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Implications of GPS-derived displacement, strain and stress rates
on the 2003 Miyagi-Hokubu earthquakes

2003 Miyagi-Hokubu (Japonya) depremleri için GPS’ten elde edilen yer
de¤ifltirme, birim deformasyon ve gerilme h›zlar›n›n de¤erlendirilmesi

Ömer AYDAN
Tokai University, Department of Marine Civil Engineering, Shizuoka, JAPAN

ABSTRACT

Earthquake prediction has been an important field of research for years and some earthquake prediction projects
such as the Tokai Earthquake Prediction Project in Japan and the Parkfield Earthquake Prediction Project in USA
have been recently undertaken to progress on short-term prediction. As also shown by the author, the stress ra-
tes derived from the GPS deformation rates can be effectively used to locate the areas with high seismic risk. Furt-
hermore, daily variations of derived strain-stress rates from dense GPS networks in Japan and USA may provide
a high quality data to understand the behaviour of the earth’s crust preceding earthquakes and also to predict the
occurrence time of earthquakes. In this study, the method proposed by Aydan (2000) is applied to the daily GPS
measurements in the northern part of Miyagi prefecture during the period between 1998 and 2003. Although the
responses of deformation velocities of stations obtained from the GPS are not generally consistent with the plate
tectonics model of the region, the regional strain and stress rates are in accordance with those expected from the
faulting mechanism of the earthquakes. It is shown that the mean, maximum shear and disturbing stress rates can
be quite useful for identifying the areas with high seismic risk in addition to tilting strains and associated stresses
obtained in this article. They may be further useful for near future (in the order of months) earthquake prediction.
However, they can not be used for the very near future (of the order of several hours to days) predictions unless
the precision of measurements is substantially improved.

Key Words: Earthquake prediction, faulting mechanism, finite element method, global positioning system, Miya-
gi-Hokubu earthquakes.

ÖZ

Deprem tahmini uzun y›llardan beri çok önemli bir araflt›rma alan› olup, Japonya’da Tokai Deprem Tahmini Proje-
si ve ABD’de Parkfield Deprem Tahmin Projesi bu amaç için yürütülen projelerin belli bafll›lar›d›r. Yazar›n daha ön-
ceki bir makalesinde (Aydan, 2000) gösterildi¤i gibi, GPS yerkabu¤u deformasyon ölçümlerinden elde edilen birim
deformasyon ve gerilme h›zlar›n› kullanarak deprem riskinin çok yüksek olabilece¤i alanlar›n saptanabilece¤i ka-
n›tlanm›flt›r. Japonya ve ABD’de yo¤un GPS a¤lar›ndan elde edilen günlük ölçümlerden birim deformasyon ve ge-
rilim h›zlar› deprem öncesi yerkabu¤unun davran›fl›n›n anlafl›lmas› ve deprem olufl zaman›n›n kestirimi aç›s›ndan
oldukça yararl› olacakt›r. Bu çal›flmada ise, Aydan (2000) taraf›ndan önerilen yöntem Japonya’da Miyagi vilayeti-
nin kuzey k›sm›nda 1998-2003 y›llar› aras›nda al›nan günlük ölçümlere uygulanm›flt›r. GPS ölçümlerinden elde
edilen deformasyonlar, bölgesel tektonik hareketlerle uyum içerisinde olmamakla birlikte, elde edilen birim defor-
masyon h›zlar› ile gerilim h›zlar› faylanma mekanizmas›ndan beklenenlerle uyum içerisindedir. Özellikle tan›mla-
nan ortalama, en büyük makaslama ve k›r›labilirlik gerilim h›zlar›n›n deprem riskinin yüksek oldu¤u alanlar›n sap-
tanmas›nda oldukça yararl› oldu¤u bir kez daha kan›tlanm›flt›r. GPS yönteminin yak›n gelecekte örne¤in hafta ve
ay mertebesinde deprem tahmininde kullan›labilir oldu¤una flüphe yoktur. Bununla birlikte, çok yak›n gelecekte
baflka bir deyiflle saat mertebesinde deprem tahminine uygulanabilir olabilmesi için ölçüm hassasiyetinin oldukça
artt›r›lmas› gerekmektedir.

