DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

Contingency
Guideline

3" Edition, 2025

‘A reference for different practical risk-
based decision-making approaches to
managing schedule and cost contingency
allowances throughout the project and
program investment lifecycle.”

RISK ENGINEERING SOCIETY (RES)



—~HN

RISK ENGINEERING
ENGINEERS SOCIETY

AUSTRALIA

A publication of the Risk Engineering Society (RES) and Engineers Australia
Author: Pedram Danesh-Mand
Authorized by: David Cox, RES National Deputy President on behalf of RES National Executive Committee

Key contributors (alphabetically ordered): Santosh Bhat, Gareth Byatt, Patrick Chaplin, Colin Cropley, Ben
Du Bois, John Z Fitzgerald (in memoriam), Warren Fletcher, lan M Gray, Wes Horwood, Gary Jerome, Jeff
Jones, Ainslie Just, Moj Kesheh, Edward Lewis, Aurelia Noran, David Sherrington, Alexia Nalewaik, Moataz
Mahmoud, Mike McCloskey, Nages Nageswaran, Mike O’Shea and Dale Whelan.

Furthermore, endorsed by:

irm

Institute of Risk Management

RES Contingency Guideline

Third edition, 2025

ISBN 978-1-925627-94-7

© Engineers Australia 2025

All rights reserved. Other than brief extracts, no part of this publication may be reproduced in any form
without the written consent of the publisher.

RES, Engineers Australia
11 National Circuit, Barton ACT 2600
Email: res@engineersaustralia.org.au

DISCLAIMER

The material contained in this Contingency Guideline is in the nature of general information only and is not intended as advice on
any particular matter. Engineers Australia makes no statements, representations or warranties about the accuracy, completeness
or reliability of any of the information contained in this publication.

The information in this publication is provided on the basis that all persons accessing the publication undertake responsibility for
assessing the relevance and accuracy of its content. No person should act on the basis of anything contained in this Contingency
Guideline without taking appropriate professional advice upon the particular circumstances.

To the maximum extent permitted by law, Engineers Australia, the publisher and authors of this publication disclaim all
responsibility and all liability which may arise from any person relying on any information in this publication, including without
limitation, liability in negligence and for all expenses, losses, damages and costs that may be incurred as a result of the information
being inaccurate or incomplete in any way and for any reason.

Page 2 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025


mailto:res@engineersaustralia.org.au

o

ENGINEERS

Page 3 of 224

c

RISK ENGINEERING

AUSTRALIA SOCIETY
1. INTRODUCTION ..ccciiiiittiiiienniciieniicismmieissmesiisssieiissistssssstsssestiasssettssistssssssssssssssstssssssssassssssasssssssaness 10
1.1 STRUCTURE OF CONTENT 1ttttttttttttttttttetteetetetetetetetetetetetatatasateetesaeesesssesesseeesesesssesssesssesssesesesesssssssasssnsssnsssnsnsnns 10
1.2 PREAIMIBLE ....utvtuttiututeittuieieiererererertrereeeeeteeeeeeetteteeeetetetetetttetettteteteeteteteeetetataeasaeesasseeesesessseeesessesesesesssesesssssssssans 11
1.3 PURPOSE & SCOPE ...ciiiiutitiitee ettt e e e ettt et e e e s ettt e e e e e e se e bataeeeeeesnbbaaeeeesaaastaaeeeeesassnstaeeeassaassstaneeeessanssenneaens 11
1.4 AAPPLICATIONS. .. tttttteteeesutttteeesssssutteaeesseasseraeeeessasssstseesesssassssseseeesssssssssessessssssssessessssssssssensessssssssseseeessnssnnnes 12
1.5 [ 0 N T T PRSP 13
1.6 GOOD INDUSTRY PRACTICE FOR GOVERNANCE ....ccceiiiiiiiiiiieieieeeeeeeeeeeeeeeseeesesesesesese s e s nannnnnnnnnnnsnnnnnsnsnnnsnns 13
2. CONTINGENCY AS PART OF RISK MANAGEMENT ...cccocitttiiiiinniininmeisissmeiissieisssissssissscssens 16
2.1 STRUCTURE OF CONTENT tttttttttttttttttttetetteetetetetetetetetetetetatataeseeaeaseaesesesesessesesesesssesssssssssssesesssasssssssasssasnsnnssnnnnnns 16
2.2 RISK MIANAGEMENT PROCESS & CONTINGENCY ....uuuuiiiieieeeieiiiiieeeeeeeiitrtseeeeeesasraseessseasassssssesseesssssesssessensnsens 17
2.3 CONTINGENCY DEFINITION ittt tititiiiiiiit it ettt e eeeeeeee s e e e s e s e se s e s e s e s e s et et st absbsbsbebe b e beeetaeeeeeeeaaeaaseaaaeaens 18
2.4 OBJECTIVE AND SUBJECTIVE UNCERTAINTIES t1itttiitiiiiiititieieieeeeeseeeseessesssesesesesesese s aaaassasasssasssasesasenens 19
2.4.1 OBJECTIVE UNCERTAINTY . ttttttteeeieiuttteeeessssuutteesesssssussesseessasssssesesesssasssssessessssssssssessesssssssseseeessssssseeeees 19
2.4.2 SUBJECTIVE UNCERTAINTY otttititieieieieieieieieteteeeeeeteteteteeeteaeeeesesesesesesesesesesesasasasessssssssssssesssesssssssssassssnnnsnnnnnnn 20
2.5 RISK WWORKSHOP FACILITATION .ottuuuieittettttiuuiaeeeeeeeeuunneeseseretamennnseesesssmmsnnnseseeessmssmsmeesessrsssnmareesessmmssnnaeeseens 21
2.6 (@0 ] N 81N c] = N o G =X o ] PRt 24
2.6.1 PROJECT DEVELOPMENT PHASE ..ottt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e s e s e e s e e s e s e s e nnanann 24
2.6.2 PROJECT DELIVERY READINESS PHASE ...cvtiiitititiiiiiiiiieieieeeieeeeeeee et es e e ee et e e e e e e e e e e e e e e e e e e e e e e e e e sesesesesesesesesssesenenans 25
2.6.3 PROJECT DELIVERY PHASE.....citttiiititiiiiiiitieieeeeee ettt e e e e e e e e e e e e e e e e e e e e s e e e e e e e e s e s s s e s s sesesesesese s sasasasasaasnannes 27
2.7 DELAYS & COST OVERRUNS ..ceiiiiettittteeeieiitteteeeesssssteeeseessassssseessssssssseseessssssassssseessssssssssseeessssssssseseesssssssssseeees 28
2.7.1 SCOPE VARIATIONS ...uutttttteteieiutiteeeesssssuteeetessssssaseeeeesssasssseesesssassseseeesssssssssnseesssesssssesseessssssssessesssnssssseseees 30
2.7.2 TECHNICAL FACTORS ...cetttteeie i eeeeeitee e e e e e e ettt ee e e e e e et etaua e aeeeeeeataaan e eeeeeeaassaansseeeeenessnnsaseeeesennssnnnnseeeeenennnnnns 31
2.7.3 (@00 N T A7 = = N 1PNt 32
2.7.4 STRATEGIC IMISREPRESENTATION .eiitiiiiiieieieieieieieieteteeeeteaetesaeeeeseseeeeeesesesesesesesesesesesessssssssssssssesssesesssssssasanns 34
2.7.5 ORGANISATIONAL CULTURE ..ttt ttttitie it ieieiesesesesessssesssesesesesessasasassaaassaasssssasssssesssesssssseseseseteseseteserererereresanenen 35
2.7.6 o U =] oy 1 LV PN 38
2.7.7 [ PRSPPIt 38
2.8 FURTHER READING .ceiiiittiteeteeeeeitteete e e seatteeeeesseataeeeeeseseasbaaeeeeeeasasssaseeeesesssssaneeassasssnsseeeeessassssseneeesssnnssnneenes 38
3 KEY CONCEPTS OF CONTINGENCY MANAGEMENT.......ccceiititmiiciinmiiiiemmiiesiissssmiesssssens 40
3.1 STRUCTURE OF CONTENT ttttttttttttetttreeeeerereeeteteteteeetetetesetatasasesaseeeesssesesesessssesesssssesesssssssssssssssasssssssssssssssssssnnnnnns 40
3.2 EXPECTED ACCURACY RANGE ... .uuuutuiuiiiiieieteitttietetttetetereeteretetesttttettetttttttetettttttttttttttetttetetetatetateteeeseeeesseeeeeseeens 41
3.3 CONTINGENCY & PROJECT LIFECYCLE ...uuutiieiiieieiititeeeeeeesittteeeseeesaiataseesseeasasssssessssesasssesssessessssssssesssesssssesssannnn 42
34 CONTINGENCY AT PROGRAM & PORTFOLIO LEVEL .utviiiiiiiuiiiieieeeieiiiieeeeeeseerntreeseessesnsseessessssssssessssssssssssnseens 47
3.5 PROGRAM PORTFOLIO EFFECT .uuutittietiieitieteeeeessintteesesssssssaeeeeesssssssanseesssssasssnseeesssssnsssnesessssssssssseeesssssssseeees 50
3.6 STRATEGIC CONTINGENCY .eeetiieiiurureeeeeeeioutereesesessstereeesssssasseseesssassssseseeesssssssseseesssssssssesesessssssssseseesssssssseneees 53
3.7 FURTHER READING .. .ciiitituiieiiseeeteitieee e e e e e etttetee s e s e e e eetauaaaaeseeeeaassaaa e eeeeeeaassanssseeesernssnnnsseeeesnssnnnneseeeeennssnnnnnsens 54
4. CONTINGENCY MANAGEMENT FRAMEWORK ...ccceiitiiuniiiinnniicimnmiieniisssimsmiiesmeiissssssssens 55
4.1 STRUCTURE OF CONTENT ttttttttttttttttttteteteeeeeteteteteeetetetetetatetaesaaesaseseseseeesesseseessssssssssssssssssssesesasssssssassssssssnssnnnnnns 55
4.2 (@ LY Y1 Y PPNt 56
4.3 INHERENT & CONTINGENT RISKS ..utttiiiiiiiiiiiiiiieeeeeiitteeeeeesesitteeeeesssestatseesesessssasseeessssansssssesssessnsseseeessssssssenees 57
4.4 CONTINGENCY MANAGEMENT PROCESS OVERVIEW iiiiiiiiiiiiiiiiiiieee e eesese s se s e s s s 62
4.5 ROLES & RESPONSIBILITIES vveeiieeiuutttteeseeasurteeeeessssissseeesesssssssssesssssssssssneeesssssasssnseessssssssssnesessssssssseseessssssssseeees 64
4.6 RELEVANT QUALIFICATIONS AND CERTIFICATES ...uuuuuuuutuuuuerersrererereessesrererererererereremememmeemmmmmmemmmmmmmmemmmmmmmemmrmreren 65
5. CONTINGENCY DETERMINATION....cccoittttiiiiienniicitmmiiiessieiiassissssssisssstissssssssssssssssssssssssssssassssssss 66
51 STRUCTURE OF CONTENT tttttttttttttttttttetetteetetetetetetetetetetetatataeseeaeaseaesesesesessesesesesssesssssssssssesesssasssssssasssasnsnnssnnnnnns 66
5.2 (@ LY Y1 Y PPNt 67
53 SCHEDULE CONTINGENCY DETERMINATION ..ttttitittitieteeeeeeeeeeetererereteteieieteieieteteteteitietteteeteeeeeeseeseresssssessssssssses 68
53.1 DETERMINISTIC IMETHODS ..cettttitititiitietieeeteteteeetetesetetetetetetetetetsseseseesetesssessssssesssssssssssssssssssssssssssssasasssnnsnsnnns 68
5.3.2 PROBABILISTIC IMIETHODS .eeiiiiieitttiteteeeseittteeseeesesteseeesesssassaeseesssesassseseeesssssassssseesssessssseseeesssssssssseessssnsnnnes 70
5.4 COST CONTINGENCY DETERMINATION . ...utttttieeieiurtrteeeeesiasttrreesesesasrereeessssssssseesesssssssseseeessesssssnesessssssssensessss 75
54.1 RELIABILITY OF IMIETHODS ..ccevtiiiiitieiietereeeeeeeeeeeeeeeeeeeeaeteeatasaeeasaeesssesesesesesessesesesssssesssssesssssesssssssssasssnsnsnnnnnnnen 77
5.4.2 DETERMINISTIC IMIETHODS .. it ieeeitetieie e e e e eettttaeee s e e e e etataa e eeeeeeeeasasanaaaeeeeeaassansaeseeeranssnnnsaseeeeeeesssnnnseeseeennnes 78
54.3 PROBABILISTIC NON-SIMULATION IMIETHODS ..cettittiiiiiiiiiiiiieieeieeeeeieieeeseseaeaaaeaaaaaasaaaaaaessssssessssssesssesssssesssns 81
5.4.4 PROBABILISTIC SIMULATION IMIETHODS ...cctttitiiiiiiieiieeeeeeeeeeeeeeeeeeaeseseseaeaaaaaaaaaaaaaaaaaaaaeaeeessesesesesssesesesssesssssans 82

Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



o

ENGINEERS

c

RISK ENGINEERING

AUSTRALIA SOCIETY
55 CONTINGENCY DETERMINATION TOOLS & SOFTWARE .....ceiiiiiiiieeee e e e e eeeeeeeeeeeese e e se s e s e se e nnnnnnnnnes 88
5.6 VALIDATION AND BENCHMARKING ...uuuuuuuuuuuuuuuuuueusursssssssssrsrerererererererereresesmmtesttttetttttettttteieiereteierereeeaeaeeens 90
5.7 FURTHER READING ....uvvtututtititieitiertrtretererereeesereeeeeesereseettettttettettetetttetteeeteteteteaseatatatasaeeseesseeseseseseseseseseesesesssssns 91
6. CONTINGENCY ALLOCATION ..cuiiiteiiieiiiniiieniiieniiisesiississsissieissierssiosssisssstssetsssstsssssssstsssstssserssssssssssns 94
6.1 STRUCTURE OF CONTENT t1tttttieieiuttttteseeasoetereesssssaisrereeessssmassseseesssassssssesessssssssessesssassnssesssesssssssseseessssssssseeees 94
6.2 OVERVIEW ..tttttieeeieiittttetessessntttetesesasussaeeeesssassssseesesssassssseeesssssassssseesssssssssesesesssssnssssseesssesasseseessssnssssseneesssnnnns 95
6.3 CONTINGENCY & CONTRACT TYPE ciiiiiiiiiiiiiiiii i e e e et e ettt ee et et eesesese s e s e se s e s e s e e naanaaasassessssssssssssnsnsssasssasssarsrannnnns 95
6.4 CONTINGENCY & RISK ALLOCATION TYPES ciiiiiiiiiiiiiee i e i ettt e et eee et eeeeee e e e e se s e s e s e se s e s e s aannnnsnsnnnsnsnnnsnsnnnnens 96
6.5 CONTINGENCY AND PROJECT PERFORMANCE IMEASUREMENT ...ccccuiiiiiieeeeeiiiiereeeeseeinreeeeesesesanssesesessennnssseeas 97
6.6 CONTINGENCY ALLOCATION IN SETTING PIMIB ... .ottt 98
6.7 SCHEDULE CONTINGENCY ALLOCATION .ittttttttitttiteeteeereeeeeeererereteteietetettteteteietaeetettteeeeeeeeeeesesesesesssssesssssssssssens 101
6.7.1 VERTICAL ALLOCATION . .uutttututtrerurererersrererererereeetrseettttttetttttttttttttttttttmtettttttetttetettteteteteteieteteteteereeeeeeeeeeeeenn 101
6.7.2 HORIZONTAL ALLOCATION 1eittiiieutttttetesaseuttereeessassstenetesssssasssesessssassssseessesssssssssessessssssssseeesssssasssseessssssnnnes 102
6.8 COST CONTINGENCY ALLOCATION ..iiiiiiiiiieieieeeeie e e et eeeeeeeeeesesesesesesesese s e s e nnnanannnsasasnsssssssssnsssnsssnssssrsrnsnsnnennns 103
6.8.1 VERTICAL ALLOCATION . c1tttuueteteeetttttuuaaeeeeerannnnueeeeseestersnnntesesenmssmmnseseeeseeesmanaeseeeesmemsnmneeeeersmmsmmmnereseeennnes 103
6.8.2 HORIZONTAL ALLOCATION .etttttiitttitieeeeiertetetetetetetetetetetetatatataeasassseeesseseeseeseesesssesssssssssssssesssesesesssssasasssnsnnnns 106
6.9 FURTHER READING ....ututttuttttitieitieittettretererereseeeeeeseseseeetteettttetttttetttetttttteeetetetetetetetaeaeeseseeeeeseesesesesseessseesesesesens 107
7. CONTINGENCY CONTROL cciiuiiieiiiieiienicieiiiniiimiiismiiesiisiisitsissiitssiesssiesssssssstsnsrassersssssassssassssnsss 108
7.1 STRUCTURE OF CONTENT tttttttttttttttttttteetteteeteteteteteteteteteteteteteteteteteteesesesesessesssssssssssssssssssssssssssssssssssssssssssnsssnnn 108
7.2 OVERVIEW ..ttittieeeieiitieeetesesettteeeeeesessateeesessssstaseesssasssstaseeesssssssssessesssasssssesesessssssssseesessssnsseseeessessassseseesssnnnns 109
7.3 SCHEDULE CONTINGENCY CONTROL t1eiieiuuutttitereieiutteeeeesesssuntteesesssasssseessesssssssssesssssssssssnesssssssssssneeessssssnssesees 109
7.3.1 SCHEDULE CHANGE CONTROL ititititiiieieieieieieteieeeeeeeeeeteeeteaeaeeeaeeeasesesesesesesesesesesessssssssssssesssesssssssssessssssnnnnn 109
7.3.2 SCHEDULE RECOVERY AND ACCELERATION ..cettttteteieteieteteeeeeeeeeeeeteseeeseeeseseseseseeessaseessesesesessesesesessseassesssesns 111
7.4 COST CONTINGENCY CONTROL titiiiiiiiiiiiiiieie e et ettt ee e e e e e e e e e e s e s e s e s e s e e s e aaababasssassbsbasebasatasesasesannnannnans 111
7.4.1 QA O 1= T Ton 1 LV 2SS N 112
7.4.2 OVERALL PROCESS .. iiiiiiiiii st ie et bttt bttt et et et e e e e e b e e e b e aeeeaeaeeeeeeeeaeenans 112
7.4.3 DELTA CONTINGENCY .uuuttttteteieieureteeesesaioustestesssasossanesessassssseeeessssmsssessssssssssssseessssssmssssessssssssssnseesssessnsses 113
7.5 FURTHER READING et i iiittitiiet s e estittee e e s es ettt e e e s sesatteeeeeesesssstaaeeesesasssssaeeesssasssssasesasssssssssaneesssensssseneeesssnsnsnns 114
8 APPENDIX A — KEY DEFINITIONS .....otuiiiiitiiiiiinniiciieniiiesmiiesiisssoissstsssmsiissssssssssssssanssssssnnsss 115
9 APPENDIX B — RISK WORKSHOP FACILITATION .....cciettiiiiinniciienniciiescissssissmiisssesssssssssssenss 136
9.1 PHASE 1 — BEFORE RISK WORKSHOP ....uuuuuututuiuiuiereieiererereiererereresreeeretesesesesetttetttmtttetettttttttetttetetetetarasasaeseens 136
9.2 PHASE 2 — DURING RISK VW ORKSHOP .....uuuuututuitiuieieieiererererererereteereeeretttesttesttttetttettttttttertttteteteteteretaieraeaeaeens 137
9.3 PHASE 3 — AFTER RISK VW ORKSHOP ....uuutututttuttitiereiereteterrertrreeeeeeteretesestsesttttttttmttttemtteteteetettteteteteteteteteseeeeeeens 139
9.4 GOOD RISK WORKSHOP FACILITATOR .uttttietiieiiutetteeseesiiutteeeesesasnnseeesesssssssssessesssassssesessssssssssseesssssssssenseesss 139
9.5 QUANTITATIVE RISK REGISTER iiiiiiiiiiiiiiiiiiiiiiieeieeeiesesesesesesesese s e s ettt bstsbs s sssssasaensaeesnnnnenenens 140
10. APPENDIX C — RISK-DRIVEN HYBRID QSRA ......ciiiiiiiieniciineiiemiiissmeiissiisssisssssmssosss 142
10.1 ] 2= 1 PSRN 142
10.2 RISK-DRIVEN HYBRID QSRA OVERALL PROCESS ...ccvtiiitiiiiiiiiiieieeieieietesereiesesesesetasaissasasasssessssessssssssesesssenns 142
10.3 SCHEDULE HEALTH CHECK AND RECTIFICATION ..iitiiiiiiiiiieieieieieieeeieeeeeeeeaeaeaeeaaaaaaesasasesesssseessssesessesesesessnns 143
10.3.1 CONTRACTUAL OBLIGATIONS ittt it ieieieieieiesesesessssssssesesesesasassesasasesaasssasssssasssesssesessessseteteseteterererererarerereran 143
10.3.2 SCHEDULE STRUCTURE citttttttititieieieieieteteeeteteeteaeaeaeteaetetaaeaeatatetesesesasesesessssssssssssssssssssssssssesssssasssssnsssssssnsssnnn 143
10.3.3  SCHEDULE INTEGRITY tiiiiieittttteteeeieitttteeeeessetereeeesessansseseeesssssssssnesesssssassseseessssssssssessesssssssssessesssssssssseeesennns 144
10.4 LEVEL OF SCHEDULE WBS FOR RISK-DRIVEN HYBRID QSRA ....cccitiiiiiiiiiiiiiiieierereieieieiereseieeeeeeeseaneeeseeeseeneeseneens 146
10.4.1 COMMON SOURCES OF SCHEDULE UNCERTAINTY .oeiiiiiiiiieieieieieieeeeeeeeeeeesesesesesesese e nnnnnnnnnnnnnnnnnnnnnnns 147
10.4.2 WORKSHOPS AND REVIEW IMIEETINGS ..ciiiiiiiiiiiiiieieieieieieeeeeeeeeeeeaeaeaaaeaaaaaaaeaaaaaaaaaaeaeaeeaeesesaesesesssnsesnsesesannn 147
10.4.3 SCHEDULE RISK MODEL DEVELOPMENT eiiiittttiteieieieeeieeeeeeeeseaeteaeaeaaaaaaaaaaaaaaaaaaaaaaeseaeeesesessesesesssssesssesnsnsnns 147
10.5 PROBABILISTIC LINKS AND BRANGCHING ...cttitititiiiiiiiiiiieieieeereeeeeteteietetesetetetaesesistseeessseeeseesesesssesesesssssssssssens 148
10.6 IMONTE CARLO SIMULATION .etttittitieietteetteeteeeteeeteretetetetetetetetetetateteteeeeeeseteeeeessesssssssssssssssssssesssssesssssssssssns 149
10.7 OUTPUT REVIEW AND VALIDATION L..uuutiiitieieiiiitrteesessiaureetesesssessssseesssssssssnseesssssosssssesssssssssssnseesssssssssenees 149
10.7.1 HISTOGRAM AND CUMULATIVE CURVE ...uuttiiiiieieieiieiteeeeesseittreesesssssreseeessssssssssseesssssssssssseessesssssseseesssnsnns 149
O TR A e 1L N o Yo B C 23X = Rt 149
10.7.3 RISK BY EXCLUSION ... ciiiittttieieteeeeettiteeeeseeetetuuaaaaeeeeesaeasaaaaeeeeeeaasannsseeereensnsnnnseseeersnsnnnnsseseseessssnnnseeeeenenes 150
10.8 UPDATING AND DOCUMENTING RISK-DRIVEN HYBRID QSRA ....cciiiiiitieeeieieeeierereeree e en e s e s e e ea e e e e e e e 150

Page 4 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



o

ENGINEERS

c

RISK ENGINEERING

SOCIETY
AUSTRALIA
11. APPENDIX D — OTHER METHODS OF COST CONTINGENCY DETERMINATION .....ccccceeeuee 151
11.1 PROBABILISTIC NON-SIMULATION IMIETHODS ..ccttttitiiiiiiiiiiiieieeeereeeeeseieaeseaeaeaeaaaaeaaaaaaaassessessssssssesesesesesssnns 151
11.1.1 ENHANCED SCENARIO BASED METHOD (ESBIM) ...ooiiiiiiiieee ettt et e 151
11.1.2  METHOD OF MOMENTS (DELTA IMETHOD) ..uutiiiiiiieeeiiiee e eiiee e eiteeeestte e e seataeeestteeeeeataeesensaeessntaeeennsneesnsenas 152
11.1.3  REFERENCE CLASS FORECASTING (RCF) ..uiiiiiiiiieiiie ettt es et e e sttt e e et e e e e e snte e e e nan e e snnneas 153
11.1.4  PARAMETRIC BASED...iiiiiecttitietiieieiititeeesessitereeeeeeeseasrereeeesesssstaeeeessassssssaaeesssassssseeeeesssnssssseeseessnssseseeeesennns 155
11.1.5 REGRESSION BASED .....uutiiiiieiiiiciiieeee e e eecttee e e e e eeetteeeeeeeeeetataeeeeeeseabsaeeeeeeeaassssaeaeesesansbsseseeeesastsnaeeeesannnres 158
11.1.6 RN N LT o = N = o T USRS 159
I O £ N I 2 N 1 o PPNt 161
11.2 PROBABILISTIC SIMULATION IMIETHODS ...cctttititiiiiitieieeeeeeeeeseseeeaeseaeeeseaaaeaaaaaaaaaaaaaaaaaaaaaaaaeaaesesesesesesesesesnsans 162
11.2.1 OUTPUTS BASED UNCERTAINTY ciitiiiiiiiieieieieieiesesessssssssssesesesesssnasasasasssssssssssssssssssssssssssssssssesssesessserereremernn 162
11.3 FURTHER READING ...ccttttttittititiittttttieeeteteietetetetetetetetatatetaeeeteseteseesseesssssesssssssesssesssssesssssssssssssssssnsssnsssssssnnens 164
12. APPENDIX E — FIRST PRINCIPLES RISK ANALYSIS (FPRA) ...iiieeeccccenrteeeneeesceenseeennnssssssssnnees 165
12.1 ] 2= 1 PSRN 165
12.2 FPRA OVERALL PROCESS ..ccetttiiiiiiiiiiiitiiieeeeeeeeeeeteeeteteaeaeeatataeaaaeaeeeeeeeeaeeeeeeeeeseesaeassesesasesesesesssasnnsnsnnnnnnnnnnn 165
12.3 (Yl RSy N1\ 1. PN 166
12.4 BASE SCHEDULE AND SCHEDULE RISKS ..cittiitiiiiiiiiiiiiiiieieieieeeeeeeeeseseseaeaaeaaaaaaaaaaaaaaaaaaaaaeaaaeeseseeesesesesesesesnnnns 166
12.5 RISK WORKSHOPS AND REVIEW IMIEETINGS ..evtititiiiiiiiiiiitieieieeeieieieieieieteieieteieieiaieisisisiseeeeeeeeeeeeeenenesesesnnns 166
12.6 (@ = BT TS = 7N PPt 167
12.7 CORRELATION . cetttttttttttteeeeasoutrereeeesesastaeetesssasssseaeesssasssstanesesssssssseseesssassssseeseessssssssseesesssnssssseeesesssansssseeeens 168
12.7.1 FUNCTIONAL CORRELATION (IIMPLICIT) 1uvtiieiiiieeeiieeeeeteeeesteeeesteeesseaeeesasaeeesssseesenssesesnsansasnssesessssssennssnns 169
12.7.2  APPLIED CORRELATION (EXPLICIT) tiiitiiitiiiiieiitiiesite st e st e stteestteesteeestaeeaeessteesnaeesataesnseessseesssassesensnesseenns 170
12.8 e 230121 = X 1 PSRN 171
12.9 STATISTICAL IMEASURES ..cceteitieieieieieteee ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeseseeeeeeasaaaeaeasseseses e e nannnananannnannnnnnnn 174
12.10 DISTRIBUTIONS AND RANGES...cctttititititiiitiiititteteieteieteieteietetetetetttetetteteteeeeeeesessesssssssssssssssssesssssssssssssssssssans 176
12.11 TRUNCATED DISTRIBUTIONS ..vvvvtutuuuvurererererererersesrereeeeetreteeetetttttttttmttettttttmtmtttmtttttttettttteteitteteteieiemmmeeeeeeeenn 178
12.12 NUMBER OF INPUTS: RANGES AND DISTRIBUTIONS ...cettiiiiiiiuireeteserssrnreesessssssrsneeesessssssseseessssssssseseeessennes 179
12.13 SUNK COSTS cuuttttteteieieirtrteeseesiotttetesesasastateeesssasasrseetesssasasteseeessesssssseseesssasssseseeessssssssseseesssssssssensessssnssnnnns 180
12.14 I 1116 1172y T N RN 181
12.14.1 RANDOM SEED AND NUMBER GENERATOR ....uuuutuuuuurerererersrsrsrsssrsssmssssmsesssrsrererersrsmm. 181
12.14.2 SAMPLING IMIETHOD .t iiiiiiiiii ittt ettt et e e e ab e et et et et s betetseaseeesaaesesasenenenenees 181
12.14.3 INUMBER OF ITERATIONS ..uuuuututuuututeteterererererersreresereresteretesettttettetesmemeetttttttttttttttttetetetetatetaterereesaesasaeaeens 181
12.15 ESCALATION .eitiiiiiiiiiiitiiitietieeeeteteteteteteteteteteeetatetetetetaeaeeeeeteeseeseseesssesssssesssssesesasesesasssssssssnsssssnsssssssssesssssesens 182
12.16 EXCLUSIONS .ceetitiieeeieiitiitee e s e eeitteee e e s seaeteeeeeesssssatsaeeeeesasssataeaeseaanssseaeeeesasansseneeasssassssaneeesssasassraneeessnnsnnens 185
12.17 OTHER SPECIFIC AREAS OF CONCERN ...uuttttieteieiutreeeeesesaustteetesssasssssesesessssssssessesssssssssesesssssssssssensesssssssnnens 185
12.18 Ll o R N R =1 = T USSP 185
12.18.1 OUTPUT REVIEW AND VALIDATION «.uuuuuuuuuuuuuuunnnnnnnnnnnnnnssnssnsssssssssssssssssssssessssmesesmesestrererereren 186
12.19 UPDATING AND DOCUMENTING FPRA ..ottt 189

