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Abstract

ShakeMap developed by Wald et al. is an open source, free and real-time Rapid Seismic Intensity
Reporting System can automatically generate products such as peak ground motion maps(peak
ground acceleration map and peak ground velocity map), Intensity Instrumental distribution map
and so on, which can give scientific basis for emergency rescue work after an earthquake. Based
on the ShakeMap, we recompiled and installed it on the local operating system, and used the for-
mer research results on ground motion attenuation and instrumental intensity calculation
founded by domestic scientists to replace the internal equations, to obtain the real ground motion
products. Furthermore, the content of ShakeMap products are showed in English, which makes the
products very difficult to receive and understand for the domestic public and very hard for infor-
mation spreading, so we localized the content of maps, web pages and E-mail notifications to make
those easy understanding and elevated the value of the system. In the end, we used the reformed
ShakeMap in Fujian region and took the Xianyou earthquake that is M4.8 occurred in 4th, Sep-
tember, 2013 in Fujian Province as an example to show the feasibility and limitation of the re-
formed ShakeMap used in Fujian region. From the application we hope to give some hints and sup-
ports for the development of the research on domestic Rapid Seismic Intensity Reporting System.
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1. 5]

ShakeMap %%t i 3% [E Hh i A /T, BESETERE )G 30, PR AR sl 72 31 (PGAPGV) 45 &
RS o AT B A 7= iy, B i e = i AATTR] DAAR BULHE 1 A 006 L n] e 18 52 ) iR Bl de ik 2 A A
T, X FE I N AR SRS (4 1) 8 R B SRR AR F RIS (AR = IR E A — B I S5 .. 5L FIRT,
FEZHFEM ShakeMap 7= fhidk if UE Ik 4% % 20 FELTE AL AR 25 2 g AR AT RATAE 3R, DRI A Ax
A DAE S e sl SR B M RS S, X0 T4 RFth e, R SR ITREL, okt 3
PIEH o

ShakeMap & —% LA B ZUEER R 50, fER B H 2 AR WA E) Z AN, an7E3& E .
PUIEAEI . HeAt . BEER . BR N, B il BRI 35 [ [E 5 R A5 R RO (NEIC) S R 7E 3 B ShakeMap
251, W by b KRS 7R 8 ShakeMap &4t ifif [ P G — SeRHI fit B SO0 LI 7E B #2 8 ShakeMap
ST ZRIT R . BET, BN RABIR R B/ FHpE 2 22 s, Hh R I & 9 2% A
Wik, XL E Py 513 AN H ShakeMap R 404T T EAs IR SL Al . 44l ShakeMap &4t 5 [l 4 5K
PRIGULANSE &, Sl ShakeMap R GLHIIX AL T (RAIEALFE 45 B Sl SE P N AR E S S IEL
AL ITE AR )

2. ShakeMap 2% &1y
2.1. RGHR

ShakeMap At BT FLIT46 T35 6 1994 LI 172 2 5, el i David Wald #4H. 1996 47 i 1 ig
£ ™ (Wald and others, 1997) 13 2234 ) TerraScope £ M (Kanamori and others, 1991) [1]#145 4, iEmt 7 2
i B 1 S SR FE L 5 346, David Wald AT Vincent Quitoriano 8 [X A5 LAFE [FI4E 5 1 A S2 B ShakeMap

ik
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A%, 3T ShakeMap RGNS, ShakeMap RiFE#E TriNet KGR E. HRMY B RWEL .
TERE NN T, 845 28 B BURFAE AN B4R 711K 58 ShakeMap & G881 1 [7] B .76 36 [ [y He M
e IX— & 4. Bruce Wald (Caltech, ¥y USGS)FH Craig Scrivner (i CDMG, JIPHA™ 7 Al Hi 57 #4) % %k
PEBEAT T EB . S5 SEAFFT R AE S ANSS [1)—3#34r7E Worden 1 Quitoriano $& 5 FiE1T[2] [3]. 2
J&, ShakeMap F 4t R FH 3 Bl M 35 [ [ Py 48 R v SR B M AN Wi K 31 A BRVE Rl N VR 2 B SRR HLIX
ILAE ShakeMap F 4t £ 2 1 USGS #1571 E, A LAALIE 1P BRI F N Kz .

