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ABSTRACT: This study presents the relation between the estimated P-wave attenuation 

characteristics across the active fault line and the stress state characteristics of the fault 

for the 12 major active faults in Japan. We employed a twofold spectral ratio method to 

estimate the attenuation characteristics of the active faults. As a result of a review of the 

differences in the attenuation characteristics, a clear positive correlation with the ratio of 

the lapse time from the previous earthquake was confirmed. These results suggest that the 

attenuation characteristics estimated in this study may reflect the stress state of the active 

fault. 
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1. INTRODUCTION 

Recently, information on active faults in Japan has been actively organized, analyzed, and publicly 

presented mainly by the national institutions. Among such institutions, the Headquarters for 

Earthquake Research Promotion has selected “Major Active Faults” by considering the seismicity, 

extent of influence of seismic activity on society, etc., and evaluated, publicized, and prioritized such 

zones, thus aiming to contribute to the mitigation of damage by earthquakes. The long-term evaluation 

of the major active faults has appropriately compiled locations, patterns, and past activities as a highly 

important and helpful resource to be used for the mitigation of the damage by earthquakes. However, 

any reference to the active fault properties of stress or strain cannot be found in the presented 

evaluation document. 

It is clear that identification of the stress state and strain accumulation process in active faults 

whose future movement is predicted can enhance the importance and usability of data in the mitigation 

of earthquake damage. As the first step to understand the state of the stresses and strains in the active 

faults, researchers have conducted studies to identify the physical properties and their variations in the 

seismic source area. For example, Poupinet et al.
1)

 confirmed the precise travel-time variations of 

seismic waves in the focal region of the Coyote Lake Earthquake (M5.9) in 1979 and noted that the 

S-wave velocity decreased by 0.2% in the focal region after the main shock than before. Uchida et al.
2)
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conducted artificial seismic experiments in the focal region of the 1998 Northern Iwate Prefecture 

Earthquake (M6.1) and detected a reduction in velocity of from 0.1% to 0.9% after the main shock 

than before. The authors mentioned that this variation can be explained by stress variations due to the 
occurrence of an earthquake; however, they also noted that the variations in seismic wave velocity 

occurred not in the limited range near the fault but in a relatively wide range. As in these studies, it has 

been confirmed that the seismic wave velocity after the occurrence of an earthquake in a focal region 

tends to lower, though the variation is extremely minor. Although these studies suggest the possibility 

of extracting fault characteristics variation according to seismic wave velocity, it seems that there is a 

limitation to detecting the variation of characteristics of the thin active fault itself. 

On the other hand, as the characteristics and stress states of focal regions can be estimated 

according to attenuation characteristics, studies are not negligible to extract attenuation characteristics 

for the focal regions. Nakamura et al.
3)

 researched attenuation along the Rokko Fault after the 1995 

Southern Hyogo Prefecture Earthquake and noted the existence of a high Qs
-1

 (low Qs) value which 

they interpreted as disturbance and internal attenuation due to inhomogeneous properties in the fault 

zone. Lees and Lindley 
4)

 estimated three-dimensional attenuation tomography in the focal region of 

the 1989 Loma Prieta Earthquake and presented the existence of high Qp and low Qs ranges 

surrounding the aftershock region. They concluded that this was because the pores in the fault zone 

were saturated with fluid. Chun et al.
5) 

discussed temporal changes in attenuation characteristics using 

long-term observation data also in source area of the Loma Prieta Earthquake. Blakeslee et al.
6)

estimated the attenuation of the San Andreas Fault using a spectral ratio and noted the existence of a 

low Qs. The authors of this study attempted to clarify temporal changes in the spectral ratio before and 

after the 2008 Iwate-Miyagi Nairiku Earthquake 
7)

. As all the existing studies focus on variations in 

attenuation characteristics after an earthquake or after an earthquake than before, the target faults and 

the available earthquake records are limited. In other words, it can be said that there are few studies 

that have comprehensively clarified the attenuation characteristics of active faults in a certain country 

or region. 

Under these circumstances, this study used observation records from the High Sensitivity 

Seismograph Network of Japan (Hi-net), of the National Research Institute for Earth Science and 

Disaster Resilience (NIED) to cover the major active fault zones in Japan and estimated the P-wave 

attenuation characteristics for each active fault according to the seismic waves passing through them. 

