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ABSTRACT

Recently, numerous earthquakes have caused significant casualties and property damage worldwide, including major events in
2023 (Turkiye, M7.8; Morocco, M6.8) and 2024 (Noto Peninsula, Japan, M7.6; Taiwan, M7.4). In South Korea, the frequency
of detectable and noticeable earthquakes has been gradually increasing since the M5.8 Gyeongju Earthquake. Notable recent
events include those in Jeju (M4.9), Goesan (M4.1), the East Sea (M4.5), and Gyeongju (M4.0) since 2020. This study, for
the first time in South Korea, monitored groundwater levels and temperatures at a 1Hz frequency to observe the responses in
groundwater to moderate and small earthquakes primarily occurring within the country. Between April 23, 2023, and May
22, 2023, 17 earthquakes were reported in the East Sea region with magnitudes ranging from M2.0 to M4.5. Analysis of
groundwater level responses at the Gangneung observation station revealed fluctuations associated with five of these events.
The 1Hz observation data clearly showed groundwater level changes even for small earthquakes, indicating that groundwater is
highly sensitive to the frequent small earthquakes recently occurring in South Korea. The analysis confirmed that the maximum
amplitude of groundwater level changes due to earthquakes is proportional to the earthquake’s magnitude and the distance from
the epicenter. These findings highlight the importance of precise 1Hz-level observations in earthquake-groundwater research.
This study provides foundational data for earthquake monitoring and prediction and emphasizes the need for ongoing research
into monitoring the changes in groundwater parameters (such as aquifer characteristics, quantity/quality, and contaminant
migration) induced by various magnitudes of earthquakes that may occur within the country in the future.
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Fig. 1. Geology of study area and location map of East Sea earthquakes
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Table 1. Records of earthquakes with a magnitude of 2.0 to 4.5 that occurred in the East Sea area from April 23, 2023 to May 22, 2023

Mag.

No. Earthquake M) Dis. (km) Latitude Longitude Location
1 2023-04-23 21:06:40 2.7 27 37.87N 12952 E Sea area 52km northeast of Donghae-si, Gangwon-do
2 2023-04-24 13:02:10 2.9 31 37.85N 12947E Sea area 48km northeast of Donghae-si, Gangwon-do
3 2023-04-24 21:41:25 2.1 27 37.87N 12953 E Sea area 53km northeast of Donghae-si, Gangwon-do
4 2023-04-24 21:50:59 2.4 27 37.87N 129.52 E Sea area 52km northeast of Donghae-si, Gangwon-do
5 2023-04-25 05:03:39 2.3 25 37.88 N 129.54 E Sea area 54km northeast of Donghae-si, Gangwon-do
6 2023-04-25 12:02:50 3.1 28 37.87N 129.52E Sea area 52km northeast of Donghae-si, Gangwon-do
7 MO0H5ISSESS 35 3 386N ISR Seaarea Sk norhesstof Donghiesi Gangwondo
8 2023-04-26 06:51:41 22 28 37.86 N 129.51 E Sea area 51km northeast of Donghae-si, Gangwon-do
9 2023-04-26 12:15:24 2 27 37.87N 129.52E Sea area 52km northeast of Donghae-si, Gangwon-do
10 2023-04-28 23:39:24 2.6 27 37.88 N 129.51 E Sea area 53km northeast of Donghae-si, Gangwon-do

12 2023-05-08 21:12:05 2.1 23 37.87N 12951 E Sea area 52km northeast of Donghae-si, Gangwon-do

14 2023-05-10 01:53:41 2.6 16 3749N 129.12E 4km south of Donghae-si, Gangwon-do

16 2023-05-14 08:35:25 3.1 30 37.86 N 12951 E Sea area 51km northeast of Donghae-si, Gangwon-do

*Five earthquakes in which changes in groundwater level were detected in Gangneung observation wells are shaded.
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Table 2. Changes in groundwater level due to earthquakes: initial change time, change duration, maximum change in groundwater level

No. Earthquake Magnitude Distance Initial change time Response duration time Maximum change in
M) (km) (mm:ss) (sec) groundwater level (cm)
1 232:32'(7):53';5 45 49.35 00:11 28 1.6
2 2??5245?5 3.5 46.52 02:21 12 0.7
3 2%:35'?;53'28 2.5 17.54 03:44 6 0.7
4 2?)?:35'2;53';() 2.5 17.93 00:05 18 0.7
5 2(1)2:33'2;51'30 2.5 17.19 00:08 10 0.5
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