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ABSTRACT

This discussion of the recommended practice (RP) 57R-09 of AACE International 
defines the integrated analysis of schedule and cost risk to estimate the appropriate 
level of cost and schedule contingency reserve on projects. The main contribution of 
this RP is to include the impact of schedule risk on cost risk and hence on the need for 
cost contingency reserves. Additional benefits include the prioritizing of the risks to cost, 
some of which are risks to schedule, so that risk mitigation may be conducted in a cost-
effective way, scatter diagrams of time-cost pairs for developing joint targets of time and 
cost, and probabilistic cash flow which shows cash flow at different levels of certainty.

INTRODUCTION

Recommended practice (RP) 57R-09 of AACE International defines the integrated 
analysis of schedule and cost risk to estimate the appropriate level of cost and schedule 
contingency reserve on projects. The methods presented in the RP are based on 
integrating the cost estimate with the project schedule by resource-loading and costing 
the schedule’s activities. The probability and impact of risks/uncertainties are specified 
and the risks/uncertainties are linked to the activities and costs that they affect. Using 
Monte Carlo techniques one can simulate both time and cost, permitting the impacts of 
schedule risk on cost risk to be calculated.

This RP is intended to provide guidelines (not a standard) for integrated cost and 
schedule risk analysis using Monte Carlo simulation of a cost-loaded CPM model which 
are generally considered to be reliable. 
It is based on the recognition that some resources such as labor, rented equipment 
(e.g., drill rigs, cranes) and level-of-effort (LOE) support (e.g., project management team 
or quality/safety staff) will respond to risks to schedule because they cost more if they 
are engaged on the project longer than planned because of schedule delays. This 
method has been applied to cost and schedule risk in many industries and in 
commercial as well as governmental projects, so it is generic. One finds in applications 
of integrated cost-schedule risk analysis that some of the most important cost risks are 
actually viewed by project participants primarily as risks to the schedule that indirectly 
extend the use of resources. Applying the methods described in this recommended 
practice will highlight the identity and mechanism by which risks to schedule might 
cause cost risk.

This RP describes an improvement in cost risk analysis over the traditional methods 
that address cost risk without explicit reference or, indeed, any reference at all to the 
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project schedule and its risk. In this analysis the interaction between schedule risk and 
cost risk is modeled explicitly to develop several results; (1) the schedule contingency 
reserve, (2) the cost contingency reserve, (3) the joint probability distribution of project 
cost and schedule, (4) the priority risks leading to the need for these reserves of time 
and budget, and (5) prioritization of project risk, which can lead to efficient actions to 
mitigate both time and cost risk. 

BACKGROUND

Schedule risk has typically been ignored in assessments of cost risk. More recently cost 
risk analyses have included attempts to represent uncertainty in time, but usually these 
analyses occurred outside of the framework of the project schedule. 

Only recently have the tools been available to include a full analysis of the impact of 
schedule uncertainty on the uncertainty in cost. The Monte Carlo tools first calculated 
labor cost proportional to the duration of activities. This was not a complete assessment 
of cost risk because it ignored other cost-type risks that are not related to schedule such 
as risks affecting the labor-type resources’ burn rate per day and the uncertainty in 
equipment or material cost. 

New tools have been developed that allow non-labor resources to vary in cost, as well 
as modeling uncertain daily rates (burn rates) for labor-type resources. This is not to say 
that the new software simulation tools are perfect, just that they are at a stage of 
development that warrants presenting them in an RP.

RECCOMENDED PRACTICE

The integrated cost-schedule risk analysis has several inputs, uses specialized Monte 
Carlo simulation tools, and produces several valuable outputs. A key success factor that 
should be present is that the organization is “risk-aware,” wants to know the truth about 
the risks to the project and views the risk analysis as an important input to project 
success.

Summary of Inputs

Inputs to the analysis include:

� A high quality project schedule, whether a detailed schedule or a summary schedule 
that represents all of the work, is completely logically linked, does not rely on 
constraints or lags / leads, has resources loaded, durations are unbiased estimates, 
and is updated – basically a schedule following recommended practice CPM 
scheduling.

