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Abstract; Ground motion prediction models are an important foundation for seismic hazard analysis. Currently, the
research on vertical ground motion prediction models in China is relatively few, and most of the existing ground
motion prediction models used parametric equations, which may have limited prediction accuracy. Therefore, the
development of horizontal and vertical ground motion prediction models with better prediction accuracy and
reliability is necessary for further research. To address the above problems, this study, uses 1991 sets of Chinese
horizontal and vertical ground motion records. The Butterworth non-causal filter method is applied to filter and

reduce the noise of Chinese ground motion. The Chinese horizontal and vertical ground motion prediction model
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(CHV-DNN) is developed based on the deep learning method, and it is comprehensively assessed in terms of
model performance, physical characteristics, and intra-and inter-event residual analyses. Finally, a correlation
coefficient model for Chinese horizontal and vertical ground motion is provided. The results show that based on the
residual analysis results of the CHV-DNN model, the most of the inter-event residuals are mainly distributed in the
range of [ =1, 1], and most of the residuals within events are mainly distributed in the range of [ -1.5, 1.5], and
the intra-event and inter-event residuals are both uniformly distributed on both sides of the residuals O baseline,
which validate the reliability and accuracy of the model; The CHV-DNN model has better prediction accuracy and
also has well physical characteristics; the correlation coefficient model calculated based on CHV-DNN has been
more reasonable. The Chinese horizontal and vertical ground motion prediction model developed in this study will
provide a research foundation for horizontal and vertical seismic hazard analysis in China.

Key words: ground motion prediction model; horizontal and vertical ground motion; deep learning; residual

analysis; Chinese ground motion

0 35|§

H17E 5l ( ground motion, GM )75 [HEHIAR HFH 1Y ELHEE N R | J& B T A= 7 A i MR D AL FE B R 5 1 2 1Y
Ay, LA R ) B 5 e 4 AR R O G B R A BRI bR B3 R 4 SN KT b 7R Bl R
e 1) MR By, B TKOT- bR Sl A R PR 2 A R MR B, 7R LAAE BRI FE KT i 3l
ORISR G2, TH0T 85 [ b 28 Sl R AR S AR /D BRI, S A RIF 9 & B, 66 [ Ml R 8t P B 4 e 30— Sk iy )2 445
P2 R BEAT A ) AR RS R A B R R, KT 088 [ b 5 8 14 e PR ATF 5 %k 28 g R o
Rl BT A= S A N A, 1 Hb = S #0077 F2 ( ground motion prediction equation, GMPE ) J& M1 5 15 6
P53 A 1) E B ZH R 4, DR R AR 5 v 560 K ST 6 i) 72 0y SO AR AR g SRy o b R TR ] T AR 4 4 R
il % it b 7 8 2 23 B A7 1 AN

1975 AEUG LR R AN ZE 0 5 B YOS B il 7 2 LA b K MR {H AR 2% 1 BE | Ik T 41 2 b 7 S 4 4R
MR — SRR R Y 7 TR AT R T SRS , A D 1 S AT By M S B M e AT AR 2 HL T 20 Ar b =
AR REMERY TR Horh MR B N () AR M RR A R M o B b B R EEAH R 4 2003 4F 38 ER
T = T REAFSE H 0 (Pacific Earthquake Engineering Research Center, PEER) Ji 8 T F —fCHuZE 80 3 Jl AR
4 (next generation attenuation, NGA) WF55i H | NGA Ti H 7 AEHIF A B I BT 00 A LA S il o5 T
115 30 m Ff[A]SP- IR I RE (Vi ) S5 BN S 4 T YRR RS 2. BB T IR B A IR 5 AT 25k IE
AR F- 015 o) MR S PO | B ASK BEY BSSA #AY CB AR CY LRI K T8RS, 2 NGA HUH 2
M, [ PN 2 U350 7 2 B 22 TR 38 %o 1t 7 3 S Ul G 2R A B2 ) 2 2006 45, W 3 10T 35 K 7 S b R 3 A5
Zith T — B2 D T 2007 42 2014 AR E IO SR BB, 210 1989 AEEER A AR T 1Y
MR B LRI BT T AP B K 1) b RS Bl R R AR 5 2021 AR SKomkAE T 3R T R L IX 79 AR I IR GCh
4.0~ 8.0 MRS IC %, F I8 T AR MRN Ul e v et 5 AL M 3 3t i 13 55 Z A2 i A &R U5 1
T 7KV 1) 1t 752 e {038 AR OER (057 % 1) LA S U LR 5 2024 4| 231 A5 1™ 35 T 01| b 78 30 7 22t 7 0 06
(BN E |3 A 0 HEAS [v] b 72 Sl S DA B 40 5 45 2R, 48 L0 R A (] S DS B 15 38 1) S 0 OC 3R Z A A7 7E 22 57
SEETABIFERT R I, B0 e [ 8 o) 7R 2 PN AR R B SR X A | R A BB AR S AL AR 2 R 2
Bfe B SRS BEA R, PRIt a7 EA O g T DG 3 T S 1 v ) P 5 v 5 5 ) 4 A
ety Lt L IRAMF I N A