13. APPENDIX F — INTEGRATED QUANTITATIVE SCHEDULE COST RISK ANALYSIS (IQSCRA)

13.1 (1Y 0 1 PPN 190
13.2 OVERALL PROCESS .. iiiiitiiieieieieieieseeessssssesssesese st bassbsbaseaasb sttt st et st et et et e e e eaeebeeaaeaeeeseaeeeeeaeeaeenan 191
13.3 SCHEDULE HEALTH CHECK AND RECTIFICATION 1.uuttttteeeeeeioutrereeesesssnssneeesssssonsseseessssssssssnseessssssnsssseesssssnns 192
13.4 B ASE ESTIMATE .eettiiiiiiiitittteseeeitteteesssessuutteeeeessasussraeaeessasssaraeaeesssassssaeeeesssassseseeesesasanssnseesssessnssenneesssnssnnens 192
13.5 RISK MAPPING TO BASE SCHEDULE ....cctvtitiiiiieieeieeeeeeeeeeeeseeeeeeeseteteseeaaaseeeseeeseeseesssessessesssssesesssesssssesssssssannns 192
13.6 COST/RESOURCE LOADING TO BASE SCHEDULE .....uvviiiittieeeteeeeeieeeesteeeeestaeeesseeessbaeessssaesssneeessssessssnes 192
13.7 (@001 2T =1 17N 1 T ] Rt 192
13.8 BUILDING THE IQSCRA IMODEL .cittiitititiiiiiiieietteeeeteteietesetetetetateteteaeasssesesssssesessssssssssssssssssssssssssssssssssssssans 193
13.9 INTEGRATED ANALYSIS cettttttittttttetttttettttttettetetetetetetttetetetetetteeteteeteteeesesseeesssssssesssssssssssesesssssssssssssassssssssnsnns 193
13.10 OUTPUT REVIEW AND VALIDATION ...uuiuttittteeeieriutrteeeessesurteeesesssassssesesesssssssssessesssssssssesssssssssssssessssssssssnnees 193
13.11 SOFTWARE REQUIREMENTS .iiittiititiettieteieteteteeeteeeeteeeteteeeteesseeessesesesesesesesesssssssssssssssssssssssssssssssssssssssssnsnsnnnn 193
14. APPENDIX G — AUSTRALIAN GOVERNMENT AND CONTINGENCY ....cccocettrnnicrnnnnscrsencscneans 195
14.1 [ 0] =3 2 I Y @ V7 =1 33 NV 1 = N N 195
14.1.1 PARLIAMENTARY BUDGET OFFICE ciitittiiiiiiiiiiieiieeieieeereeeieteteseaetatatataseseasssssssesesesesessssssssssssssssssssssssssessssnans 195
14.1.2 DEPARTIMENT OF FINANCE ...iitttititiiiiiiiiieeeee ettt e ee e et e et e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeaeaeaesesasesesesesasanannananasnnnnnnn 200
14.1.3 DEPARTMENT OF INFRASTRUCTURE, TRANSPORT, REGIONAL DEVELOPMENT, COMMUNICATIONS AND

Page 5 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



o

ENGINEERS
AUSTRALIA

c

RISK ENGINEERING
SOCIETY

THE ARTS 202

14.2 STATES & TERRITORIES «..vttieiitteeiiittesiutteessiteeessuteeesautteesasseeesausaeesausaeesssseeesssseeesssseesssstesessssseesssseeessssenesnnns 204
14.2.1  NEW SOUTH WALES (NSWV) .ottt ettt e ettt e e et e e e ta e e e e tbe e e eeaaaeeesbeeeensteseensaeassreaann 204
14.2.2  VICTORIA (V) ettt ettt e ettt e et e e ettt e e e tte e e s taeaeebbeeeeassaeeestaae e staseassasessseaaastaseenssaeesasseeanns 207
14.2.3  QUEENSLAND (QLD) .iiutiiitiiiiiieiittesiteeiee st e st si e site e sbte e stee s be e s beesabeesabeesbteesasessbaessbaesabeesabeesaseesaseenseeenss 208
14.2.4  WESTERN AUSTRALIA (MWA) ... et eetee e etee et ee et e e s tae e e st e e e ente e e saaaeeeessteeeesaneesnsteeeenssesesssneessseenan 209
14.2.5  SOUTH AUSTRALIA ([SA) coiitiiiiieeitit e stte ettt estee et esteestteestteesaee e baeaaseesateeaaseessseassseasasessseasesaseesssessnseesssnanes 211
14.2.6  TASMANIA (TAS) ceiiiiieiieeiit ettt ette st e et esteesteestteesaee e taeaaseesateeaseessseeasseasseassseasasaseesnseesnseessseessseensaeanes 215
14.2.7  NORTHERN TERRITORY (INT) 1ttt ettt ettt e e ettt e e e ett e e e e ab e e e eeaaeeeesseeeeessesesssaeeesreaann 215
14.2.8  AUSTRALIAN CAPITAL TERRITORY (ACT) ceiiiiiiiieeiitiie ettt ettt eette e e ettt e e eeaae e e eetreeeeateeeeeaseeeeareeeennseeeenneeas 215
15. APPENDIX H - INTERNATIONAL PRACTICES OF CONTINGENCY MANAGEMENT ........... 218
1.1 CHINA ettt ettt e e ettt et e e e e ettt eeee s e s e s et e e e e e e an s et e eeeesaass b e e e e e e e e asnbeeeeeeesanne s e e eeeesaannsraeeeeeesannnrreneeeeaan 218
1.2 JAPAN ettt sttt st e e h et e b te e bt b e e e bt e s be e et e e ea b e e eate e heeeehteebe e e b e e e beesbeenateesareenreeens 218
1.3 IKOREA ettt ettt et et et et et et et et et et et aeaaaaaeaeaeeaeeaeeeteteeeeeeeeseseeeseeeseseeeeeeeeeeeeseaesesasasnsnsasnnnns 218
1.4 IINDIA ettt ettt ettt et et et et et et et et aeaeaeaaaetaaeteteaeteeeaeeeeeaeesesereseseseseneseeenanaaassasasesasasasarananananann 218
1.5 L R URPSRUPRP 218
1.6 SINGAPORE ....ctttttttee ettt e e e e e ettt e e e e e s euaateeee e e e s abae et e e e e e s s beeeeeese e anb et eeeeesaaans b e e e eeeeaannbetaeeeesannnreeeeeeeaabrneeeaean 220
1.7 INEW ZEALAND ...tttititiieiiietee e e e e ettt e e et eaus ettt e e e ae s rae e teeesa s se s e eeeeesa e nnb e e et eeesaannsbeeeeeesaannnreeeeeeesannsneeeeeesannnnnene 220
1.8 UNITED KINGDOM ..coiiiiiitititee e ettt ee e s e ettt e e e s ettt e e e e s e s s b eeeeeeeaaaanbbeeeeeeseaansbeeeeeeeaannsbeeeeeesannnnseneeessaannnreee 220
1.9 HONG KONG «..tiiiieiitiiesiie ettt ettt st s e st e e sat e e s bt e e b teeabeesabaesabeesabeesabeessbeesabeebeeebeesabeesabaesabeesataesnseens 222

Page 6 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



c

RISK ENGINEERING
SOCIETY

o

ENGINEERS
AUSTRALIA

STRUCTURE OF CONTENT

Introduction

Risk Workshop i
Facilitation

Objective & Subjective |l
Uncertainty

Contingency

Chapter 1

Project Lifecycle =

p

X Factor

rogram Portfolio Effectfey

Contingency as Part of
Risk Management

I
Cost Overrun &
Schedule Delay

Chapter 2

Contingency Management

Contingency at Program and

Portfolio level

Chapter 3

Chapter 4

Inherent Risk

Framework

]
L
Schedule
L Accuracy of

Probabilistic
Probabilistic |G

Chapter 5

1

.

Page 7 of 224

Benchmarking t

Roles & | Contingent
Responsibilitie Risk
T
Allocation

[ ]

| | | | |
Performance

Schedule Cost Schedule
Measurement

Chapter 6

Control

Chapter 7

Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



o

ENGINEERS
AUSTRALIA

c

RISK ENGINEERING
SOCIETY

LIST OF FIGURES

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:

ISO 31000:2018 Risk management — Guidelines (principles, framework and process)................... 17
Contingency X Factor during development phase from Principal’s point of view ............cccuveeeneee. 24
Contingency X Factor during delivery readiness phase from Principal’s point of view ................... 26
Contingency X Factor during delivery readiness phase from Contractor’s point of view................ 27
Contingency X Factor during delivery phase from Principal or Contractor’s point of view............. 27
A typical EXpected ACCUraCy RANEE ...ccciiuiiii ittt ettt et e e et e e e sbee e s nte e e e saeea e enanees 41
A typical project lifecycle and its key phases and mMilestoNes........ccoecvvvveeeeeeeeiiiiieeeec e 42
Estimate accuracy improves as the level of project definition improves (RP CE-48, AACE) ............ 43
Cash flow and P(X) contingency movement in a typical successful project.........cccccevecveeiiiienennee. 46
Three possible scenarios of Final Actual Cost against Base Estimate, TOC P50 and TOC P90....... 47
Contingency management at project, program and portfolio levels........cccooveeeeiiiecciiiiieee e 48
Interrelationship between risks from project to portfolio.........ccccvveeeecciiiiieee e, 49
Portfolio probabilities for multiple projects (AFCAA, 2007)........uuiieeirieeeeiieeeeeiieeeeeiee e e 52
Strategic Contingency / Board risk @pPetit.....cueccreciiieeeieeeceee ettt 53
Statistics of Triangle and Normal distributions (NASA Cost Estimating Handbook) ...................... 58
Central Limit Theorem (NASA Cost Estimating Handbook) ...........cccoeuiieiiiiiiieciiee e, 58
Normal and Lognormal distributions (NASA Cost Estimating Handbook)............ccccccveeeecvienennnee. 59
The overall process of the contingency management framework .........cccccoecvieiieciee e, 63
A typical high level contingency management ProCesS .......ccccvveieeeeeiiciiiiree et e e e ecerreee s 63
The most common methods of schedule contingency determination ........cccccceevvieeecciieeecnneenn. 68
Common process of three-point schedule contingency determination method ......................... 72
A typical process map for the Risk-driven Hybrid QSRA technique ........cccceeeevveeeecieeecciieee e, 75
The common methods of cost Contingency Determination ........ccccueeeeciiieiiciiee e 76
Common process of QCRA 3-Point Estimate methodology .........cccceevveeiviiiii e, 84
The process for the most common approach to the risk factor method..........ccecevvveeeeeiinnnnnnenn. 85
A typical process map for the probabilistic Quantitative Cost Risk Analysis (QCRA) method ....... 86
A typical process map for the Integrated Quantitative Schedule Cost Risk Analysis model.......... 87
The structure of the project budget base and its elements........cccceeeeeeeciiveeee e, 99
Allocation of schedule contingency for establishment of PMB .........ccccccviiiiiciiiecciee e, 100
Approaches for horizontal allocation of schedule contingency ........ccccccvveeeeiiiicciiiieee e, 103
An example of time and cost contingency vertical allocation.........cccccccieeeeeiiiicciieie e, 105
Interface between change control and contingency controls ........cccceeeeeiiiiieee e 113
A typical process map for probabilistic Risk-driven Hybrid QSRA.........cccoceveeeeiiiciieeee e, 142
The process of reference class forecasting (RCF) methodology ........eeeeeveeeeeciireeciieeeecieee e, 154
Common process of Parametric based methodology ........c..eeevcuvieiiciiiic i 156
Distribution parameters of a Notional Triangle .......ccueeeeiiee e e e 159
the process for probabilistic range based methodology.........ccceeeeieiiecciiicccee e, 159
Y Yol e YL 4 ¥ o] o] [ g ol g Vol =Y o} {F USSR 164
A typical process map for the FPRA Method........cccuveiiiiiiieiciiie e 165
DiStribDULION EXAMPIE ..eiiiiiiiieie et et e e e s e e e st e e e e ba e e e enbae e e e araeeeeanreas 172
Cumulative Probability Distribution (CPD) ......ccccueeiiiiiie ittt eree e e e 173
Relative frequencies of distribution shapes (US Air Force CRUAMM) .......cccccevvveeeevieeeeeciee e, 177
Common continuous distributions (LUMIVEro @RISK)........eeeeeeiiiiieiiieieiiieeiiiiieeeee e 178
Common discrete distributions (LUMIVEro @RISK).........cceecveiiiiiiieriiiiiie e e seree e 178
Brief illustration of FPRA flow of information ..........cccvveeiiiiiiciiiiieee e 179
A number of different contingency reports of FPRA OUtCOMES........cccccvvveeeeeeeiciiiiieeeeee e, 188
A typical process map for the Integrated Quantitative Schedule Cost Risk Analysis model........ 191
An example of iQSCRA process for a construction project with wet weather risk exposure ...... 191
Contingency Reserve and DTBNYA COMPONENTS....ccciiiicciiiieieee et eee e eeecrree e e e e e esenrree e e e e e e enns 197
A typical risk profile with the shape of the asymptotic ‘S" curve ......cccccvvveeeiiiiccieee e, 200

Contingency movement as per INSW Cost Control Framework for the Infrastructure Program 206

Page 8 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



o

ENGINEERS

c

RISK ENGINEERING

AUSTRALIA SOCIETY
Figure 52: Tier classification matrix, ACT GOVEIMMENT .......ciiiiiiiiiiiiiieerreee e esrreeessre e e ssere e e ssbreeessnseeees 216
Figure 53: Risk Levels, ACT GOVEIMMENT ....ciiiiiiiiiiiiieeciieeeeiiteeessieeeestareeessseeesssseeessnsseeessssaeesssseeessssseeen 217

LIST OF TABLES

Table 1: A number of studies 0N COSt OVEITUN ProjJECES ........uviiiieiieeciiiiieee et e e eecrrre e e e e e e e earrre e e e e e e eeanns 30
Table 2: Several different types of COgNItIVE DIASES .....ccccciiiiiiee e 33
Table 3: Portfolio probabilities for different levels of project correlation (AFCAA, 2007)......c.ccceecvveeeecrveeens 51
Table 4: Combination of known and unknown uncertainties, ref: Kim, S. D. 2012, PMI Congress 2012 ....... 60
Table 5: Addressing known and unknown uncertainties at different allowances ...........cccoccvveeeciieeecciieeens 61
Table 6: An example of predetermined contingency percentages for different project sizes .........ccccuue..... 69
Table 7: An example of a predetermined contingency percentages for different confidence levels............. 78
Table 8: An example of predetermined contingency percentages for different project sizes .........c.cccuuee.... 78
Table 9: An example of the item based percentage USINg WBS.........oocciiieiciiiei et 79
Table 10: An example of the item-based percentage using 10 key aspects .........ccceeeevcreeeiivieeesiieeeesciieeeennns 80
Table 11: An example of the item-based percentage Method..........coocvieiiciii e 81
Table 12: List of common risk analysis tools and SOftWare .........cccceiiiiiiie e 90
Table 13: Common benchmarking of P50 and P90 contingency allowance (Transport Projects) .................. 91
Table 14: Some examples of project areas or SUDGIOUPS .....c..eieieciiiieiiiiee et e sre e e erre e 107
Table 15: Scenarios for contingency control decisions based on delta contingency........cccocevveeevciveeercnnennn. 113
Table 16: Key columns of quantified risk regiSTer ........ccuiii i e 140
Table 17: Supplementary Green Book Guidance — Optimism Bias %......cceeeeeeeeeiecnreeeeeeeeeiirreeeeeeeeeeciveneenn. 155
Table 18: An example of the range-based method by using the Pearson-Tukey formula.........ccccveeeennnenn. 160
Table 19: An example of a correlation matrix for 4 variables .......cccccoovcviiiiciie e, 170
Table 20: RES recommended correlation factors in the absence of objective data ..........cccccvvveeeeeeinnnnneen. 171
Table 21: Recommended uncertainty distribUtioNS.........coociiiiiiii e 176
Table 22: DTMR’s Project Cost Estimation Manual, CONtiNgeNCY % .....cuveveeeuiiiiiiiiiieeiiiieeeriiee e 209
Table 23: South Australia Department of Treasury Approval Requirements..........ccccceeeeeeecciiieeeeeeeecccnvnnnenn. 211
Table 24: South Australia Department of Treasury, typical cost elements.........cccccueeeeiiiieeeccieeeeccieee e, 212
Table 25: South Australia Department of Treasury, project specific risks .......ccceevveeeeciiee e 213
Table 26: South Australia Department for Infrastructure, levels of cost estimate........ccccceeeevieeeecieeeeccnnenn. 214
Table 27: South Australia Department for Infrastructure, Options Estimates..........ccceccveeeeciieeeccieee e, 214

Page 9 of 224 Risk Engineering Society (RES) Contingency Guideline, 3" Edition, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY

AUSTRALIA

1. Introduction

1.1 Structure of Content
( ‘ Contingency as Part of
Introduction gency
Risk Management
Risk Workshop o .
Objective & Subjective il Cost Overrun &
Uncertainty Schedule Delay

Contingency

Chapter 1 X Factor Chapter 2

——/

Contingency Management

Contingency at Program and

Project Lifecycle T Portfolio level

Program Portfolio Effectlg

Chapter 3

Chapter 4

Inherent Risk
Roles & i Contingent
Responsibilitie Risk

SR Framework

| |
Allocation Control

I 1 I 1
Measurement
Deterministic Accuracy of L o Benchmarkin Vertical Vertical
Methods g
Probabilistic [

Chapter 5 Chapter 6 Chapter 7

Page 10 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY

AUSTRALIA

1.2 Preamble

The Institution of Engineers Australia, trading as Engineers Australia (“Engineers Australia”)
<www.engineersaustralia.org.au> is the Australian forum for the advancement of engineering and
professional development of its members and the wider engineering society across Australia and globally.
Engineers Australia is the largest professional body for engineers in Australia.

Technical Societies of Engineers Australia provide an important and integral link between the profession
and specific areas of technical practice. Technical Societies that function as operating units of Engineers
Australia are bound by the Royal Charter and By-Laws, regulations, and policies of Engineers Australia.

As one of Engineers Australia’s Technical Societies, the Risk Engineering Society (RES) <Risk Engineering
Society | Engineers Australia> contributes to the effective and efficient application of risk engineering
methodologies and approaches at every step of the risk management process for strategic, operational,
financial or portfolio, program and project management objectives.

Consistent, effective, and efficient engineering approaches to uncertainty and risk assessment help
businesses to better understand and quantify the range of possible consequences and the organisation’s
overall risk exposure. This empowers organisations to proactively manage the treatment and response
actions for risks and opportunities, while making informed decisions and optimising their investments.

In May 2013, the National Executive Committee of RES identified the need for a new comprehensive
guideline about the topic of ‘contingency management’ throughout the project / program lifecycle — from
its determination at the early stage of business case development to its allocation during contract
procurement and contracting and then its control and reporting during the project execution and delivery.

The 1%t and 2™ Editions of the Contingency Guideline were published in May 2016 and February 2019
respectively. The Contingency Guideline would address the contingency management requirements in the
delivery of major projects, especially for capital projects and government funded investments. Considering
the dynamic nature of this important topic — as well as changing public and private requirements and
contractual risk allocation practices, the maturity of the risk engineering profession and industry
necessities — it is the intent of the RES National Executive Committee to periodically review and update
this Contingency Guideline, to ensure its quality and to keep it up to date with new developments in
contingency management. Following a comprehensive industry consultation, the 3™ Edition of the
Contingency Guideline was published in May 2025.

The RES National Executive Committee welcomes any feedback, comments, suggestions for future
development of this Contingency Guideline from its members, corporate and project risk professionals,
cost engineers, cost estimators, project planning and scheduling specialists, contract and commercial
managers, PMO managers and the public. Please email all communication to
res@engineersaustralia.org.au.

1.3 Purpose & Scope

While there are already many publications on different aspects of contingency, the main objectives for
publication of this Contingency Guideline are:

1. To provide the practitioners with a comprehensive reference for the end-to-end contingency

management process, i.e. determination, allocation, control, monitoring and reporting
2. To provide a reference for different practical risk-based decision-making approaches to managing
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schedule and cost contingency allowances throughout the project and program investment
lifecycle

3. To help reach consensus in the methods used for contingency determination across industry and
governments in Australia and globally, by providing comprehensive information on principles and
practical methods. It also details when methods are applicable, their accuracy, and how they vary
at different stages in the project lifecycle

4. To provide practical details about all key aspects of the contingency management process, e.g.
‘determination’, ‘allocation’, ‘control’, and ‘program contingency’, not only for cost estimation but
also from project planning and scheduling perspective

5. To help practitioners to discuss and select the most suitable method of contingency management
while balancing their requirements and constraints. It highlights that there is no one method to
suit all situations and provides a framework to assist practitioners and organisations in discussing
and selecting the best method for their requirements. Furthermore, practitioners are encouraged
to improve the quality of their contingency determination by benchmarking against historical
project data as well as the current projects and industry conditions.

The Contingency Guideline provides a reference document for different practical approaches and guidance
for determining, allocating and managing the most appropriate contingency (time and cost allowances) at
different stages of the project and program lifecycle. However, in alignment with Australian Government
requirements, it excludes ‘escalation’ and its interaction with other uncertainties.

Please note that the Contingency Guideline is a general guide only. It does not set mandatory or minimum
standards or requirements, and it does not comprise professional advice. Any person or organisation
seeking to use or rely on the Contingency Guideline should obtain independent professional advice. Where
the Contingency Guideline refers to the views or opinions of any person or association, those views and
opinions are not endorsed by Engineers Australia or Risk Engineering Society, unless expressly stated in the
Contingency Guideline.

1.4 Applications

Acknowledging that the concepts and definitions may vary by each country and while the concepts and
definitions being used in this Contingency Guideline can be applied across different industries and sectors
— by owners, investors, sponsors, contractors, and consultants — the language of the Contingency Guideline
may lean more towards capital engineering and construction projects from project to portfolio level from
the perspectives of government agencies, asset owners, general contractors or sub-contractors. However,
the principles outlined are equally applicable across broader industries, including telecommunications,
Information Technology (IT) and other sectors, where robust risk and contingency management practices
are critical.

The Contingency Guideline aims to establish the characteristics of good industry practices of contingency
management throughout project lifecycle. It also seeks to stimulate discussion within organisations and in
projects so the required outcomes of risk and contingency management can be agreed and defined. The
Contingency Guideline highlights that there are three objectives of a good contingency management
approach: to accurately quantify uncertainty and risks; to encourage structural thinking; and to support
informed decision-making process. Hence, organisations should use risk engineering and contingency
determination approaches not only for their explicit results and generated contingency numbers, but also
because they force people to share, discuss and validate all key assumptions and outcomes as a team —
which is good source of information for decision-makers.

The Guideline is helpful at all levels of the organisation, where there is a need for governance of material
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impacts of risk such as contingency provisions for cost and schedule impacts. The size and impact of
portfolio, program or major provisions could be so significant that they will need to be reported and
managed at Board of Directors’ level.

The Contingency Guideline is predominantly helpful for project engineers, project managers, construction
managers, risk managers, cost engineers, estimators, project planners and schedulers, PMO directors,
general managers in project development and delivery, contract and commercial managers —in the
context of their work on projects and programs. Moreover, effective risk and contingency management
directly support strategic investment planning by helping to balance an organization's risk appetite,
tolerance, and decision-making processes, ensuring informed and optimized investment outcomes. It also
provides a useful overview for business leaders who need to better understand the subject of contingency
and its importance in achieving the objectives of project-based organisations, to make informed
investment decisions which take risks into consideration.

1.5 Definitions

The Contingency Guideline acknowledges that there is a broad range of methodologies for defining,
assessing and managing contingencies across different industries, organisations or countries. While a ‘one
size fits all’ approach is not appropriate, there are benefits in constructing a common framework with a
uniform set of terminologies and approaches, a high degree of transparency, guidance on clear
authorisation arrangements, and fit-for-purpose governance. It should be noted that many of the terms
and definitions related to the subject of risk management and contingency are industry, contract,
organisation and context specific. However, while it is a difficult task to agree on a common language, the
terms defined in Appendix A have been used throughout this document. For comparison purposes and
completeness, multiple definitions of some key terms from different sources have been also included.

1.6 Good Industry Practice for Governance

The principles of “good governance” emphasize that it is the role of the board of directors to oversee the
setting of its organisation’s strategy and risk appetite, with due consideration given to its capacity to bear
risk, its purpose and relevant stakeholders. The board should also ensure it has a risk management
framework to identify and manage risk, including plans to mitigate the impact of material risks on the
organisation. Advisory committees play a significant role in larger organisations, although the ultimate
responsibility for risk oversight lies with the full board of directors. (ref: AICD).

AICD also recommends Implementing Enterprise Risk Management to Protect and Create Value -
“Enterprise risk management represents a holistic approach to governing risks organisation-wide. Instead
of siloed management within functions, enterprise risk management provides integrated visibility enabling
trade-offs and interconnections to be managed at the executive and board level. Companies implementing
robust enterprise risk management reap benefits including smoother operations, higher performance,
informed growth and greater resilience. This article provides guidance for business leaders and directors
looking to elevate enterprise risk management.”

The governance of “Contingency” therefore becomes a key component of the risk management
framework and needs to be aligned with the organisation’s risk management policy. Also, as part of
project cost and schedule estimation, it is essential to acknowledge that any good practice contingency
determination should provide a reasonable assurance and forecast — an indicative but reasonably realistic
and reliable estimation for organisation or project purposes which uses the latest available information.
However, uncertainty does not justify a lack of discipline or integrity in the process. As a defined process
including a set of practices, one must govern and ensure the quality of one’s performance and activities.
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The following are principles of good industry practices that should be considered when developing the risk
management policy to cover effectively the allocation of contingency at an enterprise level:

a)

b)

d)

e)
f)

g)

h)

j)

k)

o)

p)

a)

Contingency management should address the organisation’s risk appetite at strategic levels, the

residual risks (i.e. post treatment risks), the organisation’s desired confidence level for strategic,

organisational and operational specific objectives

Objectives of contingency management, e.g. investment decision, tender conditions, change

management, and delegation of authority, should be evaluated and communicated

Contingency management can be used to develop an overall management of opportunities to

provide a positive effect of uncertainty on objectives

At any time, the Base Estimate and Base Schedule must:

i) contain all the cost elements and schedule activities including approved changes

ii) represent known current most likely assumptions, exclusions and strategies. Also, existing
validated trends, e.g. progress performance during the delivery / execution phase of project,
should be built into the Base Estimate / Base Schedule prior to any contingency determination

iii) have a clear and up to date Basis of Estimate (BoE) and Basis of Schedule (BoS) documents

iv) be supported by relevant data including historical information, when possible.

The previously prepared Base Estimate and Base Schedule should be reviewed, updated and
escalated for ‘Time Now’ prior being used for risk assessment and contingency determination
The process should reflect overarching quality management principles, e.g. documented,
transparent, traceable, defendable and timely

The process can support effective decision making on investments, example in Page 16, and as
part of change control and integrated project control processes

The process should ensure all key risks, including upside risks (opportunities) and downside risks
(threats), uncertainties, treatment strategies, and risk responses are explicitly identified,
quantified and assessed

Key aspects of the organisation’s culture and project specific strategies, including cognitive,
behavioral, and deliberative biases, risk attitude, risk appetite, and risk tolerance, should be also
considered. Additionally, attention should be given to addressing cognitive biases and the
organization's risk culture, which may influence how risks are assessed and managed during the
contingency management process.

Contingency management should address the residual risks (i.e. post-treatment risks), the
organisation’s desired confidence level, its project portfolio and specific strategic objectives.
Objectives of contingency management, e.g. investment decision, tender conditions, change
control, and delegation of authority, should be evaluated and communicated

Contingency management process should be regularly carried out at every stage of the project
The method used for both cost and schedule contingency determination should be consistent with
the Base Estimate and Base Schedule estimation methods at any given stage of the project
Contingency should not be a replacement for developing appropriate Base Estimate or Base
Schedule by using all available information

Contingency determination practices should be empirically valid or validated as much as possible:
either explicitly in the base methods; or through benchmarking against historical knowledge base;
or by undertaking top-down and bottom-up approaches; or by engaging in a wider range of SMEs
Post-completion project reviews and lessons learnt sessions should be conducted to assess the
effectiveness of the contingency management process, ensuring that lessons are integrated into
future contingency determinations and continuous improvement is maintained across projects
Cost and schedule risks should be assessed and quantified together, when applicable, and When
opportunities are identified, they should optimally be capitalised on by referral to a value
management process.
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RES Example: KXA Risk Advisory was engaged to undertake a specific risk-based scenario analysis to
support their client's decision on the preferred method of Horizontal Directional Drilling (HDD)
procurement strategy on a major pipeline project.

' MHDD Rig

Ground Surface

To support the decision-making process on the most optimum approach to HDD procurement strategy,
KXA Risk Advisory undertook its assessment on 3 different scenarios below.

e Scenario 1 - no pre pilot nor bore holes - in this scenario, no geotechnical investigation or HDD pre
pilot activity will be undertaken. All risks will be passed to the Design & Construction contractor.

e Scenario 2 - partial pre pilot and bore holes from one side by Council, then residual risks to be
passed to the contractor.

e Scenario 3 - full pre pilot and bore holes from one side to the other side (complete length) by
Council, then residual risks to be passed to the contractor.

KXA used a combined decision tree methodology and Quantitative Cost Risk Analysis (QCRA) by using
First Principles Risk Analysis (FPRA) and a probabilistic decision tree modelling (Monte Carlo).

Decision tree

FALSE 1]
51 - No Pre Pilot
55915363 45,915,363
] ] TRUE 1
82 - Partial Pre Pilot

§3767015  $3,767,015

FALSE 0
53 Full re Pilet H

54233706 754,233,706

Through this approach, the Scenario 2 was identified as the most optimum decision. This approach can
be also used for assessing contingency for the Long-range, Unclassified / Class 10 estimate.
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2.2 Risk Management Process & Contingency

For the purposes of this Contingency Guideline, the project risk management process is defined in
accordance with 1ISO 31000:2018 Risk Management — Guidelines, as illustrated in Figure 1. A key factor in
the success of projects is the integrated application of value and risk management processes, including
systems engineering, throughout the entire project lifecycle. The focus of systems engineering and risk
management is to identify and implement solutions that represent the best value over the project's
lifecycle while effectively managing associated risks. This approach is distinct from value management,
which primarily focuses on fulfilling business requirements.

