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Abstract. With one bias estimation method, the latitude- 1 Introduction

related error distribution of instrumental biases estimated

from the GPS observations in Chinese middle and low lat-The capability of dual carrier frequencies of GPS system to
itude region in 2004 is analyzed statistically. It is found remove ionospheric delays provides a useful tool for mea-
that the error of GPS instrumental biases estimated undesuring the ionospheric total electron content (TEC) (Lanyi
the assumption of a quiet ionosphere has an increasing tergand Roth, 1988; Coco et al., 1991). With the wide appli-
dency with the latitude decreasing. Besides the asymmetricatation of high-precision GPS technology, the GPS receiver
distribution of the plasmaspheric electron content, the obvi-has gradually become a routine and effective equipment for
ous spatial gradient of the ionospheric total electron contenionospheric measurements. The advantages of globally dis-
(TEC) along the meridional line that related to the Equa-tributed receivers and easy data availability make the col-
torial lonospheric Anomaly (EIA) is also considered to be lection of the ionospheric TEC derived from raw GPS ob-
responsible for this error increasing. The RMS of satellite servations very convenient. Actually, like the ionospheric
instrumental biases estimated from mid-latitude GPS obserF layer critical frequency, foF2, obtained using ionosonde,
vations in 2004 is around 1 TECU (1 TECU ="0n?), and  the ionospheric TEC already becomes a basic ionospheric
the RMS of the receiver's is around 2 TECU. Nevertheless,parameter to describe ionospheric behavior. Internet-shared
the RMS of satellite instrumental biases estimated from GPSand globally distributed GPS observations provide the world-
observations near the EIA region is around 2 TECU, andwide researchers with a facility to study the local, regional
the RMS of the receiver’s is around 3—4 TECU. The resultsand global ionosphere independently, quickly and simultane-
demonstrate that the accuracy of the instrumental bias estieusly. Research on ionospheric morphology and disturbance
mated using ionospheric condition is related to the receiver'ddased on this parameter greatly extends our understanding
latitude with which ionosphere behaves a little differently. for the ionospheric temporal and spatial variations (Ho et al.,
For the study of ionospheric morphology using the TEC de-1996; Mannucci et al., 1998; Mendillo, 2000; Zhang and
rived from GPS data, in particular for the study of the weak Xiao, 2005).

ionospheric disturbance during some special geo-related nat- In the initial study of the ionospheric TEC using GPS
ural hazards, such as the earthquake and severe meteonmethod, the accuracy and the stability of the instrumental
logical disasters, the difference in the TEC accuracy overbias estimated from GPS observations was one of the key
different latitude regions should be paid much attention. points of interest. The evaluating studies between TEC from
GPS data and that from other scientific instruments were re-
ported in a number of papers (Brunini et al., 2005; Ho et al.,
1997; Vladimer et al., 1997). Itis found that the GPS instru-
mental biases are the main error source in the process of ac-
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that of the GPS signal delays caused by background iono'Table 1. Station ID, receiver types, geographic and geomagnetic

sphere. Therefore, only under the correct estimation of thgygitde (jat) and longitude (lon) used in the paper.

instrumental biases, the analysis results of the ionospheric
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morphology based on TEC derived from GPS observations ~giion

- e Receiver type Geographic Geomagnetic

are believable. Nevertheless, as for most GPS users, it is |p
very difficult or sometimes impossible to measure GPS in- lat lon lat lon
strumental biases in real-time during the period of GPS op- TP T T P r—— 108 16205

: . H . shtec - . . . .
eration. In order to. derive the correct ionospheric TEC fror_n BIFS Ashtech ZXII3  39.60 115.89 207 18719
raw GPS obgervatlons, a number of methods to estimate in- y\N  Ashtech Z-XII3 36.60 101.77 26.66 174.60
strumental biases have been developed under some assump-TaiN Ashtech Z-XlI3 3622 117.12 26.35 188.40
tions on ionospheric condition. To convert a slant path TEC XIAA  Ashtech Z-XII3  34.18 108.98 24.20 181.09
to a vertical TEC, the ionosphere is assumed to be a thin shell \Z\GUZHHN :Smecs 5?“3 g’g-gg i(l)g-jf fg-gg i??-gf

