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Traditional cost estimation

methods provide no insight

to possible AND
probable outcomes

One study indicates that the
accuracy of cost estimation
for large projects has not
materially improved over
the last 70+ years

Introduction

We have all heard about the many large publicly funded infrastructure projects that have gone far over
budget and as a consequence have drawn great levels of negative attention. The reality is that not only do
large public projects go over budget but the majority of large public, as well as private, capital projects are

likely to end up over budget.
For executives, managers and their teams responsible for proj

ect cost estimation, it is a difficult challenge

to produce an accurate project cost estimate that takes into account the risks and uncertainties capable
of causing costs overruns. This whitepaper will introduce and discuss cost estimation techniques based
on quantitative risk analysis' that can improve the estimation of a project’s budget, including contingency
and escalation costs, by taking into account risks and uncertainties. If applied correctly, quantitative risk

analysis will allow a cost estimation team to not only forecast
the range of possible costs but also the probability of those
costs. In addition, this paper will discuss several of the hidden
pitfalls that must be avoided when using quantitative risk
analysis for cost estimation.

Traditional Cost Estimation

The following is a simplified and concise overview of the
traditional cost estimation process:

e Based on the current level of a project’s scope and design,
historical data and courtesy quotes from sub-contractors and
other vendors are used to get starting point estimates at the
system, sub-system or line-item level.

e These starting numbers are adjusted based on current or
recent levels of material, labor, equipment and other cost
items. This becomes a base-case estimate for the total costs
of the project.

e An additional escalation amount is added to each cost item
to allow for inflation of labor, material and equipment costs.

¢ Also, an additional contingency amount (often a % that is
based on the ‘maturity’ of the project scope) is added to
the overall project to allow for other costs which may be
uncertain and/or are beyond control such as regulatory,
scope creep, etc.

e The resulting budget is composed of a single-point base-
case estimate plus single-point escalation and contingency
estimates. This total is often considered the ‘upper
estimate’ for the total project cost.

Historical Perspective

There are many examples of
spectacular cost overruns in large
public projects:

¢ Boston’s Big Dig: /e Boston
Globe has reported that this project
will end up costing almost $22
Billion which is a little under 1000%
higher than originally estimated®.

¢ Denver international Airport:
The original cost estimate was $1.7
Billion but the actual cost was more
than $4.2 Billion according to The
Denver Post®.

¢ Channel Tunnel: Construction
cost overruns of 80% and financing
cost overruns of 140%".

e Many more

In fact, one study of transportation
infrastructure projects suggests

that as many as 9 out of 10 have
exceeded their initial cost estimates®.
In addition, the same study indicates
that the accuracy of cost estimation for
projects has not materially improved
over the last 70+ years.
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Cost overruns are often
caused by ignoring the
uncertainties and risks

inherent in the project

Systemic risk drivers should
be included in the model

Failure to consider the
relationships between
variable can under estimate
the actual risk in the project

¢ Understanding this ‘any other possible cost’ can certainly be useful. However we gain no insight on how
probable it is that the most-likely or upper-estimate might occur. We also have no understanding of the
“opportunity” that the project may end up below budget and what factors are most influencial in driving
the project’s risk.

Clearly there is opportunity for improving upon currently used contingency/escalation cost estimation techniques.

Root Causes
Let’s first consider and review some of the root causes for cost overruns:

¢ Technical: Cost estimation is in essence attempting to predict the future which is by nature difficult,
if not impossible, because even the best forecasting techniques are inherently imperfect. There are
a number of technical factors, financial and otherwise, which are intrinsically uncertain. Examples
might be interest rates, commodity prices, supply/demand for sub-contractor resources, regulatory
environment, the economic cycle, project duration and many more internal as well as external factors.

