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1. INTRODUCTION 43 
 44 
This recommended practice (RP) of AACE International defines a structure of the practice maturity of schedule risk 45 
analysis (SRA) for an organization. This is a topic within quantitative risk analysis, a subsection in Section 7.6.2.2 Risk 46 
Assessment of the Total Cost Management Framework (TCM). [1, p. Section 7.6.2.2] Quantitative schedule risk 47 
analysis is often paired with quantitative cost risk analysis to provide a picture of the risk to two key project controls 48 
targets, time and cost that are causally related, since longer activity durations in the schedule will cause higher time-49 
dependent resource direct and indirect cost. One goal of these analysis approaches is to quantify the desired level 50 
of contingency of time and cost for a project. Another is to identify those risks that primarily cause the need for 51 
contingency for the purpose of mitigating them to achieve better project results. SRA addresses both of these 52 
objectives. Organizations will benefit from this practical RP by knowing how mature their current practices are, and 53 
having descriptions of more mature systems, with their capabilities required, benefits/strengths, and weaknesses 54 
described to decide whether to improve their practices. This recommended practice follows the material published 55 
in Cost Engineering earlier. [2] 56 
 57 
 58 
1.1. Scope 59 
 60 
This recommended practice defines and explains the different levels of maturity of schedule risk analysis practice 61 
being used by the profession. It is intended to be a practical document that organizations can implement. “Maturity” 62 
indicates the level of detail and professional methodology included, where more detail and more capable 63 
methodology yields more and better-quality results.  As an example, Level 4 is the lowest level at which the analysis 64 
distinguishes between uncertainty and identified risks as drivers of the Monte Carlo simulation (MCS). At level 5, 65 
schedule and cost risk are integrated as described in RP 57R-09, Integrated Cost and Schedule Risk Analysis using 66 
Risk Drivers and a Monte Carlo Simulation of a CPM Schedule. [3] 67 
 68 
Less mature levels of SRA practice are described in part because they are widely used, but also because some of the 69 
lower-maturity SRA methods contain elements of methodology that are used in the more mature levels.  For 70 
instance, Level 2 emphasizes capturing and expressing probability and impact of risk, so a mature approach at that 71 
level will produce a higher-quality risk register. At Level 3, the project schedule is introduced as the platform for 72 
analysis, so a mature system at that level and above would produce a better-quality schedule usable at that and all 73 
more mature levels of maturity.  74 
 75 
One distinguishing feature of SRA maturity is compliance with RP 40R-08, Contingency Estimating – General 76 
Principles. [4] The key principles of interest here are; “starts with identifying risk drivers”, and “links risk drivers and 77 
cost/schedule outcomes”. The practice of risk analysis generally employs empiricism, experience, and competency 78 
in data collection. This RP addresses risk analysis processes in projects with an estimate maturity level at Classes 1 79 
to 3, where project schedules will generally be developed. Reference class forecasting and parametric models are 80 
more suitable for projects that have estimate maturity levels at Class 4 or Class 5. [5] 81 
 82 
Organizations may decide to stay at Level 2 since, done right, that level identifies all identified risks and has a way to 83 
prioritize them for focused handling. However, Level 2 does not produce an estimate of schedule contingency and 84 
does not take advantage of the project schedule to calibrate the risks’ impacts.   85 
 86 
This RP helps organizations understand where their SRA methods fall in maturity compared to where they might 87 
wish to be.  In that way, this RP provides practical information that helps the reader self-identify and understand the 88 
problems with their current method, as well as describing more competent methods, their strengths and 89 
weaknesses, and the competencies needed to reach those. 90 
 91 
 92 
1.2. Purpose 93 
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 94 
This RP is intended to provide practical guidelines (i.e., not a standard) to describe different levels of the practice of 95 
SRA that most practitioners would consider to be good descriptions of the maturity of that practice.  With this RP 96 
organizations can assess their present SRA maturity level. The RP also has strengths and weaknesses of the practice 97 
at each level and descriptions of capabilities needed to improve their maturity of practice of SRA. This RP describes 98 
and compares the maturity of analysis along increasingly mature, and hence capable, risk analysis methods.  This 99 
method is mostly used by those who practice integrated cost and schedule risk analysis using Monte Carlo simulation 100 
of a CPM model. [3] 101 
 102 
The reader is also encouraged to read recommended practice 122R-22, Quantitative Risk Analysis Maturity Model 103 
for a higher-level discussion of the current and projected future of risk analysis in general. [6] 104 
 105 
 106 
1.3. Background 107 
 108 
Project schedules provide a picture in the time dimension of the project plan. The schedule follows a work 109 
breakdown structure (WBS) that captures and organizes all of the work required to complete the project. The 110 
schedule adds substance to this plan by laying it out on a time scale determined by estimates of how long individual 111 
activities are estimated to take to complete, and which activities are logically linked together in predecessor-112 
successor relationships.  The logic-linked activities and their durations form a network reflecting how the scope is 113 
planned to be done. With this framework, a schedule leads to major milestone dates for the project, including a 114 
finish date when the entire scope of work (SOW) is planned to be completed. 115 
 116 
The nature of a project schedule is that the activities’ durations are estimated with the information available at the 117 
time of building the schedule. This information is often approximated or estimated from little knowledge so the 118 
durations are estimated with some error.  In addition, there may be some bias imparted to the durations based on 119 
showing accomplishing the project by a pre-determined finish date. Finally, looking into the future through the 120 
execution of the project plan, risks can be identified and quantified to add realism to the scheduling exercise. 121 
Schedule risk analysis is conducted because organizational managers recognize that the durations assigned to the 122 
activities are uncertain and that the impact of risks may easily delay completion unless the risks are mitigated or 123 
structural change to the plan and its schedule.  In the schedule, activity durations are represented by single-value 124 
numbers, but they are best understood as estimates of work to be done in the future and are not guaranteed to be 125 
accurate.   126 
 127 
This recommended practice is applicable to projects that have or are about to create a project schedule and want to 128 
use it as the platform for a schedule or an integrated cost-schedule risk analysis.  This condition does not often occur 129 
with projects that do not have a Class 3 or more mature plan. [5] The organization following the maturity levels 130 
described here generally will be applying the Monte Carlo simulation methods described in recommended practices 131 
57R-09 [3] and 117R-21. [7] At maturity Levels 0, 1, and 2, the project’s future success does not require a schedule.  132 
At maturity Level 2, the risk register is developed that attempts to identify the most important risks to the schedule 133 
and produces a risk register. The risk register identifies risks and assesses their probability and impact on the finish 134 
date without the benefit of a schedule. The risk register does identify the most important risks for handling, but it 135 
does not use the SRA tools that are available, such as the schedule and MCS, so Level 2 SRA is viewed as a low level 136 
of maturity. 137 
 138 
Maturity Levels 4 and 5 examine how uncertainty and identified risks affect the durations of activities and, hence, 139 
when connected together by logic, the dates of milestones, including the final milestone of the project.  SRA at these 140 
levels examines uncertainty of durations and probability and impact of identified risks as they affect the duration of 141 
project activities and the contingency needed to achieve a desired target of certainty.  142 
 143 
Two definitions in RP 10S-90, Cost Engineering Terminology [8], are important at maturity Levels 4 and 5. 144 
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• Uncertainty is defined as:  145 
“Background variability, with a probability of occurrence of 100%, that may typically result from causes such 146 
as:   147 
(a) inherent variability of the work,  148 
(b) estimating error or error of prediction, and  149 
(c) bias in estimation or prediction.“ [8] 150 

