[

| NCORPORATI NGLUNCERTAI NTYUI NTOLDAMISAFETYURI SKO

ASSESSVENT[]
O
Sanj ay[JS. OChauhan'CandDavi d0S. CBowl es?[]
0
ABSTRACTL]
0

Ri skdassessnent i sObecom ngdnoredw del yJuseddtoOsuppl ement Otraditional O
appr oaches[t ol0danilsaf et yOdeci si on- maki ng. O0DaniJowner st hr oughout DAustral i a, O
t heOU. S. OAr mydCor psOof OEngi neer s, DJanddt hedU. S. (0Bur eauof ORecl amat i onOar e
usi nglr i skOassessnent CasCaldeci si onOsupport [t ool . O

O

Thi sOpaper Osunmar i zesOanOappr oachlt ol ncor por ati ngdi nput Ouncertai nti esi nt o0
ri skdanal ysi sOnodel . OO nput Ouncert ai nti esOar eldcapt ur edObyOusi ngOpr obabi i tyd
di stributions,danddtheirdinfluenced ond riskd assessnent O resul tsd canO bel
expressedl nt er nsOof [0t helconf i dencellassoci at edCwi t hOmreet i ngit ol er abl e0ri skO
gui del i nes. O

O

Thi sOpaper Opr esent sOalf r amewor kOandOpr ocedur edf or Ouncert ai nt yOanal ysi sOi nO
danil saf etyO ri sk assessment, 0 andd denonst rat esd soned useful O formatsO for O
presentingresul ts. OO

O

| NTRODUCTI ONOI

O

Thr oughout Ot heOwor | d, Ot heOmanagenent Jof Ot heOsaf et yOof Oexi sti ngddansOhasO
becomet heOpri nci pal Of ocusOof Odantlengi neeri ng. OOTher i sk- enhancedOappr oachd
i sOi ncr easi ngl yObecom ngOr ecogni zedOas Oalway Oof Oconbi ni ngdt heObenef i t sOof O
theOtinme-testedOtraditional Oapproachdtol danil saf etyd andd t hosed of O ri sk
assessnent . 0 0O ThroughO t heO systemati cO procedurel of Ori skl assessnent, O dani]
engi neer sdcanOdevel opOanOi npr ovedOunder st andi ngOof Ot heOt echni cal Daspect sO
thatOaffect Ot hed saf ety of 0 all dam O andd dant] saf et yO manager s canlJ obt ai nO
\léal uabl e[ nput s0f or OdanmiJsaf et y[Odeci si on- maki ng. 000

Spaceldoesnot Oper mi t Oalpr esent ati onOof Ot heOpri nci pl esdandOpr ocedur esOof O
danilsaf etyOri skOanal ysi sUandOri skOassessnent. O00OTher ef ore, Ot heOr eader Ji sO
ref erredt o0Bow esOet Oal (0(1998al00and11999) OandOBow esl0andChauhand(2001) . (OO
For Odi scussi onsOof Or i skOmanagenent Ot heOr eader i sOr ef er r edOt o00Bow esOet Oal O
(1997) OandOf or Oport fol i oOri skOassessnent Ot oO0Bow esOet Dal O( 1998b0andd1998c¢) O
and Bow es(2000). 00 Thesel papersddrawdfronilt hedaut hors’ Oexperi encedof O
wor ki ngDonOi ndi vi dual DandOportfoliolriskOassessnmentsOfor Onoredt hanOt woO
hundr edddans [ nCAustral i a, ONor t hCAmer i ca, OAsi aCandOEur ope. (0

O

Uncertaintyli s ntrinsi ct ot heOvari ousOi nput sCusedi nObot h(lt hellt radi ti onal O
st andar ds- basedd approachO t o0 dan] saf ety asO wel | 00 asO t heO ri sk- enhancedO
appr oach. O0OFi gured10i sOalschemrat i cOr epr esent at i ondof Osomedof Ot helf act or sO
t hat Or esul t i nOuncertai nti esl nOvari ousOri skOanal ysi s nput s. O0OUpCunt i | Onowd

'Resear chd Assistantd Professord of 0 CivilO andO Environnental O
Engi neering, Ol nstitutelfor ODanmdSaf et yOR skOManagenent, Ut ahOWat er O
Resear chOLabor at ory, (0Col | egeof OEngi neeri ng, OUt ah(St at edUni versity, O
Logan, 0 U ah0 84322-8200; O and Staffd Engi neer, 0 RACO Engi neersd &
Economi st s, [115200Canyon[JRoad, [Pr ovi dence, (Ut ah[184332- 9431.

