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Absolute Earthquake Location

Geiger’s Method

Assumption
Let the coordinates of the earthquake be (x , y , z ,T ), where x , y and z are the
spatial coordinates and T is the origin time.
Reference: 1. Geiger, L. (1912). Probability method for the determination of
earthquake epicenters from the arrival time only. Bull. St. Louis Univ, 8(1), 56-71.
program: HYPOLAYR, HYPO71, HYPO78-86,
HYPOELLIPSE,HYPOINVERSE,QUAKE3D.
https : //pubs.usgs.gov/of /1999/ofr − 99 − 0023/

res = tobserved − tpredicted

tpredicted = T +
1
c
√
(x − x0)2 + (y − y0)2 + (z − z0)2

−res =
∂t
∂x ∆x +

∂t
∂y ∆y +

∂t
∂z ∆z +∆T .
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Absolute Earthquake Location

Joint Epicentre Determination

∆t = ∆T +∆h∂T
∂h + x cosα

∂T
∂E − y sinα

∂T
∂E

∆t = ∆T +∆h∂T
∂h + x cosα

∂T
∂E − y sinα

∂T
∂E +∆S

Assumption
x , y ,∆h,∆T are the corrections to latitude, longitude, depth and origin time,
respectively. α is the azimuth to station. S is the difference between the observed
travel time and the travel time obtained from the travel time tables(taup).∑

S = 0. E is the epicenter distance.
Reference : Douglas, A. (1967). Joint epicentre determination. Nature,
215(5096), 47-48.

Qi Yingyu (Nanyang Technological University) An Introduction to Earthquake Location 4 / 28



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Absolute Earthquake Location

Joint Epicentre Determination

Qi Yingyu (Nanyang Technological University) An Introduction to Earthquake Location 5 / 28



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Absolute Earthquake Location

Joint Epicentre Determination

Qi Yingyu (Nanyang Technological University) An Introduction to Earthquake Location 6 / 28



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Absolute Earthquake Location

Joint Epicentre Determination

Qi Yingyu (Nanyang Technological University) An Introduction to Earthquake Location 7 / 28



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Absolute Earthquake Location

Joint Hypocenter Determination

JED and JHD
The only difference between single-event location and JHD is the occurrence in
the latter of a correction term for each of the N stations.
Reference : Pujol, J. (2000). Joint event locationthe JHD technique and
applications to data from local seismic networks. In Advances in seismic event
location (pp. 163-204). Springer, Dordrecht.
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Absolute Earthquake Location

Frohlich Simplification (1979)

Process
1 Locate each earthquake individually.
2 For the i-th station average the residuals for all the events.
3 Relocate the events using the average residuals as station corrections.
4 Optionally, iterate steps 1 − 3.

Reference : Frohlich, C. (1979). An efficient method for joint hypocenter
determination for large groups of earthquakes. Computers & Geosciences, 5(3-4),
387-389.
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Absolute Earthquake Location

Joint Inversion

3D joint inversion
x and α refer to the hypocenter location and velocity model parameters
respectively.
Reference : Crosson, R. S. (1976). Crustal structure modeling of earthquake
data: 1. Simultaneous least squares estimation of hypocenter and velocity
parameters. Journal of geophysical research, 81(17), 3036-3046.
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Outline

1 Absolute Earthquake Location

2 Relative Location Method
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Relative Location Method

The Arrival-Time Difference Method (ATD)

Assumption

AQk = f (H, ϕ, λ, h)Q

Earthquake Q, origin time H, latitude ϕ, longitude λ, focal depth h, seismic
station k.
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Relative Location Method

The Arrival-Time Difference Method (ATD)

Assumption

AQk = f (H, ϕ, λ, h)Q

Earthquake Q, origin time H, latitude ϕ, longitude λ, focal depth h, seismic
station k.
Reference : 1. Newcomb, S. (1906). A compendium of spherical astronomy
with its applications to the determination and reduction of positions of the fixed
stars. Macmillan.
2.Spence, W. (1980). Relative epicenter determination using P-wave arrival-time
differences. Bulletin of the Seismological Society of America, 70(1), 171-183.
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Relative Location Method

Double Difference

Double Difference

dr ij
k = (t i

k − t j
k)

obs − (t i
k − t j

k)
cal .

Reference : Waldhauser, F., Ellsworth, W. L. (2000). A double-difference
earthquake location algorithm: Method and application to the northern Hayward
fault, California. Bulletin of the Seismological Society of America, 90(6),
1353-1368.
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Relative Location Method

Double Difference Tomography

Reference : Zhang, H., Thurber, C. H. (2003). Double-difference tomography:
The method and its application to the Hayward fault, California. Bulletin of the
Seismological Society of America, 93(5), 1875-1889.
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Relative Location Method

Thank you!
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