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Review on research methods for establishing ground motion models
in areas lacking strong ground motion data
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Abstract: Strong ground motion data serve as the basis for establishing ground motion models. It is difficult to
establish ground motion models in areas lacking sufficient strong motion data. This paper reviews several methods for
establishing ground motion models in areas lacking strong motion data, including the numerical simulation method ,
the hybrid empirical method, and the referenced empirical approach. The numerical simulation method employs
high-frequency and low-frequency ground motions simulated by stochastic and deterministic methods, respectively,
to develop ground motion models. The hybrid empirical method can effectively solve the problem of lack of data by
combining numerical simulation and actual observation data and applying the empirical ground motion model of the
reference area to the target area by using the adjustment factor. The referenced empirical approach is based on the
small earthquake records in the study area and adapts the existing empirical ground motion model to suit the
specific regional situation with simplicity and effectiveness. Each of these three types of methods has its own
characteristics, numerical simulation methods can take into account the characteristics of the seismic source,

complex geological and site conditions, and the calculation results depend on the accuracy and precision of the
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source model and the subsurface velocity structure. The hybrid empirical method combines the flexibility of
numerical simulation methods and the statistical characteristics of observed data, and can establish a relatively
reliable model. The referenced empirical approach is quicker and simpler but is dependent on the data of the small
earthquakes. Finally, this paper suggests that artificial intelligence and multi-source data fusion can be used to
improve the accuracy and reliability of ground motion model in areas lacking strong motion data.

Key words: lack of strong ground motion data; ground motion models; numerical simulation; hybrid empirical
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fi(r,) = c7(lnrrup —lInr,), ry < T, ST, (22)
¢;(Inr, —Inr)) +¢(Inr, —1Inr,), r <r, >r

Sfs ¥ PGA 8 5% BUR P ATERIER () 10 2 KPR LY, My, AR08 1, MBI
BT IEEES ; 1, = 70 km, r, = 130 km,

ZJ5 ,CAMPBELL"*! 3% FH M A HE o0 A1 56 23 i IX 2 57 T 8 AR & 00 MR s R i A /e A SO
X BRSNS M IX 250 5% sl o6 R 5 £ b AT T ek, tb4h, CAMPBELL™ 3£ Wi )2 L | -
B UK e b 2 e 7 | 2 e o7 AR v aze 7 LAy AR st s Ja i 2 i B2 408 T 0 R 1 225 A LR,
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I, CAMPBELL" " DR £ 2250 i A2 S AL 7 R 31 9 [ b ZR B 5 7 2 1 v

15 HEM 280, R ZE4E 2 S i T — PR BRI, £ 22 50 56 22 1 05 R N T vl ) g i Y Bl ) b 7R B A
B, SO R HTREALAT BRWTZ T 23 51 0) w1 e Y R el R H A 2R G SO 0RF bt A o 3t 3 sl R AT A0 DS AR
PR A= 2l g A 11U AR ety 55 v el T O ol MRS S BOC &R RS A B E R O AR, LUt
S HERIEE ST T R IR AR BRSO RBOC R, 5 HEM R ZARTE T B R BRI IX 55 % b
DX HBRR ST A T F AN AL T IR B T A 280, TR P 5 9 5 B O 3 AR T 2 2 TR B X 7308, IR
R AR MRS BAT N, RRERCR M (23) s

M
logEy =logk, + logﬁ\J =logE, + (logMy - logM,) (23)

J

o E R R R e A MR B OG B B, O H AR AL s A P R B 2 R R OC R My A
HP [ i VO P A P e AR B B ASARE 0806 R 5 M, Ry AR AR L0 vt A P A= s B AR I o R, 2
Jei ARYE I B OC R AT LIS o e v O v AR P b R S AR R 5K (24) IR .

loge[yi_j( ]=aMy +b X = loge[c'x,-,}. +d'exp(e'My)] +f(h—h,) +S +8S, log,(x,,) +S, (24)
Ktia b f.S, .S, .S, AEBIMEN LR RZE ' d o NEY SR LEATREGM, MR,
H1 T2 5 230X T R B X R EUE B SS & 30 R I T R Z R A

