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ABSTRACT

One recent notable method for real-time elimination of ionospheric errors in geodetic applications is the Predicted Global
Ionosphere Map (PGIM). This study analyzes the level of accuracy achievable when applying the PGIM provided by the Center
for Orbit Determination of Europe (CODE) to the Korean Peninsula region. First, an examination of the types and lead times
of PGIMs provided by the International GNSS Service (IGS) Analysis Center revealed that CODE's two-day prediction model,
C2PG, is available approximately eight hours before midnight. This suggests higher real-time usability compared to the one-
day prediction model, CIPG. When evaluating the accuracy of PGIM by assuming the final output of the Global Ionosphere
Map (GIM) as a reference, it was found that on days with low solar activity, the error is within ~2 TECU, and on days with high

solar activity, the error reaches ~3 TECU. A comparison of the errors introduced when using PGIM and three solar activity
indices—Kp index, F10.7, and sunspot number—revealed that F10.7 exhibits a relatively high correlation coefficient compared
to Kp-index and sunspot number, confirming the effectiveness of the prediction model.
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Fig. 1. Latency in days of final and rapid products obtained from eight analysis centers. Two predicted products
from CODE, which are denoted as one-day (C1PG) and two-day (C2PG), are denoted in the upper left plot.
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Table 1. Latency in days of six different GIM products available from eight analysis centers.

Products CODE JPL ESA 1GS CAS CGS UPC WHU
Final 5.1 3.6 9.0 24.1 35.6 2.8 6.2 3.6
Rapid 1.6 1.6 1.6 2.1 35.6 - 2.8 2.8
Rapid high rate - - 1.6 - - 2.8 -
Rapid ultra-high rate - - - 2.8 -
1-day prediction 0.7 - - -
2-day prediction -0.6 - - -
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Fig. 3. Time series of VTEC differences at 120 grid points for the first seven days in February, May, August, and November.

Fig. 4. VTEC differences at every grid points (black dots), at grid points with
latitude of 50° (red circle), and 22.5° (blue circles) in November.
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Table 2. Averages and standard deviations of weekly RMSE values at 120
grid points [Unit: TECUI.

Model February May August November
CIPG | 1.34%0.29 1.67+0.44 | 1.96+0.40 | 3.18+1.34
C2PG 1.43+0.23 1.66 + 0.40 1.99+0.47 2.97+0.89
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Fig.5. Contour plots of RMSE values in February (left) and November (right).

Fig. 6. Time-series of Kp-indices during the seven days in February, May,
August, and November of the year 2021.
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Table 3. Three different F10.7 values from NRC.

Month Observed Adjusted USRI
February 72.71 £ 0.56 70.67 63.61

May 71.27+1.28 72.48 65.23
August 74.21+£1.17 76.38 68.73
November | 93.06+4.47 91.50 82.36

Fig. 8. Correlation of average VTEC differences and F10.7 values.
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Fig. 9. Time-series of sunspot numbers during the seven days in February,
May, August, and November of the year 2021.

Fig. 10. Correlation of average VTEC differences and sunspot numbers.
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