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Abstract 
The “Iron Triangle” relates cost, schedule, and performance to help managers 

identify the sources of and mitigations for program risks. However, the rust begins to 

form when event-focused risk management (RM) tangles with uncertainty-focused risk 

analysis (RA). Fundamentally, these divergent paradigms inhibit communication 

between the RM and RA practitioners and leave program managers with one hand tied 

behind their back. This paper addresses these crossed wires by introducing a novel 

approach that leverages earned-value-style “tripwires” and a bit of calculus to translate 

between the discrete and the continuous. For RA, this bridges the gap to ensure models 

capture RM inputs and enables effective application of Management Reserve. For RM, 

this allows monitoring and mitigation of continuous factors that would otherwise 

confound the risk register. In an environment hyper-focused on early detection and cost 

mitigation, this approach gives cost estimators the relevant tools to drive effective 

decision making and program success. 

 

Keywords: Risk, Uncertainty, Risk Management, Risk Analysis, EVM, IPM, Tripwires, 
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1 Introduction 
1.1 Background 

The F-35 Joint Strike Fighter (JSF) aircraft system is one of the most significant 

examples of cost and schedule overruns in the history of defense acquisition. As of 

2023, the program was more than 10 years behind schedule and roughly $183 billion 

dollars over its original cost estimate (GAO, 2023). Unfortunately, F-35 is but one 

example of a program that greatly exceeds its original baseline. When these cost 

overruns and schedule slippages occur, programs often turn to reprogramming, which 

resets the cost, schedule, and technical baseline with updated assumptions. This masks 

true cost and schedule variations and makes projections murkier, often to the detriment 

of the program’s credibility (OUSD, 2012). 

Programs with significant cost growth tend to share several characteristics: 

immature technologies, unclear / unstable requirements, and uncertain cost estimates 

(McNicol, 2022). This leads to unrealistic baselines being approved at Milestone B, 

when programs enter the engineering and manufacturing development (EMD) phase. 

The high uncertainty programs still experience at Milestone B may explain why the 

Government Accountability Office (GAO) found that scope growth (leading to cost and 

schedule growth) often occurs in lower-level requirements that are set up well after the 

service chiefs’ primary involvement (GAO, 2015). This phenomenon of cost, schedule, 

and/or scope growth and the subsequent impact on program baselines is a consistent 

headache for program managers (PMs). However, why should baseline creep be such a 

consistent issue given that risk analysts develop detailed uncertainty curves for 

Milestone B estimates and risk managers maintain extensive risk registers? 

1.2 The Iron Triangle as a Risk Construct 

The Iron Triangle, known in less ferrous situations as the “Triple Constraint,” helps to 

shed some light on why accurate baselining is so difficult and elusive. This project 

management framework is reliant on interdependent relationships and constraints 

between Cost (Budget), Schedule (Time), and Technical (Performance, Scope, 
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Requirements). In some cases, the center of the triangle is labeled as “Quality,” 

indicating that a healthy balance between the components is critical to project success.  

 

Figure 1: The Iron Triangle of Project Management 

The triangle is certainly intended as a dimension-agnostic framework, but it is worth 

considering what could “shrink” or “grow” the triangle (i.e., cost, schedule, and technical 

all adjusting at equal ratios). You cannot reduce cost and schedule and hope to achieve 

the same scope – the proverbial “doing more with less” – unless there is a change to 

the productivity baseline, such as a new technology or a significant increase in learning. 

Similarly, a growth in scope will presumably lead to an increase in the cost (budget) and 

an elongation of the schedule (time). To the chagrin of geometry enthusiasts, the 

earned value rebaseline can violate these rules. Ideally, a rebaseline is triggered by a 

significant change in scope, but more often it is an acknowledgment that more budget 

and time are needed to accomplish the same scope, or in many cases even less scope 

(Smart, 2020). In resource-constrained environments, understanding when the budget 

at complete (BAC) is at risk of rebaseline and taking proactive measures to prevent that 

increase is critical. Enter the earned value tripwire as a powerful canary in the gold 

(card) mine. 

1.3 The Importance of Tripwires 

Introductory seminars on program management often refer to the old story of a frog 

sitting in a pot of water. As the water slowly heats up on the stove, the frog does not 

notice the incremental shifts in temperature until it is too late. PMs who stay too focused 

on the day-to-day and do not see issues looming on the horizon are similarly often in 

hot water. Tripwires serve as critical mechanisms to ensure that mitigation actions can 
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be put in place rapidly to prevent a downward spiral in performance. However, simple 

rules of thumb such as “cost performance index (CPI) drops below 0.9” do not 

necessarily translate to clear action, particularly as those statistics are often calculated 

for high-level categories (construction labor, engineering support, etc.). This is 

exacerbated by siloes of earned value management (EVM) analysts assessing the 

metrics, risk analysts reviewing their impact on the overall program, and risk managers 

developing and tracking the mitigation strategies. 

This paper opens the lines of communication and drives toward actionable decision-

making in risk management through a trio of powerful analytical techniques. First, a 

clever bit of “tripwire calculus” enables quantitative translation between discrete risks in 

the program risk register and continuous distributions in the living risk model, which in 

turn allows for the development of risk-specific, granular tripwires. These tripwires better 

reflect the reality of continual risks, which cannot be fully avoided, but must instead be 

monitored and managed as they are unfolding. The tripwire is again improved through 

time-phased benchmarking made possible by the “cost of 1%,” which leverages 

historical lag in the calculated percentage complete of similar projects to counteract 

unfettered optimism bias. Finally, these easily monitored tripwires and realistic 

expectations are employed in the process of “stepwise mitigation,” wherein PMs track 

toward incremental mitigations and improvements instead of facing daunting risks all at 

once. This combined approach enables comprehensive, actionable risk management 

that keeps PMs informed and drives mission success. 

2 Integration of Risk Management and Program 
Management 

2.1 The Iron Triangle and Cost / Schedule Risk 

There are two basic orientations of the Iron Triangle when it comes to Program 

Management. For purposes of this discussion, we will use traditional cost analyst terms 

for the three vertices: Cost, Schedule, and Technical. “Technical” evokes the technical 

parameters, such as weight, source lines of code (SLOC), and function points (FP) used 

to develop cost estimating relationships (CERs); the cost drivers that often serve as 
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proxies for mission requirements; and the difficulties regularly encountered when 

attempting to develop, produce, and field complex weapon systems. 

2.1.1 The Waterfall Paradigm (Defined Requirements) 

The first orientation is associated with the Waterfall paradigm, coined for software 

development but applied to any development effort where requirements are well defined 

and relatively fixed. (First Law of Naval Architecture: Ship must float. Second Law of 

Naval Architecture: Ship must float upright). As indicated by the arrows in Figure 2, 

Technical drives both Cost and Schedule. 