 151 
The identity and importance of risks, including identified project specific and systemic risks, that can be characterized 152 
by their probability of occurring with some impact on the activity durations, the degree of impact on the activity 153 
durations and the activities in the schedule that they affect if they occur.   154 
 155 

• A risk is defined as: “In total cost management, an uncertain event or condition that could affect a project 156 
objective of a business goal.” [8] 157 

 158 
The main analytical approach is to use Monte Carlo simulation (MCS). 159 
 160 
 161 
2. RECOMMENDED PRACTICE 162 
 163 
2.1. Purpose 164 
 165 
This recommended practice helps an organization to evaluate the way SRA is being conducted in comparison to what 166 
otherwise could be done. An early action is to describe the SAR maturity status that exists. [20] Strengths and 167 
weaknesses of each maturity level are described, and capabilities of the organization’s staff and the analytical tools 168 
required to conduct more mature risk analysis are discussed, so the financial commitment of achieving a higher level 169 
of maturity can be assessed.  170 
 171 
The needs of maturity in SRA may differ by project.  In addition to choosing which maturity level is needed at a given 172 
time, the organization might have a general desire to become more adept in executing project risk analysis over 173 
time. The SRA maturity model will help management plan and budget for the next step, including hiring and training 174 
risk staff, acquiring new software tools, and embedding “supports schedule risk analysis” into the project team’s 175 
annual goals for success.  176 
 177 
Not every organization needs to achieve Level 5, advanced integrated cost-schedule risk analysis.  The RP does not 178 
make that decision. Clearly, Level 5 has more capabilities and analytical strength than other levels, but describing 179 
Level 5 should not be taken to imply an organization needs to achieve it or to plan to achieve it over time.  The 180 
benefits of Level 5 SRA on large, long, and complex projects may be self-evident.  Other projects may not warrant or 181 
show much benefit of a Level 5 treatment. 182 
 183 
It is not clear that progression along the maturity ladder needs to be step-by-step over a number of years.  An early 184 
version of this approach was introduced in 2008. [9] The organization decided to jump directly into Level 5 for 185 
offshore gas production platforms (summarized in the case study below), skipping Levels 3 and 4.  186 
 187 
 188 
2.2. The Maturity Matrix Structure 189 
 190 
Figure 1 shows the six maturity levels of SRA risk analysis.   191 
 192 
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Level 2: Qualitative Risk Analysis

How risk mature is 
your organization 

today?

Level 3: Basic Quantitative Risk Analysis

Level 4: Modern Quantitative Schedule Risk Analysis

Level 1: Basic Risk Awareness

Level 0: Unaware of Cost or Schedule Risk

Level 5: Advanced Integrated Cost-Schedule Risk Analysis

Where should your 
organization be 

tomorrow?

 193 
Figure 1: The SRA Maturity Model [2] 194 
 195 
This diagram may be understood to distinguish the levels of maturity in SRA: 196 
 197 

• Level 0 is named specifically for the lack of any awareness of risk affecting the results of the project. 198 

• Level 1 indicates that the organization is aware of risk but is not organized to analyze it. 199 

• Level 2 is the qualitative risk analysis that results in the risk register and the typical risk heat map that allows 200 
sorting risks into high, moderate and low importance by their apparent probability of occurring with some 201 
impact and the size of that impact on the finish date of the project. 202 

• Level 3 introduces quantitative methods using the schedule as the analysis platform and applying MCS 203 
methods. Level 3 relies on placing range estimates that represent the variability of each activity’s scheduled 204 
duration directly on the activities.  It does not separately identify the impacts of uncertainty from those of 205 
identified risks.  It does not reflect that some risks affect multiple activities and therefore create a 206 
correlation between those activities’ duration during simulation. This level of maturity produces an 207 
estimate of the schedule contingency needed to provide a desired target of confidence.  Level 3 does not 208 
satisfy the first principles of AACE risk analysis. [4] 209 

• Level 4 is a fully functional SRA that is driven by uncertainty and identified risks placed on the activities they 210 
affect if they occur in an iteration of the MCS.  The results include identifying a schedule contingency for 211 
achieving the desired level of confidence. Risk prioritization for mitigation occurs.  212 

• Level 5 adds costs to the SRA schedule for an integrated cost-schedule risk analysis (ICSRA).  One fact that 213 
this step makes clear is that schedule risk drives the cost of time-dependent direct and indirect resources. 214 
Consequently, any cost risk analysis that cannot deal with schedule risk simultaneously is in danger of 215 
underestimating the risk to cost and the cost contingency needed. 216 

 217 
The steps of the maturity model ladder are described by their features, strengths and weaknesses, and capabilities 218 
needed in helping the organization deal with risks to schedule.  219 
 220 
 221 
2.3. Level 0 Unaware of Cost or Schedule Risk  222 
 223 
This level of dealing with risk does not mean that the organization is not managing the project, but that management 224 
leaves out any consideration of risk.  This approach may succeed on a repetitive type of project such as constructing 225 
100 houses of the same design at the same location.  226 
 227 
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• Project teams rely entirely on the accuracy of milestone and project finish dates that are produced by 228 
computing project scheduling software. They defend those dates to management. 229 

• Individuals do not think or plan for any event that is a threat to achieving the finish date produced by the 230 
schedule.  Risks that occur are surprises and are probably not handled well.  231 

• When faced with contrary results from other projects risk-unaware individuals will claim “this project is 232 
different” or “it won’t happen on my project.” 233 