Anahtar Kelimeler: Deprem tahmini, faylanma mekanizmas›, sonlu elemanlar yöntemi, küresel konumlama siste-
mi, Miyagi-Hokubu depremleri.
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INTRODUCTION 

Earthquake prediction has been an important fi-
eld of research for years, that resulted some
success on long-term and intermediate predicti-
on but short-time prediction is still unpredictab-
le. Thus, some earthquake prediction projects
such as the Tokai Earthquake Project in Japan
and the Parkfield Earthquake Project in USA
have been recently undertaken to progress on
short-term prediction. The recent Parkfield
earthquake on September 28, 2004 validated
the prediction methodology based on the recur-
rence concept.

If the stress state and the yielding characteris-
tics of the earth’s crust are known at a given ti-
me, one may be able to predict earthquakes
with the help of some mechanical, numerical
and instrumental tools. The stress rates derived
from the GPS deformation rates can be effecti-
vely used to locate the areas with high seismic
risk as proposed by Aydan et al. (2000). Thus,
daily variations of derived strain-stress rates
from dense continuously operating GPS net-
works in Japan and USA may provide a high qu-
ality data to understand the behaviour of the
earth’s crust preceding earthquakes. 

In this study, an interpolation technique of finite
element method proposed by Aydan (2000;
2003), which is briefly presented, is used to
compute the strain rates and consequently
stress rates in the plane tangent to the surface
of the earth’s crust from crustal deformations.
This method is then applied to the GPS measu-
rements in the Northern part of Miyagi Prefectu-
re, where recently large earthquakes with a
magnitude of 7.0 (May 26, 2003) and 6.2 (July
26, 2003) occurred. The stress rates for the
area in the close vicinity of the epicenter of M6.2
earthquake are computed and compared with
seismic activity, and their implications are dis-
cussed. In addition, the general tendency of de-
formation pattern obtained from the GPS me-
asurements are discussed with that expected
from the tectonic model of the prefecture. 

THE METHOD FOR COMPUTING
TANGENTIAL STRAIN AND STRESS RATES

The crustal strain rate components can be rela-
ted to the deformation rates at an observation

point (x, y, z) through the geometrical relations
(i.e. Eringen, 1980) as given below:

(1)
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GPS measurements can only provide the defor-
mation rates on the earth’s surface (x (EW) and
y (NS) directions) and it does not give any infor-
mation on deformation rates in the z direction
(radial direction). Therefore, it is impossible to
compute normal and shear strain rate compo-
nents in the vertical (radial) direction near the
earth’s surface. The strain rate components in
the plane tangential to the earth’s surface would
be ε

.
xx, ε

.
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.
xy. Additional strain rate compo-

nents γ
.
yz and γ

.
zx, which would be interpreted as

tilting strain rate in this study, are defined by
neglecting some components in order to make
the utilization of the third component of defor-
mation rates measured by GPS as follows:

(2)

Let us assume that the GPS stations re-arran-
ged in a manner so that a mesh is constituted
similar to the ones used in the finite element
method. Figure 1 illustrates a simple case for tri-
angular elements. Using the interpolation tech-
nique in the finite element method, the displace-
ment in a typical element may be given in the
following form for any chosen order of interpola-
tion function: 
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te vector of a given point in the element, shape
function and nodal displacement vector, respec-
tively. The order of shape function [N] can be
chosen depending upon the density of observa-
tion points. The use of linear interpolation func-
tions has been already presented elsewhere
(Aydan, 2000 and 2003). From equations (1),
(2) and (3), one can easily show that the follo-
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stress at the start of GPS measurement and the
increment from GPS-derived stress rate given
as:

(6)

If the previous stress {σ}0 is not known, a com-
parison for the identification of location of the
earthquake can not be done. The previous
stress state of the earth’s crust is generally unk-
nown. Therefore, Aydan et al. (2000) proposed
the use of maximum shear stress rate, mean
stress rate and disturbing stress for identifying
the potential locations of earthquakes. The ma-
ximum shear stress rate, mean stress rate and
disturbing stress rate are defined below:

(7)

Where β may be regarded as a friction coeffici-
ent. It should be noted that one (vertical) of the
principal stress rates is neglected in the above
equation since it can not be determined from
GPS measurements. The concentration locati-
ons of these quantities may be interpreted as
the likely locations of the earthquakes as they
imply the increase in disturbing stress. If the
mean stress has a tensile character and its va-
lue increases, it simply implies the reduction of
resistance of the crust. 

