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Short-, medium-, long-term and background-rate forecasts

based on a hierarchical space-time ETAS model:
Towards the development of automated forecasts
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eiEEL A2 (Risk enhancement factors)
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Magnitude Frequency distribution and Earthquake Detection Rates Ogata & Katsura (1993, GJI)
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(Ogata et al., 2018, SRL)
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Information gain scores; All Japan 1994 — 2011, M >4
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Ogata & Katsura (2014, JGR) BHME  (V7R%2—)
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Ogata & Omi (2020, BSSA)
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Log-frequency

Magnitude Frequency distribution and Earthquake Detection Rates
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Ogata & Omi (2020, BSSA)
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Table 1. Studied Aftershocks®

Date Name M, Epicenter Threshold Magnitudes”
Off the East Coast of Hokkaido (Region A)
Dec. 04, 1995 Off Tturup Island 7.9 150.1 446 (4.0) (4.5) 5.0
Oct. 04, 1994 Hokkaido-Toho-Oki 8.1 1477434 4.5 5.0 (5.54) 6.0
Aug. 18,1994  Hokkaido-Toho-Oki 6.4 1509451 (3.5) (4.0) (4.5)
Jan. 15, 1993 Kushiro-Oki 7.8 144.4 429 3.0 3.5 4.0
April 01, 1990  Hokkaido-Toho-Oki 6.0 147.142.8 (0.0) (3.6) (3.8) (4.0)
March 21, 1982 Urakawa-Oki 7.1 1426421 3.3 3.6 4.0 4.2
June 17, 1973 Nemuro-Hanto-Oki 7.4 146.0 43.0 (4.0) (4.5) (4.8) 5.2
March 04, 1952 Tokachi-Oki 8.2 1441418 0.0 5.0 6.5 6.0
Nov. 26, 1932 Hidaka-Chubu 7.0 142.5 42.4 unfelt (felt) (4.5)
Off the East Coast and Inland of Tohoku District (Region B)
Aug. 11, 1996  Onikobe 59 1406389 2.5 3.1 3.5 (H{) (4.00
Jan. 07, 1995 Sanriku-Haruka-Oki (secondary) 7.2 1423402 3.0 3.5 4.0 4.
Dec. 28, 1994  Sanriku-Haruka-Oki (long) 7.5 143.740.4 4.0 4.5 5.0 5. 4
Dec. 28, 1994 Sanriku-Haruka-Oki (short) 7.5 143.7404 4.0 (4.5) (4.9)
April 08, 1994 Sanriku-Oki 6.6 1440406 3.5 4.0
Dec 28, 1992 Sanriku-Oki 5.9 1426389 (3.0) (3.5 (3.9) (4.4)
July 18, 1992 Sanriku- Haruka-Oki 6.9 143.7394 (3.5) (3.7) 3.8 4.0 (4.5) 5.0
Nov. 02, 1989 Iwate-ken-Oki 7.1 1431358 4.0 4.5 5.0
Jan. 09, 1987 Twate-Ken-Hokubu 6.6 141.8398 0.0 3.0
Jan. 19, 1981 Miyagi-Ken-Oki 7.0 143.0386 0.0 3.6 4.1 4.6
June 12, 1978 Miyagi-Ken-Oki 7.4 1422382 3.4 4.0 4.2 (4.3) (4.9
Feb. 20, 1978 Near Ojika-Peninsula 6.7 1422388 3.0 3.3 (3.5)
June 12, 1968 Tokachi-Oki (Southern) 7.2 143.1394 4.55.05.5
May 16, 1968 Tokachi-Oki (Northern) 7.9 143.640.7 4.5 5.0 5.5 5.9
April 30, 1962  Miyagi-Ken-Hokubu 6.5 141.138.7 (0.0) 4.0
March 21, 1960 Iwate-Ken-Oki 7.2 1434398 0.0 4.4 4.9 5.4
Nov. 05, 1938  Shioya-Oki-Swarm 7.5 1422373 4.5 4.7 (5.0) 5
March 03, 1933 Sanriku-Oki 8.1 144.539.2 (0.0AX6.0N)S. 5(5 8A)(6.0)(6.2)
Nov. 04, 1931 Iwate-Ken-Tobu 6.5 141.7 39.5 (unfelt) (felt) (feltA) 4.0
May 27, 1928 Iwate-Ken-Oki 7.0 1433400 0.0 5.1 (53) (5.5)
Eastern Limb in Sea of Japan (Region C)
Apr. 01, 1995  Niigata-Ken-Chubu 55 139.337.9 (28A4) 3.0 3.2 (3.5)
July 12, 1993 Hokkaido-Nansei-Oki 7.8 139.2 428 (4.04) 4.5 5.0
Feb. 07, 1993 Noto-Hanto-Oki 6.6 137.337.7 (3.0) 3.5 (4.00
May 26, 1983 Nihonkai-Chubu 7.7 139.1404 4.0 4.5 (5.0) (5.2) (5.3)
June 16, 1964 Niigata earthquake 7.5 1392384 felt 4.0 4.5 5.0
May 07, 1964 Oga-Hanto-Oki 6.9 139.0 40.3 unfelt felt 0.0
May 01, 1939 Oga-Hanto-Oki 6.8 139.540.1 0.0 4.1
Kanto and Tokai District and Their Offshore Regions (Region D)
June 01, 1990 Chiba-Ken-Hokubu 6.0 140.7 35.7 2.0 2.5 3.0
March 06, 1989 Chiba-Ken-Hokubu 6.0 140.7 35.6 (2.0) (2.5) 3.0 (3.5)
Dec. 17, 1987 Chiba-Ken-Toho-Oki 6.7 140.5 354 (2.5) (3.0) (3.5) (4.0)
Aug 08, 1983 ‘Yamanashi-Ken-Tobu 6.0 139.0355 2.5 (2.7) (2. 9) (3.0)
July 23, 1982 Ibaragi-Ken-Oki 7.0 142.036.2 3.2 (3.7) 4
Dec. 04, 1972 Hachijo-Jima-Oki 7.2 141.1332 3.6 4.0 4. 5
Feb. 29, 1972 Hachijo-Jima-Oki 7.1 141.3 33.2 (3.6) (4.0) (4.6)
Nov. 26, 1953 Boso-Oki 7.4 141.7 340 0.0 5.0 5.5
ec. 26, 1949 Imaichi 6.4 139.8 36.6 felt 4.2
May 23, 1938 Ibaragi-Ken-Oki 7.3 141.6 36.7 0.0 4.1
Sept. 21, 1931  Saitama-Ken-Seibu 6.9 139.236.2 0.0 3.0 3.5 (3.8) (4.0)
Hokuriku and Chubu District (Region E)
Sept. 14, 1984  Nagano-Ken-Seibu 6.8 1376358 3.5 4.0 4.5
Oct. 07, 1978 Nagano-Ken-Swarm 53 137.535.8 (2.5) (3.0) 3.5
Sept. 09, 1969  Gifu-Ken-Chubu 6.6 137.135.8 0.0 3.9
March 27, 1963 Echizen-Misaki-Oki 6.9 135.835.8 0.0
Aug. 19,1961  Kita-Mino 70 136.836.0 0.0
March 07, 1952  Daishoji-Oki 6.5 136.236.5 (felt) (0.0) (4.2) (4.5)
June 28, 1948 Fukui 7.1 136.236.2 felt 0.0 3.5 4.0 (4.5) 4.7
July 15, 1941 Nagano 6.1 138.2 36.7 (felt) (0.0)

