
CONCURRENCY AND COMPUTATION: PRACTICE AND EXPERIENCE
Concurrency Computat.: Pract. Exper. 2010; 22:1784–1795
Published online 23 September 2009 inWiley InterScience (www.interscience.wiley.com). DOI: 10.1002/cpe.1522

Seismic moment release before
the May 12, 2008, Wenchuan
earthquake in Sichuan
of southwest China

Changsheng Jiang and Zhongliang Wu∗,†

Institute of Geophysics, China Earthquake Administration, 100081 Beijing, China

SUMMARY

Whether seismic moment release before great earthquakes exhibits accelerating or quiescence behavior is
one of the controversial topics in the study of intermediate-term earthquake forecast or time-dependent
seismic hazard. The May 12, 2008, Wenchuan earthquake provides a unique opportunity to check whether
accelerating moment release (AMR) or quiescence existed before this great earthquake. To systematically
analyze the precursory moment release, considering the special characteristics of this great inland thrust
event, we took four upgraded approaches using the local earthquake catalogue with cutoff magnitude
ML3.0. We propose a BIC criterion as a development of the curvature parameter q to identify the
statistically significant acceleration or quiescence behavior as compared with linear increase. We use an
‘eclipse method’ as a development of the ‘interfering event consideration’ to eliminate the interference from
the nearby seismically active fault zones. We consider the distribution of m-coefficient in the (T, R, Mc)
space, to explore the variation of moment release behavior with temporal window length T and spatial
window radius R centered at the nucleation point, and cutoff magnitude Mc of the catalogue in use. We
use not only circular windows but also ‘crack-like’ windows to investigate the overall behavior of the
moment release associated with the Wenchuan earthquake. Through this retrospective case study, it is
observed that moment release before the Wenchuan earthquake did show accelerating moment release
(AMR) and quiescence behavior for different spatio-temporal ranges, with robustness to some extent
against the changing of parameters, indicating the preparation process of this great earthquake. However,
for this earthquake, to constrain the failure time in a forward forecasting mode is shown to be difficult.
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1. INTRODUCTION

In the recent years, controversies have been emerging with regard to whether seismic moment
release before strong and great earthquakes exhibits accelerating or quiescence behavior [1–6].
Directly related to the theoretical consideration in the perspective of the critical-point-like model
of earthquake preparation [7–9] and to the practical problem of intermediate-term medium-range
earthquake forecast or time-dependent seismic hazard assessment [10–15], this problem needs to
be investigated in detail. Nowadays the pros and cons regarding the accelerating moment release
(AMR) or quiescence mainly deal with real earthquake cases [8,13,16–19]. Although case studies
have limited significance in the statistical perspective, and retrospective case studies especially
have limited significance in the forecasting perspective, using as many cases of earthquakes as
possible in the investigation still plays an important role in testing the physical models against
real seismic data.
The May 12, 2008, Wenchuan MS8.0/Mw7.9 earthquake in the Sichuan Province of southwest

China is an important sample for such case studies. TheWenchuan earthquake occurred in the middle
part of the north–south seismic zone in central west China, being one of the greatest inland thrust
events since recent years. At present, the study on the seismotectonics, seismology, and engineering
seismology of this devastating earthquake is underway, leading to detailed pictures of the faulting
process, aftershocks, tectonic setting, and postseismic deformation [20–26]. In contrast, one of the
aspects, which are yet to be investigated, is whether pre-shock precursory seismic moment release
behavior exists, which is crucial both for the assessment of seismic hazard and for the understanding
of the geodynamic process of earthquake preparation.

2. DATA USED FOR ANALYSIS AND THE MR FORMULATION

The region considered in this investigation is taken as 25.0◦–36.0◦N and 97.0◦–110.0◦E, including
the Longmenshan fault zone as well as its surrounding regions. Figure 1(a) shows the epicenter
map of the earthquakes above ML3.0 in this region for the period from 1977 to the day before the
Wenchuan MS8.0 earthquake. The earthquake catalogue used is the Monthly Earthquake Catalogue
provided by the China Earthquake Networks Center (CENC), compiled based on the local catalogues
from regional/local seismic networks, with magnitude unified as ML. Quality of the catalogue has
been stable since 1977 [27]. Su et al. [28] used the regional earthquake catalogue of Sichuan and
Yunnan from 1970 to 2001 to discuss the time-dependent and regionalized completeness of the
catalogue, indicating that since the early 1970s, the earthquake catalogues of the Sichuan–Yunnan
region have been complete down to ML3.0. From the fitting of Gutenberg–Richter’s magnitude–
frequency relation, the completeness magnitude can be determined as ML2.4. Considering previous
works [8,29], therefore, taking the cutoff magnitude of earthquake catalogue for the analysis as
ML3.0 can guarantee the reliability of the result if the ‘target’ earthquake for the analysis is
magnitude 8.
Describing the moment release, Benioff strain is calculated through the magnitude of the earth-

