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In this paper, an IRI model assisted GPS-based Computerized Ionospheric Tomography (CIT)
technique is developed to inverse the ionospheric electron density (IED) distribution over China.
Essentially, an improved algebraic reconstruction technique (IART) is first proposed to reconstruct
the ionospheric images with high resolution and high efficiency. A numerical experiment is used to
validate the reliability of the method and its advantages to the classical algebraic reconstruction
technique (ART). This is then used to reconstruct the IED images using the GPS data in China.
The variations of the IED during magnetically quiet and disturbed days are reported and analyzed
here. Reconstructed results during magnetically quiet days show some prominent ionospheric fea-
tures such as the development of equatorial anomaly and the tilt of ionization crest. Meanwhile,
ionospheric storm phase effects and disturbed features can also be revealed from the reconstructed
IED image under storm conditions. Research shows that the positive storm phase effects usually
happen in southern China, and the negative storm phase effects mainly occur in northern China.
The equatorial anomaly crest moved to the north in the main phase of the storm. Ionosonde
data recorded at Wuhan station provides the verification for the reliability of GPS-based CIT
technique.

1. Introduction

The ionosphere is one of the main error sources
in GPS positioning and navigation (Yang and
Zhang 2005). On the other hand, however, GPS
has become an important tool to monitor and
investigate ionospheric activities and properties.
It is well known that the horizontal structure
of the ionosphere can be studied well by using
TEC data from ground GPS data. But these
data are disadvantageous while studying the ver-
tical variations of ionospheric structure since all
of TEC values are derived from the ionospheric
models based on the single-layer concept (Otsuka
et al 2002; Afraimovich et al 2004). This assump-
tion is only an approximation to the reality and
physically untrue (Gao and Liu 2002). For this
reason, some data from traditional ground-based

instruments, such as ionosondes and incoherent
scatter radars (ISRs), have been used to investi-
gate the vertical variation of the ionosphere in the
past. These ground-based instruments’ measure-
ments are however restricted to either the bottom
side ionosphere (ionosonde) or the lower part of
the topside ionosphere (which is the part of the
ionosphere between 500 km and 800 km), such as
ground-based ISRs measurements. In addition,
ground-based instruments have a limited area of
coverage since they are too expensive to put them
in networks. So it is difficult to study the large-
scale ionospheric structure using the forementioned
ground-based instruments. However, imaging the
IED of all scales and dimensions is indispensable
for scientific studies and potential applications.

To obtain the vertical structure of the ionosphere
on a large scale, Austen et al (1986) first proposed
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the CIT technique and demonstrated its feasibility
to reconstruct IED distribution by using TEC
data. From then on, tomographic reconstruction of
IED has become a popular and successful means
of studying the large-scale ionospheric structure.
In the past, ionospheric tomography was prima-
rily applied to image the IED by using the data
of polar orbiting satellite such as Navy Naviga-
tion Satellite System (Austen et al 1988; Raymund
et al 1990; Na and Lee 1991; Fremouw et al 1992;
Raymund 1995). Although these studies are use-
ful for understanding the basic ionospheric struc-
ture, only a two-dimensional ionospheric image
can be reconstructed since the ground receivers
are usually installed along a fixed longitude chain.
Kunitsyn et al (1997) first confirmed the feasibility
of applying the CIT technique to reconstruct the
three-dimensional ionospheric structure by using
a high-orbit satellite system such as GPS since
it is capable of providing a detailed structure of
the entire ionosphere. Since then, the GPS-based
CIT technique has been widely used to investigate
the temporal and spatial variations of ionospheric
structure (Hajj et al 1994; Hasen et al 1997;
Hajj and Romans 1998; Howe et al 1998; Rius
et al 1998; Ruffini et al 1998; Hernandez-Pajares
et al 1998, 2000; Gao and Liu 2002; Mitchell and
Spencer 2003; Bust et al 2004; Liu 2004; Yin and
Mitchell 2005; Ma and Maruyama 2005; Yizengaw
et al 2005; Jin et al 2006; Wen et al 2007).

It is well known that the variations of the IED
over China are complicated since China spans a
large range in both longitude and latitude direc-
tions (Yuan and Ou 2001, 2002; Huo et al 2005).
The Crustal Movement Observation Network of
China (CMONOC) has been established and cur-
rently 25 stations (to be increased to 260 in the
second stage) are operational (Yuan and Ou 2002).
It provides high precision dual-frequency GPS data
for studying the ionospheric activities over China.
Since the receiver network spans a wide range of
latitude and longitude, the overlapping TEC mea-
surements from the ground-based GPS observa-
tions are insufficient for CIT technique. This makes
it difficult to interpolate the data before the IED
images are generated. Therefore, an IRI model-
assisted GPS-based CIT technique is developed to
compensate for the insufficiency of ground-based
TEC measurements.