FHEL TR G T 28U I BRI K b 2 2l PO ASE AL 1) Jy i | 6 T IR B 2 > 11 Ml 7= 3 ToO S U O T 1 L
A SRR B EE 2 2 BE I AT A EE R o TR, — B2y 35 R 5L T IR B2 27 > 110 1 52 3 Tl I A 28U I e
Dy B T —E kR LT % 7E NGA-West2 B8 LR L, 32 F B BR BE pl 22 4% JF & T %) 278 M 7Z 3
TR A EA v TOUMDRG B R R A ) BARFAE s DING S0 T A O T M  I 465 F & 1 Ax i i )
OIS s FAYAZ S5 IF R T 3 PR 2 ST 1) EARRE T U R AR IZ R 8 T R SRR RIS
EAIAHOCE (H AR P R AL R® 7E 0.65 ~ 0.84 Z 1], if 7 3k 3| 4% 48 56 T S 4004k 1 1 7= 2y 3500 A5 7Y



5 4 4] o7 2 A5 TR 2 > B KT e ) 3t 72 5l BN TR e A5 15

0.80~0.90A9 /K-, T, 3T IR B 2 = vl (] K S 1158 i) b 752 55 T 00 A 2R AF 5 8 /0, F SR S F 9 45 A o 2
N E.

iR B % A O 2R OB R 3 7R S B M M AR AT RO SR, A, — S 3 T R [R) b 5 sl B P A
BT — Z A RUAR G 2R B . 2006 4F, BAKER %51 g LT NGA-West' ' MR sh AR 2 0E AT T HbiE Bl
FESELRIAH EPERF 5T ;2008 47, BAKER %578 ©. A W 55 56tk L E— 25 flE 57 7 — b o A oG 40 A 33 780 A G P A
T FR R BJOS ABERIT4 2011 4F | GULERCE %81 75 NGA-West B85 4 09 3L Al [ 334 1 AKF B35 hn s 2 SA
(spectral acceleration) FI'E [1] 57K SA Z . (V/H R Z [ H9AH I 8L, BEE NCA-West2'') % sh 5 ¥
FERHE B ALY 5, B 2 B 58 N BT IR 3 T NGA-West2 Hb 722 0 50 38 2 9F 47 40 56 M 0F 52 . 2016 4F,
BOZORGNIA 457 31440 Y A3 A0 455 [7] J&] 309 7 SF 168 i) 0 5% 80 A9 SA AH 56 R B0 Y, GULERCE 45 78 A= 1
GKAS17 % fin) iy 72 Sfy U RS0 S H 8T 68 1) b 7% s =2 (i) 35 Jon s 8 ) 6 24 PR R 5 0 T A 6 5 2017 48,
JT AR o [R50 52 45 I GO FE 2007—2014 4510 5% 21 il R s B BFE T v K SF- 1) 17 5133 o sk 2 ]
MUAASETE 15 BJOS A7 AT T L4 52019 4F SR G2 AR BIFE T 3 FARSCHE RECTSE ik MR T
F AR SRR A I 2021 4F JT 260 R0 R SR R 5 N UL E 2007—2015 4F T 57 21 AY R s B
WFFE T H KOV ) 178 i B S50 B] AAR S 5 30, 78 98 N 52 T 0 i A [ b 38 0 T 0y A A A R G
W5 :2020 4F KOHRANGI %121 3L ASK 142/ -GKAS17""8 K SEFB[7] GMPE L) Jz BSSA14'*-SBSA16'* /K
SRR [6]) GMPE , P15 T 7K S 18 () b 752 5l K% B8 1) 1R [ b 78 0 =22 [ ) 22 B0 S AR O R 40, 57 T — 138K
PEHA I R B ; WANG 452/ 36T CB1417°-BC16M /K- F ] GMPE, T3 T /K - 11 [ 7% Bl 58 B 254
[T AHOC R B, EAT, 6T v i RR Bl i Sk A 7K TR 1] b R B i35 A DG A T SR iR B i =

