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 In the previous year, we have developed a new open source code for a Composite Load 
Response Ratio (CLRR) and Composite Load/Unload Response Ratio (CLURR) methods for the 
intermediate-term earthquake forecast based on the rate and state of Coulomb stress changes induced 
by earth tides.  This year, we have evaluated and refined critical parameters used in the CLRR and 
CLURR calculations based on a retrospective test of their predictability of an earthquake catalog 
of California and Nevada and a Chinese earthquake catalog.  We have found positive results with 
the ANSS earthquake catalog of California and Nevada.  Our retrospective test results with the 
Chinese catalog, however, show only limited successes.  For example, for the most recent M7.9 
Wenchuan earthquake on May 12, 2008, we find no significant precursory signals in the 
response ratio time series.  
 Our method is modified from the Load/Unload Response Ratio (LURR) method 
proposed by Yin and others (1995) for intermediate-term earthquake forecasts. The basic 
assumption and algorithm of LURR are that large earthquakes occur in response to critical 
loading stress surrounding the seismogenic fault, whose state of criticality could be detected 
through anomalous response monitoring of regional seismicity to the Coulomb stress changes on 
faults induced by earth tides.  To improve the predictive power, we use both the stress “state” 
and “rate” as criterions for differentiating the loading and unloading events, based on 
examination of the tidal induced Coulomb stress change.  Figure 1 shows an example of the tidal 
induced Coulomb stress change time series on a fault plane at (40.0N, 116.0E) for a two-month 
time period 2006.1.1-2006.3.1.  The time series showed a clear daily and monthly fluctuation of 
the Coulomb stress changes.  Loading or unloading of a seismic event is based on positive or 
negative Coulomb stress change state or rate induced by Earth tides on the fault plane at the time 
of the event.  For each criterion a range of frictional coefficients (i.e., 0.2, 0.4, 0.6, and 0.8) is 
used to calculate the Coulomb stress change and then estimate their loading and unloading time 
series.  The spatial window for LURR evaluation is usually adopted as a circular region centered 
at the epicenter of the oncoming large event with its radius in proportion to the incoming 
earthquake magnitude.  The relationship between the searching radius and the earthquake 
magnitude is given as log10(R) = 0.34M - 0.214, using the California earthquake catalog. Figures 
2a and 2b shows the retrospective time series for each of the eight combinations of friction 
coefficients and stress criterions normalized by their standard deviations for the 1994 Northridge 
and 1992 Landers earthquakes, respectively.  In all of our tests we find that the CLRR and 
CLURR show similar signatures, and to save the plotting space and for the convenience of cross-
checking with other groups’ results, we show only the CLURR result in all the following 
discussion.  Clearly different combination of parameters produces different result with the 
precursor “anomalies” look more prominent for some cases than the others.  For example, the 
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Northridge earthquake is more sensitive to its stress state parameters comparing to its stress rate 
parameters. The Landers earthquake, on the other hand, is more sensitive to its stress rate 
parameters.  This also demonstrates that earthquake processes are complicated.  The root mean 
squares of those resulting LURR functions are used to form the CLURR functions (lower left 
panels of Figure 2a and 2b) for the Northridge and Landers earthquakes.  Applying the CLRR 
and CLURR methods in a retrospective test, we find significant precursor anomalies for almost 
all of the M>6 earthquakes that occurred in California since 1979. 
 To extend our application to the western US area, we apply the methods to the Mw 7.9 
Denali, Alaska earthquake of November 3, 2002.  The event location and fault plane solution 
was defined based on the Harvard CMT solution.  Figure 3 shows the stress rate and state 
dependent CLURR time function before and after the earthquake.  Clearly there is a significant 
impulsive anomaly shortly before the earthquake.  There are also anomalies signals before 1996.  
By carefully examining the ANSS catalog, we find it relates to a M6.2 event occurred near the 
end of 1995.  We also apply the methods to the Mugul earthquake swarm occurred early 2008 
near Reno, Nevada.  Figure 4 shows the stress rate and state dependent CLURR time series 
before the swarm.  We notice apparent anomalous signals appeared between 2005 and 2007.  We 
also find a significant anomaly occurred before 2002.  There is no major earthquake occurred 
between 2002 and 2005.  However, we find a report of geodetic evidence of possible 
subcontinental-scale transient tectonic deformation occurred within the western Basin and Range 
region (Davis et al., 2006).  The above observed CLURR anomaly could be correlated with such 
large scale tectonic deformation in the region.  
 We have acquired a preliminary version of the Chinese seismicity catalog.  The catalog 
has over 30 year seismicity distribution across China since 1970.  By carefully examining the 
catalog, we find that it is more complete for the northeast region of the country because of dense 
seismic monitoring networks in the area.  For the west section, the catalog appears to be 
incomplete for magnitude below 4.  We have selected all the magnitude 7 and above earthquake 
events from the catalog and tested the performance of our CLURR approach retrospectively.  
These events have, on average, larger magnitudes of ~0.4 than the Harvard CMT solutions.  We 
use the Harvard CMT solutions to define all the source parameters for the CLURR calculation 
except for the Haicheng earthquake.  Unfortunately, except for a few well known events, we did 
not find any significant anomalous precursory signals for most of the other earthquakes, 
including the 1976 M7.2 Songpan earthquake and the 2008 Mw 7.9 Wenchuan earthquake.  
Those few exceptions are the 1975 M7.3 Haicheng, the 1976 M7.6 Tangshan, and the 2001 
Mw7.8 Kunlun earthquakes.  Figure 5 shows the locations of those earthquakes along with the 
historical seismicity distribution in China from 900 to 2000 in the background.  
 Figure 6a shows the stress rate and state dependent CLURR for the M7.3 Haicheng 
earthquake on February 4, 1975.  The event location and focal mechanism parameters is obtained 
from Cipar (1979).  Significant CLURR anomalies appeared two year prior to the mainshock.  
This earthquake was the first earthquake to be predicted with some degree of accuracy.  The 
prediction was based on however an unusual small earthquake activity in the region half-year 
before the mainshock.  Also, anomalous gravitational behavior was reported in the region in 
1972 and 1973 (Chen et al. 1976) and it seems to correlate with our CLURR anomalies well. 
 Figure 6b shows the stress rate and state dependent CLURR for the M7.6 Tangshan 
earthquake on July 27, 1976.  The great Tangshan earthquake is the most devastating earthquake 
occurred in the 20th century with officially reported fatalities over 240,000.  Prior to the 
earthquake, there were no foreshocks or other clear precursory phenomena reported for this event.  
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The event location and focal mechanism parameters are obtained from the Harvard CMT catalog.  
We have observed similar CLURR anomalies for this event as the previous Haicheng earthquake.  
However, we also find an anomalies CLURR signal during 2006-2007 with no indication of 
anomalies earthquake activity in the area.  
 For the Mw 7.8 Kunlun earthquake in 2001, we also find significant anomalous CLURR 
signal a year before the earthquake (Figure 6c).  In the same CLURR time series, there are 
several other anomalous signals after the event which do not seem to correlate with any major 
events around the region.  We also apply the CLURR method to the most recent Mw 7.9 
Wenchuan earthquake on May 12, 2008 (Figure 6d).  There were some significant anomalies in 
the time series during the 1970s.  They could relate to the M7.5 Luhuo earthquake in 1973 and 
two M7.2 Songpan earthquakes in 1976.  However, the Luhuo earthquake occurred ~200 WNW 
of the 2008 Wenchuan earthquake, had no enough seismicity data in its vicinity in the catalog at 
the time to yield a reliable CLURR evaluation.  The CLURR time series when evaluated using 
the focal mechanisms of the double-let Songpan earthquakes show no significant precursory 
anomaly.  For the 2008 Wenchuan event we do not find any significant precursory signals.  Both 
Kunlun and Wenchuan earthquakes are massive events struck western China in recent years.  In 
particular, the Wenchuan earthquake that struck the mountainous country at the eastern margin 
of the Tibetan plateau has caused over 80,000 fatalities and affected more than half of the 
country's territories.   

