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Comparison of Geomagnetic Models with Different
Spatio-temporal Resolutions and Measured
Data from Geomagnetic Stations
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Abstract This study focuses on four INTERMAGNET geomagnetic stations located in the Arctic re-
gion and the South Atlantic Anomaly regions, where rapid geomagnetic changes have been observed in
recent years. Utilizing two global geomagnetic field models with different spatial and temporal resolu-
tions, the International Geomagnetic Reference Field (IGRF) model and the Swarm model, a multi-field
source model that offers the highest spatiotemporal resolution currently available in China. The influ-

ence of model spatial resolution and update cycles on observatory measurements is quantitatively
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assessed. The findings are as follows. In regions without significant lithospheric magnetic anomalies, the
IGRF and Swarm models yield relatively consistent results. However, for regions with more prominent
lithospheric magnetic anomalies, the Swarm model with higher spatial resolution provides better agree-
ment with the measurements. While the IGRF model showed significant temporal drift (often exceeding
100 nT) against station measurements during its five-year non-update period (from 2016 to 2020), the
Swarm model exhibited no such drift. The magnitude of the IGRF drift varied regionally, reflecting the
heterogeneity of global geomagnetic field variations. These results highlight the need to shorten the up-
date interval for core field models during periods of rapid geomagnetic change. Statistical analysis from
120 global INTERMAGNET (International Real-time Magnetic Observatory Network) stations further
confirms that, within the IGRF’s five-year update cycle, the Swarm model exhibits smaller mean and
median absolute deviation compared to the IGRF model. The higher spatiotemporal resolution of the
Swarm model yields results that are more consistent with observations and thus offers a more accurate

representation of the geomagnetic field. This study provides a valuable basis and reference for the appli-
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cation of global geomagnetic models.
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South Atlantic anomaly
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Table 2 Comparison of mean values of differences between models and station observations

R d’F/nT d’z/nT d*y/nT d’z/nT
Swarm 55.2609 15.3731 39.9163 ~3.8206
IGRF 95.0589 52.9819 52.6998 25.8081

*3 HREASHEMNEEENEXPALE

Table 3 Median absolute deviation between the model and the station observations

F Y d&*F/nT d*z/nT d*y/nT d*z/nT
Swarm 4.16735 5.2352 4.7719 4.3705
IGRF 60.6932 39.942875 33.2245 68.30735

BOEE A SR E PR SE I RGO ) International — IGRF MR 3745 YA 55 400408 o 161 s o 1 15 0 2 P 25 2 1L
Real-time Magnetic Observatory Network (INTERMAG- (https://geomag.bgs.ac.uk/research/modelling /IGRF.
NET) (b 5 0555088, 28000 fh < E 1 ST J8 45 British html). Swarm M AR f N 2V B E 4 A SRR H
Geological Survey (BGS) 241k, EUAGREUHAR L E 7 8 B i st e s k.

V-5 (https://imag-data.bgs.ac.uk/GIN _V1/GINForms2).
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