BT BRI 5, AH 5T LA [ 30 5% e TRE 3 22 A 58 BT 3L A 2007—2020 4E5E Bid 5%, -5 %
] 72 TR 3 2 RS BT AR 2 2R (http 2/ www. gmm-cn. com/ gmm-report/ ) 15 R 8006 S Al Sy 1k
e 7 b b 7% Bh B I, i 6 HH 1991 27K R 1) 75 21 7 8], 16 FH Butterworth A PSR 8 I 7 i HLtE 4708
PPN AD P | BEF R 24 ) D5 IF & T PERE A 1% v [ 7K SF R 3% i) b 7% 8 TN ASS Y ( CHV-DNN ) |, % He a4 7
TRAIYERE W BRRFAE SR R ) 5 25 4 WA T A A T DA RIS 25 R T e KPR b AR B
TR 5 ZR OB | Ay o [ K S A0 5% i i 5 A B AT S5 A 9 S I

1 = B EEEE

AHIFSE LA [ M2 R T AR 72 BT () 2007—2020 4EHBRE SN0 5%, I 5% h R HUZE R T2 124 0F
FEHTIIRFFE LR (hitp -/ www. gmm-cn. com/ gmm-report/ ) 1 B4 He a7 | 57 7 b [ 3 b b 7% 5 £ Hi
J 12 75 S B I A 5 Ok 1 4 S TR P Y 89 A b AR =R R A HE T R M JE I 5~ 8 YRR R Y
0~2000 kmf 2745 A 10230 (3 8235 SRR Zhid %) , BAHALHE 3 AR J7 w4 (B EW NS A1 UD) b
i sk, (0 2% R AR5 Hh 7B ol B 4 A T i R
7~8%% FRUFFE KT 300 km 178 [ PN Hb A2 B 5% 4 A
ANKE 5] AR F TR 2 20 T e b % sh P A A iy, 7 22
Xof HiL 2 Bl AT O 1, 96 Y T U5 R R R U B AT A X
BIATH MR Bl e 51, O 1 991 4L 7K S RS i) M 7R
FFEH), G5 RANE 1 MK 2 R, BTG E AT .

1) Gy A 3

2) ML E S H RS — )2 4

3) MR REH M, JulE R 5~8 94 ;

4) RIFIE N T 300 kmj

5) iR Il — M0 1A T 95 4% B A2 301 7 4 S Bl REAFME QSRR AT
i BERENSHIER

6) 1k Jil o ( pseudo-spectral Fig.1 Distribution of surface wave magnitude and
acceleration, PSA) ] F J&] 44 IE Hb 5% 25 135 hin 38 5 T
R R A

I ARG (M)

1 10 100 1000
IR /km

hypocentral distance for Chinese horizontal

and vertical ground motions



16 oA oW E T & H41 5

10' 10!

10°

10!
o0 o0
I 102 s
S 10 g

103

10+

10~ -

1 10 100 1000 1 10 100 1000
Y /km Y /km
(a) KN PGA-RZIRBE A AT (b) W[ PGA-FZ 5 HE /AT

2 FEKFINLE E R IS E N E (PGA ) iR RIREE (HypD) 5376
Fig.2 Distribution of peak ground acceleration ( PGA) versus hypocentral distance ( HypD) for

Chinese horizontal and vertical ground motions

2 HEEhEIEALE

2.1 MEFIREALERE

I E R B R IR e SR B A IR AN IR IR b R S B 75 ZE U I A B . 575 TR b R S R R
AR ST ) F BT A P A 3t 5% s AL B 92, AR SO 3. A 4 7 Bl 0 SR B R AT b R Bl Dl A, B
BN IE AL B AR AT B EE I .

