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Abstract: A strategy has been proposed by Bakun and Wentworth in 1997 for
bounding the earthquake epicentral region and magnitude from historical inten-
sity data only. This technique is quantitative and particularly appropriate for
historical earthquakes which have few intensity data or occurred near offshore.
With this technique we have focused our study region on North China, where
there have been a lot of moderate or large historical and present-day earthquakes
for last a few centuries. First, nine earthquakes with modern instrumental re-
cords in magnitude range from Ms 5. 3 to 7. 8 in this region were used to develop
an intensity-magnitude-epicentral distance attenuation relationship and the in-
tensity magnitude M is calibrated to surface wave magnitude Ms. The intensity
attenuation relation predicts that, with the same earthquake magnitude, the in-
tensity decrease rate with distance in this region is about 50% of that predicted
by California intensity attenuation model developed by Bakun and Wentworth.
Based on our intensity attenuation model, we have proposed a method of grid
searching of trial source location (GSTSL) for estimating earthquake magnitude
and bounding epicentral region by calculating confidence value of rms[ M; ]=rms
(M, —M;) —rms, (M;—M;) and the contours of M; =mean(M;), where rms is
the root mean square, rms, (M; —M,;) is the minimum rms over a grid of as-
sumed epicenter, and M;(i=1, 2, 3, :=+) are the discrete values derived from
the intensity attenuation model. Furthermore, we have discussed the size effect
of b-value, a parameter used in weight function W, in order to precisely compute
rms[ M, ] on the closure of rms[ M; ] contours. Finally, in order to demonstrate
the technical strategy we have developed in estimating historical earthquake
magnitude and bounding its epicentral region, two typical earthquakes, the
1679 Sanhe-Pinggu event and 1969 Bohai event, are used in our analysis. The
result shows that, by minimizing earthquake magnitude within a 90% confi-
dence region of rms[ M, ], the intensity magnitudes of M, are 7. 8 and 6. 9 for
the Sanhe-Pinggu and Bohai event, respectively. It needs to be pointed out that
the technique we have developed here can also be used for bounding the epicen-
tral region and earthquake magnitude in other regions with abundant historical

earthquake documents in China.

Key words: intensity; coseismal; epicenter; intensity magnitude
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SR T BN AL G0 T 5 2 MR SR A A B A Hb R B Y A B AR O A SR .
SRR LR IR A b, B AR AR X AR A 2 0 4 AR B R P (Hanks ez al, 1975) 5@ i
I 2% AR DX TR AR R /) iy 232 TR AR 5 2R R ) 48 6 OC 3 R iE HLRR L

HR 25— W 7 0 20 B e LG A/ e, S5 AR A Bl AL 2 R AR R AT R
A I BARA TN AR SERE L s Jioh, M — R A T L a0 e, AR A
REHEM SRR EEEL. EXEELT, ERTERSARRMIRE, B2 %4
KA.

Bakun il Wentworth (1997) % J& 1 — B 42 B % 1) H1 24 3 040 Al 35 7% 20F0 7% v X3
T % TT AN I A SO SR AR T A A N JCHIE At R R R A E T SR
MR AR B E . HATIZ T 5 C 20 56 BN b X, 36 B PG Jb RSP e 7 . JEEAR
W s DL S v R & A X 4T T ST (Parsons et al s 2000; Bakun ez al, 2002, 2003; Hinzen,
Oemisch, 2001).

TEA SO, AT 2 X e E AR X Iy e s R iRt FIE R s s T A . &
J5, TR 20 4 52 ZU R KA vy b PR AR L b R AU R S R A A N, D K T SR b AR R R
2 B I B A I RN R . YR IR i S B M R B B R A, X 1668 AR B 4T
YRHULFE . 1679 4F =3 —F48 KHFE . DA% 1966 4EFESSHIAE RN 1969 4F i) i i 72 9 7% v X Ik
FUBGNAT T EHAE, BHRZEATRE RN EEEWHELS TN, RS
v HORE BE . UGS T b 5 0 b RE 4G 3 (BT (5 B B Z 9 IX . % Or AR A BT A B
Iz AN, B JE . Z T ORZ R 20 N I T S Y — S ] LA K ) A A
W HE— BRI T F ST B AT T e b DX 7 SR R AR R b RR K Y PR A 2
Brep.