Bl HEM (42 HAF AR 1] 35055 60 L A e b Al A5 B, (45 HEM 45 DL 32 I A Bl = 5 78 3l 8K
0 M X S MR B AR . CAMPBELL' ™ $2 Hy HEM 784t 35 23 308 M X 0 A7 76 5 AT Bt o B4 1) . 28 —
BRUNE" "' ) 2453 F1 9 R FR R 2 75005 FH A0 1T K2 G 72 A DX 3 3 TR 5 2, b 95 230 3t X () 3t 5 g
T HIZ2 A 1 I BEAE, 1 ELIZNE g B A AR TR Y 5 275 =, b 38 AR 7 ot DX R 5 PG 943 341X ) 34 752 5 1 487
LR BT IR LA S 5 S5 00, 2256 b A2 SRS RN T/ NG 1548 55 5 T, 20 b 7 s A 700 T 00 7 A A=
BN IR R R RSN 2 5 AT R R B AL SE AR M X [ 3 4 [ % 7 LAt it % 2 i il = b X R
F HEM &7 b 7% sl w2 Fi i

FEXHR A 229675 1 WG 7 1T, TAVAKOLI %51 23 ffi B XUH £ 45 R U Xk HEM. R 47 etk , A i1t
Xt b SE AT AN I PUFRIX 2 M X AE RS 1 ) B R R VR BE = 5 T 25 5, 35 8 CAMPBELL { A
TRBEHIT R IR RE S, 4R Mk, {2 TAVAKOLIL 251 75250 A T A1 26 P 38 4 X R-IE 26 AR 3R M 1X.
MR T ATKINSON' ' AU £ 451 56 A WS -5 AR GAH S A 1y 7 AT ATKINSON ! ot 53 £ 45 %%
ARG 1 N SR, R 2 AMBRSER AL T N R T T30 HEM X H A b DX b 52 3l 2 850 T 0 45 5 o
B KR 22"") . CAMPBELL" " #8458 Hi HEM 38 2 {8 FHAH X 17 A 2 260 %68 1 7% sh AR i, -0 1 2% b X i) 28
0 b 7% SR IR 9 A BR AR VRSO, DA TG 3B 5 30 R A R AR RS 2R, PEZESHK %5 SR B i 22
By TR SIS | R BB R Bl 1R A T B ML WA AN v R X TAVAKOLT 45 (i g b A7 1 ekt
TFRA T B AR RIS I H A T 9585 A2 00 1R sh R R S50, 250 T CAMPBELL™ #2 H3 fitist
WHIB R R S8, Rk PEZESHK %5 5kt 8 3530 F X% CAMPBELL' Y 858r, PEZESHK %' g J5 75 1
MR SR AN (25) (20(26) Fizs

log(Y) =¢, + ¢, My +¢; My + (¢, +¢s My) x min{logR,log70} + (¢, + ¢, My) X
max [min(log( R/70) , log(140/70) ) ,0] + (¢4 + ¢y M) X max{log(R/140),0} + c,,R

R=./R +c, (26)

.Y 2 PSA 5038 PGA MHYE s M (ARG R, IR B W E B RS 5 ¢, ~ o, WAL REL, (HAF
RN JE , PEZESHK 251" FE B AL S PR 7 e B R2 5l Hp R T ATKINSON 2515 SURg— N 200 5
TRPEBIARR R, = /R, +h* B BRI ZR00 , X — 7 & CAMPBELL™ BERY b A 42 K 1), 3 FLYE 5 ke 1)
g AT T s — A At

5 B3Ry EEXT e PEZESHK 26 X% HEM (¥ i S 4T, (75 HEM 78 35 5% 2h B0 Bl = M X 4 57 7%
SRR f S FH S 0 56 3%, LRk T R A DL R AR A

S — TERBUM R B 51, T — A SRR S R i R, I (27) (2(28) R

(25)

R',,= /R, +h(M) (27)
max( - 0.05 + 0.15M, — 1.72 + 0.43M), M <6.75
log(h(M) ) = (28)