. . . . . . sniec - . . . .
gncwchng the Earth with an average ionospheric he.|ght that XIAG  Ashiech Z-XII3 2561 100.25 1571 172.95
is usually set as constant value dyrlng TEC calculgnon from sxaM  Ashtech Z-XII3 24.45 118.08 1462 189.68
GPS observation. This assumption undoubtedly introduces GUAN  Ashtech Z-XII3  23.19 113.34 13.25 185.25
error during the derivation process of vertical ionospheric QION  Ashtech Z-XII3  19.03 109.84 9.05 18197

TEC from GPS data. Another basic ionospheric condition
assumes the ionospheric variation stable in the sun-fixed co-

ordinate system, or the ionosphere should exhibit smoothy,e miq.jatitude ionosphere, the low latitude ionosphere ex-
temporal and spatial variation (Sardon et al., 1994; Sardot,iits greater spatial gradient and more intensive temporal
and Zarraoa, 1997; Ciraolo et al., 2007; Ma and Maruyama, 5 iation, so it is more difficult to describe the ionospheric

2003; Lunt et al., 1999). This assumption is satisfied in\4iations in this region. Therefore, the accuracy of GPS in-
most situations, but in some special ionospheric conditionsyymental biases estimated from low latitude GPS observa-
or in some special ionospheric regions, the error of this i0n0+54 pased on the ionospheric model should be lower than

spheric assumption is larger. Actually, some kind of severéy, s estimated from the mid-latitude data. Undoubtedly, a

disturbing phenomena can make the ionosphere deviate thggajled quantitative analysis about the instrumental bias ac-

average ionospheric status greatly. These disturbances calyracy is useful for the correctly understanding of the iono-
degrade the accuracy of the estimated instrumental biaseg,peric TEC results. Recently, some accuracy analysis for
and ionospheric TEC from GPS data based on the smooth,g jongspheric TEC estimated from GPS observations over

ionospheric condition. _ _ _ low latitudinal region has been reported (Niranjan et al.,
lonospheric storm is one of the important ionospheric dis-5097- Mazzella et al.. 2007: Thampi et al., 2007). In this

turbing phenomena. During storm period, the ionosphere exyner ysing the observations of the GPS receivers located

hibits severe deviation from background ionosphere that last$, ihe middle and low latitude in China longitude sector in

from several hours to several days and covers regionally 0bgn4, the statistical analysis for the instrumental biases esti-
globally. Based on the GPS data observed in mid-latitudey ateq in different latitude will be studied. Additionally, the
region from 2004 to 2006, the instrumental bias were 0b-g o range of the ionospheric TEC derived from GPS obser-

tained using a estimation method of instrumental bias, and,ations in different latitude will be estimated based on the
the differences of the instrumental bias between the activg,, iation of the instrumental bias.

geomagnetic days and the quiet geomagnetic days were stud-

ied (Zhang et al., 2009a). It is found that the standard devia2 Data and method for the determination of GPS

tion of instrumental biases during active geomagnetic daysis instrumental biases

obviously larger than that during the quiet days, and this de-

viation can degrade the accuracy of ionospheric TEC derivedConsidering the possible influence of the ionospheric vari-

from GPS observations. ability during different solar cycle period on the accuracy of
The significant effect of the asymmetrical distribution of the instrumental bias estimation, the GPS data in solar mi-

the plasmaspheric electron content on the GPS instrumentalimum year (2004) are selected. All the GPS stations are

bias estimation has been studied, and it is found that the accuecated in China longitude sector and in middle and low lati-

racy of ionospheric TEC increases if considering the plasmatude. The GPS data are in RINEX format, and the sampling

spheric electron content meridional distribution during biasrate is 30s. The GPS station ID, the type of the receivers,

estimation (Lunt et al., 1999; Mazzella et al., 2002). Be- and the position of the stations are shown in Table 1.

sides the latitude-related distribution of the plasmasphere, the The measurements of the pseudo-ranges and carrier phases

ionospheric electron content also exhibits an obvious asymin two L-band carrier frequencies fi(1=1575.42 MHz,

metrical distribution along the meridional line related to the fi2=1227.60 MHz) are included in GPS data. The abso-