 

Figure 2: Iron Triangle Waterfall (Cost and Schedule Risk) 

During the planning phase, we do our best to estimate the Cost and Schedule 

needed to fulfill the Technical scope/requirements, but there is significant uncertainty. 

This almost guarantees that the budgeted resources will be excessive or (more often) 

insufficient (“No estimate is ever right”). 

2.1.2 The Agile Paradigm (Fungible Requirements) 

The second orientation is associated with the Agile paradigm, named after the Agile 

Manifesto of software development, but applied to any development effort where 

requirements may be frequently updated and reprioritized and where partial satisfaction 

of requirements is permissible in the short term. As indicated by the arrows in Figure 3 

below, Agile stands the Iron Triangle on its head, meaning that now both Cost and 
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Schedule drive Technical. This is perhaps most easily understood in the context of the 

Agile “time box,” wherein both Cost and Schedule are constrained. Schedule typically 

comprises program increments (PI) of fixed duration, each divided into a standard 

number of sprints. Cost is determined by fixed resources allocated to one or more 

scrum teams of a specified size and composition. Within these constraints, the teams 

have a relatively fixed capacity, wherein the resultant throughput determines how many 

Features can be worked off from the backlog during each PI. 

 

Figure 3: Iron Triangle Agile (Time Box) 

Agile advocates tout the responsiveness of this approach when it comes to 

Technical Risk. When things start to go awry, the Agile mechanism can devote more 

resources to more difficult problems, or those problems can be deferred if it is believed 

that emerging technologies will help solve them in the near future. From a Risk 

Management perspective, such lowercase-“a” agility needn’t be restricted to the Agile 

approach … but it is right there in the name! 

2.1.3 Deformation of the Iron Triangle 

As in the scaling discussed above, we first apply these two paradigms to the 

Planning phase. Whichever orientation of the triangle we choose, the three components 

must be roughly aligned if we are to have a realistic and executable program baseline. If 

the program is conducting EVM, the Performance Measurement Baseline (PMB) will be 
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established and vetted through the Integrated Baseline Review (IBR) process. Even 

without EVM, cost and schedule estimates should be tied directly to the basis of 

estimate (BOE), constituting a methodology and rationale for linking past actuals to 

future plans. 

In the Execution phase, we shift from estimating to encountering risk. As 

uncertainties manifest, they put a strain on our lovely triangle, creating forces that 

threaten to deform it and throw our program off balance. In the Waterfall paradigm, the 

arrows come to represent Cost and Schedule Risk, with more resources and time 

required to execute the desired scope than we originally planned. In the Agile paradigm, 

the arrows come to represent Technical risk, where we achieve less scope than we 

thought we could with the allotted resources due to unforeseen difficulties. These are 

two sides of the same coin. The agile philosophy doesn’t eliminate risk – it simply 

transfers cost and schedule risk into technical risk (McCrillis, 2018). 

If these terms seem backward to you, keep in mind the “Richmond Road” principle. 

In Williamsburg, Virginia, home of Mr. Jefferson’s University (no, the other one!), U.S. 

Route 60 is designated Richmond Road. Conversely, the same highway in Richmond is 

designated Williamsburg Road. This is a simple example of the phenomenon that roads 

are usually named after their destination, not their point of origin. What does this have to 

do with the Iron Triangle and risk? The arrows are the road in this case, and the 

“destinations” after which they’re named are the manifestations of risks, not the causes 

of risk. Thus, in Waterfall, challenges in achieving scope manifest as Cost Risk (more 

budget needed) and Schedule Risk (more time needed). Conversely, in Agile, the 

insufficiency of budget and time manifest as Technical Risk (less scope achieved). 

It turns out there are no fewer than 18 ways to annotate the Iron Triangle with one or 

two arrows, of which those shown above are but two primary cases. This Iron Triangle 

rubric is proving to be an insightful way to categorize or “tag” various program risks in a 

Risk Register, but since it is not the focus of this paper, we relegate further discussion 

to Appendix A: Iron Triangle Rubric. 
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2.2 The Dual Arts of Risk Analysis and Risk Management 

2.2.1 Risk Analysis (RA) 

The discipline of Risk Analysis (hereinafter “RA”) tends to think in terms of 

continuous uncertainties. Estimators strive to build high-quality cost models that 

encompass all possible savings or cost growth (for a given scope and set of 

assumptions) and leverage Monte Carlo simulations and the resulting S-curves toward 

this end. An example here is “Blue-collar productivity could vary on a Normal distribution 

with a mean of 50 hours/widget and a standard deviation of 10 hours/widget.” The S-

curve (a cumulative density function, or cdf) is the hallmark of RA, with the probabilities 

shown on the y-axis and the cost (or another variable) shown on the x-axis, as 

demonstrated in Figure 4 below. (This is the dollarization of our widgets example.) 

 

Figure 4: Notional S-Curve 

Later on, we will show the curve as a probability density function (pdf) for use in 

tripwire calculations. Crucially, RA acknowledges that variation in blue-collar productivity 

will happen – in Risk Management, it would be considered an “Issue” – and then tries to 

measure and forecast that variability. Where RA shines in predictive capability, it is 
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generally too time-consuming and too generalized (i.e., a single probability function) to 

enable the formulation of actionable mitigation plans. 

2.2.2 Risk Management (RM) 

The discipline of Risk Management (hereinafter “RM”) tends to think in terms of 

discrete risks (and issues and opportunities). The focus is on the probability of 

occurrence and the impact of that occurrence (likelihood and consequence, 

respectively). For shorthand and mathematical parlance, we will often refer to likelihood 

as 𝑃௙ (probability of failure) and impact as 𝐶௙ (consequence of failure). An example here 

would be “If this test event fails, then the program will slip by X months and require Y 

dollars of additional engineering for design updates.” Crucially, RM definitionally does 

not assume a risk will happen, meaning that the probability of occurrence is just as 

relevant as the potential impact. After identifying and scoring risks, RM practitioners 

determine whether to transfer, escalate, or mitigate the risk, developing comprehensive 

plans to these ends. Figure 5 below summarizes a common view of the RM process. 

 

Figure 5: RM Process 

While risk management focuses on discrete events, it is a regular recurring process, 

as evidenced by Step 5 “Risk Monitoring” (Preparis, 2025). Major programs leverage 

SME-laden risk review boards, lengthy risk registers, and frequent reporting to actively 

manage their open risks. The solutions presented in the next sections of the paper help 

improve this burdensome monitoring process, most notably through effective use of 

tripwires. 
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2.2.3 Better Together 

Table 1 below summarizes the major differences between the two disciplines. 