� A contingency-free cost estimate, meaning that line items do not have padding built 
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in to accommodate risk and there is no below-the-line contingency included.

� Good-quality risk data – usually risks that have been identified during a qualitative 
risk analysis of the project leading to a list of prioritized risks, with probability and 
impact parameter data collected so that they fully represent the risks and are not 
biased. Other risk data might include probabilistic risk events that alter the project 
schedule by adding recovery activities not necessary if the risk does not occur.  
Without good-quality risk data that is specific to the project being modeled, very little 
useful information will be derived from this exercise and the conclusions drawn may 
be incorrect and misleading.  

Summary of Tools

The main tool of analysis is a Monte Carlo simulation of the cost-loaded schedule. 
Monte Carlo simulation is standard practice in quantitative schedule and cost risk 
applications. Most software packages that simulate project schedules can be used to 
integrate cost and schedule risk in the same simulations, although some packages are 
more capable than others. Other software applications may be developed in this new 
field of integrated risk analysis. It should be emphasized that this RP is written as the 
practice is developing rapidly.

Summary of Outputs

Outputs of an integrated cost-schedule risk analysis are:

� How likely are the project plan’s cost and schedule targets to be met given the risk 
that may affect that plan?

� How much contingency of time and cost needs to be provided to meet the risk 
threshold or certainty target of the project management or other stakeholders?

� Which risks are most important to the achievement of the project schedule and cost 
estimate? 

� Prioritization of the risk to the schedule and to the cost of the project is an important 
result. This is a list of prioritized risks results derived from the quantitative analysis 
and is therefore more accurate than the risk register list that was used as an input to 
the analysis. 

� Risk mitigation actions can be taken based on the prioritized list of risk. These 
actions can be analyzed using the same risk model that produced the plan 
contingency reserves of time and cost.

� A unique and useful result is the finding of joint time-cost risk results, often shown as 
a scatter diagram of time-cost points calculated during the simulation showing the 
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possibility of meeting both time and cost objectives jointly, the so-called joint 
confidence level (JCL). 

� Analyzing the time and cost risk together also leads to a probabilistic cash flow over 
time that is affected by uncertain costs and uncertain schedules. 

Inputs to integrated cost and schedule risk analysis must include the cost estimate 
where the monetary values are estimated without constraints, a CPM schedule with 
realistic durations and complete schedule logic that can produce the correct dates and 
critical paths when the durations change, and risk data.

The Cost Estimate

The cost estimate is a basic input to the risk analysis. Since the risk analysis calculates 
the probability of achieving the cost estimate and the cost contingency reserve, the cost 
needs to be stated without contingency embedded in or added to it. A good rule is to 
make the cost estimate, for each project element, the unbiased “most likely” estimate. 
This would include some provision for inefficiencies and productivity levels less than 
100%, but would not include provision for risk events or uncertainties, since one goal of 
the risk analysis is to estimate the additional cost needed for risk or uncertainties. Note 
that the “most likely” estimate is the mode of a probability distribution of possible 
durations. This value is different from the 50th percentile (“P-50”), which is the median, 
and from the mean or average duration.

The cost estimate should be consistent with the schedule in terms of resources 
assumed, their productivity and other factors. One way for this to occur is to refer to the 
basis of estimate that has all of the assumptions, including schedule assumptions, 
made in the cost estimate build-up.

