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A Dimensional Analysis Method for Improved Load—Unload Response Ratio
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Abstract—The load—unload response ratio (LURR) method is
proposed to measure the damage extent of source media and the
criticality of earthquake. Before the occurrence of a large earth-
quake, anomalous increase in the time series of LURR within the
certain temporal and spatial windows has often been observed. In
this paper, a dimensional analysis technique is devised to evaluate
quantitatively the magnitude and time of the ensuing large earth-
quake within the anomalous areas derived from the LURR method.
Based on the 7n-theorem, two dimensionless quantities associated
with the earthquake time and magnitude are derived from five
parameters (i.e. the seismic energy (Es), the average seismic energy
(Ew), the maximum value of LURR’s seismogenic integral (/pp),
the thickness of seismogenic zone (), the time interval from Ipp to
earthquake (75), and the shear strain rate (7)). The statistical rela-
tionships between the earthquakes and the two dimensionless
quantities are derived by testing the seismic data of the 50 events of
MA4.5 ~ 8.1 occurred in China since 1976. In earthquake predic-
tion, the LURR method is used to detect the areas with anomalous
high LURR values, and then our dimensional analysis technique is
applied to assess the optimal critical region, magnitude, and time of
the ensuing event, when its seismogenic integral is peaked (Ipp). As
study examples, we applied this approach to study four large
events, namely the 2012 Mg5.3 Hami, 2015 Ms5.8 Alashan, 2015
Ms8.1 Nepal earthquakes, and the 2013 Songyuan earthquake
swam. Results show that the predicted location, time, and magni-
tude correlate well with the actual events. This provides evidence
that the dimensional analysis technique may be a useful tool to
augment current predictive power of the traditional LURR
approach.
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1. Introduction

The physical essence of an earthquake lies in the
nonlinear far-from-equilibrium damage process along
with the random distribution of initial defects within
the source media, causing the complexity in the
prediction of earthquakes. To understand earthquake
occurrence, physics-based modeling of the entire
seismogenic process is essentially important (Yu and
Zhu 2010). From the viewpoint of mechanics,
occurrence of an earthquake is the damage, instability
or failure of the focal media and accompanied with a
rapid release of energy (Bowman et al. 1998; Kasa-
hara 1981; Scholz et al. 1972). The load-unload
response ratio (LURR) theory (Yin 1987, 1993; Yin
et al. 1995) is proposed to depict the tempo-spatial
variation of damage of source media in this regard
(Bai et al. 2002; Kachanov 1986; Lemaitre 1992; Li
et al. 2000; Yin et al. 2006). This method is based on
measuring the ratio between Benioff strains released
during the time periods of loading and unloading,
corresponding to the Coulomb Failure Stress change
induced by Earth tides on optimally oriented faults
(Melchior 1983). The value of LURR is defined as

N+ pm
vzl (1)

j=1 i
where, N, and N_ represent the numbers of events
that occurred during the loading and unloading
stages. When m = 1/2, E” denotes the Benioff strain.
Analysis of the anomalies in the LURR time series
provides us with seismic potential evaluation with
estimates of all the crucial parameters provided such
as earthquake location, time, and magnitude. In the
retrospective studies, hundreds of earthquake fore-
casting examples have been performed, most of
which were preceded with anomalous high LURR

Reprinted from the journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-017-1716-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-017-1716-6&amp;domain=pdf

Y. Liu and X. Yin

values (Liu et al. 2012; Song et al. 2000; Wang et al.
2004; Yin et al. 2006, 2008, 2012, 2013; Yu et al.
2011, 2016; Zhang 2006; Zhang and Zhuang 2011;
Zhang et al. 2013). In the prospective studies (Yu
et al. 2013, 2015, 2016), the seismic hazard region is
usually determined by evaluating its LURR evolution
in recent years. In conventional practice, we usually
set an anomaly threshold for LURR. But the lack of
quantitative assessment for the confidence level of
the LURR peaks may sometimes compromise the
reliability of the forecast.

