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ABSTRACT : 

Landslides are one of the most damaging earthquake geohazard phenomena that have created considerable 
socio-economic losses in the past. Therefore, it is important to find out where and in what shaking conditions
landslide can occur. This paper assesses the performance of two empirical models, i.e. the California method and 
USGS method, for the prediction of earthquake-induced landslides based on a number of ground motion 
parameters. The models are implemented in four case histories and the results compared with reality. It has been 
observed that the results obtained do not quite agree because the California method uses the peak ground 
acceleration of the earthquake motion while the USGS method uses the Arias intensity. The USGS method has 
also been compared to historical data and proved to be within the limit boundaries of the compiled data. 
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1. INTRODUCTION 
 
Landslides are one of the most damaging earthquake geohazard phenomena that have created considerable 
socio-economic losses in the past. Prediction of landslides is therefore necessary for planning and mitigating the 
damages. The objective of this paper is to examine the performance of two empirical models for prediction of 
earthquake-induced landslides by comparing their results against observed data from case histories of landslide
and slope response. The two methods focused in this paper are the so-called California Method (Blake et al., 2002) 
proposed by the ASCE Los Angeles Section Geotechnical Group, largely based on the studies by Bray and Rathje 
(1998), and the USGS Method proposed by Jibson et al. (1998).  
 
Landslides, particularly coherent slides principally start moving as blocks of soil. Literature discusses the 
following methods for assessing the initiation of coherent, translational slides: the pseudo-static method, the 
dynamic finite element analysis, and the displacement block method. The latter is a compromise between the two 
former methods (Miles and Ho, 1999). Displacement block methods embrace the concept that the effect of
earthquakes on slope stability is assessed by the deformations produced, rather than by the minimum safety factor 
(Seed, 1967). Permanent displacements over a certain limiting value will likely trigger a landslide. The magnitude 
of this limiting value depends on the mechanism of the slope failure, lithology, slope geometry and earlier slope
movement (Wilson and Keefer, 1983). Romeo (2000) proposed 5 cm for rocky slopes, which display a brittle
behaviour, while for more ductile soils he considers a critical displacement of 10 cm. After Newmark proposed his 
sliding block model in 1965, the method has been developed and undergone several improvements, amongst
others relating seismic ground motion parameters to computed landslide displacements (Romeo, 2000). In
addition, based on a compilation of historical landslides, an envelope has been proposed in the literature for the
maximum distance to which landslides have been observed. The other objective of this paper is to study the 
robustness of the selected empirical model by its success in reproducing the envelope of historical landslides.  
 
 
2. MODELING COHERENT SLIDES 
 
The California and USGS methods are two empirical calculation models which estimate the earthquake-induced 
displacements for planar slope failures (translational slides). In the following these two methods are briefly 
outlined; moreover, they are applied to four case histories and their results are compared. 
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2.1. California Method 
  
For calculation of the displacement induced by an earthquake the California method (Blake et al. 2002) uses 
Newmark-type displacement analysis. Slope deformation analysis requires estimation of the slope yield
acceleration ay = ky g (ky is often referred to as yield seismic coefficient and can be estimated from the slope’s
safety factor and angle together with a Horizontal Equivalent Acceleration, HEA, which represents the severity of 
shaking within the slide mass instead of the maximum ground acceleration, MHAr, which is measured at bedrock).
The California method has recommended the following expression for earthquake-induced displacement explicitly 
for assessing landslide hazard. 
 

                                max
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Where, u is the permanent displacement (in cm). The standard error is 0.35 in log 10-units. kmax = MHEA/g is the 
peak (acceleration) demand coefficient, where MHEA is the maximum equivalent acceleration. MHEA may be 
estimated from MHAr, NFR (a factor which accounts for nonlinear ground response effects as shear wave
propagate upwards through the slide mass), the ratio Ts/Tm, where Ts is the fundamental period of the sliding mass
and Tm the mean period of the earthquake motion. D5−95 is referred to as the significant duration of shaking (in 
seconds) which is the length of time between 5% and 95% of normalized Arias intensity and may be found 
empirically. Empirical estimations of these values are suggested by the California method (Blake et al. 2002). 
 