We then examined the relationship between the already evaluated and publicized characteristics of the 

major active faults and the attenuation characteristics obtained in this study. 

2. THE TWO FOLD SPECTRAL RATIO METHOD 

In this study, attenuation characteristics of the active faults were estimated using the seismic waves 

passing through the faults. The twofold spectral ratio method was used for this purpose 
8)

. This method 

can be used to estimate the propagation path characteristics (attenuation characteristics) by removing 

the source characteristics and site-amplification characteristics from the multiple seismic records of 

multiple observation points 
9), 10), 11)

. Although the attenuation characteristics normally obtained using 

the twofold spectral ratio method is an average of the entire ray path, in this study, we estimated the 

attenuation characteristics of certain regions (active faults) by improving the selection of the source 

and observation points. As shown in Figure 1, we examined two observation points across the active 

fault and the two earthquakes (Earthquake 1 and Earthquake 2) which occurred on both sides of the 

extensions. 

In this case, the amplitude spectrum of the observation record for the observation point A in 

Earthquake 1, O1A(f), can be expressed as is shown in equation (1) using source spectrum, S1(f), 

propagation-path characteristics, P1A(f), and site-amplification characteristics, GA(f) 
12)

: 
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Fig. 1 Arrangement of the active fault, observation points and earthquakes used for the twofold 

spectral ratio method 

                             (1) 

The Fourier amplitude spectral ratio, which refers to the amplitude of an observation point 

(observation point B in this case) passing through the fault to that of an observation point (observation 

point A in this case) not passing through the fault in the record of Earthquake 1, is expressed using 

equation (2) wherein the source characteristics are eliminated: 

                          (2) 

In the same manner, the spectral ratio for Earthquake 2 is expressed using equation (3) as follows: 

                       (3) 

Furthermore, multiplying these spectral ratios (twofold spectral ratio), the site-amplification 

characteristics of observation points A and B are eliminated and equation (4) is provided as follows: 

                              (4) 

If Earthquakes 1 and 2 are sufficiently distant compared to the intervening distance between the 

observation points, it can be considered that the ray paths to the vicinity of the observation points are 

almost identical. Accordingly, it is expected that the right side of the equation (4) is equal to the square 

of the propagation path characteristics between the observation points. When setting the source 

distance to Rij, the circumference ratio to �, the elastic-wave velocity to V, and the Q-value to Q, the 

propagation-path characteristics to earthquake i and observation point j, Pij(f), can be expressed as in 

equations (5) and (6) 
13)

 as follows: 

                               (5) 
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                                     (6) 

Substituting the equation (5) into the equation (4) and correcting the geometric attenuation 

according to the ratio of source distance to the twofold spectral ratio calculated from the observation 

records, the attenuation characteristics between the observation points A and B can be obtained as in 

equation (7) as follows: 

                  (7) 

Furthermore, according to equation (6) and equation (7), the Q-value between the observation 

points can be determined as in equation (8) as follows: 

                      (8) 

The right side of equation (7), �AB, is calculated precisely using the difference in the source 

distance according to equations (4)–(6), namely (R1B - R1A + R2A - R2B) / 2. However, assuming that 

the ray path to the vicinity of the observation points becomes nearly the same when the source is 

sufficiently distant, the difference in the source distance is approximated using the distance between 

the observation points, RAB, in equation (8). Applying the twofold spectral ratio method as described, 
the attenuation characteristics between the observation points are extracted. 

3. SELECTION OF THE ACTIVE FAULTS TO BE EXAMINED FOR ATTENUATION 

CHARACTERISTICS  

3.1 Extraction of examination target candidate active faults and observation points 

Among the earthquakes for which the Headquarters for Earthquake Research Promotion (hereinafter 

referred to as the “Earthquake Headquarters”) conducted long-term evaluation 
14)

 and estimated fault 

parameters, active faults with the estimated moment magnitude of 7.0 or greater and with a pair of 

observation points across the fault within a distance of 40 km between the points were selected in this 

study as the examination target candidates. Although the setting of 40 km has no physical basis, the 

interval between the observation points for Hi-net is approximately 20 km and accordingly the interval 

in this study is set to within two times of this value. Under this condition, 21 active faults and pairs of 

observation points as shown in Table 1 were selected as examination target candidates. 