Table 1: RM vs. RA 

 

Our prior paper on RM and RA ultimately lands on the conclusion that the dueling 

arts are “better together,” giving analysts a robust toolkit to tackle program risks 

(Braxton, Wells, Brown, & Fatzinger, 2025). A key part of this marriage is the application 

of a structure that delineates risk elements into one of three categories: framing 

assumptions (the black swans and force majeure better handled by the contracts and 

legal teams), discrete risks (the if-then purview of RM, focused on probability and 

consequence), and continuous uncertainties (the distributions native to RA, when the 

question is not whether, but how much). This structure, which will be revisited in the 

conclusion, helps to prevent risk managers from focusing their efforts on continuous 

issues and risk analysts from resorting to plugging expected values into cost models. 

That paper identified the hampered ability to mathematically communicate between the 

disciplines as a primary reason for siloed behavior. The tripwire framework that follows 

is the PM’s Rosetta Stone to unleash the combined power of RM and RA. 

2.3 The Tripwire in Earned Value Management 

EVM tripwires come into play when a metric like the Estimate At Completion (EAC) 

goes beyond the established thresholds. The tripwires act as an early detection system, 

notifying PMs when costs or schedules come close to the predefined trigger points. The 

To-Complete Performance Index (TCPI) and CPI values are traditional indicators to 

know when the program is coming close to the tripwire. TCPI calculates the future cost 

Category Engineers / Deterministic / RM Statisticians / Stochastic / RA 
Viewpoint on 
Variability 

Variability is to be controlled  
(Lean Six Sigma) 

Variability is to be expected  
(Stuff Happens) 

Viewpoint on 
Assumptions 

Framing Assumptions 
and Conditional Estimates 

Ground Rules and Assumptions (GR&A) 
and Unconditional Estimates 

Growth Focus Root Cause Analysis (RCA) Cost and Schedule Growth Analysis 
Risk Focus Inputs Risk Outputs Risk 
Key Product Risk Register / Risk Cube S-Curve 
Metrics Probability of Occurrence, 

Consequence, Mitigation 
Probability distributions, Confidence 
levels, Coefficient of Variance (CV) 
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efficiency that is required to meet the specified target (DAU, 2020). When the TCPI 

differs significantly from the CPI, there is an indication that EAC, Latest Revised 

Estimate (LRE), or another target is beginning to breach the boundary. Figure 6 below 

shows an example of breaching a tripwire. 

Figure 6: EVM Tripwire Example 

In this case, the program sets its CPI tripwire at 0.95. This, along with an upper 

bound of 1.05, is a common default in EVM (SixSigma, 2024). The September monthly 

report shows that the CPI value has dropped to 0.94. Although the program is not in 

formal breach of any regulations, leadership is alerted. Programs do not typically 

recover once downward trends are brought to light, but the tripwires enable PMs to 

understand and track key drivers that are causing the declining trend. This in turn 

enables proactive and effective use of Management Reserve (MR).  
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3 Tripwire Calculus for Effective Risk Management 
How can we have our cake and eat it, too? That is, how can a continuous 

uncertainty included in our living cost model (RA) be represented simultaneously by a 

consistent discrete risk in the Risk Register (RM)? On the face of it, this seems 

impossible, paradoxical even. The approach we have taken is to focus on the right tail 

of the continuous distribution as the location of the most unfavorable outcomes, which 

are what we need to be worried about from a risk management perspective. As it turns 

out, given both the objective underlying uncertainty (as captured by CV) and the 

subjective risk tolerance or risk aversion of the decision maker (as captured by m), we 

can quantify the likelihood (Pf) and impact (Cf) of the right-tail risk in a relatively 

straightforward manner. It only requires a modicum of calculus…. 

3.1 Tripwire Toy Problem 

Before we launch into derivations, it will be helpful to establish a simple scenario 

with which to illustrate our essential tripwire principles. 

Continuous uncertainties we wish to monitor (and potentially mitigate) often come in 

the form of Productivity1 metrics: manhours per ton of steel or foot of cable in 

shipbuilding; hours per SLOC or Story Point in software development; and so forth. The 

discrete risk equivalent might be written generically as, “If the project experiences poor 

productivity, then labor cost will increase.” Our so-called toy problem involves a single 

cost element or work breakdown structure (WBS) item for the production of widgets. 

Our technical baseline calls for the production of 2,000 widgets over a period of time, 

and our point estimate projects an inverse productivity of 50 hours per widget. 

Multiplying these yields 100K labor hours. If the fully burdened labor rate is $100/hour, 

then the point estimate for this cost element is $10M. 

 

1 Our colleague Kevin Cincotta is quick to point out that these are actually Inverse Productivities. For 
example, a true productivity would capture how many lines of code a developer could write in an hour. 
The inverse productivity instead captures how many hours are needed to write a line of code. The reason 
we gravitate toward inverse productivities is that they embody the quintessential cost estimator “dollars 
per pound” thought process. Whether based on Analogy, Parametric, or (heaven forfend!) Expert Opinion, 
these ratios are “right side up” for use in converting technical specs into estimates – recall the arrows on 
the Waterfall paradigm of the Iron Triangle, where Technical drives Cost and Schedule. 
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For the moment, let’s assume no Requirements Risk. That is, 2,000 widgets 

represent the correct number to meet the true requirement. (Uncertainty in this driver is 

often handled as Inputs Risk.) Similarly, let’s assume no uncertainty in the labor rate. 

Thus, the uncertainty in the cost element is entirely the result of uncertainty in the 

inverse productivity. We capture that uncertainty with a coefficient of variation (CV), set 

at 20% in our example scenario. Since CV is defined as the standard deviation divided 

by the mean, this entails a standard deviation of $2M on the $10M cost element. The 

resultant distribution of cost is shown by the bell curve in Figure 7 below, a Normal (or 

Gaussian) distribution with a peak value (mean = median = mode) of $10M, with 

probability falling off symmetrically on either side. Note the fundamental assumption of 

an unbiased estimate, implying a data-driven BOE2.  

 

Figure 7: Tripwire Toy Problem (Widgets) 

What does the golden right tail in Figure 7 represent? This is our region of 

unfavorable outcomes. Of course, any outcome to the right of the peak is on the 

unfavorable half of the distribution, but a tripwire would generally be set at some 

 

2 For real-world situations where the analyst doesn’t want to assume a normal distribution with 20% 
CV on productivity risk, Brown and Cincotta offer a data-driven method (Brown & Cincotta, 2024). 
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distance into the tail, reducing the likelihood to significantly less than half. Exactly how 

far is the prerogative of the decision-maker, which our tripwire calculus will illuminate. 

For now, we’ll simply note that the tripwire was set one deviation (or one CV, if you 

prefer) into the right tail. Recall that the standard deviation is $2M, so that a tripwire 

value of $12M, as illustrated, is one standard deviation above the mean ($10M + $2M). 