GPS NETWORK 

The GPS network of Japan, called GEONET, is
probably the most extensive network in the
world and is run by Japan Geographical Survey
Institute. In this study, the number of stations
was chosen as 6 and the area was divided into
5 elements as shown in Figure 2. The elements
are denoted as MIY_WAK_YAM, WAK_
ONA_YAM, ONA_OSH_YAM, OSH_RIF_YAM
and RIF_MIY_YAM with the use of first three
letters of the GPS stations in clock-wise. Yamo-
to station is the nearest station to the epicenter
of the July 26, 2003 earthquake. The area cho-
sen may be of great interest to understand the
near field displacement and stress rate variati-
ons in the close vicinity of the epicentres of
earthquakes. 
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wing relation holds among the components of
the strain rate tensor of a given element and
displacement rates at nodal points.

{ε
.
}=[B]{U

.
} (4)

Using the strain rate tensor determined from the
Eq. 4, the stress rate tensor can be computed
with use of a constitutive law such as Hooke’s
law for elastic materials, Newton’s law for visco-
us materials and Kelvin’s law for visco-elastic
materials (Aydan, 1997; Aydan and Nawrocki,
1998). In this particular study, Hooke’s law is
chosen and is written in the following form:

(5)

Where λ and µ are Lame’s constants, which are
generally assumed to be λ = µ = 30 GPa (Fow-
ler, 1990). It should be noted that the stress and
strain rates in Eq. (5) are for the plane tangenti-
al to the earth’s surface. From the computed
strain rate and stress rates, principal strain and
stress rates and their orientations may be easily
computed as an eigen value problem. 

To identify the locations of earthquakes, one
has to compare the stress state in the earth’s
crust at a given time with the yield criterion of
the crust. The stress state is the sum of the
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Figure 1. Coordinate system and the definition of
displacement rates for a triangular element.

fiekil 1. Koordinat sistemi ve bir üçgen eleman için
yer de¤ifltirme h›zlar›n›n tan›m›.
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Figure 2. Seismicity map of the Nahanni fault zone for aftershocks with M>1.7 between July 26, 2003 and Sep-
tember 22, 2003 (GPS stations and configuration of GPS mesh and a cross-section for aftershocks thro-
ugh the A-B) (after Öncel and Aydan, 2003).

fiekil 2. Eylül 22, 2002 ile Temmuz 26, 2003 tarihleri aras›nda M>1.7’den büyük artç› depremlerin da¤›l›m› (GPS
istasyonlar› ve kullan›lan GPS a¤› ve A-B dorultusu boyunca artç›lar›n izdüflümü) (Öncel ve Aydan 2003’-
ten).
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as noted in the figure. When rock approaches to
failure, the axial strain starts to increase very ra-
pidly. 

Next, an experimental result for the response of
a tuff sample subjected to a uniaxial compressi-

CHARACTERISTICS OF THE MIYAGI
EARTHQUAKE OF JULY 26, 2003

A series of earthquakes occurred in the nort-
hern part of Miyagi Prefecture of Japan on July
26, 2003 and these are officially named as Mi-
yagi-Hokubu earthquakes. Table 1 gives the pa-
rameters of fault planes for largest foreshock
and aftershock of the July 26 event. Figure 3
shows the faulting mechanism obtained by NI-
ED and the normalised principal stresses asso-
ciated with the earthquake inferred from the fo-
cal plane solutions using the author’s method
(Aydan et al., 2002). The faulting mechanism of
the earthquake was caused mainly by a blind
thrust fault with an almost NS strike and dipping
towards west with an inclination of 30o- 45o The
maximum horizontal stress acts in the direction
of N83W and the least principal stress is almost
vertical. The earthquakes with magnitudes of
7.0 and 5.5 occurred on May 26 and July 26,
2003, respectively, had quite similar faulting
mechanisms. Fault planes for largest foreshock,
aftershock and mainshock are also shown in Fi-
gure 3.