ISO 31000:2018 asserts that “the purpose of risk management is the creation and protection of value. It
improves performance, encourages innovation, and supports the achievement of objectives.” To achieve
this goal, risk and contingency management should incorporate the expertise and opinions of stakeholders
through an iterative, structured process that leverages historical data and high-quality information. High-
quality historical data should be combined with current information, and practitioners should conduct
additional investigations as needed.

Once an appropriate and fit-for-purpose risk assessment has been conducted, the risk treatment process
should begin. This process involves specifying which risk treatment options are appropriate for various
conditions, noting that these options may not be mutually exclusive. This ensures that stakeholders
understand the process and enables practitioners to monitor progress against the treatment plan
effectively.

Principles
Integrated (clause 4)

Continual
Improvement

Human
and Cultural
Factors

Comprehensive
Value Creation
and Protection
Best
Framework Available
(clause 5) Information

Structured
ELL

Integration

. Risk Identification
Design
Leadership and

Commitment Risk Evaluation

Implementation

Process
(clause 6)

Figure 1:1SO 31000:2018 Risk management — Guidelines (principles, framework and process)

One or more risk treatment options may be selected. Some treatments (as specified by 1ISO 31000:2018)
are listed below:

a) avoiding risk by deciding not to start or continue with the activity that gives rise to the risk
b) taking or increasing the risk to pursue an opportunity

¢) removing the risk source

d) changing the likelihood

e) changing the consequences

f) sharing the risk (e.g. through contracts, buying insurance)

g) retaining the risk by informed decision
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2.3 Contingency Definition

When further risk treatment is not feasible or justifiable, but the residual risk remains unacceptable (e.g.,
above the organisation’s risk appetite but within its tolerance and capacity), allocating an allowance is an
additional treatment option to manage the potential negative impact of the risk if it occurs. As part of the
project risk management plan, the team should assess the cost, and time impacts of key risks to determine
an adequate contingency allowance. This allowance will be allocated within the cost and schedule plans to
cover the potential cost and/or time impacts of uncertainties and identified risks.

This allowance, known as contingency, is designed to address potential variations from the Base Estimate,
which may add cost and/or time, and to seize opportunities that may reduce cost and/or time.
Contingency management is essential within the risk and change management processes to ensure that
risks are effectively identified, treated, monitored, and responded to when they occur.

RES Example: Risk Treatment in a Construction Project with Contingency Allowance

Consider a construction project involving the development of a large commercial complex. One of the
identified risks is the possibility of unforeseen ground conditions, such as discovering a large,
uncharted underground water source during excavation.

Risk Mitigation Implemented

To mitigate this risk, the project team engaged in extensive preliminary geological surveys and soil
testing before the commencement of excavation. Advanced ground-penetrating radar technology
was employed, and geotechnical experts were consulted to assess potential underground
anomalies. Additionally, detailed risk assessment workshops and scenario planning sessions were
conducted to develop effective responses to a range of possible ground conditions.

Need for Contingency Allowance

Despite these extensive mitigation efforts, the project acknowledged that unanticipated
complexities might still arise during excavation. Such scenarios could lead to delays and additional
costs not accounted for in the initial project plan. Therefore, a contingency allowance was included
in both the project budget and timeline to account for these unforeseen circumstances.

Contingency for Cost:

A financial contingency of 10% of the total excavation budget was set aside to cover any additional
expenses that might arise from addressing unexpected ground conditions, such as additional
excavation work, water removal, and reinforcing the foundation.

Contingency for Schedule:

A schedule contingency of two weeks was also incorporated into the project timeline. This
allowance was meant to absorb any delays resulting from the unforeseen discoveries and

necessary additional work to stabilise the foundation without affecting the overall project
completion date.

By implementing thorough risk treatment strategies and maintaining appropriate cost and schedule
contingencies, the project team ensured that they were well-prepared to handle unexpected
challenges, thereby minimising potential impacts on the overall project delivery.

Additionally, practitioners should ensure that contingency assessments consider both objective data and
subjective expert insights. When possible, a balance of probabilistic methods, anonymous confidential
interviews, and risk workshops should be employed to reflect the true risk exposure of the project.
Incorporating a mix of objective data, subjective judgments, reference class forecasting, and scenario
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analysis will provide a more comprehensive understanding of uncertainties. Emphasis should be placed on
historical data, while ensuring that expert views and current conditions are not undermined.

2.4 Objective and Subjective Uncertainties

For the purposes of this Contingency Guideline, uncertainty is defined as a potential variation that can
occur in any phase or activity of the cost estimating, scheduling process, or other project performance
factors. Uncertainty may arise from incomplete knowledge, inherent variability, or inconsistencies within
the project’s processes. To assess the impact of uncertainty, practitioners should holistically model the
associated uncertainties. Uncertainty can be classified as either 'objective' or 'subjective.'

Objective uncertainty stems from measurable variations and quantifiable data, such as historical
performance metrics or statistical analysis. Subjective uncertainty, on the other hand, is influenced by
personal judgments, expert opinions, and qualitative assessments.

By identifying and categorising these uncertainties, practitioners can better understand their potential
implications and develop more robust risk management strategies.

2.4.1 Objective Uncertainty

When practitioners use a replicable process to derive their cost and schedule parameters based on high-
quality historical data, the associated uncertainty is termed 'objective.' For example, statistical analysis of
historical data or the use of parametric equations can model objective uncertainty. When using statistical
data, the relevant data should be carefully normalised to account for significant factors such as currency
fluctuations, escalation, and critical risk events.

If empirically based applicable statistical data is used as the basis for cost and time estimates, the
practitioner should have access to the required information to incorporate uncertainty into the cost and
schedule risk model. This includes definitions of best-case and worst-case boundaries, as well as the
nature of the probability distribution. The bounds of the specific confidence interval to be used should be
determined by statistical calculations (note: ‘level’ is not synonymous with ‘bounds’). However, it is crucial
to ensure that the statistical data does not reflect the impact of critical risk events, escalation, currency
fluctuations, or other non-contingency risks in past projects—only nominal variations in performance
should be considered.

For instance, site-specific weather data can be used to forecast general conditions and possible
disruptions, ensuring that major risk events are separated from nominal variations. Practitioners should
collect and normalise relevant historical data before applying appropriate distributions for forecasting. By
following these guidelines, practitioners can enhance the accuracy and reliability of their cost and schedule
estimates, providing a sound basis for effective risk management.

This Contingency Guideline highlights two objective methods for estimating uncertainty:

* Developing Parametric Equations through Regression Analysis: Historical data is analysed to create
equations that predict outcomes based on key cost or schedule drivers.

* Fitting Distributions to Normalised Historical Data or Estimates: Statistical distributions are used to
represent the variability and uncertainty in project costs or schedules by fitting them to normalised
historical data or current estimates.
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By relying on these quantitative methods, objective uncertainty offers greater predictability and
replicability in determining contingencies, ensuring that decisions are backed by empirical evidence and
robust statistical analysis.

RES Example: Cost Estimation for a Major Infrastructure Project

Imagine a major infrastructure project, such as the construction of a new high-speed railway system.
One significant aspect of this project is the estimation of its total cost.

Objective Uncertainty Example - Material Costs:

The total cost of the railway project includes various materials like steel, concrete, and other
construction materials. The prices of these materials are subject to fluctuations based on market
conditions, supply and demand, and geopolitical factors.

Historical Data: By analysing historical data on the prices of steel and concrete over the past
decade, project managers can identify trends and patterns.

Price Forecasting Models: Using statistical models and economic forecasts, they can predict future
price changes within a certain confidence interval.

Probabilistic Analysis: They can run simulations, such as Monte Carlo analysis, to quantify the
range of possible cost outcomes based on the predicted material price fluctuations.

Parametric or Reference Class Forecasting from similar projects or adopting industry ranges for
defined levels of design maturity

For example, the analysis might show that the cost of steel has a 70% probability of being within +10%
of its current price over the next two years. This quantifiable uncertainty allows project managers to
plan their budgets more effectively and include specific contingencies to cover any cost variations.

By acknowledging this objective uncertainty, the project team can make informed decisions about
procurement strategies, supplier contracts, and financial reserves, thereby reducing the risk of budget
overruns caused by unexpected material cost increases.

2.4.2 Subjective Uncertainty

When cost and schedule estimates are primarily based on the judgments of Subject Matter Experts (SMEs)
in place of empirical analysis, the associated uncertainties are termed ‘subjective’. Subjective uncertainty
cannot be reliably quantified without sufficient supporting data, making it less precise and reliable.

However, it remains significant in contingency estimation, especially when data deficiencies or project
constraints limit comprehensive analysis.

Therefore, practitioners must rely on elicitation techniques, which involve gathering expert opinions from
project engineers, managers, estimators, schedulers and other stakeholders. Elicitation should be
conducted carefully to mitigate biases such as optimism bias or anchoring bias, both of which can skew risk
perceptions.
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RES Example: During the planning phase of a large infrastructure project, the project manager is
uncertain about the exact duration required to complete the construction due to varying opinions
from the team. Some experienced engineers believe it will take 18 months, citing past projects of
similar scale, while others estimate 24 months, considering potential complications such as weather
delays and supply chain issues.

This type of uncertainty is subjective because it heavily relies on individual perspectives, experiences,
and judgments rather than precise, objective data. Different stakeholders might have varying levels of
confidence and assumptions based on their past experiences, leading to a range of expected outcomes
and making planning more complex.

Confidential interviews should be incorporated to reduce social or organizational pressures that may
influence expert judgments. Sensitivity analysis can further aid in evaluating how variations in subjective
assumptions impact the overall risk profile.

Subjective uncertainties often rely on intuition and qualitative factors but can still be valuable in projects
where objective data is scarce. When combined with confidential elicitation techniques, subjective
uncertainties can reveal risks and opportunities that might otherwise be missed.

RES Recommendation: Whenever possible, uncertainties should be based on empirical data, such as
historical records and reference class forecasting, rather than relying solely on expert opinion.
However, subjective insights from anonymous confidential interviews and risk workshops should
complement the data-driven approach. Fitted data should be used to select distributions in
preference to subjective selection.

2.5 Risk Workshop Facilitation

Despite the wide range of risk assessment software available, conducting a successful risk workshop to
identify key areas of uncertainty and capture different views and experiences can be a challenging
experience for project teams and organisations. The primary focus of the workshop facilitator is to manage
the process effectively, ensuring the group remains engaged in identifying and discussing risks,
understanding uncertainties, exploring possible treatments and mitigations, planning risk responses, and
considering cost/schedule trade-offs. The goal is to capture ideas and knowledge comprehensively.

Each workshop typically has three phases:

a) Before the Risk Workshop: The key challenge for the facilitator is to understand the context and
objectives of the required risk management, guiding participants in necessary preparation actions.
The facilitator leads participants in gathering relevant information, including conducting
confidential interviews to gain candid insights, particularly on high-risk or politically sensitive
aspects of the project. Information gathered during this phase should be provided to participants
beforehand while avoiding cognitive biases like anchoring bias and should be included in the final
report. The amount of information provided depends on the risk assessment objectives,
participants’ risk management maturity, available timeframe and resources, and project
complexity and scope.

b) During the Risk Workshop and Follow-up Discussions: The facilitator directs discussions on risk
identification and classification using various methods such as brainstorming, historical data
reviews, and decomposition technigues. Quantitative tools should be introduced to assess both
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cost and schedule risks. To achieve consistent risk management outcomes and high-quality risk
data, the facilitator explains which factors can be defined as risks and which are excluded. Risks
can be identified through several methods, including checklists, Risk Breakdown Structure (RBS)
templates, brainstorming sessions, relevant historical data, decomposition techniques, process
maps, Fault Tree Analysis (FTA), Hazard and Operability Study (HAZOP), Safety in Design (SiD), and
Failure Mode, Effects, and Criticality Analysis (FMECA). This phase may also include risk
guantification from cost and time perspectives, particularly at key decision gates such as Final
Business Case (FBC), Final Investment Decision (FID), or during regular project assurance reviews.

c) After the Workshop: The facilitator creates a draft risk assessment report incorporating relevant
data and knowledge gathered throughout the process, including input from all participants. The
draft report should be reviewed by key stakeholders to ensure transparency and completeness.
Stakeholders are given the opportunity to comment and further analyse the draft before the
report is finalised and delivered to the person responsible for managing risk assessment for
approval. The final report is then made available to decision-makers and other relevant
stakeholders.

Quantitative risk workshops should assess both cost and schedule risks in an integrated manner to address
potential trade-offs between cost and schedule objectives. Facilitators should ensure the full participation
of all stakeholders, as diverse insights will lead to a more thorough understanding of project risks.

Involving both quantitative techniques, such as historical data analysis and reference class forecasting,
along with subjective insights from anonymous confidential interviews and risk workshops, can ensure that
hidden risks are surfaced and addressed effectively. Further details and recommendations for facilitating
successful qualitative and quantitative risk workshops, and characteristics of good risk workshop
facilitators are summarised in Appendix B.

Page 22 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

RES Tips & Tricks: Facilitating qualitative and quantitative project risk workshops effectively
requires careful planning and execution. Here are several tips to ensure a successful workshop:
Qualitative Workshop Tips:
e Prepare Thoroughly:
o Gather relevant data and documentation beforehand.
o Define the scope and objectives of the workshop clearly.
e Diverse Participation:
o Include a mix of stakeholders—such as PM’s, engineers, financial analysts, etc.
e Structured Agenda:
o Create a detailed agenda with specific topics, timelines, and breaks.
o Set clear objectives for each session, such as identifying risks or assessing their impact.
e Use Facilitation Techniques:
o Employ brainstorming methods, SWOT analysis, or Fishbone diagrams to elicit risks.
o Encourage open communication and make sure every voice is heard.
e (Categorise Risks:
o Classify identified risks into categories (e.g., technical, financial, operational) to organise
and prioritise them effectively.
e Assessment of Risks:
o Use qualitative scales (such as high, medium, low) to assess the likelihood and impact.
e Document Everything:
o Record all discussions, identified risks, and assessments meticulously.
o Use tools such as risk registers to keep track of all information discussed.
Quantitative Workshop Tips:
e Data-Driven Approach:
o Base discussions on real, quantifiable data to assess risks.
o Ensure all participants have access to the necessary data and tools beforehand.
e Specialised Tools and Techniques:
o Familiarise participants with quantitative tools such as Monte Carlo simulations, sensitivity
analysis, probability distributions, Reference Class Forecasting, etc.
o Utilise software that can facilitate these analyses.
e Expert Consultation:
o Involve SME’s who can provide insights into complex scenarios and data interpretation.
e Scenario Analysis:
o Explore different scenarios (best case, worst case, and most likely case) and their impacts.
o Quantitatively assess the impact of each scenario on project metrics like cost, time, etc.
e Probability Assessment:
o Use statistical methods to determine the probability and potential impact of risks.
o Apply probability distributions to model uncertainties more accurately.
e Interactive Sessions:
o Encourage interactive participation by using workshops and breakout sessions.
o Discuss potential risk mitigation strategies and their quantitative impacts.
e Review and Follow-Up:
o Summarise key findings and make sure all data and assessments are properly documented.
o Plan follow-up sessions to revise and update the risk assessments.
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2.6 Contingency X Factor

Cost and schedule contingency allowances are essential for supporting investment and control decisions.

For construction contractors, the primary concern is pricing risk, whereas government agencies and asset
owners focus on maximising investment returns. Determining the optimum contingency is crucial for both
owners and contractors during the project development and delivery phases. This challenge of managing

the optimum contingency is referred to as the Contingency X Factor.

2.6.1 Project Development Phase

In the project development phase, it is vital to base the contingency allowance on the desired confidence
level. Both cost and schedule uncertainties should be considered to avoid underestimating project risks.
During this phase—specifically the Initiation, Strategic Assessment, and Concept stages, as outlined in
Figure 7 (from the Principal’s point of view)—an adequate contingency allowance must be determined for
funding allocation and investment planning. This should be done while considering the desired confidence
level, such as P80 or P90.

Allocating too much contingency may understate the investment return or even reduce the likelihood of
the investment being approved to progress further. Conversely, allocating too little could lead to
uncompetitive investments being approved, set unrealistic expectations, or compromise project delivery.
This underscores the importance of appropriate and sufficient risk quantification and contingency
determination and pricing for principals during the project development phase.

Figure 2 below illustrates the Contingency X Factor for the Principal's contingency pricing during the
development phase (i.e., Initiation, Strategic Assessment, and Concept stages). It should be noted that the
relationship between contingency and confidence levels may not be linear.

High CL to
progress
How to assess
this optimum

4, allowance?

J d P
Low CL to s
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progress
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Figure 2: Contingency X Factor during development phase from Principal’s point of view
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2.6.2 Project Delivery Readiness Phase
From Principal’s point of view

Following the Final Investment Decision (FID) or the approval of the Final Business Case—during the
Delivery Readiness and Procurement phase as illustrated in Figure 7 — it is common practice to develop a
Pre-Tender Estimate (PTE) before going out to the market. An accurate PTE serves multiple purposes: it
allows for a final comparison with the budget to ensure that sufficient funds are available before seeking
tenders, and it establishes a robust baseline estimate and delivery schedule for better evaluation of the
tender responses.

All tender returns will be compared against the PTE, making the development of an accurate and reasonable
PTE crucial for the tender evaluation process. If all tender responses significantly exceed the PTE, various
issues may arise, including the need for additional funding, complications in the project's commercial
assessment (such as the Benefit Cost Ratio, BCR), increased time pressure to meet planned milestones,
potential redesign costs, the risk of project abandonment, and reputational and public concerns.

Conversely, an underestimated PTE may result in selecting an unrealistic or incompetent tenderer, which
often leads to greater actual expenditure in the future.

Since the PTE is a base cost contract estimate, it should not include any owner's costs and risks (i.e., retained
risks). RES recommends a risk-based PTE assessment using the contractor’s costs and risks, in line with the
latest commercial and contract assumptions (i.e., transferred risks) and current market conditions. A range
of contingency allowances (e.g., P10 to P90) should be generated for the PTE. The following notes may be
helpful when developing a risk-adjusted PTE from a previously developed estimate or schedule, such as that
prepared for the Final Business Case:

e Exclude the Principal’s cost items from the PTE.
e Review and update quantities based on the latest design and Scope of Works for the tender.
e Validate, escalate, and update rates to reflect current time and market conditions.

e Include all contractor’s inherent risks and validate them.

o Note that most contract types still involve many shared inherent risks (e.g., utilities, wet
weather). Exclude all owner’s inherent risks from the PTE model.

e Validate and include all contractor’s contingent risks. Identify and allocate all Principal’s contingent
risks to the owner and then exclude them from the PTE.

e Include all contractor’s schedule risks in the PTE, while excluding all Principal’s schedule risks.

e Include costs for contractor’s risk preventions, mitigations, and risk transfers in the risk-adjusted
PTE.

When the owner receives the tender returns, the responses need to be normalised. The normalised tender
responses should then be compared to the risk-adjusted PTE range (e.g., P10-P90). For typical market
conditions, projects, and tenderers with a balanced risk profile, tender returns between PTE P40 and PTE
P70 are generally considered reasonable. Any response below P40 is deemed optimistic, i.e., aggressive or
risky, while any response above P80 is considered not to provide good value for money from the Principal’s
perspective.

It should be noted that selecting the best tenderer requires a thorough assessment of both commercial and
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non-commercial matters. This Contingency Guideline offers only a framework to support the evaluation
process from a contingency allowance perspective.

The recommended approach to determine the Contingency X Factor during the Delivery Readiness and
Procurement phase is presented in Figure 3 below.

P99
P70

P40

Generally
Might b considered
i to be

optimistic,
aggressive
or risky offer

reasonable
offer

risk-adjusted PTE Confidence Level %

Normalised Tender Responses

How to select the best value for money tender response?

Figure 3: Contingency X Factor during delivery readiness phase from Principal’s point of view

RES recommends that a post-tender estimate be produced following the completion of tender evaluation.
This involves taking the normalised tender returns and adding other cost items or addressing the latest
agreed commercial terms and conditions—including allocated risks and uncertainties—to create a
comprehensive post-tender estimate. This will facilitate a full comparison of equalised tender returns on a
like-for-like basis.

An appropriate scoring mechanism should then be applied to derive an overall score for the pricing element
of the tender, alongside the qualitative assessment part.

The evaluation process and post-tender estimate should also document any unusual circumstances, such as
all normalised tender responses being less than PTE P40 or more than PTE P70. In such cases, further
assessment and detailed reviews are generally recommended.

From Contractor’s point of view

Following the Final Investment Decision (FID) or the approval of the Final Business Case—during the Delivery
Readiness and Procurement/Tendering phase as illustrated in Figure 7 — it is crucial from the contractor’s
point of view to determine the optimum contingency allowance. This should be done while considering the
desired confidence level, the organisation’s overall risk profile across its current portfolio of projects, and its
risk appetite.

Allocating too much contingency may decrease the chance of winning the tender due to market competition,
whereas too little could lead to optimistic plans and unrealistic commitments. This challenge underscores the
importance of accurate risk quantification and contingency determination and pricing for contractors when
tendering for projects.

Figure 4 below illustrates the Contingency X Factor for contractor tender pricing during the tendering phase.
It is important to note that the relationship between contingency and confidence levels may not be linear.
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Figure 4: Contingency X Factor during delivery readiness phase from Contractor’s point of view

2.6.3 Project Delivery Phase
During the project delivery phase, it is essential to regularly and quantitatively monitor and measure the
project's risk exposure to ensure that the contingency remains adequate and reasonable for the desired
confidence level. For projects encountering many unexpected events or variations, it is quite common to
see a continuous decrease in the project confidence level as the project progresses.
When confidence levels drop significantly (below 30-40%), issues such as variations or delays become
evident. However, identifying these problems as early as possible is crucial to maximise the opportunities

for corrective and/or preventive actions.

The recommended approach to determine the Contingency X Factor during the delivery and execution
phase is presented in Figure 5 below.

100% CL

60% CL

40% CL

Confidence Level %

Time

How to identify the problem early?

Figure 5: Contingency X Factor during delivery / execution phase from Principal or Contractor’s point of view
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RES Recommendation: to set up more effective early warning indicators, use a regular (no longer than
quarterly) quantitative risk-based confidence level assessment during the delivery phase, with three
zones of: GREEN (e.g. from 90% to 60%); AMBER (e.g. from 60% to 40%); and RED (e.g. below 40%) in
addition to traditional project progress measurement, traffic lights and performance reporting.

RES Example: AKA Advisory was engaged by XLX Energy who is delivering a major LNG upstream
project to carry out a Quantitative Schedule and Cost Risk Analysis (QSRA and QCRA) on the project’s
current Estimate to Complete (ETC) cost forecast and delivery schedule (from the EPC Contractor). The
project cost and schedule status are being reported as ‘GREEN’ based on the latest monthly project
progress report issued by the EPC Contractor.

the latest approved budget is $14,068m.
$6,996m of Actual Cost (AC) expenditure has been recorded.

The estimated cost to complete (ETC) including all current trending and excluding all non-trended
contingency is $6,961m.

This indicates an Estimate at Completion (EAC) excluding non-trended contingency of $13,957m (i.e.
AC of $6,996m plus ETC of $6,961m).

AKA Advisory undertook a Quantitative Cost and Schedule Risk Analysis. This risk analysis indicated a
possible range of required cost contingency from $1,110m with 50% likelihood (P50 Confidence Level)
to $1,274m with 90% likelihood (P90 Confidence Level). This highlighted the risk of cost overrun for an
Estimate at Completion (EAC) of $15,067m (P50) to $15,231m (P90). This notes a potential variance of
additional $1,163m for P90 confidence level.

The projected ETC for P50 and P90 levels is given below:

ETC BASE ESTIMATE $M AKA REVIEW P50 ETC AKA REVIEW P90 ETC
(EXCL. CONT) ($m) (Sm)
Total $6,961 $8,071 $8,235

2.7 Delays & Cost Overruns

Cost overruns and delays are common issues in major projects. This Contingency Guideline defines a cost
overrun as the amount by which a project exceeds its initial cost estimate—adjusted for escalation and
major business scope changes—at its final decision-making milestone, such as the Final Business Case. A
delay refers to a project exceeding its initially forecast completion date. Both cost overruns and delays are
often interrelated, as delays frequently lead to additional costs.

When capital is limited, over-budget projects can cause other projects to run overtime or be cancelled
altogether. This scenario can adversely affect multiple project budgets and make it more challenging to
secure funding for future ventures. Conversely, being under budget (potentially due to excessively high

contingency allowances) can lock up capital and may result in under-investment.

Similarly, schedule delay—or slip—is measured by the time by which a project exceeds its initially forecast
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completion date, as recorded at its final decision-making milestone, such as the Final Business Case.
Schedule delays usually lead to cost increases due to factors such as penalty clauses, increased time and
effort, escalation, or a combination of these factors. Additional resource costs may also be incurred when
attempting to make up for lost time. In worst-case scenarios, efforts to recover the schedule can fail to
improve performance, and the added resources can exacerbate cost overruns. This is a risk of trading cost

for schedule that practitioners must consider in integrated analysis.

Despite decades of international studies and efforts to predict and reduce project cost overruns and
delays, major projects worldwide continue to face significant impacts. Table 1 presents some studies that
assess the cost performance of various projects across Australia and globally.

# Study Year Sector Number Mean - Standard Note
of cost Deviation
projects overrun | (SD) - cost
overrun
1 Grattan Institute 2020 Transport 30% Half of the projects with an
initial price tag of more than
AS1 billion in 2020 money
had a cost overrun. These
projects overran their initial
costs by 30% on average.
2 Grattan Institute 2016 Transport 836 26% 11% of cost overruns
directly attributable to
scope changes. 89%
attributable to other causes.
3 IHS Herold Global 2013 Mining, Oil & 80% 98% of projects incur cost
Projects Database Gas and overruns or delays. The
Infrastructure average cost increase is 80%
of the original value. The
average slippage is 20
months behind the original
schedule.
4 McKinsey and 2012 ITand 5400 45% On average, large IT projects
University of Oxford software run 45 percent over budget
and 7 percent over time,
while delivering 56 percent
less value than predicted.
4 Bertisen & Davis 2008 Mining 63 25% 30%
5 Odeck 2004 Roads 610 7.88% 29.2%
6 Flyvbjerg, Holm, & 2004 Rail 58 44.7% 38.4% Key findings: 20-40%
Buhl average cost overrun; 86%
7 Flyvbjerg, Holm, & 2004 Bridges & |33 33.8% 62.4% of projects studied
Buhl tunnels exceeded cost estimates;
8 Flyvbjerg, Holm, & 2004 Roads 167 20.4% 29.9% large infrastructure cost
Buhl estimates “highly and
systematically misleading”.
9 Pohl & Mihaljek 2002 World Bank 1015 22%
Projects
10 | Gypton 2002 | Mining 60 22%
11 Thomas 2001 Mining 21 17%
12 Bennett 1997 Mining 16 27%
13 Odeck & Skjeseth 1995 Toll Roads 12 5%
14 | AGS 1994 Roads 8 86%
15 AGS 1994 Rail 7 17%
16 | Pickrell 1990 Rail 8 60%
17 Fouracre, Allport, & 1990 Metro 21 45%
Thomson
18 Merrow 1988 various 47 88%
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19 Department of 1980s | variousin 21 Cost overruns of over 20%
Industry, Australia and in 50% of government
Technology & UK projects studied.
Research (VIC)

20 | Castle 1985 Mining 17 35%

Average 36% 37.8%

Table 1: A number of studies on cost overrun projects

RES also acknowledges numerous studies conducted by researchers and industry associations, including
works by John Hackney (1965 and 1991), Rand Corp, Independent Project Analysis (IPA), the Construction
Industry Institute (Cll), and others. Several research studies have highlighted that cost overruns and
schedule delays are largely caused by measurable practices and inherent project system and scope
attributes, which can be quantified using empirical data. Hackney, Rand, Cll, and IPA have developed
various parametric models to rate and quantify these risks.

Based on research, including the studies mentioned above, this Contingency Guideline groups the key
factors contributing to cost overruns and schedule delays into two categories: hard and soft factors. Hard
factors can include issues such as scope variations and technical problems, while soft factors encompass
cognitive biases, strategic misrepresentation, and organisational culture. These factors impact both
inherent (including systemic) and contingent risks, which are described further in Section 4.3.

2.7.1 Scope Variations

Scope variation occurs when changes are made to the project’s original plan. To mitigate cost overruns
resulting from scope changes, projects should incorporate robust contingency allowances. Appropriate
contingencies, along with a strong cost-driven desigh management (i.e., a cost-driven change control
process) that aligns with project objectives, can help to reduce these issues. Estimates of the effect of
scope changes on cost overruns vary; for example, in 2016, the Grattan Institute found that scope changes
accounted for only about 11% of cost overruns in transport projects in Australia.

However, scope variation plays a crucial role during the early stages of project development, such as the
Preliminary/Strategic Business Case stage, where the level of scope definition is a major source of
uncertainty. This concept underpins project stage-gate assurance systems, which are now considered good
industry practice globally. Detailed scope reviews and the use of empirical relationships during project
planning stages can reduce reliance on subjective judgments.

This Contingency Guideline recommends developing and implementing a Project Assurance Plan early in
the project development phase. This plan enables appropriate project assurance activities, such as
internal/external gateway reviews, project health checks, and detailed peer reviews (particularly on
integrated cost/schedule/risk/contingency assessments at key decision points), to be planned and
undertaken throughout the project lifecycle.
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RES Example: Scope Variation in a Construction Project

Consider a construction project for a residential apartment building. The original scope included the
construction of 50 standard apartments, a basement parking lot, a rooftop garden, and a fitness
centre.

Scenario Leading to Scope Variation

During the project execution phase, the developer conducted market research and gathered feedback
from potential buyers. The research indicated a high demand for premium apartments with additional
amenities. To maximise return on investment and meet market demands, the developer decided to
modify the project scope.