quakes. Different authors gave various versions of such a conversion (e.g. [16,30]). Here, we take
the conversion formulae of [16,31], by first obtaining seismic moment from magnitude, second
obtaining radiated energy from the conversion of seismic moment to energy, and finally obtaining
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Figure 1. (a) Background seismicity and tectonic setting related to the May 12, 2008, Wenchuan MS8.0
earthquake. The region under study is displayed in the indexing figure to the bottom right. Gray dots show
the epicenters of earthquakes above ML3.0 for the period from 1977 to the day before the Wenchuan
earthquake. The hexagram indicates the epicenter or nucleation point of the MS8.0 earthquake on May
12, 2008. Circles show the relocated aftershocks of the Wenchuan earthquake from May 12 to July 8,
2008, with cutoff magnitude ML4.0, as an approx to the span of the rupture zone. (b) Selection of
spatial windows for the analysis and the ‘eclipse’ method that eliminates the earthquakes in the shadow
zones. Historical earthquakes with magnitude no less than MS6 since 1900 are plotted as black dots. (c)
‘Crack-like’ spatial window for the analysis. Aftershocks of the Wenchuan earthquake, with cutoff

magnitude ML4.0 are plotted as circles. See text for details.
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Benioff strain from radiated energy. Our focus is on the temporal variation of the cumulative
Benioff strain curve, therefore unit of the Benioff strain plays a minor role in the discussion. In the
study region, all the earthquakes are shallow ones. In the local catalogues, due to the limitation of
location accuracy, depth cannot be determined accurately with acceptable reliability, although there
have been some results of accurate relocation of part of the earthquakes using double difference
methods (e.g. [32]). In this study, therefore, depth is not considered in the calculation of cumulative
Benioff strain. Whether declustering, that is, removal of aftershocks, is needed in the preprocessing
of earthquake catalogues is one of the controversial issues in statistical seismology, as can be seen
in many studies on seismic activity, say, AMR. As a balance, the RELM group considered both the
original and the declustered catalogues in its analysis [33]. In our study, we also considered both
the cases.
As in previous works [29], we fit the cumulative Benioff strain with a linear function and a power

law function, respectively. The power law function is expressed by �S = A + B(t0 − t)m , similar
to [34]. In this equation, the left-hand side is either the cumulative Benioff strain release or the
cumulative number of earthquakes—in this study we take the former. On the right-hand side, A
and B are constants, t0 is the failure time of the ‘target’ earthquake, and m is the scaling coefficient.
By definition, if m is less than 1, then the curve is accelerating-like; if m is larger than 1, then
the curve is quiescence-like; if m is near unity, then the curve is simply linear. We use the nlinfit
function in MatLab R© to conduct the nonlinear fitting, which obtains least-squares data fitting result
by the Gauss–Newton method, together with the residuals and the Jacobian. To reduce the unknown
parameters, we fix the time t0 to be the time of the Wenchuan earthquake. Therefore, in the fitting,
there are three unknown parameters to be determined: A, B, and m.

3. APPROACHES TO THE CHARACTERIZATION OF SEISMIC MOMENT
RELEASE CONSIDERING THE SPECIAL SITUATION OF THE WENCHUAN
EARTHQUAKE

Analysis on whether precursory seismic moment release behavior such as AMR exhibits before the
Wenchuan earthquake has three aspects of difficulties caused by the characteristics of this earth-
quake and local seismicity. First, background seismicity along the Longmenshan fault zone that
accommodated theWenchuan earthquake has been relatively weak since the recent decades. Second,
the Longmenshan fault zone is located very near to the seismically active fault zones such as the
Xianshuihe, Anninghe, Zemuhe, and Dongkunlun (East Kunlun) fault zone. Third, the rupture of the
Wenchuan earthquake is about 320 km long (http://earthquake.usgs.gov/eqcenter/eqinthenews/2008/
us2008ryan/finite fault.php) striking northeastward. Therefore, traditional methods for characteriz-
ing moment release have to be updated to cope with these new problems.