PHYSICAL BACKGROUND FOR
INTERPRETATION OF MEASURED GPS
RESPONSES

Some rock mechanics laboratory tests and a
numerical simulation of thrust faulting are desc-
ribed in this section in order to have some
physical background for the interpretation of va-
riables obtained from GPS measurements.
Firstly, axial stress and axial strain responses
measured during a compression test on a gyp-
sum sample from Turkey is shown in Figure 4
(Aydan et al. 2003). The sample was subjected
to a very complex loading history. The rock be-
haves elastically when the response is linear.
However, if some fracturing starts to take place
in the sample, the behaviour is no longer linear
and some plastic strains occur upon unloading

Table 1. Orientation of fault planes and model rupture parameters.
Çizelge 1. Fay düzlemlerinin  e¤imi, e¤im yönü ve deprem parametreleri.

Event Strike Dip Rake L W
M0

Fault model Location(xE17)
reference degree(km) (km)

N-m

7/25/2003 197 49 86 18 12 1.2 ERI 38.43N/141.17E
7/26/2003 201 42 102 18 15 14 ERI 38.40N/141.20E
7/26/2003 126 27 112 12 15 0.71 ERI 38.50N/141.20E

Figure 3. (a) Focal plane solution of July 26 Mj6.2
earthquake and (b) its associated stress fi-
eld.

fiekil 3. (a) Temmuz 26 Mj6.2 depreminin faylanma
mekanizmas› ve (b) iliflkin gerilme ortam›.
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ve creep loading is shown in Figure 5 (Aydan et
al., 1999). As seen in the figure, the axial strain
shows an accelerating creep response and the
rock sample fails following the linear creep sta-
ge. As noted in the results of the previous and
this experiments, the failure is always associ-
ated with an accelerating strain or deformation
response. 

It is also known that the stick-slip tests have so-
me relevance to the behaviour of earthquake fa-
ults (Jaeger and Cook, 1979). Figure 6a shows
an example of a stick-slip experiment on a saw-
cut surface of Ryukyu limestone blocks from Ja-
pan (Tokashiki and Aydan, 2003). It is of great
interest that the stick-phase of deformation ex-
hibits a linear deformation response and the slip
behaviour is distinguished with a sharp offset of
deformation. Figure 6b shows a close-up view
of the response during the second slip event. As

noted from the figure, the linear deformation
response in stick phase tends to deviate from
the linear behaviour before the slip. In other
words, the velocity was no longer constant and
it fluctuated before the slip took place. 

As the faulting mechanisms of the Miyagi earth-
quakes were mainly thrust faulting, numerical
simulations carried out by Aydan (2002) on the
deformation responses of the faults during
thrust faulting using Discrete Finite Element
Method (DFEM) are referred herein to have so-
me ideas on the expected ground deformations
before, during and after the earthquake. Figure
7 shows the boundary conditions imposed on

Figure 4. Mechanical responses of gypsum rock
sample during uniaxial compression.

fiekil 4. Türkiye’den bir jips örne¤inin tek eksenli s›-
k›flma deneyi s›ras›ndaki mekanik davran›-
fl›.

Figure 5. Creep response of Ürgüp (Turkey) tuff.
fiekil 5. Ürgüp (Türkiye) tüfünün krip davran›fl›.

Figure 6. Stick-slip response of saw-cut Ryukyu (Ja-
pan) limestone blocks.

fiekil 6. Ryukyu (Japonya) kireçtafl› bloklar›n›n kesik
arayüzeyinin yap›flma-kayma davran›fl›.

Figure 7. Finite element mesh used in DFEM analy-
sis.

fiekil 7. DFEM analizinde kullan›lan sonlu elemanlar
a¤› ve s›n›r koflullar›.