Scope Variation
The project scope was revised to include:

Addition of Premium Apartments: Converting 10 of the standard apartments into luxury
apartments with high-end finishes and larger floor areas.

Enhanced Amenities: Expanding the rooftop garden to include a recreational area with a
swimming pool, lounge area, and BBQ facilities.

Smart Home Features: Integrating smart home technology (e.g., automated lighting, climate
control, security systems) into all apartments to appeal to tech-savvy buyers.

Implications of the Scope Variation

Budget Impact: The increase in scope led to a higher overall budget due to the cost of upgraded
materials, additional amenities, and smart home technology installation. A detailed cost analysis was
performed to ensure the additional expenditure was justified by the potential increase in property

2.7.2 Technical Factors

Technical factors leading to overruns or delays often include inefficient planning, deficient forecasting
techniques, and complex internal interfaces. These issues can be mitigated through the use of empirically-
based data and more experienced teams. Other examples of inherent risks and uncertainties associated
with major projects include:

* Complex internal and external technical interfaces and interdependencies
* Lack of relevant experience and competencies
* Rapidly evolving technology

These challenges can be addressed or eliminated through the adoption of better forecasting models, the
application of empirical data and historical performance metrics, and the use of reference class
forecasting. Additionally, engaging more experienced teams can significantly improve the management of
these technical factors.
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RES Example: examples of technical risk factors for a design and construct (D&C) project are:

a) the eventuation or emergence of additional contingent risks as well as those identified
b) all identified risks eventuated, and extra cost changes occurred
c) the worst-case consequences occurred for most of the identified risks
d) uncontrolled change or uncontrolled scope change
e) design development changes including design mistakes, maturity of design information
f) inappropriate procurement (contracting or expediting), or inefficient contract management
g) project complexity, including technical, project size, interfaces, political, cultural, etc.
h) standards and policy changes
i) third party influences, e.g. design costs associated with diversions or utilities adjustments
j)  unmeasured items
k) property acquisition requirements, including:
o permanent project areas (e.g. sub-surface easements)
o temporary or permanent habitat requirements
o facilities provided by principal or client for contractor (e.g. traffic diversions, site
offices)
separate site offices and facilities for principal
land requirements for client works within the project
landowner compensation
residual land value of sites cleared during project demolitions
alterations to property access

O O O O O

Section 4.3 delves deeper into inherent risks and offers further insights into mitigation strategies.

2.7.3 Cognitive Biases

A cognitive bias generally refers to a deviation from rational judgement or assumption, leading to illogical
inferences about people and situations. These known or unknown psychological factors can affect
individuals' ability to make rational decisions based on available evidence and the likelihood of outcomes.
In some cases, biases might lead to faster decisions when timeliness is more valuable than accuracy.

Hidden biases often color or distort the perception of risk and its consequences. For example, research
indicates that people are generally overconfident in their ability to solve complex issues, despite evidence
to the contrary. All project participants are susceptible to different types of biases. Factors that may
increase the likelihood of cognitive biases during risk workshops and the contingency planning process
include:

* Optimistic single-value estimates and duration of activities

* Pressure to meet predetermined targets due to technical, political, social, financial, or other objectives
* Exclusion of some contingent risks from time and cost estimations

* Unrealistic assumptions about risk allocation to other parties, i.e., transferred risks

* Schedule restraints due to the Merge Bias Effect (MBE), for example:

* Project schedules have an additional layer of complexity over cost estimates—schedule logic. In
complex projects, parallel strands of logic converge at milestones or activities. The probability of
achieving those milestones on time is calculated by multiplying the probability of each logic strand
being completed according to schedule.
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* The Merge Bias Effect (MBE) is one of the main reasons why accelerating projects or recovering
lost time is so challenging. It is also why complex projects tend to be overly optimistic when using
traditional deterministic scheduling techniques. Simplifying schedules or focusing solely on the
critical path does not account for the effects of the MBE and often leads to inaccurate projections.

To enhance the quality of risk management and the accuracy of contingency determination, it is critical to
identify, plan for, and mitigate the possible impacts of cognitive biases within the organisation and the
project team. Table 2 represents some common biases that may affect contingency determination.
Incorporating anonymous and confidential interviews, along with structured risk workshops, can help
uncover hidden biases, ensuring that a balanced risk perspective is achieved.

Cognitive bias Description

Anchoring bias In a risk workshop, participants may base their judgment on the initial estimate of
the likelihood of risk occurrence and consequences, causing undue reliance on the
first figure presented.

Availability heuristic | People may weigh up recent or easily recalled information too heavily. For
example, a project manager may claim that high rainfall will not affect the schedule
simply because it hasn’t delayed previous projects, ignoring long-term trends.

Group thinking Individuals tend to conform to the views of the group, leading to a lack of critical
examination of risks or alternative viewpoints.

Blind-spot bias Workshop participants may be less likely to recognize their own cognitive biases
than those of others, leading to unacknowledged personal influence on risk
assessments.

Confirmation bias Participants, particularly those with more experience or authority, may
overestimate their ability to manage higher risks or foresee outcomes.

Overconfidence Overconfident workshop participants may believe that they are able to overcome
higher risks.

Optimism bias People tend to underestimate risks and overestimate the likelihood of success,
leading to unrealistic projections of cost and schedule.

Recency bias Participants may place too much importance on recent data, failing to give
adequate consideration to long-term patterns or historical evidence.

Attentional bias The attentional bias describes our tendency to focus on certain elements while
ignoring others.

Commitment bias A psychological tendency to feel tied or committed to things we did or said in the

past, even if we recognize the outcomes of doing or saying those same things
would not be favorable now.

Expedience bias Expedience bias is especially likely to occur when people are in a hurry or
cognitively depleted; people tend to take the easy path.
Framing bias Framing bias occurs when people make a decision based on the way the

information is presented, as opposed to just the facts themselves.

Sunk Cost Fallacy The tendency to continue with a project is due to the investment already made,
despite new information suggesting it may not be feasible.

Hindsight Bias The belief that past outcomes were predictable after this fact, which can lead to
overconfidence in future risk predictions.

Planning Fallacy The systematic underestimation of time, costs, and risks, and the overestimation of

benefits and ease of project completion.

Table 2: Several different types of cognitive biases

To mitigate the impact of cognitive biases, it is crucial to identify and assess the potential causes of delays
and cost overruns using methods designed to explicitly anticipate and objectively address these biases.
Utilising anonymous and confidential interviews, structured risk workshops, and scenario analysis can help
counteract these biases and provide a more balanced assessment of risk exposure. Additionally,
consistently facilitating multiple review meetings and engaging a diverse range of stakeholders in
discussions will enhance the overall quality of risk assessments and ensure a comprehensive approach to
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risk mitigation.
Avoiding bias may also be achieved by:

e Engaging in more thorough inspection and analysis
e Gathering more data

e Comparing the consequences of potential actions
e Envisioning the worst-case scenario

e Seeking alternate and diverse perspectives

e Reinforcing objectivity

e Removing emotions from the discussion

e Encouraging a “growth and change” mindset

e Practicing mindfulness

e Applying critical thinking and critical questioning

RES Example: Two examples of cognitive biases during tendering for a major construction project

Consider a major construction project for the development of a new hospital complex. The project
involves a comprehensive tendering process, where multiple contractors submit their bids for the
different phases of construction. Example of Cognitive Biases:

1. Confirmation Bias:

Situation: The project owner has a preferred contractor based on previous positive experiences with
small-scale projects. During the tendering process, they pay more attention to information that
confirms their belief that this contractor is the best choice while downplaying or ignoring any potential
drawbacks in the contractor's bid.

Impact: This leads to the selection of the preferred contractor despite the presence of more
competitive bids from other contractors that may offer better terms, cost savings, or innovative
construction techniques. Consequently, the project may suffer from higher costs or suboptimal
execution.

2. Anchoring Bias:

Situation: During the initial stages of the tendering process, the first bid submitted includes a
relatively low price compared to historical standards. The selection committee uses this initial bid as
an anchor point for evaluating subsequent bids.

Impact: Even though later bids may offer more comprehensive solutions, superior quality, or faster
completion times, they are viewed less favorably because their prices are higher than the initial
"anchor" bid. This can lead to choosing the lowest-cost option rather than the best value for the
project, potentially compromising quality or innovation.

2.7.4 Strategic Misrepresentation

Strategic misrepresentation occurs when project plans are intentionally altered for political, economic, or
personal reasons. This can involve underestimating project risks or overstating project benefits to gain
approval or funding. Decision-makers should be aware of these risks and ensure transparency in project
planning processes to mitigate their impact.
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Since 1989, numerous studies have highlighted the negative consequences of strategic misrepresentation
on cost overruns. For instance, a Grattan Institute study of 836 Australian transport projects found that
cost overruns are, on average, 23% higher for projects announced close to an election than for similar
projects announced at other times. This demonstrates how strategic misrepresentation can significantly
inflate project costs and timelines.

Below are some examples of strategic misrepresentation in decision-making:

e Premature announcement of projects driven by political agenda: Projects may be announced
hastily to gain electoral advantage, often without thorough planning or risk assessment.

e Underestimation of internal and external interfaces and interdependencies: The potential negative
impacts of these interfaces and interdependencies are frequently downplayed, leading to
underestimated project complexity and risk.

e Organisational pressure to secure more projects: There may be a drive to increase market share or
outpace competition, leading to the intentional downplaying of risks.

e Personal objectives to secure more projects: Individuals may misrepresent project viability to
achieve personal goals, such as obtaining bonuses or promotions.

RES Example: During a presidential election campaign, a candidate proposes a large-scale
infrastructure improvement project aimed at revitalising the country’s ageing transportation network.
This project promises to create jobs, stimulate economic growth, and address critical infrastructure
needs. The proposal quickly gains traction and becomes a central pillar of the candidate's campaign.

To gain public support and secure funding for the project, the candidate and their campaign team
present highly optimistic projections concerning the project's costs, timeline, and benefits. They
strategically misrepresent several key aspects of the project:

1. Underestimating Costs: The candidate claims the total cost of the project will be significantly
lower than realistic estimates provided by independent analysts.

2. Overstating Benefits: The campaign promises that the project will generate a specified
number of jobs, far exceeding the realistic forecasts. Furthermore, they claim the project will
lead to unprecedented economic growth and improvements in national productivity, based on
inflated assumptions and speculative economic modelling.

3. Underestimating Project Risks: The proposal glosses over potential project risks, such as
delays due to bureaucratic red tape, the challenges of securing necessary permits,
environmental impact concerns, and the complexities of coordinating between multiple state
and local jurisdictions.

To counter these practices, it is essential to cultivate a culture of transparency and accountability within
project planning and decision-making processes. This includes rigorous risk assessment, third-party audits,
and the involvement of diverse stakeholders to ensure a balanced and objective evaluation of project
proposals.

2.7.5 Organisational Culture

Political, economic, and psychological factors—often driven by individuals—have been widely assessed in
recent studies as significant contributors to project risks. However, there is increasing recognition that
organisational culture plays a critical role in shaping project outcomes, particularly regarding project
planning, forecasting, and the management of cost overruns and delays. Organisational culture can create
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systemic issues that undermine risk management processes, drive biassed decision-making, and ultimately
result in project underperformance.

In environments where the culture promotes short-term gains, pressure for quick results, or a "win-at-all-
costs" mentality, project teams may be incentivized to make overly optimistic forecasts, minimise risks, or
suppress important information about potential challenges. This leads to poor risk identification and
inadequate contingency planning, exacerbating issues of cost overruns and delays. A culture that places
excessive emphasis on meeting predefined deadlines and budget constraints—often at the expense of
comprehensive risk assessment—can force project teams to understate risks or overpromise on
deliverables.

Consultancy firms provide a notable example of how organisational culture can negatively influence
project performance. In some instances, consultants may feel pressured to deliver results that align with
the client's expectations rather than providing a true representation of risks and uncertainties. This leads
to strategic misrepresentation, where forecasts are adjusted to secure projects or meet client demands,
ultimately resulting in unreliable project estimates. Such cultures tend to prioritise client satisfaction over
integrity, leading to significant deviations from initial plans as risks materialise during project execution.

Furthermore, a risk-averse organisational culture that discourages transparency and open discussion of
potential issues can stifle proactive risk management. When individuals within the organisation are
penalised for raising concerns, this leads to information silos where critical data on risks and uncertainties
is either not shared or withheld. Consequently, this results in suboptimal decision-making, as leaders are
not equipped with the full scope of project risks and opportunities.

Conversely, organisations that foster a transparent, collaborative, and learning-oriented culture are more
likely to experience better project outcomes. These cultures encourage open dialogue, even when the
information may not align with optimistic projections. Teams are empowered to speak candidly about risks
and uncertainties, leading to more robust project planning and the development of realistic contingency
measures.

Improving organisational culture can be one of the most effective ways to enhance project performance.
By promoting a culture that values integrity, evidence-based decision-making, and cross-functional
collaboration, organisations can significantly reduce the likelihood of cost overruns and delays. Leadership
plays a crucial role in this transformation by establishing clear risk management frameworks, rewarding
transparency, and ensuring that teams are equipped to perform objective, data-driven risk assessments.

Ultimately, aligning the organisation’s culture with the principles of holistic risk management and
transparent communication is key to achieving sustainable project success. Embracing a culture that
prioritises accurate risk forecasting and contingency planning can help organisations not only avoid pitfalls
but also seize opportunities for project optimisation.
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RES Example: Impact of Organisational Culture on Successful Major Project Delivery
Example 1: Culture of Transparency and Collaboration

A large-scale urban infrastructure project involves the construction of a new metro line intended to
ease traffic congestion and improve public transportation.

Positive Organisational Culture Attributes:

e Transparency: The organisation fosters an open culture where team members are encouraged
to share information freely about potential issues, risks, and uncertainties.

e Collaboration: There is a strong emphasis on cross-functional teamwork, with engineering,
procurement, finance, and risk management departments working closely together from
project inception to completion.

Impact on Project Outcomes:

1. Robust Risk Identification: Team members feel empowered to speak up about potential risks
they observe. As a result, the project team can identify and evaluate risks early in the planning
phase, leading to comprehensive risk mitigation strategies.

2. Effective Issue Resolution: When an unexpected underground obstacle is discovered during
excavation, the open communication allows the issue to be quickly reported and addressed.

3. Realistic Planning: The collaborative approach and open dialogue lead to more accurate
project forecasts, as team members draw from diverse expertise and knowledge bases. This
helps create a realistic project schedule and budget with adequate contingencies.

Outcome:

The project is completed on time and within budget, with high-quality outcomes and minimal
disruption to the public. Stakeholders are satisfied, and the new metro line significantly improves
urban transportation.

Example 2: Culture of Short-Term Gains and Suppression of Negative Information

A high-profile commercial office building is being developed in a rapidly growing business district. The
project has a tight deadline to match the influx of new businesses.

Negative Organisational Culture Attributes:

e Short-Term Gains: The organisation prioritises immediate results and quick wins, often at the
expense of long-term planning and sustainability.

o Suppression of Negative Information: There is a prevailing fear of reporting bad news or
potential issues, leading to minimisation or concealment of risks and problems.

Impact on Project Outcomes:

1. Underestimated Risks: Team members are reluctant to highlight potential risks, fearing
reprisal or criticism. This leads to a lack of thorough risk assessment and inadequate risk
mitigation planning.

2. Overly Optimistic Forecasts: To meet the organisation's demand for impressive short-term
results, project managers overpromise on timelines and budget constraints, neglecting
realistic projections. This results in a project plan that looks good on paper but is not robust.

3. Information Silos: Individuals withhold critical information, leading to fragmented knowledge
and poor decision-making. For example, when supply chain issues arise, the problem is not
communicated promptly across departments, delaying resolution.

Outcome:

The project faces significant cost overruns and delays due to unanticipated issues that were not
adequately planned for. The rushed approach compromises quality, leading to defects that need to be
rectified after project completion. Client satisfaction is low, and the building fails to meet the growing
business district's demands effectively, impacting the organisation's reputation.
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2.7.6 Perspective

Perspective can be described as the lens of analysis or point of view. The outcome of risk analysis is
dependent on the perspective from which it is considered; the outcome may well change if a different
legitimate perspective is considered. For example, a toll road risk analysis may yield different results from
the perspective of a for-profit private operator vs. a public agency serving an urgent infrastructure need.

Perspectives may also differ depending on who is performing the analysis. Risk analysis can be performed
by organization employees (internal) or by consultants (external). Internal staff tend to be overly optimistic
(see overconfidence bias, above) and may be influenced by management to favor a particular scenario or
analysis outcome (see strategic misrepresentation, above). Internal staff have easier access to project and
historical data, but independent external consultants have less incentive to distort data.

2.7.7 Ethics

Every decision has an ethical dimension. In the world of project management, there are many
relationships and hierarchies that make ethical decision-making difficult. Even the honesty and integrity of
the risk analyst can be compromised. All risk analysis steps have an ethical component, including scope
definition (and limitation), the identification (or exclusion) of legitimate risks, subjectivity and
comprehensiveness in quantification, subjectivity in ranking, and more. At worst, risk analyses are subject
to problems of lobbying, opportunism, political influence, self-interest, bias, and perspective.

A moral philosophy that applies well to risk analysis is consequence-based ethics, defined as doing that
which produces the greatest good. Consequence-based ethics require a forecast of the results of actions
taken, which is satisfied by risk analysis. Members of professional institutions are typically bound by an
ethics code, which can serve as a guideline for behaviour. Concepts of honesty, integrity, professional
responsibility, and independence/objectivity are often mentioned in such codes. Central is the avoidance
of deception, which may occur in false or misleading statements, omissions, and half-truths.
Documentation of the risk analysis effort serves as an ethical component of the analysis, satisfying goals of
clear communication, accountability, confidence, assurance, rigor, and transparency by capturing
comprehensive and substantiated information.

2.8 Further Reading

e AACE International, PGD 01 — Guide to Cost Estimate Classification Systems, Rev. August 2018,
<library.AACE International.org/pgd01/pgd01.shtml>

e AACE International, PGD 02 — Guide to Quantitative Risk (under development in Feb 2019)
Analysis <web.AACE International.org/resources/publications/professional-guidance-documents>

e AACE International, PGD 03 — Guide to Cost Estimating (under development in Feb 2019)

e AACE International, CE-48: Understanding Estimate Accuracy (DRAFT in Feb 2019)

e Association for Project Management, Project Risk Analysis and Management Guide, APM
Publishing, 2nd Edition, 2004

e Flyvbjerg, B., The Oxford Handbook of Megaproject Management, Oxford Handbooks, 2017

e Grattan Institute, Cost Overruns in Transport Infrastructure, 2016

e Hackney, J.A. “Control and Management of Capital Projects”, Wiley, 1991

e [SO 31000:2018 Risk management — Guidelines (principles, framework and process), 2018

e Merrow, E.W, Phillips, K.E. & Myers, C.W.,“Understanding Cost Growth and Performance
Shortfalls in Pioneer Process Plants”, R-2569-DOE Rand Corporation, 1981

e Naval Center for Cost Analysis, Joint Cost Schedule Risk and Uncertainty Handbook, US
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Government, 24 April 2013

e Nnadi, E. O. E., Ezemerihe, A., “Value Management as an Efficient Risk Management Tool”,
International Journal of Advanced and Multidisciplinary Engineering Science, Vol. 2 No. 1, 2018,
pp. 1-6

e PMI, Practice Standard for Project Risk Management, Project Management Institute, 2009

e United Kingdom Government, HM Treasury, The Green Book, Appraisal and Evaluation in Central
Government, 2003 <www.hm-treasury.gov.uk/d/ green_book_complete.pdf>

e UK Government HM Treasury Green Book Guidance Optimism Bias

e United Nations, UN Industrial Development Organization, Guidelines for Project Evaluation,
Project Formulation and Evaluation Series, No. 2, UNIDO, 1972

Page 39 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025


http://www.hm-treasury.gov.uk/d/

DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

3. Key Concepts of Contingency Management
3.1 Structure of Content

. Contingency as Part of
Introduction
Risk Management

Risk Workshop
Facilitation

Cognitive Biases

Objective & Subjective |l I Cost Overrun &
Uncertainty Schedule Delay

Contingency

X Factor
Chapter 1 Chapter 2
( Contingency Management \
: . Contingency at Program and
Project Lifecycle T gPorh“/olio Levgel
Program Portfolio Effect g
\ - Chapter 3)
e Framework Chapter 4
= Nherent Risk
Roles . .
Responsib e CONtiNgent Risk
I T 1

1
I 1 1
Schedule Cost Schedule Cost G Schedule
Measurement
Deterministic A O L ol Benchmarking Vertical Vertical Cost
Methods

.
Chapter 5 Chapter 6 Chapter 7

Page 40 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

3.2 Expected Accuracy Range

Accuracy is the degree to which a measurement or calculation varies to its actual value; thus, estimate
accuracy is an indication of the degree to which the final cost outcome of a project may vary from the
single point value used as the estimated cost for the project. Estimate accuracy should generally be
regarded as a probabilistic assessment of how far a project’s final cost may vary from the single point value
that is selected to represent the estimate. The estimate accuracy range should be expressed in terms of a
range of values (in absolute terms) for a declared confidence interval. If the estimate accuracy range is
expressed as a +/- percentage around a single estimate value, then the confidence level (probability of
underrun) of that single estimate value must be identified (e.g., the estimate range is -12% to +18%
around the estimate value at a 50% probability of underrun).

There are several similar but different ‘single estimate values’ that can be used by different industries as
the base point when expressing the Expected Accuracy Range. This section provides these relevant
definitions and a demonstration of their values from the Expected Accuracy Range perspective.

Base Estimate: Estimated cost of a project that can be reasonably (i.e. current strategies and assumptions)
expected if the project materialises as planned. The Base Estimate excludes the escalation, foreign
currency exchange, contingency and management reserves.

Central Estimate: As defined by Fellow of the Institute of Actuaries of Australia (FIAA), a Central Estimate
of the liabilities is the expected value of the liabilities. In other words, if all the possible values of the
liabilities are expressed as a statistical distribution, the Central Estimate is the mean of that distribution. In
my experience, the Central Estimate usually lies about the P30-P40 levels in energy and transport projects.
FIAA defines risk margin, i.e. contingency or prudential margin, as a provision greater than the Central
Estimate to increase the probability of adequacy.

Best Estimate: As per IAS 37 Provisions, Contingent Liabilities and Contingent Assets, provisions should be
measured at 'best estimate' (including risks & uncertainties) of the expenditure required to settle the
present obligation and reflects the present value of expenditures required to settle the obligation where
the time value of money is material. Hence, in reaching its 'best estimate’', the entity should consider the
risks and uncertainties that surround the underlying events for its desired confidence level.

Central Estimate

Risk-Adjusted
(about P30-40)  gofimate (e.g. P50)
Mode (Bes/t Estimate)

Expected
_Base Value
Estimate Mean
Frd
g L P10 i
2 Contingency
o
- Accuracy Range
(Low), e.g. -15%
to -30% (Class 4)
70.00 85.00 100.00 115.00 130.00

Figure 6: A typical Expected Accuracy Range
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3.3 Contingency & Project Lifecycle

Almost all enterprises, public or private, have a level of stage-gate project scope definition processes in
place. These gate reviews are part of an effective risk management process, based on research showing
that staged funding avoids wasting money on the wrong projects, while increasing chances of success for
those that are approved. Incorporating quantitative risk assessments and risk-adjusted cost forecasting at
each stage-gate enhances the accuracy and reliability of contingency estimates.

A good practice project lifecycle is divided into phases with decision gates supported by approved
procedures and processes. Contingency management must remain a dynamic and adaptive process,
evolving as the project moves through different phases and new information becomes available.

As shown in Figure 7, the common six phases will be used in this Contingency Guideline, namely: Initiation;
Strategic Assessment (i.e. Preliminary Business Case or Initial Business Case); Concept (i.e. Final Business
Case or Detailed Business Case); Delivery Readiness or Procurement; Delivery or Execution; and
Finalisation. The Contingency Guideline also defines six decision gates:

e Gate O: Project Justification

e Gate 1: Strategic Assessment (i.e. Preliminary Business Case or Initial Business Case)
e Gate 2: Business Case (i.e. Final Business Case or Detailed Business Case)

e Gate 3: Pre-Tender

e Gate 4: Tender Evaluation

e Gate 5: Pre-Commissioning

e Gate 6: Post-Implementation

QL
o L -
58 Strategic Concept Delivery Readiness Delive Finalisation
-
E 0 1 2 3 4 5 [}
£ fQ Project Strategic Business Pre-tender Tender Pre- Post-
i Justification assessment case Evaluation commissioning Implementation
=
c . Finalise
o g gy contracts
S 2 Design X
&0 Caital and project
£ 8 ap! Detailed or o
52 Investment Strategy reference Tender Invitation Tender Contract
E = Brief Design - Documentation ~ to Tender Evaluation — Delivery Post
52 Development design ost
“ = Environmental Complehon
Assessment review and
& Approvals benefits
* o0 * o0 7
Property Acquisitions

Figure 7: A typical project lifecycle and its key phases and milestones

At each of these decision gates, contingency should be reassessed to reflect new data, risk mitigation
actions, and the evolving scope and complexity of the project.

The required contingency for a desired confidence level changes throughout the project lifecycle
depending on a variety of factors. Some examples are actual progress of activities against the project plan,
scope variations, unforeseen events, public opinion, technology and complexity, political changes, and
impacts of internal and external stakeholders.

It is critical to adjust the contingency based on data-driven risk analysis, confidential risk interviews and
risk workshops. Risk models should incorporate the impact of these external variables and compare
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different contingency scenarios to ensure readiness for the unexpected.

It should be noted that the level of scope definition and associated estimate and schedule classifications
should also be measured as a basis for objective contingency determination.

RES Recommendation: as a minimum, risk and contingency workshops should be planned at the key
points below (with reference to Figure 7):

e at the end of the Initiation Phase
during the Strategic Assessment Phase:
o to support assessing the required contingency within the Preliminary Business Case
o to support Optioneering and Value Engineering for the selection of the preferred
option.
during the Concept Phase: to support the assessment of contingency in the Final Business Case
during the Delivery Readiness Phase:
o tosupport tender documentation, i.e. contingency allocation to different packages
o tosupport tender evaluation, i.e. comparing tender responses against risk
assumptions
o to support setting project Performance Measurement Baseline for progress
reporting.
during the Delivery Phase:
o tosupport contingency control as well as the change control process
o to assess the project confidence level against the desired confidence level.

Another approach is to classify cost and schedule estimates according to the level of the project (e.g. Class
1, 2, 3, 4, and 5). However, it should be noted that accuracy and class are not interrelated. Accuracy can
only be determined through Quantitative Cost Risk Analysis (QCRA), and each scope and estimate will have
its own unique range driven by its unique uncertainties and risk profile. Figure 8 below illustrates the
concept of improving accuracy with increased scope definition (as a percentage of the full definition).

++0%

80% Confidence Interval Accuracy Range after inclusion of p50 Contingency

[_ciasss___ ]
L

Class 4

Class 3 |
1 Class 2 1

I Class 1 -

>>> Increasing Level of Project Scope Definition >>>

Figure 8: Estimate accuracy improves as the level of project definition improves (RP CE-48, AACE International)

Page 43 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

Long-range / Unclassified / Class 10 Estimate

Almost a recently defined terminology, the Long-range / Unclassified / Class 10 estimate is usually referred
to an estimate being developed perhaps over several decades or so far in advance that it is virtually assured
that the scope will change from even the minimal level of definition assumed at the time of the estimate.
Typically, these long-range estimates are based on minimal scope definition as defined for Class 5.
Therefore, the Expected Accuracy Range and contingency ranges, as per section 3.2 above, may not be
meaningful because the accuracy values explicitly exclude scope change.

The use of “range of P90’s” is not recommended by this Contingency Guideline, as it might be
misrepresented, misinterpreted and hence distorts the accurate risk exposure of the project especially at
the FBC stage from the government perspective.

There are four main approaches for addressing the contingency of long-range estimate:

1. To develop a probabilistic decision tree with options and/or scenario variation branches. The
highest P90 of all branches will be the estimated P90 for this ‘long-range estimate’ (recommended
approach by this Contingency Guideline)

2. The estimate to be split into two parts as below. Total P90 will be calculated by adding two P90s

A. the scope that can be reasonably estimated as Class 5/4 (risk adjusted). The P90
contingency for the Class 5/4 will be calculated by using the most appropriate method, e.g.
the First Principles Risk Analysis (FPRA) method. (Chapter 5)

B. the uncertain scope, i.e. Long-rang / Unclassified / Class 10. The P90 contingency for this
scope will be assessed by using an appropriate top-down method, e.g. Reference Class
Forecasting (RCF), parametric, benchmarking, etc.

3. Ifthe long-range estimate is to be updated periodically in a controlled, documented life cycle
process that addresses scope and technology changes in estimates over time, the estimate is rated
as Class 5 and the accuracy ranges are assumed to apply for the specific scope included in the
estimate at the time of estimate preparation. Scope changes are explicitly excluded from the
accuracy range. — this approach is more suitable for asset operation and decommissioning, e.g.
nuclear decommissioning estimates.

The estimate is rated as Unclassified or as Class 10 without any Expected Accuracy Ranges and P90
contingency. This is specifically used to distinguish these long-range estimates and indicate the order-of-
magnitude difference in potential expected estimate accuracy due to the infrequent updates for scope and
technology — this approach might not be acceptable for many owners especially for funding purposes from
the government perspective
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RES Example: ABC, an advisory consultancy, is currently preparing the Site Remediation Strategy
Report for addressing environmental site contamination at three former gasworks sites in Victoria,
Australia. As part of this report, an appropriate cost estimation (including contingency) should be
prepared.

The investigation of soil, groundwater, surface water and sediment at the sites has been relatively
limited and occurred many years ago. At the current stage, there is insufficient information available
to make informed decisions regarding the longer-term requirements for remediating environmental
contamination risks at the sites, the scope and options for undertaking remedial works that may be
required, or the potential divestment and use of the sites for other purposes in the future.