3.1. BIC criterion to characterize AMR or quiescence

In order to quantify the statistical significance of the accelerating/quiescence trend, Bowman
et al. [29] used the ‘curvature parameter’ q defined by the quotient of the RMS residual for the
power law fit with that of the linear fit. By this definition, when the data are best characterized by

Copyright q 2009 John Wiley & Sons, Ltd. Concurrency Computat.: Pract. Exper. 2010; 22:1784–1795
DOI: 10.1002/cpe



1788 C. JIANG AND Z. WU

a power law curve, the value of q is small; conversely, if the seismic activity is linearly increasing,
the value q is at or near unity. For the AMR study, Bowman et al. [29] defined, somehow arbitrarily,
the case that q is smaller than 0.70 as significantly accelerating.
A linear fitting has two free parameters to determine, while a power-law fitting has three or

four, depending on whether the failure time is to be calculated. For each curve, the number of data
points varies. To avoid the problem of over-fitting, a more reasonable consideration is naturally the
BIC gain that balances the residual of the fitting and the degrees-of-freedom of the model. In this
study, we take the simplified form of BIC [35]. By definition, a reasonable fitting has to satisfy
the criteria �BIC≥0. When the number of data points is large, the BIC criterion is a senso lato
criterion comparing to the q-value; when the number of data points is small, the BIC criterion is a
senso stricto criterion comparing to the q-value.

3.2. ‘Eclipse method’

The region subject to consideration includes Sichuan and Yunnan Provinces of southwest China as
well as their vicinities. The ‘Sichuan–Yunnan diamond’ and its boundary fault zones form one of
the seismically active regions to the east border of Tibetan plateau, with the Xianshuihe, Anninghe,
Zemuhe, Xiaojiang, Honghe, Lancangjiang, and Longmenshan fault systems being located in this
region. These active fault systems as well as other neighboring fault systems cut the whole region
into different tectonic blocks and control the distribution of earthquakes. Results of Yi et al. [36] and
Xu et al. [37] indicate that strong earthquakes in this region are basically located within these block
boundary zones. Intense seismic activity and its spatial–temporal heterogeneity make it necessary
to eliminate the influence of these active faults when considering Longmenshan, one of the faults
which have been considered by geologists for a long time as ‘quiet’ in such an active region [20,38].
Previous ‘interfering event’ approach eliminated events with magnitude difference from the

‘target event’ less than 1.0 (e.g. [13]). Similarly, in our approach, in plotting the cumulative Benioff
strain curve, we consider only the earthquakes with magnitude range from the cutoff magnitude to
ML6.0. Considering that seismicity along the Longmenshan fault zone is weaker than that in its
neighboring fault zones, such processing is still not sufficient for investigating the Longmenshan
seismicity without the influence from the neighboring seismic belts. Borrowing from the concept
of modern astronomy for analyzing remote planets, and as a development of the consideration of
‘interfering events’, we use an ‘eclipse method’ in this situation for screening out the seismicity in
the neighboring active fault zones. Figure 1(b) shows the ‘eclipse’ processing, in which the seismic
events in the shadow zones corresponding to different active fault zones are eliminated before the
analysis. Similar to conventional processing [18], the spatial window for the MR analysis is the
circular region centered at the epicenter of the Wenchuan earthquake, with the radius changing
from 100 to 500 km. The only difference is that the seismicity in the shadow zones is not included
in the plotting of the Benioff strain curve.

3.3. Distribution of m-coefficient in the (T, R,Mc) space

In the controversies related to the pre-shock AMR (e.g. [2,3,5]), one of the key issues is the arbitrari-
ness of the selection of the spatio-temporal windows. To test the robustness of the result with respect
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to the selection of spatio-temporal ranges, we plot the scaling coefficient m calculated for different
spatio-temporal windows, with different cutoff magnitudes of the catalogue. The spatial ranges are
taken as circles centered at the epicenter of the great earthquake with different radius. The temporal
parameters are the lengths of the time windows from the starting point of the precursory catalogue
to the time of the great earthquake. Another parameter is the cutoff magnitude of the catalogue in
use, which also has influences on the result. We change this set of parameters systematically to
explore the effect of the parameters on the result of the curve fitting. Or in other words, we map the
m-value in the (T, R, Mc) space. The m parameter is calculated for the cumulative Benioff strain,
with t0 fixed to the time of the great earthquake. Significant accelerating or quiescence behavior
has to be associated with the ‘domains’ with enough sizes, rather than small areas or even isolated
points, in the (T, R, Mc) space.

