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ABSTRACT. The study deals with the analysis of the evolution of seismicity and inner crustal movements in Taiwan 
over the past 10 years. The primary data sources included time series generated from permanent GPS observations, the 
earthquake catalog, and the location of the main tectonic structures. Horizontal displacement vectors of GPS stations 
were determined for each day, relative to the initial epoch. An inner reference system was used in the absence of general 
area motion defined in the global coordinate system. An animation video was made for synoptic analysis of the evolution 
of internally generated seismic and tectonic motions. It is shown that the majority of strong M≥6 earthquakes occurred 
within the boundaries of the inner crustal movement deficit zones or thereon. This allows us to consider such high-
strength crustal areas as prognostic signs of earthquakes. They are revealed by GPS observations over several years and 
destroyed by strong seismic events, as well as by large groups of moderate and weak earthquakes. By 2024, on the island 
there was formed an east-to-west elongated high-strength zone. It connects the place of convergence of the Ryukyu and 
Manila trenches with the insular land. It can be assumed that this area marks a zone of high seismic-generating stresses, 
which is important to take into account in further assessment of seismic hazard.
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1. INTRODUCTION
The Island of Taiwan is located in the area of complex 

tectonic setting where the Eurasian and the Philippine 
global tectonic plates interact with each other. It marks 
the collision zone of the wedge-shaped protrusion of the 
Philippine Plate, with its northern edge submerging under 
the Eurasian Plate and its western edge simultaneous-
ly creeping thereon. This serves as a mountain building 
mechanism therein and as a mechanism of size enlarge-
ment of the island as a whole [Malavieille et al., 2019; Sun 
et al., 2015]. The rate of convergence of the Philippine and 
Eurasian plates in this area is rather high: reaching ~7– 
9 cm per year [Yu et al., 1997; Sella et al., 2002].

The highest seismic activity in the region is character-
istic of the subduction zone of the Philippine Plate, formed 
by the Ryukyu Trench and the underwater tectonic land-
forms next to it. A 8.0-magnitude underwater mega-earth-
quake occurred there in 1920. On land, the highest seismic 
activity occurs in the Longitudinal Valley Fault Zone run-
ning parallel to the eastern coast of the island. It was pre-
cisely the area of junction between the Ryukyu Trench and 
the northern end of the Longitudinal Valley near the City 
of Hualien that experienced a MW=7.4 earthquake – one of 
the most destructive earthquakes in recent decades – in 
April 2024. This event claimed more than a thousand lives. 
The analysis of the 2024 Hualien earthquake consequenc-
es in terms of damage to buildings and engineering struc-
tures, socio-economic consequences and sustainable de-
velopment strategies is presented in [Kanwal, 2024]. The 
scale of landslide processes caused by this strongest event 
is considered in [Chang et al., 2024]. Coseismic movements 
and crustal deformations induced by the 2024 Hualien 
earthquake are considered in [Tang et al., 2024].

Today it is believed that the lack of displacement on 
either side of a seismogenic tectonic fault (slip deficit) 
indicates the accumulation of elastic stresses, the release 
of which leads to an earthquake. GPS monitoring of active 
faults is sometimes not detailed or thorough enough due 
to the insufficient density of observation stations. But it 
allows us to identify some of the least mobile areas well 
in advance of a seismic event, usually in its future epicen-
ter. These are areas the inner crustal displacement deficit 
[Gvishiani et al., 2020].

This is an insufficiency (small value) of the module of 
the earth’s surface displacement vector, determined in the 
internal reference system [Kaftan, Tatarinov, 2021]. Its 
critical (minimum) value is usually close to the accuracy 
of determination (coordinate difference) of displacements 
~1 cm. The internal reference system for displacements is 
a reference system which excludes any external movement. 
The vectors of internal displacements are determined in 
relation to the center of their statistical distribution. This 
reveals the mutual movements that contribute to the oc-
currence of seismogenic stresses and destruction.