HEATURE TAETT, Ay G 7E J5 L 0% 20 B v A7 78 52 3 o B8 IR 2 A A AR 100, 5 I okl 3 s 72
M FRL S, R, S B A i R () P AT AR BT NI BR RIS, Ab IS | b o)y fin ol B oy 7
P ZLAaFAG LIEER , 0 52208 TAESR AL 1 51 e i £ s S50t

TEBBRFL GG, T AT T S AN A B 7 0 3k P35 B e 1 T BB DA B JR B e HsF 91 AL 1A 740 R 2
(Taper) "), i 75038 B A6 B A0 7P 5 220 0 4T T2, 58 D ok R AR A A B A T, R b B S 8
A IR DB TR AN R S | R SR B TR R BT T S B B AR B FORALN . A T PR UE AR S B R
JE S AR AR A TR 358 b ELAT 35 S 0 Se e M R SO B AR BT IS 43 3G 1 {8 B, I8 PR AN i i gk oy 20 BRI
HNEALFE S i A AR HL R BT, SN AT A SE R B, e T SR AN B

TEDE P AL AR T A G T AR R R 7 v X A g i O T R DR i, S A T T AR Gk
(R AL B ELR B AR B IR AR 1 e, 8 SL— IR {E R 0.01 Hz (4l i R A0, SR 5 35 T A = %o
TN BE B AR T 4 B Butterworth =yid A PSR UE N , A (1) Fros s Rk, X8 i e 0 I o B i AR A 7 AR g,
5580 o R (S B R IR D 45 R A A A U 2 5 A SR RS B AR ) FE BE A B T, T e A LR AR
HEHN 0.01 Hz, BT A TIR AL, H 208 R Bl R AT EOR o SO R IREE , B CRUE I 45 2R 1Y Jot it 18 5

vo [ (1) : (0
L+ (ff)™

ALY A FE A 5 A R R R IR R R A 5 £, R AR

e, AT PREDE I T e AR A B R R — 3K, W R R AE AN A E TP I R B, [FIEF, R T
T 0 3 R A R R M 2R PR I 28 B A LR S B R 0 AT A as AL TS 2 R A RS R
A R T PR LRV RS | U)o A P 3 5 R RS B AR AT A IE B I 0 7 e RO i R BN R R AT 18
1B, IET 6 B Z IS Ty i AR C SR A IE Y M4 S AT 5 S B A 3 7% Bl i e R AR
22 MIEHREER

X TR shic AR AL B, Wk A Y B T — i 1) TR AR AR ShiC AR AL B R L AR
TR 5 — 20 S G 3R HCHb R 20 1) v 8 A L A% IR ARl 3 00 DU o A A A e A R, ROk SR AT
T EEACHY i, PRG3R 38 S (G AR SR H 4 B Butterworth 3E PSSR BB U e X0 MR 2l (55 A TR
BEALH e, R T SR UEDE A A 0 A B 0 U b R 2 ) e RN B B R R IR T, R TR 2



5 4 4] o7 2 A5 TR 2 > B KT e ) 3t 72 5l BN TR e A5 17

X — A5 DRI AN R A RN B

hT FAERAE AR SCR T H R 52 b v — B S 3 A i 72 5 1 S B L R I R R R A
TRV IR AR B A M . DSEBRIE IS ROR T (AR SR X — W is o © RE A% K155 3 0 M = Bh 3k
B, A S 32 % SR FH3X — o v R 36 F U8 B A PR AL, AR SCRL S IR AR TS M IC % (KB R
051BXY 130420080202 ) F Hb.7% 5 Ay 1 A AG 5618 05 205 SR 75 45 B, I bl 17 e T sk 38 5ol 3 e A7 o ) 7
RIS 0, X L2 AN TR 3 Fr7R o AT LS ) | 7 A b B4 3t 72 Sh et o |l B 002 % P R ) Sk A7
TEARIRE BE (TR | 1 2ot B AL B | 38 RS A% R 1 6 2 T S5 st Te) e A 7, FLJL R S 1) %
X AR R UE DAL IR R DB 15 T AR RS oy, AR 25 R A & SE PR b s A 28 1
FIAA 0o Xt L 2 P 1] S SR 4 D Ak B SR B AT, AR SCHAIE T T SR FH ) 8 v R E B RS
B8 1 A 5 e 7 ) CHE O A R A A B R R R K — b, RENE S B W B U 25 SR A R A A
PR

0.03 , - 10 — 6 —
s AL BRI P Ak BT st Aib PR A
0.02f 8 S 15 4 6l | A EE 4t — b P
' ; 3k
0.01} i _o2f
ﬁ 5 1t f
= =
=_0.01} # b
i -3t
-0.02} ' -4t
1 -5t
~0.03 oo ot sr s s 00 5 101520253035404530 356065
0 5 1015202530354045 5055 6065
/s /s FEl/s
(a) JInEss i (b) o RER A (c) PRSI

