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We conducted the Rydelek-Sacks test (Schuster’s test) in order to investigate the completeness of felt reports described in 

historical documents “Shinkakuji-nikki (Earthquake Diary written by the chief priest of Shinkakuji temple)” and felt reports 

at Hirosaki, Hachinohe and Morioka compiled by Satake (2002) by focusing on the randomness of the occurrence times of 

earthquakes. As a result, the number of felt reports during the daytime is systematically larger than that during the nighttime, 

and the bias is statistically significant when slightly-felt data is included. The probabilities that the observed bias of occurrence 

times can be reproduced by chance from uniformly-distributed occurrence times are extremely low. On the other hand, felt 

reports with moderate or strong ground shakings have no statistically significant bias on their occurrence times. In a historical 

period, it is likely that ground shakings were more readily detected and/or recorded during the daytime when people were 

more active, than during the nighttime when people usually sleep. A correction would be required to properly reconstruct the 

seismic activity during historical periods from felt reports, especially when comparing the seismic activity in the historical 

periods with those for the modern instrumental observations. 
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Figure 1. (a) Tectonic setting of Japanese islands and the locations of the Shinkakuji temple (filled triangle), 
Hirosaki, Hachinohe, and Morioka (filled squares). (b) Hypocenter distribution of earthquakes in the Kanto 
region (rectangle region in (a)), Japan from the unified Japan Meteorological Agency (JMA) catalog (from 
October 1997 to December 2019, M 0.5, 100 km depth or shallower). (c) Magnitude frequency distribution 
of earthquakes in the Kanto region (red triangle: cumulative, blue square: discrete). (d) Histogram of 
occurrence times for the three different magnitude thresholds. 
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Figure 2. Histogram of occurrence times that were generated from the felt reports in historical documents for five 
trials (left: all data, center: only weak ground shaking, right: moderate or strong ground shaking). 
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Figure 3. The results of the RS test for five trials shown in Figure 2 (left: all, center: only weak ground shaking, 
right: moderate or strong ground shaking). The circles indicate the radii that the bias of occurrence times are 
reproduced from uniformly-distributed occurrence times with the probability of 0.05 (5%). 
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Figure 4. Probability that the bias of occurrence times are reproduced by chance from uniformly-distributed 

occurrence times for each trial (red: all data, green: only weak ground shaking, blue: moderate or strong 
ground shaking). 

 
1 2002 RS  

Table 1. Results of the RS test for occurrence times of felt reports documented in “Shinkakuji-nikki”,  
and Hirosaki, Hachinohe and Morioka compiled by Satake (2002). 

 

 Number X* Y* R* Phase 
(degree) † 

R 
(0.05) ‡ 

R 
(0.01) ‡ Probability  

         
Shinkakuji-nikki (Values for the trial with the median probability)    

All 1704 -150.8422  -107.8641  185.4401  215.5678  71.4474  88.5845  1.72×10-9 

Weak 1102 -146.3907  -126.4000  193.4095  220.8087  57.4569  71.2383  1.81×10-15 

Moderate and strong 530 6.1951  33.0129  33.5891  79.3717  39.8464  49.4038  1.19×10-1 
         

Satake (2002)         

Hirosaki 1411 -153.4385  44.2939  159.7039  163.8979  65.0152  80.6095  1.41×10-8 

Hachinohe 390 -40.4995  37.6847  55.3204  137.0619  34.1809  42.3794  3.91×10-4 

Morioka 1022 -164.9467  -52.5711  173.1217  197.6779  55.3321  68.6038  1.80×10-13 
         

 
* X, Y, R RS X Y R  
† Phase RS  
‡ R(0.05) R(0.01) 0.05 0.01  

 Probability  
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Figure 5. Schematic illustration for changes in detectability of ground shaking during daytime and nighttime. The 

weak ground shakings in the shaded area (during nighttime) are not always recorded in historical documents 
due to the relatively low human activity. 

 

 
 

6
5  

Figure 6. Changes in the probability that the bias of occurrence times of felt reports are reproduced by chance 
from uniform distribution obtained from the moving window method. Grey diamonds indicate changes in the 
probability for five sequences that the occurrence times are randomly generated from uniform distribution. 
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Figure 7. Histogram of occurrence times of felt reports 

at (top) Hirosaki, (middle) Hachinohe, and (bottom) 
Morioka derived from historical documents [Satake 
(2002)]. The probabilities that the bias of occurrence 
times of felt reports are reproduced by chance from 
uniformly-distributed occurrence times are also 
shown. 
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