¢ Economic/Political: It may be that there are project stakeholders with economic or political reasons
for underestimating the costs of a project. Individuals or groups often have an interest in the approval
of a particular project — job creation, business success, political influence, etc — and therefore strive to
make a project appear financially more attractive to decision makers or the public.

e Psychological: It is just human nature that most project planners simply tend to underestimate the
potential for unexpected cost increases. This is known as “optimism bias"®.

While the above list is not inclusive, it illustrates that the actual costs of a project are often greatly affected by
unknowns and risks. Ignoring such uncertainties and risks in the estimation process therefore often causes
projects to overrun their budgets.

What is Quantitative Risk Analysis and How Can it Help You?

Typically, there are a large number of uncertainties involved in the generation of cost estimates for a large project.
One way to take into account, understand and possibly manage these uncertainties is through a technique called
“Quantitative Risk Analysis”. Quantitative risk analysis is a process that identifies and quantifies the uncertainties
associated with a project and then develops a ‘probabilistic model” to represent the project. The output of this
model then provides a view of the risk and uncertainty associated with cost of the overall project as well as the
component parts of the project.

For example, the output from a quantitative risk analysis model can answer many questions such as: “What is the
probability that the total cost of the project will exceed a specific value?” with the answer in the form of “There is
a 20% probability that the total costs will exceed $10 Million.”

Uncertainties and risks in a quantitative risk analysis model are usually represented by a probability distribution.
For example the costs associated with structural steel are no longer represented in the cost estimate as a single
point with an additional allowance for escalation as in traditional estimating. Instead, structural steel costs would
now be represented by a range of possible costs, including escalation, along with the probability of each possible
cost for structural steel.

In addition to modeling the costs for particular line items or sub-systems, it is recommended to model the
uncertainty associated with potential risks that might affect multiple line items or sub-systems. These risks
are often called “Risk Drivers” - examples of such risk drivers might be weather, regulatory permitting, main
contractor risks, the level of design completion when the estimate is produced, etc. Risk drivers can also be
represented by probability distributions but it important to also identify which specific cost items might be
affected by each risk driver and the impact of the risk driver.

When modeling individual cost items as well as risk drivers, it is important to carefully consider the impact of
systemic relationships in the project being modeled. One example might be that the labor cost for installing
structural steel is directly proportional to the amount of structural steel in the project. As the amount of structural
steel increases, so does the amount of structural steel labor. It is critical that this relationship be included in the
model as a correlation. The model should not be permitted to estimate the structural steel labor at the low end of
its possible range while simultaneously estimating the amount of structural steel at the high end of the range. If this
were to happen, the final result of the model would under-estimate the possible range of the overall project cost.
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Risk-based cost estimation
models are usually solved by
Monte Carlo Simulation

The resultant risk-based cost estimation model is now composed of a large number of probability
distributions which are being combined based on the project being modeled. It is usually impossible to
mathematically calculate a model containing a number of dissimilar probability distributions that may have
been modeled with dependencies and correlations. Therefore, in practice, quantitative risk analysis models
are usually built and solved using a technique called Monte Carlo Simulation®. A number of tools exist

for implementing Monte Carlo Simulation models with the most widely used being Oracle’s Crystal Ball®,
Palisade Corporation’s @RISK'and Primavera’s Pertmaster'.

are distributions of possible outcomes (rather

by management to reduce the project’s risks.

Monte Carlo Simulation Example Model Output
Monte Carlo (MC) simulation is a quantitative risk analysis technique in Total Project Costs
which uncertain inputs in a model (for example an Excel spreadsheet) are S 00 [es9] so

represented by probability distributions (instead of by one value such as
the most likely value). By letting your computer recalculate your model
over and over again (for example 10,000 times) and each time using
different randomly selected sets of values from the (input) probability
distributions, the computer is using all valid combinations of possible
input to simulate all possible outcomes. The results of a MC simulation

outcome you get from a deterministic model);
possible outcomes that could occur and the likelihood of any outcome
occurring. This is like running hundreds or thousands of “What-if”
analyses on your model, all in one go, but with the added advantage that
the ‘what-if’ scenarios are generated with a frequency proportional to the probability we think they have of occurring.