Previous studies have illustrated that the fore-
casting time scale (73), from the peak LURR to the
earthquake, is a statistical function of the magnitude
of detection earthquakes (Zhang 2006):

Ty = 60 x (1 —2.3 x 107 %08M), (2)

According to the above equation to make pre-
diction, for example the Xinjiang region, China,
however, does show some noticeable differences
between the prediction results and the facts. Other
impacts such as the movement of the fault, regional
tectonic stress—strain setting should also be taken into
account.

In this paper, we experiment a revised approach to
assess the forecasting effectiveness of the LURR
anomalies by combining the LURR method with the
dimensional analysis technique, in which the histor-
ical seismic activity and shear strain rate during
seismogenic process are taken into account (Liu et al.
2012; Liu 2014; Yin et al. 2012, 2013). To show the
validity of the approach, four earthquakes are chosen
as the examples, namely the 2012 Mg5.3 Hami
earthquake, the 2013 Songyuan earthquake swarm,
2015 Ms5.8 Alashan earthquake, and the 2015 Ms8.1
Gorkha, Nepal earthquake.

2. Two Dimensionless Quantities and LURR
Anomalies

In order to augment the evaluation of the magni-
tude and time of a future event as well as the critical
region, in addition to the parameters such as the
seismic activities and the focal mechanism, the shear
strain rate (representing the regional tectonic stress—
strain setting) should also be taken into consideration
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(Aki 1965; Gutenberg and Richter 1944). Thus, there
are six physical quantities for assessment of the
confidence level of a LURR anomaly: the seismic
energy of Eg, the seismic energy density of Eyy, the
maximum value of LURR seismogenic integral I
(Ipp), the thickness of seismogenic zone (%), the time
interval from Ipp to the earthquake (75), and the shear
strain rate in situ (7). Here, I is defined as

1[:// Ydxdy = YA,
Y>1

where Y is the value of LURR, Y is the average value
of LURR for the area of A. Please note that if Y > 1,
the region is retained and otherwise, discarded.

We use dimensional analysis technique to deal
with these parameters. Dimensional analysis is an
effective approach to revealing the physical laws
governing nature phenomena (Sedov 1959; Tan 2011;
Zohuri 2015) and the main procedures can be out-
lined as follows:

(3)

1. To classify the physical quantities of a given
phenomenon;

2. to find the correlation that connects the physical
quantities;

3. to find causality that connects the physical
quantities.

In various branches of mechanics, applications of
the dimensional analysis to natural phenomena and
technical problems have yielded a large number of
results (Buckingham 1914; Tan 2011; Zohuri 2015).
In the viewpoint of mechanics, the energy accumu-
lation during the earthquake preparation process is
closely related to the elasticity of the crust media and
the loading rate (Yang et al. 2008; Zubovich et al.
2010). According to this technique, the six physical
quantities (Es, Ew, Ipp, h,7, and T,) correspond to
three fundamental units (length: L, time: 7 and mass-
M) which are used to establish dimensionless rela-
tionship. Detailed units of the six physical quantities
are as follows:

Eg: with the unit of J and the dimension of
[Es] = [MinL?].

Ey: with the unit of J/(km? - a) and the dimen-
sion of [Ew] = [Mmrl], depicting the average
intensity of seismic activity in a region (Reches and
Lockner 1994a; Jaume and Sykes 1999; Yin et al.
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2002; Liu 2014). In this study, the catalog from 1900
to 2009 is used to calculate Eyw. So the time interval
T is 110 years. The radiation radius R of seismic
energy is determined according to the scaling rela-
tionship between the critical region size of LURR and
the earthquake magnitude (Yin et al. 2002, 20006),
which is associated with energy accumulation and

releasing:
IgR = 0.087 + 0.34Mg (4)

For a point (x, y), Ew is calculated by the fol-
lowing formula (5):

k C~wiEsi
Ew == 5

Ejs; is the seismic energy of the ith earthquake. r; is
the distance between the study point (x, y) and the
epicenter of the ith earthquake, n is the number of
earthquakes satisfying the condition of r; < R;. w is

the weighted factor, and the index A =1 in this
2n R

paper. In order to conform to [ [kwdrdd =1, k is
00

equal to 3.

