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L oad- Unlcad Response Ratio (L URR) isa new promising approach to earthquake prediction.
In the previous years, a sries of succesful mediumrterm predictions have been made for
grong earthquakes on the Chinese mainland using this method. In order to investigate whether
the L URR method applies to different tectonic regimes, i.e. , whether it is universal , the San
Andreas Fault and its vicinities are chosen as the study region in this paper. The spatial
variation of L URR in the western Uhited States (30° 50°N, 100° 130°W) is studied in detail
and the earthquake tendency in this region is discussed based on historic earthquake cases
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INTRODUCTION

The Load-Unload Regponse Ratio (LURR) is a new promisng method for mediunrterm
earthquake prediction put forward by Yin, X. C. (Yin, 1987; Yin, and Yin, 1991; Yin, & d. ,
1994 ; 2000) . In recent years, by this method, a lot of strong earthquakes have been succesfully
predicted , including ten srong earthquakes that occurred on the Chinese mainland as well as the
Northridge , USA , earthquake (M6.7,Jan. 17, 1994) and an earthquake in Kanto , Japan (M6.6,
Sp.11, 1996, 35.5° N, 140.9E) (X.C. Yin, e d. , 1996) . Retrogective examination of nore
than one hundred earthquake cases indicates that for nore than 80 % of the examined ones, a peak of
LURR will gppear before the main shock. LURR method can be gpplied not only to predict natura
earthquakes but d 9 to forecag other geologica disagers such as resenwir-induced earthquake , mine
earthquake, rock burg , landdide, wlcaro eruption, etc. After years of earthquake prediction
practice , the prediction results usng LURR have been inproved.

The wegdern United Sates lies on the Grcum Pacific zone, the nog active seigrmic zone in the
dobe where 80 % dof the earthquakes in the world occurred. The tectonic regme of the wegern United
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Sates is quite different from that of the Chinese mainland. In the wedern United Sates, nog
earthquakes occurring aong the San Andreas Fault , a trandormfault , are inter-plate earthquakes. But
on the Chinese mainland it is intraplate earthquakes that dominate. In recent years, many srong
earthquakes on the Chinese mainland were predicted beforehand by meansof LURR. In late 2003 , we
oonducted the tenpord-atia scanning of LURR on the Chinese mainland, with the purpose of
predicting M =5. 0 earthquakes in 2004 (Yin, X.C. , e d. , 2003). Through examingtion, it is
found that 88 % of the M5. 0 or larger earthquakes of 2004 fdl into the anomalous LURR regions
except for the regions whose data are not good erough to caculae LURR (Yin, X. C. , & d. ,
2004) . 9milar sudy was carried out on the srong earthquakes in the wegtern United Sates. Zhang
Yongxian et d. (2003) divided the Suthern Cdifornia region into 11 parts according to the fault
gysem and dressfidd and sudied the variation of LURR. The result shows that , from 1980 to 2001 ,

% o M =>6.5 earthquakes in that region were preceded by obvious LURR amomdies. Sng Zhiping,

et d. (2000) discussed the variaion of LURR before strong earthguiakes viith M =2 6. 0 during 1980
1994 in Suthern Cdifornia. The earthquakes they sudied were al preceded by Givious LURR
ammaies. The time scde of LURR in these resultsis gmilar to that on the Chinese mainland. These
results demondrate that the LURR method mot only is dfective for earthquakes on the Chinese
mainland but al may be suitable for earthquakes in other regonsthat have different tectonic regmes.
The earthquake cataogue in the western United Sates (30° 50°N, 100° 130°W) isrich in records
owing to the dense seigmic network , therefore it is suitable for LURR calculation. In recent years, we
oonducted LURR spatid scanning over the regon (30° 50°N, 100° 130°W) for severd times.

In this paper , the Centroid-Moment- Tensor (OMT) solutions are from Harvard Centroid Moment
Tenoor database via internet (hitp ://Awwv. sei stology. harvard. edu/) . The earthquake catalogue isfrom
the ANSS (Advanced Nationa Seismic System) webdte(http :/Mwmw. anss. org/) .

1. LOAD- UNLOAD RESPONSE RATIO (L URR)

The LURR Y is a parameter that can quartitatively describe the gpproaching catasrophe of
heterogeneous brittle meterid and is dfined as
X
X.
where X, and X. are the regponse rates during loading and unloading repectively.
The regponse rate X is defined as

Y = (1)

. AR
X = [IMAp 2
whereA P andA R derote the increments of load P and reponse R, reectively.

The principle of LURR theory isthat when a sysemisin dadic regme, itsregponse to loading is
nearly the same as its regponse to unloading , whereas the regponse to loading becomes quite different
from that to unloading when the sysemisin the damage regme. The ratio of the loading reponse rate
to the unloading regonse rate, caled the Load/Unload Regponse Ratio, can be used to measure
quartitatively the damage degrees.