 234 
 235 
2.3.1. Weaknesses at Level 0 236 
 237 
The fact that some projects at Level 0 of the SRA succeed is not because of effective risk analysis but luck may shine 238 
on the project by chance.   The organization may attempt to rely on and support the schedule software’s result long 239 
after it becomes obvious the project is not performing to those dates. Risks are not addressed, so they may happen 240 
when they could have been avoided, or their impact on the schedule may be larger than necessary. Surprises, 241 
excuses, and “firefighting” responses after the risk occurs are common at this level of maturity. Success in schedule 242 
completion is essentially a random event. 243 
 244 
 245 
2.4. Level 1: Basic Risk Awareness 246 
 247 
This maturity level indicates an awareness of project risk as something to consider when reviewing or reporting to 248 
management, but there is no structured methodology to help examine risk. It represents opening people’s eyes to 249 
the benefits of probabilistic thinking about projects without giving them the tools to conduct organized risk analysis 250 
or recognizing that there are processes and tools to help them. Risks are viewed as unpredictable random events 251 
because there is no framework to organize them. 252 
 253 
 254 
2.4.1. Distinguishing Features at Level 1 255 
 256 
This level is characterized by an awareness of the importance of risk to executing a successful project, but the lack 257 
of a systematic way to think about risks means this awareness does not lead to risk mitigation or an SRA. Risks are 258 
discussed frequently, and decisions may take account of the risk posed by alternatives, but the influence of risk is 259 
not analyzed or calibrated.  Risk analysis is not embraced by the culture or required before decisions are made. Many 260 
organizations perform informal risk management in this way without benefiting from the use of systematic 261 
methodologies generally available. The success or failure to address risk depends on the intelligence and awareness 262 
level of organizational management. The organization does not learn how to analyze risks from one incident to 263 
another. 264 
 265 
Individuals at this maturity level show awareness that activity durations are uncertain, and they exhibit a willingness 266 
to examine assumptions that underlie the schedule. These attitudes imply that the organization is questioning the 267 
deterministic scheduling results without having the tools or systems to examine the risks and uncertainty directly. 268 
 269 
At this basic level of risk maturity is awareness that the schedule is only correct when: (1) the durations are known 270 
with certainty and (2) things go according to plan. The organization realizes that “go according to plan” occurs 271 
infrequently.   They are aware that achieving the deterministic plan requires recognizing and dealing with risks to 272 
the activity durations. The risk-aware organization may realize that it does not know the finish date just by looking 273 
at the results of even the most sophisticated scheduling software tool, but it has no organized structure, data or 274 
tools to help it proceed beyond this awareness. It also has no tools to prioritize one risk over another, so its risk 275 
management is inefficient. Schedule contingency is often applied by a “standard” multiplier that may be accepted 276 
by industry, such a adding 15% of the original duration, 277 
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 278 
 279 
2.4.2. Capabilities Required at Level 1 280 
 281 
The main tools at Level 1 are awareness at the top of the organization that project schedule cannot be assured. 282 
Project team meetings are conducted to discuss the project’s prospects of finishing on time.  These discussions are 283 
conducted without an organized way of looking at the risks, so they are episodic and not well-structured. The 284 
meetings often go over old ground and come to no conclusion, repeating the same arguments from positions held 285 
earlier based upon inconsistent frames of reference.  The discussions are not organized for success because the 286 
sources, parameters, and ways of analyzing the risks are not known. Learning from experience is not practice. There 287 
are no historical databases that can shed light on risk to the next project’s schedule. 288 
 289 
The ability to think and talk freely and candidly about risks that could affect the schedule durations and the view of 290 
whether the schedule is realistic may exist. But since it is not a recognized specialty, the discussions may be 291 
inconclusive and scattered. 292 
 293 
Individuals could compare the project in light of the results of actual, recent, and similar projects to consider what 294 
to expect. Data needed for this comparison is ad hoc but not systematically maintained at Level 1.  This approach 295 
has been called the “outside view” following Daniel Kahneman. [10] [11] [12] 296 
 297 
 298 
2.4.3. Benefits / Strengths at Level 1 299 
 300 
If a project schedule has been developed, the risk team may have a feeling that the estimates of activity durations 301 
have been biased, usually to produce an earlier finish date by forces such as management mandates, customer or 302 
competitive pressure, etc. If scheduling bias is discovered, the schedule may be re-baselined. At a higher level of 303 
maturity, this estimating bias may be corrected in the application of uncertainty before simulation, but that solution 304 
is not available at Level 1. 305 
 306 
 307 
2.4.4. Weaknesses at Level 1 308 
 309 
To achieve this level of SRA maturity, individuals need to adopt a way of thinking probabilistically about finish dates 310 
that may differ from the way they were taught to use the scheduling software. This awareness of risks affecting 311 
schedule milestone dates requires practice, but at Level 1, there is no one person or group designated to analyze 312 
project risk. Reinforcing the nascent risk attitude will be harder for management because every project needs to 313 
start from a beginning. 314 
 315 
Since the risks are not addressed in an organized way, some important risks will be overlooked with noticeable 316 
results. Even with the risks that have been identified, they may not be the root causes of schedule variability because 317 
the structure of a risk statement and a risk breakdown structure (RBS) does not exist at Level 1. This level lacks an 318 
organized way of calculating how individual risks can be prioritized by their probability and possible impact on the 319 
finish date. While a risk may seem to be important, it may not be on the critical path that could delay the project.  320 
At Level 1, there is no mechanism to prioritize the risks to determine which to address first. At level 1, addressing 321 
risks is ad hoc and, therefore, may be inefficient. 322 
 323 
 324 
2.5. Level 2: Qualitative Risk Analysis 325 
 326 
This level of maturity represents examining project risk to schedule (and to other objectives such as cost, quality and 327 
scope) using qualitative methods that lead to developing a project risk register. [11] [12] 328 
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 329 
 330 
2.5.1. Distinguishing Features at Level 2 331 
 332 
Qualitative risk analysis is often viewed as a low-cost and easily-understood method of addressing project risks. Level 333 
2 includes organized ways to gather information on the identity of risks to the schedule. The outputs at Level 2 334 
include a risk register that sorts the risks by their probability and impact into high, moderate and low (red, yellow 335 
and green) categories. This classification can lead to risk mitigation actions focusing on the highest priority risks first, 336 
a significant benefit to the organization. Maturity at level 2 may be sufficient for some projects or some 337 
organizations.  338 
 339 
Risk analysis at Level 2 embodies an organized and consistent methodology for naming risks and for focusing on their 340 
two primary characteristics; (1) probability of occurring with some impact on the project schedule, and (2) impact 341 
on the project finish date if it happens.  It relies on a widely recognized definition of a risk as: “…an uncertain event 342 
or condition that could affect a project objective or business goal.” Risks can be classified as project-specific and 343 
systemic. [8] 344 
 345 
 346 
2.5.2. Capabilities Required at Level 2 347 
 348 
Included in this group of capabilities to be reinforced are: 349 
 350 

• Ability to identify and name project risks by the sentence structure of “cause (a fact) leads to something 351 
that may happen (the risk) that has consequences (the impact).” This structure helps the organization focus 352 
on the uncertainty that may happen rather than confuse it with the cause, that is, a fact or the effect that 353 
is the result or symptom of the risk projected on the project.  354 

• Ability to represent a risk’s probability as the concept that a risk will happen to the extent of affecting the 355 
project finish date to a greater or lesser degree; in other words, “uncertainty that matters.” 356 

• Ability to estimate within a range the effects of a risk occurring on the project finish date (and other 357 
objective such as cost, quality and scope) based on criteria that are tailored to the project.  358 

• Ability to participate in or lead a risk workshop to help identify risks and estimate the probability and impact 359 
parameters.  360 

• A related ability is to gather data on risks that are difficult to talk about in a workshop because their 361 
consequence could lead to the project’s failure.  Other such risks would be those that contradict official 362 
statements to the customers, funding agencies, the public, or joint-venture partners. Success in gaining the 363 
project team’s candid opinions might require conducting confidential interviews instead of workshops. 364 

• Ability to create and maintain a project risk register. Done well, the risk register helps management identify 365 
and handle individual risks effectively.  366 

