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ABSTARCT 
 
Estimation of spatial distribution for the earthquake ground motion indices plays an important role in 

early-stage damage assessments for rescue operations by disaster management agencies as well as for 

damage studies of urban structures.  However, subsurface geology layers and local soil conditions lead on 

soil amplification that may be susceptible to distribution of estimated ground motion parameters on the 

surface.  In this case study the applicability of the nationwide proposed GIS-based soil amplification 

ratios by Yamazaki et al. (2000) in the October 6, 2000 Tottori-ken Seibu (western Tottori Prefecture) 

and the March 24, 2001 Geiyo earthquakes in Japan have been examined.  First, the ground motion 

parameters were converted to those at the hypothetic ground base-rock level (outcrop) using the 

amplification ratio for each 1 km x 1 km mesh size of geomorphological and subsurface geology 

classification unit.  Then a Kriging method with the attenuation relationship at the base-rock as a trend 

component is applied.  Finally the distribution of spatial ground motion parameters on the ground surface 

are obtained by multiplying those values with the GIS-based amplification factors for the entire region. 

 

1. INTRODUCTION 
 
Recent damaging earthquakes in urban areas emphasize the importance of early damage assessment in 

earthquake disaster mitigation
2,3)

.  Magnitude and depth information alone following a large magnitude 

earthquake cannot represent the complex damage pattern.  More detailed information, including data 

obtained from a nationwide or a dense strong-ground-motion network, is required for decision-making by 

emergency management agencies and to reduce casualties
4)

.  During a catastrophic earthquake, timely 

mapping of the spatial distribution of ground motion parameters such as peak ground acceleration (PGA), 

peak ground velocity (PGV), spectrum intensity (SI), and the instrumental JMA (Japan Meteorological 

Agency) seismic intensity (IJMA) in near real-time is crucial to an effective rescue and emergency-

response operation.  In fact, GIS-based estimation of ground motion values can be used for construction 

of fragility curves for particular structures where strong motion stations are sparse.  Many researchers 

have identified the correlations between strong ground motion parameters and geology/site 

classifications
5,6)

.  Recently, Yamazaki et al.
1)

 proposed a method to estimate amplification ratios for 
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strong ground motion parameters that is applicable for all of Japan.  They compared the relationship 

between the geomorphological and geologic conditions of the JMA free-field strong motion stations 

nationwide and the amplification ratios determined from the attenuation equations based on the JMA 

strong motion records.  The GIS-based DNLI classification was employed to predict unique amplification 

ratios for PGA, PGV, and IJMA for a square kilometer mesh that covers all of Japan.  In this study, we 

apply the proposed soil amplification ratios to two recent moderate-magnitude earthquakes in Japan as a 

practical example in damage assessment for a large area.  The results are compared with the results 

estimated by attenuation models for the both events. 

 

2. STRONG MOTION DATA 
 
Two recent earthquakes in Japan, which provided us with reliable data sets, recorded by the strong motion 

networks of the National Research Institute for Earth Science and Disaster Prevention (NIED) named K-

NET
7)

 and KiK-net.  The October 6, 2000 Tottori earthquake, with JMA magnitude of 7.3 (MW=6.6), 

depth of 11 km, and left-lateral faulting, occurred in western Japan.  The main rupture started 2.5 s after 

the nucleation and ruptured over a length of 20 km and width of 10 km
8)

.  The Geiyo earthquake struck 

March 24, 2001 (Mjma = 6.7, Mw = 6.8) when a normal faulting system caused a unilateral rupture that 

propagated from north to south.  The major slip occurred at a depth of 50 km on a fault 25 km long and 

10 km wide
9)

.  These two events caused slight to moderate damage to structures and lifeline facilities as 

well as soil liquefaction at the several areas near the coastlines of Hiroshima and western Tottori 

Prefectures.  In order to investigate the ground-motion characteristics and to capture surface variation in 

ground motion indices we calculated PGA, PGV, IJMA, and SI from the available strong motion records.  

Records with a PGA less than 1 cm/s
2
 in one horizontal component were excluded.  The shortest distance 

from each recording station to the fault plane was calculated using the model of Yagi and Kikuchi (2000 

and 2001).  The final data sets consist of 329 and 454 three-component acceleration records, respectively. 

