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T = NE oL RWVRBRICKILT D HIETT, SFETICERI I EDRVELIIH
WTCEEAI2ETHEE, DOVEHEVICHLZOHENH TH DIZDITKHEDEZ 2V D
T T U A %2> B50lFTT,

BEZOLLLIZIZIEWH S LR EHKIZMOENDOETI ) VWolo v T U A ERKICEbD -7 2
ERHDHERNETN, LW FUFEEFEIWVILDOTL X9, il X RICBE LT
DAEZHE 2 T<NDbOT, ERMIZIZAS ORI RIZAITTEDEE Y TLED
EBEZLOTIE R, FIAIEMIESREFELPEZLLIREREEZEZTCAHALY, D
WIETHERIN TV RN ERR I TEDL, ZNRICESTEDLIITEDLSTL 200 %EE
ZHDTT, F—=h + Fzo P —LIEATVWELELDTTN, Zhick-T, 4 HM&T
REMEWVWI LI REBZHITE -T2 EBboTLEFNET,

DEDVLSHOML UV RZZDOEFFENFL TN DOTIEH LS, o747 Lo it
BTN AE2 DX, FLnEa s Pa—F—a—RNIEHBELT, Z90Wo 7t
Rearva—F—0FTIEY LT b TEET, HBIFERHLEFELEN, 22T
EBET LD TT, ZREL-7-B T, TLTCHIBEESNE-RFNREREZIT-> T, 250
STV FIVAEZEHNTWSDTT, IV LEE2EBET7 7 FOMEREDFEED
DFaT el FTRY E L,

ZOWVNo Y =T TIERS, ZOAXATA RIZH> T2 H50UNITEN D2d b
FT, &%E2O 2B, BIZIZEMOEE (V=—7 - NZ—) THEORFEZRE TH
THENILOTTR, ZHEBEETHZNS O ITHILEWEREsTnET, FAEH
DEOHATHEZLEOTHLH Y £,

IHEMEILELEY, TTRBHELENETTOT, IRMOKRmM], EH5°-TT
— A DR OP TR R ZIT O DWW Z L TT,

T, TNTIEWL O FRRICHEREZ LW ERBWES, Bk, figez2 L Lo & -
STELETHENRTNERLAVEBRSFELCNET, 2FVMEIONIZTZNITH L
TEHEz2zZRHZEH LTI THY, TLTHRET e 7 A, HRIESHO FMMEEZ. &9
ROTZOMBIZEZDZN, BAIZEDLIRLDIZR>TL 5D, ZLTHLLZEZDOE
AWM Mmol-E XL, EIORoTRBTHON, RYIZEZNRHTELZLVIDITE IR
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STHMDDOMNEWNSTZZ EiZmMhosTWNET, RRELD T Y =27 MTEBWTIEHED N
RKEpMEZBZTCVWET, ThzRifLE>ELTWVWHDOTT,

Bz 3 DTN LET, RIOHLDTT, ZHIETANVTV FORROKAN, Ay b -
VA —FboHTEEbDOTLE, BHBEISRVATATIRT N —L W0 X T U VR
OWFRFTONTT R, HhRry NV —ZIZH LTI ARBEEREEZLE L, /¥ —X
Y RDEIRBLDEZEZTCHATLEIN, TPFHERE LT, FxXFE UHERICK L THRRF
W7 78ALEST, TR 77y R RORLEEE NS D TT,

COREORKRELTMBEEND D, HAxDOIEE, ITHITRLTHIZLIELDOTHY
FHA, DLABEWIZEGFLESTWT, RS HMEZT RE NV Z Licxt LT
BrBEZTCHWDHDIFIENPNOANTZBLOITHALOTYT, D2EFVEDNMEYLLIZ—Y 2 b
LTHAE L TWDIOTERL,HVDOANELOREREBEZZIT TWVDHENI Z L TT,
Z2ay FORMEREZXZZIEHY £,

TN —TDOHFIZETHEDL I BRFEEHN RN = HEENHHTZDIC T OREAf
MENEENDIONEWNW) ZETT, DEVEARPVIZIN—TEBZLELEMEEIND D TT,
FlZITBAHWICANTANTTORND o TN T, #ENPLLIERPI L L2V TlIEbX
HNTAEAEREF A, ERIESRRZE T, ZiEmm2RHTT, —FH T, £ O
ELTE2ERTRXRTOANLEDLER > TWVRIER TN EENE T, ELNRE L 7L —
TR T 5 & W D Mg 22 R T,