1 FERE

b 7 B R YRR AR S AT VA 0 B Pt R R e DXERR R A SR AL xR AR L b
DX, FAMR R L T IR 3 Fh 272 952 P BE S pdi o R .

I=c¢,+c, XM+c, XA (la)
I'=c +c, XM+c, X1gA (1b)
I=c,+c, XM+c, XA+, Xl1gA (1o
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A IR n AW P RN A G = 1, 2, 3, ). WREEE A (D H i —A4~ 31

JERRH R P IO R, kg X (), WA (Ta) . Hy &AW S0 5= EE A F1ZL
JE L AL R DR, I8 M,

M, = (I, — ¢, —c, XA /e (2

— R UL, X A M; AR, BREATRFEME R M, FRfE 2 rms (M, —M,) , WA

M; = mean(M,) (i=1,2, v n) 3)

DM, — M))?
i=1

rms(M; —M,) = )

2

Kby My PR ZUERR DL s mean KIoRSKF-YIME 5 rms IR . RasKbr i 25, QiR
W R s B RE T, W oo M, BE A BRI B . br e 22 1F 2 X — 51 {8 25
ORE P B . PRI X BOE RE I rms (M —MID(E 2 K IRZ s BRI h &g ik
FERES, W o AS M, HS B2 XN rms (M, — M) {H 25 L3/,

A AN AT RE AR b i DX I e — 7 [B) B BE B OB Ans kmod X 2 A%, B — 1B E B
P A% Y R A R TR My F rms (M — MOAE . WIFE A% F ] UGS M, Fil rms
(M; —M) )5 EZ. R rms (M — M) 558 2 0] UG 38 78 vb DX, T 7% oy X0 BB 2
P M AR A VR R R AL T, X e ok 99 s 48 R R IR AL E M R R s, FeA]
FRZ N GSTSL ¥ (grid search of trial source location).

2 ZEHIE

Bakun 1 Wentworth(1997) % B MMI %1 [ 2 (modified mercalli intensity) , i 3 [H
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Fig. 1 Extraction of intensity data

from isoseismals
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Isoseismal map of Tangshan earthquake. In the V[
zone there are two abnormal intensity patches, where
the intensity is still treated as V[. The epicenter deter-
mined by instruments are shown by the triangle, which
is outside [X to X| area. The area between the two 3
dotted lines shows how to get intensity data. The in-
tensity value at diamon points are 5. 5, at round points

are 6, and at inverted triangle points are 6.5
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&2 ASCRT Y s
L0 = O FTARE R 10 R A R v . FLv o AE = R T A 7 R O AR I S 7R
18] = 1 3R BT R R P Ol R LR L 0 B A T T VR B Y 4 U R YRR
Fig. 2 Earthquakes studied in this paper

Red triangles are ten training earthquakes. Non-inverted triangles are instrumental epicenters.

Inverted triangls are macro-epicenters. Green circles are test earthquakes

# 1 JATHRER 10 YR

Table 1 Ten training earthquakes

H 1 KR Z) (BT) R LR LR AL

s EhglE EhSEHHA
QE’E’EI ETJ': ﬁ: ﬂ‘ AE/O SDN/o AE/O GDN/O
1976-07-28 03:42:54 118. 00 39. 40 118. 20 39. 60 7.8 X AL L
1966-03-22 16:19:27 115.10 37.50 115. 05 37.53 7.2 X AT AR
1976-11-15 21:53:00 117.70 39. 40 117. 50 39. 33 6.9 il REE T PG
1966-03-08 05:29:14 114. 92 37.35 6.8 X+ AL SE AR
1967-03-27 16:58:20 116.50  38.50 6.3 )1 VAT AG T [A]— R 4
1945-09-23 23:34:21 119. 00 39. 50 6.3 wm 0% 50
1977-05-12 19:17.52 117.70 39. 20 6.2 I TR G BT B
1967-12-03 04:05:48 115.22 37.72 115. 28 37.72 5.7 I AR BE R
1967-07-28 13:55:58 115.55 40. 55 115.77 40. 65 5.4 i ARk AR
1973-12-31 19:00:55 116. 80 38. 40 116. 50 38. 40 5.3 VI AL 8] A