E76#l& TR magnitudes
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Table 1. (continued)
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Date Name M; Epicenter Threshold Magﬂitudesb
Kinki District and Offshore Regions (Region F)

Jan. 17, 1995 Hyogo-Ken-Nanbu 7.2 135.0346 3.0 3.5 4.0 4.2
Nov. 09, 1994  Inagawa Swarm 4.0 1354349 (2.00 (2.3) (2.5) (2.6)
May 30, 1984  Yamasaki Fault 5.6 134.6350 (25) 2.6 3.0
Dec. 21, 1946  Nankaido 8.0 135.633.0 (4.0) (4.5) (49) 5.0 5.5
Jan. 13, 1945 Mikawa 6.8 137.134.7 (felt) (0.0) (4.4) 4.8
Dec. 07, 1944 Tonankai 7.9 136.6 33.8 4.0 (4.5) (4.8) 5.0
March 07, 1927 Kita-Tango 7.3 135.2355 0.0 4.5
May 23, 1925 Tajima 6.8 134.8 35.6 (felt) (5.0)

Southwestern Japan (Region G)

0

June 25, 1997  Yamaguchi/Shimane-Ken Border 6.1 131.734.5 (2.6) (3.0) 3.4
May 13, 1997 Northern Satsuma 6.2 130.331.9 (2.5) 2.8 3.0 3.3
March 26, 1997 Northern Satsuma 6.5 130.4 32.0 (2.7 (3.0) (3.5)
Oct. 18, 1995 Amami-Oshima-Oki 6.6 130.4 28.0 (3.5) 3.8 4.0 4.5
March 18, 1987 Miyazaki-Ken-Oki 6.6 132.132.0 2.5 2.9 3.4
Aug. 07,1984  Miyazaki-Ken-Oki 7.1 132.2324 2.8 3.3 3.8
Oct 31, 1983 Tottori-Ken 6.2 133.9354 (2.3) (25) (27) (28) 3.0
Mar 03, 1980 Okinawa-Hokusei-Oki 6.7 126.6 27.0 (0.0) (4.2) (4.5)
June 04, 1978 Shimane-Ken-Chubu 6.1 132.735.1 0.0 3.3 3.7
Aug. 06,1968  Ehime-Ken-Seigan 6.6 132.433.3 3.5 4.0
July 27, 1955 Tokushima-Ken-Nanbu 6.4 1343338 0.0 3.0
Sept. 10, 1943  Tottori 7.4 134.135.5 (4.0) (4.4) (4.7) 5.0
March 04, 1943 Eastern Tottori 6.2 1342354 (felt) (3.6)
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where 1, (¢, r) is estimated Palm intensity (smoothed)
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Time-dependent long-term forecast
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Earthquake occurrence data
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Earthquake occurrence probability of M>6.8 occurring
on active faults in each region (30 years from now)
taking into account combinations of multiple active faults
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