LHLAAUEMRICBNTEHZOHBO EH5THLARL T, TOMIMELTHNET, B
HWZ—EDONEDZeN > TNT, B, MBBICWAALRANLE DRSS THET, LL
DOBRNMO TRV ATELETELLEAVDEWVIRITT, £H959TDE, EI0VofEam
NG — WERDDITDITHENDOITEINEENDIONEWVNWS ZETT, bHEAAIN
1T Xevents LW 9H) Z EICHEELZFFSTWVWET, 2FVHNEZSOLIDTEH V) DITRKE
CHRHR L T, ZOREREME L THESMRITE S 2 WIS RITAD EMIOR L D & 72
DET, DEVZENITEROFTHNE NI LR LERICESHWTEENS DL T,
IhbETHbVINHE DT,

INTEEAS 7 ITARNTI 7 F Yy —OMEICEHboTWET, A U7 JICIERESED D
WIEMETEE WD OB H - T, BIXIEE., K, BE, EXEE. Eim, KB VoTm v
AT HFTRTA 7T THY, BrBNEIWL, BBHOEEEZ TEASOFR TITH L
mhHHDOTY,

LLBIZIE L 20X WHlZ2BZ2 THAETE, 2H50r2@EmMNTEET, ¥TXTHOA >
T7I%, &, BM., BEREDHD 1 LM OGTICEINT VAT AL Z DI ENTE
FT PRI REATLATEHERBE A X —Fy POB/RIZHEENb =2 —3—7
vy4—r, Fluer bty =TT RNt Xy NU—Z ENLTHEHR
NEHEEY £4, BT LHLARHS DT TIERAVWTRELESE W) Z LT L CHET
7T
FoT, EHALLEEBEYTONANIE, VAT LADOIRDFEVDIE I L, Wil S i,
ZTOHENBOT DLV AT LAOMERMEIL, TNEhoA 7 7 2 MBICHAE L2 <
THbWWbiFTd, B, BE. BHROZNEN VAT LZHME L THIRLITH, &
51ODYAT A, ERVATLAEZRANITDNVO T, [HFRS AT LARBEEMICK L THE
W AT AT b0xEATAIEIVY, TRV ATLAEHRZEWVI O T,
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THbbEEREITIHD 1 DOZRBE VAT LOHRTEI LIHICRZTHEIFFRLUTHSD
WS ZET, ZHIEFAEA (isomorphic) EEFHENIMES DT, T R2OLRLCT AT
LOIGBEIENH > T, %Lf%ﬂﬁﬁéﬁ% CHETET D EEICE-T LA ZDA LN B D
TT, ZHEFFEAMNICKIZASTNDH O T, éiéi@itT/Xﬂﬁ#oT%TMi
T, Thbb¥HkxNHE _ﬁéﬁéﬁﬁ$% CWAEWAR NOHEAEER. il 2 X8 E DR
RO, BT 7 v v a yOAT, %5UWi&EM%§b6\I&£ﬁﬁi_é\ fr B T oM
JOBENPRELSEDLDLEV ST LDOTTR, 2THIVoLLFRNRET L L, KR EF
BMEZVZITHDINPOEVERIDZ)I TRNVEWVIDIE, BIZTZOHESNIERITH L
TEINIEREF A TVDEINEWVNI LIS TAAATAREMNDELES H> DT,

Bl ZIZFRICH L TABHIDLHADIE IO DNV ERBL WD L) R ATLRNEE -
TWnHeE, ZOHFTEZLZFEGIL, MR LTEBLEENRATLZLOMTEZ 5HF54
CIIRELSEBARVEST, A Y —2 % A—F (2B RES) LWL T,

INnE 1 oD E LTHRA, V=% s A= RNIZLoTHEROKEDBEDDL L, £
DY =% s A—FRIZEOLSITHEL & D WIFFEAMA TV, ZxfllE L
i Z Lo TRETHNTELZDN, MPEEKNZETHRITH, FlXIXEWD DN,
B, RITFTBOLIRFETEOLEZ TN TEL00, HDHWVIE, b DHKHSOH
MZERTEZVELIMESLLEICONWTEHIZENTELON, bETHEZRLENL A
TWnEznEBEnEd,

W OMNMZZERELARNSED TVEZVWEREWET, 2O TTR, RICHIWT
HELE, MEPAIOATA REEEOTHTLELOTT, WIHEKE S I EREE T —
~ T, TZTHEFEZTOIREITIENLEESOTTR, =x1Fx—, BERLELENINL
ONDT—<DINHTT, DF D Xevents NWVAWNWARETRAET S, I VEHFDLDITT
To BIRARRLL o TEZEINRVOTTR, FTOEIIZHLELLIAHDLEE ST
=T e BuvE g,