 
2.2. USGS Method 
 
Another displacement method has been suggested by Jibson et al. (1998) who has tested the method against the 
landslides induced by the Northridge, California earthquake in 1994. For areas with a calculated displacement 
larger than 10 cm, it has been observed that approximately 27% of the total area had experienced landslides. 
Jibson et al. found a regression line for the Newmark displacement, Dn (in cm), as a function of the Arias intensity, 
Ia (m/s), and the yield seismic coefficient, ky. The regression line for the displacement induced by earthquake is: 
  
                            546.1log993.1/log521.1log −= yan kID                        (2.2)

 
A disadvantage with Eqn. 2.2 is that the Arias intensity is not readily known even when an earthquake magnitude 
is assumed. Travasarou et al. (2003) proposed an empirical relationship for estimation of the Arias intensity as a 
function of M – the moment magnitude, rfault – the distance to the fault in km (may be set equal to the epicentral 
distance), and parameters SC and SD characterizing the soil type and FN and FR as fault type indicators. 
 
 
3. PERFORMANCE OF EMPIRICAL MODELS AGAINST CASE HISTORIES 
 
3.1. Case 1: Landslide movement during Northridge Earthquake 
  
California Method: Pradel et al., (2005) have described in detail a landslide case induced by the 1994 Northridge
Earthquake (M = 6.7) with a distance to the fault equal to r = 23 km. A pipeline break showed that the induced 
displacement was approximately 50 mm. Two strong motion stations were used in the study to obtain the 
maximum horizontal accelerations (MHA) for the site: Malibu Canyon (MCN) and Topanga Canyon (TOP). With 
the period of the sliding mass, Ts =0.177s, and various parameters such as the significant duration, D5−95, the mean 
period, Tm, and NRF values, the corresponding values of MHEA were computed and listed in Table 3.1. 
 
Pradel et al., (2005) estimated the yield seismic coefficient of the soil, ky = ay/g, as a function of the ground water 
level on the day of the earthquake. The best estimate for the water level yielded ky = 0.037, while one meter higher 
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ground water level gave 0.026 and one meter lower resulted in 0.052. The theoretical yield coefficient is
ky,t = 0.0771 and FSstatic = 1.49. Using the different estimates of ky the displacements, u, have been calculated (Table 
3.1). According to the computations, the mean displacement is 48 cm for the best estimate of the yield seismic
coefficient. The mean displacements for the lowest and highest yield coefficients are 68 cm and 30 cm, 
respectively. For the theoretical yield coefficient, the displacement has a mean value of 15 cm. 

 
Table 3.1 Landslide parameters for Northridge earthquake and displacements found by the California-method 

Measuring 
Stations 

MHA 
(m/s2) 

NRF D5-95 
(s) 

Tm (s) MHEA 
(m/s2)

kmax u(ky=0.037)
(cm) 

u(ky=0.026) 
(cm) 

u(ky=0.052)
(cm) 

u(ky,t=0.077) 
(cm) 

MCN270 2.35 1.156 9.2 0.22 1.727 0.176 22.33 36.82 11.29 4.01 
MCN360 2.65 1.123 8.6 0.23 1.955 0.199 28.72 44.68 15.72 6.29 
TOP000 3.92 1.000 8.8 0.32 3.339 0.340 93.02 120.48 65.37 38.25 
TOP090 2.84 1.101 9.4 0.27 2.334 0.238 47.72 65.37 28.80 13.38 

 
From Pradel et al. (2005) the actual displacement is known to be 5 cm which is in the same order of magnitude as
those computed for the MCN records by the California method for the highest ky, but considerably lower than
those calculated for the TOP records. So, if a displacement of 15 cm is considered to be the threshold for sliding, 
as proposed in the California method, then the use of this method would indicate a “landslide” at this site. The 
displacements calculated with the theoretical yield coefficient are lower, which indicates that the ky-values of 
Pradel et al. (2005) are too low. For this case, the displacements from the MCN270 and MCN360 measurements 
are in fairly good accord with the measured 5 cm. 
 
USGS Method: The Arias intensity and the slope yield seismic coefficients (Pradel et al. 2005) were used for 
calculating the displacements in this method. Using the different yield coefficient values together with the 
theoretical values calculated in the previous section, the displacements, Dn, were computed as listed in Table 3.2. 