Equatorial lonospheric Anomaly (EIA) that strongly controls lute TEC (SlanfTECP) and relative TEC (SlanTEC) along

the variation of the low latitude ionosphere. Comparing with the line from satellite to receiver can be calculated using
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following equations, respectively (Mannucci et al., 1998; Ma whereRg is the mean radius of the Earth afglis the height

and Maruyama, 2003): of the ionospheric shell (assumed to be 400 km in this study).
5 The instrumental biases (including satellite and receiver)

Slant TEC? — 2(f1/2) Po—Py) (1) and vertical TEC in Eq. (5) can be determined using the self-
k( f12— f22) calibration of pseudo-range errors (SCORE) process (Lunt

et al.,, 1999). The basic concept in the SCORE process is

2(f1f2)? that when the IPP-derived line between two satellites and
SlantTEC = k(fz—_fz)(LlM—szz) (2)  areceiver arrive at the same moment at a same point, that

17 J2

is, when a so-called conjunction occurs, the vertical TECs
at the two IPP derived using Eq. (5) are assumed equality.
It should be noted that this concept implies an ionospheric
background model that the ionosphere over the same latitudi-
nal zone has the same diurnal variation, or, the concept con-
tains an assumption of the ionospheric condition with smooth
spatial and temporal variation. For a certain data sample, as-
suming SlanfTEC, (6., 1) and SlanfTECg (05, 14) are the
slant TECs at the two IPPs of the line of the receiver and
GPS satellites marked and 8, using the assumption out-
lined above, when a conjunction occurs at the two IPPs, we
obtain the following equation:

wherek=80.62n¥s2, A1 andx, are the wavelength corre-
sponding to f1, f 2, P1 and B are the pseudo-range mea-
surments, and 1 and L, are the carrier phase measurments
at f 1, fr2. Because of the potential ambiguity in the car-
rier phase measurement, the Slam@C in Eq. (2) is only

a relative slant TEC value. However, the relative error of
the SlantTEC is much lower than that of the absolute TEC
obtained from Eq. (1). In the actual application, combining
the SlantTEC' and the SlanTEC” during one continuous
tracking arc, the offset value.Boetween the SlarfEC and
the SlantTEC? can be calculated using Eq. (3), and the ab-
solute slant TEC with higher accuracy in each observationsjant TEC, — B, — Br) coSEiona
epoch can be obtained from Eq. (4) (Mannucci et al., 1998; _

Ma and Maruyama, 2003). = (SlantTECy — By — Br) COSEions )

N _ In our calculation, the ionospheric shell is divided into even
>4 (SlantTEC! — Slant TEC, ) sirfel

Brs 3) meshes of 0.5 degrees by 0.1 h in latitude and local time, re-
Z,’{V:lsinzelk spectively. For each conjunction pair, the satellite and re-
ceiver pair in the same mesh can be expressed in the form

SlantTEC=SlantTEC + Bys (4) of Eq. (7). Thus, we obtain a set of overdetermined linear

equations with the instrumental biases as unknowns that are
whereN is the number of observation epochs during a con-written in matrix form in Eq. (8).
tinuous tracking arc, glis the satellite’s elevation angle, and
the term sifel, is a weighting factor for restraining the so-
called signal multipath effect. As the pseudo-range with low
elevation angle is apt to be affected by the multipath effect| ... ) )
and the reliability decreases, consequently, the contribution ... coSEiongi -+ —COSEionai -
to the B;s determination is greatly diminished from slant | ...
paths with low elevations in Eg. (3). Thus, the absolute slant| ...
TECs, which are free of ambiguities and have low noise and .
multipath effects, can be obtained from Eq. (4) (Mannucci et | Bs=32+ Br |
al., 1998; Ma and Maruyama, 2003). In this study, the val-
ues are restricted to satellite elevation angles larger than 30
Considering the satellite and receiver instrumental biases, the- | Slant TECg; cosEiongi — Slant TEC,; coSEionai (8
vertical ionospheric TEC at the ionosphere pierce point (IPP)
(the intersecting point between the line from the satellite to
the receiver and the ionosphere shell) can be obtained by us-

ing the following relation: For one day’s GPS observations in 30s sampling rate over
Chinese region, the number of the equation in Eq. (8) is
about 206-300. Assuming the instrumental bias unchange-

where Bs and B; are the satellite and receiver instrumental 2P€ during one day’s period, the daily GPS instrumental bi-
biases, respectivelyEion is the mapping angle that can be ases Bs+ By) can be obtained through solving Eq. (8) using a

i Bs—1+ By ]

obtained from Eq. (6): Iga}st-gquares method. In'addltlon, uno!er the zero-mean con-
dition imposed on the estimated satellites instrumental bias,