• There are some software tools that support risk register development, but standard spreadsheet tools are 367 
often used effectively. 368 

 369 
A capability to help gather data on the risk to a project is the risk breakdown structure, a generalized example [11] 370 
[12] to be tailored to the specific project before being used in risk identification. A standard RBS is shown in Figure 371 
2. The RBS should help the organization realize that the causes of risks arise from many directions and encourage 372 
the project team members to think outside of their “stove pipes” or their work assignment areas. Risk identification 373 
should address technical risk but also risk arising from external, organizational and even project management 374 
sources. 375 
 376 
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The RBS is to be tailored to specific projects. For instance, an oil drilling project might emphasize sub-surface 377 
conditions while a pharmaceutical plant construction project might require more details on regulatory requirements 378 
or regulations in other countries.  These areas can be added to the typical RBS, which is used as a starting point. 379 
 380 

 381 
Figure 2:  Typical Risk Breakdown Structure, to be Tailored to the Project [2] 382 
 383 
The impact of risks on the total project objective selected must be defined for the qualitative risk exercise by project 384 
management. This provides the assessment of risks’ impact to be applied consistently so that risks can be compared.  385 
An example of the definitions of impact at five levels from very low to very high and for schedule and cost different 386 
objectives is shown in Figure 3. These definitions need to be scaled appropriately for the project at hand with the 387 
participation of the project manager who will be using the results to influence decisions.  388 
 389 

Definition of Probability and Impact Scales for Threats at Level 2 (example values to be tailored) 

Objective Very Low Low Moderate High Very High 

Probability of 
Occurring with 
Some Impact 

< 5% 6% - 20% 21% - 50% 51% - 80% > 80% 

Impact on Finish 
Date (Schedule) 

Insignificant 
Schedule 
Increase 

< 2 weeks 2 to 5 weeks 5 - 10 weeks > 10 Weeks 

Impact on Total 
Project Cost 

Insignificant Cost 
Increase 

< $ 0.5 million  $0.5 to $5 million $5 to 20 million > $ 20 million 

Figure 3: Example Definitions for Probability and Impact of Schedule and Cost that are used at Level 2 390 
 391 
After approving the impact scales, the project manager needs to identify which combinations of probability and 392 
impact warrant attention.  Risks are classified as “red,” yellow,” or “green” for the risks based on their probability 393 
and impact, as shown in Figure 4.  The zones of the probability and impact matrix are designated as very low, low, 394 
moderate high or very high risk according to the decision of the project manager about which combination of 395 
probability and impact warrant the most, moderate, and the least attention.  396 
 397 
A simple probability and impact (PxI) matrix for both threat and opportunity is shown in Figure 4. The combinations 398 
of probability and impact that show as red in the red-yellow-green scheme are viewed as the most important and 399 
serve as the arrow of attention, a phrase coined by David Hillson. [13] 400 
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 401 

Qualitative Risk Rating by Probability and Impact for Schedule at Level 2 

Probability 
Ranking 

Threats Opportunities 

Very High                     

High                     

Moderate                     

Low                     

Very Low                     

  
Very 
Low 

Low Moderate High 
Very 
High 

Very 
High 

High Moderate Low 
Very 
Low 

  Threat Impact Ranking Opportunity Impact Ranking 

Figure 4: Classifying Risks by their Probability and Impact at Level 2 402 
 403 
 404 
2.5.3. Benefits / Strengths at Level 2 405 
 406 
Handling schedule risk at maturity Level 2 may be effective enough for many projects that do not need more detail 407 
or an estimate of schedule contingency. The smaller, shorter-duration, lower-cost projects might be handled with 408 
the development and maintenance of a risk register. 409 
 410 
The risk register can also record the mitigation of risks and their post-mitigation assessed probability and impact 411 
scores.  Attention needs to be paid to the quality of the risk mitigations that are assumed to improve scores and 412 
hence may be counted on to move risks from red to yellow or yellow to green.  Mitigation actions are new actions, 413 
not just a continuation of existing processes.  The mitigations also need to be agreed to by the participants before 414 
conferring to improve the risk scores.   415 
 416 
More elaborate risk register approaches will display the timing of the mitigation and a waterfall of planned 417 
improvement in the outlook associated with that risk.  418 
 419 
 420 
2.5.4. Weaknesses at Level 2 421 
 422 
There are limitations to the qualitative method of handling project risks at Level 2: 423 
 424 

• It does not provide an estimate of the probability that the scheduled finish date will be overrun or the 425 
amount of contingency that should be added to the schedule to provide a desired level of certainty. This is 426 
because (a) each risk is assessed independently of the others, and (b) the risks are not analyzed within the 427 
framework of the project schedule. 428 

• Risks are often identified and calibrated in risk workshops. Risk workshops often omit or avoid some of the 429 
most important risks that are known but not talked about, called the “unknown knowns.“ Hence, some of 430 
the main dangers lie in the "unknown knowns"—the disavowed beliefs, suppositions and … practices we 431 
pretend not to know about, even though they form the background of our public values. [14]  432 

• Some people put numbers 1-to-5 to the probability and impact ranges and then treat these numbers as if 433 
they were cardinal values to be multiplied together to determine the red-yellow-green shading of the cells 434 
in the PxI matrix. Handling these probability or impact levels as cardinal numbers that can be added, 435 
multiplied, or otherwise numerically compared is a fallacy. In fact, the impact ranges are ordinal so that 436 
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high impact (4) is higher than low impact (2), but not necessarily twice as negative to the organization as 437 
low impact. These numbers cannot be added, multiplied, divided, or otherwise mathematically 438 
manipulated.  439 

 440 
 441 
2.6. Level 3: Basic Quantitative Schedule Risk Analysis Maturity 442 
 443 
2.6.1. Distinguishing Features at Level 3 444 
 445 
Maturity Level 3 recognizes that project schedule success is affected by the uncertainty of the estimated durations 446 
of the activities in the project schedule and can be analyzed statistically by applying Monte Carlo simulation (MCS) 447 
with specialized but available software to the critical path method (CPM) schedule. An earlier method of applying 448 
uncertainty to activity durations was originally described in RP 41R-08, Risk Analysis and Contingency Determination 449 
Using Range Estimating,” originally published in October 2008. That RP was retired in February 2022 by a revised 450 
41R-08 entitled Understanding Estimate Ranging.1 [15] Range estimating is now limited to representing uncertainty 451 
caused by estimating error and bias and by the inherent variability of the work, not sources from identified risks.  452 
Many organizations are still practicing SRA at Level 3, and risk ranging is featured in books, articles, guidelines, and 453 
courses. 454 
 455 
At maturity Level 3, possible fluctuations of activity durations from planned are represented by applying probability 456 
distributions directly to the activity durations individually.  Typically, these distributions are described with a 3-point 457 
estimate of possible days representing minimum (low, optimistic), most likely, and maximum (high, pessimistic) days. 458 
[16] The 3-point impact is assessed for the activity durations, often using workshops or interviews of the activity 459 
leaders. The 3-point estimate represents the influence of all identified project-specific and systemic risks plus 460 
uncertainty that would cause the activities’ durations to fluctuate. Probability distributions of added days, such as 461 
those shown in Figure 5, are used depending on the activity.  462 
 463 

