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F2EZ GEM £ & U OpenQuake DIEE

2.1 GEM O#IE & &R

GEM Foundation {£, GEM (Global Earthquake Model DREFR) DG N & HEHE T 2 AR
SRRMEENHRF N LEE S TIEEFE TH D, GEM 1F, HIFERIZ L BT — ROMIE
2L DYV AT &FHIT 5 726D OFEANED @\ & 5B 725 Y — L DBR %S & MR ICB T 57
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4, EEHE~OIEH & HiBER

GEM DOHEARIE, 2004 4D OECD-GSF (fR 3 7 /I PRS- 7 2 — S A = X T o —
T L) DBICBWTHRE S, 2006 40 OECD-GSF % 2HEICER L S 72, 2009 463 H IS
IZ NPO £ A & L C GEM Foundation 25#Hf#k S 41, A # U 7 O XE T WAL S 4L72,
BIfE (2017 4 3 ARER) Tl K211 IR T AR B L ORMAEFED GEM IZSINL T
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Australia

Geoscience Australia
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GFZ

hotts Centre
Porsoam

German Research Centre For
Geosciences.

National Society for Earthquake
Technology
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State Secretariat for Education and
Research
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CIGIDEN

National Research Canter for
Integrated Natural Disaster
Management

Italy

1\ONE
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1, “
’*iuh‘v

Civil Protection Department

New Zealand

Ministry Of Research Science &
Technology

Taiwan

TAIWAN

Taiwan Earthquake Model

United States

Natural Environment Research
Coundil

&VUSAID

Office of U.S. Foreign Disaster
Assistance

Colombia

SERVICIO
GEOLOGICO
COLOMBIAND

Colombian Geological Survey
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National Research Institue for Earth
Science and Disaster Prevention

Norway
@ The Research Council
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The Research Council of Norway
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Turkish Catastrophe Insurance Pool
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Fundacion Venezolana de
Investigaciones Sismologicas:

FM Global

FMrm’fh{i
e

Hannover Re Nephila Capital

hannoverre’ - Nephila

Munich Re Zurich Insurance Group AIR Worldwide

@ M\ air worLowine

Munich RE ; ZURICH

Suramericana Eucentre Foundation

3 EU
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Organisation for Economic
Cooperation & Development

UNESCO

i

United Nations Educational,
Scientific and Cultural Organisation
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The Institution of Structural
Engineers

EERI

Earthquake Engineering Research
Institute

The World Bank

The World Bank
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International Association of
Seismology and Physics of the
Earth's Interior

€ssc

California Seismic Safety
Commission

UN-ISDR

¢4) 5pR

United Nations International
Strategy on Disaster Reduction

International Association of
Earthquake Engineering

IAEE

ICSU / IRDR
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o IRDR
$+icsu

International Council for Science /
Integrated Research on Disaster Risk

€ssc Swiss Re Foundation

@ Swiss Re
Foundation

California Seismic Safety
Commission
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2.2 GEMDT—%
GEM % | IO R & L CHET —# NVl Sz, BLFIC20—RarRd, H#7—2 D
FEICOWTIE, [2F URL) IR L72& ) v 7 e L0 B Shvizuy,

e  Global Instrumental Seismicity Catalogue (ISC-GEM)
20 HACHIO 2B BAEICE D F TSR TEIM S e R T — 7 2 Fakil L T,
VE e zun 7 Licbo (K2 TEOT—2NEEND)

e  Global Historical Seismicity Catalogue and Archive (GHEC and GHEA)
WEMEON 2 v 7 (hHEETH (1000CE) 7225 20 HALHIEE TOH Z v /T M7
LI ED 827 DO MBEDFEM 2T A =2 P ST )

e  Global Strain Rate Model (GSRM)
GPS 7 — % ZfRfir L TR I B EET L

e  Global Active Faults database (GFE)
NP — FEFERREOENET — 2 ~—2

e  GEM Global Exposure Database
U A7 ETIVEHRERED exposure T 7T /LT — H ~_— R

e  GEM Global Earthquake Consequences Database
NY— REFVHEHOMEMBOREICET 27 —F =2

e  GEM Physical Vulnerability Functions Database
U A7 7 )VEE O Fragility €7 /L3 X O Vulnerability €7 /L7 — & ~_— &

e  Global Ground Motion Prediction Equations (GGMPEs)
ANP— REFILEHFEH O GMPE 2 ##+ 5707 |