 
Table 3.2 Displacements from Northridge earthquake estimated by USGS method 

Station Arias Intensity  Dn (ky = 0.037) Dn (ky = 0.052) Dn (ky = 0.026)  Dn (ky,t = 0.077) 
MCN270 0.674 m/s 11.1 cm 5.6 cm 22.5 cm 2.6 cm 
MCN360 0.751 m/s 13.1 cm 6.7 cm 26.5 cm 3.0 cm 
TOP000 1.365 m/s 32.6 cm 16.5 cm 65.8 cm 7.6 cm 
TOP090 0.999 m/s 20.3 cm 10.3 cm 41.0 cm 4.7 cm 

 
The results of prediction by the USGS method are in better agreement with the observed displacements. The mean
of the displacements calculated for the best estimate of yield coefficient (ky = 0.037) is 19.3 cm which seems to 
indicate a too high yield coefficient, as suggested in the California-testing. However, the mean value for the 
displacements calculated from the theoretical yield coefficient (ky,t = 0.077) is 4.5 cm, which is in good agreement
with the measured displacements of 5 cm. 
 
 
3.2. Case 2: Debris slump caused by Suusamyr Earthquake  
 
California Method: In August 1992 an earthquake with surface wave magnitude Ms = 7.3 took place in the 
Suusamyr valley, Kyrgyzstan. Havenith et al. (2000) studied the seismically induced surface effects with special 
focus on a triggered debris slump 5 km from the fault scarp and the epicentre. The displacements of the debris
slump were in the order of 70 m. For this earthquake D5-95 = 18.5 s, Tm/Ts = 0.838 and MHA = 1.37 m/s2. Using 
these parameters the following were computed: MHEA = 0.827 m/s2

 and kmax = 0.084. 
 
Havenith et al. (2000) found the yield strength by applying a constant horizontal acceleration to the slope, and
iterating till the factor of safety became 1; this resulted in ky = 0.05. The theoretical yield seismic coefficients are
ky,t = 0.397 for the lowest ground water, and ky,t = 0.031 for the highest ground water level. The displacement u = 
1.0 cm was calculated using ky = 0.05. Use of the theoretical ky,t values gives u ≈ 0 for low ground water and 
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u = 6.0 cm for high ground water. The displacements calculated from a theoretical yield coefficient lie over and
under the displacement calculated from ky as suggested by Havenith et al. so that ky may be assumed correct. But
for any of the yield coefficients the method gives a small estimation of the displacement indicating that a landslide 
would not have been predicted from these input data. Havenith et al. calculated the classical Newmark 
displacement to 0.06 m, which is more than the displacement calculated here for ky, but still not enough to indicate
a landslide, or anything compared to the actual 70 m displacement.  
 
One of the reasons the California method performs poorly here is believed to be the low acceleration used in the
computations. By accounting for the site response and the acceleration amplification in the soil layer one can 
compute larger slope displacements. The analyses indicate that by just doubling the input acceleration, the 
displacement increases from 1 cm – which is below any threshold of sliding – to 21 cm, which is large enough to 
indicate a landslide. This simple parametric study underscores the importance of making good estimates of the
induced accelerations in the slope.  
 
USGS Method: According to Havenith et al. (2000) the yield seismic coefficient is ky = 0.05. The parameters 
needed for computing the displacement by this method are: magnitude of the earthquake, M ≈ Ms = 7.3, the rupture 
distance r = 5 km, SC = 0 and SD = 1 for deep soil condition, and FN = 0 and FR = 1 for the reverse fault 
mechanism. This gives the Arias intensity Iα = 5.90 m/s. Using ky = 0.05 and Iα = 5.9 m/s the slope displacement is 
computed to be equal to Dn ≈ 166 cm. A calculated displacement larger than 1 m will likely induce a slide. So for 
this case the USGS method predicted the outfall of the earthquake correctly. 
 