We want a unitless measure to capture this, which we’ll represent with m for “multiple.” 

In this case, 𝑚 = 1.0. Also note that the distribution of inverse productivity is also 

Normal with a CV of 20%. Thus, the cost tripwire of $12M corresponds exactly to an 

inverse productivity tripwire of 60 hours/widget, a 10 hours/widget increase over the 

point estimate of 50. Consistently, this is a 20% increase, or one standard deviation. Put 

another way, 𝑚 = 1.0 for both the cost tripwire and the inverse productivity tripwire. 

3.2 Tripwires: Converting Continuous to Discrete 

In order to calculate the specific values of Pf and Cf shown on the graph, we will 

derive the general relationships as a function of CV and m. 

3.2.1 Establishing the Right Tail 

The likelihood or probability (Pf) is the easier of the two to derive. It is dependent 

only on m, since all Normal distributions are isomorphic to the standard Normal. It is the 

one-tail alpha probability for a Z-score of m, or the complement of the cumulative 

distribution function (cdf) evaluated at m. The capital Greek letter phi is customarily 

used to denote the cdf of the standard Normal.3 

Equation 1: Tail Probability as a Function of m 

𝑃௙ = 1 − Φ(𝑚) 

At first glance, the Cf calculation seems even simpler. The tripwire is set m multiples 

of the standard deviation (sigma) higher than the mean (the Greek letter mu): 

𝑐 = 𝜇 + 𝑚 ∙ 𝜎 = 𝜇(1 + 𝑚 ∙ 𝐶𝑉) 

 

3 In Microsoft Excel, the NORM.S.DIST() may be used for computation. 
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The impact then, in terms of percentage growth, is just m times CV. However, this is 

really a best-case impact! Here, we rely on the notion from EVM that cost performance 

– tantamount to our productivity metric – does not tend to improve once it is established 

fairly early in the project. At best, it holds steady, and at worst, it continues to degrade. 

We’re assuming that once a tripwire is tripped, the final value of our productivity metric 

will fall somewhere in that right tail. What we’re looking for, then, is a conditional 

expectation, i.e., “what is the mean given that the outcome lies in the tail”. The math is 

quite a bit more complicated in this case, but not insurmountable. 

3.2.2 Conditional Expectation of the Right Tail 

The conditional probability distribution of the tail is the same Normal pdf, but divided 

by the area in the tail (which happens to be Pf). That is, the curve is the same shape but 

proportionally higher. This factor has the effect of “pumping up” the probability density 

so that the area under the curve is 1.0 or 100%, as required for a pdf. 

 

Figure 8: Conditional Probability of Tripwire Tails 

This is illustrated in Figure 8 above. The gold series corresponds to the higher 

tripwire ($12M) introduced in Section 3.1 and the green series to the lower tripwire 

($11M) forthcoming in Section 3.4 below. Because the former has less area in the 

original tail, it requires a larger factor (about 6x, as compared to about 3x). 
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With a full derivation given in Appendix B, the expected multiplier of the mean is: 

1 +
𝐶𝑉

√2𝜋
∙

𝑒ି
௠మ

ଶ

1 − 𝛷(𝑚)
 

Expressed as a percentage growth above the mean, the impact is: 

Equation 2: Impact as a Function of m and CV 

𝐶௙ =
𝐶𝑉

√2𝜋
∙

𝑒ି
௠మ

ଶ

𝑃௙
 

3.2.3 Tripwire Calculus Applied 

We are now ready to return to our toy problem and calculate the previously shown 

values. The likelihood Pf is simply 100% minus the cumulative probability at 1.0, or 

about 15.9%. This jibes with our Normal distribution rule of thumb; if about 68% of the 

probability is within one standard deviation of the mean, then there must be about 

(100% − 68%)/2 = 16% probability in each tail. The impact is given by: 

𝐶௙ =
20%

√2𝜋
∙

𝑒ି
ଵ
ଶ

15.9%
≈ 31% 

The red arrow at the bottom of Figure 7 illustrates that the point estimate of $10M 

grows by an average of about 31%, to $13.1M. This is the “balancing point” of the 

golden tail, the desired conditional mean. 

3.2.4 Tripwire Calculus Dashboard 

The Productivity risk item can now be entered into the Risk Register with a 

probability of 15.9% and a consequence of $3.1M. This was just one particular set of 

inputs. We built an Excel workbook to compute {Pf, Cf} given inputs {CV, m}. A 

screenshot for the part of the dashboard corresponding to this “forward pass” is shown 

in Table 2 below. 
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Table 2: Dashboard Part 1, Continuous to Discrete 

We will revisit the choice of m = 1 in Section 3.4 below. 

3.3 Risk Register Sanity Checks: Discrete to Continuous 

The process in the previous section is to be applied when a continuous uncertainty 

can be quantified in a data-driven manner. When this is not (yet) possible, the analyst 

may be faced with an expert-based Pf and Cf assessment in the Risk Register. If this is 

thought to be a discrete risk, the analyst can leave well enough alone. Beyond refining 

the assessed values of likelihood and impact, no change is required in the choice of 

distribution, it can remain a (scaled) Bernoulli. However, if the If-Then risk description 

clearly indicates a continuous uncertainty, as in the aforementioned productivity toy 

problem, the analyst should work to convert it for inclusion in the living risk model, thus 

informing a more realistic and data-driven distribution. This can be done by reversing 

the previous steps. 

Table 3: Dashboard Part 2, Discrete to Continuous 

 

We retain the orientation of the table, but note that the inputs and outputs are now 

reversed. We treat the Pf as a right-tail probability (one-tail alpha), and m is simply the 

corresponding Z-score. 

Continuous to Discrete What to put in your Risk Register for an Uncertainty item 

    = Inputs  
CV 20.0% unitless expected uncertainty in tripwire metric 
m 1.00 unitless number of standard deviations above the mean to set the tripwire 
Pf 15.9% unitless the chance of tripping the tripwire (likelihood) 
Cf 30.5% unitless the expected additional cost incurred if the tripwire is tripped (impact) 

    = Outputs 

Discrete to Continuous 
How to convert a discrete Risk Register item to a more appropriate 

uncertainty 

    = Outputs 
CV 19.4% unitless expected uncertainty in tripwire metric 

m 1.64 unitless 
number of standard deviations above the mean for equivalent continuous 
risk (wholly determined by Pf) 

Pf 5.0% unitless the assessed probability of the discrete risk (likelihood) 
Cf 40.0% unitless the assessed percent cost growth of the discrete risk (impact) 

    = Inputs  
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Equation 3: m as a Function of Likelihood 

𝑚 = Φିଵ൫1 − 𝑃௙൯ 

Once m is known, we can rearrange the equation for Cf above to solve for CV. 

