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S U M M A R Y

I. Title:

Improving Earthquake Locations in the Korea Peninsula 

Using Station Correction Terms and Waveform Similarity Measurements

II. Necessity and Objectives of the Study

Determination of earthquake source parameters (earthquake locations and 

origin times) is a routine once earthquake occurs. Temporal and spatial distribution 

of earthquake parameters and their relation with the subsurface geological structures 

provide fundamental information for studies of seismic hazards, earthquake hazard 

mitigation plan, subsurface velocity structure and others. Precise determination of 

earthquake parameters, thus, is the first step before any seismological studies. 

Earthquakes can be mislocated due to poor phase arrival readings, errors in the 

velocity model, bad station distributions, and inefficient location algorithms. Poor 

phase picking and lack of information on the velocity structure are the major source 

of errors in the earthquake location. Current study addresses the improvement of 

earthquake locations when proper velocity models for the study area are not 

available. 

In the earthquake early warning for seismic hazard mitigation effort, the 

rapid determination of earthquake location is crucial. The study also addresses the 

feasibility of rapid earthquake location under the current configuration of seismic 

network and the warning time for potential earthquakes in Korea. Results of the 

study, improving earthquake locations and faster location determinations, provide 

basic information for detailed studies of seismology and seismic hazard mitigation for 

the potentially disastrous earthquakes.

III. General Scope of the Study

Assuming reliable velocity model is not available and initial arrival time 

measurements include some errors, relative earthquake locations are improved using 

station correction terms and waveform similarity. Both methods, JHD and HypoDD, 

are used to relocate earthquake clusters. Assuming there is a cluster of earthquakes, 

the effect of model deviations near the hypocenters will be almost identical, which 

can be ignored. In JHD, errors arising from deviations from the model near the 

station and along the ray path from the earthquake to the receiver can be lumped 

together into a single effect, termed "station correction." Assuming focal mechanism 

of two nearby earthquakes are same, it is observed that two waveforms registered 
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at a single station are very similar to each other since they share almost same ray 

path from the earthquake to the station. The similarity is used to improve the 

relative earthquake location. Earthquake waveforms in Korea are collected. P-wave 

and S-wave arrival times are measured. Then earthquake clusters are relocated to 

obtain better relative locations. 

For rapid determination of earthquake location, the two earliest P-wave 

arrivals from an earthquake are used to construct a hyperbolic curve such that the 

epicenter of the earthquake will be a point on the curve. The information that other 

nearby stations have not yet recorded arrivals constrains the epicenter to lie along a 

segment of this curve. The method has been applied to earthquakes in the Korean 

seismic network to estimate warning time for potential earthquakes.

IV. Results of the Study

Earthquake catalogs and waveforms by Korea Meteorological Administration 

(KMA) and Korea Institute of Geosciences and Mineral Resources (KIGAM) are 

collected. Earthquake parameters listed in catalogs are different due to the number 

of stations, velocity models and operating systems. Collected earthquake waveforms 

are earthquake data occurred between 1997 and 2007. P and S arrival times are 

manually picked for earthquake occurred between 2003 and 2007. Arrival times 

measured during the previous studies were also used. Arrival times from two seismic 

network are combined to locate earthquakes. There are differences among the new 

single earthquake locations, KMA locations, and KIGAM locations. An automatic 

phase picking routine using Akaike information criteria (AIC) is developed for further 

phase picking.

Although earthquakes in Korea occur over the large area without any 

general consistency, multiple earthquakes occur at several regions. Six earthquake 

clusters were selected for earthquake relocation using JHD method. Distribution of 

station corrections indicates relatively low velocity is expected in southwestern 

Korea. In a few remote areas, including Jeju and other remote islands, station 

corrections are extremely positive or negative. The observations may indicate 

different geologic settings in islands from those in land. 

A few earthquake clusters are also relocated using HypoDD method. Select 

earthquake clusters are located in Youngwol region, 2004 East Sea earthquake 

region, 2006 East Sea earthquake region, and along the Yangsan fault system in 

Gyeongju area. The relationship between subsurface structure beneath the sea 

bottom and earthquake catalog locations in the 2006 East Sea earthquake cluster is 

not clear. Relocated earthquake hypocenters, however, indicate earthquakes in the 
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cluster occurred along the east-dipping normal fault beneath the ocean bottom.

Economic growth, industrialization and urbanization have made society more 

vulnerable then ever to seismic hazard in Korea. Although Korea has not 

experienced severe damage due to earthquakes during the last few decades, there is 

little doubt of the potential for large earthquakes in Korea as documented in the 

historical literature. As we see no immediate promise of short-term earthquake 

prediction with current science and technology, earthquake early warning systems 

attract more and more attention as a practical measure to mitigate damage from 

earthquakes. Earthquake early warning systems provide a few seconds to tens of 

seconds of warning time before the onset of strong ground shaking. To achieve 

rapid earthquake location, we propose to take full advantage of information from 

existing seismic networks; by using P wave arrival times at two nearest stations 

from the earthquake hypocenter and also information that P waves have not yet 

arrived at other stations. Ten earthquakes in the Korean peninsula and its vicinity 

are selected for the feasibility study. We observed that location results are not 

reliable when earthquakes occur outside of the seismic network. Earthquakes inside 

the seismic network, however, can be located very rapidly for the purpose of 

earthquake early warning. Seoul metropolitan area may secure 10 – 50 seconds of 

warning time before any strong shaking starts for certain events. Carefully 

orchestrated actions during the given warning time should be able to reduce hazard 

and mitigate damages due to potentially disastrous earthquakes.