3.2 Selection of earthquake data 

Earthquake data was selected for the active faults and pairs of observation points selected as described 

in Section 3.1. For the extraction of attenuation characteristics of the active faults according to the 

twofold spectral ratio, it is necessary to remove the source and propagation path characteristics. 

Borcherdt 
15)

 and Fujimoto and Midorikawa 
16)

 used observation points with an interval, of less than 25 

km and 30 km respectively as observation point pairs having source and propagation path 

characteristics in common. In this study, as the observation point interval was set to within 40 km for 

the selection of observation point pairs across the fault, a condition that an earthquake should be at a 

distance of five times or farther away as the observation point interval was added to ensure the  
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Table 1 Examination target candidate active faults and the observation point pairs 

Fig. 2 Method for the setting of earthquake selection range 

selection of sufficiently distant earthquakes. However, as discussed later, the maximum distance of the 

ultimate analysis target observation point pairs was 25.5 km, and therefore, it can be considered that it 

was equivalent to the selection of earthquake data under the same conditions as the studies of 

Borcherdt 
15)

 and Fujimoto and Midorikawa 
16)

. 

During the first step of the selection of earthquakes, the distance which is five times the 

observation point distance (5 � dx), as shown in Figure 2, is set to the orthogonal direction of the 

target active fault trend. Next, a 100-km square range outside the points is established to analyze the 

earthquakes occurred within the range. To be precise, earthquakes of magnitude 2.0 or greater were 

selected from the Japan Meteorological Agency Unified Hypocenter Catalogues. Figure 2 shows the 

method for establishing the selection range. Although earthquakes are selected from both sides in an 

orthogonal direction to the active fault trending direction in an actual situation, it is noted as the east 

side and the west side based on the relative positional relation. For example, in the case of the Median 

Tectonic Line fault zone (trending direction: N70�E) nearest the east-west direction, an earthquake on 

the north side is noted as the west side and an earthquake on the south side is noted as the east side. 

In the case that distant earthquakes are employed, it may be impossible to sufficiently remove the 

propagation path characteristics to the vicinity of the observation points and the site-amplification 

characteristics even after calculating the twofold spectral ratio because of a slight difference in 

wave-line path and other appropriate factors. In order to reduce these influences, an evaluation is 

conducted by determining the mean spectral ratio of multiple earthquakes. To decide the number of 
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earthquakes to employ in this study, we confirmed how the spectral ratios (mean value) of observation 

point pairs varied according to the number of earthquakes in the Oritsume fault zone where many 

earthquakes were observed. As the first step, 100 earthquakes were selected as previously described 
and used to determine the spectral ratios and the mean value. Then, spectral ratios were calculated by 

varying the number of earthquakes and the correlation coefficients to the spectral ratios calculated 

with the 100 earthquakes, respectively, in the fault-trending direction component and for the 

orthogonal-trending component. Figure 3 shows the relationship between the number of earthquakes 

and correlation coefficients. As the correlation coefficient exceeds 0.95 when the number of 

earthquakes is seven, a total of 14 earthquakes were used for analysis by selecting seven earthquakes, 

respectively, from both sides of all active faults. In the calculation of spectral ratios, the P-wave first 

motion part, whose wave-line path is relatively clear, was used. To be specific, the P-wave first 

motions in each earthquake record were read and the data for 5.12 seconds from 0.5 seconds before 

the P-wave first motions were used for analysis. 

Fig. 3 Correlation with spectral ratios calculated using 100 earthquakes 

3.3 Confirmation of ray path 

To extract attenuation characteristics in the vicinity of active faults, wave lines need to pass through 

the target faults. Therefore, we confirmed the wave-line paths for the earthquakes selected as described 

in Section 3.2 by wave-line tracing. For wave-line tracing, we employed the Pseudo-Bending method 
17)

 and created the velocity structure model referring to the JMA2001 
18) 

(Table 2). We calculated the 

detailed wave lines using SIMULPS 
19)

. 