Xevents [T AMDOENE., NMEODHLWDHEZATEZINVHDLIEWNWHI ZLETT, ZTo50Vo
72 Xevents N Z 6520 E ZAF, AMOAEIRICEBWCIER2VWDZLE0n#Hiz 528 T
TFET, I THLENRIEFEERBILELRVERNET, WTRIZCLTLEBTFZOBERNIH
DVETDOT,

Fx OMIEFTO 2010 FLUBEO T 0 7 Z AT, ZOFEBTELREHNTHLEHL LT
ibtom%M’%iﬁ1E%ﬁ®%%f# XoTINETOFEORFIT, FLEEHAN
DOREIBENHRFTDOANT-HIZ, FTaxr BN MEzLoTWWEHENE W) Z EEBRzx LT, £L Tk
%ﬁ%ﬁ@ib%h&k_%_#%%bofwtt%twkmoﬁﬁfbto%éh%a
DT, Toex D hEZRKRDTZ VWD T, ITASA 1Z/N S RAFZEAF T, Xevents =D b DX
RERT—<, FEYZIZRoTWVWETOT, A DL BR/NIBRBFIEATIE 20 OFf)
WrizdcE ChbaRDHFIEITcERVnEE o TWET, IT VA E OEEER 2872 < T
BHLZLEE > TWES, IEFTZIZCOMAFTONAL NS LR & — /2 R E¥
ZL, MEEEx L, L THEBEBOELESHREOH L EZAZHE S THELENEE T E
T, T HEXOMENMOGFEERNLS D B> TWVET,

Brx OMEFTZ " bDIEZO_RRAFELZITHOZDOF LA RE XY=L L TELZTHET
N, HBLETHMBEERTT, 74TV FOBNREEXELNANARIFENEAL THET
B, EOTN—TIZMo>TWVWDHIDIFTAay TV ROV TR—IVOWREE 7 V—TT
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T, TENIXHARLPO LEEH IR TEL LI ALBLIZMbo TWELETNIRE R WE
T, ZTIOWVoiFEZXF T TEDLILRHAICESTITEETT L, %BEDLIX, Z
DEEWIRT —<ICEHIANENENOHEM ST o 25 VIELEKEZ LTy b
WML TniZidrniE e Bunxd,

ARIZVWTNICLTHEE L TERLAOMEREZZXEL TWLEEWVWTWETR, TR
— T ZIWVIHIRUTIT VDT, ELTXELTWEENWTWDLHEANL DS E L
ATVWET, ZOXIREKEMNEZR S THARIZSY £ LI,

S C., Extreme Events (L 72 O S HIEETT N, BURMNFIZFHK 2 OHEEFIZ A>TV
FT, BHRIETE A OSREMNRIEBOREE L —H T, BROGM R 21T H>%6. BEW
YR (2727 A L) OFT, FlZITHBUFRREE, BREASLET D ETORT—7
RN — (FIFERE) ST —F—~DEELART U2 BREDREENEEBT D2
DOEKRE, WS ODPEBEBITREMELIHV T, ZNOLEEEKNICEIBROSHTICH
SRITFTVnETEVWEE S TWnET,

WS OOl ERLTBELWERNWET, E—7 - FANVOMERHD £+, WA
ARANTELRRE, AMOREITHE ETARTHY, S HICEHERI LIZ, FTxlTTT
WCHERREREDYDEMELEAEARBL TS EEMLTVET, Z<HEHITE 2
WO aEME L2, B0 E2E00 FICANDITEOIZIT Lo a XA NBRENMND.,
Lo b RERBWZ LRITNIT bR, EW0WIHIZERELWVWAIRETONIEL, =X LF—
HRIZEIRDZDOTLE I Dy THIFELF BV ARZIETELARLS THLVL WAL LS
INTEZEHLHLWVWEZDITFTTN, ELHAAHBLLVWET, bLINNRELWVWELESL, AH=
FNEX—EREREL W ETEXZRTNE 2L 20WEI W Db £7,

HIZEANPE/-LIZVWSODDOERZN I ZICASTCEET, HIZIEZDFEOE—7 -
FANENI T —<IZR LT, FT A3 —7 (scope) IFTHERMEIZ/ARY 4, Zhixd D
FEEOHBICREINDbDOTIE AR, RAEKRIZEELE X 3, DF ) HEKIERL L
F L <Td,