 
 
1 Range estimating method, embodied in 41R-08, no longer serves the needs of its members. This decision was made because range estimating 

does not follow the first principles established in 40R-08 Contingency Estimating – General Principles [1] that the analysis “starts with identifying 
risk drivers” and “links risk drivers and cost/schedule outcomes.” A revision of 41R-08, published in February 2022, explains the reasonings and 
describes areas representing background uncertainty where range estimating is still an approved practice. 
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 464 
Figure 5: Probability Distributions Typically Applied to Activity Durations at Level 3 465 
 466 
The schedule model is computed or “iterated” many times using specialized Monte Carlo software that imports a 467 
critical path method (CPM) schedule from scheduling software. Each iteration that the schedule produces uses 468 
durations selected randomly from the distributions assigned to the variable activities and produces a finish date for 469 
the project as a probability distribution. 470 
 471 
The results are shown by a histogram and cumulative distribution of possible finish dates consistent with the 472 
assumptions applied as shown in Figure 6. The figure shows a project histogram by vertical bars indicating the 473 
number of times in simulation the finish date occurred in the week indicated.  It also shows the cumulative 474 
distribution, that is, the accumulation of dates from moving from left to right, summing the number of “hits” in the 475 
vertical bars.  The cumulative distribution shows the probability that the project finishes on a chosen date or earlier.  476 
In Figure 6, assuming the schedule and risks attached, there is an 80 percent chance that this project will finish on 477 
or before June 17, 2025.  Figure 6 also shows that the scheduled finish for this project is October 27, 2023, and that 478 
date has only a 5% likelihood of being achieved.   479 
 480 
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 481 
Figure 6: Results of a Simulation at Level 3 Showing the Possible Finish Dates of a Project 482 
 483 
 484 
2.6.2. Capabilities Required at Level 3 485 
 486 
Skills required at this level of maturity include an ability to understand and assess the quality of the project schedule 487 
used in the analysis. Many mature SRA practitioners have become competent in project scheduling, as well as 488 
learning the scheduling software available, of necessity since many schedules do not comply with best practices. 489 
This means becoming familiar with scheduling best practices. [17] 490 
 491 
Practitioners at Level 3 also collect activity duration ranges from activity managers and create probability 492 
distributions for each activity that has uncertain durations.  Activity managers provide 3-point estimates (or 2-point 493 
if representing a uniform distribution) from their own experience on past projects. Level 3 is the point at which there 494 
is a general understanding of stochastic representations of activity durations that are represented by single-point 495 
deterministic values in the schedule.   496 
 497 
At Level 3, the analyst needs to understand and use the specialized Monte Carlo simulation software that can use 498 
the uncertain distributions to calculate the schedule thousands of times by selecting durations at random from the 499 
distributions on activity durations. This software can be used at Levels 4 and 5 as well. 500 
 501 
 502 
2.6.3. Benefits/Strengths at Level 3 503 
 504 
While AACE International no longer recognizes range estimating as a recommended practice, range estimating’s 505 
continuing use recognizes that there are some benefits to this approach compared to Level 2. Applying probability 506 
distributions to the activity durations directly has the benefit that it facilitates Monte Carlo simulations using the 507 
schedule’s logic.  It can compute a probability distribution of finish dates and identify a date that provides 508 
management’s desired protection from further schedule overrun. Other outputs include the risk criticality of 509 
activities by the percentage of iterations an activity appeared on the critical path.  Sensitivity analysis is usually 510 
calculated for each activity by measuring its correlation during simulation. 511 
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 512 
Level 3 uses the project schedule and Monte Carlo simulation software for the calibration of the impact of duration 513 
uncertainty on the project completion date.  This method recognizes the important contribution to schedule risk of 514 
the “merge bias” that may occur when an activity or milestone has two or more predecessors, and the schedule 515 
impact of risk exceeds the free float of at least two of the merging paths. 516 
 517 
 518 
2.6.4. Weaknesses at Level 3  519 
 520 
Notice that the risk register is not listed in the description of maturity Level 3. That is because risk analysis at maturity 521 
Level 3 does not use risks as drivers of the simulation, opting to use probability distributions applied directly to the 522 
activities to represent both uncertainty and all risks. As stated above, this approach does not comply with best 523 
practices in the risk analysis profession or with the first principles of AACE. [4] 524 
 525 
At Level 3, the ranges applied directly to activity durations contain the influence of all sources of uncertainty and 526 
identifiable risks for the activities affected.   527 

• These probability distributions, placed directly on the activity durations, do not incorporate the notion that 528 
the risks have a probability of occurring in addition to an impact on durations.  529 

• While the analyst responsible for any activity may list one or more risks as being considered when specifying 530 
the probability distribution for that activity, the distribution consolidates all such risks, as well as 531 
uncertainty, as applied to that activity’s duration.  Since some activities are impacted by multiple risks, the 532 
impact of an individual risk cannot be distinguished because they are all combined into one distribution.  533 

• Risks can impact several or many activities in the project schedule.  Placing impact distributions on each 534 
activity individually masks the fact that some risks affect many activities, so the method cannot represent 535 
the total impact of those risks.  536 

• The risks cannot be prioritized since they are not individually identifiable and used as drivers of the 537 
simulation.   538 

• Risk prioritization using tornado charts is based on activities rather than risks. Hence, at Level 3, activities 539 
can be prioritized, but the risks themselves cannot be prioritized for mitigation. 540 

• Sometimes, the analyst specifies a correlation between activity durations.  However, individuals are 541 
particularly ill-equipped to specify these correlations directly, having little information or experience on 542 
which to base the size of these coefficients. Yet, handling the effect of correlation can impact important 543 
results, such as the projected finish date and the probability of overrunning the schedule. At Level 3, the 544 
correlation used is largely a guess. 545 

 546 
 547 
2.7. Level 4: Modern Quantitative Schedule Risk Analysis Maturity  548 
 549 
2.7.1. Distinguishing Features at Level 4 550 
 551 
The main capabilities available at SRA Maturity Level 4 are described in RP 57R-09, Integrated Cost and Schedule Risk 552 
Analysis using Risk Drivers and Monte Carlo Simulation of a CPM Schedule. [3] [12] [20] The benefits are gained 553 
because the Monte Carlo simulation is driven by; (1) identified risks specified by their probability and impact and 554 
assigned to all activities they affect and, separately, by (2) uncertainty that is 100% likely, can be assigned to all 555 
activities or as reference ranges by groupings of activities.  556 
 557 
Identified risks include both project-specific and systemic risks. Some systemic risks are: [18] [19] 558 

• Completeness of scope definition 559 

• Quality of project control 560 

• Quality of project scheduling 561 
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• Quality of team development 562 

• Extent of new technology in the project 563 

• Extent of complexity 564 
 565 
In addition, it is always a good idea to review the results of the risk analyses described in this maturity presentation 566 
against relevant and recent historical data. This analysis of historical data brings the perspective of an “outside view”. 567 
[20] 568 
 569 
The case study illustrating Level 4 capabilities uses a summary schedule of building an offshore gas production 570 
platform.  It is shown in Figure 7. 571 
 572 
 573 