In terms of contingency, this Monte Carlo simulation will estimate the contingency 
reserve that is appropriate for: (1) the risks to the specific project’s cost plan, and (2) the 
desired level of certainty of the project management and other stakeholders
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In this RP we will use a simple project as an example. It is a construction project 
estimated to cost $624 million over a 28-month completion schedule. The cost estimate 
is shown in Table 1 below:

Construction Project

Activity
Cost Estimate
($ millions)

  Approval Process $       2.1
  Environmental $       5.4
  Design $      46.0
  Procurement $     210.8
  Install Equipment $       7.7 
  Construction $     335.8 
  Integration and Test $      16.5 
Total Estimated Cost $     624.2 

Table 1 – Example Project Cost by Activity

The CPM Schedule

The platform for the integrated cost-schedule risk analysis is a cost-loaded CPM 
schedule. For an integrated cost-schedule risk analysis (and for schedule risk analysis) 
a summary schedule that is integrated, includes representation of all the work, has 
activities properly linked with logic and includes enough detail to highlight the main 
project milestones may be used. Experience shows that schedules of 300 – 1,000 
activities can be used in a risk analysis, even of projects as large as $10 billion, 
although some practitioners will choose to include more or fewer activities depending on 
the type and complexity of project. There should be enough activities to faithfully reflect 
the structure of the project schedule including levels of total float, and for the 
assignment of risks. Avoid the extremes of too much detail in the analysis (detailed 
schedules of thousands of activities) or to a simplified schedule with very few (20 – 30) 
activities. The better approach is a compromise which provides enough detail to help 
identify and quantify risks and their impacts and a level of simplification which protects 
against making extensive assumptions - many of which will be wildly incorrect.

A detailed schedule may be used but it has several limitations: It is usually too difficult to 
identify and correct for best practices a detailed schedule with many activities and 
logical relationships Applying resources to activities is more difficult for a detailed 
schedule than for a summary schedule, even if summary resources are used. 
Simulation of the detailed schedule with risks attached is often time consuming 

The first task in the risk analysis of cost and schedule is to ensure the schedule follows 
CPM scheduling recommended practices so it needs to calculate the milestone dates 
and critical paths correctly, both in the static critical path method (CPM) schedule and 
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during Monte Carlo simulation

The scheduling principles that are particularly important to the success of a Monte Carlo 
simulation, and in fact to a critical path method schedule, include1:

� All work needed to complete the project must be represented in the schedule. This is 
needed because we do not know what the critical path or risk critical path will be a 
priori, and because for integration of cost and schedule risk we need to be able to 
assign all the project cost to appropriate activities.

� There should not be any open ends, called “danglers.” This means that each activity 
except the first activity needs a predecessor to drive its start date and each activity 
except the final delivery needs a relationship from its finish date to a successor, as 
shown in Figure 1 below. 

The schedule should not rely on constraints to force activities to start or finish by certain 
dates.  It should use logic for this purpose and not artificially reduce or restrict Total 
Float.  Date constraints can modify CPM networks until they merely function as a 
calendar.  Lags and leads are appropriate only in limited circumstances and are 
generally to be avoided in project scheduling.  The schedule should be statused and the 
risk data used should be relevant to the statused schedule. Of course if a really serious 
event occurs to change the project fundamentally the risk analysis should be revisited.

The activity durations need to be unbiased estimates of the “most likely” duration in 
projects like this conducted by the organizations involved. That means that normal 
inefficiencies and realistic assumptions about labor productivity should be the basis of 
the durations. The assumptions underlying estimates of durations should be consistent 
with those made for the cost estimates, and a good place to check this is the basis of 
estimate (BOE). Both the cost and schedule estimates must be stripped of contingency 
due to the fact that the result from the risk simulation will be to "add contingency on top 
of contingency" creating an unrealistic and overstated amount of contingency required.
The schedule must have resources loaded and costed for the integrated cost-schedule 
risk analysis. This will be discussed in the next section. It is good scheduling practice to 
review the total float values to make sure they are reasonable. Large float values may 
indicate incomplete logic and, perhaps, the need to introduce and logically link 
additional activities.

The scheduling requirements for schedule risk analysis and for high quality CPM 
schedules are the same. One way to look at schedule risk analysis is that it is “the rest 
of the story” to be told after a high quality schedule has been constructed. The results 
indicate when the project is likely to finish when risk is taken into account.

