells on a
meridian as the resolution of TECmap on latitude is 2.5◦ and
there is a 15-year time series of every cell. Using the same
regression method described earlier, we calculated the mean
regression ratios of the 15 years of every cell on the three
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Fig. 10 Regression coefficients
of three meridians, b (blue lines)
is SEM27 regression coefficient
and c (red lines) is Ap27
regression coefficients

meridians. Figure 10 shows the regression coefficients of
the three meridians. The regression coefficient b (blue lines)
and c (red lines), respectively, represents the contribution of
solar EUV radiation and geomagnetic activity on ionosphere
27-day variation. As we can see, the regression coefficient
b varied from 0.5 to 0.9 and there is little variation with
geomagnetic latitude, which indicates that the relationship
between EUV radiation and ionosphere 27-day variations is
positive. However, c varies from −0.7 to 0.3 and the shape
of the curve is generally symmetrical about the magnetic
equator. The values of cat high geomagnetic latitudes are
negative and increase with geomagnetic latitudes becoming
lower, reaching 0 at approximately 20◦ (north and south) and
reaching the maximum at the geomagnetic equator.

3.5 Global structure of 27-day variations of ionosphere

To investigate the global structure of 27-day variations of
ionosphere, the Chebyshev band-pass filter is applied to get
TEC27 time series of every grid point in global ionospheric
maps from their 15 years’ TEC time series. Then, the TEC27

daily average magnitude map is obtained by averaging every
grid point’s TEC27 time series. Figure 11 shows the TEC27

daily average magnitude global structure of 2000–2014. The
two red lines in Fig. 11 indicate 20 and−20 geomagnetic lati-
tudes of corrected geomagnetic coordinates (CGM). One can
see that there are two prominent zonal anomaly regions along

with the geomagnetic latitudes lines. Additionally, there are
two peaks of zonal anomaly regions (white ellipses) from
110◦E to 140◦Wat the symmetry locations ofmagnetic equa-
torwhere theTEC27 magnitudevalues are obvious larger than
elsewhere along the zonal anomaly regions.

4 Discussion

The relationship between solar EUV flux and 27-day vari-
ation of the ionosphere is always positive, but the effect of
geomagnetic activity on the ionosphere is negative at high
andmiddle geomagnetic latitude and becomes positive at low
geomagnetic latitudes (Fig. 10). Emitted HSS from Coronal
holes can generate a series of temperate weak geomagnetic
storms that can last more than one solar rotation. And when
HSS collide with low-speed solar wind, CIRs will form and
induce magnetic activity. All these recurrent geomagnetic
activities induced by solar rotation can perturb ionosphere
with a 27-day period.

During CIR-induced magnetic storms, enormous solar
wind energy is sedimented into the thermosphere at high
latitudes. This phenomenon leads to reduction in the atoms-
to-molecules ratio and an increase of the neutral gas
temperature. These two factors can generate the electron con-
centration reduction in the high-latitude ionosphere (Danilov
2001). The gaswith depleted [O]/[N2] cannot be brought to a
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Fig. 11 TEC27 daily average magnitude of 2000–2014

Fig. 12 Comparison of low-latitude TEC27 daily average magnitude and geomagnetic field north component

lower latitude and the negative phases cannot spread equator-
ward; thus, the negative phases are “locked” in the high and
middle latitudes (Prölss 1995; Danilov 2001; Rishbeth 1998;
Rishbeth and Mendillo 2001; Wang et al. 2010; Astafyeva
et al. 2015). So the recurrent geomagnetic activities have
stronger negative effect on ionosphere at high latitude and
weaker positive effect at low latitude as Fig. 10 shows.

The eastward electric fields in E layer can penetrate into
F layer. The equatorial plasma upwells by E × B force
and turns downward with magnetic field lines causing two
crests around ±12◦–15◦ magnetic latitudes. This process

is known as fountain effect (Tanaka 1986; Batista et al.
1991; Greenspan et al. 1991). The zonal TEC27 peaks are
caused by the fountain effect, and the anomaly region may
be induced by the non-uniform geomagnetic field structures.
Figure 12 shows the comparison of the low-latitude TEC27

daily average magnitude and the geomagnetic field north
component. One can clearly see that the intensity of the
geomagnetic field north component in the north of South-
east Asia and Middle Pacific is conspicuous higher than
elsewhere. As a result, more electrons are diffused to the
anomaly region by theE×B drift because of the larger inten-
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sity of the geomagnetic field in Southeast Asia and Middle
Pacific.

5 Conclusions

In this study, the global electron contentwas used to represent
the global ionosphere variation, and a Chebyshev band-pass
filter was used to obtain the time series of GEC27, SEM27,
F10.727 and Ap27. A coherence comparison of SEM and
F10.7 with the ionosphere 27-day variation was calculated
using multiple linear regression analysis. We also explored
the contribution of EUV radiation and geomagnetic activity
to 27-day variations of the ionosphere using the SEM and Ap
indices. Additionally, global structure of 27-day variations of
the ionosphere was demonstrated and analyzed in part. The
main conclusions drawn are as follows:

1. There are dominant periods near 27 days in GEC, SEM,
F10.7 and Ap (Fig. 1). The values of GEC varied from
0.5 to 3.2 GECU (Fig. 2) and the amplitude of GEC27

agree with the values of GEC. The relative magnitude of
GEC27 in GEC varied from 1 to 17% (Fig. 3).

2. The multiple linear regression results are both good for
F10.727 with Ap27, and for SEM27 with Ap27 (Fig. 4).
However, the regression residuals of F10.727 with Ap27
are larger than for SEM27 with Ap27 (Figs. 5, 6). The
SEM has a higher coherence with the 27-day variation of
the ionosphere than F10.7. The EUV radiation seasonal
variations are the main driver for the 27-day variations
of the ionosphere in most periods.

3. The regression coefficients of SEM27 of three meridi-
ans varied from 0.5 to 0.9, and there is little variation
with geomagnetic latitudes, which indicates that the
relationship between EUV radiation and ionosphere 27-
day variations is positive and that there is rarely a
difference at different latitudes. The regression coeffi-
cients of Ap27 are negative at high geomagnetic lati-
tudes, increasing with decreasing geomagnetic latitudes,
becoming positive at low geomagnetic latitudes. The
relationship between geomagnetic activity and iono-
sphere 27-day variations is negative at high and middle
geomagnetic latitudes and positive at low geomagnetic
latitudes.

4. There are two zonal anomaly regions along with the geo-
magnetic latitudes lines caused by the fountain effect.
Two peaks (white ellipses) from 110◦E to 140◦W at
the symmetry locations of magnetic equator are found,
and this may be induced by the non-uniform geomag-
netic field structures as the intensity of the geomag-
netic field north component in the north of Southeast
Asia and the Middle Pacific is conspicuous higher than
elsewhere.
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