 
3.3. Case 3: Slope failure induced by Niigata-Ken Chuetsu earthquake 
 
California Method: On October 23, 2004, a Magnitude M = 6.8 earthquake struck the southern part of Niigata 
region, Japan. Two aftershocks with M = 6.0 and M = 6.5 followed in less than an hour. Three days earlier 
Typhoon No. 23 had given the area heavy rain, and consequently more than 3,000 landslides were triggered in the
areas around the epicentres (Onoue et al., 2006; Tsukamoto et al., 2006; Toyota et al., 2006). Many natural slopes
failed along the Shimano river, amongst them was the Yokowatashi landslide (Onoue et al., 2006). The distance of 
the Yokowatashi slope from the main epicentre is approximately r = 10 km (rfault assumed the same). The slide 
happened on a slope with an average angle β = 22°. When the Niigata earthquake struck, a 2.5- 4 m deep block of 
saturated soil was loosened and slid 72 m west towards the river. The failure occurred in a 5-10 mm thick seam of 
tuff sand with an internal friction angle φ = 31°, cohesion c = 23.8 kN/m2 and unit weight γ = 18 kN/m3. The 
information from the slide was implemented in the California method to estimate a block displacement. 
 
Assuming ground water level at the surface, the factor of safety and the yield seismic coefficient were calculated 
equal to 1.75 and 0.28, respectively. The ratio Ts /Tm was equal to 0.102; however, according to the California
method this ratio should be taken at least equal to 0.5. To compute the maximum equivalent acceleration, MHEA, 
and the slide displacement, a shear wave velocity Vs = 275 m/s (USGS, 2007) was used. The displacements 
computed for the two different measured accelerations are listed in Table 3.3.  
 

Table 3.3 Earthquake data (Onue et al., 2006) and calculated MHEA and displacements u 
Measuring direction MHAr MHEA u 
EW 7.3 m/s2 5.38 m/s2 8.3 cm 
NS 10.8 m/s2 7.77 m/s2 41.7 cm 

 
Compared to the actual sliding displacement of 72 m, the calculated displacements are very small. But the displacement 
caused by the north-south acceleration might be enough to trigger a landslide. It is interesting to note that the maximum
equivalent horizontal acceleration, MHEA, is less than the real peak accelerations. If the real value of Ts/Tm had been 
used instead of 0.5, MHEA would have been greater and the displacements would have become approximately 500 cm
and 1000 cm, respectively. With these values it would be easier to argue for the satisfactory performance of the
California method. 
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USGS Method: The Arias intensity was calculated as a function of soil type, fault type, magnitude and site-source 
distance. Shallow, stiff soil gives SC = 1 and SD = 0, and the reverse fault of the Niigata earthquake gives FN = 0 
and FR = 1 (NIED, 2007). With moment magnitude M = 6.8 and site-source distance r = 10 km, the Arias intensity
was found equal to Ia = 1.56 m/s. With the same safety factor used in the California method, i.e. FSstatic= 1.75, the 
displacement was calculated as Dn = 0.71 cm which is far too little to induce a landslide. 
 
 
3.4. Case 4: Landslide movement during Coyote Lake Earthquake 
 
California Method: The Coyote Lake, California, earthquake struck with a local magnitude ML = 5.7 (≈ M = 5.7) 
on 6 August 1979 (Wilson and Keefer, 1983). A fissure opened in a pre-existing slump 9 km north-east of the 
epicentre and rfault = 0.1 km from the fault. The fissure had an 18 mm horizontal and 9 mm vertical offset. The 
slope material was weak shale of the Berryessa formation, fissile and with close joints. The material parameter 
were estimated as φ= 25° and c = 14.4 kPa. Wilson and Keefer (1983) used STABR program to find the factor of 
safety FS = 1.492, and a yield seismic coefficient ky = 0.22. The slide movement was rotational with an 
approximate depth H = 10 m. With an assumed shear wave velocity Vs = 360 m/s (CGS website, 2007) one obtains
Ts/Tm = 0.5 and D5-95 = 4.6 s. The calculated MHEA and the displacement are summarized in Table 3.4. From this 
table it is seen that the Gilroy #6 acceleration record gives about 13 mm displacement, which is in fairly good 
agreement with the observed horizontal displacement of 18 mm.  
 