3.4. ‘Crack-like’ spatial window for great earthquake

Dealing with the time-dependent seismic hazard at an intermediate-term scale, the selection of the
spatial window for the AMR plotting is somehow arbitrary. Previous works use regular grids and
circular windows. This picture is apparently problematic for the Wenchuan earthquake that ruptured
the central and northern segment of the Longmenshan fault, with the rupture zone span being over
320 km northeastward. Such problem also exists for similar cases such as the 2004 earthquake
off the west coast of northern Sumatra, Indonesia [18,39]. To cope with this special situation,
we consider a ‘crack-like’ spatial window for the analysis of this great earthquake. Figure 1(c)
shows the ‘crack-like’ windows. The first and starting window is the circle with a radius of 60 km
centered at the epicenter of the Wenchuan earthquake. Then the length of the ‘crack-like’ window is
increased by adding another circular window 10 km northeast along the Longmenshan fault zone.
Repeating this increase, the length of the ‘crack-like’ window increases with a step of 10 km,
until at last the window encompasses the whole rupture zone. Seismic moment release in these
windows can better reflect the moment release along the segments of the fault zone under discussion.
This consideration acts as a ‘middle point’ between the ‘back-slip’ approach [14,15,40] and the
simple circular window approach. Considering the inconsistence between different results of slip
distribution from different sources [26], such a simplified consideration is the best we can do at the
present stage.

4. SEISMIC MOMENT RELEASE BEFORE THE WENCHUAN EARTHQUAKE:
ACCELERATING, OR QUIESCENCE, OR SIMPLY NOTHING?

Figure 2 shows the scaling coefficient m varying with the spatio-temporal ranges used for the analy-
sis. Spatial step is taken as 50 km, temporal step is 1 year, and the cutoff magnitude is ML3.0. Blank
pixel shows the position at which �m>0.5 or �BIC<0. Considering the effect of declustering and
‘eclipse’ processing, Figure 2(a) is the result obtained using the original catalogue; Figure 2(b)
is that obtained using the Gardnar–Knopoff declustered [41] catalogue; Figure 2(c) is that using
the original catalogue with the ‘eclipse’ processing; and Figure 2(d) is the result obtained using
the Gardnar–Knopoff declustering with ‘eclipse’ processing at the same time. It may be seen that
declustering plays a minor role influencing the result, but ‘eclipse’ processing seems important
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Figure 2. Variation of scaling coefficient m with the spatio-temporal ranges used for the analysis to investigate
the robustness of the result. Spatial step is 50 km, temporal step is 1 year, and the cutoff magnitude is ML3.0.
(a) Result obtained using the original catalogue; (b) Result obtained using the Gardnar–Knopoff declustered
catalogue; (c) Result obtained by using the original catalogue and the ‘eclipse method’; (d) Result obtained using
the Gardnar–Knopoff declustered catalogue with ‘eclipse’ processing. In Figure 2(a)–(d), blank pixel shows the
position at which �m>0.5 or �BIC<0. (e) Result obtained by using the original catalogue and the ‘eclipse
method’, being the same as Figure 2(c), but with a different criterion that blank pixel shows the

position at which �m>0.5 or q>0.7.
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Figure 3. Variation of scaling coefficient m in the (T, R, Mc) space, using the original
catalogue with ‘eclipse’ processing.