T R Bk | b R R R B ] (1999).
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Fig. 3 Intensity vs. epicentral distance
(a) 1976 Tangshan earthquake (Ms7.8); (b) Ningjin earthquake (Ms7.2) ; (¢) Luanxian earth-
quake Ms6. 25); (d) Huailai earthquake (Ms5. 4). Circles represent individual intensity

values. Mean and median epicentral distance for each intensity-source pair, computed

without outliers (distance more than 2 standard deviations from the mean distance) ,
are shown as solid triangles and open squares, respectively. Error bars denote &1
standard deviation of the data computed without outliers. Dashed lines represent

the relation fitting the median values of intensity and epicentral distance

T EAR D, o fl e, B5R%
Lo og ° © 1 RIEPEETE R H R e T Z B R
e PR R B R AR

5.0 5.:5 6.0 6M§ 7.0 7.5 8.0 EPEE‘,VJ%BQ ng%ﬁ *Eﬁﬂﬁ{%(mﬂz

ST T e T T o] KA@,E4ﬁwTwam%ﬁmm
Y6l oo % o° 1 Rz Z R BERE B M BEWE R, 1] 4a rfy

) 5.5 6.0 6.5 7.0 .5 8.0 E%ﬁ‘{)ﬁ%bhiﬁj{ﬁ‘],ﬁ, 21967 AEIR

Ms5. 7 152, AR JEE
B 4 10 Y F b5 g 1Y b 2 2% FH 5o/ =38 32 3 28 JE Ms S R BB o 0 AT AR

> 4k ;
F T T2 X A I LA 0155 (o) R () B AT A ARILHIC, X 5. 3
) == = aed =
Fig. 4 Slopes (a) and intercepts (b) of least-square Ph iy R M52 . 52 Jou R 52 6 L o
fits of 1= + kX Aucin DRI PR 1R FR AN K. Bakun 0

http://www.dizhenxb.org.cn



334 WK B AR DR RE T R AR S Sy R HC T g o X R R S A B 297

Wentworth (1997) 7€ % 3¢ = I i iF 75 vh A5 2 7 2 L. 18 4b WA Tk EE A, 1
S HAEALTF 5—9 ZJa).

FIF A 10 W F45 a2 19 o 7% 10 Z0 8 5008 6 A 28 (1a) o (1) fil (1) R i fe /) — e 32
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M:” = (I, +1.73+0.0106 X A;) /1. 31 (8a)

M” = (I, —1.8542.81 X lgA,) /1. 37 (8b)

M = (I, —1.72 4 0. 000447 X A, +2.72 X 1gA,) /1. 38 (8¢)

M;" = mean(M;") i=1,2,,n (9a)

M}’ = mean(M*) i=1,2,,n (9b)

M’ = mean(M*) i=1,2,,n 90
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Fig. 5 M, versus M for ten training earthquakes. (a), (b) and (¢) show the similarity between
intensity magnitude and instrumental magnitude of the ten training earthquakes.

(j) A - ()
Error bars represent 1 standard error of M}’. Dashed line is M}
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Table 2 Similarity between M}’ and Ms for ten training earthquakes
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T Al AR b R O 0k O AT AL i X2 AU () g AR 2 IE (Bakun Fl Went-
worth, 1997).

H T AN TR) 328 0 18 B0 080 X i S 7 R ) S e e A TR) B AR E = T O A 2R R X B
it B 1) B0 B2 TR R A5 W L 24 AR T Ak A ZURE B O B AAETE B rms (M — M) I 5 5
HE— A FA T J

W, — a+cos(%><%> A < b (10)
a A >0
Kby a FRAKHEM . o BRI+ CRAL: km).
Hit, AXNOITHNE RN
DT WX (M, — M)
rms(M; — M;) = . (1D

W
T3k s ANIFIHLFR Y rms (M — M) 45 {8 22 1] o 1 S5 /MBI 8 2 A [\ Y R B 5 1) rms
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(M, — MO EAR DL A b rms (M — Mo B e /ME rms, (M — M) . 5 108 1E 5 B IE N

rms[ M, ], B
rms[ M, | = rms(M; — M;) — rms, (M, — M) (12)

TE S PRl 55 v D o TE SR HIAE — D WU Al rms[ M TSR EZEI In 5. [ 6 ZEqU
PSR 30 45 T 1966 4F T IR AN 1976 AR TR AY rms[ M, JAR(H A, P L E 1Y

TE 0. 1 SF{HER M.