Table 3.4 MHEA values and displacements for different acceleration measures 
Measuring station MHAr NRF MHEA u (cm) 

Gilroy #6 4.12 m/s 0.984 3.74 m/s2 1.28 
Coyote Creek 2.26 m/s2 1.167 247 m/s2 0.07 

 
USGS Method: For applying the USGS method the soil type was considered as rock, which gives SC = 0 and SD = 0,. 
Furthermore, the fault was a strike slip type resulting in FN = 0 and FR = 0. Using rfault = 0.1 km and M = 5.7, the Arias 
intensity was calculated as Ia = 0.254 m/s (Travasarou et al., 2003). With the yield coefficient ky = 0.22 the displacement 
was found to be Dn = 0.073 cm which compared to the measured displacement of 18 mm is too small. 
 
 
4. COMPARISON AND CONCLUSION FROM CASE HISTORIES 
 
The various parameters derived using the California and USGS methods for the case histories studies in the 
previous sections are summarized in Table 4.1. The table shows that the California method is sensitive to the 
changes in the peak ground acceleration, but the variation of results for the four cases are not consistent enough to 
indicate for which combination of parameters the California method yields unrealistic results. The displacement 
values calculated by the USGS method are affected by both the yield coefficient and the earthquake magnitude.
Table 4.1 shows that for cases 3 and 4 the USGS method gives unrealistic results for too high yield coefficients 
and for too low magnitudes. It is also important to note that the displacement equation proposed in the USGS 
method uses the Arias intensity, which for Cases 2-4 has been estimated empirically. Using the empirically
estimated Arias intensity for Case 1, where the intensities are known, one computes lower values than the ones 
stated; this in turn leads to lower displacements. This could also be a reason for the low displacement values in
Cases 3 and 4. Although it is difficult to draw a definite conclusion on the basis of these four case histories, it
appears from the computed values that the USGS method (Jibson et al., 1998) together with the empirical Arias 
intensity according to Travasarou et al., (2003) is more appropriate for the cases with low to medium yield seismic 
coefficients (ky < 0.2) and strong and larger magnitudes (M ≥ 6). 
 
This does not authenticate USGS method or discredit the California method, rather provides an incentive for more 
studies of case histories. As the USGS method demands less input parameters than the California method, the
USGS method was used in the comparison with historical data of landslide in the following. 



The 14
th  

World Conference on Earthquake Engineering    
October 12-17, 2008, Beijing, China  
 
 

 6

 
Table 4.1 Comparison of important parameters for Cases 1-4 

 ky MHAr/g M r (km) Obs. Disp. Comp. Disp. (cm) 
Case 1 L, 0.077 M, 0.3 S, 6.7 23 5 cm Cal: 15, USGS: 4.5 
Case 2 L, 0.05 L, 0.14 Ma, 7.3 5 20 m Cal: 1, USGS: 166 
Case 3 H, 0.28 H, 1.1 S, 6.8 10 72 m Cal: 42, USGS: 0.7 
Case 4 H, 0.22 M, 0.4 Mo, 5.7 9 1.8 cm Cal: 1.3, USGS: 0.03

                    L-Low, M-Medium, H-High, S-Strong, Ma-Major, Mo-Moderate, Cal-California 
 
 
5. COMPARISON OF USGS METHOD WITH HISTORICAL DATA 
 
It is instructive to investigate whether or not the displacement calculations by the USGS method concur with 
historical landslides caused by earthquakes. Much information on historical landslides has been compiled by
Keefer (1984, 2002) and Rodríguez et al., (1999). The data has been used to establish a limiting value/curve for 
landslides induced by earthquakes. This has, among others, been implemented by relating the maximum distance 
from epicentre that a landslide has been observed, rmax, to the earthquake magnitude, M. The outer boundaries of 
landslide occurrences are often called Keefer envelopes (1984). The historical data contains no site-specific 
information; however, by calculating the displacement proposed by Jibson et al., (1998) as a function of 
magnitude and epicentral distance (which affects the Arias intensity) one may investigate whether USGS method 
for extreme conditions conforms to the historical data represented by the Keefer envelope. This can be done for
the magnitude range 4.7 ≤ M ≤ 7.6 and, assuming rfault = r, for the site-source distance 0.1 ≤ r ≤ 250 km. One may 
set a threshold displacement, for example 15 cm as proposed in the California method, to indicate initiation of 
landslide. For a fixed yield coefficient and Dn = 15 cm the M-r-curve can be plotted as a function of other 
parameters. If this curve lies above the upper boundary of Keefer (1984) and Rodríguez et al. (1999), one might 
conclude that the method by Jibson et al., (1998) overestimates landslide occurrence since no landslides has been
observed outside this boundary. If on the other hand, the computed M-r-curve lies below the boundary, then one 
could conclude that the USGS method is in accordance with the historical landslide data. Different input 
parameters were tried in the following to see how the M-r-curve by the USGS method correlates with historical 
data. Because of missing site information, the displacement has to be calculated for different variations of input
parameters. In the following calculations these parameters were kept constant: Depth to the sliding layer, H = 2 m; 
ground water at surface; internal friction angle, φ = 0 (undrained behaviour); soil unit weight, γ = 20 kN/m3; the 
soil type parameters for shallow stiff soil, SC = 1 and SD = 0, and the fault type parameters for normal faults, FN = 1 
and FR = 0 (Travasarou et al., 2003). The slope angle, β, and the cohesion (shear strength), c, were varied to give a 
range of displacements. The static factor of safety must be greater than 1; therefore, the soil strength and slope 
parameters were chosen such as to give a safety factor between 1 and 2.  
 