It isclear that Y=1for an dadic regme snce X, = X. and Y> 1 for the damage regme due
to X, > X. . The nore srious the damage of the meterid is, the larger the Y value will be. Asthe
media gpproach to failure , the Y vaue becomes larger and larger © that the Y vdue (LURR) can be
used to measure the proximity to failure and it a9 acts as a precuror for earthquake prediction.
Bxeriments and numerical dmulation have proved the validity of LURR (Wang Yucang, et d. ,
1999; Peter Mora, et d. , 2002) . Some researchers Smulated the physcsof LURR using the method
of datigic mesoopic damage mechanics and conducted systermatic researches on the genera character
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and precursor of heterogeneous hrittle materials. They proposed the concept of critica senstivity to
explain the drop of LURR prior to srong earthquakes (Xia, M. F. , 2002; Zhang, X. H. , 2004; Xu,
X. H. , 2004) .

In order to predict earthquakes by meansof LURR , there are severa main problems to be solved.
One is how to load and unload a s sogenic 2one and how to diginguish loading from unloading. The
linear dimenson of a saisTogenic zone may reach hundreds even thousands of kilometers. To load and
unload such alarge sysemis beyond the ahility of mankind. However , the earth tide provides a means
to redize it. Tida force varies periodicaly , 9 the induced dress in the crugt loads and unloads the
earth periodicaly al the time.

To diginguish loading from unloading to rock meterials in the three-dimendona dress date , we
resort to Goulomb failure criterion (Resernberg, P. A. and 9npon, R. W. , 1992; Harris, R. A. ,
1998) . Goulomb Failure Sress( CFS) can be expressed as:

CFS =1, + 0, ()]
whereT , and 0, are shear and norma gresses on the fracture plane; f is the codficient of interna
friction; subscript n refersto the normal of the fault plane on which the CFS reaches its maximum.
The increment of CFS is deroted by A CFS. The case that the increment of Goulomb failure stress
A CFS >0 refersto loading; othewise ,A CFS <0 refers to unloading.

When caculating CFS, the totd gresstensor a every point in the earth crug is used , including
the tectonic dressO; and tida dressO,. Asto the tectonic dressfidd, we mainly use the results of
Xu Zhonghuai , et d. (1995) for the Chinese Mainland , and Mary Lou Zoback’ s reaults for other
regons (http :/Aww. world- sressmap. org/) . Based on the work of previous ressarchers, we worked
out an independent code for caculating dress tenor a any point and time in the earth crug. The
shear and normal gresson the fault plane with mormal n can be obtained by gress tensor trandorm and
then the CFS can be caculated eadly acoording to (3) .

In real earthquake prediction, Y is ddined directly by the released seigmic energy asfollows:

N,
sl
Yo = TN (4)
[5e).
where E derotes released seigmic energy , the dgns’ +” and® - " mean loading and unloading, m
=0or 1/3or 1/20r 2/30r 1. For m=1, Emisexactly the energy itsdlf ; for m=1/2, Em denotes
the Benidff drain; for m = 1/3 and 2/3, Em represents the linear scale and area scde o the
seigTogenic zone, regectively ; andfor m=0, Yisequa to N./N. , where N, and N. demote
the number of earthquakes occurring during the loading and unloading periods, regectivey. In this
paper m is chosen as 1/2, which means that Y is determined by Benioff srain during the loading
period and unloading period.

Using the abundant ssismic data of China and abroad , the theory of LURR has been examined
ocomprehensvely. The number of examined cases reached nore than one hundred , including nogt 8.0
> M =7. 0 earthquakes that occurred on the Chinese mainland (some cases could not be studied due
to lack of sufficient data) snce 1970, nog srong earthquakes (7.0 > M =6.0) that occurred in the
North China region snce 1970 and ome grong or large events (M > 6. 0) that occurred in USA ,
Jgpan and Audrdia regon. For nore than 80 % of the cases examined , the LURR vd ue fluctuated
around 1 during the early sage of seisrpgenic process and it rose when the grong earthquake was
impending. Then Y reached its maximum (much greater than 1) and decreased sharply at the eve of
earthquake. The duration of Y >1 ranges from nonths to years and is related to the magnitude.
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Fig. 1
The mpicenter adribution of M =5. 0 earthquakes in wedern United Sates Snce 1980

2. THE SPATIAL SCANNING OF L URR IN WESTERN UNITED STATES

The Centroi o Moment- Tensor (OMT) olutionsof the fault sysemfor the region are obtai ned from
Harvard Centroid Moment Tensor database via internet. Based on this st of information , we divide the
wegtern United Sates region (30° 50°N, 100°  130°W) into 2° x 2° sub-regions with uniform CMT
olutionsin each area (Fg. 1). The drike, dip and rake of fault in every area can be defined
acoording to the OMT lutions. The loading and unloading periods are determined by caculating
perturbations in the CFS induced by the earth tide. Then a circular regon with radius R is selected as
the gatid window to caculate LURR for a ecific time window. The circle center noves with given
qep length in both latitudina and longitudinal directions by a certain increment.

