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The Problem

Cost estimating and risk analysis (Risk-
Based Estimate) usually require employ-
ing the Monte Carlo Method to develop
the range and shape for the project cost
estimate. The Monte Carlo Method (MCM)
mostly requires dedicated software and
specialized users to model and compute
large amounts of data. Risk-Based Es-
timate Self-Modeling (RBES) eliminates
these requirements by allowing a regular
MS Excel user to develop an integrated
cost and schedule estimate with limited
knowledge of risk analysis. In this way,
large or small projects can benefit from the
value added by employing the Risk-Based
Estimate process.

Risk-Based Estimate
Overview

Project cost estimating is an important
component of project management
throughout the life of a project. A good
project cost estimate may determine
whether the project will go forward or not
or whether the project is a success or

a failure. Among the several estimating
procedures available, the Risk-Based Es-
timate (RBE) process described by Figure
1 emerges as a leading edge estimating
process. The Association for Advanced
Cost Estimating (AACE) recommends using
risk analysis when determining the cost
estimate and project’s contingency.

The RBE is simply a Quantitative Risk
Analysis (QRA) of the integrated project
cost and schedule estimate. It seeks to
make predictions about the uncertainty
in a project’s estimates relative to the
impact project risks may have on cost
and schedule. To do this, the QRA utilizes

Figure 1. Risk-Based Estimate Process
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mathematical models. There are different
kinds of software on the market that can
perform the rigorous calculations and pro-
vide quantitative data. Most of these use
Monte Carlo Simulation (MCS) as the basis
for modeling RBE. Many are “plug-in” type
programs that work with MS Excel.

The Washington State Department of
Transportation developed an MS Excel-
based risk modeling program. The program
does not require any additional software to
run and was developed specifically for use
on public design and construction projects.
In its current form, it is called Risk-Based
Estimate Self-Modeling (RBES).

Overview of RBES

The RBES program is an open code tool
designed to facilitate the integration of the
cost and schedule estimates of projects
by performing QRA. The model is capable
of capturing, analyzing, and displaying the
simulation results of “pre-mitigated” and
“post-mitigated” scenarios on the same
graph. The pre-mitigated scenario repre-
sents the range and shape of the project

Figure 2. RBES Process Flow Diagram
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cost estimate before any action is taken to
manage risks. The post-mitigated sce-
nario represents the project cost estimate
distribution after the risk management plan
is developed. The post-mitigated scenario
considers the so-called “residual risks”

that remain after the risk response strategy

is implemented. Having the information on
pre- and post-mitigated scenarios on the
same graph gives the viewer a powerful im-
age that could greatly improve the under-
standing of the project’s challenges. And it
provides decision makers with new, richer
data on which to base their decisions.

The RBES program presents its results in
the form of diagrams of cost distribution

(range and shape) and tables for different
stages of project development—Prelimi-
nary Engineering (PE), Right of Way (ROW),
Construction (CN), and Total Project Cost—
in current year dollars (CY $) and year of
expenditure dollars (YOE $). In addition, the
ranges of the “Advertisement Date” and the
“End of Construction Date” are calculated
and displayed in the form of graphs and

tables. Figure 2 presents the schematic

form of how RBES implements RBE.



Cost and Schedule
Data Input

The model can run two different scenarios:
(1) The pre-mitigated scenario, where the
cost and schedule represent the exist-
ing conditions, and (2) the post-mitigated
scenario, where the cost and schedule is
adjusted to reflect the consequences of the
project risk mitigation plan. An attractive
application of these two scenarios is ma-
terialized in an integrated RBE and Value
Engineering (VE) study.
® Each of the scenarios is served by two
spreadsheets.
® Each spreadsheet can record 12 risks.
® Each risk may have both components
(cost and duration).

Base Cost and Schedule Data

The base cost and schedule values are
typed in the upper section of the data
entry sheet (see Figure 3). The filled-in data
should be free of errors because the cells’
definitions are self-explanatory and a pop-
up window provides additional guidance

if needed. The model can accommodate
different cost escalation rates for PE, ROW,
and CN phases.

By default, the model uses WSDOT escala-
tion tables, but this can be easily overwrit-
ten by typing annual escalation rates in
designated cells. This feature allows greater
flexibility to users outside WSDOT.

Risk Data

Risk information is entered in the defined
areas. Figure 4 presents all the requirements
related to risk identification and quantitative
risk analysis (data is entered in cells with
arrows to drop-down menus). Figure 5 pres-
ents qualitative display of risk impact (Very
Low to Very High), and Figure 6 presents the
risk management and control portion of the
risk management plan. The model can take
24 risks and has the capability of extending
this number to 36, 48, and so on, by adding
new spreadsheets.

User Options

The model has the following multifunctional

capabilities:

® |t can be used by regular MS Excel
users with little training on risk analysis;
this is the default setup.

® |t can be used by power users who
know the meaning of risks’ dependency
and risks’ correlation.