Erb E MBI RMELHTEEST, b LE—7 AL LEVIONRIELWVDT
b, MEFMICEZ CHEFICRERA BN EEND Z &I £3, FrlT, AME
FFoTWHHELAMETICAND ZENTELHLOMOENBEENRKELS LT D
TR ET, TTMHE—7 « A At Xevents EWVWOIBEAMNEEZ DL LNTExF
E
FIZIXINETCTHME LD oL ORFLNEZLLELEL, ZRITEDEH S THEL
LT DD, ZLTENDRBREESHEERHDIONE WS Z EEFBEX T RITNH
X720 FH A,

w7 %2E2ZFLEY SFEIZTY—Y v A—RTH, ZhraasrTHlic e )
fliio TN Do, HEEICTHmERFREMIECRVEROMFIZHEI 72D, 22 TIE 22D
SELAZRELTCWVET, 12X FHI L7222 >7 (unexpected) FHTT, ZHITENOL
STESEROTTN, FTH LA 0 LEL (surprising) FREWVH Z L OMIZX
ZRHYET RMICE ST TPFRILE DT bDEIE,. INETEEEZIENLDLIITNLEDL.,
FTNIEEHEIZIZL o2 bD LWV EFETT,

Bl 21X 100 FFiI—E otk L, EMMICEZ2DbT TCEA2VWTNAEL, ZhvE Tl
ol ERBY, LLOT—HXEHDENIFERTT,
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ZTNICHRH L TELEFEZLVODIETH LA oTmFERZR” Lot KEL o bDTT,
Bl IXFHADEREELTCELLEWVWS LI, TNETICHRITLIZENTET, 1T
NERFH R BT R EDT =N NENWI XA TREL FHELETT,

FIZIE, 2RI THILEDSTZEREVOIBEOLOTERONEES L2 b 05
N LNEEALR, THILR» T FHLLELSFRLEOMOE, EXOBOERHE L WD

DITEFHL LIS EBEKET, BRETEH 2V L TIR™M DT THA, Bl IZEH
OHIZIE 266 DT L—« A=A RNHLOTTN, ZOTFTH Lhol-FRLEES L L
DOFIZY 266 bOEBERH D L9 LT T,

ﬁ;zliéfj WCINEFTRTAAENRBERTT, iz 3R cR&-&paHLE > T, £
72 CIHEEBELTVWEEADR, RLTARINBEFZBEVWI DT TEH EHEALL,
%@#@@TthﬁDTﬁi%@iﬁho@@ﬂéﬁ%ﬁﬂyébiijV<Oﬁﬁﬁﬁﬁ
ALTAT v FE2BEATELEZDITTTN, LR bihnbbEiisd, Wold
AP DOLNLRVNDOTH-ST, BIAHAMNEIMTIERWbIFTT,

T bERL, AV —Fy FORMERH T, FlxEA ¥ —Fy b H LWERE

BT Ty ral ThESRoTLESTEL BIXIZT10THERLS T1IL s AMA VY Z—F v
FREZ 2o T LESTEDL, BRIEDOEFIZTES> RV ETNLEHES L, 2TV T
ETEERSY K, HoTAYyE—VEVLWVWLALARICELZRS TWVNL, e A— /LD RS
ZHERLTHNWL] EWVWIOISIITEIADBVET, THLENRILICHITT ITH, b
VMITAE LRI ZENTERNL, HHEIRTERIRLIALLEL, ZATHWVWNTT 2]
CHEETE H—A, ZNEHEV <2 TTHR] EWVWIHIZINKRSsTEET,

COFTRICESRZZLF A=y MZEoTIEAD 20 FESHWVOMICET D
DNEZDOLDIZHEFTICREREAN -T2 WNWHIZETT, £ X —Fy FBHTHE
100 Ff->TebIT THOYERFAL, o 26 F<SHVVOEDOTT, EZ2ANLLA ¥ —X
v RMZIZITI Ty val TR B> T LESLEDL 25FEFDOAEFIZES O Tt < 2000
FERIOEIFIZRE > T LEI Z IR VEDIDLIT T, ZHIFHEFITE KR Xevents & V9 2
IRV ET, Vv —NEDTERY, LWVIH XD RFETIERVDITTT,

BEOHITT, ZnHLBLLANTT R, ZHITEBE SLVATT, Mo TWd ANIH
FVEZL RO TTRN, BREE SV ART v RERICB W CIEFICR DR 2847
HEVNH LT, 1950 FMRICR D ETHDLIMF VW TNWETAT L, BRIV ATEIX
REETOEEGBEEELTEY, ZNICL s THE/MNIBEIREZ T XTya — I8 CHlsE
LTLEIB N ZFF> TWET,