(a)

(b)
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tic displacement is subtracted from the displa-
cement responses, and the resulting displace-
ment is normalised by the forced displacement
at the boundary. The normalised horizontal
displacements of control points on the footwall
decrease, while those of control points on the
hanging wall increase as the fracture propagati-
on progresses. Similar responses are also ob-
served for the normalised vertical displacement
of control points. The variation in displacements
of the control points far from the fault plane is
gradual while those of control points nearby the
fault plane are sharp during the propagation of
the fault. The tilting strain perpendicular to the
strike of the fault decreases gradually as the
compressed body is released from the forced
displacement field. 

the numerical faulting model. The numerical fa-
ult model was subjected to forced displace-
ments of 100 mm horizontally and vertically
along the vertical and horizontal boundaries of
hanging wall side of the fault plane. In the same
figure, four control points on the ground surface
are selected. Figure 8 shows deformed configu-
rations for different steps of the computation,
which may be viewed as a fictious time step.
The first step corresponds the elastic response
of the model. As noted from the figure, the gro-
und surface is tilted and the whole body is
compressed horizontally. However, once the fa-
ult starts to rupture near the lower boundary, the
compressed footwall of the fault is relaxed and
relative sliding starts to take place along the fa-
ult. Figure 9 shows the displacement responses
of points on the hanging wall and footwalls fol-
lowing the initial elastic displacement. The elas-

Figure 8. Deformed configurations during various
computation steps.

fiekil 8. De¤iflik hesaplama aflamalar›nda yerde¤ifltir-
me durumlar›.

Figure 9. Responses of control points on the footwall,
hanging wall and tilting strain.

fiekil 9. Taban ve tavan bloklar›ndaki kontrol noktala-
r›n›n yerde¤ifltirme davran›fl› ve e¤ilme birim
deformasyonu.
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GPS MEASUREMENTS AND THEIR
EVALUATION

Displacement Rates

The expected deformation pattern for the faul-
ting mechanism from the previous two-dimensi-
onal analysis implies that there should be cont-
raction along perpendicular (EW direction) to
the strike of the fault and the extension parallel
to the fault strike (NS direction) due to Poisson
effect. As for the vertical motion, the east side of
the fault (denoted B in Figure 2) should be mo-
ving downward while the motion of its west side
should be upward. 

Figure 10 shows the displacement rates for Os-
hika GPS station versus time. The displacement
rates presented in this study are obtained by
subtracting the global coordinates of GPS stati-
ons with respect to those on the 1st january of
1998. The right vertical axis is defined as MRI
=M x 100 / R, in which M is magnitude, R is
hypocenter distance (km). The index MRI may
be an indicator of the effect of earthquakes on
the region. In Figure 10, there are two time se-
ries plots of the deformation rates; one is for an
uncorrected plot and the other is an corrected
plot. The offsets in displacement rates of all sta-
tions were observed in December 2002. Nevert-
heless, there was no significant earthquake in
the region within a radius of 500 km or worldwi-
de during that period. If the measured GPS da-
ta are reliable, these should be corresponding
to some silent crustal movements. However, the
author have recently found out that these off-
sets were due to the antenna replacement of
the GPS stations in the region in December
2002. Therefore, some corrections were done
on the time series plot of the displacement rates
for all GPS stations by taking into account the
general trend of before and after the antenna
replacement. 

Figure 11 shows the time series plots of the cor-
rected displacement rates for all GPS stations.
Rifu and Miyagi-Taiwa stations on the hanging-
wall of the causative fault while Oshika and
Onagawa GPS stations are on its foot-wall
block. Wakuya GPS station is almost at the
north tip of the causative fault, while Yamoto
GPS station is just on the fault. It is noted that
there are some sinusoidal year-long fluctuations
of the displacement rates. These fluctuations
are due to the deformation of the earth due to its
motion around the sun. The displacement rates
of Yamoto and Oshika stations are the most stri-
king ones and these stations move in the direc-
tion of SE after the beginning of 2003 while they
subside as expected from the fault deformation
before the release of stored mechanical energy
by the earthquake. On the other hand, the rest
of other GPS stations moves NW while they are
uplifted. The deformation responses after the
beginning of 2003 are similar to those in the ac-
celerating stage of creep tests as discussed in
the previous section.