113°E 114°
T

113°E 114° 115°
PO

=08 ———

e

5!

A

116°E 117°

B 6 A 20 AU R P AR M 0 rms[ M, 155 {E 28 4]

(b) 1966 4F T H b2 [ M; 48 4% (o) 1976 4F 57 #h 72

IR IR, S50 B A AR E
1966 4F T %

1976 4F

(a) 1966 47 % AR rms[ M 1%Lk ;
rms[ M JRE R (d) 1976 4F TR [ M, 155 (H 8.
FYRZ 250 B Sy T FE 30 A B0 R 8 (A3 S8 s b I 91 B PN ) 0.
AR AR E RN Ms=7. 2, My FEALERINE = ab (e h 7. 45
TR RER A Ms=6.9, My TEACEHNE R E AL RE R 7.1
Fig. 6 Maps of contours of rms[ M, | and M,

Contours of rms[ M; | for (a) 1966 Ningjin earthquake and (c¢) 1976 Ninghe eqrthquake. Contours of M;
for (b) 1966 Ningjin earthquake and (d) 1976 Ninghe eqrthquake. Triagle denotes macro epicenter,
black filled corcle stands for instrumental epicenter, and void circles mark the intensity evaluation
sites within the map region. For the 1966 Ningjin earthquake the instrumentally determined

agnitude Ms=7. 2, while its M; at instrumental epicenter is 7. 4. For the 1976 Ninghe

earthquake Ms=6. 9, and its M; at instrumental epicenter is 7. 1

$2 1 Bakun Fil Wentworth(1997) Fr#2 i A9 35 7 i, FRA1 X5 %1
10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 150 F1 170 {4 rms[ M, ]

SRR T AR LAY B AE (3 3a. 18] Ta).
— UCHLRR WY B AT ZURE s BE AL Bk 2k 20 A, FERR H L 400 km X 400 km {5 [l N 4

SUBE A BN 5, T,

FEARTTE Dy B T 20 A 24K M
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3

5 kmHU A% S AE rms[ M, JEE(E LR A, it E 42 1000 IR 2: 15 5] 1000 sk SF{H LK. X 10
WH TR E MR, 35 M 5 10000 5RAFELE. MRAEX 10000 5k EH, RIEAB A
9500 YKALTF 0. 173 3K AFEMHL N . W 0. 173 X455 HLR M B AEEE R 95%.

Bakun I Wentworth (1997) £ X 3& [& i N #h X i i 55 s B @ A 0. 1, b {H N 150
km., AR CHETHE B EEE e 8 0.05, b K 480 km. It b {295 FIATHE bR 2 T R0

