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Geomagnetic perturbations related to various phenomena in the near-Earth space environment can induce
geoelectric fields within the electrically conducting Earth. In turn these geoelectric fields drive geomagnetically
induced currents (GIC) that can cause potential damage to technological infrastructure. Ultra-low frequency
(ULF: 1 mHz - several Hz) waves have recently been reported to be a common driver of intense geoelectric
fields during geomagnetic storms. Though numerous past studies have examined ULF wave related geomagnetic
fields from a space weather perspective, few studies have linked ULF waves with geoelectric fields due to
limited direct measurements of these fields. Using 1-second cadence geoelectric field measurements made at
recently available magnetotelluric survey sites distributed widely across the United States, we explore the
relationship between ULF waves and intense geoelectric field perturbations. Detailed case studies demonstrate
that the ULF wave driven geoelectric fields have significant spatial variation in contrast to relatively uniform
geomagnetic field perturbations, consistent with spatially varying Earth conductivity. We further show that
geoelectric fields driven by magnetospheric ULF waves during geomagnetic storms have comparable amplitudes
to once-per-century geoelectric hazard maps. Our results highlight the need for more research characterizing
geoelectric fields driven by ULF waves.
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