Such areas were retrospectively identified many times 
in connection with strong earthquakes in different regions 
of the world. For example, in the case of the Ridgecrest 
earthquake, California, USA (2019, M7.1) [Kaftan, 2021а], 

such a low-mobility zone covered an area stretching along 
the contact boundary between the Pacific and North Ameri-
can plates. Prior to the Kumamoto earthquake, Japan (2016, 
M7.3) [Kaftan et al., 2022], and Van earthquake, Turkey 
(2011, M7.2) [Kaftan et al., 2021], there were found quasi- 
circular areas of minimum horizontal displacements. Sev-
eral strong New Zealand earthquakes of 2010–2016 oc-
curred in concentrated minimum displacement zones and 
adjacent areas [Kaftan et al., 2024a]. Before the devastat-
ing M7.5–7.8 Karamanmaraş earthquakes of 2023, Turkey, 
the area of displacement deficit covered the epicentral 
zones of the main shocks and aftershocks [Dokukin et al., 
2023a].

These results, along with the aforementioned cata-
strophic seismic event of 2024, served as a reason for the 
study of the evolution of the inner crustal displacement 
deficit region in in the Island of Taiwan, as a continuation 
of the general study cycle based on the science of how the 
displacement deficit is related to strong earthquakes.

The objectives of this study were the GPS data acqui-
sition and preparation, estimating and plotting the distri-
bution of the accumulated inner crustal displacements in 
Taiwan, visualizing the kinematics of the seismic deforma-
tion process, and studying the spatiotemporal coordina-
tion between the crustal movements and seismicity.

The main objective of the study was to assess the pos-
sibility of predicting the places for future strong seismic 
events based on the long-term GPS observation results.

2. DATA AND METHOD
There was performed a time series analysis of coordi-

nates of permanent GPS stations obtained from the web re-
source of the Nevada Geodetic Laboratory (http://geodesy. 
unr.edu/index.php). This involved the final mathematical 
processing results which provide subcentimeter accuracy 
of coordinate determination from daily observations. Use 
has been made of GIPSY OASIS II software from the Jet Pro-
pulsion Laboratory (JPL). The data processing strategy lies 
in the use of Precise Point Positioning (PPP) as a processing 
mode with JPL precise satellite ephemerides, clock correc-
tions, and other characteristics [Blewit et al., 2018].

For the purposes of deformation analysis, there was 
deployed a network of GPS stations presented in Fig. 1 and  
2. The total number of selected stations was 96. Fig. 1, 
2 also show the main tectonic structures and epicenters 
of the strongest earthquakes that occurred from 2014 to 
2024.

The analysis used the data on tectonic faults obtained 
from the website (https://blogs.openquake.org/hazard/
global-active-fault-viewer/) and publications [Galgana et 
al., 2007; Lemenkova, 2021; Malavieille et al., 2019].

The M>2.5 earthquake catalog was obtained from the 
National Earthquake Information Center (NEIC) website 
(https://earthquake.usgs.gov/earthquakes/search/).

The strongest seismic events during the study period 
are presented in Table 1.

According to statistics, 3927 earthquakes with M>6 oc-
curred on Earth from 1992 to 2013. This averaged 178.5 
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Fig. 1. Territorial location of the study region, GPS network and main tectonic elements (after [Galgana et al., 2007; Lemenkova, 2021]).
1 – onland area; 2 – deep-sea trenches; 3 – GPS stations; 4 – direction of movement of the Philippine plate. The green rectangle high-
lights the main GPS network, shown in Fig. 2.

Table 1. Strongest earthquakes (М>6) of the study area from 2014 to 2024

No Date, time City/Place Latitude, degree Longitude, degree Depth, m Magnitude
1 2014-12-10 21:03:39.260 77 km NE of Jiufen 25.5403 122.4503 256 6.1

