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S h d l Ri k A l iSchedule Risk Analysis

Monte Carlo simulation of a 
project network

specify network logic (e g precedences)specify network logic (e.g. precedences)
estimate activity durations: best estimate & 
uncertainties
embed project network analysis within a Monte Carlo 
framework
approach can be extended to consider resources & 

tcosts



2
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PROJECT RISK ANALYSIS USING MONTE CARLO SIMULATION
manual

l

Network simulation with a 
spreadsheetpreceding activities

specify
uncertainty

sample
Activity PA1 PA2 PA3 mean sd dur complete

0
1 general design 10.6 3.2 9.2 9.2
2 engine design & tests 1 31.8 9.5 33.4 42.6
3 airframe design & tests 1 21.2 6.4 23.7 32.9
4 assemble test aircraft 2 3 6.2 2.8 7.3 50.0
5 engine development 2 12.5 5.6 10.4 53.0
6 flight trials 4 15.5 9.3 3.9 53.8
7 engine production 5 6 11.9 1.8 12.8 66.7
8 airframe production 6 5.9 0.9 5.5 59.3
9 assemble aircraft 7 8 11 9 1 8 8 5 75 1

activity 4 has 
preceding 
activities: 2 & 3 9 assemble aircraft 7 8 11.9 1.8 8.5 75.1

Project duration = 75

activities: 2 & 3
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Another iteration
PROJECT RISK ANALYSIS USING MONTE CARLO SIMULATION
manual

sample
A ti it PA1 PA2 PA3 d d l tActivity PA1 PA2 PA3 mean sd dur complete

0
1 general design 10.6 3.2 13.7 13.7
2 engine design & tests 1 31.8 9.5 42.1 55.8
3 airframe design & tests 1 21.2 6.4 12.8 26.4
4 assemble test aircraft 2 3 6.2 2.8 7.9 63.7
5 engine development 2 12.5 5.6 21.1 76.8
6 flight trials 4 15.5 9.3 6.9 70.6
7 engine production 5 6 11.9 1.8 9.1 85.9
8 airframe production 6 5.9 0.9 8.0 78.5
9 assemble aircraft 7 8 11.9 1.8 11.4 97.4

project duration changes
critical path may also change

Project duration = 97
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P(duration < 7 years) = 61%
P(duration <8 years) = 99%

consider financial implications of overrunning
- is a 7 year schedule vital given possible competition?

and effects on reputation
criticality count to identify activities causing risk

duration
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How do we estimate variability of 
activity outcome durations?
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e.g. consider the estimating record for previous, similar “design” 
activities
variability = consistent bias + uncertainty
take care that “estimates” are made at similar stages of the 
projects’ life cycles; uncertainty should reduce 

estimated duration (months)

Summarising the past experience

project estimate outcome
outcome:
estimate

A 12 17 1.42
B 18 22 1.22
C 15 11 0 73

id ti t ti t f th l f d i

C 15 11 0.73
D 15 17 1.13
E 12 8 0.67
F 18 18 1.00
G 24 20 0.83
H 15 22 1.47

mean 1.06
s.d. 0.30

consider rations outcome: estimate for the sample of design 
activities
historic data suggest:
- outcome duration of design activities is approximately 6% more than 

estimate
- s.d. of the ratios is 0.30 or 30% = “uncertainty rating”



5

Using the statistics from past projects
use the mean ratio to adjust mean estimate of 
duration
standard deviation = uncertainty rating * mean 

ti t

category mean 
adjustment

uncertainty 
rating 

description 

trials 1 03 0 60 very high

estimate

trials 1.03 0.60 very high 
tests 1.04 0.45 high 
design 1.06 0.30 medium 
bureaucratic 1.02 0.20 low 
manufacture 0.99 0.15 very low 
    

 

 

adjusted estimates

activity
initial 

estimate category description
mean 

adjustment
uncertainty 

rating mean s.d.

