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/] ABSTRACT /

There are growing concerns that the recently implemented Earthquake Early Warning service is overestimating the rapidly provided
earthquake magnitudes (M). As a result, the predicted damages unnecessarily activate earthquake protection systems for critical facilities
and lifeline infrastructures that are far away. This study is conducted to improve the estimation accuracy of M by incorporating the observed
S-wave seismograms in the near source region after removing the site effects of the seismograms in real time by filtering in the time domain.
The ensemble of horizontal S-wave spectra from at least five seismograms without site effects is calculated and normalized to a hypocentric
target distance (21.54 km) by using the distance attenuation model of Q(f)=348f>% and a cross-over distance of 50 km. The natural
logarithmic mean of the S-wave ensemble spectra is then fitted to Brune’s source spectrum to obtain the best estimates for M and stress
drop (SD) with the fitting weight of 1/standard deviation. The proposed methodology was tested on the 18 recent inland earthquakes in South
Korea, and the condition of at least five records for the near-source region is sufficiently fulfilled at an epicentral distance of 30 km. The
natural logarithmic standard deviation of the observed S-wave spectra of the ensemble was calculated to be 0.53 using records near the
source for 1~10 Hz, compared to 0.42 using whole records. The result shows that the root-mean-square error of M and In(SD) is
approximately 0.17 and 0.6, respectively. This accuracy can provide a confidence interval of 0.4~2.3 of Peak Ground Acceleration values
in the distant range.

Key words: Earthquake early warning, Near-Source region, S-Wave spectra, Earthquake magnitude, Stress drop
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Table 1. Inland earthquake catalog in the South Korea for the analysis and related additional information

SN | Year |Mon.| Day |Hour|Min,|Sec| M_ Ezi’:r:)h Meew | Mw | Reference administrative district of the location
1 |2023 | 12 8 31|18 | 25 3 - - - 4.6 km S of Dogye-eup, Samcheok-si, Gangwon
2 2023 | M 30 55 | 24 | 40 12 43 | 3.60 NECIS |1.2 km SSE of Yangbuk-myeon, Gyeongju-si, Gyeongbuk
3 12023 | 10 | 25 | 21 | 46 | 30 | 34 12 - 3.17 NECIS |3.2 km NE of Tancheon-myeon, Gongju-si, Chungnam
4 | 2023 9 16 4 | 28 | 25 | 22 - - - 4.0 km SSW of Guseong-myeon, Gimcheon-si, Gyeongbuk
5 | 2023 7 | 29 19 7|59 |35 41 | 348 NECIS |5.7 km SW of Dongyang-myeon, Jinan-gun, Jeonbuk
6 | 2023 7 17 10 | 37 | 10 | 24 13 - - - 3.4 km SW of Buk-myeon, Uichang-gu, Changwon-si, Gyeongnam
7 | 2023 6 5 12 | 42 | 18 | 21 5 - - - 2.8 km S of Dongseohakng, Wansan-gu, Jeonju-si, Jeonbuk
8 | 2023 5 10 16 | 32 | 10 | 25 16 - - - 1.2 km SSW of Songjeong-dong, Donghae-si, Gangwon
9 | 2023 5 10 1 ]153]|36 |25 15 - - - 1.6 km SE of Songjeong-dong, Donghae-si, Gangwon
10 | 2023 5 8 19 | 51 | 34 | 25 17 - - - 1.1 km SSE of Songjeong-dong, Donghae-si, Gangwon
11 | 2023 4 | 30 19 31|29 |31 6 - 3.26 Cho[3] |1.6 km SE of Cheongseong-myeon, Okcheon-gun, Chungbuk
12 | 2023 4 | 25 13 | 22 | 40 | 2.7 12 - - - 2.9 km S of Masung-myeon, Mungyeong-si, Gyeongbuk
13 | 2023 3 3 11 | 26 | 54 | 3.0 - - - 1.2 km NE of Sugok-myeon, Jinju-si, Gyeongnam
14 | 2023 2 19 29 | 52 | 25 - - - 3.2 km SW of Guyeok-myeon, Goheung-gun, Jeonnam
15 | 2023 2 1 2|1 |23 13 - - - 1.6 km SE of Songnisan-myeon, Boeun-gun, Chungbuk
16 | 2023 1 9 1128 | 15|37 19 4.0 | 3.50 NECIS |8.8 km N of Seodo-myeon, Ganghwa-gun, Incheon
17 | 2022 | 10 | 29 8 | 27 | 49 | 41 12 43 | 3.95 NECIS |11 km NE of Goesan-gun, Chungbuk
18 12021 | 12 | 14 | 17 | 19 | 14 | 49 17 53 | 477 NECIS |41 km SW of Seogwipo-si, Jeju
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Fig. 1. Graphs of mean and standard deviation of the natural logarithmic horizontal apparent S-wave spectra normalized to a target
hypocentral distance of 21.54 km without site effects, regarding the earthquake catalog in Table 1 and ID in Table 2. ‘total’ represents
the distance normalized observed S-wave spectra without site effects for the seismograms of R<co. The error statistics of S-wave
spectra calculated by using at least 5 records at the near source region are also displayed with the epicentral distance of R<30 km.
If the condition of at least 5 records is not met, near source distance criteria of 50 km or 70 km are applied instead
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Fig. 2. Graphs of mean and standard deviation of the ‘total obs’ (‘total’ in Fig. 1). The mean standard deviation of ‘total obs’ for 18 inland
earthquakes in Table 1 is 0.42 for 1-10 Hz, compared to 0.53 and 0.51 for those of R<30 km, R<50 km, respectively. Spectral
estimates of the Brune’s model fitted to the distance normalized S-wave spectra without site effects at the distance range of R<o
(‘total est’) and R<30 km (or R<50, 70 km) are also displayed
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