3 AlMERE EMBE IR ERTE XL
Fig.3 Comparison of the east-west component of the Lushan earthquake ground motion

record before and after baseline correction

2.3 KEmEMEREHKALE

FFRiC SR 0 7S B — M EE 3 Ao 2 KRR 1 AR sy, R EER 2y KO
M FZ Bh o TS AL B Y A dE P E KA RotDnn'™ . RotDnn A2 3 T J&1 A 143 1) 7K - . 72 3
BT, H i — BT e 3 AN 4007 4507 FTC 1007, AR SCIEHC 507 43 B0 K - 1] LR
S T A AL FE B : RotDS0,

3 ETREFINHPEKEMEQMEDNMMNERAFLEEZESR

P ] 7K S R RS ) M 5= Bl PN ARL TR ( CHV-DNN) [T A B AT R E5 U0 B 075 355 1 8 7K S 1 RS ) Ml 5= Bl i
SEAT RN 3 A K ) M 5= Bl 2R 4R (5 B 1Y) 80% ) 5 INHRAE (5 i 1Y 20% ) LA KL 8 Ja) i 72 sl I 2k 4 55 0
WA, (AU, T o S50 B LA 2, O T B A B 1) 2 R AIE | i B S B LA
TEAE MR 540, 8 T 38 SR AR IBURAIE 1 B 1 I EL 0 s A 28 ) e 84, K g A28 i 647 15—k Ad
B DU AR A [ B A BRI TS R N . AR SCR /-t RIA— Ak 532 BUR AT .

V' = min (2)

Vmax ~ Vmin
AP v MR AERE o X R — A s v, F 0, 0 TR A i Y R R (RS /DML

H ] K S At o 1 Sl O AR L PR AR A5 R N8 4 B | il 3 SR 2R A i A JZE N 2 S0 S AT 6432
2T ERUZE 5 A 141 DI TTR I Z 4, T AJE N TR R AR IR = 0
RS ULINAEL , 27— BEUB 2 A 1 220 7 ST ARG A9 J2 B AE , 58 N BRUBUZE 208 T S S R Z Ay
MESEI, R M A TT A D BURSE T 200 5 SE B0 AU AE R , 1 /D i 28 T ] BETC A i A I A R AIE i 2 10
IR RE S EUT U A ITRRZE B D 64 T 32 BEHE LA KR I+ 5 A B9 18 &0 F S B R A PERE
N T REGAS T i T A IR N S B U A TR, 72— REURZ S T I Dropout J2 , 7E 11 Zkid 72 Hh FEAL 257




18 oA oW E T & H41 5

— AR A T ) (T SR E O IE 0.2) , JFBCE Adam RIS ARALSIEFEAT R 25, o ) ik
B JLTU(E 0.001

B BN E 1, 2R R ) BN D7 TR RE RS LR SR A P O (RN 22 AT AL T30 B4 A
TENE o A SERE TR L 27 ~] 04 M 52 g AR Y 3 S0 ey (o7 F, 14 o 22 mT LAl aod 8> Sl 41 1) ok 2
PP SERTTER X I O7 B RN IS B MR 5 0 5 e B4  (ETSRETE — AR b R MR FR Al 1

WMAZ B2 BEZE2 Wi2

o

PSA(T=10.0s)

/
N=3 w N=32 N=141

Ny=64

4 CHV-DNN #&=EIF 4 51 E
Fig.4 Detailed structure diagram of CHV-DNN model

4 ETREZFIYPE KR @R 3 &EE 50

T [ M 7% S 2L A 38 DXl P 25 5 AR S A2 R DA b [ bR R TR ) A58 B4 9 2007—2020 4F- b 5%
BIC AR B A ST T b b AR S P TR B 2 2T AN T R AR T e UM
A LT B HEST BRI, o XU TR B 2 2 I N T REAR U AS B 2D R AN AT 3T B R
VB 5 R XI5 SV R T B R B — I G & 3 T IR B 2 = B B TR A R R [ b 7= 0 A5
(75 PG DX el 25 S A T 1l 4 IX R 2 ) bR sh POIASE A8 T e 5 A SO O vk — 3, R A B B AS ], Rk
i N P S T [ A DX SRS S, A L B2 T R AR 1 DX b 35 sh TS R 5 TR &)