We referred to the Long-Term Evaluation 
14)

 of the Earthquake Headquarters for locations, 

trending directions and angles of inclination of active faults as a rule and also used data from the Japan 

Seismic Hazard Information Station (J-SHIS) 
20)

 of the NIED as a supplementary reference regarding 

unclear items such as angles of inclination. Figure 4 shows the wave-line paths of the Oritsume fault 

zone and the Kitakami low-land fault zone. Figure 4 presents the wave-line paths in a cross section in 

the orthogonal direction to the trending direction of the active faults. As shown in the figure, it is 

highly likely that wave lines pass through the active faults in the Oritsume fault zone a shown in figure 

4 a. In contrast, it is highly likely that wave lines do not pass through the active faults in the Kitakami 

low-land fault zone as shown figure 4 b. Accordingly, the Kitakami low-land fault zone was removed 

from examination in this study. We also removed active faults where more than 14 earthquakes were 

not obtained or where wave lines did not pass through, and as a result, we decided to examine the 

attenuation characteristics of 12 active faults after removing the gray-shaded faults of the active faults 

listed in Table 1. We provide wave-line paths of all the active faults as an Appendix to this study. 
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Table 2 Velocity structure used for ray tracing 

Fig. 4 Relationship between active faults and ray paths according to the ray tracing: a) Oritsume 

fault zone, b) Kitakami low-land western margin fault zone. A solid red line indicates an active fault. A 

thin solid line indicates a ray path. The lower figures show the enlarged figures of active fault parts. 
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4. DETERMINATION OF ATTENUATION CHARACTERISTICS ACCORDING TO THE 

TWOFOLD SPECTRAL RATIO METHOD 

4.1 Determination of the spectral ratios of observation point pairs 

As mentioned in Chapter 3, we conducted an analysis of 12 active faults by selecting 14 earthquakes 

occurring on both sides of the faults. As the first step, the P-wave first motions of corresponding 

earthquakes are read from the continuous observation records of Hi-net to cut out the data for 5.12 s 

from 0.5 s before. After correcting the installation directions by referring to the observatory station 

information in Hi-net, cos-shape tapering is then carried out to 10% of both the ends and Fourier 

amplitude spectra are calculated. After this step, smoothing is conducted with a Parzen window with a 

bandwidth of 0.8 Hz, and the spectral ratios of observation point pairs to the earthquakes occurring on 

both sides of the active faults are calculated as shown in equation (2) and equation (3). As P-wave first 

motions are used in this study, we analyzed the components that are orthogonal to the fault strike 

direction as radial components. Figure 5 shows the spectral ratios of observation point pairs calculated 

for the Oritsume fault zone. Figure 5a shows the spectral ratios calculated from the earthquakes on the 

east side of the active faults. Figure 5b shows the spectral ratios calculated from the earthquakes on the 

west side. The thin solid lines in the figures indicate spectral ratios of individual earthquakes and the 

thick line indicates the mean values. Although a slight unevenness is identified for the earthquakes, 

nearly stable spectral ratios are obtained. During this stage, as the site-amplification characteristics 

have not been eliminated, a difference is identified in the spectral ratios on both sides. We provide all 

spectral ratios as an Appendix to this study. 

Fig. 5 Spectral ratios for earthquakes on both sides of active faults (e.g., the Oritsume fault zone) 

4.2 Results of the determination of attenuation characteristics 

Using the spectral ratios of observation point pairs, the twofold spectral ratio is calculated as shown in 

equation (7). As in equation (6), the twofold spectral ratio is a function of observation point intervals. 

To compare the extent of attenuation in each active fault, distance correction is performed to the mean 

observation point interval (18.4 km) of the Atera fault zone. Although it is necessary to perform 

distance correction based on the ray path distance to be precise, correction in this study is performed 

for the straight-line distance between observation points. Figure 6 shows the twofold spectral ratios for 

12 active faults. The dotted line in the figures indicates the mean value of twofold spectral ratios 

between 0.5 Hz and 20 Hz (hereinafter referred to as the mean twofold spectral ratio). As a result of 

the analysis, the mean twofold spectral ratio of the Oritsume, Nagano Basin Western margin, Inadani, 

Atera, Suzuka Basin Eastern margin, and Uemachi fault zones is 0.76, 0.50, 0.63, 0.77, 0.83, and 0.60, 

respectively, indicating an attenuation tendency. On the other hand, the mean twofold spectral ratio of 

the Aizu Basin Eastern margin, Fukaya, Sakaitoge-Kamiya, Shokawa, Median Tectonic Line (Sanuki 

Mountains south margin and Ishizuchi Mountains Northern margin East region), and Iwakuni fault 

zones is 1.08, 0.91, 1.28, 0.93, 0.90, and 1.33 respectively, indicating a nearly flat or have a slight 
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amplification tendency. As the values for the Oritsume fault zone are small between 0.8 Hz and 4 Hz 

and large between 4 Hz and 8 Hz, the fluctuation in spectral ratio is more prominent than that of the 

other faults. 
As is shown in the ray paths, it is difficult to examine the difference in attenuation characteristics 

according to the difference in depth because ray paths do not always pass through active faults at the 

same depth. We consider that the attenuation characteristics obtained in this study show the mean 

characteristics of active faults. 