At the current stage, there is insufficient information available to make informed decisions regarding
the longer-term requirements for remediating environmental contamination risks at the sites, the
scope and options for undertaking remedial works that may be required, or the potential divestment
and use of the sites for other purposes in the future. Considering these, ABC defined this estimate as a
Long-range / Unclassified / Class 10 Estimate. For undertaking the risk-adjusted estimate, ABC
undertook:
e further research and cost benchmarking against similar contaminated site remediation for
former gasworks sites
e develop a probabilistic decision tree with options and/or scenario variation branches.
o Scenario 1: Public open space
o Scenario 2: Cap & contain strategy
o Scenario 3: Commercial/industrial use
o Scenario 4: Divestment to council
e selection of the highest P90 of all branches selected as the estimated P90 for this ‘long-range
estimate’

Site Contamination o

Remediation Strateay : ;

C ) o . | ~
@ A8 HEws| A

DataAnaI‘tics

AR KREEY ¥ ocraby o

P ( )
ELE @ ¢ 0 0 o' y G

. Base Estimate Risk Adjusted Estimate
. (e.P50) (best estimate)

Cost Benchmarking

Interviews .
000000

Scenario Analysis o / >~

The contingency evolution curve (illustrated in Figure 8) emphasizes that as project scope becomes more
defined, a narrower range of cost and time uncertainty emerges, leading to more reliable risk-adjusted
contingency estimates. This curve demonstrates the correlation between scope development and the
reduction in contingency over time.

Research shows that the level of scope definition, i.e. inherent risks (Section 4.3), is the dominant
uncertainty in early phases, driving the need for significant contingency. At earlier stages, reference class
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forecasting and historical data from similar projects should be employed to establish appropriate
contingencies. The level of technology and complexity are also major risk drivers that can be identified
early, prior to each decision gate.

For most projects, the Base Estimate and Base Schedule evolve as the project progresses through various
phases of its lifecycle and additional planning, engineering and design information become available.
Revising and updating risk assessments at each decision gate allows for more accurate and responsive
contingency allocations. Each possible outcome value of the total project cost can have a P value, or
confidence level, which indicates the probability of underrunning that cost. For example, a P50 cost
incorporates enough contingency for a 50% probability that the project will not overrun this cost.

As the Base Estimate changes, the estimated contingency requirements for different confidence levels also
change. Ideally, the P50 or mean value of the cost distribution will stay constant from phase to phase. In
practice, the P90 contingency generally decreases and the P50 contingency increases as the Base Estimate
increases and further scope and uncertainties are defined and quantified. This is presented in Figure 9.
Definitions of terms used above (including P values, Base Estimate and Base Schedule) are at Appendix A.

Assurance
A e | A

P90 Outturn i i | i
Cost Estimate | | | i
| | | |

i i i i P90 TOC

| | l _.--==} Final Cost

| | | . P50 TOC
P50 Outturn | | 1 |
Cost Estimate | : | |
Base i i i '."’ Actual i
Estimate ! ! P ‘1' Expenditure :
Actual | ... E ---------- E‘ - 3 E
Expenditure [~ ! ! ‘ !

Strategic Final Tender Post
Assessment Business Case Award Implementation

Figure 9: Cash flow and P(X) contingency movement in a typical successful project

It is common for owners to compare the project’s Final Actual Cost against the project Total Outturn Cost
(TOC) estimate (e.g. TOC P50 and TOC P90) in the Final Business Case (FBC). Three possible scenarios are
presented in Figure 10. It should be noted that funding a project at P50-P80 is common in the private
sector. For public projects, many government agencies might budget the project at P80/P90 level but only
P50 funding will be available to the delivery agency. Access to additional funds, up to P80/P90 amount or
beyond, will be subject to a change control process and an additional approval.
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Figure 10: Three possible scenarios of Final Actual Cost against Base Estimate, TOC P50 and TOC P90

Further explanation of the scenarios in Figure 10 is below:

e Ideal Scenario: The project's actual cost is less than or equal to the TOC P50 estimate at the Final

Business Case (FBC).

e Acceptable Scenario: The final actual cost does not exceed the initial Base Estimate plus the
budgeted or allocated contingency (e.g., TOC P90). In this situation, any additional costs from risks
that occurred or inherent risks are fully covered by the contingency reserve.

e Undesired Scenario: The final actual cost significantly exceeds both the initial Base Estimate and
the budgeted or allocated contingency reserve (e.g., TOC P90). Despite not meeting cost and
timeline expectations, the Contingency Guideline notes that such projects may still achieve
important objectives, such as satisfying stakeholders, providing valuable community assets, or
delivering non-financial community benefits.

In addition, it is important to evaluate the project schedule, and any risks associated with it at each
phase of the project. Typically, the uncertainty in the schedule estimate is lower than the uncertainty
in the cost estimate. This is partly because of the trade-off between cost and schedule. Often, the
business complicates the completion date as the project progresses and new information about the
project scope becomes available. As a result, costs tend to increase because achieving the project
goals becomes more challenging over time.

3.4 Contingency at Program & Portfolio Level

One effective strategy is to conduct risk and contingency management at the project level, followed by
assessing aggregate risks at the program and portfolio levels. This approach includes evaluating additional
or secondary risks (e.g., compounding) at higher levels and integrating risk and contingency information.
The interdependence of risks across projects necessitates a balanced approach that considers individual
project risks alongside broader portfolio-level objectives, especially in organisations with complex project

pipelines.
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Research suggests that this approach is positively associated with program and overall project portfolio
success and provides an effective platform to assess the organisation’s risk exposure. Simultaneous risk
and contingency management for projects and their parent programs ensure coordination between
individual project risks and program-level objectives. This alignment allows for a more strategic allocation
of contingency, supporting both project success and overall portfolio performance.

Periodic risk and contingency management at the portfolio level, aligned with overall capital management,
offers additional benefits. Although reallocating contingencies between projects within a portfolio may be
restricted, particularly in the public sector, having a structured approach for contingency assessment
across all organisational levels is extremely valuable. This is especially necessary for programs where
projects with common objectives are reported through a program director.

Overall, contingency management focuses on evaluating and utilising funds set aside to cover costs that
exceed the Base Estimate across different organisational levels. This structured approach not only
enhances the organisation's ability to manage risks effectively but also ensures that resources are
optimally allocated to support both project-specific and broader strategic goals.

This is illustrated in Figure 11.

Risk Monitoring Portfolio Level
& Reporting Contingency Assessment

|

Program Level
Contingency Assessment
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& Contingency — | = = 5 e =
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Figure 11: Contingency management at project, program and portfolio levels

RES Tips & Tricks: This Guideline also emphasises the importance of identifying and eliminating
any hidden or visible contingencies within the Base Estimate or Base Schedule. To maintain
project transparency and accuracy, it is crucial to avoid concealing cost and time contingencies
within the base figures as a fallback, should the explicit contingency be underestimated or
excluded from the project. Such hidden contingencies can mislead reviewers, creating a false
impression that the budget has been inflated due to unwarranted allowances or reduced
productivity. The recommended best practice is to ensure all contingencies are explicitly stated
and documented, and thus RES does not endorse the use of hidden contingencies.
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Contingency management at the project level often focuses on inherent risks from the project's perspective
and individual risks that, if they occur, will require more funds or time than initially allocated in the Base
Estimates. At the program level, considerations expand to include added or secondary risks arising from the
interaction and/or compounding of the component projects.

From the standpoint of the program business sponsor and director, these additional risks need to be
evaluated, and specific contingencies must be established to manage them. The program director or a similar
authority should oversee this process. Contingencies for these risks should be assessed and managed
alongside other relevant information to ensure that the organisation remains comfortably within its risk
appetite, even as it considers adding new investments to the portfolio.

RES Recommendation: this Guideline recommends the following approaches when managing
contingencies at the program or portfolio levels:

e Develop and implement a standard risk policy for scheduling, estimation, issues, and risk
registers, and implement reporting cycles to ensure appropriate contingencies for the project
while also considering program and portfolio objectives

e |mplement a consistent approach to consolidate and integrate reports from projects to

programs and portfolio (note: from a statistical viewpoint, be aware that only the mean value
of distributions is additive in a program or portfolio, e.g. P50s are not additive)

Assess interdependencies such as milestones and resources between projects

Plan the consolidation of multiple projects using interface relationships (integrated schedule)
Assess secondary risks (e.g. complexity) that may occur at the program and portfolio level
Develop and implement a transparent view of issues, risks and change control at the project,
program and portfolio levels.

Additional information and interaction risks that need to be assessed at the portfolio or program level may
include:

e Risks affecting multiple projects due to their interdependencies, such as shared resources.

e The existing level of risk within the portfolio or program.

e The extent of over-programming.

e The need to provision for potential project cost overruns.

e Constraints on sharing funds between projects, such as Federal funding requirements.

When deciding to invest in a new project, it's important to consider that potential savings will not be
realised until the project's completion. Figure 12 illustrates the interrelationship of risks at the project,
program, and portfolio levels.

Portfolio

Program

Operational Risks . .
of Portfolio Operational Risks
. of Program
Portfolio
Risks Program
Risks

Figure 12: Interrelationship between risks from project to portfolio
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Effective portfolio and program risk management involves several key steps:

e Assess all risks at the appropriate levels.

e Centralise risk reporting while keeping the risks and allocated contingencies of projects,
programs, and portfolios distinct.

e Develop and implement effective metrics and matrices across all levels.

After these steps, the required overall contingency at the program level for the desired confidence level
should be determined. Any surplus between the required overall contingency and the combined available
project contingencies can be redirected to other beneficial initiatives.

It's also important to note that internal projects aimed at capability development, such as those managed
by the Project Management Office (PMO) or initiatives to improve project management maturity, may be
best handled at the portfolio level.

3.5 Program Portfolio Effect

It is theoretically possible to optimise the forecast portfolio return—or keep the risk as low as possible for
a given return—by selectively allocating resources. Modern Portfolio Theory (MPT) highlights that
diversifying risk across multiple projects within a portfolio can reduce overall risk exposure, leveraging the
Portfolio Effect. This phenomenon, known as the Program Portfolio Effect, emerges from managing
multiple projects concurrently.

The confidence level of each project, as well as the degree of correlation between projects, can influence
the overall confidence level of the parent program. For sufficiently diversified programs, the combined risk
tends to be lower than the risk associated with individual projects, allowing for more efficient use of
contingency resources.

To fully leverage the Program Portfolio Effect, contingency allowances should be managed at the program
or portfolio level. When some projects do not fully utilise their allocated contingencies, any surplus can be
reallocated to other projects in need. By actively managing the Program Portfolio Effect alongside an
efficient contingency management process, organisations can maintain a high confidence level at the
program or portfolio level, even if the confidence levels of individual projects are lower. It is also
imperative that the portfolio/program/project contingency are checked on a regular basis for alignment
with the strategic contingency and the board’s appetite.

Table 3 illustrates the portfolio probability for various numbers of projects, individual project probabilities,
and two levels of project correlation. This data underscores the importance of strategic resource allocation
and risk management to optimise overall portfolio performance.

One key takeaway from Table 3 is that the portfolio probability for an individual project with a 60%
probability remains around 60%, whether there is '25% Correlation' or 'No Correlation,' regardless of the
number of projects. This phenomenon occurs because there is no Program Portfolio Effect when projects
are funded at the mean. In skewed distributions, the mean is generally greater than P50, with P60 being
more typical. This observation underscores that the P50 (median) is not risk-neutral; rather, it is aggressive
because the median does not adequately address the skewed reality.
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Portfolio Erﬂbﬂbilit\f
Project No 0.25
# Projects Probability | Correlation | Correlation

5 50% 38% 40%
5 60% 61% 59%
5 70% 80% 78%
5 80% 94% 92%
10 50% 32% 36%
10 60% 62% 61%
10 70% 87% 83%
10 80% 98% 96%
20 50% 24% 32%
20 60% 65% 61%
20 70% 94% 86%
20 80% 99% 98%

Table 3: Portfolio probabilities for different levels of project correlation (AFCAA, 2007)

Another important aspect is the impact of reducing individual project probabilities on the overall portfolio
probability. A decrease from 60% to 50% project probability for portfolios containing 10 or 20 projects
results in a reduction of portfolio probability by 25% and 29%, respectively. This illustrates that even small
increases in project risk exposure can significantly decrease the likelihood of meeting funding levels at the
portfolio level.

According to the US Air Force Cost Analysis Agency (AFCAA) Handbook (2007), the mean is greater than
the median for approximate lognormal uncertainty distributions, leading to low portfolio probabilities for
50% project probability. Therefore, increasing project probability to 60% (which is usually close to or
greater than the mean) can elevate portfolio probabilities above the 50% level. Since the median is always
lower than the mean, funding projects at 50% results in weak portfolio probabilities. RES suggests that
funding projects at 60% (generally near or above the mean) can achieve portfolio success rates above 50%.
While raising project probability above 70% can improve portfolio probabilities, it is costly. AACE
International defines contingency as "expected to be expended," implying that the expected value is the
mean (refer to Hamaker’s paper in the Further Reading section for more information).

Figure 13 demonstrates that the program confidence level surpasses individual project confidence levels
when project probabilities are greater than 50%. This confidence level continues to rise with the number
of projects in the program, highlighting the benefits of strategic resource allocation and risk management.
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Figure 13: Portfolio probabilities for multiple projects (AFCAA, 2007)

RES Example: ABC, a government agency, is currently managing a portfolio of 20 projects, divided
across four separate programs. While funding can be reallocated between projects within each
program, it cannot be transferred between programs. The latest progress reports are below:

e Program 1: Comprising 10 projects, each with a remaining P80 contingency of $2 million
(totaling $20 million).
e Program 2: Comprising five projects, each with a remaining P80 contingency of $1 million
(totaling S5 million).
e Program 3: Comprising two projects, each with a remaining P80 contingency of $5 million
(totaling $10 million).
e Program 4: Comprising three projects, each with a remaining P80 contingency of $2 million
(totaling $6 million).
The total required contingencies suggest a P80 contingency of $41 million. However, to maximise
opportunities for additional projects, ABC developed an integrated risk and contingency assessment
platform across the entire portfolio rather than simply summing the project contingencies. This
assessment revealed that a contingency of $37 million would be sufficient for an 80% confidence level
(P80) at the portfolio level.
This assessment allowed ABC's management to proactively plan to utilise the surplus contingency of
S4 million (i.e., $41 million minus $37 million) to advance one additional project within Program 3. As a
result, Program 3 will now include three projects.
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3.6 Strategic Contingency

In organisations that adopt a framework based on Portfolio Program Project concept and enterprise risk
management, the contingency is subject to the same governance as risk and opportunity management.
The Figure 14 Strategic Contingency/ Board risk appetite shows the interdependence between the
strategic contingency and the board appetite.

Ultimately the risk appetite established by the board of the organisations must inform the strategic
contingency of the organisation and the allocation and use of contingency necessary for management of
projects, programs and portfolios.

= Strategic Alignment
* Governance
Right Thing * Risk

* Resource

o
=
=
P
=
(A
m

Doing
Things Right

Figure 14: Strategic Contingency / Board risk appetite
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3.7 Further Reading

e AACE International RP No. 17R-97 — Cost Estimate Classification

e AACE International RP No. 18R-97 — Cost Estimate Classification System — As applied in
engineering, procurement, and construction for the process industries

e AACE International RP No. 27R-03 — Schedule Classification System

e AACE International RP No. 40R-08 — Contingency Estimating — General Principles

e AACE International RP No. 46R-11 — Required Skills and Knowledge of Project Cost Estimating

e AACE International RP No. 62R-11 — Risk Assessment: Identification and Qualitative Analysis

e AACE International RP No. 63R-11 — Risk Treatment

e AACE International RP No. 67R-11 — Contract Risk Allocation As Applied in Engineering,
Procurement and Construction

e AACE International RP No. 70R-12 — Principles of Schedule Contingency Management — As Applied
in Engineering, Procurement and Construction

e AACE International RP No. 71R-12 — Required Skills and Knowledge of Decision and Risk
Management

e AACE International RP No. 72R-12 — Developing a Project Risk Management Plan

e AACE International RP No. 75R-12 — Schedule and Cost Reserves within Framework of ANSI EIA-748

e AACE International PGD 01 — Guide to Cost Estimate Classification Systems <library. AACE
International.org/pgd/pgd01.shtml>

e AACE International PGD 02 — Guide to Quantitative Risk Analysis <web.AACE
International.org/resources/publications/professional-guidance-documents>

e AFCAA, Quantitative Cost Risk Analysis Handbook, 2007

e APM, Project Risk Analysis and Management Guide, APM Publishing, 2nd Edition, 2004

e Campbell, H.R. and Brown, R.P.C., Benefit-Cost Analysis: Financial and Economic Appraisal Using
Spreadsheets, Cambridge University Press, 2003

e Commonwealth Department of Infrastructure and Transport, National Alliance Contracting Policy
and Guidelines, 2011

o Department of Infrastructure, Regional Development and Cities, National PPP Guides Volume 4:
PSC Guidance

e Department of Treasury and Finance, Victoria, Investment Lifecycle and High Value/High Risk
Guidelines — Victoria, 2012 and updates

e Hamaker, Joseph “NASA Risk Adjusted Cost Estimates”; NASA Headquarters Cost Analysis Division;
International Society of Parametric Analysts Annual Conference, May 23-26, 2006

e |EC/ISO 31010 Risk management — Risk assessment techniques

e |SO 31000:2018 Risk management — Guidelines (principles, framework and process), 2018

e New South Wales Government Treasury, Guidelines for Economic Appraisal, 2007

e PMI, Project Management Body of Knowledge (PMBOK), Project Management Institute

e PMI Practice Standard for Project Estimating, Project Management Institute

e PMI, Practice Standard for Project Risk Management, Project Management Institute

e PMI Practice Standard for Work Breakdown Structures, Project Management Institute

e Touran, A., “A Probabilistic Approach for Budgeting in a Portfolio of Projects”, Journal of
Construction Engineering and Management, vol. 136, no. 3, pp. 361-366, March 2010

e Touran, A.,“Owners Risk Reduction Techniques Using a CM”, CMAA Research Report, Construction
Management Association of America, October 2006

e USA Defense Contract Management Agency (DCMA), 14-Point Schedule Assessment

e Yeo, K.T., “Risks, Classification of Estimates, and Contingency Management”, Journal of
Management in Engineering, vol. 6, no. 4, pp. 458-470, October 1990
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4.2 Overview

The primary purpose of the contingency management framework is to serve as a reference document that
ensures a consistent, structured and quantitative approach to analysing, determining, allocating, and
managing appropriate and reasonable contingency allowances (both time and cost) at various stages of
the project lifecycle. It also addresses the risks facing the project, the organisation’s risk tolerance, and the
Delegation of Authority (DoA) at different organisational levels. The framework outlines a consistent
methodology for aggregating contingency data from individual projects to the program level and
consolidating it at the portfolio level.

RES Recommendation: for an effective contingency management framework, within an overall risk
management framework RES recommends that the key sections below are included within the
framework:

a) Objectives

b) Scope, e.g. specific project, program/department or across the organisation

c) Key Definitions, including inherent and contingent risks

d) Internal and external constraints and requirements, e.g. funding allocation, reporting,
assurance gates, contingency accessibility and Delegation of Authority (DoA)

e) Scope/Cost/Schedule/Risk/Change Integration Process

f) Roles and responsibilities (Responsible, Accountable, Consulted, Informed (RACI) Matrix)

g) Contingency Determination

h) Contingency Allocation

i) Contingency Controls

j)  Monitoring and reporting

k) Tools and infrastructure.

A risk-adjusted approach to contingency management enables more accurate cost and schedule
forecasting throughout the project lifecycle, addressing both known risks and residual uncertainties. This
framework should integrate both historical data and expert insights, ensuring a balance between empirical
data-driven methodologies and quantitative risk assessments.

When selecting a preferred contingency management approach or methodology, a wide range of factors
should be considered, including the key elements listed below:

e Complexity of the project or program
e Level of investment assessment (e.g., project or program level)
e Availability and accuracy of information, historical data, combined with reference class forecasting
where applicable
e Project and risk management maturity level of the organisation
e Delivery strategy and type of contract, such as:
o Managing contractor
Early contractor involvement
Design and construct or construct only
Public-private partnership
Alliance
o Joint venture
Type of project, for instance:

O
O
O
O
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o Defence
o Communications
o Events
o Organisational change
o Infrastructure projects
o Facility management projects, including decommissioning, demolition, or maintenance
e Project classifications:
o Minor projects (value less than $10 million)
o Major projects (value more than $10 million)
o Complex projects (exceptional projects with unique risk profiles)
o Mega projects (value greater than $1 billion)
e Maturity of risk management systems, use of probabilistic methods for assessing uncertainty, and
contingency management at the portfolio level
e Stage of the investment lifecycle, whether strategic, final business case, delivery, or finalisation
e Level of investment, whether at the project, program, or portfolio level)

4.3 Inherent & Contingent Risks

For the purposes of this Contingency Guideline, inherent and contingent risks are defined according to the
NASA Cost Estimating Handbook (Version 4, Appendix G). Different types of risks require different
guantification methods for optimal outcomes, making it crucial for risk practitioners to distinguish
between them. This ensures that the risk model and plan incorporate appropriate assessments for risk and
uncertainty.

Inherent Risks (or Planned Risks or Uncertainty Risks)

Inherent risks include systemic risks, which acknowledge the interconnected nature of projects and their
management systems. A system—comprising processes, people, tools, and resources—is only as strong as
their component parts and the cohesion between them. If a system is wealk, it can fail in multiple ways,
making it challenging to allocate contingency effectively.

Many of the cost impacts of risk events on large and complex projects arise from the cost consequences of
delays or disruptions. The trade-off between cost and schedule can be particularly problematic, such as
spending money to prevent schedule slippage. When modelling the uncertainty of project schedules and
costs, it is important to consider all possible drivers, including risks that impact schedules, and to assess
cost and schedule risks together. Project cost drivers can be grouped into five types:

e Uncertainty (i.e., inherent risk or planned risk) around time-independent costs

e Uncertainty (i.e., inherent risk or planned risk) around time-dependent costs

e Uncertainty (i.e., systemic risks) of the project system with non-attributable cost and time impacts

e Risk Event (i.e., contingent risk or unplanned risk) with cost impacts

e Risk Event (i.e., contingent risk or unplanned risk) with time impacts that drive costs

Inherent risks stem from the inability to be certain about the nature and behaviour of the project system
and its interaction with external economic, political, and other systems. The likelihood of the occurrence of
inherent risks is 100%.

Practitioners should determine probability distributions used to model inherent uncertainty by considering
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prior experiences of comparable teams on similar projects, supplemented with historical data. Fortunately,
many drivers of inherent risks—such as the level of scope definition and team development—are generally
consistent across projects, and the uncertainty resulting from these drivers tends to be predictable (e.g.,
similar poor team development results under comparable uncertainty conditions across projects).

In the early phases of the project lifecycle, empirically based models of inherent risks are often more
reliable than team judgement or a limited database (if a risk database is available). Examples of inherent
risks include non-uniform construction techniques, pricing and scope uncertainties, and uncertainty over
the amount of resources and their cost per unit in the Base Estimate. While these are identifiable technical
causes, a more significant concern is the uncertainty about how the system will behave—particularly
under the stress of risk events and when compounded by weak practices, skills, and knowledge.

Figure 15 presents two probability distributions (Normal and Triangular) representing point estimates of
individual project Work Breakdown Structure (WBS) cost elements. Highlighted on the distributions are
the mean (50th percentile), median (expected value), and mode (most likely value).

This version enhances readability and clarity, making the information easier to follow while ensuring all
key points are effectively communicated.

Mode 15.00 Mean, Median, Mode =15

Median 17.75

Mean 18.33

5 10 15 20 25 30 35 0 5 10 15 20 25 30

Figure 15: Statistics of Triangle and Normal distributions (NASA Cost Estimating Handbook)

The Central Limit Theorem (CLT) states that the sum of many independent random variables, each with a
finite mean and variance, will approximate a normal distribution when averaged. Consequently, the
probability of distribution for the combined cost of an increasing number of Work Breakdown Structure
(WBS) items can be approximated by a normal distribution, as illustrated in Figure 16.

WBS Element Triangular Merge WBS Element Cost Distribution
Cost Distributions into Total Cost Normal Distribution

Most Likely Most Likely
Total Cost
RollUpof o0 —%°
Most Likely WBS
Element Costs
| Most Likely
| Most Likely

Figure 16: Central Limit Theorem (NASA Cost Estimating Handbook)

The commonly used probability distributions for assessing inherent risks are the Triangular, Normal, PERT,
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and Lognormal (or their alternative formats) distributions. Both the Triangular and PERT distributions can
be defined with three-point estimates, making them widely used in practical risk analysis. In the Monte
Carlo Simulation technique, a Triangular distribution requires three inputs: best case (lowest), most likely,
and worst case (highest). These inputs can be generated either objectively or subjectively; the objective
method defines a probability distribution for each WBS (Work Breakdown Structure) element using these
three cost elements, while subjective inputs can be based on expert elicitation by SMEs (Subject Matter
Experts, see Section 2.3.2).

It should be noted that many risk analysts prefer to use the alternative formats of Triangular and PERT
distributions to address the potential overestimation of best-case scenarios and underestimation of worst-
case scenarios.

To represent a broader range of possible outcomes, risk practitioners can adjust the extremes of PERT or
Triangular distributions. When the standard deviation and mean are known, practitioners may prefer to
use Normal and Lognormal distributions (as shown in Figure 17). This approach does not require best-case
or worst-case inputs.

The Lognormal distribution, which cannot go below zero and is asymmetrical, is generally preferred over
the Normal distribution by many risk analysts. This preference arises because inherent uncertainties and
risks have natural lower bounds at zero. For example, if the Base Estimate assumes three lost days per
month due to rain, the best case is zero lost days. However, the worst case could be as many as 30 lost
days, a scenario that is skewed similarly to the Lognormal distribution.

Normal (100, 5.5) Lognorm (10, 5.5)
X <= 9453 X <= 05.47 X <=526 X<=461
16.0% 84.0% 16.0%  84.0%

Values x 104-2

< 16.0%

68.0% 16.0% > < 16.0% 68.0% 16.0% >

94.53 105.47 526 1461
Figure 17: Normal and Lognormal distributions (NASA Cost Estimating Handbook)

Contingent Risks (or Unplanned Risks or Event Risks)

In contrast to inherent risks, contingent risks are generally caused by events or conditions not included in
the Base Estimate or Schedule. While inherent risks have a 100% likelihood of occurrence, contingent risks
may or may not occur, meaning their likelihood of occurrence is always less than 100%, their cost and/or
schedule impact is always greater than zero (noting that the net schedule impact on critical path might be
zero if the risk does not affect a critical activity). Examples of contingent risks include delays, or cost
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increases due to unforeseen bad weather, industrial action, planning approval issues, scope variations, and
unexpected site conditions discovered by geotechnical experts. Potential unsubstantiated claims from
contractors, which do not result from specific risk events or conditions, are also considered contingent
risks.

To realistically assess the various drivers of cost and schedule uncertainty, these drivers should be
integrated into a single model—or an integrated set of models—that addresses each type of risk. This
approach allows all effects to be simultaneously modelled, enabling the identification and ranking of
drivers so that risks can be effectively managed. The selection of the most appropriate approach depends
on several factors, including but not limited to:

a) project phase

b) contract type

c) delivery strategy (e.g. self-delivery or subcontracting)

d) internal and external requirements

e) constraints

f) project risk profile

g) organisational risk appetite, contingency management maturity.

RES Tips & Tricks: If all random variables have the same distribution and are perfectly correlated, the
percentile of the sum (e.g., the sum of P90s) of each individual project will be the same as the sum of
the percentiles (e.g., P90 of all projects combined as a program). In practice, however, this scenario is
rare. Therefore, we generally expect the sum of P90s to be greater than the overall P90. This principle
also applies when modelling inherent and contingent risks. To determine an optimal contingency
allowance, RES recommends assessing both inherent and contingent risks together to calculate the
optimum overall contingency.

In addition to the definitions of inherent and contingent risks, several other relevant terms are commonly
used in the industry, including "unknown unknowns" or unidentified risks. Traditionally, unknown
unknowns have been considered outside the scope of project risk management. However, this
Contingency Guideline recommends using the definitions provided in Table 4 to consistently integrate
these risks into the organisation’s risk management framework.

RES also acknowledges that some practitioners argue there are no truly unknown unknown risks, as all
risks have materialised in some form in the past. These practitioners believe that unknown unknowns are
simply risks that the project team has chosen not to quantify.

Identification Certainty Known (i.e. certain) Unknown (i.e. uncertain)
Known (i.e. identified) Known Known Known Unknown
(i.e. identified knowledge) (i.e. identified inherent & contingent
risks)
Unknown (i.e. unidentified) Unknown Known Unknown Unknown
(i.e. unidentified knowledge) (i.e. unidentified inherent &
contingent risks)

Table 4: Combination of known and unknown uncertainties, ref: Kim, S. D. 2012, PMI Global Congress 2012
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Cost estimation of a foundation excavation by

Known X measuring its size using concept design and
current productivity rate assumptions
Known Volume of rock due to lack of geotechnical
information. It should be noted that some
Unknown X X X X allowances may be included within the Base
Estimate to represent the uncertain, but specific
items
Possibility of hitting a live electrical cable due to
Known X X lack of as-built drawings and brownfield nature
of project
Unknown Hurricane Katrina in 2005, COVID in 2019
Unknown X Also noting that management reserve might be

excluded from the project budget.

Table 5: Indicative addressing of known and unknown uncertainties at different allowances for optimum contingency

From the contingency calculation perspective, the indicative approach in Table 5 (above) for assessing and
allocating risks and uncertainties against different buckets (i.e. Base Estimate, Inherent Risk, Contingent
Risk, CR and MR) can be used to address both identified and unidentified risks while assessing optimum
contingency allowance.

While management reserve can be allocated to manage unknown unknowns, RES recommends that the
team should aim to convert unknown unknowns to known unknowns through the characterisation of
relevant unknown unknowns. This allows these risks to be incorporated into the organisation’s established
risk and contingency management processes.

In some circumstances, these risks could be also defined as ‘exclusions’ in the contingency determination
process, which would then create a pool of events that contingency has not been allowed for. Hence,
these risks would need to be managed externally to the project funding / budget.