V. Suggestions for Applications

Earthquakes in Korea peninsula and its vicinity are relocated to obtain better 

relative locations. Rapid earthquake location method for earthquake early warning is 

also reviewed for site-operation. Using relocation results as well as the focal 

mechanism of the 2006 Uljin offshore earthquakes reveal the rupture plane. Results 

of the study, can provide basic for the following studies.
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그림 3.1.1 기상청 지진관측망 현황 (2007년말 현재, 기상청 2007).
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그림 3.1.2 한국지질자원연구원 지진관측망 현황 (2008, 한국지질자원연구원)
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그림 3.2.3 기상청 발표 지진발생현황

그림 3.2.4 한국지질자원연구원 발표 지진발생현황
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그림 3.2.5 기상청과 한국지질자원연구원에서 공통으로 발표한 지진

인자의 기상청 지진발생현황
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그림 3.2.6 기상청과 한국지질자원연구원에서 공통으로 발표한 지진

인자의 지질자원연구원 지진발생현황

그림 3.2.7 기상청과 한국지질자원연구원에서 발표한 지진발생현황의 진앙위치 차이
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그림 3.2.8 기상청과 한국지질자원연구원에서 발표한 지진발생현황의 규모 차이
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그림 3.2.9 기상청과 한국지질자원연구원에서 지진위치 

결정을 위하여 사용하는 지각 및 상부맨틀에서의 지진파 

전달 속도모델
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그림 3.2.10 기상청 발표 1978-2007 지진발생 추이 (기상청 지진연보, 2008)
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그림 3.3.1 본 연구에서 결정한 지진 분포
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그림 3.3.2 기상청 발표 지진위치와 본 연구 SEL 지진위치 간의 차이
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그림 3.3.3 한국지질자원연구원 지진연구센터 발표 지진위치와 본 연구 SEL 지진위치 간의 

차이
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그림 3.3.4 한국지질자원연구원 지진연구센터 발표 진원깊이와 본 연구 SEL 진원깊이 간의 

차이 
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그림 3.3.5 한국지질자원연구원 지진연구센터 발표 진원시간과 본 연구 SEL 진원시간 간의

차이 
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그림 3.3.7 AIC picker를 이용한 지진파 초동 도착시간 측정의 예 
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그림 3.4.1 한반도 남부에서 발생한 지진 중 공간적으로 군집을 이루며 발생하는 지진군
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그림 3.4.2 P파 JHD station correction 

그림 3.4.3 지역적 속도 변화에 따른 관측소 보정
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그림 3.4.4 JHD 방법을 사용한 지진위치 재결정 G1 - map view

그림 3.4.5 JHD 방법을 사용한 지진위치 재결정 G1 - Cross sectional view
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그림 3.4.6 JHD 방법을 사용한 지진위치 재결정 G2 - map view

그림 3.4.7 JHD 방법을 사용한 지진위치 재결정 G2 - cross sectional view
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그림 3.4.8 JHD 방법을 사용한 지진위치 재결정 G3 - map view

그림 3.4.9 JHD 방법을 사용한 지진위치 재결정 G3 - cross sectional view
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그림 3.4.10 JHD 방법을 사용한 지진위치 재결정 G4 - map view

그림 3.4.11 JHD 방법을 사용한 지진위치 재결정 G4 - cross sectional view
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그림 3.4.12 JHD 방법을 사용한 지진위치 재결정 G5 - map view

그림 3.4.13 JHD 방법을 사용한 지진위치 재결정 G5 - cross sectional view
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그림 3.4.14 JHD 방법을 사용한 지진위치 재결정 G6 - cross sectional view

그림 3.4.15 JHD 방법을 사용한 지진위치 재결정 G6 - cross sectional view
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그림 3.5.1 본 연구의 SEL 지진위치. 2006년 4월 발생한 울진앞바다 지진의 진앙위치
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그림 3.5.2 2006년 울진 앞바다 지진의 재결정 결과
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그림 3.5.3 재결정된 2006년 울진 앞바다 군지진의 진원위치와 진원메커니즘 그리고 이를 

통한 해저 단층면 해석
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그림 3.5.4 파형의 유사성 및 시간차 측정
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그림 3.6.1 지진조기경보를 위한 지진발생위치 신속추정 방법
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그림 3.6.2 지진관측망 내부에서 발생한 지진의 신속진앙결정
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그림 3.6.3 지진관측망 외부에서 발생한 지진의 신속지진위치결정.
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그림 3.6.4 지진관측망 외부 해저에서 발생한 지진의 신속지진위치결정.
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번호 규모 발생년월일 진원시
진앙

위도 경도
1 5.3 1980. 01. 08 08:44:13.3 40.2 125.0
2 5.2 2004. 05. 29 19:14:24.0 36.8 130.2
3 5.2 1978. 09. 16 02:07:05.8 36.6 127.9
4 5.0 2003. 03. 30 20:10:52.8 37.8 123.7
5 5.0 1978. 10. 07 18:19:52.2 36.6 126.7
6 4.9 2003. 03. 23 05:38:41.0 35.0 124.6
7 4.9 1994. 07. 26 02:41:46.3 34.9 124.1
8 4.8 2007. 01. 20 20:56:53.0 37.7 128.6
9 4.8 1981. 04. 15 11:47:00.0 35.9 130.1
10 4.7 1982. 03. 01 00:28:02.1 37.2 129.8

그림 3.6.5 대규모 지진 발생시 확보 가능한 지진대비시간.

표 3.6.1 지진요소 (기상청, 2008) 
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제 4 장 목표달성도 및 관련분야에의 기여도
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제 5 장 연구개발결과의 활용계획
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