#*3a EfFMH
Table 3b  Confidence value
R B B sl M SR
95% 90 % 80% 67% 50%
5 0.311 0. 247 0.178 0.122 0.075
7 0.251 0.192 0.133 0.091 0.054
10 0.204 0.152 0.103 0.070 0.042
15 0.159 0.120 0.082 0. 056 0.034
20 0.136 0.102 0.07 0.048 0.031
25 0.122 0.092 0.063 0. 044 0.028
30 0.114 0.086 0.059 0.042 0.027
40 0.101 0.076 0. 055 0. 039 0.025
50 0.093 0.071 0.051 0.037 0.024
60 0.090 0.069 0. 050 0. 037 0.024
70 0.088 0.066 0.049 0.036 0.024
80 0.083 0.064 0. 047 0.035 0.024
90 0.082 0.063 0. 046 0.035 0.024
100 0.079 0.061 0. 046 0.034 0.024
110 0. 080 0.061 0. 045 0.034 0.024
120 0.077 0.059 0. 045 0.034 0.024
130 0.075 0.059 0.045 0.034 0.024
150 0.074 0.058 0. 044 0.033 0.023
170 0.073 0. 057 0. 044 0.033 0.024
#3b BEMHEM
Table 3b  Confidence value (Ms)
FUpERA € EF 5
A ¥ 95% 90% 80% 67% 50%
5 —0.65 0.58 —0.46 0.52 —0. 24 0.41 —0.10 0.28 0.14 0.14
7 —0.63 0.55 —0. 46 0.50 —0. 24 0.41 —0.11 0.28 0.15 0.15
10 —0.63 0. 54 —0.45 0.48 —0.24 0.41 —0.12 0.28 0.15 0.15
15 —0.62 0.53 —0. 44 0.48 —0.23 0.41 —0.12 0.27 0.16 0.16
20 —0.61 0.52 —0. 44 0.48 —0.23 0.41 —0.13 0. 26 0.16 0.16
25 —0.61 0.51 —0.44 0.47 —0.22 0.41 —0.13 0. 26 0.17 0.17
30 —0.61 0.51 —0.45 0.47 —0.23 0.41 —0.14 0. 25 0.17 0.17
40 —0.62 0.51 —0.45 0.47 —0.22 0.42 —0.14 0. 25 0.17 0.17
50 —0.61 0. 50 —0.45 0.47 —0.22 0.42 —0.14 0. 24 0.17 0.17
60 —0. 60 0. 50 —0. 44 0.47 —0.22 0.42 —0.14 0.23 0.17 0.17
70 —0.61 0.49 —0.45 0.47 —0.22 0.42 —0.14 0.23 0.17 0.17
80 —0.61 0. 50 —0. 45 0. 47 —0.22 0.42 —0.14 0.23 0.17 0.17
90 —0.61 0.49 —0.45 0.47 —0.22 0.42 —0.14 0.23 0.17 0.17
100 —0.61 0.49 —0. 46 0.47 —0.22 0.42 —0.14 0.22 0.17 0.17
110 —0.61 0.49 —0. 44 0.47 —0.22 0.42 —0.14 0.22 0.17 0.17
120 —0. 60 0.49 —0.44 0. 47 —0.22 0.42 —0. 14 0.22 0.17 0.17
130 —0.61 0.49 —0.48 0.47 —0.22 0.42 —0.17 0.22 0.17 0.17
150 —0.61 0.49 —0.48 0.47 —0.22 0.42 —0.17 0.22 0.17 0.17
170 —0.61 0.49 —0.48 0.47 —0.23 0.42 —0.17 0.22 0.17 0.17

http://www.dizhenxb.org.cn



334 i R AR AR DX R Y R S S R T T R v R A S R A 301

~0.6 —0.4 0.2 0 0.2 0.1 0.6

M-IM]
—o—-5 === 10 —— 20 —&— 60 - e 170

B 7 rms[M,J(0)5 M-[M, 1., (b) &G H
Fig. 7 Confidence value of rms[ M;] (a) and M-[ M; ], (b)

FH 3 1 50 R A 1 o e 7% v B

PERELW, iy a Ao (B MR — & AR R TE. o (800N, 203 JE 25 0 B - 22 51k
K. BRIOVEE NS —F o . 1HERV], b EHXEGEE rms[ M, J55 A 40 Bl M A 521 1E
FH. B T f5 SCH B =3P A R Y 20 D EUBE B . B a=0. 05, b {H 432 500,
600 F1 1000 i rms[ M, JEFELE (& 8). AT LA HN, b EHK, S(EZ 0 B e, &9
Xt T AE b B 150, 300, 480, 750, 1000 F11 1200 W} rms[ M, 15 {HZL . 24 6 B 150 B B (S5 (H
A RIS, (125 0 BB K T 480 B XF A 6] A0 20 B Bl 0 %o 815 1 19 5% i)
SR, 4 F) I THE 6 K 480, 750 F1 1000 BF B (S EE 95% . 90 % 1 80 % ¥ rms[ M, ]
GELAE. LA B4 al A, 7832 A J7 B SE bR A A i — R MR i R e, O Tl
rms[ M, JSF(E ARG R PAT . P DATE — D AH 24 K A9 Y0 N AT R R 28 o B, 1T rms[ M, J55{H
KM EFEAST A REN L.

