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ABSTRACT

We developed digital maps of the geomorphological land classifications and the site
amplification factors in Japan, and applied them to strong motion estimations
immediately after earthquakes. For making the maps, we first digitized the
geomorphological land classification maps of Japan (1:200,000 or 1:100,000 scale) and
constructed 500 m mesh data. Then, we made up the maps of site amplification factors
using the empirical relation by Midorikawa and Matsuoka (1995). We evaluated their
accuracies by comparing the estimated strong ground motions with the records of K-Net
for recent earthquakes in the Kanto area. We estimated the strong motions using the
site amplification factors and the two methods: the attenuation relation (Si and
Midorikawa, 1999), and an interpolation method using the records. We found that the
second method gave more reliable results than the first method, because the first
method strongly depended on accuracies of the source and path effects. However, since
we may not be able to obtain quickly the strong motion records near highly damaged
areas, it would be efficient to evaluate the strong motions using the first method
immediately after an earthquake, then to replace them by the second method after
getting the records. Finally, we compared the site amplification factors using the two
methods. The first is based on the average of shear wave velocities from the free surface
to the 30m depths using boring data. The second is the above-mentioned method based
on the geomorphological land classifications. The comparisons showed that the first
method was more accurate and reliable. Therefore, it is necessary to replace the digital
maps of the site amplifications by those using the first method, when we obtain boring
data.
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Table.1 Geomorphological land classifications and the corresponding coefficients
for the site amplification factors

e classification coefficient the extent of hight
classifications
code a b lower upper
Mountain 1 2.64 0 - -
Plateau 2 2 0.28 10m 400m
Alluvial fan 3 1.83 0.36 15m 200m
Natural levee 4 1.94 0.32 5m 30m
Sand bar 5 2.29 0 - -
Valley plain 6 2.07 0.15 10m 500m
Delta 7 2.34 0
Reclaimed land 8 2.23 0
River,others 0 - -

Table.2 The parameters for the attenuation relations (Si and Midorikawa, 1999).

a h - d - e
crustal |inter—platelintra—plate
0.58

0.0038 0 -0.02 0.12

-1.29

Table.3 Catalog of the three earthquakes used in this study.

Earthquake Date Longitude | Latitude | Depth(km) Mw Mjma
Off Chiba 1996/9/11f 141.3 35.7 59 6.1 6.6
Tokyo bay 1998/8/29 140 35.6 56 5.3 5.4
Chiba Northeastern | 2000/6/3 140.8 35.7 50 6.1 5.8

Table.4 The correlation coefficients from Fig.7, the average errors of the estimated
seismic intensities, and the standard deviations from Fig. 8, for the (a) Off
Chiba (b) Tokyo bay (c) Northeastern Chiba earthquakes. Methods A and B
correspond to the amplification factors evaluated by the geomorphological land
classification data and the boring data, respectively.

Correlation coefficient | Average of error |Standard deviation of error
Earthquake Method A | Method B | Method A|Method B] Method A Method B
Off Chiba 0.824 0.876 0.196 0.002 0.455 0.424
Tokyo bay 0.772 0.850 0.132 -0.066 0.498 0.434
Chiba Northeastern 0.810 0.888 0.833 0.623 0.457 0.393




Table.5 The correlation coefficients from Fig.10, the average errors of the estimated

seismic intensities, and the standard deviations from Fig. 11, for the (a) Off
Chiba (b) Tokyo bay (c) Northeastern Chiba earthquakes. Methods A and B

correspond to the amplification factors evaluated by the geomorphological land

classification data and the boring data, respectively.

Correlation coefficient

Average of error

Standard deviation of error

Earthquake Method A | Method B | Method Al Method B] Method A Method B
Off Chiba 0.818 0.856 0.140 0.140 0.446 0.405
Tokyo bay 0.693 0.757 -0.103 -0.122 0.574 0.512
Chiba Northeastern 0.734 0.818 0.096 0.065 0.524 0.447




(a) Original map (b) Digitized map and 500 m mesh
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Fig.1 Maps of the geomorphological land classification in Arakawa-ward, Tokyo. (a) The original
map of the geomorphological land classification. (b) The geomorphological land map
digitized from the original map. (c) 500 m meshes and the central points in each mesh. (d)
Map of the geomorphological land classification of 500 m meshes. (e) Map of the

geomorphological land classification of the digital national land information (1 km mesh).
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Fig.2 Map of the amplification factor using the 500 m mesh data.
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Fig.3 The distribution of peak ground velocities (a) on bedrock and (b) on surface for the 1996
Off-Chiba earthquake, using the attenuation relation (Si and Midorikawa, 1999) and the
amplification factors developed in this study. The rectangular area indicates the mesh code
5339.
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(@) Estimation of peak velocity using the (b) Estimation of peak velocity using strong
attenuation relation around motion records

Fig.5 The methodologies for estimating the peak ground velocities using (a) the attenuation

relations, and (b) the strong motion records.
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(a) 1996 Off Chiba Earthquake

(b) 1998 Tokyo Bay Earthguake

(c) 2000 Northeastern Chiba Earthguake
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Fig.7 The comparisons of seismic intensities between the observations and the estimations
using the attenuation relation, for the (a) Off Chiba (b) Tokyo bay (c) Northeastern Chiba
earthquakes. Methods A and B correspond to the amplification factors evaluated by the

geomorphological land classification data and the boring data, respectively.
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(a) 1996 Off Chiba Earthquake (b) 1998 Tokyo Bay Earthquake (c) 2000 Northeastern Chiba Earthquake
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Fig.9 The comparisons of seismic intensities between the observations and the estimations
using strong motion records, for the (a) Off Chiba (b) Tokyo bay (c) Chiba Northeastern
earthquakes. Methods A and B correspond to the amplification factors evaluated by the

geomorphological land classification data and the boring data, respectively.
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(a) 1998 Tokyo Bay Earthquake (b) 2000 Northeastern Chiba Earthquake
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(@) The estimation by the attenuation

(b) The estimation by strong ground motion
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