Like the input parameters, the results of Monte Carlo Simulation models are also in the form of probability distributions that essentially take into account
all uncertainties and risks (see inset). These output distributions provide a range of all possible costs AND an understanding of which outcomes are more
probable. In addition, through sensitivity analysis, the model results can provide an understanding of which cost items or risk drivers should be focused on

than the one predicted
that is, the range of

Total Costs in Milions

These are therefore the
areas of the project risk to
cause cost overruns and
are the areas where the
project team would want
to concentrate their risk
management efforts

Advantages of Quantitative Risk Cost Estimation

Using quantitative risk analysis as a basis for cost estimation can provide a number of advantages over
traditional methods, including:

e Risk analysis changes the entire paradigm of how the project team thinks about and addresses cost
estimation. The process of building a project risk analysis encourages an open discussion about risks
and uncertainty. This by itself is an important and often useful exercise resulting in both reduced risk
and reduced cost.

e Cost forecasts are not forced into the “pigeon hole” of single point estimates. Instead, risk analysis
recognizes that cost estimates are inherently uncertain. Traditional methods ignore or attempt to
“average out” the risk and uncertainty.

e The process helps the project team to also identify risk drivers that project management should focus on
to reduce the project’s costs.

e |t allows stakeholders to better understand the project’s risks and the probability of the actual costs
being above the base-case estimate or the budget.

e Quantitative risk analysis models should be very transparent and have all assumptions clearly
documented to encourage acceptance by all stakeholders. This transparency also allows managers to
identify areas in the cost estimate where some of the root causes for cost overrun (technical, political,
optimism bias) have crept into the model.

e Sensitivity analysis helps identify areas of the project that have the potential for causing the most
uncertainty. These are therefore the areas of the project most likely to cause cost overruns and are the
areas where the project team would want to concentrate their risk management efforts.
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Quantitative risk analysis
requires a different set of
skills than traditional cost

estimation methods

Choose a consultant that will
not just provide a black box
cost model but will also work
to increase the risk analysis
expertise of your staff

Who Should Produce the Risk Analysis?

One school of thought is that the cost engineers or managers associated with the project should lead the effort to
produce a risk-based cost estimate. What usually happens when this path is chosen is often a scenario similar to
the following:

¢ A Monte Carlo software tool is selected;
e One or several of the cost estimators is given the software and sent to a software training course;

¢ Those folks are then expected to produce a comprehensive, transparent, easy to use and accurate cost
estimation model in (often) a very short period of time.

In many cases this is unfortunately a recipe for failure, for the following reasons.

A cost engineer experienced in traditional estimation techniques will likely not immediately be a good risk analyst.
Producing a quality risk-based cost estimate requires a quite different and new set of skills. It requires someone
experienced not only with the specific software tools but also with conducting a workshop, expert elicitation,
probabilistic mathematics, correlational identification, model building and documentation (all important and
needed for producing an accurate and useful quantitative risk analysis).

In addition, it is important to consider time requirements, learning curves and opportunity costs of having an
expert cost engineer pulled away from other productive work. It will probably take an inexperienced analyst doing
his or her first risk-based cost estimation three to five times as long as an experienced risk analyst to produce a
good and useful cost estimation model.

Inthe long run it is often less expensive to find and hire an expert risk analysis consulting firm experienced with
all facets of quantitative risk analysis as it relates to project risk analysis. Such a firm can develop and document
a quality risk analysis model based on your specific needs and business processes in a fraction of the time and
for a fraction of the total cost of a completely in-house effort. In addition, a good firm will educate and work with
the in-house staff so that they become familiar with the tools and techniques required for the analysis. Not only
will the project now have a useful risk-based cost estimate, but the users of the model will be prepared to modify
and reuse the model without re-engaging the external consultant.