1950 FERITF 7 REE P CTHEEREZ L T E L2, 1962 FICr K FE1E TR ERNIT
DI, TTTRAELEEBEALVAD, MT~AVBEENATWDER I VILVOET I &% 2
HMIHELTLEWNWELE, TOYUEIZ, I EIWIHBROESL I NE WD BB E G| X
LR TEZ0TEN, SHTIEZFOL I RFETIIHERL RV ELE, 2ERD
. YRR AN 2B EERNFR CERBERIEIOED <, X0 ba—bFLIZL o
7-® T,

1950 FFRIT, BI AT FEREZ ERICEMR T H1-0ICIEE 2 LRSIV ARKETLE S 72D
T?ﬁ\éﬁi%mﬂ@wifokm¢1074w<Em@%éfﬁyﬁxM@ELf&E
wmNER LT 5L, KEREKROBE/NRE K IZTRHMBEREICER L TCLENETST, 257
HEEBEDIIEALEOREIIZFZTEIELTLEY, B TRV a B a—H —
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BERFIZ 7 7 v 2 LTCLEVWET, A1 ¥ —FXy "BREMMIZE T T 50 E VD
FRILZORBICHSNTZEL T 2L E ) T, NFERSI RS THEERRDOA 7 72T T
FAIZLTLEY, FEFRICHRAOLR TR RGBT EVWIFEICRDLITLEY, ZHIETINETE
XL ERBVWDITTTR, TOHHBLELTENTETELESGE FICANLDZ EREEL W
EWVIHIDON1IHETFOENET, o Tkt LTh, ENEREAFP 10~ AL EFETE- T
ToCENEBRIEDLZ LITRE T,

LML ZNEx L TRE2MIENDPBS DI TEHY EFTAL, BREH, WEEWVLTWVS
AKOBEEA 7 TIZHETLHETEBE SV AIZONWTEELTWET, ZHIEFEFICEA
LWHRTLE, BIZAIRE5HA =Ry T Z7EBALTHRELTADE, f X —XF
v hEiC, WEOFEEITIT> T, ZEOUA ¥ —Cudih 72 & T, BRIIE VA AERE B
NTOLDIENTELIRFANP L2 T, BERITILOLEDLY THA,

FLERAFPIOVANVECTCLERET IV EETLY FHA, HDEOETERIE SLVAERAE
SHEIE, BEEDOA v 7T 5METLIZ LI TEEEANR, HD 1 OO FHFILWIEY
TovaIHELIENTEET, Lib, ThEo5< 5DIZ#HN5 2 X ME 400 FA<H
WTHTedD TT,

T, 22 MILL, 2K DFHECHLT 78 ATHZ ENTE, WHESEMICE AT,
ZOWBIZWDANTZBHITTESALHETEDL DT ENTELHDIC, REEBIE NV AN I
FTHEDLNLNS2T2OTL XD, TSIl nonZnnflibin, Hrioi
T HEN KD EERWET, CNIFELSFELREZ T Xevents E WD T EITRDBTLE I,

kv U AL LT Xevents Oz T 5 & X, #l 21X 2050 FFi2 8 LEBI S/ AN
HAEIEOLNZLELELEI DN, BXH5RMIIRKELHLTLEIY, bHEAALETNIE
BATCL LD ET, r o PR —3 — 7 TERBRERIENVERALWI LIRS TLE I,
FNTERELELGAEIZTEF TSR ARY £97,

EHLOHIZLTHREABIZINEFAREBEOSHHZ LT, 3 CICEELEIELEESTHN N E
BT, FEZAREEMNICRAESEEZZ L TIERL, REEEFEFERIZE - T 1960
FERICEETEZE T, AFRKXET TEEREZTIOIAETLIOVETADOT, SRV
WIHIZLEHEDHVEILLLNEEAR, Fo< Vb ITTIEL FHAL, BLEFELROH
ELT, BT onETFonETdT, TNETHoES FRIIILT SF OF TR
<, BFENICHLFERLELTHLHY, b —HERZLHAMEELH D 7,

CORHICESEIERBME L L THMARERICHL TRLTWET N, Xevents &5
TIROHF T, W2, WD, EIVNoZBETIIWVoFzEENREZDVELINEWVW) Z &%
RET o0 ENHY £,

INEFEA A —Fy FOBEETTN, WSAZTEILR-TZ N, FRZELWVW I &
EFRLEFZZ b0 ERnET, TS RIFEEBRE VI ZEEZHRLETFEL
FOTIOREEDTBEELE, ZNEEAREDALELEZEEZETRLLODTY, 4
SRR, Z LT B DRRIT — 2 2 HOoRFFoTWwWite LET, flxiEam~—7
v hOEEHTHENEWVWEERFAL, EZCZOERS, BEERARDLLON, A, B, C Lt~
— 7 L TEEFELE, SHOHEANE IS W > bDOTHNEIL LTS TT,