Acoording to the scaling relation of LURR , the Sze of seismogenic zone (radius R of circle areq)
should be in proportion with the magnitude of the future earthquake (Yin, et a. , 2002) asfollows:

logR(km) = 0.087 + 0.34M (5)

The dze is in accordance with the critical sSze defined by the CPH (Bowman, D.D. et d. ,
1998; Bue, C. G. and Varnes, D.J. , 1993; Jaume, S.C. and Sykes, L. R. , 1999) .

The earthquake catalogue used in this pgoer isfrom ANSS (http :/Awwv. anss.org/) . In order to
awid digurbance from outganding earthquakes, we chose megnitude thredolds according to the
Qutenberg- Richter relaionship for each unit area. Fg. 2 isthe digribution mgp of LURR amomay in
wegern United Satesin atime window of Jan. 1, 2003 Dec. 31, 2003, and superinposed on the
mep isthe epicenter digribution of earthquakeswith M =5.0or larger duringJan. 1, 2004 Dec. 31,
2004. Those aromaly regions would be highly probable places for earthquakes of M5. 0 or larger to
occur in 2004. The scanning parameters in Hg. 2 are as follows:

Time window : 1 year;

Soace window : R =200km;

Magnitude thresold: 0.0 4.0;

Moving gep length: 0.125° in both latitudind and longitudina directions.
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Red circlesin Hg. 2 demote the M = 5. 0 events occurring in regons in which the observed data
are good erough to calculate LURR. The reaults are caculated on Degpoonp 6800 superconputer in
the Gomputer Network Informeation Center of Chinese Acadenmy of Stiences. FHom the figure , we can
e that nog earthquakes took place in the aromalous LURR regons, showing that the prediction
results usng LURR are stidying. Based on thiswe oconducted the LURR gatid scanning to sudy the
seigmic tendency in the near future in thisregon. Hg. 3 shows the mgpsaf LURR armomaly regons by
atid scanning with different gpace and time windows. The scanning radius R is taken to be 70km,
100km and 200km, regectively. The results show that there are obvious LURR amomdies, which
imply that there will be high sigmic risk in wedern United Sates in the near future. Acoording to the
results, we predict that ,

(1) Earthquake with M =5.0 ( £0.5) or o will probably occur before July 31, 2005 in the
LURR amomdy regons shown in Hg. 3a, egecidly in the regons where the LURR is larger than 1 5.

(2) Earthquake with M =5.5 (+0.5) or 2 will probably occur before Dec. 31, 2005 in the
LURR anomay regons shown in FHg. 3b, epecidly in the regon where the LURR islarger than 1. 5.

(3) Earthquake with M =6.5 (+£0.5) or 2 will probeisy occur before Dec. 31, 2006 in the
LURR amomaly regions shown in Hg. 3c, epecid!y in the regon where the LURR islarger than 1. 5.

Based on LURR scanning result , further gucy has been ~2riied out in the rectangular zone of
33 36°N, 115° 118°W, as down in FHg. 4. The result shows that the LURR in that region has
attained a peak and began to drop. Earthquake with M = 6. 0 or larger will probably occur before Dec.
31, 2005 or a hit later.

3. DISCUSSION AND CONCL USION

LURR is a promisng goproach to mediuntterm earthquake prediction, and many grong
earthquakes have been predicted beforehand by means of LURR with better effect , egpecialy on the
Chinese mainland. The geological gructure of the wedern United Sates, where nog earthquakes that
occurred on the San Andreas Fault are the inter-plate ones, is different from that of the Chinese
mainland , where nogt earthquakes are intraplate earthquakes. In order to invegtigate the applicahility
o LURR to different tectonic regmes, the gatial scanning of LURR in the wegtern United Sates (30°

50°N, 100° 130°W) has been conducted and the result is reported in this paper. Conparison of
ammalous LURR regons in 2003 with the earthquakeswith M =5. 0 in the regon in 2004 shows that
the predicting results uing LURR are satidactory. The future earthquake tendency in this regon is
proposed in the paper. [f the future earthquakes acoord with the results, it may sugged that the LURR
goproach is gpplicable for predicting earthquakes in a trandorm fault.
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