To reconstruct the IED distribution over China
with high temporal and spatial resolution and
high efficiency, a new CIT algorithm is pro-
posed and validated in this paper. This is then
used to reconstruct the IED distribution, and the
first tomographic results of the IED distributions
under magnetically quiet and storm conditions are
reported and analyzed. Some prominent features
of the ionospheric structure can be seen from the

reconstructed IED images. Verification is provided
by comparing the tomographic reconstruction pro-
files with those obtained from ionosonde at Wuhan
station.

2. Basic method of tomographic inversion

2.1 Derivation of slant TEC (STEC)

The derivation of STEC is commonly made using
the pseudo ranges and phase measurements of the
dual-frequency GPS signals. Since GPS phase mea-
surements are less affected by multipath effects
(Jakowski et al 1996), the accuracy of the STEC
derived from differential phases (STECph) is higher
than that of the STEC derived from differential
pseudo ranges (STECco). Because of the ambigu-
ity in GPS phase measurements, STECph only pro-
vides the relative changes of ionospheric TEC. On
the other hand, although P code pseudo ranges are
sensitive to multipath effects, STECco values are
absolute. Taking into account the above facts, an
absolute STEC with improved accuracy may be
obtained by introducing an additive term BL. It
can be formulated as:

STEC = STECPh + BL. (1)

If N measurements are obtained during a satel-
lite pass, BL can be modeled by (Yuan and Ou
1999; Ma and Maruyama 2005; Yizengaw et al
2005)

BL =

√∑N

i=1 (STECCoi
− STECPhi

)2

N
. (2)

2.2 Tomographic formulation

Ionospheric STEC is defined as the line integral of
IED along the ray path from satellite to receiver,
it can be expressed as:

STEC =
∫

l

Ne (�r, t) ds, (3)

where Ne is the IED at a point in the ray path
l from satellite to receiver, and �r is the position
vector of the point.

The CIT technique applies STEC to invert IED.
To simplify IED inversion, the imaged region of
the ionosphere is first discretized into some small
pixels in a selected reference frame. Within each
pixel, the electron density can be assumed to be
constant. The STEC along the ray path can then
be represented as a finite sum of shorter integrals
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along segments of the ray path length (Jin et al
2006). Mathematically this can be written as:

STECi =
n∑

j=1

Aijxj + ei, i = 1, 2, . . . ,m. (4)

The matrix notation of the above equation can be
expressed by:

ym×1 = Am×nxn×1 + em×1, (5)

where n is the number of pixels in the image, m
is the number of STEC measurements, y is a col-
umn vector of the m known STEC measurements,
A is an m × n matrix with Aij being the length of
ray i traversing through pixel j, x is a column vec-
tor consisting of all the unknown electron density
parameters in all pixels, and e is a column vector
associated with the discretization errors and mea-
surement noises.

To ensure a high-quality image and physical
sense of the reconstruction, it is necessary to esti-
mate the error vector. In this work, the error vector
is estimated using the following equations:

e(k+1) =

√∑m

i=1

(
yi − y

(k+1)
i

)2/∑m

i=1
y2

i , (6)

y
(k+1)
i =

n∑
j=1

Aijx
(k+1)
j , (7)

where yi is the ith row of the column vector y,
x

(k+1)
j is the jth member of the vector of pixels

x(k+1), k is the number of changes to x.

3. IART algorithm

To solve equation (5), a tomographic algorithm is
required to determine the unknown electron den-
sity distribution. Various inversion algorithms have
been developed since Austen et al (1986) first pro-
posed the CIT technique. One of the most common
algorithms is the ART algorithm. Its inversion pro-
cedure can be described as follows:

x(k+1) = x(k) + λk(yi − aix
(k)). (8)

In equation (8), the column vector λk composing
of all relaxation parameters is given as:

λk = γ · aT
i

/
(aia

T
i ) (9)

where ai represents the ith row vector of pro-
jection matrix A in equation (5), γ is fixed in
the tomographic inversion. From equation (8) and

equation (9), it can be seen that column vec-
tor λk is the key issue for the ART algorithm.
The effective determination of the column vector
λk is useful to perform the inversion of the IED
with high resolution and high efficiency. According
to equation (9), the column vector of the relax-
ation parameters only depends on γ since row
vector ai does not change during the inversion.
It is noted that column vector λk composed of
small relaxation parameters may usually weaken
the noise (i.e., GPS observation error, various
approximations and assumptions made on the pro-
jection operator, quantization noise arising from
discretization, etc.) influence on the ART-based
reconstruction, but the cost are the computational
efficiency. Therefore, it is necessary to improve the
ART algorithm in order to reconstruct ionospheric
images over China with high resolution and high
efficiency, which is required by the related applica-
tion and research. For this reason, it is necessary
that all relaxation parameters in vector λk should
become gradually smaller with the increase of the
number of iterations, and the convergence can be
accelerated. To satisfy the above demands, in this
work, the column vector of all relaxation parame-
ters can be improved for the ART as follows:

λk = gk
/(

ai · gk
)
, (10)

where gk =
[
gk
1 , gk

2 , . . . , gk
n

]T
and gk

i = aijx
k
j . Using

this improvement, the relaxation parameter for
each pixel can be adaptively adjusted as the esti-
mated ionospheric electron density values obtained
in the last iteration, and the noise influence can
be gradually weakened since the relaxation para-
meter adaptively decreases with the increase of the
iterative number. Thus, the adaptive adjustment
of the relaxation parameters can improve compu-
tational efficiency and imaging quality of the ART
algorithm.

4. Numerical simulation of new
algorithm

In order to verify the reliability of the IART and
its advantages to the classical ART algorithm, a
test scheme is devised in which a set of simu-
lated IED distribution generated from the IRI2001
model (Bilitza 2003) is applied to obtain TEC mea-
surements needed by CIT technique. The simula-
tion procedure is summarized as follows:

• In a selected reference frame and time period,
the actual positions of GPS satellites and ground
receivers are used to create the projection
matrix A.
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Figure 1. Contour plots of the modeled and reconstructed IED distributions along east longitude 106◦ (a) Simulated IED
distribution with the IRI2001 model. (b) Reconstructed IED distribution from twelve iterations of the IART algorithm.

(c) Reconstructed IED distribution from twenty iterations of the ART algorithm. (The IED is in unit of 1011 e/m3.)

• The IED value at the center of each pixel is gen-
erated from the IRI2001 model and considered as
the mean IED value of the corresponding pixel.
The simulated time period is 01:30-02:00 UT,
8 July 2002. The discrete density distributions
are represented by xsimu, and then the simulated
TEC values ysimu without noise are computed by
using the following equation:

ysimu = A · xsimu. (11)

• Practically, a small amount of random noise esimu

should be added to the simulated TEC values
ysimu. One can then obtain:

ynois = ysimu + esimu. (12)

Note that the maximum noise is restricted to 4%
of the average of the simulated TEC values ysimu

in this work.
Using the above simulated TEC data (ynois),

the IED distribution is reconstructed by using the
IART algorithm and the ART algorithm, respec-
tively. Figure 1(a) illustrates the simulated IED
distribution using the IRI2001 model at 01:30–
02:00 UT on 8 July 2002 along east longitude 106◦.
For the simplicity of description, in the following
section, one-iteration means that all available ray
paths are used to update the reconstruction once.
Figure 1(b) and 1(c) shows the reconstructed
IED images both of twelve-iteration results of the
IART algorithm and twenty-iteration results of the
ART algorithm after the iterations have converged.
Comparing figure 1(b) with figure 1(a), it can be
seen that the ionospheric structure is reconstructed
very well. The maximum value of IED errors, which
is the difference between the inverted electron den-
sities within all pixels and the corresponding sim-
ulated electron densities, is 1.72 × 1010 e/m3, and
the minimum IED error is −1.47 × 1010 e/m3, while
the average IED error is −2.65 × 109 e/m3, which
is very small compared to the typical peak density

Figure 2. A comparison of the differences between the
reconstructed IED distribution and that obtained from the
IRI2001 model.

of 1.03 × 1012 e/m3. The statistical results demon-
strate that the IED reconstruction has been carried
out with high accuracy. This confirms the feasibil-
ity of reconstructing IED using IART. From fig-
ure 1(b) and 1(c), one can see that the convergence
of the IART algorithm is faster than that of the
ART algorithm. This demonstrates that the com-
putation efficiency of the IART is higher than that
of ART.