ShakeMap R4t F 2 i perl iB 540’5 , K3 T 258 =7 844, tedn: i GMT (Generic Mapping Tools,
Will Smith) [4] [5] [6] [7] [8], — kit F il &l T H R 47 38 7 v+ SR 222 A MySQL. #uis e A7 figh M i 5 B AN
—UIEAT S A, (A Subversion & RGN &N RCAS, AR zip 7 HEAT R 4E (TR ftp NG

ShakeMap R4~ AR 5, FEALHG. WA IR S H 4 K, WA o i 45 (8 4 B A A% 2 5
i R 5 GIS P2 i TR FE1EAE, KML, KMZ SCAEBS & n# 5 GoogleEarth [ 48 K Thfg,
JiENATE NI T 7 ) HhE BRSO ShakeMap R 45 (1077 i R AT 7 50 LU RIS 2 4F, 7= i i) LUt
PITT FEAREEAA . HL T BB AN ftp sl s 2507 SRR IS A A

ShakeMap R4tHFEHEAHE: 1) MR 5HURIHE 2) AMEESHE 3) R LI 5 R
Fi4) HE AL S .

22. FEERRLIERTE

ShakeMap £ 4t tH— R FI DR i, W FR Ui, THERH, i, A sl . 4T
BSR4 388 A e A5, AR [A)AH T SE AR X M B AR AR B 5 R A . 18] 1 A ShakeMap %
LIt b FE R A

1 RNRGM B L INREU . MR & ML B AN R R, TR E =R GIE
BEiL 4 ShakeMap ) [H] IR 2> fil % ShakeMap %4t , ShakeMap [ retrieve F2 7 M4 & i Sk i B0 AF ik &
iz 4T event.xml F1*_dat.xml ZE3CAFGN), SRIGE grind (HEACEL S, 2245 mapping 2K, ARG
i1 genex A= BUME 5& T T 77 i (Rb 3R, 33T transfer 4435 BIAH ¢ web A1 ftp sl AL T Bon 5 T #H, &5
H1 shakemail 3% HELEIEENAD print AT EN ) (9 2).

3. XigM A
3.1 wEEMXAMENT

MR G WAE “+ T ZATH 41 MR G M 1 MRS MO al, Hh 41 MRS
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S B e Wﬁ§$§m
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Figure 1. The flow chart of ShakeMap
[&] 1. ShakeMap R HAKRIZE
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Figure 2. The flow of ShakeMap modules
[# 2. ShakeMap #EHRIFRRFE
Table 1. Modules and functions of ShakeMap
5% 1. ShakeMap BUFRER K HIhfE
TR AL TR TR IR
shake AR, PR R
retrieve N R HtE e rp B EOH RS = BN £ il B 245 S8 I A AR B N SO
pending BB R s, B IEAE A — AN
grind TR GEE. R IE. ZUEHHEE)
tag 4 ShakeMap RGuEHE e w % R AR TMEMCFE. FE. JIEHE. Al LEERES)
mapping BEHX grind (A% H R AL R R BRI ZLEE ) PS B, SR(E 2R SCpE UL 220 B BT 1S B .
genex {5 grind 1 mapping H% A4 JPEG BIUE, £HIMNTL, ARk GIS FIH A SRt web fE/RAT FTP T2,
shakemail AR P R AN F IR A58 %0
print FTENREEL, (EATENH
transfer i genex % A% 16 %] web AT ftp 3 £
setversion AR A B E R RAE B
cancel X3 shake AT I FHASSHE AT 5 0
unlock FIRI#E 8, ShakeMap 27 JCiEHATHY , %F2)7 1T DUARE

iy 3 ME MRS 30 MXIME S 8 MKEGMNES. “+—17 WA, #Eindix 84 4
WG, HATEA G MO BREMNE G U 125 4. Hrb 31 GECEBERHEN, 40 SRCEMN
MR AN, 54 5 [ N B R M R A SN FE R MR A, HL s Ay 2M 2SS . @k
Rl EMEREEEE TN EE0A RN G, GubREEE 30 AR AL (K 3), MMEETK
Kt

32. NRABR

BTG M. By, BdREME R AR, ShakeMap 7 4t J5UA Hdls Hall St e F 4
IS5 R AR 4 Ky 6 W R JETE IR WIS AT, 7 G A RO R GRAIE I B Ui B4, ShakeMap
RGE xml SCIF S 5 NetCDF Hes i #dhi it sCOCF S HEAT edhs AL PR, - R 75 B0 B B i A7 e 6t
7 HeN ShakeMap RGATH . A IR 7 RIS 4 Fios. RTEA B BWERA, AR
i, RVCHATREERIR. B, RGN B RSS20 R A B SR B B R A B
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Figure 3. Seismic monitoring network of Fujian Province
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Figure 4. Regional application scheme
4. XENARR