Equation 4: CV as a Function of Likelihood and Impact 

𝐶𝑉 = 𝑃௙𝐶௙√2𝜋 ∙ 𝑒
௠మ

ଶ  

The first product is the expected value of the discrete risk, in percentage terms. This 

may look like a plug-and-play formula, but keep in mind that Cf in most Risk Registers is 

a dollar value (or, worse yet, a 1-to-5 score). We must know the base cost to which the 

risk is applied, which enables calculating Cf as a percentage. 

In Table 3, we choose a risk with a 5% likelihood and a 40% impact, which we can 

compare to the output values in the previous example. Since the Pf is significantly 

smaller, we’re farther out in the tail of the distribution, at a tripwire multiplier of 1.64 

instead of 1.00. The product of Pf and Cf gives a 2.0% expected impact. Inputting this 

into the above formula: 

𝐶𝑉 = 0.02 ∙ √2𝜋 ∙ 𝑒
ଵ.଺ସమ

ଶ  ≈ 0.194 

This yields the 19.4% value shown on the dashboard, comparable to the 20% CV in 

the first example. 

3.4 Risk Tolerance vs. Risk Aversion 

As previously discussed, the level of the tripwire, as captured by the multiplier m, is 

tied directly to the risk tolerance or risk aversion of the decision maker. Generally, we 

seek a Goldilocks tripwire, neither too high nor too low. Set the tripwire too low (i.e., 

close to the mean), and there will be too many false alarms. Set the tripwire too high, 

and it will conversely almost never be tripped, at least not until it is too late for any 

meaningful mitigation. 
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Figure 9: Tripwire Toy Problem, Risk-Averse Decision-Maker 

We return to our widgets example. In Section 3.1 above, we showed 𝑚 = 1.0, where 

the tripwire was set at a 20% increase over the mean, with inverse productivity going 

from 50 to 60 hours per widget, driving cost from $10M to $12M. For a more risk-averse 

decision-maker, we might set the tripwire at 𝑚 = 0.5, representing only a 10% growth 

(or half of the 20% CV). The inverse productivity tripwire is 55 hours per widget, and the 

resultant cost is $11M. Using our dashboard formulae, Pf grows to 31% (the green tail 

shown) but Cf decreases to 23%. This is tantamount to the $2.3M average growth to 

$12.3M as illustrated by the red arrow. This is the “balancing point” of the green tail, 

based on all possible outcomes greater than $11M. 

It becomes clear that even for a single continuous uncertainty, there is a multitude of 

possible tripwires spanning the dimensions of a traditional risk register. Figure 10 below 

shows a sensitivity analysis for growth factors as a function of CV and m. The CV is 

objective, capturing the inherent uncertainty in the cost driver in question (in this case, 

productivity). The multiplier m is subjective, capturing the risk tolerance of the decision-

maker. The two previous examples, both for a CV of 20%, are highlighted by the pair of 

colored rectangles. The higher tripwire (𝑚 = 1.0) had a Cf of 31%, whereas the lower 

tripwire (𝑚 = 0.5) had a Cf of 23%. 
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Figure 10: Tripwire Sensitivity Analysis 

3.5 From Continuous to Continual Risks 

We should distinguish between continuous distributions (a mathematical 

construction) and continual risks (those whose ultimate values evolve over time). In the 

case of our widget example, we don’t produce all 2,000 widgets instantaneously. Likely 

it will take a significant amount of time, depending on considerations such as workforce, 

capacity, parallel production lines, etc. From an RA perspective, when we run a Monte 

Carlo simulation, we essentially “fast forward” to the end of the production run – not just 

once, but 10,000 times! – and record the achieved values. From an RM perspective, we 

don’t want to wait until all 2,000 widgets are complete. We need to set our tripwire in 

relative terms instead of absolute terms so that it can be monitored from the beginning. 

Generally, we want a “critical mass” of data, lest we overreact to volatile early returns, 

but beyond that, it is never too soon to consider nascent risks and corresponding 

mitigation actions (semper vigilans). While we illustrate the tripwire at $12M (or $11M) 

against a point estimate of $10M, in reality, the tripwire is set at a cost growth factor of 

1.20 (+20%) or 1.10 (+10%). Again, these are “right-side-up” risk tripwires based on 

inverse productivity, but they are mathematically equivalent to the “upside-down” EVM 

tripwires (i.e., CPI) based on productivity. 

CVTable of Cf values
30%25%20%15%10%5%mPf

0.239370.199470.159580.119680.079790.039890.000.50000
0.289070.240890.192710.144530.096360.048180.250.40129
0.342320.285270.228220.171160.114110.057050.500.30854
0.398630.332190.265760.199320.132880.066440.750.22663
0.457540.381280.305030.228770.152510.076261.000.15866
0.518640.432200.345760.259320.172880.086441.250.10565
0.581600.484670.387740.290800.193870.096931.500.06681
0.646120.538440.430750.323060.215370.107691.750.04006
0.711960.593300.474640.355980.237320.118662.000.02275
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These tripwires are derived from an unbiased distribution, but in practicality, the 

concern is not so much that we end up in the tail of that distribution (uncertainty) but 

that we were in the wrong distribution all along (risk)! This is the idea behind Six Sigma 

and statistical process control (SPC), where deviations beyond tolerable control limit 

make it highly unlikely that the assumed underlying distribution (null hypothesis) was 

accurate. Since typical uncertainties of manufacturing and software development 

productivities explored herein are orders of magnitude greater than in SPC, we can 

rarely show conclusively that the assumed distribution was incorrect. Rather, we chalk 

the breaching of tripwires up to some combination of optimistic estimating and poor 

execution. An alternative approach, beyond the scope of this paper, is to treat the 

assumed distribution as a Bayesian prior, which we then continually update as the 

actuals start rolling in. This is more appropriate when the continuous distribution is 

expert-based. Our overarching assumption here is that the distribution is data-driven. 

Heretofore, we’ve also assumed that productivity is uniform across time. The “Cost 

of 1%” framework described in the next section comes to rescue when this assumption 

does not hold and time-phasing is necessary.  

4 The Cost of 1% 
4.1 What is the Cost of 1%? 

The “Cost of 1%” framework is a combination of basic algebra and the knowledge 

that despite the best intentions of valiant estimators, the final cost of a project is almost 

certainly going to differ from the baseline estimate (whether favorably or unfavorably). In 

EVM, analysts are routinely tasked with estimating a project’s value at completion (the 

Estimate at Complete, or EAC) at various points during a project’s build cycle. These 

equations are generally a variation on Spend to Date plus Remaining Scope divided by 

Future Performance, or in EVM parlance: 

𝐸𝐴𝐶 = 𝐴𝐶𝑊𝑃 +
𝐵𝐶𝑊𝑅

𝑇𝐶𝑃𝐼
 

Breaking this down, your work to-date is a sunk cost and thus a fixed value. Your 

budget (BAC) minus the budget earned to date (BCWP) gives you the scope to go; 
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barring any errors in progress calculation, these are also fixed values that could be 

written as “45% of budget earned, 55% to go”. Thus, your principal variable is how you 

define performance for that remaining scope, whether that is the CPI, SPI, the product 

of the two, or some other metric. 