Figure 2 compares the difference between the
electron density distributions obtained from the
two algorithms and that obtained from IRI2001
model. In this figure, blue line represents the dif-
ference between the inverted electron density dis-
tribution of the IART algorithm and that obtained
from the IRI2001 model, and red line represents
the difference between the inverted electron den-
sity distribution of the ART algorithm and that
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Figure 3. Reconstructed IED images over China on 16 August 2003 derived from GPS data of CMONOC. The time for
each panel is given at the top right corner. (The unit of the color bar is 1011 el/m3.)

obtained from the IRI2001 model. From this figure,
it can be seen that the inversion accuracy of the
IART is higher than that of the ART. According
to the results of numerical experiment, one can see
that the IART is superior to the ART in performing
CIT technique.

5. Results and analyses

5.1 GPS data

Dual frequency GPS carrier phase data of 23
ground stations of the CMONOC network are
used. These 23 CMONOC stations include: BJFS,
CHUN, DLHA, DXIN, GUAN, HLAR, JIXN,
KMIN, LHAS, LUZH, QION, SUIY, TAIN, TASH,
URUM, WUHN, WUSH, XIAA, XIAG, XIAM,
XNIN, YANC, and YONG. The sample interval
is 30 s, and the elevation cut-off angle of 10◦ is
adopted. The time series of the IED distribution
over China are obtained using the improved CIT
reconstruction algorithm mentioned above.

When the CIT technique is performed by using
ground-based GPS data, the horizontal ray paths
are usually absent due to the geometry of GPS
ray paths. However, the horizontal rays are very
important to improve the vertical resolution of the
reconstructed images. The absence of horizontal
ray paths often makes the vertical resolution of the
inverted IED profiles very limited. In recent years,
the arisen occultation technique can provide the
horizontal ray paths needed by IED reconstruction.
To cope with the above limitation to some extent,

CHAMP occultation observations are incorporated
into this work. The GPS/CHAMP data used in our
work are listed in detail as follows:

• RINEX file for orbits for the topside ionosphere
and plasmasphere; decoded low rate CHAMP
data with sample rate of 10 seconds.

• CHAMP orbit files: rapid science orbit.
• RINEX files for occultation ray path, decoded

medium rate CHAMP data with 1 Hz sample
rate.

Since the CHAMP occultation plane may not
be in the same plane as the GPS-to-ground
receiver plane, to assimilate the related ground-
based TEC data and space-based CHAMP occul-
tation TEC data into the CIT model, the imaged
region is divided into some small three-dimensional
pixels. Its resolution is 30 km in vertical direction,
while 0.5 degree is adopted in latitude and longi-
tude direction. At the beginning of the assimilation
process, the IRI2001 model was used to initialize
the described pixel structure. Using the IART algo-
rithm, a series of iterative process is then car-
ried out to modify the IED value inside the pixels
crossed by both the CHAMP-GPS radio links and
ground-based GPS radio links.

5.2 Tomographic results

5.2a Reconstructed images during
magnetically quiet periods

Due to the quiet geomagnetic activity, the dual-
frequency GPS data on 16 August 2003 are used to
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Figure 4. Tomographic images of ionospheric electron density at the longitude–latitude plane associated with different
heights at 15:00 LT. The height for each panel is given at the top right corner. (The unit of the color bar is 1011 e/m3.)

study the effects of hourly variations of the electron
densities from 00:00 to 24:00 in Beijing time (BT).
Some snapshots of the IED estimations are shown
in figure 3. Each snapshot is plotted with respect
to latitude and height at the meridian plane of east
longitude 114◦. The IED is expressed in units of
1011 e/m3. Comparing all subfigures in figure 3, it
can be seen that the peak height of the IED gradu-
ally ascends from 300 km to 400 km during the time
period from 03:00 to 11:00 BT, and then it falls
to 300 km at 19:00 BT. But at 23:00 BT, the peak
height also ascends to 370 km. This roughly reflects
typical characteristics of the vertical variations of
the IED for the day over China. Meanwhile, from
figure 3, it can be seen that an enhancement of
the IED appears after the sunrise in the snapshot
at 07:00 BT, and an equatorial anomaly crest then
appeared at north latitude 22◦ at 11:00 BT with a
peak density of 1.24×1012 e/m3, and the tilting fea-
ture of the ionization crest can also be seen in this
snapshot. As time evolves, the crest continues to be
at the same latitude position, but a characteristic
anomaly core, which is defined as the region having
80% to 90% of the crest value, is fully developed
with a peak density of 1.95×1012 e/m3 at 15:00 BT
and there is also a hint of the tilt of ionization

