KNOW WHAT
YOU DON’T
KNOW
Handling Uncertainty in Capital
Projects
10374 172 Street NW
Edmonton, AB
T5S 1G9

P: (780) 484-3313
F: (780) 497-2354
www.smaconsulting.ca

Holly Parkis, PMP, CVS, Portfolio Manager at SMA Consulting Ltd.
Roy Labban, PhD, Senior Advisor at SMA Consulting Ltd.

Capital projects are an exercise in managing uncertainty. Every construction project is unique,
but all construction projects share traits that make them challenging. Cost estimates represent
the culmination of hundreds or even thousands of reasonable assumptions, best guesses,
contingency calculations, and worst case scenarios.
Take a simple concrete line item—the estimate value
will begin with total quantity estimated from the
design drawings, but rapidly grows more complex,
with wastage, material costs, labor costs, hauling
distances, overhead, the construction schedule
and escalation, and perhaps allowance for winter
construction or for risk.

“No construction project
is risk free. Risk can be
managed, minimised,
shared, transferred or
accepted. It cannot be
ignored.”

In a 2013 survey of 258 transportation projects,
Flybvjerg et al. demonstrated that on average,
- Michael Latham
actual costs were 28% more than estimated at the
time of a decision to build. Is it any surprise? And
estimates have not been getting more accurate.
Instead, the field of construction claims has burgeoned in the past thirty years, with both owners
and contractors struggling to handle the impacts of changes or challenges on their projects. For
example, a bridge project has been estimated at $147 million. When the bids come in, they range
from $152 to $170 million. This is commonplace, but why? There are engineers on both sides and
all parties involved are trying their best to arrive at the correct price. Why would construction bids
come in so much higher?
When You Assume
The assumptions, best guesses, worst case scenarios, and contingency calculations described
above are the answer; they are where uncertainty lurks. There are many factors to consider, and
many ways for assumptions to differ: risk, perception of risk, variation in perception of quantities
or unit costs, forecasts of escalation, and predictions of market behavior. First, the quantity
takeoffs may not be exactly the same, and the contractor’s unit rates may be higher or lower than
the owner’s. Second, the contractor may be assuming a different and longer schedule, or higher
escalation rates per year, based on information they are seeing. Third, they may know something
about the market that the owner does not: for example, competition may be limited if the market is
high, and a contractor may decide to price the job at a point where it would be worth scrambling to
find resources. Fourth, last, and most important, contractors may see risks that owners missed, or
they may have a very different perception of risk than owners do.
All of these factors—and similar decisions being made by all the other contractors bidding on the
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A bridge project was estimated at $147 million. When bids come in, they are $5
million to $23 million higher. Why? Different assumptions were made on all sides
about uncertainty, ease of construction, and risk. The diagram shows the probability
distribution for the real potential range of $117 to $207 million. The original estimate
had about a 70% chance of being exceeded.
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job—will contribute to the potential range of uncertainty for a given cost estimate. This has nothing
to do with how good the cost estimator is, and everything to do with the different perspectives of
different contractors. The problem can be summed up in a quote by Dr. Sam Savage, a famous
Stanford professor and expert in probability: “Plans based on average assumptions will be wrong
on average.” A point estimate is an average at heart, and on average, point estimates are wrong.
Explore the Range
The solution can be found outside the average, using modern tools that let us understand the
edges of our assumptions. One best practice is a Monte Carlo simulation of the cost estimate,
risks, and schedule, called a “range estimate,” a joint cost and schedule simulation, or sometimes
a quantitative risk analysis. The benefit of Monte Carlo is that the factors described above, as well
as many other contributors to complexity and risk on the project, can be assembled into a single
model which gives decision-makers a full picture of the potential range of outcomes.
As all project managers know, “the number” takes on a life of its own as soon as it is shared,
and the assumptions in the number are hard to communicate and display. Pity the poor project
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manager, standing in front of a panel of superiors, explaining that the original number they saw
was a Class 4 estimate and that’s why the real number came in 40% higher. A Monte Carlo
simulation turns “the number” into “the range.” Better, it allows the team to contextualize their point
estimates with a simple description of confidence —70% chance of exceeding, 80% chance of
exceeding — and help decision-makers understand where the ceiling and floor might really be.
The Power of Monte Carlo
Monte Carlo simulation itself is a statistical modeling technique which was developed in the 1940s
to study neutron histories and thermonuclear reactions, but with today’s computational power it
becomes readily applicable for everyday problems as well. In a range estimate, the assumptions
and uncertainties inherent in the cost estimate, risk register, and schedule can be captured using
ranges and probability distributions — for example, a three point triangular distribution estimate,
with a minimum, most likely, and maximum value — and then the cumulative impact of uncertainty
can be calculated and displayed. The use of probabilistic estimating tools like range estimates is
highly recommended by the Construction Industry Institute and sophisticated owners all over the
world.
The process begins with a strong understanding of risk on a project and its potential impacts
for both cost and schedule. The team then works through a thorough review and discussion of
items in the cost estimate and schedule, and integrates these with risk to develop a full cashflow
mapping. Once the cashflow is created, other features can be added, such as inflation, market
conditions, and so on. The beauty of the range estimate is that no matter how complex the model
is, the final result is generally quite intuitive and easy to explain to decision makers, who can be
shown the impact of schedule uncertainty and risk in a graphical format. Statistical techniques can
then be used to further probe and communicate confidence in the estimate.
A Range of Applications
Range estimating can be as simple or as complex as the project it is being applied on. SMA has
performed range estimates on projects ranging in value from under $5 million to over $5 billion,
and the same techniques apply. The value of aggregating and visualizing uncertainty in today’s
highly uncertain world cannot be overstated: we have the ability to move past the average and
achieve real change. Tools like Palisades @Risk or Crystal Ball are easily accessible. Consider
this: which would you rather explain, a $147 million point estimate that was $5 million less than
the lowest bid, or a $147 million point estimate which your superiors had already been told was
in a range of $120 to $210 million and had a 70% chance of being overrun? Fortune favors the
prepared mind. Range estimates are one of the best tools in today’s arsenal for preparing for
whatever may come.
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