4.1 CHV-DNN #& % 8E 017

CHV-DNN #ERUAS W] 538 B S50 T &5 5 an el 5 FniE 6 Jrw, nl LA& B, CHV-DNN AL RUR IS 2R 7RI 2R 8E 0
JEDRAE L ARSEBL T AT SE A TN, X FR I CHV-DNN A5 80 7 2% > W 7% sh i AF i 0 72 o, BEAS 76 U1 25 o BE AN
B UE B B PR AR e HAERR A OS5 2 . O 1k — 2D e AR R ) 1 R A T2 75 A Rk S LA B Y
B, AHFGE B T I 5 4R 5 00 4 1 45 77 MR 1R 2% RMSE (root mean square error ) LA M 457 46 X 1% 2% MAE
(mean absolute error) , X EEFEFRBEMEAT HOTATIR Az (L PERE . 25 R man2 1 3k 2 FEl 7 1 8 fifss, ]
DA IR s ANV KT i 75 sl T 00 A5 5 30 2 1 o b 5 2 FOUIASE A | ] 2 4 5 X 0 L e /N 35 R i 22
RMSE FIRE-448 %5 12 25 MAE ; BEAN, YIZREE I AR R 22 RMSE 53448 XF iR 2% MAE S50 /N0 4E | e A5
RIFE2E ) B IR B B A S A I, 25 i AR BIFGE T 2 AR 7K S 185 1) b 5 8l TN A R AS (LA
BT TIOR3 , [ oA ROt T S 400 T A B

10! 10! 100

o CH-DNNJll 54k I o CH-DNN1JI| 44 || ° CH-DNNiJll 4
5 L ) 0 e - 10-
10 = 10 Z
= g -2
< 100 £ 10 =0
S < o107
L -
= 107 £ 107 = 10+
= i = 107
X 0@ = 107 i
1074 ez 10 B 1ohir
1078 10 :5 —4 -3 2 -1 0 1 107 :s =7 —6 -5 —4 =3 -2 10-1 100
10° 10 107 102 107" 10° 10' 10° 10 107 102 107" 10° 10 10 107 10 10~ 10 107 102107 10
HSH(PGA) ELSAE(PSA, T=1.0 s) ESHAPSA, T=10.0 5)
(a) CH-DNNALTITRIN PGAR} (b ) CH-DNNELAITHIPSA(T=1.0 s)if (¢ ) CH-DNNEHITIPSA(T=10.0 s

I FL S B - TR ] gl ERe R R e IR P - TR A



Y, A5 TR 5 o] B0 [ K1 AR 38 1) il 2 gl Tt AR B F 5

19

W (PGA)

MAE(PGA)

MAE(PGA)

1.0s)

TME(PSA, T

_
=

10°

____
(=] (=] (=] (=]
S

o CH-DNN1JI|Zi4E

10

1

(

0° 10* 107 102 10" 10° 10!
HEH(PSA, T=1.0 s)

e ) CH-DNN#HIF PSA(T=1.0 s)if
AR ECIAE - T (B P

10.0's)

TE(PSA, T

10°

10"
1072F

10

104

10°

10’6 r
10’7 r

10
1

o CH-DNNJI| 4

0 107 10 10 107 10~ 10210 10°
HSH (PS4, T=10.0 5)
(f) CH-DNNAEAIFN PSA(T=1.0 )it
MR EL S - o0 ]

5 JkF[@ CH-DNN BRI ZESNXELEBESHNELESTNE

Fig.5 True and predicted values of each intensity measures for the CH-DNN model in training and test sets

fa
10! - .
o CH-DNNJI|Z:4E 47
10°
10!
10
107
[ S
107 j/ - = =
10° 107 107 102 107 10° 10!
FIHHPGA)
(d) CH-DNNHEIFIPGAR
WA 4 S — TE {
10! - >
o CV-DNNilllZitE 7
10° -
107}
10
102
104}
B .
105 10% 107 102 107 10° 10!
FIHHPGA)
(a) CV-DNNFLEITH M PGAR
o YIRS PSPl
1
o CV-DNNVIIZifE
10°
107
10
102}
104
-5 ///
10° 107 10° 102 107 10° 10
HYHHPGA)

(d) CV-DNNELFITIM PGAH}
WA AR A LS - P ]

&6

1.0s)

TMEL(PSA, T

1.0s)

HME(PSA, T:

10!

10°
107!
1073
10
1074
107

sL-
10° 10 107 102 10" 10° 10

o CV-DNNJI|ZidE

.
.

P (PSA, T=1.05)

(b) CV-DNNELRITRIPSA(T=1.0 s)if

10!