Using the understanding of past 
variability to estimate the mean & s.d.’s

allocate activity to relevant category
apply appropriate adjustment to mean deduce s.d. = uncertainty 

rating * mean

1.general design 10 design medium 1.06 0.30 10.6 3.2

2.engine design & tests 30 design medium 1.06 0.30 31.8 9.5

3.airframe design & tests 20 design medium 1.06 0.30 21.2 6.4

4.assemble test aircraft 6 tests high 1.04 0.45 6.2 2.8

5.engine development 12 tests high 1.04 0.45 12.5 5.6

6.flight trials 15 trials very high 1.03 0.60 15.5 9.3

7.engine production 12 manufacture very low 0.99 0.15 11.9 1.8

8.airframe production 6 manufacture very low 0.99 0.15 5.9 0.9

9.assemble aircraft 12 manufacture very low 0.99 0.15 11.9 1.8

use results of analysis of historic variability to estimate mean 
and standard deviations of activities of the new project
could also include correlations?
uncertainty should be dependent on stage of project life cycle
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Exploiting more specific knowledge
other forms of knowledge beyond the historic 
quantitative data
general corporate judgements
- e.g. estimating methods may have improved so perhaps the uncertainty 

ratings should be reduced
external judgements might refine the uncertainty 
ratings
- e.g. a review of similar projects undertaken by other companies might 

suggest a change in the ratings
the project team may make judgements about the 

ifi t i t ti tspecific uncertainty estimates
- e.g. staff experience may important

further external judgements may affect the uncertainty 
estimates
- e.g. consultants may be employed to review the analysis

an example of “organisational learning”?

Flows of experience

generic subjective
judgements

historic
data

uncertainty
ratings

initial uncertainty
estimates

project
characteristics

external
judgements

revised uncertainty
estimates

final uncertainty
estimates

corporate

specific subjective
judgements

project team

external

sources of data

an example of 
“organisational 
learning”?
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Incorporating more knowledge

uncertainty ratings adjusted estimates

activity
initial 

estimate category description
mean 

adjustment UR1 UR2 mean s.d. comment

1.general design 10 design medium 1.06 0.30 0.30 10.6 3.2

2.engine design & tests 30 design medium 1.06 0.30 0.15 31.8 4.8
particularly experienced engine design 
team

3.airframe design & tests 20 design medium 1.06 0.30 0.40 21.2 6.4 new materials

4.assemble test aircraft 6 tests high 1.04 0.45 0.45 6.2 2.8

5.engine development 12 tests high 1.04 0.45 0.45 12.5 5.6

6.flight trials 15 trials very high 1.03 0.60 0.60 15.5 9.3

7.engine production 12 manufacture very low 0.99 0.15 0.15 11.9 1.8

uncertainty ratings are revised to include specific knowledge
record/ justify change (with source)
use adjusted standard deviations in Monte Carlo simulation 
analysis

8.airframe production 6 manufacture very low 0.99 0.15 0.30 5.9 0.9
new materials could cause production 
problems

9.assemble aircraft 12 manufacture very low 0.99 0.15 0.15 11.9 1.8

Costs of delay

additional overheads, see time-cost trade off 
notes from IS07
penalty clausespenalty clauses
loss of reputation
cashflow
loss of market/ reduced service
- old product/ system may not be acceptable
- customers may move to competitors introducing 

ne prod ct/ s stemnew product/ system
additional cost of finance
reduced NPV/ IRR
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Interaction of time and money: 
project duration & NPV

discount rate 20%
year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
expenditure 50 500 200 100 20 20 20 20 20 20 20 20 20 20 20

£million

intensive capital investment
but NPV > 0 implying that the project generates sufficient profit 
to provide an average return of more than 20%

expenditure 50 500 200 100 20 20 20 20 20 20 20 20 20 20 20
income 0 0 0 0 300 300 300 300 300 300 300 300 250 200 100
profit -50 -500 -200 -100 280 280 280 280 280 280 280 280 230 180 80
NPV= 6.0

discount rate 20%
year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025y
expenditure 50 500 100 100 50 50 20 20 20 20 20 20 20 20 20 20 20
income 0 0 0 0 0 0 300 300 300 300 300 300 300 300 250 200 100
profit -50 -500 -100 -100 -50 -50 280 280 280 280 280 280 280 280 230 180 80
NPV= -143.7 

same total expenditure (£1070 million) and income (£2950 million)
but delay of two years during construction
delay in the income stream
financial disaster

Decision tree analysis + Monte 
Carlo simulation output

Monte Carlo simulation provides estimates of 
probabilities of : optimistic, medium and pessimistic 
schedulesschedules
approximate each schedule and the consequences, 
e.g. sales
construct decision tree:

medium schedule

optimistic schedule

expected NPV

select project 
option

medium schedule

pessimistic schedule

medium schedule

optimistic schedule

pessimistic schedule

option A

option B



9

Generic sources of project 
network risk

uncertainty:uncertainty:
- critical activities’ durations
- availabilities of resources

impact:
- many parallel near critical paths
- highly interconnected
- adopting latest start dates

in general, projects often have several near critical 
paths:
- if any one path is late, the project is late
- if any one path is early, the project will have to wait for others to be 

completed



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