5. DISCUSSION 

5.1 Examination of the unevenness in spectral ratios 

As mentioned in Chapter 4, as a result of the determination of twofold spectral ratios of 12 active 

faults, we confirmed that the extent of attenuation differs depending on the active fault. In this study, 

we extracted the attenuation characteristics of active faults under the assumption that source and 

propagation-path characteristics can be removed by calculating the spectral ratios of sufficiently 

distant earthquakes. If this assumption is valid, it is expected that all the spectral ratios of the seven 

earthquakes on one side of each active fault reflect the attenuation characteristics and the 

site-amplification characteristics between the observation points and that the ratios are similar. 

Accordingly, we calculated the common logarithm standard deviation of each frequency of spectral 

ratios in the seven earthquakes on one side of each active fault and determined the mean value (Table 

3). According to the calculation result, the standard deviation of the Fukaya, Atera and Suzuka eastern 

margin fault zones is 0.25 or greater; however, the standard deviation of the other active faults is 

approximately equal to 0.2 or is less, which is not a high value. 

5.2 Cases where the spectral ratio exceeds 1 

As described in Section 4.2, the results show that the mean twofold spectral ratio of the Aizu Basin 

eastern margin fault zone and the Sakaitoge-Kamiya fault zone exceeds 1. In order to examine the 

result, the spatial location relationship among ray paths connecting to the observation points and 

sources, the surrounding active faults 
20)

, and volcanoes 
21)

 is shown in figure 7. 

In the Aizu Basin eastern margin fault zone, as the Aizu Basin western fault zone and the 

Numazawa Volcano exist near the observation point (N.ATDH) on the west side, it is possible that 

seismic waves from the west side which do not cross the fault are affected by them. This may cause a 

greater attenuation than that in the observation point (N.SMGH) on the east side which crosses the 

fault. 

In the Sakaitoge-Kamiya fault zone, active faults and a volcano also exist in the surrounding area, 

and furthermore, conjugated active faults such as the Mutouyama-Narai fault zone exist between the 

observation points. In this way, an extremely complex underground structure can have a significant 

influence on the value of the twofold spectral ratio. 

In the Iwakuni fault zone, the observation point (N.IKNH) on the east side is nearly directly above 

the fault. According to the evaluation by Earthquake Headquarters that the inclination of the fault is 

high-angled to the northwestern side, it is predicted that the location deep under the ground is slightly 

closer to the northwestern side than the location described in the figure; however, the wave lines may 

not pass through the active fault as expected. 
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Fig. 6 Twofold spectral ratios in each active fault. The solid line indicates the mean value, the thin 

solid line indicates the mean plus/minus standard deviation, the dotted line indicates the mean value 

between 0.5 Hz and 20 Hz (mean twofold spectral ratio), and the numerical values in the graphs show 

the values of the mean twofold spectral ratio. 
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Table 3 Standard deviation of spectral ratios of active faults 

Active fault East side West side

Oritsume fault zone 0.19 0.20 

Aizu Basin eastern margin fault zone 0.19 0.23 

Fukaya fault zone 0.29 0.19 

Nagano Basin western margin fault zone 0.23 0.17 

Sakaitoge-Kamiya fault zone 0.19 0.21 

Inadani fault zone main part 0.21 0.19 

Shokawa fault zone 0.21 0.20 

Atera fault zone main part 0.25 0.21 

Suzuka Eastern margin fault zone 0.18 0.25 

Uemachi fault zone 0.17 0.15 

Median Tectonic Line fault zone 0.21 0.18 

Iwakuni fault zone 0.17 0.22 

Fig. 7 Spatial location relationship among the observing points (black square), wave line paths 

(red and blue thin solid line), target active faults (red thick solid line), surrounding active faults (gray 

solid line) and volcanoes (red triangle) 

5.3 Determination of Q values 

We determined the Q values from equation (8) for the active faults where the mean twofold spectral 

ratio is 0.7 or less and a clear attenuation tendency is confirmed. The result is as shown in figure 8. 