As the project progresses through its lifecycle, it is quite common to see changes in the size of the
respective contributions of inherent and contingent risks to the required contingency allowance. In the
early stages of development, the inherent risks are key drivers (e.g. 60-70%) of required contingency, while
contingent risks will be the key drivers at the delivery stage
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RES Example: contractor W2F is preparing its submission for a lump sum tender. All packages will be
delivered using external subcontractors. In addition to obtaining a number of market quotes, W2F is
also using its own internal benchmark data from previous similar projects. As part of the estimate

development, W2F assessed and quantified the inherent and contingent risks as per the table below.

Discipline
Package

Quote
1

Quote
2

Quote
3

Internal
Benchmark

Final Decision

Design

$500k

Sim

$600k

S600k @ Base Estimate with the inherent
risk below:

Best Case = $500k

Most Likely = $600k

Worse Case = S1m

Civil Works

S$15m

S16m

S$20m

S15m

S16m @ Base Estimate with the inherent
risk below:
BC =$15m
ML =S16m
WC = $20m

Structural
Works

S10m

S12m

Not
Available

S$10m @ Base Estimate, with possible
contingent risk for claim, 50% probability
with $2m cost

Mechanical
Works

S5m

S7m

S10m

S12m

S$12m @ Base Estimate, with possible
contingent opportunity for saving, 70%
probability (because all three quotes are
less) with $2m-$5m-S5m saving.

Considering the scope of works, Quote 1 is
unrealistic and was excluded.

Electrical
Works

S5m

S7m

S5m @ Base Estimate, with possible
contingent risk for claim, 50% probability
with $2m additional cost

Internal
Resources

Sim

S1m @ Base Estimate with the inherent
risk below:

Best Case = $$800k

Most Likely = $1m

Worse Case = $1.5m

Contingency

All inputs above should be used to assess
the required contingency allowance

4.4 Contingency Management Process Overview

The alignment of risk treatment and contingency management throughout the project lifecycle enhances
the value of project risk management. A structured process that integrates contingency management into
every stage of the project lifecycle increases confidence in achieving project outcomes.
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1
Contingency
Determination

Figure 18: The overall process of the contingency management framework

The overall process (Figure 18) has three key areas, which are applied at various stages throughout project

lifecycle:

a) Contingency determination — How much contingency is enough for the desired confidence level?

b) Contingency allocation — Guidance on how to allocate contingencies within the project and at
different organisational levels

c¢) Contingency controls — Guidance on measures to monitor and control contingency use

Figure 19 represents an example of a high-level integrated approach to contingency management applying
both quantitative and qualitative techniques, during the project development and delivery phases. The

process should be adaptive to new data inputs, allowing for adjustments in contingency allocation as risks
are better understood.

Base Estimate Contingency — inherent Risk )
Development determination by using NRErENT RIsks — Pre Risk
u (first principles) appropriate method/s Waorkshop
2 A Sessions
e .
o WBS/CBS against
= Type/DP's/Phase
z Contingent Risks | «—— Risk Warksh
= is orkshop
=Y
TG_; Baze Scheduls CO”TEE"_'CY f-‘;!ﬁ)caﬁcn
- Development orizontally I
é and vertically) ‘UF\? JJIE': RI'I;k
WBS against | | Schedule Risk oresnap
Type/DP's/Phase Assessment 2€3310M5
Performance :
- Contingeni
Actual Cost Measurement Baseline ngency Pre Risk
and Schedule Data determination by
(PMB) & Cash flow using appropriate | & | Workshop
© J method/s Sessions
g
g Trend Analysis
> & Forecasting Risk Workshop
@
= 7
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= Change Contral Post Risk
— Process, including Workshop
Reporting 1 spending, re-allocating | € Sessions
or returning contingency

Figure 19: A typical high level contingency management process
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4.5 Roles & Responsibilities

The contingency management process involves many teams and stakeholders. For transparency and
accountability, a RACI (Responsible, Accountable, Consulted and Informed) Matrix is recommended. This
matrix defines the roles and responsibilities of stakeholders in the contingency management process,
ensuring clear communication of duties. The red highlighted boxes and interfaces in Figure 19 illustrate the

responsibilities of the risk practitioner, including:

e Facilitating risk workshops

e Capturing data inputs for risk modeling

e Developing quantitative risk models

e Reporting on contingency use and adjustments

RES Example: risk related roles in a construction project

A new office building is being constructed in an urban area, involving several phases from planning

to completion. The project has multiple stakeholders, including the construction company,
subcontractors, finance team, and city regulators. Risk Management Plan has the RACI below.

Project Risk Construction Finance . City .
Task Manager |[Manager |[Team Leaders |[Team Subbies Regulators Client
Risk Workshops A R C | C | |
Data Inputs for
Risk Modelling A R c l c I I
Developing
Quantitative A R C | | | |
Risk Models
Reporting on
Contingency A R C | | | |
Use
Implementing
Mitigation A R R | R | |
Strategies
Approving
Contingency A&R C I C I I I
Adjustments
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4.6 Relevant Qualifications and Certificates

There are a wide range of qualifications and certificates enabling the risk analyst to undertake the required
roles and responsibilities, as highlighted in the previous section. Some of these relevant qualifications and
certificates are:

* Contingency Masterclass (4-day online training program) and Contingency Management
Professional (CMP) Certificate, by Risk Engineering Society (RES) and Western Sydney University,
Risk-based Contingency Management Masterclass | Western Sydney University

* Chartered Professional Engineer (Risk Engineering or Cost Engineering), Engineers Australia

* Certified Cost Technician (CCT), Certified Scheduling Technician (CST), Certified Cost Professional
(CCP), Certified Estimating Professional (CEP), Earned Value Professional (EVP), Planning &
Scheduling Professional (PSP), Certified Forensic Claims Consultant (CFCC), Decision & Risk
Management Professional (DRMP), Project Risk Management Professional (PRMP), AACE
International

*  Project/Program/Portfolio Management Professional (PMP, PgMP, PfMP), Certified Associate in
Project Management (CAPM), PMI Risk Management Professional (PMI-RMP), PMI Scheduling
Professional (PMI-SP), PMI Agile Certified Practitioner (PMI-ACP), Project Management Institute

* International Certificate in Financial Services Risk Management, International Certificate in
Enterprise Risk Management, International Diploma in Enterprise Risk Management, Digital Risk
Management Certificate, Institute of Risk Management

* |IPMA: International Project Management Association (International Project Management
Association) Levels A, B, Cand D

*  PRINCE2 Foundation and Practitioner

* PRINCE2 Agile Foundation and Practitioner

* 10131NAT Certificate IV in Compliance & Risk Management

* 10184NAT Graduate Certificate in Compliance & Risk Management

* Certified Construction Auditor (CCA) and Construction Control Professional (CCP), National
Association of Construction Auditors

* Master of Risk Management (MRM), various universities

* Certified in Risk and Information Systems Control (CRISC), ISACA

* Certified Risk Management Professional (CRMP) and RMCP, RIMS (Risk and Insurance
Management Society, Inc.)

* Operational Risk Management Certificate, Global Association of Risk Professionals (GARP)

* Certificate in Quantitative Finance (CQF)

* [SO 31000 Risk Management Certification

* Lean Six Sigma Certification (Yellow, Green, Black Belt)

* Construction Risk and Insurance Specialist (CRIS)

* Certified Business Continuity Professional (CBCP), DRI International (Disaster Recovery Institute)
(DRI)

* Certificate in Risk Management Assurance (CRMA), lIA-The Institute of Internal Auditors (l1A)
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5.2 Overview

Contingency is never a substitute for proper cost estimating or project planning and scheduling. It must
not be added to the Base Estimate in budgets, cost plans, forecasts or the Base Schedule as a replacement
for sound, well-founded cost estimating and planning or scheduling.

Contingencies must align with the residual risks in the project’s estimated solution and the project’s cost
estimation and schedule development method. They should be as specific as possible and should match
the level of project definition and solution development at each decision gate. At the point of approval,
that definition should be fully developed with comprehensive and thorough cost and schedule planning.
The primary objective of any contingency management framework is to establish clear procedures that
apply to the governance, assessment, allocation and release of contingency.

Even if the contingency determination is based on empirically derived models, any assessed contingency
should be verified against appropriate internal and external benchmarks where possible. Multiple risk-
based approaches exist for assessing contingency, each with varying degrees of complexity. The
appropriate method should be selected based on a range of internal and external factors including:

a) external requirements (e.g. regulations and investment criteria)

b) stage of the investment lifecycle

c) project value and risk profile

d) extent of development of design and scope definition

e) project complexity

f) organisation’s strategic objectives

g) organisation’s maturity in project, risk and contingency management

h) current risk exposure against the organisations’s risk appetite, tolerance and capacity
i) organisation’s track record on similar projects

j)  market conditions and competition landscape.

If the organisation selects the most appropriate quantitative risk analysis (QRA) method for each set of
circumstances, it should address the following five sources of risk:

a) inherent risks associated with the cost estimating and scheduling methodologies

b) inherent risks associated with the technical and programmatic aspects of the system or project
being developed, (i.e. systemic risks)

c) contingent risks associated with the key internal and external interfaces

d) inherent risks in the correlation between WBS elements or contingent risks, and

e) specific risks relevant to the project.

RES Recommendation: to improve efficiency, risk and uncertainty data should be collected and
assessed for contingency determination. This allows time for modifications and improvements to the
plans, and to conduct re-assessments before the decision gate. However, bias in the Base Estimate
(which is always present to some extent) must be assessed and addressed using estimate and schedule
validation. Hence, RES recommends that the bases should be fully documented and completed before
the risk and contingency assessment can be finalised and completed.
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5.3 Schedule Contingency Determination

As illustrated in Figure 20, the most common methods for schedule contingency determination are divided
into two groups: deterministic and probabilistic. Note that RES does not recommend calculating the
schedule contingency determination separately to cost contingency. Analysis should always be integrated.
This makes it easier to read the discrepancies and correlations between the schedule and cost contingency
determination methods. It should be noted that there are also hybrid approaches (i.e. combination of
multiple methods or parametric or other to address some deficiencies of various individual methods).

RES strongly recommends an integrated analysis of cost and schedule risk using methodologies like Monte
Carlo simulation. This allows for a more holistic view of project risks by linking schedule risks to cost
drivers, ensuring interactions between time and cost are effectively captured. Hybrid approaches (i.e.
combination of multiple methods, parametric, or others) may be useful to mitigate deficiencies in
individual methods.

It should be also noted that different software solutions might use a combination of these methods of
schedule contingency determination, e.g. Al-based and Quantitative Schedule Risk Analysis (QSRA).
Organisations / Projects are strongly encouraged to carefully assess the capabilities and suitability of each
schedule contingency determination solution against their context and requirements.

Pre-defined Factor
Based %

maDeterministic Methodsgg

Expert Judgement %
(SME)

= Non-Simulation S Al-based

Quantitative Schedule A (B
kL AnaIYSIS I:QSRA}
Risk-driven Hybrid
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c
]
=Ty]
=
=
=
=]
o
Q
S
-
T
=
(=)
w

— Simulation

Figure 20: The most common methods of schedule contingency determination

5.3.1 Deterministic Methods

Deterministic methods are the easiest approaches to schedule contingency determination and are mostly
used during the early stages of the project lifecycle, or for small projects. During the early stages of project
development, insufficient data and time or resource constraints may limit a team’s ability to undertake a
more detailed schedule contingency assessment. Using appropriate factors for the desired confidence
levels facilitates this approach. There are several different applications of deterministic methods for
determination of schedule contingency, including predefined factor-based percentage or expert judgment
percentage.

Pre-defined Factor Based %

In this method, a predetermined percentage of the project Base Schedule (e.g. 10%) will be added to the
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project Base Schedule across the board. Some organisations have their own set of guidelines for
contingency percentages in addition to the Base Schedule to concurrently address both inherent and
contingent risks. Alternative applications may include:

a) predefined percentages of the Base Schedule for different types (or sizes) of projects

b) predefined percentages of the Base Schedule for different project phases

¢) predefined percentages of the Base Schedule for different confidence levels (e.g. 10% for P50 and
30% for P90).

Using this technique, practitioners set a single overall contingency allowance for combined inherent and
contingent risks for the whole project — or several different key areas. This allowance is based on the
organisation’s exposure to multiple projects, its experience, and historical project performance. These
predetermined percentages will be used consistently across the organisation. An example of the
predefined factor-based method is illustrated in Table 6, note that RES does not recommend the
percentages in Table 6, or any other specific contingency values.

Project Value Project Value Project Value
(incl. (incl. (incl.
Work Breakdown Structure (WBS) contingency) contingency) contingency)
PV<=$1m [$S1m<PV<=$5m PV > $5m
% of Base % of Base % of Base
Whole scope 5% 10% 20%

Table 6: An example of predetermined contingency percentages for different project sizes

Expert Judement % (SME)

The method of expert judgment percentage (SME) is similar to the pre-defined factor-based percentage
method. However, instead of using predetermined percentages, for the Base Schedule, a group of Subject
Matter Experts (SME) determine percentages for each project or phase or discipline — after considering the
project specific risks and uncertainties as well as contractual and organisational requirements, stakeholder
expectations, and other relevant factors.

RES Example: A construction company is developing a large commercial building. The project
involves several phases: planning, foundation work, structural construction, electrical and plumbing
installation, and finishing. The project team needs to calculate contingency funds using expert
judgement, considering specific risks and uncertainties.

For example, using the expert judgement method, the SMEs determine phase-specific contingency
percentages based on their experience and understanding of various project risks and uncertainties.
The calculated contingencies were then summed to provide a total contingency amount, which was
added to the base project cost to establish the final project budget including contingencies. This
method ensures that the contingency calculations are tailored to the specific conditions and risks of
the project, making the estimates more robust and reliable.
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5.3.2 Probabilistic Methods

For easier understanding, the probabilistic methods of schedule contingency determination have been
groups in two categories: Non-Simulation methods and Simulation-based techniques.

Non-Simulation

Al-Based

One of the non-simulation techniques for schedule contingency determination is using Artificial
Intelligence (Al) technology, which is growing at a significant speed across all industries. Al based methods
generally do not require the manual application of risks and uncertainties to activities in the schedule.
Instead, for example the machine learning model trained on past project data automatically generates
duration distributions for the activities or disciplines within the schedule. From here, the most impactful
activities to the key milestones identified are highlighted in a tornado chart, along with contextual
information that helps project teams assessing risk mitigations.

Al-based tools can enhance the assessment of project schedule contingency by leveraging its capabilities in
data analysis, pattern recognition, and predictive modelling. Implementation Steps include:

e Data Collection: Gather historical project data, current project details, and any other relevant
information.

e Model Development: Develop machine learning models tailored to the specific needs and
characteristics of the project.

e Integration: Integrate Al tools with existing project management software for seamless data flow
and analysis.

e Testing and Validation: Test the Al models on past projects to validate their accuracy and
effectiveness.

e Deployment: Deploy the Al solutions and continuously monitor and update them for ongoing
improvement.

Although the concept is at the early stages of development with a limited number of solutions and users,
the Contingency Guideline highlights there are several ways Al can be utilised for this purpose.
e Predictive Analytics

o Historical Data Analysis: Al can analyse vast amounts of historical project data to identify
patterns and trends. This helps in understanding how past projects have deviated from
their schedules and what factors contributed to those deviations.

o Risk Prediction: By evaluating historical and real-time data, Al can predict potential risks
that could affect the project timeline, allowing for better planning and mitigation
strategies.

e Machine Learning Models

o Schedule Optimisation: Machine learning algorithms can optimise project schedules by
identifying the most efficient sequence of tasks and predicting potential bottlenecks.

o Scenario Analysis: Al can simulate various scenarios to assess the impact of different risks
on the project timeline. This helps in understanding the probability of delays under
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different conditions.

e Natural Language Processing (NLP)

o Risk Identification: NLP can be used to analyse text data from project documentation,
emails, and reports to identify potential risks and issues that might affect the schedule.

o Stakeholder Communication: NLP can assist in understanding stakeholder sentiment and
concerns related to project timelines, ensuring better communication and proactive risk
management.

e Real-time Monitoring and Alerts

o Progress Tracking: Al-powered tools can monitor the project’s progress in real-time,
comparing it with the planned schedule and identifying deviations immediately.

o Proactive Alerts: Al can send real-time alerts to project managers about potential delays or
issues, allowing for timely intervention and adjustments.

e Integration with Project Management Tools

o Automated Reporting: Al can integrate with existing project management tools to
automate the generation of reports and dashboards that visualise schedule performance
and risks.

o Resource Optimisation: Al can analyse resource allocation and suggest adjustments to
minimise delays and enhance productivity.

e Data-Driven Decision Making

o Informed Adjustments: Al provides data-driven insights that enable project managers to
make informed decisions about adjustments to the schedule or contingency plans.

o Continuous Learning: Al systems can continuously learn from new data, improving their
predictive accuracy and the effectiveness of contingency plans over time.

It should be also noted that Al Based methods, e.g. machine learning, can be combined with simulation
methos, e.g. Monte Carlo simulation. Machine learning and Monte Carlo simulation are powerful
techniques that serve different purposes but can be effectively combined. Monte Carlo methods help in
understanding systems under uncertainty, while machine learning provides predictive power and pattern
recognition. Together, they can offer robust solutions for complex modelling and prediction tasks.

One common approach to combining these techniques is to use Monte Carlo methods to generate data
that can train a machine learning model or to use machine learning to analyse and interpret the outputs of
Monte Carlo simulations.

Example Process:

1. |Initial Simulation: Use Monte Carlo simulation to generate a large dataset representing various
scenarios of a system.

2. Model Training: Train a machine learning model on this dataset to learn the underlying patterns
and relationships.

3. Prediction and Analysis: Use the trained machine learning model to predict outcomes of new
scenarios or to perform sensitivity analysis.
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RES Recommendation: using Al technology for assessing project schedule contingency can improve
accuracy, enable proactive risk management, and enhance overall project efficiency. By leveraging
predictive analytics, machine learning, natural language processing, and real-time monitoring, risk
managers can better anticipate and mitigate potential delays, ensuring projects stay on track.
However, given the current stage of Al-enabled tools and data availability, this guideline recommends
practitioners exercise additional caution when using Al-based solutions. The risks can be mitigated by
using Al in conjunction with other proven techniques, such as Quantitative Schedule Risk Analysis
(QSRA).

It should be noted that at the time of this publication, the Al Based techniques for contingency
determination are not a replacement for all existing project risk management processes and
qualitative / quantitative risk workshops. These in which systemic and project specific risks are
identified and assessed are as important as the contingency allowance. RES recommends Al Based
methods to be used in combination to other good industry practices, e.g. bottom-up Quantitative
Schedule Risk Analysis (QSRA).

Simulation (Quantitative Schedule Risk Analysis OSRA)

The probabilistic simulation-based methods of schedule contingency determination generate a probability
distribution of project schedule duration. The critical path method using the Monte Carlo simulation does
this by simulating schedule components and their likely ranges using computer software. Regression based
parametric modeling does this inherently through the probabilistic attributes of the model algorithm.

Probabilistic simulation-based methods are a form of Quantitative Risk Analysis (QRA). To estimate
contingency at the desired level of confidence, common techniques include computer-based Latin
Hypercube or Monte Carlo simulations. According to the NASA Cost Estimating Handbook, the simulation
process will generally produce steady state results after 2,500 to 10,000 iterations. Simulations allow risk
practitioners to quantify project risks and provide them with a range of possible outcomes expressed as
statistical distributions. For parametric modeling, the algorithm generates the distribution based on the
risk factor ratings entered in the model. This is the only viable probabilistic method when there is no
Critical Path Model (e.g. at Class 5 as described in Section 3.2).

Three-Point

RES recommends separating inherent uncertainties, such as estimation errors or schedule duration
variability, from specific risks. Both inherent uncertainties and contingent risks should be included in the
Monte Carlo simulation. This distinction helps clarify the origin of potential delays. The process for the
most common approach to this method is represented in Figure 21.

Assign Assess
Assess the - :
Obtain 3-point estimate appropriate Run schedule the required
Le - Col = - - - - -
P : distributions risk model contingency
& Validate of activity . A )
the Base — durations = nto activities by using = allowance
T DdotT Ullo -
- o : to develop Monte Carlo for desired
Schedule (best, most likely N - ; .
. the schedule simulation confidence
and worst) ;
risk model levels

Figure 21: Common process of three-point schedule contingency determination method
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A three-point schedule includes three estimates: optimistic, most likely, and pessimistic duration.
Commonly, a Monte Carlo simulation provides a probability distribution for the entire project schedule
based on SME estimations of range and probability distributions for components of the WBS. Some of the
key challenges associated with this method of schedule contingency determination are:

a) selection of an appropriate level of WBS and schedule activities for allocating three-point ranges
(i.e. number of schedule items and inputs)

b) determining which risks directly drive crucial activities

c) optimising effective use of the risk register and available contingent risks

d) determination of probability distributions for each activity

e) determination and modelling of the correlations and relationships between inputs

f) visibility of key schedule risk drivers and their rankings

g) accurate estimation of contingent risks (e.g. access delay, wet weather, accidents)

Due to these challenges, the three-point schedule contingency determination method may result in
inconsistent and unpredictable results, depending on the level of modelling and its quality. The resulting
distribution is almost always too tight, due to inadequate treatment of correlations.

RES Example: A construction company is tasked with building a new office complex. The project
involves several critical phases: site preparation, foundation work, structural construction, electrical
and plumbing installation, and interior finishing.

Key Phases/Tasks and 3-point estimate

1.1 Site Preparation — 10/ 15 / 25 days

1.2 Foundation Work — 20 30 / 50 days

1.3 Structural Construction — 60 / 80 / 120 days

1.4 Electrical and Plumbing Installation — 40 / 50 / 70 days
1.5 Interior Finishing — 30 / 40 / 60 days

Monte Carlo simulation used to generate a probability distribution for the entire project duration
based on the three-point estimates for each task. Monte Carlo simulation results were then
reviewed to determine a probability distribution of the total project duration and then an
acceptable level of confidence was decided for the project duration (e.g., 80th percentile).

Example result: At the 80th percentile, the project duration is 230 days. The planned duration
without contingency is 215 days.

Schedule Contingency Calculation:

e Base Schedule duration: 215 days
e Project duration at 80th percentile: 230 days
e Schedule contingency: 230 - 215 = 15 days

Summary

Using the three-point estimation and Monte Carlo simulation method, the project team calculated
the schedule contingency for the construction project. By gathering optimistic, most likely, and
pessimistic estimates from SMEs, running a Monte Carlo simulation, and analysing the output, the
team established a schedule contingency of 15 days to accommodate uncertainties and risks. This
approach helps ensure a more reliable and robust project schedule

Page 73 of 224 Risk Engineering Society (RES) Contingency Guideline, Edition 3, 2025



DR

RISK ENGINEERING
ENGINEERS SOGIETY
AUSTRALIA

Risk Factor

To address some of the gaps within the three-point method (e.g. correlations, narrow ranged outcomes, or
identification of key risk drivers) the risk factor top-down approach was introduced to drive the schedule
risk with risks previously defined in the risk register. During the early stages of project development, the
risk factor method can identify and use several key factors — generally between five to 20 items —
representing uncertainties that may affect the Base Schedule. These key factors are often aligned with key
scheduling assumptions (e.g. productivity rates and quantities). The key aspects of this method are:

a) set risk factors (e.g. 0.8 for optimistic; 1.0 for most likely; and 1.4 for pessimistic)

b) assign the risk factors to one or more activities and multiply the activity duration by the applicable
risk factor

c) if the activity duration is impacted by one or more risk factors, all applicable risk factors should be
used to multiply the activity duration.

RES Example: A construction company is tasked with building a residential apartment complex. The
project involves several critical phases: site preparation, foundation laying, structural work,
electrical and plumbing installation, and interior finishing. Each phase will be subject to various risks
as identified in the risk register.

Key Phases/Tasks:

1.1 Site Preparation — 10 days

1.2 Foundation Laying — 20 days

1.3 Structural Work — 60 days

1.4 Electrical and Plumbing Installation — 40 days
1.5 Interior Finishing — 30 days

Key Risk Factors: (values for each risk factor is 0.8 Optimistic, 1.0 Most Likely, 1.4 Pessimistic)

Labour Productivity (LP)

Material Availability (MA)

Weather Conditions (WC)

Permitting and Regulatory Delays (PR)
Site Conditions (SC)

Assigned Risk Factors to Activities:

e Site Preparation (Impacted by SC and WC) — optimistic: 10 x 0.8 (SC) x 0.8 (WC) = 6.4 days, most
likely: 10 x 1.0 (SC) x 1.0 (WC) = 10 x 1.0 = 10 days, Pessimistic = 19.6 days

Foundation Laying (Impacted by SC and PR) —12.8 / 20 / 39.2 days

Structural Work (Impacted by LP and MA) —38.4 /60 / 117.6 days

Electrical and Plumbing Installation (Impacted by LP and MA) — 25.6 / 40 / 78.4 days

Interior Finishing (Impacted by LP) — 24 / 30 / 42 days

Monte Carlo simulation then used to generate a probability distribution for the entire project
duration based on the three-point estimates for each task. Monte Carlo simulation results were
then reviewed to determine a probability distribution of the total project duration and then an
acceptable level of confidence was decided for the project duration (e.g., 80th percentile).

Schedule Contingency Calculation:
e Planned duration based on the most likely estimate: 160 days

e Project duration at 90th percentile: 200 days (P90)
e Schedule buffer/contingency: 200 - 160 = 40 days
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Risk-driven Hybrid QSRA (recommended by RES)

This method is underpinned by a Critical Path Method (CPM) schedule which incorporates risk drivers as
elements of the model (i.e., it is risk driven). The key elements of a realistic and reliable Risk-driven Hybrid
QSRA in determination and allocation of a reasonable schedule contingency for different desired
confidence levels are:

a) undertake a schedule health check against contractual factors, integrity and structure

b) undertake required rectification of deficiencies (e.g. constraints, missing links, broken logic)

c) for large schedules, create a manageable study schedule

d) allocate the inherent and contingent risks into the rectified schedule model (i.e. determine which
activities each risk may impact)

e) assess and model key correlations

f) assess and model key possible scenarios, e.g. directed changes and changes to deal with risk
occurrence (i.e. probabilistic branching)

g) runa Monte Carlo Simulation

h) review, validate and finalise the results

i) using results for cost Contingency Determination, if required.

The process for the most common approach of this method is represented in Figure 22.

1

Figure 22: A typical process map for the Risk-driven Hybrid QSRA technique

Further details about this method are included in Appendix C.
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As illustrated in Figure 23, common methods for cost contingency determination are divided into two
groups: deterministic and probabilistic. RES strongly recommends that practitioners employ the good
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industry practice of assessing cost and schedule contingency together using an integrated approach.
However, to make this Contingency Guideline easier to read, schedule and cost contingency calculations
have been explained in different sections.

This Contingency Guideline also notes that mathematical methods including fuzzy techniques or artificial
neural networks, as well as systems dynamics models have been introduced by researchers — mainly for
academic purposes. There are also hybrid approaches (i.e. combination of multiple methods or parametric
or other to address the deficiencies of various methods).

It should be also noted that different software solutions might use a combination of these methods of
schedule contingency determination, e.g. Al-based combined with Quantitative Cost Risk Analysis (QSRA)
or Parametric Based combined with QCRA. Organisations / Projects are strongly encouraged to carefully
assess the capabilities and suitability of each schedule contingency determination solution against their

context and requirements.

ninistic Methods

Cost Contingency
Determination

Probabilistic Methods

Pre-defined Factor Based %

Expert Judgement % (SME)

Item Based %

Enhanced Scenario Based
Method (eSBM)

Method of Moments (Delta
Method)

Reference Class Forecasting|

(Optimum Bias Uplifts)

— Non-Simulation — Parametric Based

— Regression Based

Range Based

— Al Based

Outputs Based Uncertianty

Quantitative Cost Risk

Analysis (QCRA)

— Simulation

Integrated Quantitative

Schedule Cost Risk Analysis

3-Point Estimate
Risk Factor

First Principles Risk Analysis
(FPRA)

(iQSCRA)

Figure 23: The common methods of cost Contingency Determination
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RES Recommendation: while contingency is a form of risk treatment which can be used to mitigate
uncertainty or realised risks, it should only be used when incorporated with a comprehensive risk
management approach.

5.4.1 Reliability of Methods

Both deterministic and probabilistic methods can be reasonably used to determine a realistic contingency
allowance for projects — depending on the phase of the investment lifecycle, availability and quality of
project data, historical information, the organisation’s maturity, and project specific requirements. While
some approaches are more acceptable in the early stages of the project lifecycle, bottom-up probabilistic
methods of contingency determination are recommended wherever possible at every decision gate of the
phase gate system — particularly at the full funds approval gate. For projects with a value of more than
$10m this Contingency Guideline recommends simulation or hybrid methods, when practical, at these final
decision-making stages.

RES recommends that practitioners use the following evaluation criteria to select an appropriate cost
contingency determination method:

a) strength, supporting data and nature of assumptions required

b) ability of the practitioner and project team to understand the technical complexity of the method

c) computational overheads, availability of software, and training required for computational
methods

d) consistency, reliability and range boundaries of the method, and its ability to support decision-
makers in assisting decision-makers

e) ability and possibility to use a combination of methods to support decision making

The evaluation criteria above can assist practitioners and their organisations to develop an overarching
strategy for contingency determination by deciding which method or combination of techniques best fit
their internal and external requirements.

The criteria can also help practitioners determine the ability of each of the methods discussed in the
Contingency Guideline to provide reliable and realistic results for specific needs. This depends on several
factors, including the quality and availability of information to support the process.

The Contingency Guideline generally recommends the application of MCS, due to its potential capability
for consistent and reasonably reliable predictions. It should be noted that there are associated challenges,
including: whether historical data is validated; the consistency of probability density functions, their tail
shapes, and interdependency; and the relevant risk function.

If a large number of supporting observations are available, practitioners should be able to closely estimate
the data with a probability density function which should improve the accuracy of the MCS predictions.
While they still depend on the model used, and accurate programming, simulations with a sizeable body of
relevant supporting data generally provide the most accurate risk forecasts.

The most common methods of cost contingency determination are explained in this section. The other

methods — except the new mathematical methods due to the small number of current practical
applications — have been explained in the Appendix D.
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5.4.2 Deterministic Methods

Predefined Factor Based %

The factor-based approach is the easiest method of cost contingency determination. It is mostly applicable
at the early stages of the project lifecycle or for smaller projects — where time, data and resource
constraints make a more comprehensive assessment difficult. Using appropriate factors for the desired
confidence levels facilitates this approach.