2.3 GEMDNF—FETIL

GEM Hazard Team Wiki® (UL F, Hazard Wiki & FES) Tid, GEM 23 Z v TICERK L7
NP—=REFNVEZDATET NV ERHL TS, GEM BMEKT 5/ P — FET LTI,
UTO2FEDOZA TR 5,

1. GEM Regional Programmes

2. Regional/National Models
EHLOET/VE OpenQuake-engine & ffiH L T/ — RETAZERH L TV 55, GEM
Regional Programmes Tl&, BT 7 V5 HMEIT/ER L7242, OpenQuake-engine % fifi
LT — RETIVEVERKRT D D% LT, Regional/National Models Cl&, £[F « & il
DBz & NMERL L 72— RET/LICx LT OpenQuake-engine T 24T
S TAP—= FETFTNVZAERT D, Hazard Wiki IZX 2 & 2018 FERITIT IR H D~ —
RETNEZ 7 B—= AP — RTF—=Z_X—=2 L LTARTETH 5,

2.3.1 GEM Regional Programmes

GEM Regional Programmes Cl. #% . - MUl 2 L OWFREE BERR LT — RET
ARRNGEIZ, GEM DY —Yafrray=7 hE LTAF— RETAMER SN D,
HE7a Vs bR TRVl ARG =RMERNC T B Y = PEPR—F LTV,
BE Q017 3 AR, V—Yatnrrav=s b UTHERS AP — RET LI
LToLEBY TH %,

e HHT T (EMCA (Earthquake Model of Central Asia) )

e 1 (EMME (Earthquake Model of Middle East) ”)

e K (SARA (South America Risk Assessment) ¥)

e I—12 v/ N (SHARE (Seismic Hazard Harmonization in Europe) °))

e 771U (SSAHARA (Sub-Saharan Africa Hazard and Risk Assessment) )
IABITIMAT, 201743 ABUE, BITO 25070y =7 bR ETHTH S,

e 7 /LA=7 (Probabilistic Seismic Hazard Assessment for the Republic of Armenia)

e J1U 7« K (CCARA (Caribbean and Central America and Risk Assessment) )

ENEND/NY— RET VL, —HB% RV T GEM Hazard Team Wiki 7257 — % %% AF
AR L o TN D,

2.3.2 Regional/National Models

Regional/National Models Tli&, ECHU O, WFEHEVBAH L T D F— FET L
\ZH > T, OpenQuake-engine # fEHl L THEAGFHEZEBL TWVWDH, T,
OpenQuake-engine (Z1%, & E « HEHILDO Y — RET V&2 FELT 5720 Ok 2 72 B JR 5 FH
SOMEER) TR EOHAIA FN TV D, 2017 4 3 HBLFE T, OpenQuake-engine % F\ T
FHEHA X472 Regional/National E7 /UL FRtD £ BV TH 5,



7 Z A7 (The 2007 USGS Alaska Seismic Hazard Model) '

4 —A K7 U7 (The 2012 Australia National Seismic Hazard Model) 'V'?

774 (The 2005 Canada National Seismic Hazard Model) '¥

77V 7 (The 2002 GEOTER Seismic Hazard Model for the Caribbean - Lesser Antilles) '¥
Hi2k (The 2010 RESIS-II Seismic Hazard Model for Central America) 919

F o — L ZOREEHIE (The 2003-2007 Seismic Hazard Model for Cuba and
Surrounding Areas) '7'®)

A% U7 (INGV (Istituto Nazionale Geofisica ¢ Vulcanologia) -2016) '?

HAS (The NIED 2012 Seismic Hazard Model for Japan) 2
=a2—Y—7 K (GNS Science —2012) 2

FK (The 2010 USGS Seismic Hazard Model for South America) 2%

W7 7 (The 2007 USGS Model for South East Asia) 23

A A A (SED-ETH (Swiss Seismological Service (SED), ETH Zurich) -2015) 29
7% (TEM (Taiwan Earthquake Model) - 2015) 2

kb (KOERI (Kandilli Observatory And Earthquake Research Institute) - 2016) 29
K[E (The 2008 USGS Seismic Hazard Model for the Conterminous U.S.) 2729%)

FEAMIX. Hazard Wiki & 5 \WNEIEET L DOSE kA SR I 720,

2.3.3 BADNY—FETIL

AR TR L7 EBY . GEM BMERT 2P — RET LIL, ECHIROIERE - iFsts
WAL TVWEINAY = FETARHLEEICE, TN —FET L E
OpenQuake-engine # HWCTHEGE L, 7 —¥ 2 AT 5, BARIZIHW T, HEFH A
FEHEEAT MR AL BT K 2 2 EME T HIK 0%2EI2 L TW\WbH, GEM 23 HE
WCHARD AP — RETAEERT 2D Tz, EERLETH D,