2 2015-02-13 20:06:32.330 Philippine Sea 22.6374 121.427 30 6.2

3 2015-04-20 01:42:58.380 Yilan 24.2026 122.3158 29 6.4

4 2015-04-20 12:00:00.070 Philippine Sea 24.0851 122.453 29 6.0

5 2015-04-20 11:45:13.440 Philippine Sea 24.0471 122.4532 29 6.1

6 2016-02-05 19:57:27.380 Tainan, Kaohsiung 22.9375 120.6014 23 6.4

7 2016-05-31 05:23:47.310 Philippine Sea 25.5615 122.5458 246.4 6.4

8 2018-02-04 13:56:41.950 Hualien 24.1572 121.7078 12 6.1

9 2018-02-06 15:50:43.320 Hualien 24.1338 121.6586 17 6.4

10 2019-04-18 05:01:06.493 Hualien 24.0374 121.6501 20 6.1

11 2020-12-10 13:19:58.682 Philippine Sea 24.7818 122.0243 71 6.1

12 2021-10-24 05:11:34.230 Yilan 24.5108 121.8314 69 6.2

13 2022-01-03 09:46:35.767 Hualien/Philippine Sea 24.0079 122.2592 19 6.2

14 2022-03-22 17:41:38.584 Taitung 23.3839 121.6118 24 6.7

15 2022-05-09 06:23:02.067 Philippine Sea 24.0406 122.4888 21 6.2

16 2022-09-17 13:41:17.890 Taitung 23.1191 121.4138 10 6.5

17 2022-09-18 06:44:13.846 Taitung 23.138 121.3439 10 6.9

18 2024-04-02 23:58:11.228 Hualien 23.819 121.5616 34.75 7.4

19 2024-04-03 00:11:25.327 Hualien 24.0639 121.6717 12.564 6.4
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Fig. 2. GPS network on the insular territory, main tectonic dislocations, strong earthquakes with magnitudes: 1 – M≥7; 2 – 7>M≥6; 3 – 
GPS stations; 4 – tectonic dislocations; 5 – coastline.

earthquakes per year [Poygina et al., 2020]. For about a 
decade, the Taiwan region experienced 19 strong M>6.0 
earthquakes (measured qualitatively on Richter scale) and 
173 moderate seismic events including destructive ones. 
This indicates a high level of seismic activity therein. A 
similar situation took place in New Zealand from 2010 to 
2016, when there occurred 11 strong earthquakes with 
M>6 [Kaftan et al., 2024a].

To identify places of minimal displacements, we calcu-
lated the horizontal displacements Un and Ue of GPS sta-
tions as the difference between the horizontal coordinates 
n and e in the Universal Transvers Mercator – UTM carto-
graphic projection – for each observation date relative to 
the initial epoch T0:

U n n U e en i e ii i
= − = −

0 0
, ,  (1)

where index i denotes the current measurement epoch. In 
this way we obtain the station displacements in the stan-
dard global coordinate reference system ITRF14. These dis-
placements demonstrate mainly the movements of global 
tectonic plates. This makes it difficult to assess the move-
ments associated with local deformation sources. To re-
duce this effect, it is useful to represent the displacements 
in a local (internal) coordinate reference system. Seismic 
rupture and accumulation of elastic energy in the earth-
quake source are caused by local processes, so it would be 
reasonable to disregard the unidirectional global move-
ments of the studied area.

Geodetic studies to obtain inner coordinate reference 
systems, uninfluenced by external factors, are presented in 
[Grafarend, Schaffrin, 1974; Welsch, 1979].

1 2 3 4 5

25°
N

24°

23°

22°

120° E 121° 122°

East China Sea

Philippine Sea

Eurasian Plate

Philippine Plate

M
an

ila
 tr

en
ch

L
u
zo

n
 a

rc

Ryukyu arc

Ryukyu trench

Okinawa trough

Nanao forearc

Ryukyuaccretionary wedge

L
o
n
g
itu

d
in

a
l V

a
lle

y 
fa

u
lts

M6.1

Keelung

New Taipei City
Taipei

Taoyuan

Hsinchu

Miaoli

Yilan

M6.1

M6.2

M6.4

M6.2

M6.0

M6.1
M6.2

M6.1
M6.4

M6.4

M7.4

Hualien
M6.1

Taichung
Changhua

Nantou
Yuanlin

Taibao

Douliu TAIWAN

M6.7

M6.5
M6.9

Puzi Chiayi

Tainan M6.4

M6.2

Kaohsiung
Pingtung

Taitung
Lutao

Chenggong

Lunyu

https://www.gt-crust.ru


https://www.gt-crust.ru 5

Geodynamics & Tectonophysics 2025 Volume 16 Issue 1Kaftan V.I. et al.: Evolution of Inner Crustal Displacement...