This technique adds a predetermined, across the board, percentage of the project Base Estimate (e.g. 10%)
to the project estimate. Individual organisations have frameworks to determine which percentages best

suit their needs. The most common application of this methodology is to set a single overall percentage of
the project Base Estimate which incorporates both inherent and contingent risks. Other ways may include:

a) predetermined percentages of base for different types (or sizes) of projects
b) predetermined percentages of base for different key phases of a project
c) predetermined percentages of base for different confidence levels (e.g. 10% for P50, 30% for P90).

Instead of calculating separate contingency for inherent and contingent risks, this technique determines
an overarching contingency allowance range for the whole project or a number of different key areas. This
is based on the organisation’s exposure to multiple projects, experience, and historical performance of
projects. These predetermined percentages are used consistently across the organisation. A few examples
are illustrated in Tables 7 and 8. Note RES does not recommend these, or any other specific values of
contingency. It is best to benchmark chosen values against actual company projects.

Work Breakdown
Structure (WBS)

Low confidence level
e.g. P10

Reasonable confidence
level e.g. P50

High confidence level
e.g. P90

% of Base Estimate

% of Base Estimate

% of Base Estimate

Whole scope

20%

30%

40%

Table 7: An example of a predetermined contingency percentages fo

r different confidence levels

Work Breakdown

Project Value (incl.
contingency)

Project Value (incl.
contingency)

Project Value (incl.
contingency)

Structure (WBS) <=%1m <=$5m >$5m
% of Base Estimate % of Base Estimate % of Base Estimate
Whole scope 10% 20% 30%

Table 8: An example of predetermined contingency percentages for different project sizes

RES Example: the predefined factor-based method is a common method, especially at the early stages
of project development, both in Australia and globally. For example, in the US, the factors below are
used by Virginia Department of Transportation to estimate transport projects for different regions.

State Factor
Delaware 5% of estimated construction cost
Kentucky 10% of estimated construction cost
Pennsylvania 10 to 20% of estimated construction cost
Tennessee 10% of estimated construction cost
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Expert Judement % (SME)

The method of expert judgment percentage (SME) method is very similar to the factor-based percentage
method. Instead of predetermined levels, percentages are obtained from the Base by a group of experts for
each project — after specifically considering its risks and uncertainties. The accuracy of results depends on
the experience of the SMEs and their consideration of specific circumstances and risks —and tends to vary

from project to project.

Item Based %

The deterministic item-based approach to quantifying contingencies aims to improve the expert judgment
approach by applying the deterministic method for a number of items across the project scope — including
the inherent and contingent risks — rather than percentages of the Base Estimate and Base Schedule. The
structure of items is based on the WBS or Risk Breakdown Structure (RBS). Some applications of this
method have been illustrated in Tables 9, 10 and 11.

Base Estimate <= $5m

Base Estimate > $5m

Work Breakdown Structure (WBS)

% of Base Estimate

% of Base Estimate

Civil Design

1% of Civil Design $

2% of Civil Design $

Structure Design

1% of Structure Design $

2% of Structure Design $

Soft Soil Treatment

5% of SST $

10% of SST $

Excavation 5% of Excavation $ 7% of Excavation $
Structures 5% of Structures $ 8% of Structures $
Line Marking 1% of Line Marking $ 2% of Line Marking S
Landscape 1% of Landscape $ 2% of Landscape S

TOTAL - contingency

To be calculated

To be calculated

Table 9: An example of the item-based percentage using WBS
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Work Breakdown

Low confidence level

Reasonable confidence

High confidence level

Structure (WBS) / Risk e.g. P10 level e.g. P50 e.g. P90
Breakdown Structure
(RBS) % of Base Estimate % of Base Estimate % of Base Estimate
Project scope 2% 3% 5%
Status of design 3% 4% 5%
Site information 1% 2% 3%
Constructability 1% 2% 3%
Project schedule 1% 2% 3%
Interface Management 2% 3% 5%
Approval processes 1% 2% 1%
Utility adjustments 1% 2% 4%
Properties 2% 3% 5%
Other inherent & 1% 2% 3%
contingent risks
TOTAL - Contingency 15% 25% 40%

Table 10: An example of the item-based percentage using 10 key aspects

With pre-defined factors, research has found that this method is generally optimistic as may not be risk-
driven and tends to focus on the estimator’s view of the quality of their estimate as opposed to a
combination of inherent and contingent risks. It is not usually based on empirical analysis of a company’s

data.

Values from books and external references generally do not apply well to any specific company or project.
Values based on historical projects or benchmarked against actual company projects is best.
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RES Example: Table 11 presents an example of the item-based percentage method against WBS and
different project confidence levels while approaching the inherent and contingent risks separately. The
details presented in Table 11 can be interpreted as described below:
a) Base Estimate of $5,000k
b) Base Schedule of 80 working days
c) For a confidence level of 50%, cost contingency of approximately $720k (14% of Base
Estimate) and schedule contingency of an additional 21 working days (26% of Base Schedule)
is recommended
d) For a confidence level of 90%, cost contingency of $1,475k (30% of Base Estimate) and
schedule contingency of an additional 30 working days (38% of Base Schedule) is
recommended. Note that adding P90 values implies all risks are 100% correlated — a very
conservative assumption.

= | Low confidence Reasonable High confidence
% 3 level confidence level level
E —
WBS / RBS r;g()) S % e.g. P10 e.g. P50 e.g. P90
() W~ o
o 2 % of Base % of Base Estimate | % of Base Estimate
& S | Estimate of Item of Item of Item
INHERENT
Earthworks 100[ $1,000k| 20 |2% $20k 3% $30k 4% $40k
Pavement 100| $S300k 20 (1% S3k 2% S6k 5% S15k
Bridge 1 100| $1,000k| 20 |5% S50k 10% $100k 30% $300k
Bridge 2 100] $2,000k| 20 | 5% $100k 15% $300k 40% $800k
Misc. 100[ $700k - 3% S21k 5% S35k 10% $70k
$5,000k 80
CONTINGENT
Extreme 30 | $500k | 20 |30% x |S$150k 30% x $150k 30% x | $150k
th
LASEI ST $500k $500k $500k
Extra soft soil 20 |$500k | - |20%x |[$100k [20%x |$100k |20%x | $100k
treat t
AR $500k $500k $500k
Approval & site 20 |- 20
access
TOTAL — 9% $444k 14% $721k 30% $1,475k
Contingency

Table 11: An example of the item-based percentage method

5.4.3 Probabilistic Non-Simulation Methods

The use of probabilistic non-simulation methods of cost contingency determination is limited within the
infrastructure, engineering and construction sector, although Al-based methods and tools are currently
growing. These methods have been explained in Appendix D:

a) Enhanced Scenario Based Method (eSBM)
b) Method of Moments (Delta Method)
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c) Reference Class Forecasting (RCF)
d) Parametric Based

e) Regression Based

f) Ranged Based

g) Al Based

5.4.4 Probabilistic Simulation Methods

Probabilistic simulation methods generate distributions of possible outcomes. There are two types of
practical probabilistic (inferential statistics) methods: regression based and Monte Carlo simulation. Some
regression-based methods are discussed in the Appendix D.

Using risk drivers during simulation not only helps assess individual risks but also automatically generates
correlations between activity durations. This is crucial in complex projects where manual estimation of
correlation coefficients can be error prone. A well-developed model, using quality assumptions validated
against historical data, can reasonably reflect the behavior of real projects subject to risks of various types.

The simulation methods start with a model of the project. It may be the estimate with its line items, or a
Critical Path Method (CPM) schedule with its activities and logic, or some combination or variation. Note
that none of the simulation models depict how a project behaves under the dynamic nature of risks. For
example, the CPM network as usually applied is static or fixed. The model is made probabilistic by
replacing fixed input values with ranges and probabilistic methods to produce a probability distribution
that approximates project schedule and costs. To do this, practitioners need to set a probable range for
each identified element of cost and schedule and conduct an iterative sampling process to simulate the
distribution using computer software to capture the outputs of the many iterations.

As discussed in Section 5.4.2, probabilistic methods are a form of Quantitative Risk Analysis (QRA).

The quality of simulation methods depends on how realistically the underlying model represents how the
project will behave when subject to risk. For example, as a principle, it should be “risk-driven”, i.e., we
model the occurrence of each risk and its impact, not just a range of impact without modeling the risk
driving that range. When undertaken properly, the method optimally generates all possible scenarios
modeled by the analysis and the likelihood of the occurrence of each outcome. Building a realistic yet
practical underlying model is the main challenge.

To determine the values of possible outcomes, the simulation calculates which values are reasonably
possible for each model variable. If they are included in the model, the simulation includes the risk drivers’
occurrence probability. The results for Monte Carlo simulations and other probabilistic techniques also
encompass the confidence levels able to be assigned to each possible value of project cost and duration.

Simulation has an advantage over empirical models in that risk drivers and behaviors not captured in the
actual data can be factored into the model. This is particularly relevant to significant contingent risks for
which the occurrence and/or impact is specific to the project. However, empirical models have an
advantage over simulation models in their objectivity and credible consistency in analysing inherent risks —
especially at very early stages of project development. Using empirical and simulation methods together
can capitalise on each of their advantages.
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RES Recommendation: in the absence of objective data (and unless there is evidence to do otherwise)
RES recommends all subjective bounds (i.e. SME opinions) are modelled with confidence intervals of
80% between best case and worst case (e.g. 10% best case and 90% worst case). When using —and
when using Triangular, Uniform or Beta-Pert distributions, these confidence intervals should be
adjusted for skew

The Contingency Guideline provides details for the following probabilistic methods:

e Outputs Based Uncertainty (less common method within the engineering and construction sector.
Further details about this method are provided in Appendix D)
e (Quantitative Cost Risk Analysis (QCRA)
o 3-Point Estimate
o Risk Factor
o  First Principles Risk Analysis (FPRA)
e Integrated Quantitative Schedule Cost Risk Analysis (iQSCRA).

QOuantitative Cost Risk Analysis (OCRA)

QCRA generates a cost cumulative distribution (CDF), or S-curve for projects and for various elements of
the estimate as needed for allocation purposes. The key activities of QCRA are:

a) Ensure Base Estimate represents the cost strategy established — considering specific circumstances
and assumptions

b) Determine the project's cost drivers and risks, using input from key stakeholders and historical
data

c) Determine the bias in the estimate by developing the probability of occurrence distributions and
correlations for the schedule and technical cost drivers

d) Develop impact distributions and correlations for uncertainties in the cost model

e) Run the cost risk model

f) Generate probabilistic cost distribution

g) Recommend sufficient contingency for the desired confidence level.

QCRA allows practitioners to pinpoint and analyse a project’s critical risks according to set technical
criteria, key interfaces, and limitations for schedule and costs. It also helps the project team to document
and proactively manage the project budget — capturing uncertainty in methodology, systemic factors to
shift from a deterministic to probabilistic contingency calculation. QCRA methods can be run in
conjunction with empirically based methods to address inherent risks more objectively.

This Contingency Guideline provides details for three different methods of QCRA:
a) 3-Point Estimate
b) Risk Factor
c) First Principles Risk Analysis (FPRA)

The following sections will provide further details about these methods as well as recommendations
regarding the most appropriate phases of the project lifecycle to put them into action.

3-Point Estimate

In this method, the underlying risk model is the cost estimate with the risk drivers added. It is essential
that a risk driven approach is used. For inherent risk, practitioners should replace fixed values with
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distributions that can be defined with three-point inputs.

For contingent risk, the risk is connected to the impacted estimate items, and the probability of each risk
occurring — and its correlation to other risks — is quantified. Note that this is only meaningful when the
estimate is reasonably detailed. For Class 5 estimates, this takes the nature of deterministic methods. This
method is generally applied to a bottom-up estimate, which is obtained by analysing individual work
packages. The process for the most common approach to this method is represented in Figure 24 below.

risks section)

correlation/s

Assess and Assess and Develop cost Assess
allocate 3-point quantify risk risk model using Run cost risk the required
estimate range events including both inherent model by using contingency
to each cost line schedule delay and contingent Monte Carlo reserve
item (inherent (contingent sections + Simulation for desired

confidence levels

risks section)

Figure 24: Common process of QCRA 3-Point Estimate methodology

This technique can be used to analyse the costs of multiple projects, with the WBS as a basis. As the WBS
includes a breakdown of the project’s work packages, components, facilities and services, practitioners can
just allocate a cost to each component and calculate the sum for an overall project cost.

For a QCRA 3-point estimate, SMEs are asked to use elicitation to set a range and probability distribution
for each WBS element, which is then input into a Monte Carlo Simulation for total cost calculation. As
discussed in Section 5.3.2, variations in the elicitation process can affect results. Some of the key
challenges associated with this method of contingency determination are:

a) selection of an appropriate level of WBS for allocating three-point ranges (i.e. number of cost
items and inputs)

b) determination of probability distributions for each cost element

c) determining the correlations and relationships between model inputs and understanding them
clearly

d) accurate assessment of delays

e) narrow range of possible cost outcomes, which increases the likelihood of underestimating the
required contingency.

Due to these challenges, the QCRA 3-point estimate may result in inconsistent and unpredictable results,
depending on the level of modelling and its quality. This method is not recommended by this Contingency
Guideline, especially at the key investment decision making points, e.g. Final Business Case or Final
Investment Decision (FID). Where possible, especially at key decision points (e.g. Preliminary and Final
Business Case), RES recommends the use of First Principles Risk Analysis (FPRA). Further details for this
method are included in Appendix E.

Risk Factor

To address some of the gaps within the three-point estimate method (e.g. correlations or narrow ranged
outcomes) the top-down approach of the risk factor was introduced by some practitioners. At the early
stages of project development, the risk factor method can identify and use several key factors — generally
between five and 20 items — that represent uncertainties and the cost items which they may affect across
the Base Estimate. These key factors are often aligned with key estimating assumptions.
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Across different sectors, there are several ways this method can be used — depending on the project
requirements and the availability of data. The process of the most common approach to this method is
represented in Figure 25.

Base Estimate Risk Factor D stnbLtjons Key risk factors
Development Model (applying | €] [0 beassigned | =4 i i ranges | €
L | one or more to these ranges
@ WEBS/CBS against risk factors to
E Type/DP's/Phase cost elements)
= Risk
5 1 1 B Waorkshop
E‘l '“ont'ir[?]aaj?; risks | ¢—— fo identify
% Monte Carlo ?not cigﬁmﬁgﬁ - and_cuenhf\;
3 Simulation ' - key risk factors
9 and ranges
kot Base Schedule 1
2 Development
Schedule Risk
WBS against Validation of Analysis (SRA) | ¢
Type/DP's/Phase Outcomes (not common)

Figure 25: The process for the most common approach to the QCRA Risk Factor method

In practice, organisations generally develop, and use predetermined key risk factors for different types of
projects to facilitate quantification during risk workshops. For example, the common key factors for a fly-
in-fly-out (FIFO) resource project can be office cost rate ($/month), provisions, schedule, heavy machinery
rate ($/month), site accommodation rate ($/month), labor productivity, equipment rate, material quantity,
staff rate, productivity, and FIFO rate.

Correlation between risk factor distributions should also be considered, as a single uncertainty factor may
affect multiple risk factors.

Like any high-level, top-down approach, the risk factor method may be adequate for projects that are
relatively self-contained or at the early stage of development (e.g. projects within the resource sector or at
the initiation or Optioneering phase). It may not pass the scrutiny required at key investment decision
points (e.g. Final Business Case) particularly in terms of governments demonstrating the best value for
public money, hence RES does not recommend this method at key decision points, especially Final
Business Case (FBC) of Final Investment Decision (FID).

The risk factor method may not fully address all requirements of infrastructure projects due to the nature
of infrastructure cost uncertainties. The HM Treasury Infrastructure UK Guidance of Cost Estimate also
states that cost contingency estimates should include:

a) uncertainties around the estimate which are defined but unmeasured
b) specific risks that are measured uncertainties
¢) uncertainties that are currently unknown or not entirely understood (e.g. interface risks).

RES, as well as several other key references including the UK Guidance of Cost Estimate, affirms that (a)
and (b) above are the main drivers of contingency for primarily self-contained projects. Point (c) comes
into play as a significant risk exposure factor in the early phases of major infrastructure projects —and can
result from complex interfaces of the project with the surrounding area, or unexpected stakeholder
reactions and needs.
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First Principles Risk Analysis (FPRA)

As a bottom-up risk-driven cost contingency determination approach which specifically addresses the
critical risk events as well as uncertainties associated with the key assumptions, the FPRA aims to address
key deficiencies of the 3-Point Estimate and Risk Factor methodologies, while capturing and validating
uncertainties and risks at the lowest meaningful level of the WBS.

The key elements of a realistic and reliable FPRA in the determination and allocation of a reasonable cost
contingency for different desired confidence levels are:

a)

f)
g)

h)
i)

quality validation of the Base Estimate: preferably a first principles, rigorous, structured and
detailed cost estimate — representing the most likely assumptions — structured against equipment,
labor, material and sub-contracts
quality of the Base Schedule: preferably a logic or resource-driven CPM schedule — representing
the current strategies and assumptions
alignment and consistency of assumptions between the Base Estimate and Base Schedule
identification and quantification contingent risks including schedule risks
identification and quantification of inherent risks at the most appropriate level of first principles
cost estimate against labor, material, and subcontractor
o the uncertainties should be then consolidated and aggregated to higher level of CBS for
risk modelling — for example, uncertainties might be quantified at Level 5 of CBS/WABS,
then aggregated to Level 3 for risk modelling
allocation of the inherent and contingent risks into the cost risk model
assessment and modelling of key correlations, e.g. by using correlation matrix, aggregation of
uncertainties to higher level of CBS/WBS, utilising Risk Factors, etc.
running Monte Carlo Simulation (MCS)
review, validation and finalisation of the results.

The process for the most common approach to this method is represented in Figure 26. The quality of the
method can be improved by validation through an explicit empirical foundation.

Estimating
Software

Base Estimate
(First Principles)

WBS/CBS against
Type/DP's/Phase

[

Base Schedule

Scheduling
Software

Cost Risk Model

Inherent
Risks Section

eg CBSL4-5

Contigent
Risks Section
e.g. 20 key risks

Correlations -
Contigent
(matrix e.g.a 20
by 20 matrix)

Correlations -
Inherent
(direct links &
matrix at CBS L4)

—— Key Inherent Risks

Key Contingent
Risks

l

—

e Schedule Rizks

Schedule
Risk Model

Figure 26: A typical process map for the QCRA First Principles Risk Analysis (FPRA) method
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Where possible, especially at key decision points (e.g. Preliminary and Final Business Case), RES
recommends the use of FPRA or Integrated Quantitative Schedule Cost Risk Analysis (iQSCRA). Further
details for this method are included at Appendix E and F.

Integrated Quantitative Schedule Cost Risk Analysis (iOSCRA)

This method is based on a risk-driven, cost-loaded Critical Path Method (CPM) schedule model. As
mentioned earlier, project cost drivers can be grouped into five types:

Uncertainty (i.e., inherent risk or planned risk) around time-independent costs

Uncertainty (i.e., inherent risk or planned risk) around time-dependent costs

Uncertainty (i.e., systemic risks) of the project system with non-attributable cost and time impacts
Risk Event (i.e., contingent risk or unplanned risk) with cost impacts

Risk Event (i.e., contingent risk or unplanned risk) with time impacts that drive costs

When attempting to consolidate these five cost drivers within a single model (i.e., a logic-based or resource-
based CPM schedule), the Integrated Schedule Quantitative Cost Risk Analysis (iQSCRA) methodology
assesses the range of possible outcomes to enhance the quality of project outcomes. This can be achieved
using a resource-loaded project schedule, where the project's Base Estimate is assigned to schedule activities
or a summary schedule.

An important advantage of this model is that it simultaneously assesses the cost and risk impacts of a given
risk, which helps address the cost-schedule trade-off uncertainty. The quality of the method can be improved
by validating it through an explicit empirical foundation. The process for the most common approach to this
method is presented in Figure 27.

By applying the iQSCRA methodology, project managers can better understand the interplay between costs
and schedules, enabling more informed decision-making and increased confidence in project outcomes.

Estimating
Software
Base Estimate == Key Inherent Risks Pre-Workshop
(First Principles) Session(s)
— e
WBS;”CBIS gge'lwst Key Contingent Risk Workshops
Type/DP's/Phase Risks
Integrated Post-Workshop
Schedule Cost Risk Session(s)
| (iS/CRA) Model

Scheduling
Software é— Schedule Risks

Figure 27: A typical process map for the Integrated Quantitative Schedule Cost Risk Analysis (iQSCRA) model

Further details for this method are included at Appendix F.
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5.5 Contingency Determination Tools & Software

Commercial risk assessment tools offer a broad spectrum of technical capabilities and features designed to
assist in developing risk-adjusted estimates and schedules, as well as conducting comprehensive risk analysis
and management. Table 12 highlights some of the most popular risk assessment software packages available
at the time this Contingency Guideline was published.

It should be noted that RES does not have any commercial arrangements with these software providers and
does not specifically endorse any of these platforms. The inclusion of this list in the Contingency Guideline
aims to inform organisations and individuals about a wide range of available options. However, RES strongly
recommends that organisations undertake a detailed analysis of their specific requirements before selecting
and implementing any risk analysis or management tool. This ensures that the chosen product is the best fit
for their internal and external needs.
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# Vendor Product Applied Method & Reference
Application
1 AACE Excel models of | Probabilistic Non-simulation <web.AACE
International the Hackney Parametric Based for cost International.org>
and the Rand (FREE)
Corp
2 ACEIT Joint Analysis Probabilistic Simulation for www.aceit.com
of Cost and schedule & cost
Schedule (JACS)
3 Nodes & Links Al QSRA & Risk Non-Simulation Al Based & https://nodeslinks.com/
Probabilistic Simulation for
schedule
4 Barbecana Full Monte Probabilistic Simulation for https://www.barbecana.com
schedule /full-monte/
5 Booz Allen Argo Probabilistic Simulation for https://boozallen.github.io/a
Hamilton cost (FREE) rgo/
6 Booz Allen Polaris Probabilistic Simulation for <www.boozallen.com/consult
Hamilton schedule & cost ing/products/polaris>
7 Deltek Acumen Risk Probabilistic Simulation for <www.deltek.co.uk/products/
schedule & cost and iQSCRA ppm/risk/acumen-risk>
8 Frontline Analytic Solver Probabilistic Simulation for https://www.solver.com/
Systems Simulation cost
9 Galorath SEER Probabilistic Non-simulation https://galorath.com/seer-
Parametric Based for cost for-cost-optimization/
10 GoldSim GoldSim Probabilistic Simulation for https://www.goldsim.com/W
Technology schedule & cost eb/Applications/Areas/Busin
Group LLC essSystems/ProjectPlanning/
11 InEight InEight Non-Simulation Al Based & | https://ineight.com/products
Schedule Probabilistic Simulation for /ineight-schedule/
schedule & cost
12 Intaver Risky Project Probabilistic Simulation for http://www.intaver.com
Institute Inc. schedule & cost
13 KGC ValidRisk Probabilistic Non-Simulation https://www.validrisk.com/
Consultants Parametric Based &
SA & Simulation for cost
Validation
Estimating LLC
14 Lumina Analytica Probabilistic Simulation for https://analytica.com/
cost
15 Lumivero @Risk and the Probabilistic Simulation for | https://lumivero.com/produc
(formerly DecisionTools cost ts/at-risk/
Palisade) Suite
16 Lumivero Schedule Risk Probabilistic Simulation for | https://lumivero.com/produc
(formerly Analysis schedule ts/decision-
Palisade) tools/scheduleriskanalysis/
17 Lumivero Predict! Risk Probabilistic Simulation for <www.riskdecisions.com/pre
(formerly Risk Analysis schedule & cost dict-risk-management-
Decisions) software>
18 MC FLOsim MC FLO Probabilistic Simulation for https://www.mcflosim.ch/en
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cost /the-product/faq/

19 Nodes & Links Nodes & Links Non-Simulation Al Based http://www.nodeslinks.com

20 nPlan nPlan Non-Simulation Al Based https://www.nplan.io/

21 Oracle Crystal Ball Probabilistic Simulation for https://www.oracle.com/au/

cost applications/crystalball/

22 Oracle Primavera Risk Probabilistic Simulation for NA

Analysis (PRA), schedule & cost and iQSCRA
previously
Pertmaster
23 Oracle Primavera Probabilistic Simulation for https://www.oracle.com/au/
Cloud Risk schedule & cost and iQSCRA construction-
Analysis engineering/primavera-
cloud-project-management/

24 Riskonnect Active Risk Probabilistic Simulation for https://riskonnect.com/soluti
(formerly Manager cost ons/active-risk-manager/
Sword GRC) (ARM)

25 Safran Safran Risk Probabilistic Simulation for <www.safran.com/products/s
Software schedule & cost and iQSCRA afran-risk>
Solutions

26 Spider Project Spider Project Probabilistic Simulation for <www.spiderproject.com>
Team schedule & cost and iQSCRA

27 Structured RiskAMP Web Probabilistic Simulation for https://web.riskamp.com/fro
Data, LLC cost nt-page

28 Trigo White Ltd | White Box Probabilistic Simulation for https://trigowhite.com/Page

cost s/RiskManagementPages/Wh
iteBoxRM.aspx#:~:text=With
%20White%20Box%20risk%2
Omanagement,assessing%20r
isk%20t0%20a%20project.
29 Vose Software Tamara, Probabilistic Simulation for www.vosesoftware.com
ModelRisk, schedule & cost and iQSCRA
30 XLRisk XLRisk Probabilistic Simulation for https://github.com/pyscripte

cost (FREE)

r/XLRisk?tab=readme-ov-file

Table 12: List of common risk analysis tools and software

5.6 Validation and Benchmarking

While this Contingency Guideline acknowledges the value of historical data, it emphasises that such data
should be carefully gathered and managed, including making decisions about what to include and exclude.
Practitioners should analyse historical data in a consistent manner that supports risk management
objectives (and other uses). Ideally, practitioners will embed the learnings from historical data directly into
the methods they use.

Regardless of the method used to determine contingency, it is also critical to assess the historical
performance of risk assessments, as large projects often exhibit underestimation and small projects
overestimation. Practitioners should scrutinise evidence of contingency funds being spent on additional
scope or other inappropriate uses. These steps not only help calibrate risk assessment procedures but also
enhance the overall performance of organisational and project risk management.
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RES recommends using iterative simulation techniques for risk prioritisation. By progressively disabling
risks and rerunning simulations, practitioners can identify the risks that most significantly contribute to
schedule and cost delays. This allows management to focus mitigation efforts on the most critical risk

drivers.

In the absence of internal and external contingency historical data—and for top-down benchmarking

purposes only—Table 13 provides guidance on the percentage above the Base Estimate that could
represent the common P50 and P90 approximations for different types of transport projects.

Project Phase Type of estimate P50 Range P90 Range
Initiation and Strategic Preliminary Business Case 20% to 40% 30% to 70%
Assessment

Concept Full Business Case 10% to 15% 25% to 40%

Delivery Readiness

Pre-Tender

5% to 10%

10% to 20%

Delivery

Construction

Up to 5%

Up to 10%

Table 13: Common benchmarking of P50 and P90 contingency allowance (Transport Projects)

Table 13.

RES Recommendation: It should be noted that there is insufficient empirically based and validated
historical data (including research-based evidence) to fully support the contingency ranges provided in

To mitigate and minimise the risk of bias during contingency determination, RES strongly recommends
that these ranges be used only as a final step in the process. Any inconsistencies identified can then be
reviewed, validated, and documented. This benchmarking and guidance on contingency ranges should
not replace appropriate and sound cost estimating, project scheduling, or contingency determination.

These ranges should be used solely for cross-checking and comparison purposes.

5.7 Further Reading

e AACE International, RP No. 41R-08 — Risk Analysis and Contingency Determination using Range

Estimating

e AACE International, RP No. 42R-08 — Risk Analysis and Contingency Determination using
Parametric Estimating

e AACE International, RP No. 43R-08 — Risk Analysis and Contingency Determination using
Parametric Estimating — Example Models as Applied for the Process Industries

AACE International, RP No. 43R-08 — Risk Analysis and Contingency Determination using Expected
Value

AACE International, RP No. 57R-09 — Integrated Cost and Quantitative Schedule Risk Analysis Using
Monte Carlo Simulation of a CPM Model

AACE International, RP No. 64R-11 — CPM Schedule Risk Modelling and Analysis: Special
Considerations

AACE International, RP No. 65R-11 — Integrated Cost and Quantitative Schedule Risk Analysis and
Contingency Determination using Expected Value

AACE International, RP No. 66R-11 — Selecting Probability Distribution Functions for use in Cost and
Schedule Risk Simulation Models
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e AACE International, RP No. 68R-11 — Escalation Estimating Using Indices and Monte Carlo
Simulation

e AACE International, RP No. 70R-12 — Principles of Schedule Contingency Management — As Applied
in Engineering, Procurement and Construction

e AACE International, RP No. 75R-12 — Schedule and Cost Reserves within the Framework of ANSI
EIA-748

e Adama, S. M. and Jimoh, R. A,, “Assessment of contingency sum in relation to the total cost of
renovation work in public school in Abuja, Nigeria”, 2014

e Baccarini, D.,“Accuracy in estimating project cost construction contingency - a statistical analysis”,
In Robert E. and Malcolm B. (Eds.), Proceeding of the Construction and Building Research
Conference of RICS, 7-8 September 2004.
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6.2 Overview

For major infrastructure projects, in the absence of any specific contractual arrangement, a party should
assume responsibility for a risk in the following circumstances:

a) itslikelihood and/or consequences are within the party’s control — noting that ‘control’ means the
party should be able to assess, and treat (e.g. accept, avoid, mitigate or transfer) the risk. From a
principal’s perspective, the capacity and capability of the team may be limited. Consequently, they
might choose to allocate contingency to the contractor.

b) itleads to a greater benefit of the party controlling the risk for any key objective. For example,
economic or reputational benefits

c) if the risk occurs, the consequence stays with that party, and it is not practical and/or reasonable
to try to transfer the loss to another party

d) itincentivises desired project behaviour, such as risk-based decision making, efficiency,
innovation, and value engineering.