2.4 OpenQuake [Z2DWNT
2.4.1 OpenQuake D#FE
OpenQuake (%, GEM 235 L= #iBIZ X 2 RO — RET L - U R 7 ET AERD
DDA =T =AY T "7 =T HOAFRTH 5, OpenQuake IX, [Platform |, [Engine]
L TModelling Tools] 75725,
lPlatform] (X, {ER L7277 —% E7 /0, GHEMELEMEY — LR E2 T 57200
V2T RXR=ADT Ty b7+ —LThD,
lEngine) 1%, —MXMI7RfERmAOHIE N — MEHT FEICESx, MBI X2 PF— R
BLOV RV EZFETDOOY 7 b =7 Tho, HESOFHRILMEE 22 i E) 1=
(BB =) #HWCHET S, 22T, "= NIHESH TR Lo THE I
MHUEER S ), U A7 1% [ — R CRME SN - MR B IR S 2 J0IC L7 ks - R pk
(AL T D,
[Modelling Tools| 1%, &MMEEE)T — %, exposure €7 /L, vulnerability €7 /L7 &%
BT 27200V —LEETH D,
OpenQuake (Z331F % [Platform |, [Engine| 35X T 'Modelling Tools| ® =F1%, X 2.4.1
IR LB TR END, AETIE, FHAEZEY T2 [Engine) O L% G ML
L. [Platform) <> [Modelling Tools| IZ DWW TiX, ZEREIZE KD,

PLATFORM T
SCIENTIFIC &

STAHEHOLDER Data, Maodels, “:ﬂg::;
COMMUMNITY e

Results, Tools

view, explone, capture
download for further use

Data & Results

OQ [

TOOLS

develop hazard, expasure &
phlmcalwherabiﬁh,l madeks,
develop sedo-economic variability indicat

GLOBAL
PROJECTS &
WORHING GROUPS

ENGIMNE
carry out hazard &
physical risk cakoulations

T

LOCAL Hazard, Exposure & /
PEDOAL, al Ul.l|r'le'ratll|it!,|l M

E

(by Global Earthquake Model®)
2.4.1 OpenQuake DHELE



2.4.2 OpenQuake-engine

OpenQuake (25T DaIHE A YT 57200 Y 7 b7 =7 1%, [OpenQuake-engine| & FF/E
5, gk L7z & 912, OpenQuake-engine (& — %72 EREmI MR W — RNEAT TIEIC I
SE, HEBICLOINAT—FBIRI RV EZHETHOOY 7 Ny =T Thd, Y7 Y
=7 DERFFEIILLTO LB TH D,

Open, transparent and accessible (A —>7"> | @WEHM:, V30

Documented (3L 72 & DHESj)

Extensively tested (7 A k)

Offers multiple calculation methods (¥ 725+ R 1L DAL

Logic trees are an integral part of the input model (2 7> U —3 AJJET VT ARH]
x)

ZTOMORHE LT, LTOLORHITHND,

EFEVa—MbEshieYy 7 by =7

v Hazard Library (og-hazardlib)

RETZ 7 ANDEL X ini 7 7 A VAL NRML (Natural hazard’s Risk Markup

Language) RO 2f (—H T, csv B R EBHEHTH)

v NRML i&, GEM ([Z L > TR S NP —F - U 27 ZFKHT 5 XML _X—2A
D~—207 v TSk

v NRML A ¥ —~< D (2017 43 ARE) DO/ —2 =3 10305
AR =27 /LTI, 04 & 0.5 BREIET 2O THEENLE

a7 I 7 5L Python

v OB (2017 A 3 HEFS) TIX Python2 52 & & HIZ3 RZHHAR— b

R— 3 1% 2.3 “Degenkolb™ (2017 4 3 HHI/E, ERUCABIHEA)

A VA =V OFEFE(LD T8, Windows/macOS H DA > A ~h—F | VirtualBox A A

— URAFE Linux D 3y 77— (deb/rpm) 72 & % /A

IhbiE, Y7 hU =T LORETH D, RETIE, BT LOREEHHAT 5,

(1)

NHF—F

B (01743 H) T, UTFD3 XA TP — RNEHEAETH D,

L.

2.

Classical Probabilistic Seismic Hazard Analysis (Classical PSHA)

v' OpenSHA T35 < — R 72 ffe S 5 1 U R B AT 15 (Field et al. (2003)%")
(Cornell (1968)*, McGuire (1976)*?))