’Pr of essor Oof G vi | DandOEnvi r onmrent al OEngi neer i ngCandODi rect or, O
Instituteld forO Danil Saf et yd Ri skJ Managenent, [0 Ut ahd WAt er 0 Resear ch(d
Laboratory, O0Col | egedof OENngi neering, DUt ahOSt at edUni versity, OLogan, O
Ut ah0 84322-8200; Oandd Pri nci pal , 0 RACO Engi neer s &1 Economi sts, 015200
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nost OdantdsafetyOri skOanal ysesOhavelbeenl conduct eddusi ngdonl yOt heObest O
esti mat esOof Ot heOi nput sOandOaOsensi ti vi t yOJanal ysi sOi nOwhi chOt heOupper DandO
| ower OboundOest i mat esof Ot hedi nput sOar eOexpl ored0t odassesssensi tivitydof O
t heO decisi onsO basedd ond thel bestd estinmatesd valuesO tod thed inputO
uncertainties.dOHowever, OthedsensitivityOanal ysi sOapproachlisOseverel yO
I'imtedd nlt hat D t OdoesOnot Opr ovi deCalpi ct ur eCof Ot heOent i reldi stri buti onOof O
outputsO thatd wouldO resultO frond thed jointO distributiond of 0 inputl
uncertainties.d O Thus, O whend perform ngd all sensitivityd anal ysi sO oned hasO
little, O fOany, 0 dealof Ot helrel ati vedl i kel i hoodOassoci at ed[wi t h(It he[out put sO
t hat Oar e0obt ai nedOf ronJaOparti cul ar Oconbi nati onOof Oi nputs. OOl nOcontrast O
uncertai ntydanal ysi sOprovi desOt hi sJaddi ti onal Oval uabl edi nf or mat i onOabout O
relativellikelihoodsO of Othel outputsOforOdani] saf ety deci si on-naki ng0 asd
denonst rat edOl at er Oi nOt hi sOpaper . OOFor DanOaut hori tati veOr ef erencelont heO
t opi cOof Ouncertai ntydi nOquantitativedri skOandOpol i cyUanal ysi sCt helr eader 0 sO
ref erredt o0OVor ganCandOHenr i on[)( 1990) . O

O

Thi sOpaper Oi sOdi vi dedOi nt o0t hr eeOmaj or Osecti ons. O0TheOnext Ot woOsecti onsO
summar i zeOuncert ai nt yOJanal ysi sOappr oachUOandOr esul t sOof Ouncer t ai nt yOanal ysi sO
perfornmedOondadhypot heti cal Odam OO Thedpaper Ocl osesOwi t hOadsunmmar yOandd
concl usi onsOsection. O

O

UNCERTAI NTYOANALYSI SCAPPROACHO

O

General O

O

AsOshowni nOFi gured1, Oi nput sOt o0alOdamdsaf et yOri skOanal ysi sO0nmodel OcanObeO
groupeddintodthelfol | owi ngO cat egori es: Ol oadi ngs, 0 syst en] responses, 0 andO
consequences. OOAl | Oof Ot heseOhaveOuncert ai nti esdassoci at ed0Owi t h(Jt hem O0TheO
uncertaintiesd mayd beld intrinsicO tod thed wunderlyingOd physical O andd
ant hr opol ogi cal 0 processesl] (aleatoryd uncertainty),d whichO affectd danil
per f ormance, Ooper ati on, DJandOener gencyOmanagenent Oor Ot heyOmayOr esul t Of r onid
ourOpresentdinabilityOtoOaccuratel yOestimatel or O nodel Ot hesed processes
(epistem cd uncertainty).d O InO uncertaintyd anal ysi s thesed inputsO areld
charact eri zeddusi ngOprobabi lityOdi stributionsOof OtheOriskOanal ysi sOnodel O
i nput sCasOdescri bedi nf ol | owi ngOsubOsect i ons. O0Typi cal | yOOt heOr i skOanal ysi s
nodel Oi sdi nOt heOf or mJof DanUOevent Ot r ee. O0OFor JalOdi scussi ondof Osonedof Ot hed
practi cal Oconsi derati ons nCusi nglevent [t r eesf or OdantJsaf et yOri skOanal ysi s, O
thelreader O sCreferredt olHi | | Cet Cal [ 2001b) . O