Ipp: with the unit of km? and the dimension of
(pp] = [L7].

h: the seismogenic depth, with the unit of km and
the dimension of [A] = [L].

T»: with the dimension of [T,] = [T].

7: with the unit of 10~°/a and the dimension of
[7] = [T~']. The shear strain rate, reflecting the shear
stress loading rate caused by tectonic stress, is pro-
portional to the shear stress rate when the system is in
the elasticity phase. The distribution of 7 for Chinese
mainland is obtained from the GPS measured results
(Shen et al. 2003; Gu et al. 2001; Li et al. 2004; Jiang
et al. 2003).

According to the n-theorem (Sedov 1959; Zohuri
2015), two independent dimensionless quantities
could be derived from above 6 physical parameters.
The LURR is proposed for measuring the degree of
closeness to instability for a nonlinear system. The
selection of the optimal critical region size of pre-
cursory LURR anomaly is closely related to the
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magnitude of the detection earthquake Yin et al.
(2002). Thereby, we let

o = h/\/Tep, (7)

to depict the critical region size and the earthquake
magnitude, i.e. Ty = f (M).

In fact, Eg is the dependent variable, while the
Ew, Ipp and 7 are independent variables. The
dimensionless relationship is established as

[Es] = [Ew]™ - [Tep]™ - []™. (8)
Corresponding dimension form can be written as:
My - 1) = [Myy - TP (P2 ()2 (9)

In the left side of Eq. (9), the index of M, L, and
T are 1, 2, and 0, respectively. In the right side, the
index of M, L, and T are oy, 20y, and — o; — 3. So
we can get

1 = oy
2 = 20 (10)
0 = —oy — o3
then
op =100 =103 = —1. (11)
Combining Eqgs. (8) and (11), we can get
[Es) = [Ew]" - [fee] - [7]7. (12)
From the right side of the above formula, we have
E, = % (13)

where Ejy is associated with the accumulated energy
during the establishment of the criticality, with the
unit of J. From Egs. (12) and (13), one dimensionless
quantity (7;) can be defined as
Eg
T = Ed (14)
Similar to m, 7; is also determined by magnitude
of the detection earthquake, so n; = f(my) = g(M).
On the other hand, the occurrence time of earth-
quake should also be taken into account. The quantity
of T - 7 is the loading value from Ipp to earthquake,
and it is related to earthquake time and magnitude. So

another dimensionless quantity is defined as
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T =T - (T2 . ))) (15) The log-linear relationship between the magni-
tude and the two dimensionless quantities is shown in
Figs. 2 and 3.

Results indicate a roughly linear increase of
and 7, along with M, shown as (Liu et al. 2012; Yin
et al. 2012, 2013):

To establish the relationship between 7,7, and
the magnitude of detection earthquakes, we apply the
dimensionless analysis technique to 50 earthquakes
with magnitude of 4.5 < Mg < 8.1 that occurred in
Chinese mainland since 1976. The location of the
earthquakes is shown in Fig. 1.