5=500 b=600 b=1000
115°E 116° 117° 115°E 116° )l rg 115°E 116° 117°
T T T T

R\

~41°N
-140°

-140° —140°

' 39° 39°
B8 RIFEY b X rms[ M, 55 B 26 181 A 1 14 5 1)

Fig. 8 Closure of contours of rms[ M, ] with different
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1.0 1.0
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0.9 0.9
0.8 0.8
z
R
i
0.0 0.7
0.6 0.6
0.5 - 0.5
0 0.10 0.15 0.20 0.25 0.30 0 0.05 0.10 0.15 0.20 0.25 0.30
rms[M;] rms [M,]
1.0 1.0
(c)
0.9 0.9
0.8 0.8
pou
B
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0.6 0.6
0.5

0.5
0 0.05 0.10 0.15 0.20 0.25 0.30 0 0.05 0.10 0.15 0.20 0.25 0.30
rms [M;] rms [M;]

K9 IR oA X rosl My 18 15 (B 52 1
() 5 AFUEHAR : (b) 20 ABUERAR: (o 100 MFUEHAR: (D 170 B AR
Fig. 9 Confidence value of rms[ M; ] with different &
(a) 5 intensity data; (b) 20 intensity data; (c) 100 intensity data; (d) 170 intensity data

6 BERMMEE

SR B HE — OB RR YRR TP . DU AR v b Y B RE R AR R i R R R/ B A
SRR R A U 39 Bk T 35 BB R i o X R A X 2R R A D R R/
kit

P 6 A i PR AT 20 A 2R BT AR i M, SR (EARIE . WoR T X Al 3 i 25 2R
1966 4F 7 3 Hu i i) (AR I R G Ms =7, 2, M FE AR I 5 1) AR P AL B (E R 7. 4. 1976
AR T HI R M RRH Ms=6. 9. M, TEAUAR DI E Y52 P AL i (R 7. 1.

UATR) B T3k s X My A RE AR XA (R 3b, & 7hy s BIHR MELM, T KR TR —1E
AOHE D T I — (R e, o MO (S I A3 B R 4. (M o M TEALES R h Ak
1 {EL.

MIEN 7b T LAt B B 208 0 1 30 0 X 5= Al 3 10y B A X 18] O A W AR 4
AN EATRES A 4 Y rms[ M — M, MEE KA K.

7 FIEWIE
7.1 1668 FEE—IF =
FRATTHE 4 4 YO R AR B UEA ST 1R 7 75 - 1668 4R B— A= | 1679 4F =i —
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4 A[E b ERTH rms[ M, 155 E LB (5 {E
Table 4 Confidence value of rms[ M; ] with different b

) rms[ M; % (24
75 B d !
95% 90% 80%
A%
b=480 b=1750 bH=1000 b=1480 b=750 b=1000 b=1480 b=1750 bH=1000
5 0.311 0. 305 0.308 0. 247 0.238 0.238 0.178 0.167 0.167
7 0.251 0.232 0.236 0.192 0. 181 0.183 0.133 0.127 0.127
10 0.204 0.182 0.184 0.152 0.142 0.142 0.103 0.098 0.099
15 0. 159 0. 147 0.146 0.120 0.113 0.113 0.082 0.078 0.079
20 0.136 0.129 0.129 0.102 0.097 0.099 0.07 0.068 0.069
25 0.122 0.120 0.118 0.092 0. 090 0.088 0.063 0.063 0.062
30 0.114 0.109 0.111 0. 086 0.083 0. 084 0. 059 0. 059 0. 059
40 0.101 0.101 0. 100 0.076 0.078 0.078 0. 055 0. 055 0.056
50 0.093 0. 096 0. 096 0.071 0.072 0.073 0.051 0.051 0.052
60 0.090 0.093 0.091 0.069 0.069 0. 068 0. 050 0. 050 0. 050
70 0.088 0.089 0.087 0. 066 0.068 0. 066 0. 049 0. 049 0.048
80 0. 083 0. 089 0. 086 0. 064 0. 066 0. 065 0.047 0.047 0.048
90 0.082 0.084 0.086 0.063 0. 064 0. 064 0. 046 0.047 0.047
100 0.079 0. 085 0. 086 0.061 0.063 0. 064 0. 046 0. 046 0.047
110 0. 080 0.084 0.083 0.061 0. 062 0.064 0. 045 0. 045 0. 046
120 0.077 0. 084 0.082 0.059 0.062 0.062 0. 045 0. 046 0. 045
130 0.075 0. 082 0.084 0. 059 0.061 0.061 0. 045 0. 045 0. 045
150 0.074 0.082 0.082 0.058 0. 060 0. 060 0. 044 0. 044 0. 045
170 0.073 0. 082 0.081 0.057 0. 060 0. 060 0.044 0. 045 0. 044

SRR . 1966 AEFESEHIFE RN 1969 4F i =, HorP T
PR IR 178 A T 3 AR A 10 s i B .