O

Met hodol ogyO

O

Fi gure020i sOa0Of | owddi agr anidf or Oper f or mi ngdanOuncer t ai nt yOJanal ysi sOf or DanO
exi stingOdanidanddri skdOreducti onOOnmeasures. OO0TheO@R sk, Ori skOanal ysi sOandO
si mul at i onOadd- i nOf or OM cr osof t OExcel O( Pal i sadeCor por ati on(01996) , [wasOusedO
tol perfornid thed uncertaintyd anal ysi s runs. O O Thed ri skO anal ysi s0 nodel , O
cont ai ni ngt heOf | ood, Oeart hquakeOandOst ati cO( Nor mal OCper at i nglCondi ti ons) O
event [t r ees, OwasOpr epar edi nOM cr osof t OExcel . OOVBAOmacr os, Owhi chOwer e(JusedO
toOrunOthelri skdJassessnent Onodel , Oweredl i nkedOwi t hO@Ri skOsuchOt hat Ot hed
macr os Ower e[execut edOaf t er DeachUsanpl i ngOof i nput Opr obabi |'i t yOddi stri buti onsO
and[r ecal cul at i onCof Ot heCwor ksheets. O

O

For Oper f or m ngt heOuncer t ai nt yOanal ysi sOonOt helexi st i ngOdanidbyOi t sel f, DasO
shownOonOl ef t Osi dedof OFi gured2, Orandonili nput sOwer e(Jgener at eddusi ngdt heO
@R skO Latind Hyper cubed (LHC) O sanpl i ngd t echni queO (I man, O Davenport, 0 andO
Zei gl er 01980) . OOThi sOt echni quedi sOnor elef fi ci ent Ot hanOMont edCar | oOsanpl i ngO
i nOt hat Oi t Jachi evesOalOgi venlOl evel Dof Opr eci si onOwi t hOaOsmal | er Osi zeOsanpl e. 00
TheOr andontli nput OwasOpassedOt ot heOr i skOnmodel Of or Ot heOexi st i ngddanidt hr oughO
t heOi nput Osheet. OOTheOri skOnbdel OwasOrunObydt heOVBAOmacr osOl i nkedOwi t hO
@R sk, DandOt heOout put OwasOt ransferreddt o0t heOout put DandOr esul t Osumar yd
sheet s. O0OFor OeachOr eal i zat i onOandOf or DeachOl oadi ngi nt erval -f ai | uredOnode-
exposur elscenari o, Or epr esent eddbyOpat hwayst hr oughOt heOevent Ot r eenodel s, O
f-N-$0 dat a (pat hwayd probabilityO of O occurrence, O i ncrenental O nunber O of O
fatalitiesOandO i ncrenental O econom cO | osses) O werel transferredd fronil t hed
out put Osheet JandOst or eddasOf - N- $0out put . OOFI ood, Oear t hquake, Ost ati ¢, DandO
t ot al Oprobabi liti esOof Of ai | ure, Ori skOcost s, Dexpect eddi ncrenental Ol i f el ossO
etc., Owerellcal cul at eddandst or eddas @R skout put sCf or CeachOLHCr eal i zat i on. OO
O

For Oper f or mi ngdanOuncert ai nt yOanal ysi sOonOt heOri skOreducti onOal t ernati ves, O
t heOexi sti ngddantJandOaOr i skOr educti onOal t er nati veOwer eOr unOsi mul t aneousl yO
inOaOparall el Oconstruct, DJasOdepi cteddinOFi gured2. O0OForOri skdOreductiond