48°N

40°N

32°N

24°N

16°N

75°E 90°E 105°E 120°E 135°E

Figure 1
Locations of earthquakes selected for the dimensional analysis: thegSO MA4.5 ~ 8.1 earthquakes occurred in Chinese mainland since 1976.
1976-03-20 M4.7 Tuokesun, Xinjiang Autonomous Region, 1976-07-28 M7.8 Tangshan, Hebei province, 1976-09-23 M6.2 Bayinmuren,
Inner Mongolia Autonomous Region, 1977-01-19 M6.3 Geermu, Qinghai province, 1977-07-23 M5.4 Kuche, Xinjiang Autonomous Region,
1979-03-15 M6.8 Puer, Yunnan province, 1979-03-29 M6.0 Kuche, Xinjiang Autonomous Region, 1979-03-29 M6.2 Yushu, Qinghai
province, 1981-01-24 M6.9 Daofu, Sichuan province, 1982-04-14 MS5.5 Haiyuan, Ningxia province, 1982-06-16 M6.0 Ganzi, Sichuan
province, 1985-08-12 M5.3 Geermu, Qinghai province, 1985-04-18 M6.2 Luquan, Yunnan province, 1986-08-26 M6.5 Menyuan, Qinghai
province, 1988-11-6 M7.4 Lancang, Yunnan province, 1990-01-14 M6.5 Mangya, Qinghai province, 1990-04-26 M6.9 Gonghe, Qinghai
province, 1990-10-20 M6.1 Tianzhu, Gansu province, 1995-09-26 M5.2 Baicheng, Xinjiang Autonomous Region, 1996-02-3 M7.0 Lijiang,
Yunnan province, 1996-03-19 M6.9 Atushi, Xinjiang Autonomous Region, 1996-05-03 M6.4 Baotou, the Inner Mongolia Autonomous
Region, 1996-07-17 M4.6 Inner Mongolia Autonomous Region, 1997-01-21 M6.4 Jiashi, Xinjiang Autonomous Region, 1997-05-31 M5.2
Yongan, Fujian province, 1998-07-11 M4.5 Shanxi province, 1999-03-15 M5.6 Baicheng, Xinjiang Autonomous Region, 1999-06-01 M5.0
Mangkang, Tibet Autonomous Region, 2000-06-06 M5.9 Jingtai, Gansu province, 1999-11-01 M5.6 Yanggao, Shanxi province, 2001-11-04
M8.1 West of Kunlun mountain, 2002-12-14 M5.9 Yumen, Gansu province, 2003-02-24 M6.8 Kashi, Xinjiang Autonomous Region, 2003-04-
17 M6.6 Delingha, Qinghai province, 2004-03-04 M4.8 Maqu, Gansu province, 2004-03-24 MS5.9 Inner Mongolia Autonomous Region,
2005-01-24 M4.7 Heilongjiang province, 2005-11-26 M5.7 Jiujiang-Ruichang, Jiangxi province, 2007-03-13 M4.7 Shunchang, Fujian
province, 2008-01-17 M4.7 Yili, Xinjiang Autonomous Region, 2008-05-12 M4.7 Wenchuan, Sichuan province, 2008-08-06 M4.9 Aletai,
Xinjiang Autonomous Region, 2008-10-06 M6.6 Lasa, Tibet Autonomous Region, 2008-11-10 M6.3 Haixi, Qinghai province, 2009-01-25
M5.0 Chabuchaerxi, Xinjiang Autonomous Region, 2009-02-20 M5.2 Keping, Xinjiang Autonomous Region, 2009-04-19 MS5.5 Aheqi,
Xinjiang Autonomous Region, 2009-04-22 M5.0 Atushi, Xinjiang Autonomous Region, 2009-07-09 M6.0 Chuxiong, Yunnan province,
2009-08-28 M6.4 Haixi, Qinghai province
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log(x))

Figure 2
The log-linear relationship between Mg and m;

log(m,)

Figure 3
The log-linear relationship between Mg and 7,

logm = 1.31Ms—17, (16)

and

log 1, = 1.53Ms—26.14. (17)

For the linear relation of logm; and Mg, the stan-
dard error for intercept and slope is 0.29 and 0.05,
respectively, and the Adj. R* is 0.96. For logn, and
Mg, the standard error for intercept and slope is 0.43
and 0.07, respectively, and the Adj. R is 0.94.

Combining formulas (14) and (15) with formulas
(16) and (17), the derived magnitude (Mgsq) and Toq
are expressed as follows (Liu et al. 2012; Yin et al.
2012, 2013):
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Msy = 5.141g Eq — 112.08, (18)
8.5 x 107398 x Eyq x 10%03Ms

Ty = . )
Y

(19)

The error analysis for Mgq and T»q is followed by
normal distribution. The error coefficient of magni-
tude is 0.1, so the predicted magnitude Mgp could be
written as

Msp :MSd:tO.l X Msgq. (20)

The error coefficient of T,p is fluctuated with Mgq,
so the predicted 75, is

sz = TZdiO('TQd. (21)

If 45<Mg<55 o« is 010. If
5.6 < Mgq <6.5, is 0.27. If Mgq > 6.6, o is 0.30.
The earthquake occurrence time equals the plus of
Tpp and Typ.