AEARHEAT ORAT 285 BRSO i B 2 K 1232 B I B #5300 ShakeMap ZER %X, JFidA HiiE
Jrf¥) ShakeMap 3217, 2 [&1E A AL I DO SEAT 7 b A AT o H1 T 3 R Sl 3 g AN 2 P 1 SR 45 7k B A o
(I3 PR A SO P ) P i A LR 5 T (KT BIE FE IR KT ShakeMap RS IR AT R BLEAT 4, I3RS
St M R Bl S DL o
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3.3. EEEHR

331 HWRERHMTEXEF

A SCHs ShakeMap F 40 FH TA& @MW IX I, KA 7 SEINAT & [ P SEA s E 2 ik oe R (W32 2) & 4
ARG MR )

X T 0~4.0 ZGEH W IR , A SCR A 4 8 25 AR R X /N R TS i IR 32 08Kk &R (4 2 55, 2008)
[9], HIEAXaQ)FR:

log,, Y = B1+B2x(R+10)+B3xR +B5xM (1)

Horr, Y 2 I PGA(gal) Bk 2 I PGV (cmis): R 2ZEHEE, M NER.

A SRR S F A Y e SO 0~4.0 2

B1~B5(7KF-43 &) FME W1 F R TR

Y Bl B2 B3 B5
PGA —0.044824 —1.6896 —0.00348
PGV —5.9078 —-1.2869 —0.0036 1.8769

XTREIEEI 4.1 <M < 6.4 IO R, AR SCRH FEEMAE N (R 2200, 2010)%F DU )1 X B4 3 th
b Bl U AR 2 1T 15 20 ) S IR [10] o 2 BT LA X AN 39800 22— J7 T 2 F T4 e DO KRR d SR, )
—J7 T BT N E AR R AR ARG A I SRR R, HO TR AP EE IR R B b S ik HH S
HEBNE DL HEN S R w1(2) s :
log,, Y = BL+ B2x M +(B3+B5x M )xlog(R+10) @
Hrh, Y /& PGA(gal)5k PGV(cm/s); R ‘Z2ZEHIE, M NEH.

ARSCAE ST B A FH IR Hd IV 2 SO 4.1~6.4 2
KA BL~B5(K1- 70 i) B U1 T R s

Y Bl B2 B3 B5
PGA 1.6683 1.4315 —1.7457 0.0289
PGV 1.7516 0.66795 —2.6725 0.25823

[FIRE,  H T e XA B R, 1T 1 AR OGO T O e b, RAESebR R v, KRR
A SCA AL ShakeMap &4t B A I T KFEMEEIOC & Hazus PGV. 13K R 2 FI 4 8 I E N
FRE — 2 B B 15 3 PGAIPGV/SA, 1% 51K H T Boore and others (1997)% NI 7E[11], H G
2R WE)RFR:

Table 2. Attenuation relationship of ground motion used in Fujian

2. MATREMXEMENRALER

BINK R &M R EE
Fujian_Small (&£ %%, 2008) 0<M<4.0
Fujian_Mediate (F2%#h%%, 2010) 41<M<64
Hazus PGV M > 6.4
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In(PGA,PSA) = B1+ B2(M —6) + B3(M —6)’ —B5In(R)— B, xIn(V, V, ) @®)
Hrr, R= R} +h? ,PGV M ] Newmark-Hall, 1982 A i) 1Hz PSA 1H5{1fi K, R /Z“ Joner-Boore ”

B
B1~B5. B, fll V. S S M E I T R Fos:

W7 Jm 2 Y B1 B2 B3 B5 B, Va h
Strike-slip PGA -0.313 0.527 0.000 -0.778 -0.371 1396 5.57
PSA03 0.598 0.769 -0.161 -0.893 -0.401 2133 5.94
PSA10 -1.133 1.036 -0.032 -0.798 -0.698 1406 2.90
PSA30 -1.699 1.085 -0.085 -0.812 —0.655 1795 5.85
Thrust-slip PGA -0.117 0.527 0.000 -0.778 -0.371 1396 5.57
PSA03 -0.803 0.769 -0.161 -0.893 -0.401 2133 5.94
PSA10 -1.009 1.036 -0.032 -0.798 -0.698 1406 2.90
PSA30 -1.801 1.085 -0.085 -0.812 —0.655 1795 5.85
LINTN PGA -0.242 0.527 0.000 -0.778 -0.371 1396 5.57
PSA03 0.700 0.769 -0.161 -0.893 -0.401 2133 5.94
PSA10 -1.080 1.036 -0.032 -0.798 -0.698 1406 2.90
PSA30 -1.743 1.085 -0.085 -0.812 —0.655 1795 5.85