alternatives, Otwo addi ti onal O out puts, O benefit/costOratiod and cost - per -
(statistical)life-saved, Owerelcal cul at eddandOst or ed0dasO@R skOout puts. 001t O
wasOnecessar yOt o0runOt heOexi st i ngOddanidandOri skdr educti onOal ternati vesOi nO
paral | el , Osot hat Oal | Dout put sOf or Ot heOexi st i ngddanJandOanOal t er nati veOar el
cal cul at eddusi ngO0t heOsaneOrandom yOsanpl edO 1 nput Oval ues. D01 nOt hi sOwayO
esti mat esOof Ori skOreduct i onOar ednot Osubj ect Ot oOdi f f er encesOduet o0" sanpl e
error”0 or0 variabilityd betweend differentd setsO of O random y[O gener at edO
real i zati ons. OOTher ef or e[t heOsanelr andontnunber Ogener at or OseedCandt heOsanmed
nunmber Jof Or eal i zat i onsOwasOusedOf or Ot heOuncer t ai nt yOanal ysesOconduct edCon0
all OriskOreductiondalternatives. OO TheO nunberd of OiterationsOshoul dd beO
det er mi neddt hr oughOt ri al sOt oOachi eveOt heOdesi reddpr eci si ondof OkeyOout put O
vari abl estk hat 0 nf | uencelkeyldeci si onlivari abl es. O

O

Speci fyi ngluncertai ntydi stri buti onsd

O

I nOor der Ot oOper f or MJuncert ai nt yOanal ysi s, Ot heOuncert ai nt yOJassoci at edOwi t h(
thedi nput sOnust ObeOspeci fi eddusi ngdprobabilityOdistributions.O00StrictlyO
speaki ng, Jalj oi nt Opr obabi i t yddi stri buti onOof Jal | Di nput sUi sOneededOsot hat O
t heOcorrel ati onOst ruct ur edof Ot heOi nput sOi sOcapt ur ed. O0OHowever, i nOpr acti cel
i mportant OcrossOcorrel ati onsObet weenli nput sOof Odi f f er ent Ot ypesOandObet ween
differentd | evel sO of O i nputsO of O t hed saneld typeO arel preservedO t hroughO
speci fyi nglcrossOcorrel ati onsOasOanOopti onOwi t hi nO@R sk. OOTheOuncertai ntyd
di stributi onsOmayObeOspeci fi eddi nOoneOof Ot heOf ol | owi ngt woOways, Odependi ngd
onlt hed evel Cof (det ai | sCr equi r edf or [t heOst udy. O

O

For Ot heOf i rst Ol evel Oof Odet ai |, Osi npl i fi eddprobabi | ityOdi stributi onsOusi ngO
general Oforns0suchOasOthoseOillustrateddindFigured3, 0Omaydbed useddtoO
represent JuncertaintiesdinOthedestimtesOof OdirectOinputsOtodthedriskd
anal ysi s (e. g. 0 fl oodO andO eart hquakeO | oadi ng- AEPC rel ati onshi ps, O syst eni]
responsel] probabilityd relationships, 0 and consequences relationships). O
Probabi | i t yOi nput st olr i skOanal ysi sOar et ypi cal | yOobt ai nedOusi ngOpr ocedur es
summar i zedObyOFel | Jet Oal 00( 2000) DandOconsequences i nput sOar e(Jest i mat edCusi ngO
procedur esOsunmari zedObyOHi | | Oet Oal 0O( 2001a) . OO t enOupper Dand Ol ower Obounds O
areesti mtedOasOwel | DasObest Oestimates. D01 nOdsuchOcases, Dadtri angul ar O
di stributi onOshownOasCa) Cor Ob) Ui nOFi gur ed30canCbelusedddependi nghonCwhet her O
theOuncertai ntyOdi stributi onOi sOconsi dereddsynmmetri cOor Dasymet ri cOar oundO
t heObest Dest i mat efval ue. OO nOsonelcases, Oconfi denced i mi t sO nst eadOof Oupper O
and0Ol ower OboundsOar efest i mat ed. O0OFor OsuchOcasesOalOpr obabi i t yddi stri buti ond
suchOas Ot hat OshownUasCc) Oi nOFi gur ed30may ObeOused. OOl f Ot heOest i mat or Ocannot O
di sti ngui shOaOnor eOl i kel yOOr angeOof Oval ues, OaOuni f or niddi st ri buti onObet weenO
t heOupper OandO|l ower OboundsOmaydbeOanOappropri at edwaydt oOrepresent Ot hel
uncertaintyddi stributi onCasOshown nd) O nOFi gur e(13. O