crest. The gradient of the crest is reduced com-
paring with a tilting feature shown in the snap-
shot at 15:00 BT. At 19:00 BT, the peak density of
the anomaly crest is decreased to 1.51× 1012 e/m3,
but it does not show any tilt. In the last snap-
shot, it can be seen that the equatorial anomaly
crest of the ionosphere does not occur. According
to figure 3, it can also be found that the inverted
IED values grow from small to large first, and then
fall from large to small, which is consistent with
the normal change laws in daytime and night-time
over China as well as the fact that the charac-
teristics of IED depend mainly on the dark solar
activity.

Figure 4 shows the variations of IED at
longitude–latitude plane of different heights at
15:00 LT. The first panel (figure 4a) corresponding
to the altitude of 100 km illustrates that the peak
density of the ionosphere occurs at around north
latitude 13◦, and the core region nearly extends to
the whole longitude range. In the second panel (fig-
ure 4b), the peak density occurs at around north
latitude 25◦, but the core region is reduced. Its lon-
gitude range is from east longitude 80◦ to east lon-
gitude 100◦. Comparing with results shown in the
second panel, in the following subfigures, it can be
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Figure 5. A comparison of the tomographically recon-
structed electron density profiles with those obtained from
both ionosonde station at Wuhan and the IRI2001 model.

seen that the longitude range of the core region
gradually extends as the altitude increases. Up to
the altitude of 500 km, the core region also nearly
extends to the whole longitude range. However, the
ionization crest tends to be moved to the eastward
and the southward side in figure 4(c–i). In the last
panel, the crest is pointed at around north lati-
tude 16◦ and east longitude 130◦. From figures 3
and 4, one can also see that there are larger dif-
ferences between the characteristics of the IEDs in
mid-latitude and low-latitude areas, and the val-
ues of IED over northern China are smaller than
those over southern China as a whole. This indi-
cates a strong correlation of the variation of IED
with latitude.

Figure 5 provides the comparisons of the
reconstructed electron density profiles with those
obtained from both the IRI2001 model and
ionosonde data recorded at Wuhan station. In
this figure, the vertical profiles at east longi-
tude 114◦ and north latitude 30.5◦ have been
plotted. The comparisons show that tomograph-
ically reconstructed density profiles have agreed
well with those obtained from the IRI2001 model
and ionosonde data recorded at Wuhan station
as a whole, and the profile of tomographic recon-
struction is comparatively close to that obtained
from ionosonde data, especially in the peak height.
The excellent agreement between these indepen-
dently measured data and the tomographically
reconstructed density profiles, as shown in the
examples in figure 5, confirms the capability of
ionospheric tomography in monitoring the tempo-
ral and spatial variation of the ionospheric electron
density.

5.2b Ionospheric images under
disturbed conditions

To further demonstrate the performance of the
GPS-based CIT technique, GPS data under mag-
netically disturbed conditions should be used to
perform the inversion of the IED over China.
The selected GPS data correspond to the obser-
vations on 18 August 2003 in this work. Interest
is focused on this day since a severe geomagnetic
storm event occurred on 18 August 2003. The
Storm Sudden Commencement (SSC) occurred at
14:21 UT on 17 August 2003. During this storm,
the planetary geomagnetic activity indices KP

reached the extreme values
∑

Kp = 52+. The 3-
hourly KP is enhanced from the middle of August
17 and reached 7+ at 18:00 UT on 18 August
2003. The minimum disturbance storm-time (Dst)
value reaches −168 nT at 16:00 UT. To illustrate
the ionospheric features under magnetically dis-
turbed condition, GPS observations on the 17
and 19 August 2003, which are magnetically quiet
days, are used to compare the variation of the
ionospheric structure on the storm day.