Figure 1 demonstrates the variation of PGA with respect to PGV values.  The maximum PGA and PGV 

values in the horizontal component were in excess of 900 cm/s
2
 and 100 cm/s, respectively (Figure 1a) 

and were recorded at station TTRH02 of Hino KiK-net.  During the 2001 Geiyo earthquake, the 

maximum PGA and PGV registered as 800 cm/s
2
 and 30 cm/s, respectively at the Yuki K-NET (HRS009) 

station (Figure 1b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Relationship between the observed PGA and PGV for K-NET and KiK-net stations. (a) The 

2000 Tottori earthquake and (b) the 2001 Geiyo earthquake. 

 

3. SPATIAL DISTRIBUTION OF STRONG MOTION PARAMETERS 
 
The amplification ratios for a 1 km  1 km mesh were calculated following the method proposed by 

Yamazaki et al.
1)

, that correlates the average station factors of Shabestari and Yamazaki
10)

 and the eleven 

DNLI soil classification groups, which are based on geomorphological and subsurface geology conditions.  

First, the appropriate DNLI classification was assigned to each recording station and then the strong 

motion at the ground surface was converted to a base-rock level (outcrop) by applying amplification 

ratios for the each group. 
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3.1. Attenuation Relationships at the Base Level 

There were sufficient numbers of the strong motion records from the two earthquakes to allow 

construction of attenuation relationship for each event.  This eliminated the inter-event component of 

variability in the attenuation relations.  The attenuation model includes near-source saturation effects is 

given by 

 

Y = b0 + b1 r + b2 log10 (r + d) +            (1) 

 

in which Y is log10PGA, log10PGV, log10SI, or the IJMA, r is the shortest distance to the fault rupture, the 

bi’s are the regression coefficients to be determined, d is the near-source saturation effect (in kilometers), 

and  represents the error term.  The terms b1r and b2log10(r+d) represent anelastic attenuation and 

geometric spreading, respectively.  The coefficient b2 equals –1.89
11)

 for intensity and –1.0 for the PGA, 

PGV, and SI.  The error term is defined as the difference between the predicted ground motion parameters 

by Eq. (1) for a trial value of d and the corresponding recorded ground motion indices.  The near-source 

saturation term, d was applied only to the geometric spreading term.  This is because near-source 

anelastic attenuation is negligible compared with geometric spreading.  Since the near-source data from 

the 2000 Tottori-ken Seibu earthquake used in this study were from a single earthquake, the saturation 

effect term, d, was assumed to be constant.  An iterative non-linear least square analysis was performed to 

estimate d.  The error term  was defined as the difference between the predicted ground motion 

parameters, (Equation 1), for a trial value of d and the corresponding recorded ground motion values.  

However, it should be noted that d was zero for the 2001 Geiyo earthquake since there was no evidence 

of near-source saturation effects (the shortest distance to the fault extension was more than 40 kilometers). 

 

3.2. Stochastic Kriging Method with a Trend Component 

Converting the observed values to the hypothetic ground base level minimized the effects of surface 

layers.  Kriging, a stochastic interpolation method, was used to estimate the spatial distributions of strong 

motion parameters at the base level.  First an exponential auto-correlation function was assigned.  Simple 

Kriging algorithm was selected that provided a minimum error-variance estimate of unsampled values 

from neighboring data low-pass filter allowed smoothing of details and extreme values from the original 

data set
12)

.  In this study we applied the simple Kriging technique assuming a prior trend component, 

since the underlying random function model is the sum of a trend and residual components
13)

: 

 

Z(u) = m(u) + R(u)            (2) 

 

where Z(u) is the random variable model at location u, m(u) is the trend component, which is modeled as 

a smoothly varying deterministic function of the coordinates vector u, and R(u) is the residual component 

modeled as a stationary random function with a zero mean and covariance.  The trend component 

(deterministic function) is assigned for the attenuation relation obtained at the base level.  The residual 

component (random function) is defined as the difference between ground motions converted to the base 

level and the corresponding mean trend component values
14)

: 

 

(u) = Xbi – Xmi  (i = 1, …,n)          (3) 

 

in which X is log10PGA, log10PGV, log10SI, or IJMA, and the suffixes b and m represent the ground motion 

value at the base and the mean attenuation value, respectively, for the n observations.  Finally, the spatial 

distributions of the ground motion parameters at the ground surface are obtained by multiplying the 

corresponding GIS-based amplification ratio for each pixel. 

 

4. RESULTS AND DISCUSSIONS 

 
The spatial distributions of PGA, PGV, SI, and IJMA for the 2000 Tottori-ken Seibu and the 2001 Geiyo 

earthquakes, with 79996 and 120376 grid points, respectively, were estimated for the selected regions.  