_ . Re | the receiver’s instrumental bias can be obtained simultane-
Eion =arcsi £+ Hi cose (6) ously. It should be noted that, in this study, the ionospheric
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Table 2. The RMS of the satellite instrumental bias obtained from CODE and estimated using SCORE method based GUAO data over 2004

(unit: TECU).
PRN 1 3 4 5 6 7 8 9 10 11 13 14 15 16
CODE(rms) 0.87 086 089 0.84 084 068 127 073 078 093 084 092 0.88 0.87
GUAO(rms) 0.77 091 0.74 086 062 066 096 056 065 1.08 087 062 049 0.81
PRN 17 18 19 20 21 22 24 25 26 27 28 29 30 31
CODE(rms) 0.73 0.76 0.67 0.89 0.78 084 081 082 075 082 089 0.78 0.80 0.89
GUAO(rms) 0.65 0.44 068 097 047 050 0.68 050 052 096 064 0.67 0.60 0.69
35 3 Results and analysis
1 1 CODE
30 A GUAO Figure 2 shows the instrumental biases of several GPS satel-
25 3] lites estimated from the GUAO station in 2004 relative to the
3 mean value of the whole year. The X-axis denotes the day of
£ 207 year (DQY). In order to compare the difference with the re-
8 154 R sults of the low latitude station clearly, the Y-axis range is set
2 o 1l from —10to 10 TECU for all listed satellites. For the PRN 19
g . satellite, there is a data gap before March 2004 due to the
g 5 r] unavailability of the satellite. Figure 3 shows the satellites’
E ol : .AH _ ‘ . - instrumental biases based on the data of the XIAM station
£ 1 LW Wg] 2 E‘:' 28 3  relative to the mean value of the whole year in 2004. From
] Figs. 2 and 3, which are the results from the typical middle
-10 PRN and low latitude stations, it can be seen that the instrumental

biases estimated from the mid-latitude GUAO observations
Fig. 1. Comparison of the instrumental biases issued by CODEhad small fluctuations throughout 2004, and nearly all of
with those estimated from GUAO data using the described methodnhe instrumental biases appear in the range »~2 TECU.
in 2004. The RMS values of instrumental biases throughout 2004 for
all listed satellites are less than 1 TECU. Nevertheless, the
satellite instrumental biases estimated from the XIAM ob-
servations, which is located in the low latitude region, fluctu-

shell is divided into even meshes of 0.5 degrees by 0.1 h ift€ much more extensively than that estimated from GUAO
latitude and local time, the ionospheric correlation region isoPservations. The value between the maximum and mini-

limited to each little mesh area. The Eq. (7) is obtained Or1|ymum of instrumental biases for some satellites estimated
under the condition of the “conjunctions” occurring in the from XIAM observations even reaches more than 15 TECU.

same mesh. So the function to weight the measurement cordD addition, the RMS values of the satellites for the whole
tribution in different temporal and spatial scale over whole Y&ar are obviously higher than the results estimated from the

ionospheric shell used in the original SCORE method is notCUAC data, but usually less than 2.5 TECU. .
introduced here. From the results above, it can be seen that the accuracies

In this paper, for the convenience to analyze the influ-Of satellite instrumental biases derived from the GPS obser-
ence of the instrumental biases on the accuracy of ionoVations at low and middle latitude using the same estimating

spheric TEC, the unit of instrumental bias is transferred agnethod are very different. The instrumental biases estimated
TECU, where 1 nanosecond (ns) is equivalent to 2.853 TECUHSING the same method exhibit much more fluctuations in the
(1 TECU = 13%m2). Figure 1 shows the mean values of GPS low latitude regions. Considering the estimating process of
satellite instrumental biases in 2004 estimated from GUAOthe instrumental bias introducing above, it is reasonable to
observations using the method introduced above (relative tgl€duce that this difference is mainly caused by the different
the instrumental bias of PRN 1). The results of instrumentallonospheric morphology in the middle and low latitude re-

biases issued by CODE are also shown in this figure, and thgion- In order to show the tendency of the estimated instru-
corresponding RMS of the biases in Fig. 1 is also given inmMental biases with latitude further, Fig. 4 gives the RMS val-