Cost of 1% analysis challenges one of the aforementioned assumptions, namely that 

we understand the percentage progressed. If the final cost of a project continues to 

increase compared to the baseline, then 1% of that final cost becomes a larger and 

larger value compared to the initial plan. For example, imagine a project has a BAC of 

100 hours. At time T, the project had a BCWP of 50 hours and an ACWP of 50 hours 

(thus a CPI of 1.0 to keep calculations simple). Once the project is complete, come to 

find out that the final ACWP was 120 hours. This means that at time T, we would 

assume the project to be 50/100 = 50% complete, when in reality it was 50/120 ≈

41.6% complete. 

If we extend this example to the EAC calculation, the impact is immediately clear.  

Using the original BAC, 𝐸𝐴𝐶 =  50 +
ଵ଴଴ିହ଴

ଵ.଴
= 100 

Using the true BAC, 𝐸𝐴𝐶 =  50 +
ଵଶ଴ିହ଴

ଵ.଴
= 120 

A revolutionary thought in cost estimating – if we know the final cost, we can 

probably do a better job of predicting it! Given our lack of a crystal ball, the cost of 1% 

relies on using historical analogies of scope growth to help perform a more realistic 

calculation of percent progressed. The key phrasing is “when vessel X was marked as 

50% complete, it was actually only 41.6% complete based on vessels Y and Z’s actual 

progress when reporting 50%.” Table 4 demonstrates how an increased final cost 

(shown as the ACWP in hours) affects the reported vs. actual percentage complete. The 

regular “Percent Complete” column is calculated by taking the cumulative BCWP (i.e., 

the earned scope) divided by the BAC (thus in the first period, 50 / 3,000 ≈ 1.7%). By 

contrast, the “Actual Percent Complete” takes the cumulative ACWP as the numerator 

and the final ACWP as the denominator (thus in the first period, 100 / 4,500 ≈ 2.2%). 
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Table 4: Cost of 1% 

 

By the tenth period, the lag appears; percent complete shows 45.0% while the Cost 

of 1% shows 42.8%. Figure 11 demonstrates how this lag progresses over time. Note 

that in this notional example, the work is still accomplished within the original schedule 

constraints for ease of showing the cost calculations, where in reality a schedule delay 

would likely occur. 

Period BAC BCWS BCWP ACWP CPI 
Percent 

Complete 
Actual Percent 

Complete 
1 3,000 50 50 100 0.50 1.7% 2.2% 

2 3,000 100 125 200 0.63 5.8% 6.7% 

3 3,000 150 125 200 0.63 10.0% 11.1% 

4 3,000 175 200 250 0.80 16.7% 16.7% 

5 3,000 125 150 150 1.00 21.7% 20.0% 

6 3,000 200 175 275 0.64 27.5% 26.1% 

7 3,000 150 100 125 0.80 30.8% 28.1% 

8 3,000 175 150 200 0.75 35.8% 33.3% 

9 3,000 150 150 250 0.60 40.8% 38.9% 

10 3,000 125 125 175 0.71 45.0% 42.8% 

11 3,000 150 175 200 0.88 50.8% 47.2% 

12 3,000 175 150 250 0.60 55.8% 52.8% 

13 3,000 150 125 300 0.42 60.0% 59.4% 

14 3,000 175 175 250 0.70 65.8% 65.0% 

15 3,000 150 175 200 0.88 71.7% 69.4% 

16 3,000 200 200 225 0.89 78.3% 74.4% 

17 3,000 150 200 200 1.00 85.0% 78.9% 

18 3,000 200 250 500 0.50 93.3% 90.0% 

19 3,000 150 125 250 0.50 97.5% 95.6% 

20 3,000 100 75 200 0.38 100.0% 100.0% 

Total 3,000 3,000 3,000 4,500 0.67 100.0% 100.0% 
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Figure 11: Cost of 1% Example 

The next sections outline how this powerful analytical technique can be applied to 

both standard EVM and to risk management broadly. 

4.2 Cost of 1% in Action 

Earned Value analysts are often asked some form of the question, “for Project X at 

Y% complete, what is the best EAC?” In this toy problem, we attempt to use the cost of 

1% methodology to estimate the final cost of the sea-going vessel CGM, which has the 

following metrics: 

o BAC = 2,500 hours 

o BCWP = 1,125 hours 

o ACWP = 1,250 hours 

o Reported Percent Complete = 45% 

 The traditional “simple EAC” method would entail taking the ACWP and dividing 

by the percent complete, which in this case yields 1,250/0.45 ≈ 2,778 hours as the 

EAC. This makes sense, as it took 125 more hours to achieve the 45% completion mark 

than were budgeted, thus the final EAC should be somewhat larger than the BAC. 

Digging into this further, however, this assumes that the performance for the last 55% of 

completion will be the same as for the first 45% (CPI = 1,125/1,250 = 0.9). As detailed 
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in the prior section, this is very unlikely to hold true, so the final cost has an uphill climb 

to meet even the calculated figure of 2,778 hours. 

Now we take into account the cost of 1%. Assume that we have the final datasets for 

two analogous vessels, the ATS and the JCD (all three vessels are monograms of 

previous co-authors). We now ask the question “When the ATS and the JCD reported 

45% complete, what was their actual percent complete using the final cost?” In this 

case, the ATS was at 43% complete when reporting 45%, while the JCD was at 41%, 

thus averaging to 42%. Re-doing the simple EAC calc with this new denominator, we 

now calculate 1,250 / 0.42 = 2,976, nearly 200 hours higher than the original prediction! 

4.3 Applications of the Methodology 

The cost of 1% is a valuable technique for several purposes besides EAC 

calculation; in this case, the most notable is the ability to set time-phased benchmarks 

for tripwires. While risk analysts abound with historical data to set distributions around 

continuous norms, those norms will change at different points in a project’s life cycle. 

Instead of merely saying, “if cost per widget exceeds 80% on the probability distribution, 

consider the wire tripped,” a PM could say “at 25% complete, the tripwire should be 

80%, while at 50%, the tripwire should be 70%.” Crucially, benchmarking against 

historical costs of 1% allows the percent complete to be more realistically measured, 

thus enabling more accurate tripwire application. 