Figure 3. Base Cost and Schedule Estimate: Data Entry

| i n
Progect Title Highway to Hoaven Value Varabity | Fims Markaps W00 i:.c:l:llun s
| i
Estimase Dads 10r10408 Targel AD date 10410008 10% | (1 168% AMBA Duraton | M
| |
Propect PIN B Exax | Estimated CH Duration 12.0Ma 15% Tax | NonWESDOT rates : YOE
Lasd Rerasow Diade 1211208 Estrnated PE Cosi 20000 M 5% CE [T P o
.-.F'li.:l".-"lh’l-l'|m-'- & JD Estrmated ROW Cost . 31.00 $W 20% PE s RO "%
Estmmied CN Cosl 210000 M 10% CoC LR -0 cH P
Encaiatbon Poni Base CH Cost Market Conditions Dmntaton Troe Base ROW Cost Market Condiiors
Bt T plarvad 1 'y PE Dirwten | u [t T W 5%
Chpfrm wncaiation pont of Fa acvly cost For ssaepis | |
507% sl T T ERCMNON poent or T BOvEy & |
rrolpent ety S0P W P ol vils LS Vo Tan plaed | 0% s O Dwstion| U VWorse Fan plancad | 19% i
decxied Fat Fu sacalahon pomnd o o Free guarien of |
[rar— Probabsinl  impacy PE Cou L Prosteiry | v
FPrecosincios scvte (ROW and PE) | 04 A i T
Cuskalruciin | os C Coat T
Nenormal daintutor. (rundors degintuson. FPERT or Betad dadntuton. Trinanguisr detibuton
Figure 4. Risk Data Entry Sheet
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Figure 6. Risk Management Section
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The graphical display of the most likely
impact is presented in Figure 5. The RBES al-
lows data from both risks’ components (cost
and duration) to be calculated and displayed.
The Risk matrix is a 5 x 5 array, which seg-
ments the range of probability and impact
into five areas: Very Low, Low, Medium, High,
and Very High.

The Risk matrix displays the cost impact with
a “$” sign and the duration impact with “Mo.”

Cost and
Schedule Results

Results are presented in the form of graphs
(histogram and cumulative distribution func-
tion) and tables. There are ten spreadsheets
that present the results of:
e Schedule
- Ad Date
- End Construction Date
e  Cost: Current year dollars (4) and year
of expenditure dollars (4)
Preliminary Engineering
- Right of Way
- Construction
- Total Estimate

A typical histogram for cost looks like the
example in Figure 7.

A typical cumulative distribution diagram
looks like Figure 8.

A typical output in the form of a table looks
like Figure 9. These tables give the reader
numbers related to the base cost and the
distribution of possible cost outcomes at dif-
ferent levels of confidence in underrun.
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Candidates for
Mitigation

A typical “Candidates for Mitigation”
(tornado) diagram is presented in Figure
10. The tornado diagram gives viewers an

immediate image of how risks are ranking
based on their expected impact.

Figure 10. Candidates for Cost Risk
Management (pre-mitigated)

i B

[ e
l:l .

Highet ¥ ol
bidgen

& T & (TR 2

Risks' Expected Impact

Each bar of the tornado diagram represents
the product of the risk’s mean value and

its probability of occurrence. The threats
direct to the right since they increase the
project cost or project duration and oppor-
tunities direct to the left since they reduce
the project cost or project duration.



The tornado diagram gives useful information
about the risk’s average magnitude but it may
mislead the reader on risks with high impact

and low or very low probability of occurrence.

The low probability and high impact risks are
more dangerous than the high probability

of occurrence risks as they may be easily
missed and when they occur, the impact may
be dramatic.

A different way of displaying the risk response
priority is illustrated by the project’s Risks
Map presented in Figure 11.

The Risks Map brings together the signifi-
cant project risks in the cost and schedule
components.

The low probability and high impact risks are
represented to alert the project manager to
future events. The project Risks Map has four
quadrants to differentiate threats and oppor-
tunities and cost and schedule.

We recommend applying the risk response
strategies first to risks located in proximity of
the map’s center (VH, VH). In addition to the
color code (shading in black and white), the
broken line ellipses complement the order of
importance of risks included in each perim-
eter. The inside ellipse indicates the most
critical area. Criticality reduces outwardly.

The color code and ellipses emphasize a
secondary recommendation: the risk impact
is more critical than the risk probability of
occurrence. The secondary recommendation
makes the broken lines curve to be ellipses
and not circle.

In making a decision to respond to a risk or
to let it go, the risk’s impact is more important

than the risk’s probability of occurrence—thus

the ellipses short axis are horizontal. In this
way, risks with high impact value and low
probability of occurrence are recognized and
receive the attention needed.

Figure 11. Risks Map
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Summary of Implementation

e WSDOT has already used the
RBES for projects of various sizes
(from 1$M to 100$M).

*  WSDOQT is considering making RBES
mandatory on all WSDOT projects be-
tween 10$M and 25$M. The RBES helps
project teams better define the estimate
and better project risk management.

® (Caltrans has used RBES for larger
projects as a complement to some of
its Value Engineering (VE) studies.

®  MoDOT has used RBES for more than
11 large projects and plans to use it for
many other projects as a complement
to its Value Engineering (VE) studies.

Report Title
and Location

Risk-Based Estimate Self-Modeling: The
RBES application can be downloaded at:
www.wsdot.wa.gov/Projects/ProjectMgmt/
RiskAssessment/Information.htm
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