 574 
Figure 7:  Summary Schedule of the Construction of an Offshore Gas Production Platform 575 
 576 
Uncertainty and identified risks are separated at Level 4.  577 

• Uncertainty is caused by estimating error, estimating bias and inherent variability of the work. [8] The first 578 
two of these causes have already happened and are embedded in the durations of the schedule, so 579 
uncertainty must correct for them. Inherent variability of the work is a condition but caused by many factors 580 
that are not individually identified and, therefore, cannot be mitigated.   581 

• Identified risks include both known project-specific risks and systemic risks. [8] in Figure 8 Risk-1 is schedule 582 
uncertainty, Risks 103 – 109 are project specific risks and Risk 110 is representative of a systemic risk.   583 

 584 

 585 
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Figure 8: Schedule Uncertainty (100%) and Eight Identified Risks 586 
 587 
The impacts of the identified risks can be represented by “Risk-105, Fabrication productivity may not be as high as 588 
planned,” as shown using a triangular distribution Figure 9. 589 
 590 

 591 
Figure 9: Example of Impact Probability Distribution using a Triangular distribution with 3-point Estimates 592 
 593 
The use of identified risks allows those risks to be assigned to many activities if applicable for the project.  This also 594 
implies that some, perhaps many, activities are affected by more than one risk.  These characteristics more closely 595 
model reality, particularly in complex projects and produce benefits discussed below. 596 
 597 
When combined with the logical structure of the schedule, with parallel paths, merge points, and critical paths, 598 
placing the influence of risks onto the right detailed tasks gives the result accuracy and transparency. 599 
 600 
The risks are assigned to the activities they affect.  Some, such as the systemic risks, are assigned to many activities, 601 
while others are assigned to specific types of activity.  Figure 10 illustrates assigning risks to the case study schedule. 602 
Notice that Risks 1 and 2 are schedule uncertainty and cost uncertainty, expressed for convenience as risk drivers. 603 
Also, Risk 110 is the systemic risk that the project team may not be adequate for the complex task and was deemed 604 
to affect any and all project components. 605 
 606 

 607 
Figure 10: Assigning Risks to Specific Activities 608 
 609 
 610 
2.7.2. Capabilities Required at Level 4 611 
 612 
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The risks have to be identified to be calibrated and to be modeled in the Monte Carlo simulation at Level 4. Besides 613 
calibrating risks, risk analysts will calibrate expert judgments to reduce bias and improve the realism of inputs related 614 
to schedule probability of occurring (with some impact) and impact on the activities affected if it occurs. Risk 615 
identification is required and discussed at Level 2 where the risk register is first developed.  Experience finds that 616 
the risk register is usually incomplete and new risks are identified during the confidential interviews, also described 617 
at Level 2.  Often there are risks that cannot be discussed in risk workshops because of cultural or hierarchical 618 
pressures, so the risk analyst will need to conduct probing confidential interviews to unearth the important risks that 619 
need to be added to the risk list used for the quantitative SRA at Levels 4 and 5. 620 
. 621 
The risk analyst will often decide to develop a summary schedule for the risk analysis at Level 4 if that has not been 622 
done in Level 3.  Common Class 3 to Class 1 contractor-developed schedules are not always compliant with 623 
scheduling best practices, and, in any case, they contain more detail than is needed in a strategic risk analysis.  A 624 
summary schedule needs to include a representation of all the work in the project and should represent in summary 625 
form the key critical paths and appropriate total float values as the detailed schedule.  Notice that the critical path 626 
in the baseline schedule may not be the path most likely to delay the project, as revealed by the simulation. 627 
 628 
 629 
2.7.3. Benefits / Strengths at Level 4 630 

 631 

Using the project-specific risks to drive the simulation allows the analysis model to follow reality more closely than 632 
at Level 3. In particular, one method used at this level of maturity, where the identifiable risks are modeled as risk 633 
drivers affecting more than one activity, causes activity durations to become correlated during simulation. Allowing 634 
a risk driver to affect two – or, in some instances, many – activities produces a correlation between activity durations 635 
during simulation, thus removing the need for the analyst to estimate correlation coefficients. Modeling correlations 636 
in this way produces a correlation coefficient matrix that is nonnegative definite, i.e., has no negative eigenvalues.[4] 637 
Generating a correlation coefficient between activity durations is shown in Figure 11 below: 638 
 639 

Risk Probability = .25, 
Range .8, .95, 1.05

Risk Probability = .45, 
Range 1.0, 1.10, 1.20

Risk Probability = .5, 
Range .95, 1.05, 1.15

Activity 1 Activity 2

Correlation = 37%

Compounding risks applied to one but not both activities drives down the coefficient

• Correlation is modeled as it is caused in the project.
• Correlation coefficients are generated, not guessed.
• Correlation drives the results correctly.
• By modeling correlation one never gets an inconsistent 

correlation coefficient matrix.
 640 

Figure 11: Modeling how Risk Drivers Modeling Causes Correlation Between Activity Durations [2] [23] 641 
 642 
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The simulation of this case study provides the standard results for schedule risk analysis in Levels 4 and 5.  The 643 
histogram and cumulative distribution are shown in Figure 12. Notice the second mode at about October-November 644 
2026, representing the impact of the systemic risk. 645 
 646 