Table 2. (The result of satellite PRN 2 and PRN 23 is notUes of the instrumental biases of 10 GPS satellites estimated
included due to significant satellite bias changes associateffom the data of the stations in 2004 listed in Table 1. The la-
with equipment activation in 2004.) It can be seen that thebels on the X-axis are the station names, which are arranged
accuracy of the two methods are very close. in the order from higher latitude to lower latitude. The Y-axis
denotes the RMS values of the satellite instrumental biases

Ann. Geophys., 28, 157158Q 2010 www.ann-geophys.net/28/1571/2010/
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Fig. 2. Satellite instrumental biases estimated from GPS data observed at GUAO station in 2004 (relative to the mean value).
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Fig. 3. Satellite instrumental biases estimated from GPS data observed at XIAM station in 2004 (relative to the mean value).
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estimated from the GPS observations in 2004. From Fig. 4, 100
it can be seen that, although there are a little exceptional sit-
uations, the main tendency of the RMS value of the satellite
instrumental bias is that the RMS values estimated from the
data observed in the low latitude region is larger than that es-
timated from the data in the middle latitude. The RMS value

varies from approximately 1 to 3 TECU, but all RMS val- 40(') o 20 30 20 20 o
ues are less than 4 TECU. Furthermore, it can be seen that Latitude

the RMS values of the satellite instrumental biases estimateg

. . ig. 5. The geographical latitudinal distribution (fronf B to
from the QION station, located at the southern side of the_SOO N) of TEC along the 12D meridional line calculated from IRI

equatorial anomaly north peak, are less than. the RMS eSlimodel (IRI model parameters: longitude: 228 day of year: 280;
mated from the XIAG, GUAN, and XIAM stations located |oca| time: 12 LT; R12: 150; height range selection: 1001000 km:

just below the EIA crest. Certainly, the dependence of RMSheight step: 1km). The values labeled in the figure are the corre-
on latitude does not show very obviously in the results es-sponding geomagnetic latitudes.

timated from the data of these stations located in the tran-

sitional region between middle and low latitude. The RMS  Other research has found that the distribution of the plas-
of some satellites instrumental bias estimated from the BJF$naspheric electron content along the meridional line has a
and TAIN data seems larger than the other stations’. The datgignificant effect on TEC and GPS instrumental bias estima-
quality analysis using the occurrence of GPS cycle slip detion, and the accuracy of the instrumental bias can be im-
rived from the GPS data observed at two nearby sites revealgroved by properly considering the distribution of the plas-
the existence of the data quality differences (Zhang et al. maspheric electron content (Lunt et al., 1999; Mazzella et al.,
2010). Even for the same type of the receiver and antenna002, 2007, 2009; Anghel et al., 2009; Carrano et al., 2009).
the so-called inter-individual differences of the observationsBased on this improvement the distribution of the plasmas-
exist due to the receivers’ hardware thermal noise conditiongheric electron content was estimated using GPS measure-
and GPS sites nearby environment. Although some measurgaents (Mazzella et al., 2002, 2007; Anghel et al., 2009; Car-
are taken to alleviate the possible influence on the estimatiomano et al., 2009). Besides the latitude-related distribution
of the GPS instrumental bias, the inter-individual differencesof the plasmasphere, the ionosphere also exhibits an obvi-
of the receivers still exist. The larger RMS of the bias es-ous latitude distribution near the EIA region (the geomag-
timated from BJFS and TIAN observation maybe illustrate netic latitude of peak EIA is about 1815°) that is mainly
that the inter-individual differences of the equipments and thecontrolled by the ionospheric E region electric field (Kelley
observing environment can affect the accuracy of the bias esand Heelis, 1989). In Chinese longitudal sector, the influ-
timation. Even so, the main tendency of the latitude varyingence of the EIA can reach the region of the® AD(about
RMS is explicit in Fig. 4. 30° geomagnetic latitude). Figure 5 gives the geographical