Overall our retrospective test of the CLURR method using M>6 earthquakes occurred in 
California since 1979 shows distinct precursor anomalies for all events. Our test also shows 
some successes for Alaska and Nevada.  We have tested about a dozen M>7 Chinese earthquakes 
that occurred in the last 35 years, including the M7.3 Haicheng earthquake in 1975 and M7.6 
Tangshan earthquake in 1976.  CLURR anomalies emerged prior to some events, although ~1-3 
years of quiescence between the anomalies and the mainshocks are of longer than normally 
expected. For many other events, including the most recent M7.9 Wenchuan earthquake on May 
12, 2008, the results are not very positive.  The contrast of the success rates of the test results 
using the US and Chinese earthquake catalogs needs to be understood, whether resulting from 
differences in data quality, regional tectonics, or something else.  
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Figure 1.  An exemplary tidal induced Coulomb stress change time series on a fault plane at (40.0N, 116.0E) for 
a two-month time period 2006.1.1-2006.3.1.  The lower panel shows time domain expansions of these Coulomb 
stress changes to illustrate the state and rate dependent stress loading and unloading of an event.  For the state 
dependent case, an event is defined as a loading or unloading event dependent on whether the event occurs at the 
positive or negative stress state, respectively.  For the rate dependent case, the loading and unloading of an event 
is defined by whether the event occurs at the positive or negative stress rate, respectively.   
 