3.3.2. IHHKIE

T AR X AL FL B R D, SO EA SR F ShakeMap R G HI3p AR IEJ5i%, B FHHLE S e
KA (SRTM) K HiZ X S i~ F 335 2, SR G S Wald 28 A Giit i T3 B . 734y SR L DL T 30 K1)
PR BY ) 2 R ) 5% 2R 3AT DA T 15 38 4 2 X 8k Vs30 4 AR (1] 5),  8¢Jim A A Borcherdt (1994) 1) 75
IREIATSR H PGA, PGV [Fi3g MK IR 7, 381 7] LAY PGAL PGV AT WG K7 AR IE, SREUR I H 1l E
B SR DL P2 [12] [13] [14] [15].

3.3.3. {UEBE
AT IR BT M S i H b R B 40 AR, Wald et al. (1999) 5 HY A A8 W 45 3] 5 M B B s 1S
27735, Bl ShakeMap {X #3215 . Wald et al. (1999) X #k H AN M B & A= i 8 YR EL At B KM,
2 b b 7 DR SR R 8 R 10 i A5 5 R R K B 1) S o U DA% ) 24 G IR IR R M B BE TR A, 45 T PGA.
PGV %531 7E 5h Al A& 1E 111 % K R 21 (Modified Mercalli Intensity, MM [a] () [1] 1955 2 38, FE45 AL 2%
PRI RA[16], 1T FR:
3.66log(PGA)-1.66 (sigma =1.08)
_ |3.47log(PGV)+2.35 (sigma=0.98)
™~ ]2.20log(PGA)+1.00
2.10log(PGV)+3.40

(4)

ST RN 8 YR EE K Hb R (A% 28 2 & (Wald and others, 1999), Wald 25 A & iS00I 1o
Y o < VIS PGA FIRE R 56 REE, 2 g > VI PGV 5 HX N 56 RBLUT . AESLhpffi I, & 2afd
@)X ATH G T 5, 5 4a) PGA THE Lo KT VIL, WIEH 4b) PGV BHTZIE 15, 47 4a)iH 5K
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Figure 5. Distribution of Vs30 of Fujian
[ 5. f@EMX Vs30 57 E

lom 7E V FI VI Z 18], JUXT PGA R PGV THE [ ZLFE AT INAL[2]; ShakeMap # G H X Z8 FL FE R an 1]
6 Fitas, AR AS [ B €2 73 B AN 7 AR 20 A% P2 R 3 BT A8 ARk B8 A RIS 2R K/
FBEMAR P E TS E NI X A, AR SCHE S bR R AR T b R A S F R R (DB35/T
1308~2012)H (A # ZU R BVA[17] . HURANES ZUEER WA 7 P, iFEAXN:
l, =2.71xl0g,, (Ays ) +2.39 (5)

| TSRS FUE , Ags 9 RO AE a5, B =45 o) 3 7% 20y in i B I A b RS2 IS ) K T45 1 0.5
PR AL -

1T ShakeMap 7 S FrAb B I A2 i AL {3 FH P AT 70 B P R ds oK ARL, BRI ASSCAE X 2R e EAT BSUE R
SRR T L3RBT T b 45 B SE BKCE 2 FRT Ags BT S8 R (6) (7). MR IR R0k
1 PGA M1 PGV 73 Jill e #i il 4% X LR AT BRI T Ags, 2R FHHN (B) ATt SR U

log,, (PGA) = 0.85x log,, ( Ay ) +0.46£0.27 ©
log,, (PGV) =1.09x log,, (A5 )—0.81+0.16 @
FESCRRRI A, XF M < 6.5 i, ASCRH (5)M(6) i AR AL X M >6.5 ¢, AICRH(5)

)R FA R B
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PERCENED  |Not felt| Weak | Light |Moderate| Strong |Very strong| — Severe Violent | Extreme

PO N TIAL none | none | none |Verylight| Light | Moderate [Moderate/Heavy| Heavy |Very Heavy
PEAK ACC.(%9) | <.17 |.17-1.4| 1.4-3.9| 3.9-9.2 | 9.2-18 18-34 34-65 65-124 >124
PEAK VEL.(cm/s) | <0.1 [0.1-1.1|1.1-3.4 | 3.4-8.1 | 8.1-16 16-31 31-60 60-116 >116
INSTRUMENTAL (