10.2

(o]
o

0.2 20.2

30.2

TEC(TECU)
3

Ann. Geophys., 28, 157158Q 2010 www.ann-geophys.net/28/1571/2010/



D. H. Zhang et al.: Estimation of GPS instrumental bias in middle and low latitudes 1577

6 GUAO
S5 4 e
o 2 a 3
PR A TP TG AT T B . w
s oA T AL T e E
- ¢ s
e 2 £ WY '5:_"-’9.‘_--_,_4_»_-‘.: 8
8 4 E
o o
-6 RMS=1.14
5 18 BJFS
16 3
g )
£ =
g w
w L3
= ®
@ o
E:’ S
Q
w
F F
%] w
@ @
kS 2
o o
: :
e S OO RO i
F 52 0aN e S YN . ! -
w g0kt T T e, RN e W e r
o R T - A3ty aene " o
8 48 ROBANE A IR R Y @
m o
o RMS=1.54
5 . -
o 2 . ° ]
F 20} AN B
» 18 . 0 .
® 46 = o 244 230
314 .t . 80 -- g 22 .._ '- ._. "_'_' :' - .
- o H
" RMS=2.32 P : “" T Tms=273
50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Day Of Year (DOY) Day Of Year (DOY)
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latitudinal distribution (from ON to 50 N) of the iono-  Then, when solving Eq. (8) using least-square method, the
spheric TEC along 12(E meridional line obtained by in- standard deviation of the solutions using low latitude obser-
tegrating ionospheric electron content from the height ofvations should be larger than that of the solutions estimated
100 km to 1000 km that is calculated from International Ref- from mid-latitude observations. This cause the RMS of the
erence lonosphere model (IRI) in solar maximum phase. Thestimated instrumental bias becoming large. This may be the
values labeled in the figure are the corresponding geomagene of main reasons for why the RMS of instrumental bi-
netic latitudes. The distribution of northern EIA can be seenases shown in Fig. 4 gradually increases and the accuracy
obviously in this figure. With the latitude decreasing, the becomes worse with latitude decreasing. Certainly, the influ-
ionospheric spatial gradient in the meridian direction inducedence of the distribution of the plasmasphere along the merid-
by the northern EIA increases gradually. It is observed thatonal line in the lower latitude on the estimation of the instru-
in solar maximum years, in the longitude sector of China inmental bias should also be noted (Lunt et al., 1999; Mazzella
the latitude range from 3N to 35° N, the gradient of iono- et al., 2007). Although this brings about the complication for
spheric TEC in the meridian direction induced by equato-the interpretation of these results, further study to distinguish
rial anomaly reaches around 2 TECU/degree, and it becometheir influences can increase undoubtedly the accuracy of the
larger with latitude decreasing (Zhang et al., 2002). On theionospheric and plasmaspheric TEC from GPS observations.
other hand, comparing with the mid-latitude ionosphere, the Under the zero-mean condition imposed on the estimated
low latitude ionosphere exhibits more significant and com-satellites instrumental bias, the receiver’'s instrumental bias
plicated temporal variability due to the electro-dynamic pro- can be obtained. Figure 6 shows the receivers instrumen-
cess occurred in the ionospheric E and F region. Thereforetal biases estimated from GPS observations of 10 stations
during the process of estimating instrumental bias, with thein 2004. Different from the satellite instrumental bias in
latitude decreasing, the error of the assumption, which theFigs. 2 and 3, the Y-axis in this figure denotes the abso-
vertical ionospheric TECs at the different IPP but in a samelute value of receiver instrumental bias. Because the GPS
divided mesh are equal (described in Eq. 7), becomes largeneceiver in GUAN station was replaced with a new receiver
gradually due to significant spatial and temporal variations.after DOY 248 in 2004, the receiver instrumental biases after
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44 used in the process to estimate the instrumental biases in the
last decade. Nevertheless, no matter which methods are em-
ployed, the condition of the temporal and spatial variation of
the ionosphere has to be considered during the process to es-
timate the GPS instrumental biases from raw GPS data, and
the large horizontal gradient of the ionospheric TEC caused
by the EIA certainly will affect the accuracy of the estimated
bias. Although the receiver bias can be measured using some
special equipments, such as GPS receiver calibrator (Dyrud
etal., 2008), obtaining the instrumental bias independently of
ionospheric condition is still impractical for most GPS users.
Nevertheless, ionosphere exhibits temporal and spatial vari-
ability, and up to now the accurate ionospheric model to de-
GUAO BJES XNIN TAIN XIAA WUHNLUZH XIAG XIAM GUAN GION scribe this variability is unobtainable. So, the influence of
Stations the ionospheric variability on the accuracy of the instrumen-
. o _ _ tal bias estimation is difficult to remove completely. In the
Fig. 7. RMS of the receivers’ instrumental biases estimated from. . . .
GPS data in 2004. ionospheric morphological studies, the researchers s_hould be
aware of the errors. The advent of the GPS greatly stimulates
the study of the ionospheric morphology and disturbance.
Apart from traditional ionospheric study (Ho et al., 1996;
this day are not given in this figure and the RMS value is \endillo, 2006), the ionospheric disturbances related with
calculated just based on the data before DOY 248. It can bggme geo-related natural hazards, such as the great earth-