 
Figure 2a. Parameter tests of the LURR method for the Northridge earthquake. The upper left panel is for the 
seismicity distribution (in green and blue) before the mainshock.  The triggering criterion is either “stress state” 
or “stress rate”, and the Coulomb friction coefficient µ= 0.2, 0.4, 0.6, or 0.8.  Significant LURR “anomalies” 
appeared a few months before the mainshock for some of the test runs but not the others.  For this event, the 
anomaly seems to be significant for all the stress state triggering cases (exemplary as the case µ= 0.4, in red 

positive stress state negative stress state positive stress rate negative stress rate

Northridge earthquake 
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frame) but not the stress rate triggering cases.  The lower left panel is the composite LURR functions defined as 
the root mean squares of those resulting LURR functions. 
 

 Landers earthquake 

 
Figure 2b.  Same as Figure 2a but for the Landers earthquake.  For this event, the anomaly seems to be significant 
for most of the cases except for the ones of stress state triggering with µ= 0.6 and 0.8.  
 

 

sum

Figure 3.  The composite LURR functions calculated for the Mw 7.9 Denali, Alaska earthquake in November 3, 
2002 with the red line showing the earthquake occurring time. 
 

 
Figure 4.  The composite LURR functions calculated for the Mugul earthquake swarm near Reno, Nevada in early 
2008.  
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Figure 5.  Historical seismicity distribution in China from 900 to 2000 (red circles).  The 1975 Haicheng, 1976 
Tangshan, and 2001 Kunlun earthquakes are shown in blue solid circles.  The May 12, 2008 Mw 7.9 Wenchuan 
earthquake is shown in blue asterisk.  
 

 
Figure 6a.  The CLURR functions calculated for the M7.3 Haicheng earthquake in 1975 with the red line showing 
the earthquake occurrence time.   

 
Figure 6b.  The CLURR functions calculated for the M7.6 Tangshan earthquake in 1976.   

  
Figure 6c.  The CLURR functions calculated for the Mw 7.8 Kunlun earthquake in 2001.   

 
Figure 6d.  The CLURR functions calculated for the Mw 7.9 Wenchuan earthquake, May 12, 2008.   
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