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Abstract The performance of a three-dimensional iono-

spheric electron density model derived from FormoSat3/

COSMIC GPS Radio Occultation measurements, called the

TaiWan Ionosphere Model (TWIM), in removing the ion-

ospheric delays in single-frequency pseudorange observa-

tions is presented. Positioning results using TWIM have

been compared with positioning results using other iono-

spheric models, such as the Klobuchar (KLOB) and the

global ionospheric model (GIM). C/A code pseudoranges

have been observed at three International GPS Service

reference stations that are representative of mid-latitude

(BOR1 and IRKJ) and low-latitude (TWTF) regions of the

ionosphere. The observations took place during 27 geo-

magnetically quiet days from April 2010 to October 2011.

We perform separate solutions using the TWIM, KLOB,

GIM ionospheric models and carry out a solution applying

no ionospheric correction at all. We compute the daily

mean horizontal errors (DMEAN) and the daily RMS

(DRMS) for these solutions with respect to the published

reference station coordinates. It has demonstrated that TEC

maps generate using the TWIM exhibit a detailed structure

of the ionosphere, particularly at low-latitude region,

whereas the Klobuchar and the GIM only provide the basic

diurnal and geographic features of the ionosphere. Also, it

is shown that even for lower satellite elevations, the TWIM

provides better positioning than the Klobuchar and GIM

models. Specifically, using TWIM, the difference of the

uncorrected solution (no ionospheric correction), and the

other solutions, relative to the uncorrected solution, is

45 % for the mean horizontal error (DMEAN) and 42 %

for the horizontal root-mean-square error (DRMS). Using

Klobuchar and GIM, the percent for DMEAN only reaches

to about 12 % and 3 %, while the values for the DRMS are

only 12 and 4 %, respectively. In the vertical direction, all

models have a percentage of about 99 and 70 % for the

mean vertical error (VMEAN) and vertical root-mean-

square error (VRMS), respectively. These percentages

show the greater impact of TWIM on the ionospheric

correction compared to the other models. In at least 40 %

of the observed days and across all stations, TWIM has the

smallest DMEAN, VMEAN, DRMS, and VRMS daily

values. These values reach 100 % at station TWTF. This

shows the overall performance of TWIM is better than the

Klobuchar and GIM.
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Introduction

Degradation of the accuracy of the derived coordinates

using global positioning system (GPS) can be attributed to

the following sources: errors in satellite ephemeris, errors

by satellite clocks, atmospheric errors, receiver errors,

multipath interference, and position dilution of precision

(PDOP) (Spencer et al. 2003). Since 2000, when the

selective availability in GPS has been removed, the iono-

sphere has become the main error source in single-frequency
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