The total number of GPS sites of the local control net-
work is represented by a mechanical system. According 
to the theorem of classical mechanics concerning the mo-
tion of the center of mass (inertia), the acceleration of the 
center of inertia does not depend on internal force inter-
actions. The acceleration a of a set of material points n of 
a mechanical system is represented by the formula:

ma F fi i
i

i
i

i k
ki






∑ ∑ ∑∑= + , ,  (2)

where mi – mass of a material point, 


Fi  – vector of an ex-
ternal force, 



fi k,  – vector of force of internal pairwise point 
interaction, i, k – current point indexes.

The vectors of external forces therewith are applied to 
the center of inertia of the mechanical system. The gen-
eral motion of the mechanical system in the coordinate 
reference system is determined by the sum of external 
forces and does not depend on the forces of internal in-
teraction of the elements of the mechanical system. By 
Newton’s third law, the sum of the internal interaction 
forces (the second term of formula (2)) is equal to zero. 
Consequently, the sum of the mutual velocities of all pairs 
of material points of the system is also zero. This condition 
is met by the average of all motion velocity vectors in the 
global coordinate reference system after subtructing the 
vector of general motion of the mechanical system.

In our case, inner displacements (movements) can easily 
be obtained by subtracting the average value Ū from each 
displacement Uj defined in the global reference system. 
Thus, we obtain a reference frame for inner displacements 
(or displacement rates) according to the no net rotation/
translation principle.

u U U u U Un n n e e ej j j j
= − = −, ,  (3)

where index j is the ordinal number of the GPS site.
This approach allows us to detect more or less mobile 

sections of the earth’s crust which we associate with places 
of low or high strength within the study area. This is done 
through analyzing the distribution of the modulus of the 
inner displacement vector (3):

ds u un ej j
= +2 2

.  (4)

These characteristics were calculated based on the ac-
cumulated displacements for each station at each moment 
of recording. When the GPS station temporarily stopped 
recording for technical reasons, the displacement values 
for these intervals were obtained using Hermite spline in-
terpolation. These values served as a basis for the digital 
and then for the graphical modeling of spatial distribution 
of displacements.

Let us try to quantify the proposed characteristic. Note 
that it is an analogue of the already well-known concept of 
slip deficit and/or slow fault slip in seismotectonics. This 
characteristic can be responsible for the behavior of a cer-
tain fault only if it is sufficiently covered by the GPS ob-
servation network. In most cases, nationally standardized 
network permanent GPS stations are spaced approximate-
ly 8–10 km or more apart. Therefore, our characteristic 

does not provide a thorough control over the behavior of a 
certain fault, but describes a small (insufficient in relation 
to the average) level of movement in a large area of the 
observation network coverage.

We base our assessment on the accuracy of continuous 
GPS-based positioning. The manufacturers of geodetic GPS 
receivers claim that the standard error measurement is 
σ=3+Da, where a is the coefficient of accuracy decreasing 
with the increase in distance D. At a distance of approxi-
mately 8–10 km from each other, a plausible estimate would 
be σ=mn,e=~5 mm. Note that the accuracy of satellite mea-
surements does not remain constant due to the influence 
of many external factors. According to the Gaussian error 
theory, the standard error of measurement difference for 
each coordinate would be 7 mm.

The final characteristic (4) is based on the formula for 
the standard two-measurement function error:

m S
u
m S

u
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u

e
un ed

2 2 2=
∂
∂

+
∂
∂

( ) ( ) .  (5)

Partial derivatives of function (4) with respect to each 
of the arguments

∂
∂
=

∂
∂
=

S
u

u
S

S
u

u
Sn

n

e

e

d d
, 

represent cosA and sinA, where A is the azimuth of the hori-
zontal displacement vector, respectively.