ATEEMEICEBELEZLOT, BIZ#HTYT, ClIbrotHRES T, W05, #IT
WIZZ > TWET, BHFENICITEENRSGEMAEMETINTHETN, AL BlX, HDHEKT
BELTEBY, iT#WnWizdn EbMHEITEbo TnEHA, LML CIEREBEEMICZH X o
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ELTEBEAZEZT L TALEREMAIZRVIGET,

EEDO VAT AIBNT, TIHIWVoZEHMAEWNI bOEARTREINALTHNRNOTY
N, LHLEBEEFERLEFELELO2IC, 20X REERINOFTE N2 AA b
EHAEBICRATAHATLKES, T ZDA, B, CTEARLS TMrEI EZIAERLEI L
IRV ET, FoTDE, FRIZZOEBOWHICHU D £, HBOEH E WD DI,
TbblEITHA A ELROBM, BIROFEFETH D, ThbbEmEh, HDHVIETF
Ben, EMKZEDORL Y RRZOEFEREIN TS EWVIRITT,

TITPORELABDLIDITA, BLCORA L FTHD, bLINICHEHLRS - T, & L%
DOESOBEED IR, b ZITERZSNFIEV Wb T, 2RI
HLDOTH-> T, ILTHIRIROBETHLZRL, WO A2EEAEAMOHGESOLNLTVWDEIHDOT
T, T bbb, BHAREKOBEOREB TH- T, BONEZICWDEINTI oLV
<9,

ST, V=YX /s A—KRIZOWTEBHLLELEY), BIAOHFIZFZOH E T 4+ —
YA MCET D27 —T 2 XBMENDI TRV EINbLERA, TZTHALFELVE
EEHLETETOCT, ZZTIEHBHICERTEBEET, SoTHENEFHEOFOEA L
HbEZXDLDHDTT,

I ERANPBERELEZY =yl s A—FiE, E9CoTHETNIELVWDOTL &9
D, HOEMIZENT, WHIZAXORFRIZHT DR, [FFED. TEIRN BB, EE
I, b AL MNEFEZEMTHOEEZ AT E NI ERRNREZEZXHTRH D F
T, ZORBOERINENN Y — )b s A= REMLTWAEMBET, F 1LICARXRTYH
H+Pa—ATHWNNOTTR, fliHoBEIE. AxDBFRICHLTAHSOBRSE
AT TWDLENEIMERLTWDLNL T,

GRS IE, WOBB S22 WIEkA, KELE I 220, AxDORRIcHT 22Tz 1
OOEFICER LT, liEOEBEVIETELTNDLIDOTT, 2F D THIF A% DIFkK
WX T 2RO THY , MR BREL L TWET,

SESERMENZOBRKICEHHEL THTEET, fIZIZINNEIRC-, THELKED
TEIZXMLTNDIO0, 2D —HTHIEEEZRL TCWDLETTEHRZVWNLEED
Nonrb LivEdA, il EiTENMIAERERRKGERICMON 2 LAEFAN, FE
29 TERVWOTY, b TEHEIAUNPOGEMEZZT2WE ) ICZOBEZHHLET,

K7 ORICIBEF DY $Th, bOBEEFIZIZOREZMEL TCHET RN, Z0H
BICHDLIT R TORTOFEEBEZRETILEEZHY EEAL, ZOHBROFOTXTON T
OFEFEHEL CHEBEOBEZFHET IO TIERL, o7 rizihiti+hidovno i,
INLORTIEBEWCHEERRH Y, 2L —HoY T ET T, T OFEHNZO
MBEEKTE IR TWVENEEDIIC TSRO TT,

TIDNOLRPANTFOmILEES TN, BREFETZHLIGHICK T IBEZERNRE
THHHLOTTND, ZOWMILIEIEITIDLANFIIET 2O ThsTRAZO L DIZHET
HHDOTIEHY EFHA, BEFIZS -~ THENLIETY vV A—FEHDZLDOTT, &L
— A —OATINIEE M OLIHCE B L2 TR, oISV S THRE LT
WHDLITTESY EHA, FESOCKANPNT, Z7LEL RS L, FIMbT, T olz
ECTHAEERPEENET, 2FVHEOTXTOALZLOBM THAEERRNEEN, £0
FEAERDE D O AITEICEEEZ 525D TT,
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TOREIRDIN, FRELEIEZDINEVO MR T D AITIE. EEEIC, E0n
S5YI 0B EADREE TiEe T, BN ARERNOF T, TXTOEH., MAEERZ
BRLTEDDROTY, TTLLe@MHGOYE LN DITY =Ty b 5h— FaE X< K
MLZbDOROTT, ENCHLHERHLIOTZOHE ZHIMLET,
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Extreme Events in
Human Society

John Casti
ITASA

Vienna, Austria

What is an Xevent,
Anyway?