Those GIS-based grid points, corresponding to the 1 km  1 km pixels of the DNLI, were obtained using 

the Kriging method described in the previous section.  The mapping results of the IJMA are presented in 

Figs. 2 and 3.  The estimated ground-motion distribution maps look quite natural and match the observed 

values at the seismic stations.  Individually constructing the attenuation relationships and introducing 

them into the deterministic function (the trend component) of the Kriging method resulted in realistic 

distributions of the estimated ground motion.  The same method was applied to the previous study in 



Hyogoken Nanbu (Kobe) earthquake and resulted in a fair correlation between the estimated PGV 

distribution and the actual damage distribution of highway bridges
14)

.  In Japan, the JMA developed the 

nationwide seismic instrumentation and earthquake information broadcasting system.  Since 1996, the 

JMA has deployed over 500 the new JMA-95-type accelerometers throughout Japan
15)

.  We further 

examined the accuracy of the Yamazaki et al. (2000) method using acceleration records from the JMA 

network recorded during the 2000 Tottori and the 2001 Geiyo earthquakes.  As in earlier, ground motion 

values were estimated based on Kriging of the K-NET and KiK-net data and the amplification ratio 

estimated from the DNLI.  The estimated PGA and IJMA were compared with observed ground motion 

values recorded by the JMA seismic network stations (Figures 4 and 5).  The general trends of the values 

estimated for the 2000 Tottori earthquake (see circles in Figures 4a and b) are well correlated with the 

observed JMA ones.  The agreement between the observed and estimated values is much worse for the 

2001 Geiyo earthquake than for the Tottori earthquake.  The dense K-NET and KiK-net stations recorded 

high frequency radiation from the relatively deep Geiyo earthquake.  The amplification ratios employed 

here for the base-rock conversion may not be adequate for seismic records with rich high-frequency 

contents.  Scatters from the estimations are observed at some stations (see circles in Figures 4 and 5).  The 

current Kriging approach matches the observed values at the observation points used for the interpolation, 

but between the observation points the estimation approaches the trend component as the distance from 

the observation points becomes large.  Site-specific response characteristics of the JMA stations may be 

the major cause of the scatters.  It is well known that strong motion values are affected by local soil 

conditions and topography.  It may be difficult to reduce the scatter in the data without knowing detailed 

site response characteristics.  Figures 4 and 5 (plus sign) support an inference that the use of an 

attenuation relation for each earthquake as the trend component in Kriging improves the accuracy of 

estimated ground motion parameters significantly, compared with the straightforward application of a 

general attenuation relation.  For some earthquakes, like the Geiyo earthquake, a systematic difference 

from the mean attenuation relation exists.  In such cases, the development of an attenuation relation for an 

individual event reduces the intra-event variability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2. GIS-based spatial distribution of the IJMA, the epicenter (star), and the surface projection (thick 

line) of the fault plane for the 2000 Tottori earthquake.  The result is shown for 1 km  1 km 

pixels of the DNLI.  Plotted values are observed ones. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. GIS-based spatial distribution of the IJMA, the epicenter (star), and the surface projection (thick 

line) of the fault plane for the 2001 Geiyo earthquake.  The result is shown for 1 km  1 km 

pixels of the DNLI.  Plotted values are observed ones. 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Comparison of the observed ground motion recorded by the JMA seismic network and the 

estimated values in the 2000 Tottori earthquake.  The circle shows the strong motion indices at 

the JMA stations estimated by Kriging using K-NET and KiK-net sites and the amplification 

ratio from the DNLI.  The plus sign indicates the estimated those indices by the empirical 

attenuation relation of Shabestari and Yamazaki (1998) with the amplification ratio from the 

DNLI, for (a) the PGA and (b) IJMA. 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Distribution of the observed ground motion parameters by the JMA seismic network and the 

values estimated for in the 2001 Geiyo earthquake, for (a) PGA and (b) IJMA (for more details 

refer to the text). 
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4. CONCLUSIONS 
 
This study was intended to demonstrate the accuracy and applicability of nationwide GIS-based 

amplification ratios for PGA, PGV, and IJMA, as recently proposed by Yamazaki et al. (2000) for Japan.  

We selected strong ground motion records of the 2000 Tottori-ken Seibu and the 2001 Geiyo earthquakes 

from the K-NET and KiK-net strong motion networks.  In order to reduce site amplification effects, we 

estimated the spatial distribution of strong motion values at base-rock level using a simple Kriging 

method that introduced an attenuation relationship as a trend component.  Multiplying these estimated 

values by the amplification ratios across 1 km  1 km mesh of the DNLI yielded spatial distributions for 

those parameters at the ground surface.  Relatively good correlations between the estimated and recorded 

ground motion parameters at the JMA seismic stations were observed for both earthquakes.  The 

proposed approach, removed inter-event variability of strong motion indices by introducing an attenuation 

relation for each event, and intra-event variability was considered as the amplification factor, which was 

linked with the geologic and topographic conditions in the DNLI.  Hence the proposed method can be 

used to estimate strong motion distributions with reasonable accuracy, leading to early improved 

earthquake damage assessment in Japan. 
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