10°
107!
1072
10
1074
107

(

5L~
10° 10 107 102 10" 10° 10

YIZRAE B SA - T ]
o CV-DNNJllZ:4E

P (PSA, T=1.0'5)

e ) CV-DNNARITHNPSA(T=1.0 s)if
3R A LS - 3 £ ]

10.0's)

TME(PSA, T

10.0's)

TE(PSA, T

10°
107!
1072
10
10
10

10

107

-8

« CV-DNNVIZE

-

10
10107 10° 10°10* 10~ 102107 10°

B (PSA, T=10.0 5)

() CV-DNNHEARITPSA(T=10.0 s)if

10°
107!
1072
107
10
10°
10
107
10

o | il el il
10#10710° 10°10* 10 102107 10°

IR LS - A 5]
o CV-DNNiJllZ4E

.

P (PS4, T=10.0'5)

(f) CV-DNNELHITIM PSA(T=10.0 s)if

DA FLSE (- ToU

¥ @ CV-DNN R & 5K ZRESHNESESRUE

Fig.6 True and predicted values of each intensity measures for the CV-DNN model in the training and test sets
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Table 1  Performance indicators of training and testing sets under different horizontal intensity measures
RS HAELE ¥ iR 2 (RMSE) AR ZE (MAE)

PGA PIEE RS 0.3171 0.2509
RS 0.3323 0.2581

PGV PIIEE RS 0.3163 0.2467

W AE 0.3198 0.2504

PSA-0.1 s I 4E 0.3696 0.2944
pES 0.3933 0.3145

PSA-1.0 s MIEE RS 0.3787 0.2973
EwS 0.3821 0.3025

PSA-3.0 s YIREE 0.3665 0.2913
MK EE 0.3832 0.3009

PSA-10.0 s Pl 0.3272 0.2568
HfEeS 0.3230 0.2525
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Table 2 Performance indicators of training and testing sets under different vertical intensity measures

SRESEL Kl e Y77 iR 2% (RMSE) S 4 XHR 2% (MAE)
PGA PIEE RS 0.3125 0.2420
W4 0.3503 0.2611
PGV I 0.3051 0.2350
M4 0.3208 0.2375
PSA-0.1 s IZhE 0.3528 0.2755
MR 0.4007 0.3099
PSA-1.0 s pIIEE RS 0.3566 0.2794
A 0.3673 0.2678
PSA-3.0 s I 0.3693 0.2875
A 0.3973 0.3011
PSA-10.0 s IZhgE 0.3075 0.2357
WX 0.3340 0.2515
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Fig.8 Histograms of Performance indicators of training and testing sets under different vertical intensity measures
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Fig.7 Histograms of performance indicators of training and testing sets under different horizontal intensity measures
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Fig. 10 True and predicted values of various intensity measures for the CV-DNN and BC16 Models
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Table 3 Mean and standard deviation of the vertical-to-horizontal ( V/H) ratios for the CH-DNN and CV-DNN Models
IR 0~50 km R 50~ 100 km FEVREE 100~300 km
REES R — — —
V/H ¥{E V/H Frifi V/H ¥{H V/H brifi 2 V/H {8 V/H hrifii2
PSA (T=1.0's) 0.689 0.051 0.633 0.088 0.596 0.123
PSA (T=3.0's) 0.693 0.087 0.652 0.106 0.615 0.146
PSA (T=5.0's) 0.667 0.059 0.637 0.082 0.584 0.141

PSA (T=10.0 s) 0.646 0.054 0.597 0.091 0.551 0.143
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Fig. 11  Effect of hypocentral distance on the prediction results of different intensity measures from the CH-DNN Models
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Fig. 12 Effect of hypocentral distance on the prediction results of different intensity measures from the CV-DNN Models
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Fig. 13 Distribution of intra-event residuals each intensity measures associated with surface wave magnitude for the

CH-DNN model (error bars indicate means +95% confidence intervals)
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Fig. 14  Distribution of intra-event residuals of each intensity measures associated with surface wave magnitude for the