For this RP, a simple schedule of a 28-month construction project is shown in Figure 1 
below:

                                                          
1 These points are consistent with those found in GAO Cost Estimating and Assessment Guide, US Government Accountability 
Office, March 2009 (GAO-09-3SP), pp. 218-224
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Figure 1 – Example Construction Project Schedule2

Resources Loaded into the CPM Schedule

Loading resources into the CPM schedule for the purpose of integrated cost-schedule 
risk analysis can be accomplished using summary resources; it does not require a 
detailed list of resources, though those might be available. Summary resources might 
include: detailed engineering, direct construction labor, procured items, project 
management team, raw materials, installation, and commissioning of equipment.

These summary resources are not sufficiently detailed to perform resource leveling. 
Their purpose is to get the entire budget into the project schedule. Simple categories of 
resources that can be given budgeted values and placed on the activities they work on 
are needed. Resources used on the simple construction project are shown in Table 2 
below:

ID Description Type Default 
Loading

COMM Commissioning Labor Normal
CONS Construction Labor Normal
ENG Engineers Labor Normal
ENV Environmental Labor Normal
MGT Management Labor Normal
PMT Project Management 

Team
Labor Normal

PROC Procurement Materials Spread
Table 2 – Resources for Example Construction Project

In addition, the resources need to be tagged as “labor-type” or time-dependent 
resources or “material-type” or time-independent resources:
                                                          
2 This figure and several others shown below are screen shots from Primavera Risk Analysis, formerly Pertmaster Risk Expert, now 
owned by Oracle.
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� “Labor type” resources are those that will cost more if they work longer. These 
include contract labor, engineering labor, the project management team (a level-of-
effort resource), and equipment that is billed by the day such as cranes, earth 
movers, drill rigs, installation barges and the like. 

� “Material-type” resources include those that have uncertain costs but do not
necessarily cost more if their activity takes longer. The main examples of these 
resources are manufactured equipment and bulk raw materials. Their costs may be 
uncertain but not because of time.

The purpose of resource loading the schedule for integrated risk analysis is to allocate 
the entire contingency-free budget to schedule activities. This approach will provide two 
attributes needed for the integration of cost and schedule risk.  The entire budget is 
represented, so any change in the duration of activities supported by time-dependent 
resources will capture the cost effect of schedule uncertainty.
Placing resources on individual activities will place the costs correctly in time, permitting 
the computation of probabilistic cash flow. The more the resources and costs can be 
placed on individual activities correctly, the more accurate the probabilistic cash flow will 
be.

An alternative method of applying resources to the schedule is to develop hammocks 
that span the activities that get the resources. A hammock is a good approach to take 
when applying level-of-effort (LOE) resources such as the project management team. 
However, establishing a hammock for, say, construction is a less than optimal way to 
handle labor-type resources. We know that construction labor starts at low levels but 
peaks, sometimes with thousands of workers each being paid by the day, and then 
tapers off as work is completed. Placing construction labor on several or even many 
construction activities will create the time-phasing of total construction labor.

Resources are applied to the schedule activities, Sometimes, in doing this, the cost 
estimate and schedule have evolved largely independently of one another and the cost 
estimates are not consistent with the activity durations. It is important that if the estimate 
and schedule are initially developed independently of one another, that they are 
reconciled prior to holding the risk assessment. When costs are applied to the schedule, 
daily rates of resources will be implied. The problem with an unreconciled cost estimate 
and schedule is that the costs in the cost estimate and the durations in the schedule, 
which are presumably consistent when the baseline is established, quickly become 
inconsistent as the scheduled durations change with new information. . This 
inconsistency is revealed in inaccurate or unbelievable daily rates of resource 
expenditure when the resources are applied to the schedule, and these inconsistencies 
have to be resolved for the integrated cost-schedule risk analysis to be accurate. 