Assuming equal performance of determination of dis-
placement in each coordinate, the final formula for the stan-
dard error takes the form m A A m mS u ud

2 2 2 2 2
2 2= + =(cos sin ) , 

yielding 𝑚𝛿𝑆=10 mm.
To ensure that a random error falls within a given inter-

val with a probability of 99.73 %, there was applied the three 
sigma rule, as a result of which the interval δS<30 mm was 
obtaied for the minimum modulus of the vector (deficit) of 
displacements.

This estimate was made for single coordinate difference 
and is conditional. Taking into account higher movement 
rates, the accumulated displacement deficit will be com-
prised of larger values close to each other.

3. RESULTS
Using the described method, there were obtained the 

frames of displacement deficit fields, combined into syn-
optic animation. Use has been made of digital information 
on the spatial position of tectonic faults and epicenters of 
M>2.5 earthquakes.

The study of evolution of spatiotemporal changes in the 
movements and deformations of the earth’s crust with the 
use of kinematic animation models shows behaviorial sim-
ilarity of meteorological and hydrological processes with 
the crustal processes acceleratively represented in vision. 
The earth’s surface experiences the occurrence of wave and 
vortex processes, collisions and multidirectional move-
ments of deformation fronts, similar to changes in the at-
mosphere and hydrosphere and reflective of deep-seated 
displacements. Therefore, at the initial stages of the study, 
we resort to synoptic analysis, expanding it to study of the 

https://www.gt-crust.ru
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behavior of geosphere, highly dynamic despite of being 
solid [Kaftan, 2021b; Dokukin et al., 2023a, 2023b].

Thus was created a video animation [Kaftan et al., 2024b], 
allowing for a synoptic analysis of the behavior of the in-
ner displacement deficit and seismic activity due to the 
location of the tectonic elements of the region. Visual ob-
servations of the accumulation of displacement vector 

modules show the areas of high and low strength in the 
earth’s crust.

The key frames of the video animation are shown in 
Fig. 3, 4, 5, 6, 7. They depict the state of inner displacement 
deficit areas before and immediately after the strongest 
seismic shocks. Note that the area of displacement defi-
cit takes several years to form, depending on the inner 

Fig. 3. Formation and destruction of the displacement deficit area due to the earthquakes of February – April 2015 (M6.2) (а, b) and 
February 5, 2016 (M6.0–6.4) (c, d).
1–4 – earthquake epicenters: 1 – M≥7, 2 – 7>M≥6, 3 – 6>M≥5, 4 – 5>M≥2.5; 5 – GPS points; 6 – coastline; 7–10 – lines of the fault zones 
(after [Styron, Pagani, 2020]): 7 – normal fault, 8 – strike-slip fault, 9 – reverse fault, reverse-slip, 10 – oceanic faults; 11 – future epi-
center locations.
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Fig. 4. Formation and destruction of the displacement deficit region in connection with the earthquakes of February 4, 2018 (M6.1) (а, 
b) and February 6, 2018 (M6.4) (c, d). See Fig. 3 for a common legend.

displacement accumulation rate. It is detected in the ter-
ritory covered by GPS stations. Therefore, we cannot use 
this characteristic to analyze earthquakes in the sea. In this 
regard, Fig. 3 is not representative.

In Fig. 3 we can see that the brown area covers the en-
tire territory of the island. Nevertheless, in the vicinity of 
the future strong March 22, 2022 earthquake (see Fig. 6, 
d) is a weakened zone, continuously degrading with the 
occurrence of moderate and weak seismicity therein.

By 2018, the area of inner displacement/movement 
deficit was concentrated in the central part of the island 
with two offsets branching towards the cities of Hualien 
and Chenggong (see Fig. 4). The northern branch coin-
cided with the epicenters of a pair (doublet) of future Hualien 
earthquakes (M6.1 and M6.4) of February 4 and 6, 2018. 
The second event of this pair destroyed the displacement 
deficit area that gave rise to the formation of the zone of 
decompation of the Earth’s crust of the Hualien region (see 
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Fig. 4, d). More than a year later, this branch of the move-
ment deficit continued its destruction due to another (M6.1) 
earthquake of April 18, 2019 in the Hualien region (see 
Fig. 6, b). By the end of 2020, strong events continued to 
migrate northwards into the Philippine Sea – into the sub-
duction zone lying between the Ryukyu Arc and Okinawa 
Trough structures. Information obtained on the magnitude 
of inner displacements therein is not very reliable, since 
the associated isolines were derived through interpola-

tion. However, they show a relatively dense zone of slow 
movements.