The P-wave velocity in the calculation of Q values is set to 6 km/s. Although a slight unevenness is 

presented, the Q values for the Oritsume, Nagano Basin western margin, Inadani, and Uemachi fault 

zones are nearly the same. The Q values for the Atera fault zone and the Suzuka eastern margin fault 

zone are slightly larger than those values. It can be said that any of these Q values are smaller and the 

attenuation is larger than those in general crust. As the following equations are used in seismic-wave 

simulations: Qp = Qs and Qp = 2 � Qs, figure 8 includes 130f
0.77 22)

 and 100f
0.7 23)

 and the twofold lines 

as the general values. The attenuation characteristics obtained were relatively close to the value of Qp 

= 100 ~ 256 estimated by Ohtake 
24)

 for the focal region of the 1984 Western Nagano Prefecture 

Earthquake (Qp
-1

 = 3.9 � 10
-3

 – 10.0 � 10
-3

 in the study). 
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Fig. 8 Qp values estimated using the twofold spectral ratio method 

The gray shaded parts indicate the range of Qp = 100–256. 

5.4 Cases where the observation points do not cross an active fault 

To examine whether the mean twofold spectral ratio obtained in this study is attributable to active 
faults, we conducted an analysis with observation point pairs that do not cross an active fault. As the 

location is in the vicinity of pairs crossing active faults as previously described and has few active 

volcanoes, we selected the following two points: in the vicinity of the Oritsume fault zone and in the 

vicinity of the Median Tectonic Line fault zone. The locational relationship of the observation points 

and the active faults was used, and the obtained twofold spectral ratios are as shown in figure 9. 

According to the results of analysis, the mean twofold spectral ratio is 1.01 in the vicinity of the 

Oritsume fault zone and 0.97 in the vicinity of Median Tectonic Line fault zone. These are larger 

values than those of the cases with observation points crossing an active fault (0.76 and 0.90, 

respectively) at both locations. It is suggested that the inhomogeneity in the crust between the 

observation points is low and the attenuation is small in the cases with the observation points not 

crossing an active fault. For the cases with observation points crossing an active fault that present a 

significant reduction in the twofold spectral ratio, it can be said that it is highly likely that the mean 

twofold spectral ratio obtained from the pairs of observation points crossing the active fault reflects 

the attenuation characteristics of the active fault. 
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Fig. 9 Twofold spectral ratio in the cases where the observing points do not cross the active fault: 

(a) Oritsume fault zone (b) Median Tectonic Line fault zone. The red square in the figure indicates the 

observing point pair not crossing the active fault. The blue square indicates an observing point used for 

the analysis with the observing point crossing the active fault. 

5.5 Relation to the width of fault fracture zones 

It has been confirmed that the attenuation characteristics differ depending on the active fault. First, we 

examined the difference in the width of fault fracture zones that can affect attenuation. Ogata 
25)

presented the relationship between the fault fracture zone width and the fault length in equation (9) as 

follows: 

                            (9) 

In this equation, L indicates the length (m) of the fault and W is the width (cm) of the fault fracture 

zone. By determining the fracture zone width of each active fault using equation (9), we surveyed the 

relation to the mean twofold spectral ratio (Figure 10). As discussed in Section 5.2, we did not cover a 

mean twofold spectral ratio exceeding 1 in the discussion because it is possible that it does not express 

the characteristics of the active faults. In the correlation of the mean twofold spectral ratio and the 

fault fracture zone width, the correlation coefficient is R = 0.37; thus, a slight positive correlation is 

observed. However, it can be said that the influence of fault scale on the attenuation characteristics is 

small in the frequency ranges covered in this study. 