O

For Dalldet ai | edOl evel Oof Ouncert ai ntyOanal ysi s, Ot heOuncert ai ntyOdi stri buti onsO
onOt heOriskOanal ysi sOi nput sOmayObelderi veddbyOt aki ngdi nt o0 account Ot hel
under | yi ngd i nput O processO uncertai nti esd andO perfornm ngd Mont e- Carl o0 t ypeO
sinmul ati onsOtoOderiveOesti matesdof OtheOuncertai ntyddi stributi onsOonOt held
di rect Ori skOanal ysi sOi nput s. O0Cur Ocur rent Or esear chi sOdevel opi ngOpr ocedur esO
for Ot hi sOnoreldet ai | edl evel Oof Ouncert ai nt yOJanal ysi sOappr oaches. O0However , O
i nOt heOwor kOdescri bedOi nOt hi sOpaper OweOusedOt hedf i r st Dappr oachObasedOonO
assi gni ngsi npl i fieddi stributionstolt helddirectriskOanal ysi sC nputs. 000

O

Uncertai ntyddi stri buti onsOwer elspeci fi eddf or Of | oodDdandOear t hquakeOdl oadi ngd
andOf or Ovari ousOf ai | urenodeOsyst enilresponseli nputs. OOTheOdi stri buti onsO
usedOdonOsonedof Ot hedi nputsdaredshownOdinOFi guresd4, 05, DJandOd60for Ot held
foll owi nglcases: O
O

e PeakUout f | ow-OAEPO( Fi gur e4a) O

e Peakl groundd accel erati ond (PGA) O —O AEPO rel ati onshi pO forO vari ousO
eart hquakeOnagni t udeOr anges, OasOshowndi nOFi gur ed4b0OwasOused. O00OThed
upper O andO | ower O uncertai nt ydl boundsO wer el set 0 equal O t o t heO PGAO
mul tipliedd byd ad factorO _ ,0 whichO wasO assignedd al triangularQ
di stributi onOhavi ngd0. 50as0i t sOni ni nundval ue, 01. 00asOi t sOnode, DandO
2. 00as0 t sOmaxi nunival ue. OO

e Fl oodOovert oppi ngf ai | ureOdsyst enidr esponsed-Covert oppi ngOdept hO( Fi gur e
50
e Increnental Oeconomi cd osses-[peakout f | owr at e Fi gur e(16a) O



e FatalityOrateO(lifeOdl oss/popul ationOatOrisk)—-0Owarni ngOti ned(Fi gured
6b) . OOTheOdat alusedObyODeKayOandOM:C el | andJ(1993) Ot oOdevel opOt hei r O
equationOf orOestimati ngdl ossOof O1i fedi ncl udi ngdvari ousOpercentil esO
basedOonObest Oesti mat esdand950per cent Oconfi dencedl i m t sOesti mat edd
for Ot heOhi ghOf orcelcaseObyODr. OM keODeKayd(1997) OandOpr esent eddi nO
Austral i anONati onal OConmitteeldondLargel Dans(1998b) Owereluseddt ol
devel opOtheseduncertaintyddistributions.00I1t0OwasOconsi deredOthatd
popul ati onCat Ori skOcanObelUest i mat ed0Owi t hThi ghCconf i dence, Obut Owar ni ngd
ti meOcanObeOqui t eduncertai n. OOTher ef or e, Ouncert ai nt yOJassoci at edOwi t hO
war ni ngCt i meCwasOr epr esent edCusi ngCalt ri angul ar Odi stri buti onOwi t h(t hed
maxi mundat Ot heOupper Obound, Ot heOnodeOat Ot heObest Oest i mat e, DandOt heO
m ni muntat Ot hed ower CboundOof [t heOwar ni ngt i melesti mat es. O

O

I nt hi sOwor k, Owelspeci fi edOper fect Ocorrel ati onsObet weenOdi f f er ent Ol evel sOof O
i nput sOof Ot heOsaneOt ype. O0OFor Oexanpl e, Ot heOt hreeOt ri angul ar ddi stri buti onsO
shownOi nOFi gure50wer eCper f ect | yOcorr el at eddsollt hat Ot heOper centi | esi nOeachO
of Ot hedt hr eeddi st ri buti onsOwer edi dent i cal . OOWeOdi dOnot Ospeci f yOanyOcr ossO
correl ati onstbet weenl nput sOof Odi f f er ent Ot ypes. O

