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Abstract: An experiment for investigating a relation between geomagnetic 

disturbance and satellite positioning error in the polar region was carried out at 

Syowa Station, Antarctica, in 1985 and 1986 with a two-wave (150 and 400 MHz) 

NNSS receiver. From the analysis of positioning data of about 10000 passes 

over 245 days, it is clearly found that the position determination error increases 

with increasing geomagnetic disturbance level (local K-index) and the number of 

passes on which the position determination is succeeded decreases by one or two 

per day when K-index is large. These results suggest that when the ionosphere is 

highly disturbed the 150 and 400 MHz radio waves from the satellites are strongly 

scattered by ionospheric irregularities and/or spatial gradients of the electron 

density associated with ionospheric disturbances. 

1. Introduction 

The Navy Navigation Satellite System (NNSS) receiver installed at Syowa Sta

tion has been used as a standard clock and/or a positioning equipment for geophysical 

studies in Antarctica (SHIBUYA and KAMINUMA, 1982; SHIBUYA et al., 1982). Success 

in the NNSS positioning depends on both the maximum satellite elevation angle and 

the duration of receiving signals. In a recent paper, SHIBUYA (1985) has reported a 

comparative experiment made at mid-latitude (Tokyo) and high-latitude (Syowa 

Station) in order to clarify the receiving conditions in high latitudes. He has founded 

that the occurrence number of "insufficient positionings (which means that positioning 

is impossible though the maximum elevation angle of satellite is in the range 15°-75°)" 

at Syowa Station were larger than those at Tokyo and attributed this result to more 

disturbed ionosphere conditions at Syowa Station than at Tokyo. MEDHURST (private 

communication, 1987) has noted a correlation between the quality of Doppler data 

from JMR NNSS receiver and the corresponding ionospheric condition (sunspot 

number). 

In this paper, ionospheric disturbance effect on the satellite positioning is quanti

tatively examined in detail by deriving some empirical relations between positioning 

errors and geomagnetic disturbances from the positioning data over 245 days obtained 

at Syowa Station in 1985 and 1986. Our experiment also aimed to investigate traveling 

ionospheric disturbances and ionospheric scintillations; the former study will appear 

in a separate paper in this issue by OGAWA et al. (1988). 
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2. Observations 

A commercial two-wave (150 and 400 MHz) NNSS receiver JLE-923 (Japan 

Radio Co. Ltd.) was used for the present experiment. The receiving antenna was set 

on the roof of the Ionosphere Observatory at Syowa Station. The NNSS receiver 

determines the position and provides UT time, the broadcast ephemeris and orbital 

parameters of the satellite. These are printed out on a paper-chart and also stored 

in a floppy disk of a personal computer. A total of 9565 positioning results were 

recorded during periods of April 4 to May 27, 1985 and July 3, 1985 to January 11, 

1986, with the average of 39 passes a day. Six NNSS satellites were in operation during 

the above observation periods. 

3. Results 

Figure 1 shows a scatter plot of measured positions in the geophysical coordinates, 

where the center is the averaged position derived from the whole set of data (9565 

passes). The mean radial distance of the whole data is 149.8 m. Most of the mea

sured positions (95.2%) are located in a circle with a radius of 500 m from the mean 

position. The latitude of the mean position is 69°00'19.41 "±0.03"S and the longitude 

39°34' 41.26" ±0.03"E. The standard deviation is 3.89" (121 m) in latitude and 

l '06.14" (735 m) in longitude. The large longitudinal error may stem mainly from 

that the determination of position is made with the algorithm of the hyperbolic-
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Fig. 1. Scatter plot of positionings (r ;£500 m) around the mean position (center in the figure). 
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Fig. 2. Distributions of the number of position fixes (F ) and 3 x (number of K-index) (H) as a 

function of K-index for two data sets indicated in the figure (lower part) and positioning 

rate per hour (F/H) �upper part). Two regression lines are drawn by using data for 

1;£K�7. 

navigation system using polar-orbiting satellites. 

One possible cause for many "insufficient" positioning occurring in the polar 

region is ionospheric disturbances such as scintillations and steep spatial gradients of 

the electron density. Here, we adopt tentatively a three-hour K-index obtained at 

Syowa Station as a measure of ionospheric disturbance level. 

The lower panel in Fig. 2 shows the distribution of K-indices and number of 

position fixe& (F) during the observation period as a function of K-index. The posi

tion determination rate per hour can be defined as a ratio of F to 3 x (number of K

indices), H. The result is shown in the upper panel in Fig. 2. In both panels, the 

solid circles were derived from all the data while the crosses were derived from the 

data having limited maximum satellite elevation angles (EL), longitudes and latitudes 

as indicated in the figure. 
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Fig. 3. Variations of the average radial distance (r) for four data sets indicated in the figure. Dis

tribution of the number of position fixes for all data set is also shown. Two regression lines 

calculated from data for I� K � 6 are drawn for two data sets ( • and•). 

Figure 2 obviously shows a tendency of F/H to decrease with increasing K-index 

except extreme cases of K=O and 8 because of few data for case K=8 and unknown 
factor for case K=O; that is, the position determination rate per hour decreases with 

increasing K-index. This tendency means that the positioning failure occurs one or 

two times per day more frequently on the disturbed day than on the quiet day. 

Figure 3 shows the averaged radial distances (f) of scattered position shown in 

Fig. 1 as a function of K-index. In the figure the data is classified into four sets ac
cording to the elevation angles, latitudes and longitudes. It is obvious that f increases 

with increasing K-index (K= 1-6). Large values of f at K=O for two data sets (all 

data and I0°<El<75°) are due to that two data points having very large deviations 

from the mean position are included, and the declining trends at K=7 and 8 are due to 

the small number of data. 

4. Conclusion 

Positioning data over 245 days were obtained by a two-wave NNSS receiver at 
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Syowa Station, Antarctica. From these data, empirical relations between positioning 

errors and geomagnetic disturbances (K-indices) are examined, and the fol1owing results 

are obtained: 

(1) The mean position of the Ionosphere Observatory at Syowa Station is 

69°00'19.41" ±0.03"S and 39°34'41.26" ±0.03"E. The standard deviations of the 

latitude and longitude are 3.89" (120.6 m) and 1 '06.14" (735 m), respectively. The 

larger standard deviation in longitude may be caused by that the NNSS satellite has a 

polar orbit. 

(2) The average radial distance (f) between measured positions and the mean 

position is 149.8 m. Of the whole set of determined positions, 72.7, 87.5, 91.7, 93.9 

and 95.2% are located within 100, 200, 300, 400 and 500 m, respectively. 

(3) The position determination rate (F/H) per hour is given by -0.013K+l.71 

where K represents the local K-index at Syowa Station. Statistica11y, the position 

cannot be determined for one or two passes per day when the degree of geomagnetic 

disturbance is large. 

(4) The f increases with increasing K-index, and is given by 12.87K+ll0.3 m. 

From the above results (3) and ( 4), it is concluded that geomagnetic disturbance 

affects considerably the position determination using the NNSS satellites. As far as 

we know, experimental results showing clearly the ionospheric disturbance effect on 

the positioning error have not been published yet. In a two-wave NNSS receiver the 

propagation delay due to electrons in an ionosphere is corrected in pre-processing 

stage. However, we have found the geomagnetic disturbance effect. These results 

suggest that the 150 and 400 MHz waves are strongly scattered by ionospheric ir

regularities, strong gradients and others associated with ionospheric disturbances. 
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