Figure 10. Uncorrected and corrected time series of
displacement rates of Oshika GPS station. 

fiekil 10. Oshika GPS istasyonunda düzeltilmemifl ve
düzeltilmifl yerde¤ifltirme miktar›n›n zamana
ba¤l› de¤iflimi.
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sappeared in the computed strain rates. In other
words, if the strain rate concept is used, there is
no need to consider the displacement compo-
nent of the earth’s crust due to the year-long
motion of the earth around the sun. 

The strain rate components of Yamoto-Rifu-Os-
hika element indicates a visible linear strain ra-
te variation with time while strain variations of
other GPS elements are not distinct at all. The
strain rate high strain variations of Yamoto-Rifu-
Oshika element become more apparent in Oc-
tober 2002. The epicenter of the main shock
was located within this element. However, the
strain rate components of the elements of Ya-
moto-Oshika-Onagawa, Yamoto-Onagawa-Wa-
kuya and Yamoto–Wakuya-Miyagi-Taiwa star-
ted to change remarkably at the beginning of

Strain Rates 

The interpretation of deformation velocity com-
ponents of GPS stations becomes meaningless
when they are considered individually. Therefo-
re, the utilization of strain and stress rates is
more meaningful as they are the indicators of
the distribution of regional straining. The sign
convention for strain rate tensor follows that of
the continuum mechanics. Therefore, maximum
principal stress rate has either an extensional
character or the least compressive strain while
minimum principal strain rate is vice versa. Fi-
gure 12 shows the maximum (tensile), minimum
(compression) and maximum shear strains of
each GPS element with time. It is of great inte-
rest that the year-long sinusoidal fluctuations
observed in displacement responses almost di-

Figure 11. Corrected time series of displacement ra-
tes of all GPS stations.

fiekil 11. Bütün GPS istasyonunda düzeltilmifl yerde-
¤ifltirme miktar›n›n zamana ba¤l› de¤iflimi.

Figure 12. Time series of minimum, maximum princi-
pal and maximum shear strain rates of GPS
elements.

fiekil 12. Bütün GPS elemanlar›n›n en büyük, en kü-
çük asal ve en büyük makaslama birim de-
formasyonlar›n›n zamana ba¤l› de¤iflimi.



100 Yerbilimleri

May, 2003 and after M7.0 of Kinkazan earthqu-
ake on May 26, 2003, the strain rates of these
element became greater with time. The high ra-
te of variations after the M7.0 earthquake resul-
ted in a series of earthquakes on July 26, 2003,
called Miyagi-Hokubu earthquakes. As noted
from the figure, extensional strain rates are lar-
ger than compressive strain rates. It is also no-
ted that the maximum shear strain rates may be
a good indicator of regional straining. 

Figure 13 shows the tilting strain rates for all
GPS elements. Since the element of Yamoto-
Rifu-Oshika spans over both sides of the fault,
the tilting strain components of this element are
smaller than those of other elements. The tilting
strain components of Yamoto-Onagawa-Waku-
ya and Yamoto-Wakuya-Miyagi-Taiwa are gre-
ater than those of other GPS elements. All stra-
in rate components resemble accelerating cre-
ep strain responses particularly after the begin-
ning of 2003. The strain rates are particularly
accelerated following the M7.0 Kinkazan earth-
quake. 

Stress Rates 

First maximum and minimum principal stress ra-
tes and shear stress rate associated with tilting

strains are shown in Figure 14. The sign con-
vention for stress rate tensor follows that of the
continuum mechanics. Therefore, maximum
principal stress rate has either a tensile charac-
ter or the least compressive stress while mini-
mum principal stress rate is vice versa. The lar-
gest compressive stress rates occur almost in
EW direction while the least compressive or ten-
sile stress rates are aligned along NS direction.
It is of great interest that a regional unloading
occur before the earthquake since the maxi-
mum principal stress rate, which is of tensile
character, increases while the minimum princi-
pal stress rate is almost constant. The time of
remarkable variations are the same those sta-
ted for strain rates. The shear stress rates asso-
ciated with tilting strains also indicate remarkab-
le changes after the beginning of 2003. 