3. Forecasting Attempts

In earthquake forecasting, when the anomalous
region is derived by LURR and I, is peaked, the
average seismic energy Evw and shear strain rate y are
determined then. The magnitude and time of a com-
ing event in the anomalous area could be evaluated
by Egs. (18)—(21).

By the improved approach, we attempt to test
some large earthquakes in recent years, prospectively.
The earthquake catalog is retrieved from the China
Earthquake Networks Center (CENC). Small earth-
quakes of M < 4.0 were used to compute the LURR
time series. The spatial scanning radius is 200 km,
and the temporal window is 18 months with a sliding
step of 1 month. The inner frictional coefficient is
0.6.

3.1. The 2012 Mg5.3 Hami Earthquake

The Mg5.3 event occurred in Hami, Xinjiang
Autonomous Region, on Feb 10, 2012 (short for Hami
Ms5.3). The epicenter is situated at 44.9°N, 93.1°E. In
October 2011, we evaluated the seismic hazard for Hami,
and this forecasting was published in Liu et al. 2012.

Reprinted from the journal
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Sketch of the tempo-spatial evolution of LURR prior to the Hami Mg5.3
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The temporal variation of [, prior to the Hami Mg5.3 and
earthquake sequence

The tempo-spatial evolution of LURR in the
range of 40°N-50°N, 80°E-98°E during 2010-03-31
to 2011-08-31 is shown in Fig. 4. The anomalous
area and the value of LURR changed from small to
large, and then to small again chronologically. This
change is similar to that illustrated by numerous cases
studies (Wang et al. 2004; Yin et al
2006, 2008, 2012, 2013; Yu et al. 2006; Zhang
2006). The range of the anomalous area (highlighted
by red polygon in Fig. 4), Y > 1, and the value of
LURR increased from the beginning of 2010 and
started to decrease in the beginning of 2011. The
temporal variation of the physical parameter I, is
shown in Fig. 5. The curve of I, started to rise in the
beginning of 2009, and reached its peak point in
December 2010, with Ipp = 4.52 x 10°km”. The
value of shear strain rate y and average seismic
energy Ew is determined when /, is peaked. Accord-
ing to the GPS observations (Shen et al. 2003; Gu
et al. 2001), y is (7 ~ 12) x 10~%/a. The value of
Ew is (1.0-1.2) x 10° J/(km?.a) (Liu et al. 2012).

A Dimensional Analysis Method for Improved Load—Unload Response Ratio

Then Mgp and T,p are derived by formulas (18)—(21),
for Mgp = 5.5 +£ 0.5, Top = 17 £ 2 months. Here,
Tpp is December 2010, so the earthquake may occur
in March to July, 2012.

Actually, on Feb 10, 2012, the Mgs5.3 event
occurred in this region. The observed time is just only
1 month ahead of the prediction. The observed
magnitude and the epicenter are in the range of the
prediction.

3.2. The 2013 Songyuan Earthquake Swarm

Another example is the earthquake swarm (as
shown in Table 1) that occurred in Songyuan, Jilin
Province, in the end of October and November, 2013,
which may be caused by the activity of Tanlu fault
zone. Before the earthquake swarm, LURR anomalies
were detected around the Tanlu fault zone. The
prospective study was cumulated in July 2012.

Tracking studies of the LURR anomalies of Tanlu
fault zone had been conducted from 2010 to 2013.
The tempo-spatial distribution of LURR for the
region of 28°N—46°N, 110°E-127°E from 2010-01-
01 to 2013-10-31 is given in Fig. 6. There were
several small anomalous regions in the beginning of
2010. Then the small anomalous regions evolve to a
large one in the middle of 2011, and the degree of
anomalies reached a high level. The evolutions of
LURR indicated an earthquake or earthquakes would
occur in or around the anomalous region. The
temporal variation of parameter /; is given in Fig. 7.
I, was going up from January to June 2011, with the
peak value of Ipp = 9.6 x 10°km?, and reduced since
July 2011.