The costs that result from placing the resources on the example project schedule are 
shown in Table 3. 
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Cost Estimate by Resource and Activity ($ thousands)

Activity PMT MGT ENV ENG PROC CONS
COM
M

Total

  Approval 720 1350 2,070
  Environmental 900 4500 5,400

  Design 6,000
40,00
0

46,000

  Procurement
10,80
0

200,00
0

210,80
0

  Install 
Equipment

2,250 5,400 7,650

  Construction
13,80
0

322,00
0

335,80
0

  Commissioning 1,500
15,00
0

16,500

Total
35,97
0

1,35
0

4,50
0

40,00
0

200,00
0

327,40
0

15,00
0

624,22
0

Table 3 – Cost for Example Construction Project Showing Resources

Risk Data Inputs

First principles require that the risk of the project cost and schedule is clearly and 
directly driven by identified and quantified risks. In this approach the risks from the risk 
register drive the simulation. In more traditional approaches the activities and costs are 
given a 3-point estimate which results from the workings of potentially several risks. The 
influence of each risk cannot be disentangled. Also some risks will affect several 
activities, and it is difficult to capture the entire influence of a risk using traditional 3-
point estimates of impact on specific activities. The risks that are chosen for the analysis 
are generally those that are assessed to be “high” and perhaps some “moderate” risks 
from the risk register. Risks are usually strategic risks rather than detailed, technical 
risks. There may be perhaps 20 – 40 risks, even in the analysis of very large and 
complex projects.

Once the risks are identified from the risk register, certain risk data are collected. The 
risks are quantified by their probability of occurring. In any iteration during the Monte 
Carlo simulation a risk will occur or not depending on its probability. For instance, a risk 
with a 40 percent probability of occurring will occur in a randomly-chosen 40 percent of 
the iterations. The risk also has an impact on the project if it does occur – impact is 
specified as a range of possible impacts. If the risk does occur, the durations and costs 
of the activities in the schedule that the risk is assigned to will be multiplied by the 
multiplicative impact factor that is chosen from the impact range for that iteration. 
Finally, the risks are then assigned to the activities and resources they affect. 
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Risks to project schedule and cost are generally classified in two different types:
� Risk events. These are events that may or may not happen, but if they do happen 

they will have a positive or negative impact on the cost or schedule or both.

� Uncertainties. These include ambiguities such as estimating error and uncertainties 
such as the level of labor productivity or the price of steel. These uncertainties are 
100% likely to occur but their impact on the project cost or schedule is uncertain. 
These can be represented by the traditional 3-point estimates on duration or 
resources because they tend to apply across-the-board.

Collection of risk data relies on the processes of the risk identification and risk 
prioritization. The risk register is developed in a process: Risk identification and the 
collection of risk data are conducted in risk workshops and / or risk interviews. Devices 
such as the risk breakdown structure may be used to help participants think of risk that 
may be outside of their specific assigned area but which they know about.
It is important during risk data collection to be alert to possible biases of the workshop 
or interview participants. Some people want to influence the results, while others 
genuinely do not understand the concepts or have some cognitive bias that has to be 
overcome. One tool is to include some people who are not directly involved in the 
project so they can be unbiased concerning the results. Another tool is to promise 
confidentiality to the participants so they can talk honestly and openly without fear that 
management will be displeased with them. Confidentiality is possible during risk 
interviews but not with risk workshops.

Any cost or schedule estimating biases can be discovered during the workshop / 
interview process. Often the degree of estimating error will be added as an uncertainty 
(100% likely until project completion) and the ranges of estimating error might be 
asymmetrical, such as +20% and -10% from the estimate. Indeed the duration 
estimates may be determined to be the optimistic (short) value with most likely and 
pessimistic (long) values ranging upwards from there, based on optimism or 
customer/owner desire for an early finish.

Risk assessment, sometimes called qualitative risk analysis, is the process of 
prioritizing identified risks for the project in question. The result of risk prioritization is to 
group the identified risks into high risk, moderate risk and low risk separately for time, 
cost, scope and quality. The results form the beginning of the risk register.  The risk 
register risks that are “high” and “moderate” for time and cost form the basis of the 
quantitative risk data collection for the risk analysis of cost and schedule.  The risk data 
collected are (1) the probability that the risk will occur on this project, (2) the impact on 
durations and costs, stated in percentage terms, if the risk occurs, and (3) the activities 
and costs that the risk will affect, if it occurs.