A case for a slope with factor of safety 1.1 (for instance for the combination c = 20 kPa and β = 35°) was
considered. Fig 5.1 displays the contour lines of permanent displacement predicted by the USGS method as a 
function of magnitude and site-source distance together with the Keefer envelope. This figure show that for the 
selected set of soil/slope parameters not even the curve for 1 cm displacement is close to the Keefer envelope. If 
on the other hand, one associates landslides to the threshold displacement of Dn = 15 cm, a parametric study on the 
slope angle can be performed.  
 
Figure 5.2 shows the influence of slope angle on the landslide M-r curve for a soil strength, c = 20 kN/m3. The 
slope angle was varied between 27° to 44°. As this figure shows an increase in slope angle brings the M-r-curve 
closer to the Keefer envelope. A decrease in the soil strength c would also give this effect, as the safety factor 
decreases. As seen in Fig 5.2, the displacement increases steeply when the slope angle rises above 40°, but still the 
Keefer envelope is only intersected by the M-r-curve for 44° for a 15 cm displacement. 
 
To estimate the displacement induced in the most critical slopes, a constant factor of safety FS = 1.01 was chosen. 
The background for this choice is that the induced displacement depends on the yield seismic coefficient (which in
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turn depends on FS and the slope angle β), the earthquake magnitude and the site-source distance. The M-r curves 
have been plotted in Fig 5.3 for the following two combinations of slope angle, β, and soil strength, c: [5°, 3.51 
kPa] and [20°, 12.98 kPa].  
 

      
Figure 5.1 Variation of displacement, Dn, 
caused by earthquake with magnitude M    
at distance r for FS = 1.1 

Figure 5.2 Variation of slope angle (β), 
earthquake magnitude, M, and r, for Dn = 15 cm 
and c = 20 kPa 

Figure 5.3 M-r-curves with FS = 1.01: β = 5° and c=3.51 kPa (left), β = 20 °and c= 12.98 kPa (right) 
 
The curves for slopes with FS = 1.01 (Fig 5.3) show that the permanent displacement for a slope with a fixed
safety factor actually decreases for increased slope angle. The reason for this is that the horizontal force from an 
earthquake gives less thrust downslope in steeper slopes. This means that the soil strength itself it not of such 
importance, but it depends which slope angle it is combined with to give a low yield coefficient. The worst case is 
for low safety factor and low slope angle. 
  
In conclusion, the USGS empirical method gives a smaller distance between landslide location and epicentre than
the historical data of Keefer (1984) and Rodríguez et al., (1999). Only for slopes with very low safety factors or 
slopes with low safety factors and low slope angles do the M-r-curves for 15 cm displacement actually reach the 
Keefer envelope. In an assessment of empirical models, such as USGS or California method, one should note that 
empirical models are mostly based on translational slope failure, while the historical database is compiled of all
types of landslides; this would increase the gap between the historical data and empirical models. Despite all these
limitations, the results presented in the preceding sections demonstrate that the empirical methods studied here,
namely, USGS and California methods, are useful tools for predicting landslides and mapping of landslide-prone 
areas.  
 