TeREN | e [ v [ [ vii X [T

Figure 6. Instrumental Intensity Scale of ShakeMap
[#] 6. ShakeMap 1 BEZUE &R

REREE| T TRk & 5502k 7
BERE &k x x E | R
Ags(em/s?) <08 | 0.8-2.5 | 25-8.0 | 8.0-22 | 22-44 [ 44-89 | 89-177 |177-353 |353-707 | >707

were| 1 [NORBNRR T 5 | o [ 7 [EESTTTY

Figure 7. Instrumental Intensity Scale
& 7. #hE{XEEZUE R(DB35/T 1308~2012)

o P ok A IES AR

HN
L3

e thag | hig/ e UE (R E

)5, HT ShakeMap RGi7r= i AR IECERE, AFFE AN KA T HE S B HSREUN B #,
ASCKF ShakeMap 7= HE (977, ALAE I E S (PGA. PGV 25) & 26 18 . AX %51 1 /3 An & . [ T2 A g
AT T ARHAL TAE, X0 AAGREG RS B A RS R AR RS IR B .

4. MAER
4.1. SEBRBHIR SRR

ASO M FE BN R IRAN AR ZL LT AT (2 UR, K “ g SRR ShakeMap FRSERTh S FEANIEATLE
MR 55 28 o NRAIE EIRSEE AT AT E B RS ER I mT Se ik, VESE X 2004 £E LIORAREHLIX 4.0 ¢ LA
IR S I XA AR HEAT 1 AR AR SO IO SR ORAR i X BOR AR R A L M4.8 it
RN, RGN R BEAT 7R o AL LR = 2R 5 B L SUE R GAL B fh ik 3 frs. &
8~141 10 73 Al e U 2 A SR R A A 1, ASHAG IR X U 735, A L A4 B 7 R 3 540

M7 FTUE B, R ISR & 2 > X0 6 FZ, BilBE. Sttt o Xy 5 12,
WORBAN 4 T, 2SR S R 5 BRI B A REAZ YA HI[18]. 534k, ShakeMap REEHIA
HuAG TARAEOR B S 7 A B RIS, A7 i S s iy B

5. g5

I ShakeMap RGEHIHIT, FHal N FC IR BN IO R MRS IE A 28 B4 R T R 4 O p o
1ERLHT ShakeMap 248, F£50HL 1 ShakeMap 7= i W & A AL, SERL T ShakeMap F 4t/ 2 Hh [X 1)
SOEAIN o 208 5 IR RE S AL BRSE BB G 2], R BH ShakeMap F 40 7E [ P b [X 11 5 AR H 2
AIATH.

FEh, AEEINIEA LT 0] R s A g e«

1) 4.0 H UL BRSNS R, AR TR =05 AU )1 Hb X B 6 0h 40 v 1 R Bl I8 {8 58 & DA
J ShakeMap H#7 1] Hazus ZEIK &R, HTHUE SN R A BRI XS, DR AR F R 2808
KAV HE A FUE S LS BB AN — e IR .

2) fETFEACERZUERS, Jy 1A ShakeMap RGLIRFF—2, KH] 1 /KF-70 17 PGA, PGV I KAH,
H PGA, PGV 1 A0.5 IR G TRk BT Fe e, b SRIUX A ZURE, IX AT ) 46 vl g 2 %) 45 R0 il — 5
(R EE I o
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Figure 8. Instrumental intensity map of xianyou earthquake

8. FH L M4.8 (U_IUE N7 E

ml ax + Q@9
—F D TRREEE - 2 OPENSHTPRES @ ORERESHF @ Confecher . SUSEMER. . @ ND L ERS XN [ SWARER B TRUE »

(B s AR | MR | B0 | BRaEy
2013 HMIFH

2001 | 2000 | 1999 | pre-1999 | Major Earthquakes | Earthquake Scenarios

=HFID E/Eh =] RiE ®E 2E BR
20130904062326 REEHEATLKE 2013,09,04 06:23:26 25.60 118.80 4.8
20130722074555 HR&EEEHIRE. EEXR 2013,07,22 07:45:55 34.50 104.20 6.6
20130602134303 &ZERE 2013,06,02 13:43:03 23.90 120.90 6.7
20130123121816  TFEIZMATHITIES 2013,01,23 12:18:16 41.50 123.20 5.1

Figure 9. Localization of web pages
& 9. A {KAIMTT

Table 3. Information of SHUNCHANG Earthquake
F 3. INEMEEXER

HbE AR B | VR JE (km) FEH A b KA
WRAHENLEE M8 2013/09/04 10 PGA, PGV, MMIJMTE o b il

GIS, overlay &%
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Figure 10. Localization of Earthquake Email Notification

10. ZHIAL B3R R S 1 HR A& A0
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