S e S

Event-based Probabilistic Seismic Hazard Analysis (Event-based PSHA)

* OpenQuake-engine (£, N—T a2 20 MnHNN—Ta T EiIZa— RR—ABRFIFonTNnDE, N—T=
> 2.3 O3 — K x— A“Degenkolb” | 3## & 1.5 T4 4 72 Henry J. Degenkolb FKIZ[RTe, 2.0 1Tl Ew— K
D“Aki”, 2.1 X Hugo Benioff FkD“Benioff”, 2.2 I&#Z C. Allin Cornell FxD”Cornell” T - 7,



v HERINIRA RS My M b OHERY; (MUEBR S 044) OFHE
Vo RERORER (e 2 IEAY— R —7) |
3. Scenario Based Seismic Hazard Analysis (Scenario-based Hazard)
vV BRI ARHEEMEEZ B L B OREREE LT ) A X SRR O R
v HEHEERAY TIX R VW HIER B AT
WTNOLE S, BEERERZ S L2 EREE AR R S0 D,
oY — ROFHHE] lﬂﬂ7c7f NHY— RO Disaggregation (F53fif) DOFHE N FRETH
BUILFEIATLZDOD AN T 7 A VE R LT,

%o K241 —RE

WZOWTCIE, HERENG A2 R 5

£241 NF—FHEDHEZIATZEDAE AT 7ML
HEXAT AT H7)
- NP — R —7
el TP KTy~
. i S
Classical PSHA EIETT LDy sy Y — fi{;%&?;_i—7 KNAa—=
554 = NS » —
HEBHET LRy IV A R o
RET 7 AN WESGRIN 72 A X by b
BRET IV MR R S D43
Event-based PSHA EREF ATy s Y — S R — T
HEHET LYy 7YY — N—R~v v
. BRIET 7 A == JAN
Scenario-based Hazard I HIERENR S D4 Ah
BET 7 ANV
Disaggregation BRIRTT v Sanliintd
geree BRETFTLOY Y 7YY — Disaggregation ¥~ kU 7 &
HEHBET LYy 7YY —

Classical PSHA & Event-based PSHA Di#\ M, Classical PSHA 23 EHZJIC N — R —
T HFE T H DTk L, Event-based PSHA 1%, ZHOHIESTY (MESHRI O54) %5+
HLT, BT IAnEEHNTH 7Y 74252 8T, ERNRBIEEZIT, 20T
—Z NN = R —TERDHZELETH D,

2) JRY
BIRFAL (2017 4E3 A) T LLFD 6 XA T DU R PEHHEAREL 785 T D,
1. Scenario Damage Assessment
v BRI X OREREGR I R MR B O N EME 2 B L o B — O #UEREE S -V
TN DEYOR—F T+ VADEDDF A=~ v TOFHE
Vi FA=T~ o (ES (BREZ L BRI L)) EWEIEESA (Collapse
Map)
2. Scenario Risk Assessment

v EARRYE L ORRREGR R R -UE B O A HEEME A B L - o MR T )
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HN K DMl % DEFE, A— b7+ U A OBEEHFOFHE

v R UABICRIT L4 OB pEOMas MO M BERISR & EE T HE

v BRAvwv7 (BKERSAA, lossmap), HEFG

Classical Probabilistic Seismic Damage Analysis (Classical PSHA-based Damage)

v' Field et al. (2003) AL S 47z dT LAY 2255 FIE (Cornell (1968). McGuire
(1976)) TEHREIND Y — R —T7I2FES < FrE M ORI O F A1
SRR 72 B BN B X D F AL

v MBS, BEZLOX ATy

Classical Probabilistic Seismic Risk Analysis (Classical PSHA-based Risk)

v' Field et al. (2003) TR b 7 — X9 72 e Raa ) R BV AT £ (Cornell
(1968), McGuire (1976)) TRIE SN H NP — R —7 (2SI A —7 & n
A~y TOFE

v o BXh—7 (BERI—T7 losscurve), B A~v v (HI3F, loss map)