The 14
th  

World Conference on Earthquake Engineering    
October 12-17, 2008, Beijing, China  
 
 

 8

 
7. ACKNOWLEDGEMENT 
 
This study was partly supported by the European Commission through the Specific Targeted Research Project 
SAFER Seismic Early Warning for Europe, under Contact 036935, Sustainable Development, Global Change and 
Ecosystems, in the 6th Framework Program. 
 
 
REFERENCES 
 
Blake, T., Hollingsworth, R. and Stewart, J., (2002). Recommended procedures for implementation of DMG
Special Publication 117 guidelines for analyzing and mitigating landslide hazards in California. ASCE Los Angeles 
Section Geotechnical Group. California Geological Survey. 
Bray, J.D. and Rathje, E.M. (1998), Earthquake-induced displacements of solid-waste landfills, J. Geotechnical and 
Geoenvironmental Engrg., ASCE, 124:3, 242-253. 
Havenith, H.-B., Jongmans, D., Abdrakhmatov, K., Tréfois, P., Delvaux, D., and Torgoev, I. (2000). Geophysical 
investigations of seismically induced surface effects: Case study of a landslide in the Suusamyr valley,
Kyrgyzstan. Survey in Geophysics, 21, 349-369. 
Jibson, R., Harp, E., and Michael, J. (1998). A method for producing digital probabilistic seismic landslide hazards 
maps: An example from the Los Angeles, California, area. USGS Open-File Report, 98(113). 
Keefer, D. (1984). Landslides caused by earthquakes. Geological Society of America Bulletin, 95, 406-421. 
Keefer, D. (2002). Investigating landslides caused by earthquakes - A historical review. Survey in Geophysics, 23, 
473-510. 
Miles, S. and Ho, C. (1999). Rigorous landslide hazard zonation using Newmark’s method and stochastic ground 
motion simulation. Soil Dynamics and Earthquake Engineering, 18, 305-323. 
Newmark, N. (1965). Effects of earthquakes on dams and embankments. Géotechnique, 15:2, 139-159. 
NIED (2007).http://www.hinet.bosai.go.jp/topics/niigata041023/index_e.html. NIED-website. 19/05/07, 14:38:54.
Onoue, A., Wakai, A., Ugai, K., Higuchi, K., Fukutake, K., Hotta, H., Kuroda, S., and Nagai, H. (2006). Slope
failures at Yokowatashi and Nagaoka College of Technology due to the 2004 Niigata-Ken Chuetsu Earthquake and 
their analytical considerations. Soils and Foundation, 46(6):751-764. 
Pradel, D., Smith, P., Stewart, J., and Raad, G. (2005). Case history of landslide movement during the Northridge
Earthquake. J. Geotech. Geoenvironmental Engg. ASCE, 131:11, 1360-1369. 
Rodríguez, C., Bommer, J., and Chandler, R. (1999). Earthquake-induced landslides: 1980-1997. Soil Dyn.
Earthquake. Engg., 18, 325-346. 
Romeo, R. (2000). Seismically induced landslide displacements: a predictive model, Engineering Geology, 58,
337-351. 
Seed, H. (1967). Slope stability during earthquakes. J. Soil Mech. Found. Div., ASCE, 93:4, 299-323. 
Toyota, H., Wang, J., Nakamura, K., and Sakai, N. (2006). Evaluation of natural slope failures induced by the
2004 Niigata-Ken Chuetsu Earthquake. Soils and Foundations, 46:6, 713-725. 
Travasarou, T., Bray, J. D., and Abrahamson, N. A. (2003). Empirical attenuation relationship for Arias Intensity.
Earthquake Engineering and Structural Dynamics, 32, 1133-1155. 
Tsukamoto, Y., Ishihara, K., and Kobari, Y. (2006). Evaluation of run-out distances of slope failures during 2004 
Niigata-Ken Chuetsu Earthquake. Soils and Foundations, 46:6, 713-725. 
USGS (2007). http://earthquake.usgs.gov/regional/nca/soiltype. USGS website. 18/5/2007, 12, 49-58. 
Wilson, R. and Keefer, D. (1983). Dynamic analysis of a slope failure from the 6 August 1979 Coyote Lake,
California, earthquake. Bulletin of the Seismological Society of America, 73:3, 863-877. 

 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