The earthquake of October 24, 2021 (M6.2) did not de-
monstrate decompaction of the crustal surface in the epi-
central area (see Fig. 6, b). This may be due to a relative-
ly large hypocentral depth of 69 km. The next earthquake 
of January 3, 2022 occurred in the subduction zone in the 
Philippine Sea (see Fig. 6, c, d). The earthquake of March 
22, 2020 M6.7 occurred near the coast and in the transition 

Fig. 5. Formation and destruction of the displacement deficit region in connection with the earthquakes of April 18, 2019 (M6.1) (а, b) 
and December 10, 2020 (M6.1) (c, d). See Fig. 3 for a common legend.
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Fig. 6. Formation and destruction of the displacement deficit region in connection with the earthquakes of October 24, 2021 (M6.2) (a, 
b) and March 22, 2020 (M6.7) (c, d). See Fig. 3 for a common legend.

zone from fast to slow movements of the earth’s crust (see 
Fig. 6, d). The lack of expansion of the zone of rapid move-
ments is possibly due to the fact that the earthquake did 
not significantly affect the coast.

A pair of that time strongest earthquakes (M6.5 and 
M6.9) occurred at the end of the southeastern branch of 
the displacement deficit area (Fig. 7, a, b) on September 
17–18, 2022. These events considerably damaged the con-
solidated Earth’s crust (Fig. 7, b) in the southern part of the 

Longitudinal Valley fault zone. The hypocenters located at 
a depth of 10 km indicated the impact of the earthquakes 
on the near-surface zone of the earth’s crust.

The April 2, 2024 M7.4 Hualien earthquake, the strongest 
and deadliest in the past decade, occurred in the northern 
branch of the zone of minimal inner displacements. It did 
not show decompation of this region near its epicenter 
(Fig. 7, d). Its hypocentral depth was ~40 km. This is three 
times deeper than the hypocenters of the previous events 
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Fig. 7. Formation and destruction of the displacement deficit region in connection with doublets of September 17–18, 2022 (M6.5 and 
M6.9) (a, b) and April 2–3, 2024 (M7.4 and M6 .4) (c, d). See Fig. 3 for a common legend.

in 2022, which caused the most significant destruction of 
the displacement deficit zone. The next day, a strong M6.4 
aftershock occurred approximately 30 km to the north at 
a depth of 13 km. This event manifested itself by changing 
the configuration of the inner displacement deficit zone 
(Fig. 7, d). It should be noted that the absence of signifi-
cant manifestations on the daytime surface after a strong 
seismic event is typical, for example, of the November 13, 

2016 M7.8 Kaikoura earthquake (New Zealand) [Kaftan et 
al., 2024a].

Two weeks after the strongest earthquake of April 2024, 
there formed a small inner displacement area which is of 
interest in terms of identifying the zone of accumulation of 
the greatest stresses and strengthening of the earth’s crust 
(Fig. 8). It is interesting to consider its location in connec-
tion with manifestations of seismic and tectonic processes 
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Fig. 8. The zone of inner displacement deficit, accumulated over a decade.
The area is limited by white dashed lines. See Fig. 3 for a common legend. The blue star marks a new strong M6.1 earthquake, which 
occurred in the northeastern part of the area of accumulated displacement deficit after the article had already been submitted to the 
journal.

in the region. The first thing that catches the eye is that 
the eastern end of this area coincides with the zone of the 
highest seismicity during the study period. The strongest 
(M7.4) event of April 2024 did not significantly disrupt this 
zone of small displacements, which is evident from the epi-
central proximity to the boundary of the minimum dis-
placement area.