Also, a reduction in spectral ratio with a large contour is seen between 0.8 Hz and 4 Hz in the 

Oritsume fault zone, whose cause may be related to inhomogeneity in some factors. When assuming 

that the mean P-wave velocity is 5.5 km/s in consideration of the ray paths according to Table 2 and 

that the P-wave velocity is reduced to approximately 50% in the fracture zone, the wave length 

corresponding to that between 0.8 Hz and 4 Hz is between 0.7 km and 3.4 km. On the other hand, as 

the fault fracture zone width of the Oritsume fault zone calculated using equation (9) is approximately 

0.4 km, when taking into consideration the first-order vibration is fixed at both ends, it may be 

corresponding to the wave length previously described. However, in this study, we decided to focus on 

the mean rate of reduction in spectral ratio without referring to the characteristics for each frequency 

because of the restrictions on the observation points, seismic data, and other appropriate items. 
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5.6 Relation to the time-lapse rate 

In this section, we examine the possibility of the reflection of the stress state. We conducted a 
comparison to the time-lapse rate in the long-term evaluation by the Earthquake Headquarters as the 

parameters that reflect stress state. The time-lapse rate released by the Earthquake Headquarters is a 

value calculated by dividing the lapse time from the latest activity period to the evaluation time by the 

mean activity interval. Accordingly, the greater the time-lapse rate is, the further the stress 

accumulation may increase. In the case that the time-lapse rate has time width, we used the mean 

value. Figure 11 shows the relationship between the mean twofold spectral ratio value and the 

time-lapse rate. According to the figure, a positive correlation between the twofold spectral ratio and 

the time-lapse rate is confirmed, except for the Uemachi fault zone. As for the most recent event 

period of the Uemachi fault zone, Sugito and Kondo 
26)

 noted a possibility that it may be later than that 

in the evaluation by the Earthquake Headquarters. When examining the correlation between the mean 

twofold spectral ratio and the time-lapse rate excluding the Uemachi fault zone based on this, the 

correlation coefficient is: R = 0.70, presenting a clear positive correlation. These results suggest, 

interestingly, that the extent of attenuation can reflect the stress accumulation process. 

Several studies discuss the attenuation characteristics in faults and the variations 
4), 5), 6), 7), 24)

. For 

example, Chun et al. 
5)

 noted that cracks and the degree of saturation by a fluid in the focal region are 

the main factors of the changes in the attenuation characteristics. However, many of the studies discuss 

short-term variations before and after the occurrence of an earthquake, rather than from a long-term 

point of view. On the other hand, this study has estimated the attenuation characteristics of a number 

of active faults possibly at different stages in the stress accumulation process, and accordingly, it can 

be said that this study has discussed changes in attenuation characteristics from a long-term point of 

view compared to that of existing studies. 

Fig. 10 Relationship between the mean twofold spectral ratio and fault fracture zone width 
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Fig. 11 Relationship between the mean twofold spectral ratio and time lapse rate 

6. CONCLUSIONS 

In this study, we have estimated the attenuation characteristics of 12 major active faults by applying 

the twofold spectral ratio method to P-wave first motions. 

In the analysis, we selected the pairs of observation points crossing the active fault, and a total of 

14 earthquakes, or seven earthquakes from both sides of the active fault among the earthquakes that 

are at a distance of five times (or greater) away as the observation point interval. Furthermore, we 

confirmed that the earthquakes passed through the active fault according to the ray tracing. As a result, 

we successfully estimated the attenuation characteristics after eliminating the source and propagation 

path characteristics to the vicinity of fault, and the site-amplification characteristics. 

As a result of the analysis, it became clear that the attenuation characteristics differ depending on 

each active fault. And it was also confirmed by the determination of Q value that the Q value of an 

active fault with a large attenuation is smaller than that of the general crust. According to the results of 

the examination in the difference in attenuation characteristics, a clear correlation with fracture zone 

scale was not seen. On the other hand, it was clarified that there is a positive correlation with 

time-lapse rate. These results suggest that the attenuation characteristics extracted using the twofold 

spectral ratio method can reflect the stress state of an active fault, i.e., the urgency of the occurrence of 

an earthquake. 
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APPENDIX A: Ray path (Figure 4) 

The overview (left figure) and the enlarged view (right figure) are provided for each active fault. The 

red solid line in the figure indicates the target active fault. Note that the notations of the observing 
point reflect the depth of high-net stations. 
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APPENDIX B: Spectral ratios from both the directions (Figure 5) 

The spectral ratio of the earthquakes on the east side (left figure) and the spectral ratio of the 

earthquakes on the west side (right figure) are shown. 
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