In 2005, Engineers Australia and the Chamber of Commerce and Industry of Western Australia conducted a
study of effective risk allocation in major construction contracts. It was found that risks were not according to
which party was best able to manage the risk. Another study by the Queensland University of Technology
highlighted that risk reduction is the most frequently used risk response method, with the use of
contingencies and contractual transfer preferred over insurance.

Contingency allocation and control should be planned and managed in alignment with risk allocation
agreements as well as broader project performance measurement strategies. For these purposes, proactive
planning for contingency allocation and control should enable:

a) establishment of a contract, project or program baseline risk profile and consistent basis for
planning
b) establishment of an integrated view of the allocation of contingency for the contract, project or
program and the desired confidence levels (or other statistical measure) at each level
c) development of a process for change control, to manage proposed changes to the contingency
included within the contract, project or program baseline
d) development of a process to control progressive elaboration of the scope, or rolling wave planning
—and the associated transfer of contingency within the contract, project or program baseline
e) monitoring of the contract, project or program risk and contingency profile, measuring deviations
from the plan
planning and forecasting by the users of the performance management strategies for assessment of
contingency resources (e.g. time, human resources, and money), availability and demand

6.3 Contingency & Contract Type

For major infrastructure projects, cost and risk allocations are typically outlined within the contract. The
risk allocation protocol for different types of contracts should be clearly defined, documented and
communicated between the commercial team and the cost/schedule/risk teams. Below is an analysis on
the different risk allocation types and how they apply to commonly used contracts:

1. Construct Only

o Ina construct-only contract, also known as a "build-only" contract, the contractor is
primarily responsible for the construction phase of the project without being involved in
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the design aspect. Under this arrangement, the design risks remain with the owner or
principal, who provides the complete design documentation to the contractor. The
contractor assumes the construction risks, including ensuring that the work adheres to the
design provided, meeting quality standards, and managing construction-related cost risks.
It is important to clearly delineate contingencies in the contract to protect the contractor
from risks outside their control, such as unforeseen site conditions or scope changes
initiated by the owner. This clarity in risk allocation helps to prevent disputes and ensures
that both parties understand their responsibilities and liabilities throughout the project.

2. Design and Construct (D&C)

o In D&C contracts, the contractor typically takes on the majority of design risks, construction
risks, and related cost risks. The principal retains some risks, such as changes in project
scope and site conditions that could not be reasonably foreseen. It is crucial to detail how
contingencies are assigned to mitigate the contractor’s exposure to risks outside of their
control.

3. Public-Private Partnerships (PPP)

o PPP contracts involve long-term collaboration between public and private entities. Risk
allocation is shared based on the strengths of each party, where construction, operation,
and maintenance risks often fall on the private partner, while regulatory and political risks
remain with the public authority. Elaborating on how these risks are quantified and
allocated ensures transparency and reduces the potential for disputes.

4. Fixed-Price Contracts

o Infixed-price contracts, the contractor assumes most risks associated with cost overruns
and project delays, which makes it essential to allocate sufficient contingency to mitigate
unforeseen events. The client bears risks related to changes in scope or project
requirements. Elaborating on the contingency provisions in these contracts can help clarify
expectations.

5. Cost-Reimbursable Contracts

o In cost-reimbursable contracts, the client assumes more of the cost risk compared to fixed-
price contracts. Risk allocation is typically more flexible, with both parties sharing the
burden for uncertainties. Providing a detailed risk allocation protocol ensures that both
parties understand the division of financial responsibilities.

6. FIDIC and NEC4 Contracts

o FIDIC (International Federation of Consulting Engineers) contracts allocate risks between
the employer and contractor using specific clauses, with various editions tailored to
different projects (e.g., Red Book, Yellow Book). NEC4 contracts focus on fostering
collaboration and effective communication, often incorporating shared risk registers to
document risk allocation. Elaborating on specific clauses related to risk allocation helps
practitioners understand the contractual mechanisms available to manage and mitigate
risks.

6.4 Contingency & Risk Allocation Types
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For the purpose of this Contingency Guideline and the topic of contingency management, there are three
types of risk allocation terms.

e Retained Risks or Client-Allocated Risks: These are risks that the client retains due to their ability
to better manage or absorb them, such as risks associated with regulatory changes or land
acquisition.

e Transferred Risks or Contractor-Allocated Risks: These are risks that the contractor manages,
usually because they are related to the construction process or means and methods (e.g., labor
availability, equipment breakdown).

o Shared Risks: In some situations, risks may be shared between the client and contractor. For
instance, certain force majeure events may involve shared responsibility, with both parties bearing
some level of risk.

RES Recommendation: There is often confusion between 'risk allocation' and 'contingency allocation'.
'risk allocation' is typically established by the contract during procurement and negotiation phases. In
contrast, 'contingency allocation'—through horizontal and vertical allocation—is generally undertaken
by either party post-contract signing to better manage the budgeted contingency allowance.

From the Principal’s perspective, and during the Initial and Final Business Case stages, this Guideline
recommends that all project risks (Retained, Transferred, and Shared Risks) be initially included in the
schedule and cost risk contingency modelling. This inclusion enables an accurate assessment of overall
project risk exposure and the required contingency regardless of risk allocation. Subsequently, the sub-
models will be used to assess the required contingency for each party, by using the allocated risks to
each party as per the final accepted contractual terms and conditions.

6.5 Contingency and Project Performance Measurement

Projects require a structured performance measurement strategy to assess progress against the latest
approved plan and to support accurate forecasting. This is especially crucial for projects with significant risks
associated with their cost and/or schedule objectives.

Appropriate performance metrics, including Earned Value (EV), Schedule Performance Index (SPI), and Cost
Performance Index (CPI), enable informed decision-making that supports effective management of contracts,
projects, or programs. Leading indicators may also be incorporated into performance management
strategies. Examples of these leading indicators include safety metrics such as lost time injuries, and quality
metrics such as non-conformance reports (NCR), defects, deviations, and waivers. Monitoring these metrics
can provide early warnings about whether risk and contingency provisions are sufficient.

The relationship between contingency and project performance measurement is multifaceted and can
present both opportunities and risks, along with uncertainties that may adversely affect a project's goals.

RES acknowledges the diverse range of project performance measurement techniques, strategies, and
standards available. For the purpose of this Contingency Guideline, the "Australian Standard AS 4817-2006,
Project Performance Measurement using Earned Value" is explained and recommended. Earned Value
Performance Measurement (EVPM) is an integrated methodology that combines cost, schedule, and
technical performance data to measure, report, and forecast project performance. The EVPM method allows
risk practitioners to obtain a comprehensive view of project health and to adjust as needed.
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The EVPM method allows risk practitioners to:

a)
b)
c)
d)

measure the performance and status of projects

compare project progress to the original plan

predict future performance using historical performance data

use metrics to measure project performance within an organisation, and against external projects

AS 4817-2006 describes three keys to success when using EVPM:

a)
b)
c)

plan work to allow achievements to be measured

select objective techniques to gauge ‘achievement’ for each project component

integrate the cost, schedule and technical factors of achievement aspects in a single management
system.

The steps below outline the process of applying the EVPM method to a project. For the purpose of this
Contingency Guideline, steps 1 to 5 have an impact on contingency determination while contingency
allocation should be addressed in step 6, as explained in the following section. Contingency control is a key
element of EVPM during steps 7 to 11 and will be explained in Chapter 7.

©ONOUAWNE

Decompose the project scope

Assign RACI (Responsible, Accountable, Consulted and Informed) Matrices
Schedule the work packages

Develop time-phased budget

Assign objective measures of performance

Set the Performance Measurement Baseline (PMB)

Authorise and perform the work packages

Accumulate and report project performance data

Analyse project performance data

10. Take management action
11. Maintain the baseline.

6.6 Contingency allocation in setting PMB

To establish the PMB, practitioners should create a project baseline which incorporates scope, schedule and
cost. This single baseline should be used as a basis to control and manage performance throughout the
project lifecycle. As far as possible, the PMB should provide the team with an accurate time-based model of
the planned project budget and schedule. Three approaches to contingency allocation for PMB setting
purposes are:

1.
2.
3.

PMB excludes both Contingency Reserve (CR) and Management Reserve (MR)
PMB includes both CR and MR
PMB includes CR but excludes MR.

RES Recommendation: the third approach above is preferred in this Guideline — the CR should be a
reserve within the PMB managed by the project manager for incorporation of realised risks, while the
MR is withheld to cover unforeseen risk events.
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Contingency Reserve (CR) is applied to identified and accepted risks and is allocated for planned contingency
responses. It is primarily used to implement those responses when risk events occur, financing the execution
of contingency plans or necessary risk responses. The main methods for distributing and allocating CR within
the Performance Measurement Baseline (PMB) for cost and schedule estimates are explained in Sections 6.5
and 6.6, respectively.

The PMB should provide a realistic, time-phased model of the project budget and schedule that incorporates
contingency reserves appropriately. As discussed earlier, this Contingency Guideline recommends allocating
contingency to relevant risks or project phases when creating the PMB. However, contingency may be
removed from the PMB, reallocated, and then managed at the project level during project execution.

Management Reserve (MR) is not part of the cost baseline but can be a component of the project budget or
completely external to the project budget. For the purpose of this Guideline, it can be added to the PMB to
cover the costs of unforeseen work in accordance with the organisation’s change management process.

Project Announced Budget
(Project Budget Base - PBE)

Escalation (ref. Management :
o N g Performance Measurement Baseline (PMB)
Mgmt Reserve Reserve o . .
e.g P90 eg P90 (Project Allocated Budget)
Escalation (ref. Contingency Base Estimate
L= belwe L L=
Cont. Reserve) Reserve B Copon
e.g. P50 e.g. P50 Base Schedule
Direc Indirect Principal's
Costs Costs Costs

Figure 28: The structure of the project budget base and its elements

To prepare the PMB, this Contingency Guideline recommends the process below:

a) Calculate the required cost contingency for the desired confidence level (e.g. P50 cost)
b) Calculate the required schedule contingency for desired confidence level (e.g. P50 schedule):
o Create additional contingency activities — one before the project Practical Completion (PC)
Date and others before the key contractual or critical milestones across the Base Schedule
o Split and distribute the schedule contingency allowance among these contingency activities
c) Allocate the P50 cost to the P50 schedule to generate the expenditure cost plan (i.e. PMB)
d) Note that additional schedule and/or cost management reserves can be managed as separate
‘buckets’
e) To set a tight target PMB, allocate all available schedule contingency before the PC Date, and
monitor and compare actual progress against the two cash flows.
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This has been illustrated in Figure 29.
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Figure 29: Allocation of schedule contingency for establishment of PMB

For further details regarding project performance measurement, RES recommends Australian Standard AS
4817-2006, Project performance measurement using Earned Value.

RES Example: a head contractor, Crown Contractors, has recently won a $300m lump sum Design and
Construct (D&C) road project.

Key details are below:

Base Estimate: $250m

six-month design, 2.5-year construction, overall schedule duration of three years

key risks: soft soil treatment, wet weather, availability of import material

key contractual milestones: SP1 bridge A, SP2 road X and SP3 project Completion Date
three months of schedule contingency for P70 confidence level.

To maximise the efficiency of contingency control during construction, the management decided to
split the available contingency of three months into two buckets as described below:

e allocate two months of available three months schedule contingency, as CR, for the P50
confidence level at the project level. This contingency will be owned and managed by the
project manager

e allocate the remaining one-month contingency, as MR, owned and controlled by the
general manager.

To establish a reasonable cash flow and the PMB, and considering the associated risks for each key
milestone, the project manager created three contingency activities before each contractual milestone
and then distributed the available two months contingency between them as shown below:

e two weeks contingency activity prior to SP1
e three weeks contingency activity prior to SP2
e three weeks contingency activity prior to SP3

The Quantitative Cost Risk Analysis recommended a P50 contingency allowance of 10% ($25m) and
P70 contingency of 20% ($50m). To achieve reasonable and effective contingency control, the
contractor decided to allocate P50 contingency ($25m) as the CR, and the remaining $25m (P70 minus
P50 contingency) as the MR.

To establish a reasonable PMB and cash flow and considering the risk profile across the scope and
schedule, $25m CR was then distributed to WBS sections (as below) within the project schedule. In
summary:

10% of $25m, i.e. $2.5m, to be allocated to design activities

50% of $25m, i.e. $12.5m, to be allocated to soft soil treatment activities

20% of $25m, i.e. S5m, to be allocated to bridge construction activities

10% of $25m, i.e. $2.5m, to be allocated to cut and fill activities

10% of $25m, i.e. $2.5m, to be allocated across the schedule (on a pro-rata basis for the
direct expenditure cost) for other identified risks.

The remaining $25m MR will be kept and controlled as a bucket by the general manager.
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For effective and efficient contingency allocation in setting the PMB, it is critical to assess and allocate
contingencies appropriately and in accordance with applicable contracts and their terms and conditions as
well as Delegation of Authority and funding requirements. To facilitate these considerations, this Contingency
Guideline discusses two directions of contingency allocation:

a) vertical allocation: the objective of vertical contingency allocation is to appropriately delegate
control of contingency for different levels of delegation (e.g. the client, delivery agency, general
manager and project manager)

b) horizontal allocation: the objective of horizontal contingency allocation is to appropriately set
indicative distribution of contingencies at any level of delegation (e.g. at the project level this
would be between different project areas, including procurement, design, and human resources).

The following sections will provide further details on the vertical and horizontal allocation of schedule and
cost contingencies.

6.7 Schedule Contingency Allocation

6.7.1 Vertical Allocation

Good industry practice for vertical schedule contingency allocation involves distributing control of
contingency to the appropriate delegation level, thereby aligning responsibility with the capability to manage
risks effectively. This approach allows contingency owners, in accordance with their Delegation of Authority
(DoA), to manage allocations that best match their capability and proximity to the risks involved.

It should also be noted that vertical schedule contingency allocation may be assessed and approached
differently depending on the requirements and perspectives of the Principal and the Contractor.

RES Example: a head contractor, Crown Contractors, has recently won a $300m lump sum D&C road
project. Key details are listed below:

a) six-month design, 2.5-year construction, overall schedule duration of three years
b) key risks: soft soil treatment, wet weather, availability of import material
c) three months of schedule contingency for P70 confidence level.

To maximise the efficiency of contingency control during construction, management decided to split
the available contingency of three months into two buckets as described below:

a) allocate two months of available three months schedule contingency, for the P50 confidence
level at the project level. This contingency will be owned and managed by the project manager

b) allocate the remaining one-month contingency, owned and controlled by the general
manager.

To establish a reasonable cash flow and the PMB, the project manager then needs to allocate or

distribute his two months of schedule contingency across the project schedule. This is the horizontal
allocation of contingency (see Section 6.5.2).
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6.7.2 Horizontal Allocation

Horizontal schedule contingency should be allocated across the project lifecycle, taking into consideration
critical phases, risk categories, and key milestones. This allows schedule contingency to be distributed
throughout the schedule or represented by an activity near the completion date. The available options for
horizontal schedule contingency allocation include, but are not limited to:

a)

b)

c)

d)

f)

Distributing contingency between critical activities on a pro-rata basis — This method can be risky as
it embeds contingency directly into critical activities, making it challenging to control and monitor
separately. Ensuring transparency and traceability in contingency allocation is crucial, and this
method may compromise both.

Allocating non-working days within the project calendar — This approach is not ideal when the
schedule is used for external communication, such as interfacing with third parties or managing take-
and-give milestones. Allocating non-working days may lead to misunderstandings or
miscommunications about actual schedule commitments.

Representing schedule contingencies as a lag between two activities — This can provide clarity and
flexibility in managing potential delays between linked activities.

Creating a single activity just before the project's Practical Completion Date (PC Date) — This allows a
buffer to accommodate potential delays close to the project’s end.

Creating multiple activities just before key milestones (i.e., contractual and/or critical milestones)
throughout the project schedule — Contingency can be distributed among these activities based on
the associated risks for each key milestone, providing targeted risk management.

Using risk-adjusted finish dates, such as P50 and P80, for each activity by employing the results of a
Quantitative Schedule Risk Analysis (QSRA) — This method integrates risk analysis outcomes to set
more accurate completion dates, enhancing the reliability of the project schedule)

RES Recommendation: subject to contractual and project specific requirements, RES recommends a
combination of methods (d), (e) and (f) above — as allocating a large portion of contingency to a single
activity close to the PC Date is generally preferable. This is because distributing contingency between a
number of activities in advance can be problematic because risk practitioners do not know which risks
will eventuate, or the magnitude of their outcomes. In addition, dispersing contingency to many
activities may cause it to be prematurely or superfluously consumed.

If practitioners choose to distribute contingency between several activities, they should ensure that
this does not affect critical path calculations. The allocation of a portion of contingency to key interim
milestones should be kept to a minimum — as they should not be associated with scope or resources —
or cause a practical delay to successive activities.

The approaches of horizontal schedule contingency allocation are illustrated in Figure 30.
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Figure 30: Approaches for horizontal allocation of schedule contingency

RES Recommendation: for practical application of methods (d) and (e) in horizontal allocation of
schedule contingency — and depending on contractual and project specific requirements — RES
recommends 60-70% of the available schedule contingency is captured as a bucket before the project
PC Date. The remaining 30-40% contingency allowance should be distributed and allocated prior to
interim key contractual or critical milestones — preferably to less than five milestones — based on their
associated risks.

6.8 Cost Contingency Allocation

6.8.1 Vertical Allocation

The vertical allocation of cost contingency should follow the same principles as schedule contingency,
namely, separating the contingency allocation into a Contingency Reserve (CR), to be managed at the project
level, and a Management Reserve (MR), managed at the program or portfolio level. RES acknowledges that
across different sectors and organisations, there are diverse views and approaches to defining,
differentiating, assessing, allocating, and controlling CR and MR.

In this Contingency Guideline, CR refers to the contingency within the Performance Measurement Baseline
(PMB) allocated for identified and accepted risks where responses are planned. MR is a portion of the Project
Base Budget (PBB) reserved for management control, specifically for unforeseen work within the project
scope or for strategic decisions that require additional funds. Depending on the specific requirements of each
organisation and its stakeholders, the MR might represent the budget for unexpected work that falls within
the project's scope or for activities outside the planned scope that have been authorised by decision-makers.
In special circumstances, the MR might be used to cover items outside the project scope to achieve greater
benefits for the customer.
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However, the Contingency Guideline also acknowledges that some owners, especially within the private
sector, may define MR as being outside of the project funding. In the private sector, MR is often regarded as
the additional amount that may be required to complete the project if outcomes turn out to be more
pessimistic than the overall contingency reserve allows.

MR enables project owners to assess how much extra funding they might need to contribute beyond the
allocated budget, including the CR. This allows management to decide the amount of equity they are
prepared to hold in a project while protecting their balance sheet from excessive exposure. This
determination can influence the maximum percentage of a major project an equity partner may be willing to
own.

RES Example: as a head contractor, Crown Contractors, has recently won a $300m lump sum D&C road
project. Key details are below:

a) six-month design, 2.5-year construction, overall schedule duration of three years
b) key risks: soft soil treatment, wet weather, availability of import material

c) key contractual milestones: SP1 bridge A, SP2 road X and SP3 PC Date

d) three months of schedule contingency for P70 confidence level.

To maximise the efficiency of contingency control during construction, management decided to split
the available contingency of three months to two buckets:

a) allocate two months of schedule contingency, as CR, for the P50 confidence level (at the
project level) to be owned and managed by the project manager

b) allocate the remaining one month of contingency, as MR, owned and controlled by the general
manager.

To establish a reasonable cash flow and the PMB (considering the risks associated with each key
milestone) the project manager created three contingency activities before each contractual milestone
and then distributed the available two months of contingency between them as below:

a) two weeks of contingency activity prior to SP1
b) three weeks of contingency activity prior to SP2
three weeks of contingency activity prior to SP3.

The assessment of the Management Reserve (MR) should align with the organisation's policies; the overall
uncertainty and unknowns associated with the project scope; input from internal and external
stakeholders; the organisation's culture and risk appetite; market conditions; and various other factors.
The MR can be estimated using an independent deterministic method for the total cost or time of the
project (e.g., 5-15%) or probabilistic methods.

This estimation can be made as an additional step after assessing the Contingency Reserve (CR), or even as
part of the same contingency assessment with a higher confidence level, using one of the following
options:

* Independent Deterministic Method: Estimating a certain percentage (such as 5-15%) of the total
project cost or duration as MR.

* Probabilistic Methods: Employing statistical or risk-based models to derive MR based on project
uncertainty and variability.

Incorporating these methods ensures a comprehensive approach to managing project risks and
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uncertainties, providing a buffer to accommodate unforeseen challenges and strategic decisions.

a) selecting CR from a lower confidence level (e.g. P50) and then MR from a higher confidence level
(e.g. P90). This method is more common with government organisations, asset owners or investors

b) selecting a portion of the allocated contingency for the desired confidence level, (e.g. 80% of P50),
for CR and then the remaining contingency as MR, (e.g. 20% of P50). This method is more common
with contractors — especially for lump sum and D&C contracts.

RES Recommendation: in practice, while MR is widely used by government agencies for budgeting
purposes, it is rarely set aside in the private sector as many consider the organisation will provide
extra funding at the request of the project management team if circumstances require. However, this
is not recommended by RES. For more effective contingency management, RES recommends a
separate MR bucket is reasonably and practically assessed, allocated and managed.

In a government environment, the vertical contingency allowance up to the 'allocated budget' level is
controlled by the Government Agency. Any request for access to additional funding, up to the 'announced
budget' level, requires approval from the client (e.g., Treasury or the Federal Government).

In a private sector context for a Design and Construct (D&C) project, the allocated budget (e.g., P50 budget)
can be managed by the project manager, while the remaining contingency (e.g., P70 or P90 contingency) is
allocated and controlled by the project director or general manager as the Management Reserve (MR).

Figure 31 shows an example of project cost and schedule contingency allocation.

= ANnounced m— Total Estimate Cost
Project Budget Base

P20 Cont

Allocated o f O FEEEE

P50 Cont A”OC&tEd
Contingency

Cost

Base
Estimate

Base
Schedule

PMB (cost) = BE + CR +Escalation

P50 Cont

DD

Figure 31: An example of time and cost contingency vertical allocation
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RES Example: ABC, a government agency, has prepared a Final Business Case for delivering a major
road project with its cost estimate as below:

a) Base Estimate for D&C Contractor: $90m (using the First Principle Estimate methodology)
b) Base Estimate (total including client’s costs): $100m

c) P50 Contingency bucket: $20m (using a probabilistic estimation methodology)

d) P90 Contingency bucket: $15m (using a probabilistic estimation methodology

e) no escalation allowance is required.

For budgeting purposes, the P50 Contingency bucket will be allocated within PMB, as the CR. While
the additional estimated P90 Contingency bucket (i.e. $15m) will be funded to this project by Treasury,
as the MR. This will not be directly accessible by the government agency. A special control process
including justification of needs and evidence of proactive risk management is needed as part of
accessing this additional funding. Hence, $120m will be allocated to ABC to deliver this project. With
this funding approval, ABC progresses with the procurement of a D&C contract through a selective
tender.

DEF, as a tier 1 contractor, has prepared and submitted its response to this tender opportunity. For
this lump sum contract and considering all internal and external circumstances as well as market
conditions, the senior management of DEF decided to proceed with the lump sum tender submission
as below:

a) Base Estimate S85m

b) P50 Contingency bucket: $17m

c) Lump Sum submission: $102m.

DEF was selected as the preferred tenderer following a comprehensive tender evaluation including a
risk and contingency comparison between the different tenderers. At the commencement of the
project, DEF management decided to allocate 80% of the $17m available contingency (i.e. $13.6m) as
CR and the remaining 20% (i.e. $3.4m) as MR. As recommended by RES, the CR will be controlled and
used by the project manager when establishing the PMB for project performance measurement and
Earned Value assessment. MR will be allocated out of PMB and will be controlled and released by
senior management, if required.

6.8.2 Horizontal Allocation

The objective of horizontal cost contingency allocation is to appropriately set the indicative distribution of
contingencies between different areas of a project or program so a reasonable and achievable PMB can be
established. In a D&C project, examples of project areas could include approvals, design and human
resources. Cost contingency can be linked to the cost expenditure curve in several ways, including the three
approaches below:

1. CRis global to the overall project and will be allocated at the project timeline:
a) atthe beginning of the project
b) atthe end of the project
c) distributed along the timeline (e.g. linearly).

2. CRis allocated by the project lifecycle phase or risk categories

3. CRisdistributed by using a pro-rata approach of cost expenditure per month.
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This Contingency Guideline recommends that the cost contingency be managed as a single ‘bucket’ (at the
project level). However, indicative distribution to different project areas will improve the effectiveness and
transparency of contingency control as well as creating a more realistic project cash flow and PMB. An
example of some project areas or subgroups is presented in Table 14.

Approvals Legal & Commercial
Constructability Occupational Health and Safety
Community Procurement

Design Project Management
Earthworks Property

Environment, Noise and Heritage | External Stakeholders

Funding Structures

Government Utilities

Human Resources Miscellaneous

Table 14: Some examples of project areas or subgroups

Another approach is to run full, sequential simulations when single (or grouped) costs and tasks — or
uncertainty classes — are removed. When each element is taken out of the equation, the simulation models
the results of its removal for the probability levels chosen. This process can help organisations decide how
best to set priorities to optimise the project’s risk response.

6.9 Further Reading

e AACE INTERNATIONAL, RP No. 67R-11 — Contract Risk Allocation As Applied in Engineering,
Procurement and Construction

e AACE INTERNATIONAL, RP No. 72R-12 — Developing a Project Risk Management Plan

e APM, Project Risk Analysis and Management Guide, APM Publishing, 2nd Edition, 2004

e AS 4817 - 2006, Project performance measurement using Earned Value

e Australian Government Treasury, Charter of Budget Honesty Policy — Policy Costing Guidelines
<www.treasury.gov.au/PublicationsAndMedia/ Publications/2012/charter-of-budget-honesty>

e Australian Government, National PPP Guides Volume 4: PSC Guidance

e Boardman, A.E., Greenberg, D.H., Veining, A.R. and Weimer, D.L., Cost-Benefit Analysis: Concepts
and Practice, Prentice Hall, 1996

e CIOB, Guide to Good Practice in the Management of Time in Complex Projects

e Commonwealth Department of Infrastructure and Transport, National Alliance Contracting Policy
and Guidelines, 2011

e |ISO-31000: 2018 Risk Management — Principles and Guidelines

e Lyons, Terry and Skitmore, Martin (2004) Project risk management in the Queensland engineering
construction industry: a survey. International Journal of Project Management 22(1):pp. 51-61

e PMI, Practice Standard for Project Risk Management

e PMI, Practice Standard for Earned Value

e PMI, Project Management Body of Knowledge (PMBOK)

e Raydugin, Y., Project Risk Management, Wiley, 2013

e United Kingdom Government, HM Treasury, The Green Book, Appraisal and Evaluation in Central
Government, 2003 <www.hm-treasury.gov.uk/d/ green_book_complete.pdf>

e United Nations, UN Industrial Development Organization, Guidelines for Project Evaluation, Project
Formulation and Evaluation Series, No. 2, UNIDO, 1972
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7.2 Overview

As highlighted in Chapter 6, the steps below outline the process of applying the EVPM method to a project.
For this Contingency Guideline, steps 1 to 5 have an impact on contingency determination while contingency
allocation should be mainly addressed in step 6, as explained in Chapter 6. Contingency control covering both
schedule and cost, is integral to EVPM from steps 7 to 11. It ensures effective governance over allocated
contingencies within the project's integrated management system.

Decompose the project scope

Assign RACI (Responsible, Accountable, Consulted and Informed) Matrices
Schedule the work packages

Develop time-phased budget

Assign objective measures of performance

Set the performance measurement baseline (PMB)
Authorise and perform the work packages
Accumulate and report project performance data

. Analyse project performance data

10. Take management action

11. Maintain the baseline.

CoONOU A WNE

7.3 Schedule Contingency Control

RES recommends that schedule contingency control should be planned and managed as part of a larger
schedule change control plan — which incorporates both Baseline Schedule and current schedule — as well as
the contractual terms and conditions in reference to the different types of delays. This ensures that
contingency use is documented and transparent, and any variances can be measured.

It is also essential to establish thresholds that determine when a delay warrants using schedule
contingency, such as specific durations or events that trigger contingency allocation. The following types of
delays are relevant:

e Excusable Delays (Compensable and Non-Compensable): Schedule contingency may be used to
accommodate excusable delays, with compensable delays also potentially requiring financial
adjustments.

¢ Non-Excusable Delays: These should not be covered by schedule contingency and are the
responsibility of the contractor.

e Concurrent Delays: Allocation of schedule contingency for concurrent delays may be complex,
depending on shared responsibility and contract terms.

e Critical and Non-Critical Delays: Schedule contingency should primarily be allocated to cover
critical delays which impact the project’s overall completion date. Non-critical delays may be
managed within available float.

The subject of schedule change control, as part of EVPM, is not the subject of this Contingency Guideline, but
the section below highlights a few critical aspects of this topic.

7.3.1 Schedule Change Control
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A schedule change control process manages the components of the current Updated Schedule, as well as the
criteria for applying program and technical changes, and improvements to the Baseline Schedule. This assists
organisations to maintain an accurate and reliable current schedule and base. Defining and communicating
schedule change measurement criteria to the team ensures that they do not deliberately or unconsciously
adjust the planned schedule to correspond with actual or planned performance. This can distort decision-
makers’ oversight of true performance, reducing the likelihood of project success. Accurate measurement of
performance against the original Baseline Schedule and PMB is not possible when changes are uncontrolled
or undocumented. Performance measurement, schedule data, and inconsistent versions of the plan can be
generated by different project teams or stakeholders.

RES Tips & Tricks: organisations should define the degree to which their project schedules are governed
by the schedule change control process. This may be influenced by factors such as complexity, size,
scope and risk. For less complex projects, it may be appropriate to restrict the change control process to
key contract milestones or high-level WBS components. For complex projects, the level of risk increases,
meaning that it may be necessary to manage schedule network dependencies and activities at a lower
WABS level under establish