B EL— SR R ()AL, 1983) A A Fis R -L4FES H L H (1668 4 7 25 H) 1l
ZRE BRI R R 38 TA Sk 3K UK MR U v [ A D7 s i B AR i e R MR R A I
8.5 g, At E AL T 35.3°N, 118, 6°E. AT B A 21 Bl A%k 118, & 10 4 M,
Al rms[ M, J55(E 26 & (b B 480) , & Hr R 0 X 38 r %o 1y 19 {5 (i | 7 2 9 40 30l R 95 %
800 50 %. TR AL T EAFE N 50 % LN, M, 2 8. 8.

7.2 1679 E=ZiN—FA/HE

167949 A 2 HGERE+/AFE-EHAH/\H) ., Wdbd =0 P4 &£ T KHE i)
B, 1983). AR DT S SCHR W RE, X UK R MR X B EE O VI, A RE ol 117, 0°E,
40. 0°N, fhFER R 8 . WATEEE T =3, 4%, il & Jbat . Wb E B AL PG - 38 5 20
AT MR GOk, HE o 7 A FUEE O INEE . 3 AR VIR, 3 Ab S VIRE . A 7 bR I A (3%
5). & 11 ARIE M 20 A FLEE FRAERY M, F rms[ M, 155 £R 18 (b B 1000) , Al 52
T EAEEN 0% HEELN, M, 7.8.

7.3 1966 ;A dLESE Rt E

1966 423 H 8 H, WALMESEAR LA T H PRI R 6. 8 M. Z MR F114. 9E,
37.4N. FRATEHL T 130 AZUEEH i X A SOy ki AT T 3Rk, Bl 12 25 M, F rms[ M J4F{H
RE (O B 480D s Al AR H AL T B AGE N 50 %0 I E(EL N, M, 2 8. 8.

7.4 1969 E i E
R R AT 1969 4E 7 H 18 H. UERIME R AL F 119. 4°N, 38. 2°E, KR H A

=
=
b
HI

KT 1900 4FHT . J5
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36°N

35°

e

B 10 FIHT 118 A~ ZU B dle F
B — Rk Hb 7R 1 43 A
() Y S R R RE 2 My S {HZR, B @848 rms
LM 528 b HICh 480, /INIBI sy #6843 BT FH 114 24
BEWLIN 5. =AM AR P (117, 0°E, 40. 0°ND .
EAL T EEEN 500 MEEL N, ik M; 4 8.8
Fig. 10 118 intensity data used for analyzing
the 1668 Juxian—Tancheng earthquake
Alternating solid and dashed lines are M; contours,
colored parts are contours of rms[ M;]. The b value
is 480. Round dots are part of the intensity evalua-
tion sites. Triangle shows the estimated epicenter
(117.0°E, 40.0°N), located within the 50% confi-
dence region, where M is 8. 8

34°

113°E 114°

115° 116°
A <t

o olagey

12 R 130 A~ Z0 B2 H0a % i b
W S8 AR 1 78 1 43 BT
bE N 480. =MIE AN FEMEH (114. 9°E, 37.4°N),
PLFEEEN 6750 ME[LN, Bk M Jy 7. 1.
HAEBIFEE 10

Fig. 12 130 intensity data used for analyzing

the 1966 Longyao earthquake
The b value is 480. The epicenter is at (114, 9°E,
37.4°N), located within 67% confidence region,
where M is 7. 1. Also see Figure 10

112°E 114°
T

BI1 I 20 A28 Bodls bF
A M= Y 43 A

O EH 1000 = A8 N Al 11 9 7 (117. O°E,
40.0°ND, iz FEAFME R 9040 A SFH L . b
M R7.8. HAE IR 10

Fig. 11 20 intensity data used for analyzing

the 1679 Sanhe—Pinggu earthquake

The b value is 1000, The estimated epicenter is at

(117.0°E, 40.0°N), located within the 90% confi-
dence region. where M;is 7. 8. Also see figure 10