Figure 13. Time series of tilting strain rates of GPS
elements.

fiekil 13. E¤ilme birim deformasyonlar›n›n zamana
ba¤l› de¤iflimi.

Figure 14. Time series of maximum, minimum princi-
pal stresses and shear stress associated
with tilting strain rates of GPS elements.

fiekil 14. En büyük, en küçük asal ve e¤ilme makas-
lama gerilmelerinin zamana ba¤l› de¤iflimi.
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2003. The high rate of variations continued after
the M7.0 earthquake and resulted in July 26,
2003 Miyagi-Hokubu earthquakes. As noted
from the figure, the variations of disturbing
stress rates are greater than those of mean and
maximum shear stress rates. This may indicate
that the disturbing stress rate may be a good in-
dicator of regional stress variations and precur-
sors of following earthquakes. 

As noted from Figure 15, large changes in me-
an, maximum shear and disturbing stress rates
are observed following the M7.0 earthquake.
Very large variations observed in computed
stress rate components stations of all elements
was first observed on February 26, May 26 and
June 26. These events almost correspond to
the moon phase and moon distance relative to
the Earth as seen in Figure 16.

CONCLUSIONS 

In this study, the principles of a method for the
computation of strain and stress rates in a pla-
ne tangential to the earth’s surface from GPS
measurements are briefly presented. This met-
hod is then applied to the GPS measurements
in the northern part of Miyagi Prefecture betwe-
en 1998 and 2003. Although the response of
deformation rates of the stations obtained from
GPS measurements are not generally consis-
tent with the plate tectonics model of the region,
the regional strain and stress rates are in accor-
dance with those expected from the faulting
mechanism of the earthquakes. 

As seen in the previous applications to the GPS
measurement in Turkey (Aydan et al. 2000, Ay-
dan 2003), the mean, maximum shear and dis-
turbing stress rates can be quite useful for iden-

Aydan et al. (2000) found better correlations
among the stress rates given by Eq. (7) and
earthquake occurrences. The characters of me-
an, maximum shear and disturbing stress rates
have certain meanings for the interpretation of
faulting mechanism and seismic risk of the regi-
ons. The mean, maximum and disturbing stress
rates are computed and results are shown in Fi-
gure 15, using the stress rate definitions given
by Eq. (7). 

The stress rate components of Yamoto-Rifu-
Oshika element indicates that remarkable
stress variations started in October 2002 as no-
ted in the previous sub-sections. However, the
strain rate components of the elements of Ya-
moto-Oshika-Onagawa, Yamoto-Onagawa-
Wakuya and Yamoto-Wakuya-Miyagi-Taiwa
started to change remarkably at the beginning
of May, 2003 about 1 month before the M7.0
Kinkazan earthquake that occurred on May 26,

Figure 15. Time series of mean, maximum shear and
disturbing stress rates of GPS elements.

fiekil 15. Ortalama, en büyük ve e¤ilme makaslama
gerilmelerinin zamana ba¤l› de¤iflimi.

Figure 16. The variation of moon-distance and moon-
phase between April 20 and August 7, 2003.

fiekil 16. 2003 y›l›nda Nisan 20 ile A¤ustos 7 aras›n-
da ay›n uzakl›¤› ve durum de¤iflimi.
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tifying the areas with a high seismic risk. They
may be further useful for near future (in the or-
der of months) earthquake prediction. However,
they can not be used for very near future predic-
tions, say, in the order of several hours to days
unless their sensitivity of measurements is
substantially improved. Furthermore, the chan-
ging antenna and some artificial causes such as
the releasing correct information on the exact
positions of satellites operated by USA (i.e. off-
sets during Iraq war) may cause some undesi-
rable offsets. If the earthquake predictions utili-
ze GPS measurements, such offsets may result
in false alerts. 
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