The Conventional Wisdom
Short time duration

Rare

Catastrophic

The Xevents View

Unfolding time (UT)
Impact time (IT)
Rare
Good or bad
The Xevents Examples of X
Indicator

X = I-UT/AUT + IT), UT <IT

UT large, IT small = X = 0, not
an Xevent

UT small, IT large = X ~ 1,
Xevent, usually bad, but . . .

UT small, IT small = X = 0-0.5,

modest Xevent, possibly good
or bad

UT large, IT large = X = 0.5,
Xevent, usually good

Force 5 Hurricane on Miami Beach:
UT short, IT much longer = X = 1
(catastrophe)

Force 5 Hurricane over the
Caribbean Sea: IT=0=>X=0
(non-event)

Post WWII German “Economic
Miracle”: UT = 5 years, IT ~ 25
years = X = 0.83 ( Xevent, but
good because UT relatively long!)

Development of Agriculture: UT ~
8,000 years, IT ~ 4,000 years—and
still growing = X = 0.33 (not yet an
Xevent because UT larger than /7—
but /T getting larger!)
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Research Themes for Xevents
Tetrahedron Research
* Anticipation
Benavioral Extrame-event Horizon scanning
N SB:S Early-warning signals

» Forecasting
Likelihood of unlikely events
Theory of surprise

—

/ S, Dynamic
Policy & \=—""""" systems

e Boweeen RN » Trends
2l tatistics . .
i s How to find “turning points™

psychology

* Extreme Risk Analysis
How social mood biases events
New forms of insurance

* Modeling

Agent-based simulation to generate
“missing” data

Xevents
Methodologies Unknown Unknowns

Problem: How do you do

» Time-series anomalies (early- statistical analysis when you

warning signals) have NO data?
» Scenario development (i.e., :
imagination!) Solution: You create the data!
+ Agent-based simulations How-I: Go out and look for it in
(implications of scenarios) the real world
+ Catastrophe theory (identification How-II: Create an “artificial”
of turning points) world in your computer and do
+ Stress-matrix analysis (early- experiments there to generate
warning signals) the “missing” data

* Financial wave patterns
(forecasting societal events)

+ Pattern recognition techniques
such as extreme statistics, neural
nets, and the like (foresight)
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Prototype
Questions-I

Flat-World Instability
(Scott Rickard-CASL, UCD)

We all have access to the same
information, instantaneously. As a
result, independence of individual
actions does not hold, giving rise to
herd mentality, clustering and booms
and busts.

Question: What connective
patterns within a group and what
properties of the individual group
members in regard to their
susceptibility to being influenced by
the media and others gives rise to
“phase transitions” in the herding
patterns?

Prototype
Questio};)ps-ll

Failure Modes in
Transportation Networks

The flow of people, money, goods,
and/or information is a necessary
part of human life. But networks fail
for all sorts of reasons.

Question: How can we develop a
taxonomy of failure modes for
critical infrastructures like power
grids, the Internet, global finance,
telecommunication, food supply and
transport? Are there common
strategies for early warning of
different types of failures in these
infrastructures?

Prototype
Questio%g-lll

Social Mood and Collective Events

There is growing evidence that the
beliefs a population has about the
future—optimistic (positive social
mood) or pessimistic (negative
mood)-strongly bias the qualitative
character of all types of collective
events, ranging from the types of
books or films that will be popular to
the sorts of political ideologies that
will be in vogue.

Question: How can social mood be
measured? Can this measurement of
mood be used as a “leading indicator”
of what to expect by way of events
over different time frames?