CH-DNN model (error bars indicate means and £95% confidence intervals)
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Fig. 17  Contour plot of the correlation coefficients for spectral parameters of Chinese horizontal ground motions
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Table 4  Correlation coefficient values for spectral parameters of Chinese horizontal ground motions
Ji#/s - 0.01s 0.02s  0.03s 0.05 s 0.1's 0.2s 0.3s 0.5s 1.0s 2.0s 3.0s 5.0s 10.0 s
0.01 1.000 0.990 0.985 0.960 0.907 0.886 0.816 0.663 0.481 0.399 0.421 0.486 0.663
0.02 0.990 1.000 0.988 0.962 0.905 0.873 0.797 0.643 0.465 0.385 0.408 0.471 0.647
0.03 0.985 0.988 1.000 0.973 0.912 0.868 0.785 0.628 0.443 0.364 0.391 0.455 0.630
0.05 0.960 0.962 0.973 1.000 0.929 0.832 0.727 0.551 0.364 0.295 0.328 0.388 0.555
0.1 0.907 0.905 0.912 0.929 1.000 0.817 0.669 0.481 0.310 0.252 0.286 0.339 0.478
0.2 0.886 0.873 0.868 0.832 0.817 1.000 0.861 0.657 0.470 0.374 0.393 0.453 0.614
0.3 0.816 0.797 0.785 0.727 0.669 0.861 1.000 0.816 0.607 0.492 0.490 0.556 0.712
0.5 0.800 0.782 0.771 0.709 0.647 0.837 0.986 0.841 0.629 0.510 0.503 0.567 0.725
1.0 0.784 0.765 0.753 0.690 0.623 0.811 0.965 0.866 0.655 0.534 0.525 0.585 0.740
2.0 0.663 0.643 0.628 0.551 0.481 0.657 0.816 1.000 0.802 0.660 0.626 0.673 0.811
3.0 0.481 0.465 0.443 0.364 0.310 0.470 0.607 0.802 1.000 0.867 0.812 0.811 0.871
5.0 0.399 0.385 0.364 0.295 0.252 0.374 0.492 0.660 0.867 1.000 0.929 0.882 0.869
10.0 0.421 0.408 0.391 0.328 0.286 0.393 0.490 0.626 0.812 0.929 1.000 0.930 0.872
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=
®
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Fig. 18 Comparison of correlation coefficient models from different horizontal ground motion prediction models
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Fig. 19 Comparison of correlation coefficients for a specific set of periods(T=0.1, 0.3, 1.0, 3.0 s)
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Fig.20  Contour plot of correlation coefficients

between spectral parameters of Chinese

horizontal and vertical ground motions
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Table 5 Correlation coefficient values between spectral parameters of Chinese horizontal and vertical ground motions

JEH /s 0.01 s 0.02 s 0.03 s 0.05 s 0.1s 0.2s 0.3 s

0.5s 1.0s 2.0s 3.0s 50s 10.0 s

0.01 0.560 0.562 0.551 0.547 0.552 0.493 0.438
0.02 0.562 0.574 0.562 0.557 0.559 0.490 0.430
0.03 0.559 0.570 0.564 0.562 0.561 0.486 0.424

0.05 0.559 0.570 0.575 0.588 0.569 0.469 0.399

0.1 0.518 0.529 0.532 0.568 0.586 0.441 0.345
0.2 0.494 0.492 0.481 0.471 0.533 0.541 0.449
0.3 0.456 0.446 0.424 0.394 0.447 0.521 0.524
0.5 0.383 0.369 0.343 0.303 0.338 0.441 0.504
1.0 0.281 0.268 0.240 0.201 0.230 0.321 0.394
2.0 0.225 0.214 0.188 0.156 0.185 0.250 0.297
3.0 0.233 0.224 0.198 0.174 0.199 0.252 0.281
5.0 0.262 0.252 0.226 0.202 0.230 0.283 0.314
10.0 0.368 0.358 0.332 0.298 0.322 0.379 0.411

0.346 0.259 0.209 0.199 0.202 0.298
0.339 0.250 0.199 0.193 0.197 0.292
0.329 0.234 0.184 0.182 0.187 0.282
0.294 0.196 0.151 0.153 0.162 0.252
0.240 0.156 0.118 0.125 0.128 0.201
0.331 0.241 0.191 0.181 0.187 0.271
0.420 0.329 0.265 0.242 0.244 0.327
0.545 0.459 0.372 0.327 0.312 0.401
0.489 0.565 0.483 0.419 0.374 0.442
0.389 0.510 0.542 0.474 0.400 0.438
0.359 0.476 0.530 0.507 0.429 0.450
0.373 0.458 0.488 0.479 0.449 0.459

0.452 0.489 0.475 0.442 0.409 0.477
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Fig.21  Comparison of correlation coefficient models from different horizontal and vertical ground motion prediction models
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Fig.22  Comparison of correlation coefficients T, =0.1, 0.3, 1.0 and 3.0 s for a specific set of periods
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