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Using Global Positioning System(GPS) data to analyze the earthquake preparation char-
acteristics of the Kunlun Ms8.1 and the Wenchuan Ms8.0 earthquakes, we review the main
research developments of earthquake forecasting and the mechanisms of earthquake
preparation using crustal deformation data from recent periods, and discuss the similar-
ities and differences in the scientific approaches adopted by the Chinese and foreign
scholars. We then analyze the deformation characteristics of earthquake preparation, with
respect to slip and dip-slip faults. Our results show that, in order to understand the rela-
tionship between crustal deformation and earthquake preparation, research focus should
be expanded from fault-scale to larger scale regions. Furthermore, the dynamic deforma-
tion characteristics associated with earthquake preparation must be considered as a multi-
scale, spatial-temporal process, in order to obtain the necessary criteria for strong earth-
quake forecasts.
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hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
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1. Introduction

The application of Global Positioning System (GPS) equi-

development and occurrence processes of strong earthquakes
from the large-scale, and to the mesoscale and fault scale of
developing earthquakes. For over 10 years, beginning with the
establishment and operation of the Crustal Movement

spaced Earth observation technology is facilitating a greatly Observation Network of China (CMONOC) in 1998, the China

increased ability to monitor large- and mid-scale crustal de-

formations, which further
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mainland has suffered from the Kunlun Mountain Pass West

us to study the Ms8.1 earthquake in 2001 and the Wenchuan Ms8.0
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earthquake in 2008. In particular, any “premonitions” about 2001 annual earthquake tendency conference, launched in
the impending occurrence of the Wenchuan earthquake and December 2000, on behalf of the CMONOC |[1]. According to
the great calamity it would bring were not obvious, and were Ma's report, the second shearing strain rate parameter of the
clearly beyond the existing capabilities of seismologists. Al- strain rate field, as computed by China mainland's GPS data
lusions to the characteristic faulting rate of the Longmen for the 1993—2000 period, shows a large-scale negative value
Mountain fault zone being low, as reflected by the GPS region inside the Qinghai—Tibet Plate. Most of the fracture
observation, led one observer to suggest that the GPS obser- zone of the Kunlun Mountain Pass West Ms8.1 earthquake
vation result had misled our scientific understanding. In this that occurred on November 14, 2001 fell into the northeast
paper, we analyze the characteristics of crustal deformation at edge of the extreme value region of the large-scale negative
different scales and propose the processes of development value region of the second shearing strain rate (Fig. 1). The
and occurrence of the Kunlun Mountain Pass West earth- negative high value region of the second shearing strain rate
quake and the Wenchuan earthquake that were reflected by indicates a deformation rate that occurred close to the east
the GPS observation. We also combine our analysis with a and west, and then revolved and sheared towards the left, or
review of our basic understanding of crustal deformation in close to the south and north, and continued to revolve and
the earthquake development process over the past decades. shear toward the right in this area. This pattern accords
We discuss and extract some knowledge on the analysis of the with that of the Kunlun Mountain Pass West Ms8.1
dynamic characteristics of the crustal deformation of devel- earthquake's East Kunlun fault zone, which was close to the
oping earthquake from a multi-spatial-temporal scale and east and west, and revolved, sheared, and ruptured towards
propose some research ideas. the left. An understanding has thus been reached that

violent earthquakes may occur at the edges of high value
shearing strain rate regions, which is consistent with our

2. Dynamic characteristics of crustal understanding of tectonic deformation. [2,3]
deformation in the development and occurrence According to the principal strain distribution diagram of the
processes of violent earthquakes strain field, as calculated using GPS data, the value of the

principal stretching strain rate (i.e., the maximum principal

(1) Characteristics of crustal deformation in the develop- strain rate) that occurred in the northwest area of the Kunlun
ment and occurrence processes of the Kunlun Mountain Mountain Pass West earthquake was slightly larger than the
Pass West Ms8.1 earthquake strain rate of the principal pressing strain rate (i.e., the mini-
mum principal strain rate) in the north and east. In other words,

On November 14, 2001, the Kunlun Mountain Pass West this earthquake occurred in a region in which the surface strain
rate was slightly stretching. [4] This crustal deformation
characteristic would have been beneficial for the full release
of the strain close to the east and west, and its revolving and
rupture toward the left during the process of the violent

Ms8.1 earthquake took place. Because this earthquake
occurred in a depopulated zone in the middle of the Qing-
hai—Tibet Plate, it did not result in a severe human disaster.
However, it was the largest earthquake in the past 50 years in
China mainland. The CMONOC (which includes a regional earthquake, This contributes to our understanding of the
network of 1000 stations, a basic network of 81 stations, anda ~ Phenomenon that suggests that the rupture scale of this

fiducial network of 26 stations) [1] was established in 1998, and Ms8.0 earthquake was obviously too long (reaching a length of
426 km) and the strength of the aftershock was relatively

lower (no earthquake with a magnitude of more than 6.0).
We processed the basic network data (81 stations) of the
CMONOC, and adopted changes in the 1998-2006 base line

began conducting comprehensive observations over the GPS
regional network in 1999. To judge earthquake tendencies by
applying GPS observation for reference support, the
academician Ma Zongjin presented a special report for the
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Fig. 1 — Field distribution of strain rate in Midwestern China.
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