seen in Fig. 6 that the scatter range of the instrumental biagyakes or severe meteorological disasters, also draw atten-
estimated from the GPS data is different and the RMS valugjgns from the global geophysicists (Liu et al., 2004; Wan

of the receiver instrumental bias located in mid-latitude is gt al., 1998; Xu et al., 2008). The spatial scale of the iono-
|eSS than that in |0W |atitude. In Ol’del’ to ShOW '[hIS feature Spheric disturbances Caused by these kinds of events gener-
clearly, the RMS values of the receiver instrumental bias isa|ly covers hundreds or thousands of kilometers, and the vari-
given in Fig. 7 listed in the order of latitude. It can be seen ation of the ionospheric TEC disturbance is usually several
that the RMS of instrumental bias increases with the latitudeTecu that is much less than that of the ionospheric storm.
decreasing roughly, and the RMS value changes from aboutherefore, during the process to derive the ionospheric TEC
1TECU to 4 TECU. from the GPS data, the TEC error problem related to instru-

The largest error source of the ionospheric TEC derivedmental bias should be noted. That is, attention should be
from GPS method can be the error of the measured or estipaid to the results based on the ionospheric TEC derived
mated instrumental bias. To a certain extent, the accuracy ofrom GPS data, and the reliability analysis is necessary for
the estimated instrumental bias determines the accuracy ahe study of the weak TEC disturbances that are less than or
TEC. From the RMS variation of the satellite and receiver similar to the error scale of the TEC mentioned above.
instrumental bias corresponding to the latitudes mentioned The ionospheric spatial and temporal variation depends on
above, it can be concluded that, besides the influence of théhe solar cycle, and the spatial gradient during solar mini-
variability of the plasmasphere, the equatorial ionosphericmum period is much less than that during solar maximum
anomaly that deviates the assumptions of ionospheric smootperiod. Therefore, the RMS of the instrumental bias esti-
variation and fixed ionospheric shell height also affect the acmated from GPS data in solar minimum period summarized
curacy of the bias estimation. The accuracy of TEC derivedin this study (2004) must be smaller than that in solar max-
from stations located in the mid-latitude region is higher thanimum period. The accuracy of instrumental bias estimated
that in low latitude. Considering the error of both GPS satel-using GPS observations in different solar cycle period was
lite and receiver instrumental biases based on the ionospherigtudied initially. It is found that the RMS of the instrumental
model assumption, the accuracy of ionospheric absolute TE®ias estimated using GPS data observed during solar mini-
derived from GPS data in the mid-latitude region using thismum period is much less than that estimated during solar
method is around 2—-4 TECU, whereas that in the low latitudemaximum years (Zhang, 2009b). On the other hand, because
region is around 6-8 TECU. the error analysis about the instrumential bias in this study is

Besides the SCORE method, many advanced datajust based on the results obtained from one estimation meth-
processing technologies and methods, such as neural nebds described in Sect. 2, the quantitative results for the bias
works (Ma et al., 2005), Kalman filter (Sardon et al., 1994, error scale given above may not represent the results of other
Anghel et al., 2009; Carrano et al., 2009), SCORPIONDbias estimation methods. Even so, the influence caused by
method that removes the contribution of the plasmaspher¢he spatial gradient of the ionosphere should be noted for bias
using some model (Mazzella et al., 2002, 2007), have beemstimation methods based on ionospheric model.

RMS(TECU)
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