 647 
Figure 12: Histogram and Cumulative Distribution using Uncertainty and Risk Drivers 648 
 649 
The cumulative distribution in Figure 12 allows the calculation of project schedule contingency up to a desired level 650 
of confidence for the organization.  In Figure 12, that level is shown as the P80 level, which occurs on June 26, 2026, 651 
indicates providing eight months of contingency beyond the scheduled finish date of October 26, 2025. Put another 652 
way, 80 percent of the results with this schedule and these uncertainties and risks are provided for if June 26, 2026, 653 
is adopted as the finish date of this project.  654 
 655 
Since specific risks are used to drive the simulation at Level 4, those risks can be prioritized by calculating their 656 
marginal impact on the PRA results at a target level of confidence, such as the P80.  The marginal impact is calibrated 657 
by days saved if the risks were fully mitigated. [21] This information is useful for project management to determine 658 
whether to implement mitigation so that its benefits in days saved are worth the cost of the mitigation actions.  This 659 
prioritization measure is better than traditional “tornado diagrams” that use the correlation of activities with the 660 
finish date instead of days saved.  The results of risk prioritization using this method are shown in Figure 13.  661 
 662 
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 663 
Figure 13: Prioritizing Project Risks for Mitigation 664 
 665 
 666 
Since, at Level 4, the SRA is driven by identified risk drivers, project risk management is enhanced by the risk 667 
prioritization shown above.  Risk mitigation actions should be developed focusing on the most important risk 668 
based on the days that could be saved if the risk were fully mitigated.  (Uncertainty is not mitigated since the risks 669 
have already happened in risk estimating error and bias or is characterized by multiple unidentified risks that are 670 
sources of inherent variability.)  A mitigation workshop can be convened to plan and assign mitigation activities 671 
that the owner and contractor, plus key stakeholders, can agree on.  Once the mitigation activities are agreed to, 672 
and their cost is estimated, the simulation software lets the analyst specify post-mitigation probability and impact 673 
parameters from implementing the mitigation actions.  A post-mitigation result is a new target, and the mitigation 674 
actions need to be implemented and monitored periodically to be sure they were carried out as anticipated by the 675 
mitigation workshop and are effective. 676 
 677 
 678 
2.7.4. Weaknesses at Level 4 679 
 680 
As at Levels 3, 4, and 5 there will be some work to do to review the schedule against good scheduling practices.  The 681 
analyst may need to create a summary schedule that complies with good practices from the outset and is easier to 682 
manage and use in communicating the issues associated with risk. Also, as described under Level 2 above, the risk 683 
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data collection starts with the existing risk register but needs to be augmented, probably using individual confidential 684 
interviews of project team members, management and other subject matter experts (SMEs). 685 
 686 
Implementing a risk analysis at Level 4 is more burdensome than at Level 3.  There is often a risk register available 687 
to start the SRA risk data interviews, but as at level 3, additional interviews will be needed to (1) uncover the risks 688 
not in the risk register and (2) estimate the probability and impact for the durations of the activities affected if the 689 
risk occurs.  Working with identified risks at Level 4, rather than risk ranges at Level 3, requires more data collection 690 
and consolidation. 691 
 692 
Individuals are known to exhibit biases when discussing uncertainty concepts which are, of course, about future 693 
events. Since “there are no facts about the future,”[22] one needs to recognize their inherent biases and try to offset 694 
them. [10] This is why confidential interviews are often used, to put the interviewees in a safe environment where 695 
they can say what they really mean without fear of contradiction or personal repercussions.  An expert interviewer 696 
can usually identify the biases in the interviewee’s responses and overcome or correct for them. 697 
 698 
 699 
2.8. Level 5:  Advanced Integrated Cost-Schedule Risk Analysis (ICSRA) Maturity 700 
 701 
This level of maturity recognizes the important fact that activity durations and costs of time-dependent resources 702 
are related. If an activity is performed by labor-type resources including rented equipment, the costs will be higher 703 
if the task takes longer. Assuming no change in the resources applied on a daily basis, this cost will be higher in 704 
proportion to the extension of duration.  Indirect costs can be placed on hammock activities, and their costs will 705 
increase in proportion to that of the detailed activities supported. The project cost budget should include a cost 706 
contingency related to accommodate the possibility that the schedule takes longer than planned. [3] [23] 707 
 708 
In addition to the knock-on effect of schedule risk on the cost of time-dependent resources, there are risks that can 709 
affect the burn rate of these resources and the total cost of time-independent resources, such as material and 710 
equipment to be installed. 711 
 712 
 713 
2.8.1. Distinguishing Features at Level 5 714 
 715 
Level 5 builds on all of the capabilities of Level 4, including basing the analysis on the project schedule platform and 716 
using uncertainty and identified risks to drive the Monte Carlo simulation.   717 
 718 
The distinguishing characteristic at Level 5 is that the schedule activities are loaded with resources, or at least costs 719 
are assigned to activities distinguished by being time-dependent (labor) or time-independent (material) of the 720 
project. The costs are expressed without adding any contingency, either in the activities or “below the line,” as in a 721 
traditional cost estimate.  While resource-loaded schedules may have many labor categories to support integrated 722 
cost and schedule risk analysis (ICSRA), the resources need to be distinguished only by being time-dependent and 723 
time-dependent.   724 
 725 
The results from a Level 5 analysis include all results from Level 4 that provide a risk-influenced schedule contingency 726 
estimate.  Output at maturity Level 5 adds to those of Level 4 by providing a contingency of cost that reflects cost 727 
risks and knock-on effects of schedule risks affecting cost.  In addition, Level 5 provides a way to analyze the results 728 
of cost and schedule together using a scatter diagram to identify the finish date and total project cost achieving 729 
target level of confidence both time and cost targets simultaneously.  This latter capability, the ICSRA, has been 730 
called the joint confidence level (JCL) by the US National Aeronautics and Space Administration (NASA). [24] 731 
 732 
 733 
2.8.2. Capabilities Required at Level 5 734 
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 735 
Often the project schedule is not loaded with resources, or those resources are not associated with costs matching 736 
the budget without contingency.  To place the costs on the schedule the cost estimators and the schedulers need to 737 
communicate at a common detailed level.  The most obvious way cost and time data can be compared is if the 738 
estimators and the schedulers are using the same work breakdown structure (WBS).  This communication is not 739 
always easy since the estimate and schedule may have diverged from an original common WBS along the way.  740 
 741 
The risk practitioner should also be alert to traditional cost risks that could increase or decrease the daily expenditure 742 
rate on time-independent resources and increase or decrease time-independent material costs, which do not vary 743 
because of activity durations.  These risks will vary the cost even if the schedule follows the baseline schedule. 744 
 745 
 746 
2.8.3. Benefits / Strengths at Level 5 747 
 748 
In each iteration, the Monte Carlo simulation will compute the cost that is generated at the same time and with the 749 
same assumptions for which the schedule is calculated. The costs and durations for any iteration will be affected by 750 
that iteration’s assumptions.  In this way, the cost and finish date results would be correct for the same project 751 
structure, uncertainty, and risk parameters. 752 
 753 
The risk analysis does not identify which party must pay the extra costs. Depending on the contract, there may be a 754 
presumption that the owner or the contractor pays the cost. However, the risk analysis just computes the costs 755 
irrespective of the contract language and does not contribute to the debate about who pays. 756 
 757 
Probabilistic histograms for the schedule are the same as at Level 4.  Histograms for cost, which are introduced at 758 
Level 5, are comprehensive since they reflect both the indirect effect of schedule-generating costs of time-759 
dependent resources, as well as cost-risks on labor’s burn rate and on time-independent resources. 760 
 761 
Because cost and schedule are the results of the same iterations during simulation, a new concept of project risk is 762 
available at Level 5.  The result, representing both the project’s finish date and total cost, is the scatter diagram with 763 
time on the X-axis and the comparable cost on the Y-axis. The scatter diagram allows the user to select a pair of 764 
cost–time points and calculate the likelihood that they will both occur, given the schedule, the estimates, and the 765 
risk data used in the model. 766 
 767 
Most projects have both cost and schedule targets or propose both cost and schedule values to management or the 768 
customer. At Level 4, the simulation results for schedule risk are shown as a 2-dimensional histogram and cumulative 769 
distribution.  At Level 5, a similar distribution is provided for cost. Specifying a confidence target, e.g., the P80, and 770 
using the values from the histogram / cumulative distributions for each objective will not provide for achieving both 771 
the time and cost targets with an 80 percent likelihood.  This is because, for any schedule date at P80 there are many 772 
cost possibilities, and some of those are 80 percent or more likely, but some are not. The same situation applies 773 
starting with a P80 cost estimate from the cost histogram and cumulative distribution.  Notice that above in Figure 774 
7 the cost (without contingency) was estimated at $1,721,200 thousand. Examples of these 2-dimensional time or 775 
cost risk-informed solutions are shown in Figure 14 for this RP’s case study, the Offshore Gas Production Platform 776 
Construction and Installation Project. 777 
 778 
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Figure 14: Simultaneous Finish Date and Project Cost Results from the Case Study 779 
 780 
The scatter diagram in Figure 15 shows that the joint confidence of achieving the P80 time and cost results for each 781 
individually, shown in Figure 14, is only 76 percent.  This figure, which is presented in the southwest quadrant in 782 
Figure 15, shows the percentage of all 10,000 iterations for which the points are in that quadrant. This difference, 783 
76 percent rather than 80 percent is not large because the schedule and cost scatter points are correlated 76 percent, 784 
largely due to the predominance of labor resources in the case study model. 785 
 786 