What to Look For in a Risk Analysis Consulting Firm

Locating, choosing and hiring the best consulting firm capable of assisting with the construction of a probabilistic
cost estimate can be a challenging experience. To assist in this process, we provide a few key areas that we
consider critically important to the selection process:

e Technical expertise: Does the consulting firm have staff with the technical expertise to create a
robust and functional yet transparent and user friendly Monte Carlo model? Can they demonstrate proof
of such expertise?

o Experience: What type of experience does the firm’s staff have in the area of project and cost risk
analysis? What other types of projects have they worked on? An experienced consultant will produce a
better outcome in a shorter period of time.

¢ Broad background: There are many statistical, probability and modeling techniques and tools
available. Choose a consultant with broad experience (i.e. not just a consultant that knows a certain
software package) so that they are familiar with a variety of techniques and can apply the best mix of
available methods to your situation.

e Gustomer focused and flexible: It is important for a consultant to pay careful attention to your specific
requirements and provide a customized solution tailored to your needs.

« Informative and educational: \Work with an outside firm that is truly interested in raising the level of
knowledge of your entire team. Also, the solution you receive should be completely transparent and not be
a “black box” that only the consultant understands. With increased expertise and a transparent model, your
team should be able to modify and reuse the solution without the need for re-hiring the consultant.

¢ Personal service: You should expect personal yet professional service, a high level of responsiveness,
complete integrity and independence from a risk analysis consultant. Be sure to ask for and check references,
request a proposal outlining what services will be provided as well as complete costs and a timeline.
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Next Steps

This paper has only briefly introduced the application of quantitative risk analysis to the field of project cost
estimation. If you need help starting, implementing or completing a risk-based cost estimation program,
consider contacting Vose Consulting. We offer a wide range of services and have extensive experience
including:

¢ Facilitating the development of a dedicated internal risk analysis function: \We have
helped a number of large corporations design, develop, train and implement an internal risk analysis
department.

¢ Risk analysis modeling: \We can rapidly design, develop, and validate complex risk analysis models
customized to your specific cost estimation and project risk requirements.

e Model review: \Vose Consulting has reviewed a large number of models built by our clients. We can produce
an assessment of your model’s soundness, completeness and accuracy as well as provide recommendations
for improvement. Many clients have found this to be a very valuable and cost effective service.

¢ Training courses: \We offer both public and custom in-house training courses in the area of
quantitative risk analysis.

e Workshops: Our clients have often found a hands-on custom project risk analysis workshop to be
very effective. We meet with the client for approximately one to three days where we provide intense
customized training in a specific area of interest as well as develop together a model based on the
client’s specific needs. At the end of the workshop, the client leaves with a robust functioning model in
combination with the knowledge and experience needed to modify and enhance the model on their own.

¢ Custom software tools: Risk analysis models are often built using standard, off-the-shelf software
tools and in most cases this is works very well. Sometimes however, if may be necessary or desired to
have a custom software tool or application built for specific and unique requirements. Vose Consulting
has a team of highly experienced professional software engineers who have built a number of bespoke
risk analysis applications for our customers.

Conclusion

We hope this paper has been useful for you. We invite you to let us know your questions, insights,
suggestions and ideas at info@voseconsulting.com.

Please contact us at sales@voseconsutling.com to discuss Vose Consulting services, training or software.

Also, please visit our website www.voseconsulting.com to see our client list as well as additional
whitepapers, case studies and the list of currently scheduled training courses.

You are also invited to download ModelAssist, a FREE risk analysis training tool from our colleagues at
Vose Software — http://www.vosesoftware.com/modelassist.ntm.
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Founded in 1989, Vose Consulting is a leading international firm specializing in quantitative risk analysis. Our primary goal is to help clients make better, more informed decisions in the
face of uncertainty and risk. We accomplish this goal through a combination of risk analysis consulting, training, and software. A core focus of our organization is the provision of cutting-
edge risk-based consulting services to customers from industries in the private and public sectors.
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