O

UNCERTAI NTYOANALYSI SORESULTSO

O

TheO resul t sO of O uncertai ntyd anal ysesOd canl bel presentedd asO probabilityO
distributionsd of O riskDO analysisO resultsd (i.e.d estimatesO of O failureld
probabi liti esOanddl evel sOof Oconsequences). OOMredi nportantly, Ouncertaintyld
anal ysi sOresul t sO can bed di spl ayedO asO | evel sO of O confi denced i nO neet i ngO
variousO tol erabl e ri sk gui del i nesO [ USBRO (1997), 00 andd ANCOLDO (19940 andO
1998a)] Dor Ostrengt hOof Oj ustifi cati onsOmeasuresdtolproceeddw thOremedi al O
wor ks[ e. g. OALARPO(asOl owJasOr easonabl yOpracti cal ), Obenefit/costOrati os, O
andOcost Oper Ostati stical Oli fedsaved] DasOanOai dOf or Odanidsaf et y(ideci si on-
maki ng. 0 0 For O a0 di scussi ond of O t hed used of d ri skd i nformati onO andO ri skO
eval uati ond nOdanilksaf et y(deci si on- maki nglsee[lBow es[]2001) . O

O

Exanpl esOof Or esul t sOf ronidt hedri skOanal ysi sOandOr i skdassessnent Ost epsOar e
present edgr aphi cal | y(Of or (0t he[If ol | owi nglicases: O

O

e DistributionCof OprobabilityUof Of ai | urelesti mat esf or Oexi sti ngOdantdandO
ri sklreducti onOreasur e Fi gureld7a) O

e DistributionOof O ncrenent al Ori skOcost Oest i mat esf or Dexi st i ngddanidandO
ri sk educti onOreasur e[ Fi gur edrb) O

e Distributionlof OF NCrel ati onshi psf or Texi sti nglOdani) Fi gur e(18a) O

e Confidencedindnmeetingdthed ANCOLDO (1998a) 0 interin objectivedlifeO
saf et yOgui del i neOf or Oexi sti ngddamJanddri skOreducti onOneasuredJasOal
functionOof O ncrenmental O ifel ossO(N) O(Fi gured8b) O

O

SUMVARYTANDOCONCL USI ONS[

O

Uncert ai nt yOanal ysi sOcanOpr ovi delest i mat esCof Ouncertai nt yOdi stri buti onsf or O
sel ect edOri skOanal ysi sOout put sOsuchOasOpr obabi | i t yOJof Of ai | ure, Dannual i zedO
incremental OlifelOloss, OriskOcost, detc. OOThi sOi sOveryOuseful Jaddi tional O
i nformati onOconpar eddwi t hOusi ngdonl yObest Oesti mat edi nput sdor Osensitivityd
anal yses. 0 O Best O estimatel i nputs, O evenOthoughOtheyOrepresentOthel bestO
j udgment O of O experi encedd dani] engi neeri ngld prof essi onal s, O provi ded just O ald
si ngl edpoi nt Jon(t heOspect r unidof Opossi bl eOout conmesOandOwi | | Onot Oi nOgener al O
correspondsOtodtheObest Oesti matedof Ot hedout put Ovari abl es. D0Sensi tivityO
anal ysi sOtakesOalO stepd furtherOandd provi desOtheldranged arounddt hed best O
estimat elresul ts, Obut Ui t OhasOaOseverell i m tati onli nOt hat Di t Ocannot Opr ovi ded
t heO neasur e of O confi dencedinOthedresul tsOthat Oared obtai neddfronfl best O
esti mat e nput sCor [t helvari abi |i t y[t hat Oexi st Cabout [t hoselr esul ts. O

O

Bow es[J(2001) Ost at esOt hat 0“ TheOri skdOassessnent Of ramewor kOcanObeOusedOt o0
capt ur et helj udgment sOof Odantlengi neer i ngOpr of essi onal s, DandOpr ovi di ngOt hat O
i nformat i onOt oOdeci si onOmaker sOal ongOwi t hOi nf or mat i onOf r oniJot her Osour ces, O
i nCt heOf or nJof Jalbusi nessOcaself or Oaddr essi ngddaniJsaf et yOi ssues”. O0OTheOuseld
of Ouncert ai nt yOanal ysi sOpr ovi desOanCOenhancedOway [t oOpr esent Ot heOout conmesCof O
ri sk(assessnent Ot oldeci si onOmaker sObyOcar ryi ngOf or war dt hr oughOt heOpr ocess
represent ati onsOof Ot hedl evel Oof Juncertai ntydi nOri skOanal ysi sOi nput sOandd
hence he[ evel Oof Oconfi dencel nCri skOassessnent Cout cones. O
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