- 0.405 + 0.235M, M > 6.75
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X h(M) HWEZIEEREE ; BOORE 55 RO BRISTZ B 5 M OIS R, B B N7 2 0% 2 i i
iEE

5 FERT TR RS b RE S BTN 5 18, PEZESHK 25" 421 7 2 Rk, 58 1 Bl sk R O B M4 i 5
5, T8 BRI IR 702 th B ARHLIX 5 275 b DXCHd 2o BE USSR, O EL B AR DXL 58 b - 0 DXt e~ A
FUUZ BN /NT 6 AYHIR LR, Tk T HAE SR T WSO, SRR HIEE T HEM 44 i i 352 5 240
BOMELN TR A RS, 55 2 MOT AR A0 v R SE T HEM 15 H A0 3h 2 8o 6 0 H 7%
FUNT AT 6 HTE DL ;2RI NGA-West2 A B A2 SN ] TR T 6 i, ix 2 Fhr ik
SR FIRR R AR — 0, an=X (29) (2(30) B

log (Y)=c, +c,M + C, M* + (¢, + ¢;M) x min{logR, log60} + (¢, + c,M) X
(29)
max[ min(log(R/60) , log(120/60) ), 0] + (cy + c,M) X max{log(R/120) ,0} + ¢, R

R=./R, +¢c}, (30)

A, Vo PSA 5l PGA IHE ; M REETRD; ¢, ~ ¢, MR R B, BEALGE 712 5 4 06046 O ¥ W R [R) 78
NN E S L BUES e CI[OP=E
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PR % LR F B T H AR b DR 225 il X 2 (R R VR 6 A5 A A7 B 1 14 22 5, PRLBE R R HEMD 57 33 G 5
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SO ERF A 8 A R /N S b R A S M AR SRR i T T HEM, X SERFSTY K T HEM FE # S
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AR HEM S50 b FHAE DL 35 v AR50 1 DX R 57 b % S AR (21 Sl — T A5 880 1) 7 o 7 2 B0 Bl =
X 7 R SRR (5 3k, HEM o 76 th 5503/ 22 3 5% sl B i = 4t X T 4R 90 FH . SCHERBAUM 217 1|
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FrAERE RS BT REA S48 T — £ 57 5 5 S 4R B =2 i Xt 5% Sh AR 14 1 4% . A AT RESE FE O 32 3] R
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FIFE B Hb DX 1 28 35 B R 225 1 DX ) 28 36 b 52 S AR Y A T8 04, 38 4o %o 5 75 1 [X 42 56 1 758 sl 7R 7y R 4
I A IR PR R AE i 2 Y R AR KO T REAR HR R B 1R SO | X6 AR K ST IR R T L R DXk
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o= ok + T (33)

FEFIF REA X 5o it X 7 3t i sl A AU A ATKINSON™ 7 H (9 % 0 5 ik 5 303 i REA # a7 4k 3%
AR R S I — B (HR A PIAL BCIE 55— TEXS R 22 i b Rk 22 RE SR H A X S BRI )
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FHFAE R AL R 25 OR

A REA X F bt DX A St 72 s Bl B 75 R AN o, {ELRS — 28 4l [XOR i n] RE A7 B 2 sl AT i
S R X REA (9 )5 FRIEME LR 1 (HXF T 2Lk = b 52 g B2 0 S p L X, e 0T AT g
A — LR ZUREGORE, DR, AT B I S8 ZURE TRk Al 1 52 5 28, A T 5 3 46 3 X 3 72 B A Y
A — P HEE T

IR, 7R 7 ot [X 58 4 A 2 30 80 A T R S B RN AR T S8 T 00 SR B TS IX 229056
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REARG, s, 3 Bt 4502 Bt A B B W 2 — MR M R v . AR B B 456 < Z R S Ul O 3% A )
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logS, =c¢, + c,M + c,log[ R + csexp(e M) ] (34)
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I, PR T4 F O AR T AME W] DA s 456 2 iy i 58 BE 2% WL ZN B 55 LI B8 A 280l AT S
Z R B0 S M DX T L RR SR R L AR
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