In space, the anomalies cover a relatively wide
range (as shown in Fig. 6). In order to optimize the

Table 1

The earthquakes with Mg > 5 occurred in Songyuan 2013

Occurrence time latitude longitude deep M

2013/10/31 44.7 124.1 10 5.7
2013/10/31 44.7 124.2 10 5.1
2013/11/22 44.7 124.1 8 53
2013/11/23 44.6 124.1 9 5.8
2013/11/23 44.6 124.1 8 5.0
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<«Figure 6
the tempo-spatial evolution of LURR prior to the
Songyuan earthquake swarm
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The temporal variation of /; prior to the Songyuan earthquake
swarm and earthquake sequence

Optimized critical region

44°N

40°N

36°N

32°N

28°N

123°E

111°E 117°E

F1: Tan-Lu Fault Zone F2: Qinling-Dabie Fault Zone

F3: Anyang-Heze-Linyi Fault Zone

F4: Hebei Plain Fault Zone F5: Fenwei Fault

F8: Yanshan-Bohai Fault Zone * Study point

™\ National border™ Fault line 7&{ Epicenter

Figure 8
The optimized critical region (circled by blue curve)

seismic region, multiple sample points marked by red
asterisks in Fig. 8 were analyzed. The shear strain
rate is little than 1 x 10~ %a (Shen et al. 2003; Gu
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et al. 2001), and the Ey is about 1.1 x 10° J/(km?>.a)
(Liu et al. 2012). After estimation, the critical region
is Yingkou—Haicheng—Panjin and its north (the
region curved by blue line in Fig. 8) (Liu 2014),
and the magnitude is 6.0 £ 0.6. The time interval T,p
is 24 months, so the earthquakes may occur in
September 2012 to February 2014.

For about 15 months after the prospective study,
an Mg5.7 earthquake occurred in Songyuan of Jilin
province on October 31, 2013, and four Mg > 5
earthquakes occurred in November 2013. The epi-
centers are not situated in the optimized critical
region, but not far from it. The seismic activity of
Tanlu fault zone may make an influence on the
occurrence of the Songyuan earthquake swarm. The
released seismic energy and the earthquake time are
in the f range of forecasting.

3.3. The 2015 Mg5.8 Alashan Earthquake

The Mg5.8 earthquake took place in Alashan
league in the Inner Mongolia Autonomous Region on
April 15, 2015. The epicenter is at 39.8°N and
106.3°E. Prior to the earthquake occurrence, the
LURR anomalies cover part of Gansu-Ningxia—
Shanxi—Inner Mongolia region. The tempo-spatial
evolution of LURR for the range of 34°N-42.5°N,
100°E-112°E from 2013-09-30 to 2014-06-30 is
given in Fig. 9. It is found that the anomalous area
(highlighted by red polygon in Fig. 9) and the value
of LURR changed from small to large, and then to
small again chronologically. The temporal variation
of parameter [, (Fig. 10) shows that the value of
was rising from the second half of 2012 to December
2013, with Ipp = 5.76 x 10°km”. So the region
circled by red polygon could be seen as seismic
hazard region. The shear strain rate is (6-20) x 107
a (Shen et al. 2003; Gu et al. 2001), and the value of
Ew is (2.5-3.0) x 10° J/km%a (Liu et al. 2012).
According to the improved method, the seismic
hazard region is optimized from the large red polygon
to the small blue one (Fig. 11), for Mgp = 6.4 £ 0.5
and T»p = 17 months. So the forecasted occurrence
time is from November 2014 to the end of 2015. This
prediction was made on Oct 16, 2014, and relevant
report was submitted to Annual Consultation.
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Sketch of the tempo-spatial evolution of LURR before the Alashan Ms5.8 earthquake

w1 i ] 7
=T T,,201312
6.0x10°1 I_:5.76eS
PP g
— [
n
/ \\ | 6
A\
o1 5
4.0x10 - m-u .
£ N \ M
e - Lol S 1
/ L
J \
s | g L]
20610y, e \
|
T : 4
2012/6/30 2013/6/30 2014/6/30
Date
Figure 10

The temporal variation of /; and earthquake sequence of seismo-
genic zone before the Alashan Mg5.8 earthquake

About 6 months after the prediction, the Alashan
Mg5.8 earthquake occurred near the critical region.
The forecast time is correlated well with the
observed. The observed magnitude is 0.1 less than
the lower limit of prediction.