 787 
Figure 15: Scatter Diagram for the Case Study with the P-80 Cost and Schedule Cross-Hairs 788 
 789 
At Level 5 the cost risk results are calculated using the Monte Carlo simulation.   To achieve the 80 percent likelihood 790 
of achieving both cost and schedule targets the project manager needs to add time and cost to find a point that 791 
provides a joint success rate of 80 percent.  Providing for both time and cost jointly, using the scatter diagram that 792 
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shows consistent cost-time iteration results, is the Joint Confidence Level, or JCL–80 point. [24] Since there are many 793 
point combinations that yield a JCL-80 confidence level, the analyst should choose one that is more likely than any 794 
other to occur.  Think of the scatter diagram as representing a 3-dimensional ridge of JCL points.  Imagine a 795 
topological map and find the highest elevation contour line where the JCL-80 points hit the ridge.  That defines the 796 
most likely JCL-80 (or whatever confidence target is desired) point. 797 
 798 
One such JCL-80 point is shown to be captured in Figure 16. 799 
 800 

 801 
Figure 16:  Finding the Most Likely JCL-80 combination of Finish Dates and Project Costs 802 
 803 

Using the Scatter Diagram to Achieve an 80% Likelihood of Joint Cost and Schedule Success 

  From histograms JCL From Scatter Diagram Add JCL 

Finish Date 06/26/2026 76 
% 

08/01/2026 1.2 month 80 
% Project Cost                 2,641,943                           2,807,986   $166,043 million  

Table 1: Finding the P80 Cost and Schedule with the Integrated JCL for an 80 Percent Success Rate for Both 804 
 805 
Figure 16 shows that adding 1.2 months to the P80 schedule and $166,043 million to the P80 cost can achieve an 806 
80% likelihood of succeeding with both targets.  As mentioned before, the higher the correlation of time and costs 807 
the less adjustments need be made to achieve a JCL level. Time and cost will be correlated because time risk affects 808 
the cost of time-dependent resources.  In this case study, labor contributes the largest share of the cost. 809 
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 810 
NASA fully formalized the JCL policy to develop its proposals of time and finish date to US Congress for approval and 811 
funding in 2012 after having introduced it in 2007 and 2009 in different directives. In 2018 an analysis of the success 812 
of the JCL policy of achieving the dates and cost estimates submitted to Congress was possible since some of these 813 
long projects had been completed. comparison of cost and schedule growth shows that growth, before the JCL policy 814 
was in place was a higher percentage than under JCL. “The data demonstrates that the policy has helped NASA 815 
manage to its budget which increases the confidence that missions will be delivered at or below cost and on 816 
schedule.” [25, p. Slide 5] It should be clear that using the JCL leads to proposing higher cost and schedule target 817 
values to Congress, so coming closer to or beating the new, higher estimates means that the agency is making better 818 
projections. But, that was the point of using JCL, to make projections. 819 
 820 
 821 
2.8.4. Weaknesses at Level 5 822 
 823 
The weaknesses at Level 4 are present at Level 5.   824 
 825 
In addition, there is an unresolved issue in picking the specific cost and finish date that is the most likely combination 826 
to provide a probability of achieving both cost and finish date targets at the chosen JCL level of confidence.  Figure 827 
16 shows a combination chosen to be in the area of the scatterplot where the simulation results are most 828 
concentrated. Such a point would be more likely than any other cost/date combination that provides the desired 829 
level of confidence.  If the scatterplot were viewed as a 3-dimensional ridge of possible results, this point would be 830 
the one on the “necklace” of connected dots, each being a combination of cost and finish date with the desired joint 831 
result.  At this point, the choice of a particular JCL combination of cost and finish dates is judgmental to some extent.  832 
While there is some level of uncertainty with choosing a single, most likely JCL point, some uses, including reports 833 
to Congress for funding or to the Board of Directors, might require more precision in this choice’s values. There are 834 
ways to make this selection less judgmental for those purposes needing more precision. [26] 835 
 836 
 837 
3. CONCLUSION 838 
 839 
The levels of risk analysis maturity from “no awareness” to “full integrated cost-schedule risk analysis” have been 840 
described, capabilities required, benefits and strengths and weaknesses at a general level. Illustrations are given for 841 
the main inputs and outputs at Levels 2 – 5.  Table 2 is shown below for the main characteristics of risk maturity 842 
levels. Note that only at maturity levels 4 and 5 do these methodologies match AACE International’s first principles 843 
of recommended practice 40R-08, Contingency Estimating – General Principles, of “starts with identifying risk 844 
drivers,” “links risk drivers and cost/schedule outcomes,” “employs empiricism” and “experience/competency.” [4] 845 
The maturity levels in this model generally apply to projects with Class 3 or better plan maturity.  Reference class 846 
forecasting and parametric models are more suitable for projects that have cost estimate maturity levels at Class 4 847 
or Class 5. 848 
 849 
  850 
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ESSENTIAL ANALYTICAL PROPERTY 
0. Unaware 
of Schedule 
Risk Issues 

1. Risk 
Awareness 

2. Qualitative 
Risk Analysis 

3. Basic 
Quantitative 
Schedule Risk 

Analysis 

4. Modern 
Quantitative 
Schedule Risk 

Analysis 

5. Advanced 
Integrated 

Cost-Schedule 
Risk Analysis 

Management alert to possibility of 
risk  X X X X X 
Uses organized analytical 
framework for risk analysis   X X X X 
Uses a model of the project in the 
analysis    X X X 
Produces statistical probability 
distribution of finish dates for 
schedule contingency days and 
probability of finishing on schedule 

   X X X 

Identifies risk drivers that could 
affect schedule results   X  X X 
Assesses probability and impact of 
risk drivers   X  X X 
Requires sophisticated specialty 
software tools    X X X 
Models the correlation between 
activity durations     X X 
Identifies high-priority risks for 
mitigation   X  X X 
Distinguishes between types of risks 
(e.g., uncertainty, project-specific 
risks, and systemic risks) 

    X X 

Links cost risk with schedule risk      X 
Table 2:  Summary of the Characteristics Provided at Different Levels of Schedule Risk Analysis Maturity [2] 851 
 852 
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