Druker, Demangos, and Coleman approached the problem of EAC calculations from 

a slightly different perspective (Druker, Demangos, & Coleman, Richard, 2009). Their 

work was grounded by a fundamental rule of shipbuilding; as you go from the shop, 

then to the dry dock, then to the water, the work gets harder to perform (and thus 1% of 

the scope occurring in the dry dock is more expensive than 1% in the shop). This 

principle is applicable (albeit with different steps) to any project, despite efforts to 

strategically front-load work (which often fall prey to design delays, shortages in trained 

personnel, and other issues that plague the early stages of projects). The cost of 1% 

tends to rise over time, thus the CPI declines over time, meaning that CPI-based EAC 

calculations are always “tail chasing.” To resolve this, Druker, et al., ignored CPI and 

regressed the ACWP at a given percent progress against similar vessels’ respective 
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metrics, resulting in very accurate (+/- 4%) EAC predictions. Whether ACWP or percent 

progress is the variable, injecting predictive power into the EAC calculation is not only 

crucial for accurate forecasting, but also for effective monitoring. 

The cost of 1% technique can easily be applied to lower-level WBS items, as long as 

that level of granularity is available in analogous programs. Data collection is thus 

critical to accurate benchmarking; in this case, this includes the notoriously elusive final 

EVM reports, final Contractor Cost Data Reports (CCDRs), or other relevant program 

documentation. If risks are tied to WBS elements, this means that risk managers can 

also leverage these sound benchmarks in quantifying consequences and working 

toward mitigation strategies. The stepwise mitigation framework outlined in the following 

section enables not only the development of benchmarks but also the application of 

mitigations to be time phased. 

5 Stepwise Mitigation of Continual Risks 
5.1 Stepwise Mitigation Dashboard 

Rome was not built in a day (as the EVM gold card was not yet published!), and 

similarly most risks are not mitigated with just one action. There is a need for programs 

to systematically track and mitigate risk, preferably in a stepwise fashion. This process 

allows PMs to monitor risks at a granular level, breaking a single risk into discrete steps 

that progressively reduce the overall likelihood and consequence. We address this need 

by implementing an integrated data solution designed to track risk in a user-friendly 

fashion (i.e., an upgrade to the traditional risk register). Project teams developed a data 

entry form that allows Risk Owners to enter core information, including the title of risk, 

description, associated program, impact, and overall likelihood and consequence. The 

process then allows users to mitigate in manageable pieces, with a description of each 

step and an indication of additional funding/investment required, if any. Once submitted, 

the data automatically feeds a customized visual platform, where users track all 

program risks. Figure 12 below portrays a sanitized view of the dashboard. 
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Figure 12: Stepwise Mitigation 

The centralized tool allows risk tracking in one accessible location, communicated 

through visualizations. This example shows how an action may mitigate the impact only 

(as in Step 2), the likelihood only (as in Step 3), or both (as in Step 1). PMs are able to 

quickly see their program’s top risks while also having the option to dive into the details, 

allowing a comprehensive breakout of mitigation steps with clear time phasing. The 

stepwise mitigation process allows a streamlined risk solicitation process and reduces 

effort required by the centralized risk manager. 

5.2 Advantages of Stepwise Tracking 

Successful risk management goes beyond a basic risk register; it is about knowing 

how to transform the register into a measurable and actionable process. Stepwise 

tracking allows visibility into what actions are planned, completed, and outstanding. 

Through tracking each mitigation step against a defined timeline, the approach allows 

PMs to identify schedule slippage early on. The granularity of the entrance and exit 

criteria assures each mitigation step is measurable and directly linked to reducing the 

overall risk. Additionally, the risk management process holds Risk Owners accountable 

by assigning ownership for each mitigation step and overseeing the progress. Stepwise 

mitigation-tracking visualization tools do not need to be developed from scratch. Many 

Commercial Off-The-Shelf (COTS) tools, such as Risk Exchange +, can be adapted to 

follow this method. 

In context of the tripwire framework presented in Section 3.2, stepwise mitigation 

applies cleanly to discrete risks; you start with the risk likelihood and consequence, then 

Mitigation Date Step Description Close Out Criteria Resulting Likelihood Resulting Consequence

8/6/2025 Step 0
If they are not able to accurately scope the rate capability 
increases directed by congress, then the Navy is at risk of 
low defense

Obtain approved PB26 budget with 
needed scope for additional round 
procurements

5 5

8/30/2025 Step 1 Align scope with prime contractor
Obtain signed requirements from 
prime and PM

4 4

10/30/2025 Step 2 Complete IGCE for required scope increases
Add additional IGCE scope to PB26 
request

4 3

12/30/2025 Step 3 Obtain approved PB with additional scope for procurement Receive PB funding 3 3

2/27/2026 Step 4
Prime contractor successfully undergoes TTP, and enables 
rate production required by congress

Proof of manufacturing capability for 
desired rate

2 1

8/23/2026 Step 5 Prime contractor produces needed rounds in GFY27 Rounds delivered to the Navy 1 1

Mitigation Plan
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successively mitigate down to the end state (a lower likelihood and consequence). 

However, what about the continuous uncertainties, like blue-collar productivity in a 

shipyard? This is where the ability to quickly and bidirectionally convert between 

discrete and continuous shines, as a PM could simply run a conversion to more easily 

track mitigation steps. In a framework of continuous improvement, the idea is 

“continuous mitigation”, i.e., monitoring the performance of a continuous uncertainty and 

making corrections to keep within acceptable tripwire bounds. Using the toy problem as 

an example, PMs will be able to detect deviations from the estimate through continuous 

monitoring of inverse productivity if costs begin to approach the established tripwires. 

Just as the risk register should be updated on a frequent basis (keeping the RM staff 

busy), as more performance data accumulates, the risk analysts too should update the 

living estimate. 

6 Conclusion 
6.1 The Best of Both Worlds – An Integrated Approach 

We conclude by summarizing how tripwire management and the underlying 

calculations hold the potential to offer a more comprehensive approach to both risk 

management and risk analysis. 

6.1.1 Improved Risk Analysis 

One meta risk for the risk management process is the potential for under-developed, 

expert-assessment-based scoring for likelihood and consequence. While more time, 

effort, and data can certainly mitigate this, the use of tripwire calculus serves as a cross-

check for expert-based risks. The “backward pass” is used to derive implicit CVs and 

tripwire thresholds for continuous risks masquerading as discrete risks. It enables those 

risks to be appropriately included in the living risk model and further refined, as 

illustrated by the gold left arrow in Figure 13 below. 
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Figure 13: Tripwires Iteration 

6.1.2 Comprehensive Risk Management 

Many programs already operate under significant resource constraints and continual 

threats of funding cuts; there is no reason why risk managers should similarly operate 

with one hand tied behind their backs. Risk management in its academic form is best 

suited to derivations of discrete probabilities and impacts that stick to a neat if-then 

formulation and a default red-yellow-green color gradient. Risk management in practice 

must often be more comprehensive and agile to the needs of a program or portfolio. 