Figure 4. (a) Scaling coefficient m for different ‘crack-like windows’. Referring to Figure 1(c), a 60 km
radius circle centered at the epicenter of the Wenchuan earthquake is the first and the staring ‘crack-like’
window. Then the length of the window increased by a 10 km step northeastward along the Longmenshan
fault, with L representing the distance from the center of the starting circle to that of the ending circle. The
cutoff magnitude is ML3.0. Blank pixel shows the position at which �m>0.5 or �BIC<0; (b) cumulative
Benioff strain curve corresponding to the white rectangle in Figure 4(a); and (c) region for

the MR curve plotting corresponding to Figure 4(b).
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to reveal the real situation regarding the preparation of the Wenchuan earthquake—long-term
large-scale quiescence can be seen in the pictures obtained after the ‘eclipse’ processing. In our
case, because the number of events is relatively large, BIC criterion seems to be senso lato com-
paring to the curvature parameter q . As a comparison, Figure 2(e) shows the same result as that in
Figure 2(c), but with a different criterion that blank pixel shows the position of �m>0.5 or q>0.7.
It may be seen that BIC criterion may be able to reveal more clues regarding to the accelerating or
quiescence behavior in the seismic moment release.
Variation of scaling coefficient m in the (T, R, Mc) space, using the original catalogue with

‘eclipse’ processing, is shown in Figure 3. It seems that accelerating or quiescence behavior exists for
different spatio-temporal ranges, respectively, with robustness to some extent against the changing
of parameters. Similar to Figure 2, the long-term large-scale quiescence and short-term small-scale
accelerating pattern can be seen, with stability against the changing of parameters. Moreover, much
information is conveyed by the small earthquakes.
Figure 4(a) shows the scaling coefficientm for different ‘crack-like windows’, with L representing

the distance from the center of the starting circle (to the southwest) to that of the ending circle
(to the northeast) at each step. The cutoff magnitude is ML3.0. Blank pixel shows the position
of �m>0.5 or �BIC<0. It is Interesting that if one considers only the portion of the fault zone
near the nucleation point, then nothing can be observed regarding the accelerating or quiescence
of seismic moment release; if sufficient length of the fault zone is considered, then the pre-shock
seismic moment release exhibits clear AMR behavior. Figure 4(b) shows the cumulative Benioff
strain curve corresponding to the white rectangle in Figure 4(a). A typical AMR can be observed
for this spatio-temporal range.

5. DISCUSSION AND CONCLUSIONS

In the recent years, there has been a rapid development in statistical seismology. Several predictive
models/algorithms, like those of [9,42–44], among others, provided new results in the forecast
of earthquakes or the assessment of time-dependent seismic hazard. Although prediction (which
means to say that something will happen definitely) is shown to be difficult, forecast (which means
to say that something would happen probably) shows optimistic prospective and significant poten-
tial for application to the reduction of earthquake disasters. On the other hand, however, many of
the models/algorithms are subject to controversy. For example, pre-shock AMR is one of the con-
troversial algorithms in debate [2,5]. In testing/developing such models/algorithms, retrospective
case study plays an important (although limited) role.
In this study, we analyzed the case of the Wenchuan earthquake. What is worth pointing out is

that, considering the special characteristics of this earthquake, upgrading of some of the analysis
methods seems necessary. We propose a BIC criterion in dealing with the curves with different
number of data points. We use an ‘eclipse method’ as an alternative approach to the elimination
of ‘interfering events’. We plot the m-coefficient in the (T, R, Mc) space. We consider not only
circular spatial windows as previously done but also ‘crack-like’ windows to characterize the seismic
moment release along the great fault zone.
By a series of mappings, we examined, retrospectively with the time and place of the earth-

quakes known, the seismic moment release before the May 12, 2008, Wenchuan earthquake.
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Although some clues can be seen with regard to the accelerating or quiescence behavior, at
present it is still hard to use it, even if retrospectively, to indicate the approaching of this great
earthquake. Similar to the case of the 2004 Sumatra earthquake [18] as well as the strong earth-
quakes in continental China [19,45], our point of view about whether AMR or quiescence exists
still remains neutral. As a matter of fact, the problem regarding the pre-shock seismic moment
release can be categorized into several specific ones: (1) for the case of an earthquake, whether
accelerating/quiescence can be observed; (2) whether the accelerating/quiescence behavior robust
against the selection of spatio-temporal ranges; (3) whether the apparent accelerating/quiescence
behavior can beat its null hypothesis (i.e. the one being produced by a stochastic process); and
(4) whether the accelerating/quiescence behavior, if confirmed to be reliable by (1) and (2) and
statistically significant by (3), can be used in a forecasting mode. For the Wenchuan case, the
answer to the first two questions seems to be ‘yes’, but the answer to the last two needs more
investigation.
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