Other Risk Data Required



WM2012 Conference, February 26 - March 1,2012, Phoenix, Arizona, USA

11

The degree of correlation between the activity durations has long been viewed as being 
important for understanding and estimating correctly project cost risk analysis. 
Correlation arises if one risk affects two (or more) activities that have time-dependent 
resources or if a risk affects the cost of two time-independent resources. If a risk occurs 
during an iteration the affected activities would all take more time and cost more – they 
become correlated in time and cost. The degree to which their durations are longer and 
shorter together is called correlation. If the activities’ durations are not correlated they 
are called “independent.” Correlation causes long activity durations and costs to 
reinforce each other during the project’s execution, leading to potentially very long 
schedules. Correlation can lead to short durations occurring together. With cost 
estimates this could cause cost underruns. With schedules, however, the effect of the 
logical structure and parallel paths mitigates the possibility of schedule overruns. 
Estimating correlation coefficients using expert judgment is known to be difficult and 
problematic. Using risks to drive the simulation as discussed in this RP solves this 
correlation problem. It models the way correlation occurs by assigning risks to activities 
to drive the risk analysis so we do not have to estimate correlation coefficients. Project 
risks are generally stated at a strategic level and are independent of each other, 
although the simulation software will allow different risks to occur together if their 
existence is thought to be correlated. 

Probabilistic branching or existence risk requires another type of risk data, the 
probability that an activity and its cost will exist on this project. Some risks may cause 
activities to occur only if the risk occurs. Such events as failure of a test or 
commissioning activity, if they occur, may require new activities such as finding the root 
cause of the failure, determining the recovery plan, executing the recovery plan and 
retesting the article. Most schedules do not include these risk recovery activities that 
may not occur at all. These activities will all take time and increase project cost. They 
can be inserted in the schedule as probabilistic branches or existence activities with 
time and cost implications if they occur. The data needed is the probability that they 
occur. This value is often under-estimated since people do not like to think of project 
testing or commissioning failure.
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Simulation Using Risks as Drivers

In the simple example used in this RP, the risks’ impacts are specified as ranges of 
multiplicative factors that are then applied to the duration or cost of the activities to 
which the risk is assigned.

The risks operate on the cost and schedule as follows:
� A risk has a probability of occurring on the project. If that probability is 100% then 

the risk occurs in every iteration. If the probability is less than 100% it will occur in 
that percentage of iterations, and each iteration, chosen at random by the computer 
program has the same probability that the risk will occur.

� The risks’ impacts are specified by 3-point estimate. In the application used here, the 
impacts are multiplicative, so a schedule risk will multiply the duration of the activity 
that to which it is assigned. The 3-point estimate, for instance of low 90%, most likely 
105% and high 120%, is converted to a triangular distribution. For any iteration the 
software selects an impact multiplicative factor at random from the distribution. For 
that iteration the multiplicative factor selected multiplies the duration of all the 
activities to which the risk is assigned.

� The cost risk factor is applied differently depending on whether the resource is labor-
type or equipment-type.

� For a labor-type resource, the cost risk factor varies the daily burn rate, 
representing more or fewer resources applied per day. Of course for these 
resources, their total cost is also affected by the uncertainty in the duration, but 
they may cost more or less even if their durations are as scheduled.

� For equipment-type resources the cost risk factor varies the total cost since for 
these resources the cost may be uncertain but it is not affected by time.

Simulation Tools

Monte Carlo simulation is the most commonly applied method for conducting 
quantitative risk analysis. It is extremely difficult or even impossible to mathematically 
extend the properties of a complex CPM schedule into a single equation that could be 
used to predict the results of several risk events in a schedule.  That is why Monte Carlo 
analysis has been used to estimate the results. 