It is interesting that the vast majority of strong and mod-
erate seismic events are concentrated there. Tectonically, 
the Ryukyu Trench centerline therein is connected with the 
insular coastline, which should prevent the subduction of 
the Philippine Plate under the Eurasian Plate [Malavieille 
et al., 2019] in the Ryukyu Trench and contribute to the 
rapid increase of seismogenic stresses in that place. A simi-
lar situation occurs at the western boundary of the dis-
placement deficit zone. In this area, the Manila Trench line 
is connected with the coastline of the Island of Taiwan. In 
contrast to the eastern boundary of minimal displacement 
area, the continental crust of the Eurasian tectonic plate 
therein subducts under the oceanic crust of the Philippine 
Plate [Malavieille et al., 2019] in the Manila Trench. The 
island territory is an obstacle to the advance of the conti-
nental plate. This should also contribute to the accumula-
tion of seismogenic stresses there and to their subsequent 
release due to strong earthquakes. Apparently, the entire 
SW-NE extended area of inner displacement deficit marks 
the zone of critical crustal stresses, generated by the col-
lision of the Philippine and Eurasian tectonic plates.

4. CONCLUSION
The Island of Taiwan and its surroundings is a territory 

of high seismic activity. This is facilitated by high mobili-
ty of the Earth’s crust at the interaction interface between 
the Eurasian and the Philippine global tectonic plates.

The geodynamic characteristic named the inner move-
ment (displacement) deficit was formed in the central part 
of the island. Its spatiotemporal evolution demonstrated 
the existence of the high-strength crustal zones, which are 
associated with many strong earthquakes of 2014–2024. 
Most of the earthquakes, since the formation of the inner 
displacement deficit area, occurred in slow-to-fast move-
ment transition zones. Such were strong earthquakes of 
2016–2024. This indicates that strong earthquakes are gen-
erated in high-strength (high-consolidation) crustal zones. 
These zones mark the places of occurrence of future strong 
earthquakes. They undergo decomposition after seismic 
events. The identified patterns are reminiscent of the con-
cept of seismic gaps (lulls) in subduction zones, where 
the strongest earthquakes subsequently occur in a certain 
key sequence, alternately covering the entire seismic zone 
[Fedotov et al., 2007].

It is of interest that, in accordance with the inner move-
ment deficit zone configuration, in the study region there 
are areas of high concentration of strong earthquakes, the 
main of which are the Philippine maritime zone and two 
areas on the east coast of the island. The first lies in tec-
tonically active zone of subduction of the Philippine Sea 
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plate under the Eurasian plate. The other two relate to 
seismic activity of the Longitudinal Value fault zone. The 
northern center of seismic activity in this zone is located 
near the city of Hualien. This place is the junction zone of 
the Ryukyu Trench with the foot of the mountain belt of 
Taiwan, marked by the Longitudinal Value fault zone due 
to the collision of the continental and oceanic global litho-
spheric plates. It has the highest concentration of strong 
earthquakes in the region.

Approximately one hundred kilometers south of this tec-
tonic node is another area of concentration of strong seis-
mic events near the city of Chenggong. Distribution pattern 
of inner movement deficit in Fig. 7, d, shows a significant 
seismogenic stress release therein. By the time the research 
was completed, the displacements accumulated there over 
10 years were more than 1 meter.

The final configuration of the inner displacement defi-
cit area is a fairly narrow stripe elongated diagonally along 
the strike of the eastern coast of Taiwan from the point of 
collision of the Philippine Sea plate with the island territo-
ry to the point of subduction of the Eurasian continental 
plate under the island crust along the Manila Trench.

Thus, our study implies that future strong seismic events 
may occur within this diagonal stripe, both in the Hualien 
area and on the southwest coast of Taiwan near Tainan 
City. This has already been confirmed for the Hualien area 
during the peer-review process (Fig. 8). The central part of 
the accumulated displacement deficit concentration zone 
had already experienced a moderate M5.1 seismic event 
on November 22, 2017. It did not reduce the displace-
ment deficit in the center of the anomalous zone. Note that 
earthquakes of such strength do not lead to geodetically 
observable significant surface displacements [Melnikov, 
Golikov, 2017].

We recommend the interested researchers to study the 
video animation [Kaftan et al., 2024b].
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