Stochastic Event Based Probabilistic Seismic Risk Analysis

v WEERRERA NV by LT AR bR AT =T VO

v OBRKEEY -7 R D A~y 7 RO RBRIBIGHRT O K 5 21
DOFERITA X b B AT =T NV Z BT 5

vV n2AwyF BAH=T b= ruRl =7

Retrofit Benefit-Cost Ratio Analysis

v o (HEA XY P TEHAD T AHEEONND) BEOKR— N7+ V) ADTdoUE
DIFTERIA MO IEBRBLEAE (NPV (net-present value)) D HAEE 0 (ZHLD

v. BAH—7, BCR~v>7

VAT HBEICBIIAHEZA T EXTDOANM T T 7 A NEFK 24217 LT, U A7 DA
T, WFIIANAT— FORERBREEZRAT L Z R %0,

F242 YRVHEDHEZATZEDABEAT 7ML

3HE AJ) H

BT 7 A I WeES (BIES L, #P L)
Scenario T ARV BTN WENTT (EPHYET L)
cenario Famage 7IVYTAETIL BeES (b2 )

BB (NP — FORE) BB

RET 7 AV
S o Risk T ARV XET I oAy
cenario s B 72 Wi 7 L HEPSo)

WREDS (Y — FORER

Classical PSHA-based Damage

BET 7 AN
T AR— ¥ ETIL R 5 A

750U T 4TI WESMN (BEI L)
AP = I =7 (NF— FOFER)
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FHE AT) 7

BET 7 AN
T AR—=T ¥ ET IV 0 2Ah—7
YRR 22 ffass e 7 v oz
NYP— R h—T (P— FOFER)

Classical PSHA-based Risk

RET AN

T AR ¥ ET IV
BRI 72 fassPEE T L
HEBY; (N — RORR)

a2 H—7
uAv S
rN—&ZLDu R —F

Probabilistic Event-based Risk

BIET 7 AV
T AR—=T ¥ ET I oA —7
Retrofitting Benefit/Cost Ratio | #BRY 72 Mfagii:€ T L !

NP — R —7 8 2 W IZHIGEEY; | BCR 2040
(NP — FOFER)

@) nNY—Fr&EYRUDER

OpenQuake-engine ] L725tHEICEB W, #HIEBIC L2 — RBX DY 27 OFHE
MATRE Tod D, HEARMNZLFAFIEL, " —FRE2HELLEOBIZ, VA OREZITI b
DThHDH, LrLeRs, T TICHEEAONY—RFEEH LY 227 OFE S 7216
Lo TND, NF—=REU R OFEDORMRER 243 1TR LT,

F2.4.3 NF—FEURVOER

Hazard Hazard D5 R Risk
Classical PSHA N N N Classlcal PSHA based Damage
or Risk
Scenario Based Hazard = | H—OMEIC L 5 thEET = | Scenario based Damage or Risk
== = - N V3
BIRETNVIZESSH—® .
Event-based PSHA = N = | Event-based Risk

2.4.3 OpenQuake Platform
OpenQuake Platform [, GEM 7 —%t v k| Y —/b T L ZAHlH 5 WITIAET
DIEODY 2T RXR=ADF =TT Ty N T+ —LThH%D, GEM OFT —ZRFT /LI
OpenQuake Platform TARH - A INH T LT, 7 —FDORESLT AL Mo ENEGITHA]
REL 72> T2, URLITFRDO LB THD,
https://platform.openquake.org/
Bk 2B H L0, EETHEMTLZENEETHY . LML RETRETH D,
https://platform.openquake.org/account/signup/
kL7 THOAYP—RETIL - YR ETFTLOFHEITITHETH 5, AfifaiEicB V0 CiX
OpenQuake Platform Zfi H L 7-#§Re & — & TR T 2.
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2.4.4 ZDithav—)L B
OpenQuake-engine (X, fEFGRIVHBENY — RBLOU A7 ICET 23 EERELZ G0 L O
D, WML LCORET 7 A VO, F72iZB b EI2hnb o BEITHE v & En
TV, AfEFHETIX, OpenQuake-engine LIS D Y — /L & LT, BLTFOY — /LD —HE)
WREZ AR T 2, ZHHDY—/WE, GEM BAKXIZTHAR— R LTV D D TIEARWVA,
OpenQuake-engine DBHFEE DMER L7 D TH 5,
e  Hazard Modeller’s Toolkit
v HEICE DAY= RETAMAERDTZH DY — /%y k
v /ﬁ@]fﬁ%'fﬂ/ﬂ: RO AR ORI L
e  Risk Modeller’s Toolkit
v OHRERIZED U A7 T IUERDIZD DY — L% b
v BREEIEREEOMIE, fragility &7 /L= vulnerability &7 /LB A2 &
e  GMPE Strong Motion Toolkit
v ERHEE TR T 570y — v Fk s b
v HERE OB O FEAEE, AR TR gk &
e  Input Preparation Toolkit
v" OpenQuake-engine D AT) 7 7 A MERKD TP — /L% |k
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