A Monte Carlo simulation calculates the possible project cost and schedule values that 
may result from individual risks and translates them into project-level cost and schedule 
risk results. It allows the user to determine the likelihood of finishing on time and on 
budget, Calculate the contingency reserve of time and cost to provide an acceptable 
level of certainty for stakeholders, and identify the main risks to cost and schedule for 
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the next phase, risk mitigation.

A Monte Carlo simulation is, fundamentally, a “brute-force” way to determine the impact 
of risk on overall cost and schedule, because it runs (simulates) the project multiple 
(thousands) times with different inputs for the risks on each run (iteration), collects the 
data and displays histograms of the possible results. 

The results of the Monte Carlo simulation assume the current plan is followed but may 
experience a number of risks’ occurring. In reality, project managers will alter their 
project plan if risks occur. CPM scheduling and risk analysis will never mirror the 
multiple changes that project managers implement as a result of risk, although we can 
model some of those changes using probabilistic branching and conditional branching.

SUMMARY

Integrating cost and schedule risk into one analysis based on the project schedule 
loaded with costed resources from the cost estimate provides both: (1) more accurate 
cost estimates than if the schedule risk were ignored or incorporated only partially, and 
(2) illustrates the importance of schedule risk to cost risk when the durations of activities 
using labor-type (time-dependent) resources are risky. Many activities such as detailed 
engineering, construction or software development are mainly conducted by people who 
need to be paid even if their work takes longer than scheduled. Level-of-effort 
resources, such as the project management team, are extreme examples of time-
dependent resources, since if the project duration exceeds its planned duration the cost 
of these resources will increase over their budgeted amount. 

The integrated cost-schedule risk analysis is based on:
� A high quality CPM schedule with logic tight enough so that it will provide the correct 

dates and critical paths during simulation automatically without manual intervention. 

� A contingency-free estimate of project costs that is loaded on the activities of the 
schedule.

� Resolves inconsistencies between cost estimate and schedule that often creep into 
those documents as project execution proceeds.

� Good-quality risk data that are usually collected in risk interviews of the project team, 
management and others knowledgeable in the risk of the project. The risks from the 
risk register are used as the basis of the risk data in the risk driver method. The risk 
driver method is based in the fundamental principle that identifiable risks drive 
overall cost and schedule risk. 

� A Monte Carlo simulation software program that can simulate schedule risk, burn-
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rate risk and time-independent resource risk. 

The results include the standard histograms and cumulative distributions of possible 
cost and time results for the project. However, by simulating both cost and time 
simultaneously we can collect the cost-time pairs of results and hence show the scatter 
diagram (“football chart”) that indicates the joint probability of finishing on time and on 
budget. Also, we can derive the probabilistic cash flow for comparison with the time-
phased project budget. 

Finally the risks to schedule completion and to cost can be prioritized, say at the P-80 
level of confidence, to help focus the risk mitigation efforts. If the cost and schedule 
estimates including contingency reserves are not acceptable to the project stakeholders 
the project team should conduct risk mitigation workshops and studies, deciding which 
risk mitigation actions to take, and re-run the Monte Carlo simulation to determine the 
possible improvement to the project’s objectives.

Finally, it is recommended that the contingency reserves of cost and of time, calculated 
at a level that represents an acceptable degree of certainty and uncertainty for the 
project stakeholders, be added as a resource-loaded activity to the project schedule for 
strategic planning purposes.

The risk analysis described in this paper is correct only for the current plan, represented 
by the schedule. The project contingency reserve of time and cost that are the main 
results of this analysis apply if that plan is to be followed. Of course project managers 
have the option of re-planning and re-scheduling in the face of new facts, in part by 
mitigating risk. This analysis identifies the high-priority risks to cost and to schedule, 
which assist the project manager in planning further risk mitigation. Some project 
managers reject the results and argue that they cannot possibly be so late or so 
overrun. Those project managers may be wasting an opportunity to mitigate risk and get 
a more favorable outcome.
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