118°E
=

1192 120° 121°
T =

B 13 FIHT 25 A~ 54 B B4 xi i) v
Hh R 1 43 A
0 fH 400. ZHIEAERZEH (119, 4°E, 38.2°N)
LT EAGMH N 80 ML N, ik M 2 6. 9.
HARREHIFEE 10
Fig. 13 25 intensity data used for analyzing
the 1969 Bohai earthquake
The b value is 400. The epicenter is at (119. 4°E,
38.2°N), located within the 80% confidence re-
gion, where M is 6. 9. Also see Figure 10
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704, MR ME R E TP AL T . O AE A R X ZL R, FRAT VR T G 25 kb ZN I
W) 5 ) 50 X AR SO I AT IR IR (58 6) . 25 A 13 Frow. ANEs il E = T EGE N
90 % A (EHZ N . M, A 6. 9.

F5 ST R B L

Table 5 Intensity estimation sites of the Sanhe—Pinggu earthquake

i A5 Ag/* on/’ FUpE b £ Ae/* on/° B
L =i 117. 04 39.58 X LSR5 118.9 39.43 I
- F 4 117. 10 40.13 X KH 117.2 39.13 Wi
Jentim & 116. 67 39.92 IX K HE 116. 9 38.9 W
L i £ 117.4 40.5 X b e 117.9 39.9 m
IO [Ar ) 117.05 39. 4 X AL 118. 85 39.9 I
At 505 S 116. 65 40.13 X WL E 115.03 37.22 m

£33 116.3 39.9 X 1L 75 5% 112.18 37.2 1]
Jb 50 4E IR 115. 97 40. 47 Wi IITEPTIN 111.88 37.03 1
st prili 116. 1 39.6 ] LG K 5 112.53 37.87 I
LR 116.7 38.05 il 1L P8 3 P 111. 75 37.27 I

6 il R B WL AT

Table 6 Intensity evaluation sites of the 1969 Bohai earthquake

e Ae/’ 90.\1//0 B b 55, A/’ [@N /° SURE
A B 118.55 37.6 7 W% 755 118.73 36. 87 6

LI AR ) i 118. 25 37.5 7 b B 117.9 39.3 5

INA W5 1k 118.15 37.7 6 b Y 117. 65 39.01 6.5
T 2" 119.9 37.1 6 IOE ARG 117. 65 39.3 5
W ZR A7 120. 38 37.35 6 b R s 118.9 39. 43 6.5

7R B 120. 31 37. 38 6 AR T 119. 22 39. 88 5.5

IE 353 120. 75 37.8 6 bEElA=% 119. 15 39.72 5.5
T =15) 119. 42 36. 867 6 Y] AL, Jife 5 121. 24 38. 81 5.5
1 4 B 119.97 36.77 6 b | = 121.7 39.13 5.5
R R 117.58 37.28 5.5 IR mE 121. 4 37.5 3
1175 3678 120.53 36. 87 5.5 INARE B 120. 33 36.07 3
INARKE 120. 73 37.92 5.5 111 7R 7 119.1 36. 62 3
WA 3E A 120. 72 36.97 5.5

8 g5

AR SO RUAE T 18] [ N 52 24 5 4 41 Bakun A1 Wentworth (1997) £ Hi 1) 1) I M 7% 21
JE BT E AL s ***Eiﬂﬁﬂ@ﬁ%ﬁ&. FEAR b il BH A 3 — T7 1 9 R Ak L RATT
N4 Jr il Al AE LR JLASJ7 TR X — J7 35 76 1 A 00 B D TR

D) FRAT G 2R A M 25 T8 A Il X A4 A 32 0 3l o 5. 0 e bt DX R By sk AR R AT
Bha . HA B oy XA 2 T U%ﬂmﬁﬁﬁ?ﬂﬁﬁlfﬁﬁﬂﬁ%g\*ﬁﬂ

2) TZIKXCEF‘ FRA T AT R J5y T 00 7 3t 2 A7 X8 204 1 1) B0 B A s W R AT ARG IE . TEA IS Y
WHFEH . X IR IR,
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