3.4. The 2015 MS8.1 Gorkha, Nepal Earthquake

Compared to the above three cases, the prediction
of the 2015 Ms8.1 Gorkha, Nepal earthquake is quite
different, such as in space the anomalous region is
widely too large. The epicenter of Nepal MgS8.1 is
situated at 28.2°N and 84.7°E, about 50 km away
from Nepal-China border. A significant LURR
anomaly has been covered a large area including
Tibet, Yunnan, Guizhou, Sichuan, Qinghai, Guangxi,
Guangdong, and the boundary region between China
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The optimized critical region (circled by blue curve)

and Nepal, India, Burma, and Pakistan (Fig. 12) for
several years. The above region is called the “pan
Southwestern region” (Yin et al. 2008).

Tracking studies of LURR and seismic tendency
for the above region have been conducted since 2008.
According to the temporal variation of the parameter /,
of the anomalous region, we could find that /, reached
its peak value in July 2012 (Fig. 13). According to the
synthesis approach, we predict that a strong earthquake

of Mg=86=%07 may occur in the “pan
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Distribution of LURR anomalies prior to the 2015 Ms8.1 Gorkha, Nepal Earthquake
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& oh "_,-"“l - the geophysical quantities of average seismicity (Ew)
x10° 1 < . . . . .
f* ] L6 and shear strain rate () are taken into consideration. A
. ta . significant connection exists in the heterogeneity of
3x10°7 '.,'-' the crust media, the shear strain rate, and seismicity. If
L5 S .
H “ ’H ‘ ‘ ‘ the LURR anomalous area is wide in space, Evw and 7
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2008/1/31 | 2010//31 | 20124/31 201471731 for some region may great lager than the others.
Date According to the improved results from (Egs. (18)—
Figure 13 (21)), big difference may exist in the assessed mag-

The temporal variation of /; for the “pan Southwestern region”

Southwestern region” during July 2015 £ 25 months
(Liu 2014; Yin and Liu 2014), which was last issued at
SCA 2014 (Conference on Supercomputing Applica-
tions of Chinese Academy Sciences in 2014) on August
21-25, 2014. Indeed the 2015 Ms8.1 Gorkha, Nepal
earthquake occurred in the range of forecast. Although
in space related to the forecast covers a very wide
range, the result is also inspiring.

4. Discussion and Conclusion

The dimension analysis technique presented in this
paper is devised to better optimize the earthquake
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nitude and time for different study points. Then we
could screen out the points with less occurrence
potential of earthquake, such as very low magnitude,
and retain the points with reasonable occurrence
magnitude and time; hence the critical region is opti-
mized and the occurrence of false alarms is effectively
reduced. Our dimensional analysis technique may
help us quantitatively assess the occurrence time and
magnitude of future earthquakes as well as the critical
regions of the anomalous area given by LURR.

It should be pointed out that the selection of the
physical quantities plays a key role for dimensional
analysis. Due to the limitation of observation tech-
nique, some important parameters, such as rock
strength, elastic modulus, and fracture toughness are
not used here, and average seismic energy and shear
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strain rate are analyzed. The data quantity also counts
a great deal. More earthquake cases should be
investigated in different area and different periods.
Due to the limitation, just only 50 earthquakes that
occurred in Chinese mainland since 1976 were
analyzed.

Generally speaking, there is more work to do to
augment the predictive power of LURR. In optimiz-
ing the seismic hazard region, LURR could combined
with other method, such as PI (Rundle et al. 2002; Yu
et al. 2013, 2016; Zhang et al. 2016), which has
shown considerable promise.
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