Xevents Project
Space

Elaborations
July 21, 2010
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THEORY

Xevents Space

METHODOLOGY/ RESEARCH THEMES

DOMAINS

Theory

Observatory/
Simulator

a= Applications/
tools

Shocks,

Equifinality

The Human Factor
Timescape
Foundational Matters

Xevents Research
Domains

Energy—power grid failures; “peak” oil;

Research solar power alternatives
Domains 7 .
Energy Communication—Internet crash(es); cell
C icati . .
et i phone network failure; air-traffic control
Financial
Social/Geopolitics brea.kd()wn
— Health/ .
- Demography Environment—ecosystems collapse;
( Themes

global warming/cooling; fresh water
supplies; agricultural failure
Financial—global systemic “meltdown’;
balance-of-payment imbalances; currency-

rate volatility

» Social and Geopolitical—reconfiguration
of political alliances; expansion of nuclear
states; rise of non-state actors; growth of
fundamentalist ideologies (e.g., religion,
political extremism, . . .)

« Health/Demography—pandemics, break
down of health systems, lifestyle drugs,
genomics, synthetic biology

Xevent Research

Thanide Plan for IIASA

Program
(2010 and beyond)

* Focus—what themes should/can
we effectively undertake to
study?

* People—what groups and

» Shocks—stability, bifurcations; phase
transitions; catastrophes; adaptation; self-
organization; emergence

» Equifinality—historical processes;
contingent events (when do they matter?);
attractors; trends

2 gbhe Humagbaciorriiop e decbian- individuals can productively
making process impacts system behavior;

social mood-to-social events; “expert” collaborate with us?

judgment * Support—what institutions, firms,
+ Timescape—forecasting (predictions); agencies can support this
anticipation; early-warning signals; “weak” activity intellectually and/or

eha s ; ; financially?

¢ Foundational Matters—what is an
Xevent; system equivalence; time-series
“anomalies”; connective structure in
networks

CRDS-FY2010-XR-13 WITBUA AR 2R IREME TRARERE 2 —



JST-CRDS./NISTEP #t{#:&;Ea#E% (John Casti #i%) |29

Policy Framework

* Scope—how broad is the
impact of the event

* Duration/Impact time—
UT/IT

* Economic impact

* Geopolitical effect

» Psychosocial disruption

* Players—who are the
stakeholders
* Solutions—general

characteristics of possible
solutions

Example: Peak Oil

* Scope: Global
» UT/IT: Rapid/forever

» Economics: Recession or
depression

* Geopolitics: Disarray

* Psychosocial: Uncertainty
leading to panic

* Players: All sectors

* Solutions: Technology
breakthrough; increased
efficiency

Peak Oil—Future?
(2030-2050)

Dominant Themes
* Price volatility
* Refining capacity

 Transport costs

Policy Priorities

» Environment

» Energy

* Science & Technology
* Society

* Economy

* RESILIENCE

* ANTICIPATION
* Water

» Food

» Education

» Population

* Individual Independence

CRDS-FY2010-XR-13
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» Long-term “crash” of the
Internet (Estonia 2007)

* Long-term disruption of
electrical power grid
(NYC 1977, Germany,

[taly, France 20006)

* Failure of international
air-traffic control system
(LAX 2004)

* Electromagnetic pulse
(Honolulu 1962)

The Unexpected vs.
Complex Systems the Surprising
and Technological
Disr Upti ons o Unexpected = extreme
events—low data
* Surprising = “out-of-the-
blue” events—(almost) no
data
Surprises and
Surprises-Examples Complex Systems
* Global financial panic  Networks/Connective
(Now!) structure— cascade effects

* Singularities—changes of
trend

» Emergence—changes in
network structure

* Centralized decision-
making—"brittle” systems

* “Resilience”—economic
efficiency vs. robustness
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Example: Networks Example:

Singularities
The World-Wide Web
f - SN ~
a b ¢ .

Example I: End of
Toward a Theory of Globalization?

Surprise
' i e L
* Forecast singularities — e W
o000 DJIA Monthly N K
* Forecast “catastrophes” log scale

* Forecast timing of events

5000

2000

1000

500

1974 1978 1982 1986 1990 1994 1998 2002
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Now, a Word from
Our Sponsor
EX ample I ( Cont’ d) (Copernicus Books, NY, June 2010)

FHDI - D3 Industrial Average, Weekly. I I [= 1|
Copyright, October 2008
e e e b 150000
‘ ©
Another Step Lower 6
140000
DILA, Daily Bar 3
Cycle Waves a and b 4 *130000
{ 120000 John L. Casti
4 110000 o
)

618 retracement
3=1
3)=1618x(1)

786 retracement

DJIA
Weekly Bar 3=1618x1

@ NY T

a
[1999 [2000 [2001 [2002 [2003 [2004 [2005 [2006 [2007 [2008 [2009
Source: CQG, Inc. ® 2008 Al rights reserved worldwide. www.cog.com Mon Oct 06 2008 16:27:55

From Rising
SKirt Lengths to

the Collapse of
World Powers
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