Figure 6 shows the variations of the IED with
altitude and latitude at 21:00 BT (13:00 UT) dur-
ing the magnetically active period on 18 August
2003 and magnetically quiet period on 17 and
19 August 2003. Comparing figure 6(a) with fig-
ure 6(b), one can see that IED in F region was
enhanced between north latitude 10◦ and north
latitude 35◦ during the geomagnetic storm on 18
August 2003, and the positive storm phase effects
appeared. The maximum enhancement of the IED
occurred between north latitude 15◦ and north lat-
itude 25◦ with a value of 2.6 times. The nega-
tive storm phase effect of the ionosphere however
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Figure 6. Two-dimensional images of IED over China at 13:00 UT on magnetic quiet days (figure 1(a) and figure 1(c))
and magnetic storm days (figure 1(b)). (a) August 17, 2003, (b) August 18, 2003 and (c) August 19, 2003. (The unit of

electron density is 1011 e/m3.)

appeared latitudinally from north latitude 35◦ to
north latitude 55◦. The reconstructed results show
that the storm phase effects are latitude dependent.
Similar characteristics of the geomagnetic storm
can also be found in other time periods during
the storm day. In figure 6(b), a disturbed struc-
ture of the ionosphere over China occurred on the
day. Meanwhile, one can see that the ionospheric
equatorial anomaly still existed, and the equator-
ial anomaly crest moved to north latitude 27◦, and
then the crest of anomaly structure moved back
to the original geographic locations at 21:00 BT
(13:00 UT) on 19 August 2003 (figure 6c).

6. Discussion and conclusion

In this paper, to reconstruct the ionospheric imag-
ing with high temporal-spatial resolution and high
computational efficiency, an improved ART algo-
rithm is proposed. A numerical experiment has
been carried out in order to verify its feasibil-
ity and reliability and its advantages to the ART
algorithm. Simulated results demonstrate that the
IART is superior to the classical ART in the com-
putational efficiency and reconstructed accuracy.
Combining this method with the GPS data from
the CMONOC under magnetically quiet and storm
days, three-dimensional ionospheric images over
China are first reconstructed with unprecedented
details. From the tomographic images during the
magnetically quiet days, two prominent features
(e.g., equatorial anomaly and the tilting of the ion-
ization crest) of the ionosphere over China can be
seen. The observed tilt of the anomaly crest is con-
sistent with recent simulation studies (Balan and
Bailey 1995; Bailey et al 1997) which predict that
the anomaly crest occurs at lower latitudes with
increasing altitude. Meanwhile, one can see that
ionospheric storm phase effects and disturbed fea-
tures can be clearly revealed from the tomographic
images under storm conditions.

Past data, such as those obtained from ionoson-
des, did not provide spatial resolutions compa-
rable to that which is now capably provided by
images reconstructed tomographically from TEC
data. Using such tomographic images, the devel-
opment of equatorial anomaly during the mag-
netically quiet days may be observed. Although
empirical ionospheric models such as the IRI2001
model are very useful for giving diurnal variations
of the ionosphere, they can only give the monthly
average behavior of the ionosphere. Therefore, the
results depart from the true diurnal variation of
the ionosphere. In addition, empirical ionospheric
model cannot reveal the disturbed features under
storm conditions. Reconstructed results during
magnetically quiet and storm days show that GPS-
based CIT technique can not only be used to map
three-dimensional density profile in a short period
of time but also the disturbed structure of the
ionosphere over China.

To reveal the ionospheric disturbed feature over
China, Xia et al (2005) use the GPS observations
of 12 ground stations from CMONOC to study the
development of equatorial anomaly under storm
days. In their study, they use the TEC technique
to reflect the development of equatorial anomaly.
Because of the reason described in section 1, their
results are only used to study the horizontal vari-
ation of anomaly structure. In comparing their
results with that of this work, one can see that the
tomographic images can reflect the development
of the anomaly structure in full dimensions under
storm condition.

In this work, a comparison study has also been
carried out to verify the reliability of the tomo-
graphically reconstructed results. The availability
of ionosonde data recorded at Wuhan station
provides the verification for the reconstructed
results. It indicates that the GPS observation
data of the CMONOC has the potential for
significant improvement in the understanding of
the ionosphere over China and complements the
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disadvantages of the study done over several
decades using ionosonde data in the China region.
The reconstructed results indicate that GPS-based
CIT technique is capable of providing valuable
experimental support for understanding the com-
plex behavior of low latitude F region.

It can be seen that the number of CMONOC
GPS observation stations is increasing and
becomes more evenly distributed. In addition,
space-based GPS data is also becoming more and
more abundant, with GALILEO and other global
navigation satellite systems to be implemented. All
of these will facilitate better opportunities to fur-
ther investigate the properties of the ionosphere.
So, it is intended that the GPS-based tomography
method will play a significant role in many appli-
cation fields that need high accuracy ionosphere
correction or other related services, such as geo-
desy, GPS/GNSS high precision positioning and
surveying, satellite altimetry, communication and
navigation.
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