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In this study, we calculated total electron content (TEC) using ship—borne global navigation satellite system
(GNSS) observations and validated the results by comparing the ground-based TEC. GNSS is an effective
tool for monitoring the ionosphere as it allows 24-hour observations, is low cost, and is easy to install.
However, most GNSS stations are located on land, which leads to a lack of data from the ocean. Therefore,
we conducted an experiment collecting GNSS data in the ocean by installing GNSS observation systems
aboard the research vessel ‘ISABU’, operated by the Korea Institute of Ocean Science and Technology.
We estimated TEC using GNSS data from July 30 to August 24, 2021. From the results, we confirmed
daily and latitudinal variations of TEC as expected. Additionally, we compared the results with TEC derived
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from nearby ground—based GNSS stations and then verified similar variations. Based on these results, we
plan to research ionospheric climatology using long—term data and assess its potential for ongoing

ionospheric monitoring.
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Fig. 1. Ship tracking. Map of global ship traffic (a) and shipping’s busiest routes (b) [10].

Greater red intensity indicates a higher number of ship operations.
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Fig. 2. Research vessel ‘ISABU’ [11].
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Fig. 3. Installation GNSS observation system on the ISABU. (a) Vessel's bow deck, (b) GNSS
antenna, (c) cable, (d) dual-frequency GNSS receiver. GNSS, Global Navigation Satellite
System.
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Fig. 4. Trajectory of the ISABU. The numbers on the trajectory mean the vessel's start

dates.
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Fig. 5. TEC estimation using ionospheric delay. (a) Schematic description of slant TEC, and
(b) conversion to VTEC [13]. STEC, slant TEC; TEC, total electron content; VTEC, vertical total

electron content.
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blue lines show the averaged TEC values for low and mid-latitude regions, respectively. TEC,

total electron content; GNSS, Global Navigation Satellite System.
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Fig. 7. Comparison of ship—borne GNSS TEC with ground-based GNSS TEC. (a) Locations of

ground GNSS stations (A: GOJE, B: SEQI). Map sourced from https://gnssdata.or.kr. (b)~(d)
Daily variation in TEC from ISABU, GOJE, and SEOI GNSS data. Different colors represent

distinct satellite PRNs. GNSS, Global Navigation Satellite System; TEC, total electron content;

PRN, pseudo-random noise number.
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