The tripwire calculus outlined in Section 3.2 and illustrated by the teal right arrow in 

Figure 13 above enables monitoring of continuous uncertainties when they would 

otherwise be omitted from traditional risk registers. This is a more comprehensive 

approach to risk management that ensures all mitigation plans can be racked, stacked, 

and prioritized effectively to ensure program success. 

The backward and forward pass are even more powerful when used in combination. 

Once initial continuous parameters are derived from expert-based Pf and Cf, they can 

be refined using data-driven Analogy, Parametric, or Bayesian methods and then 

translated back into a superior pair of Pf and Cf to supplant the original values. 

Framing Assumptions

Living Risk Model Risk Register

Continuous 
Uncertainties

Discrete
Risks

CV, m

Pf, Cf
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6.1.3 Proactive Program Management 

Tripwires “reset expectations” in a data-driven way that traditional rebaselines simply 

do not. This allows programs to take early action as thresholds are crossed and to avoid 

masking prior performance trends. Tripwires utilize data aligned with re-baselining to 

transparently track cost and schedule performance against adjusted targets. Leadership 

can track emerging trends and variances early on while ensuring Management Reserve 

(MR) is expended under standard conditions. Tripwires provide leadership the insight to 

proactively manage risks and keep programs on schedule. 

6.2 Call to Action 

Program management is a life-cycle activity, so a reliance on metrics and thresholds 

decided well before the first unit rolls down the production line is inherently limiting. This 

paper shows how to convert between discrete risks and continuous uncertainties to 

ensure the comprehensiveness and consistency of the living risk model (RA) and the 

risk register (RM); how to use cost of 1% for assessing time phasing of productivity-

driven cost elements and continual risks; and how to use stepwise mitigation to ensure 

the plan for handling these continual risks is time phased and monitored. Without these 

tools and techniques, the PM is flying blind on huge swaths of program cost. 

As with many analytical methods, comprehensive risk assessment is dependent on 

consistent, high-quality data collection. Tripwire distributions rely on strong historical 

context to understand the mean and spread; the cost of 1% is dependent on accurate 

period and final cost reporting; and effective stepwise mitigation plans are made 

possible by quantified impact scores. All these techniques are improved by program 

offices spending focused time and effort on the closeout and hotwash efforts that are 

often overlooked. Questions like “did we set our tripwires and metrics too aggressively 

or too conservatively?” and “how much did it actually cost to reduce this risk?” provide 

invaluable answers for forward planning and continuous improvement. RM and RA 

practitioners alike must invest time and resources into this type of data collection in 

order to unlock the powerful potential of tripwires. 

Even beyond a focus on program-level RM and RA, the tripwires approach offers a 

key improvement to managing risk at the portfolio level. Because the m parameter has 
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been shown to capture risk tolerance and aversion in a single number, the portfolio 

manager – a Program Executive Officer (PEO) or Portfolio Acquisition Executive (PAE), 

for example – can choose to enforce this preference across all programs in the portfolio, 

increasing efficiency and fairness. 

6.3 Next Steps 

Before getting too far down the road with analytical developments, we are applying 

the tripwire approach on projects as part of ongoing efforts at RM/RA integration. 

Feedback on practical implementation will illuminate future research. 

A natural extension is to apply the tripwire calculus to other continuous probability 

distributions, most notably Lognormal, Uniform, and Triangular. The latter may present 

challenges due to its flexibility as a three-parameter distribution. Initially, we would 

explore the symmetric case, followed by skew right. 

We’ve established firm ties between tripwires and EVM (progress-based EACs), cost 

estimating (productivity-based CERs), and risk analysis (cost growth factors). Further 

exploring the relationship with Six Sigma and SPC could only help translate terminology 

related to different applications of the same underlying mathematics. 

It persistently feels like the cost community could be doing more with Bayesian 

analysis. In establishing tripwires, we’ve relied on data-driven distributions and placed 

all the risk (if not uncertainty) in the realm of poor execution. In reality, we may start with 

only expert-based distributions (Bayesian priors), and optimistic estimating and poor 

execution may be inextricably compounded reasons for cost and schedule growth. 
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Appendix A: Iron Triangle Rubric 
 

 
Figure 14: Iron Triangle Cases 1-6, Single Arrow 

Cost and Schedule Risk scenarios are where Technical drives Cost or Schedule, 

respectively. If these arrows are reversed, Cost or Schedule constrains Technical. 

Where Cost drives Schedule, we think of an ideal schedule over which the funds can be 

efficiently and effectively spent, based on project size. Where Schedule drives Cost, 

there may be a significant “standing army” component incurring hours for the duration of 

of the project. These comprise the six one-arrow cases. 

 
Figure 15: Iron Triangle Cases 7-12, Diverging and Converging Arrows 

The first three cases in Figure 15 above all involve two diverging arrows. We’ve 

already seen the Cost and Schedule Risk case in the Waterfall paradigm. If Cost or 

Schedule is the predominant consideration, we might term those scenarios Cost As an 

Independent Variable (CAIV) or Schedule As an Independent Variable (SAIV). 

Similarly, we’ve already met the Agile Time Box scenario as part of the Agile 

paradigm. At a program level, Agile is more appropriate for IT systems, where rapid 

deployment of a minimum viable product (MVP) enables elicitation of customer 

feedback to fuel ongoing development.  Agile may be less appropriate for weapon 
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systems, where partial fulfillment of requirements might cause an aircraft to crash or a 

missile to completely miss its intended target. 

The other two cases of converging arrows are Crashing, where certain Technical 

scope must be achieved in a certain Schedule, and Cost becomes no object; and 

Backlog, where prioritized requirements (Technical) and a certain amount of funding 

(Cost) may determine how long it will take (Schedule). In the former case, overtime and 

outsourcing are two approaches that may drive up cost but enable the work to be 

completed on time. 

 
Figure 16: Iron Triangle Cases 13-18, Chained Arrows 

The final sestet are the cases with chained arrows, where the first represents a 

primary effect and the other a secondary effect. Cost growth resulting from Cost Risk 

may necessitate rephasing the Schedule. Conversely, schedule growth may add cost 

due to level of effort (LOE) elements. Where Cost constrains Technical, Schedule may 

again need to be rephased. Where Cost constraints Schedule, Incremental Funding 

may determine how much Technical scope can be addressed within each block of time. 

For Schedule-driven Incremental Acquisition, one of the time-phased funding (Cost) or 

scope (Technical) will tend to drive the other. 
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Appendix B: Tripwire Derivation 
 

This appendix contains a complete derivation of the “forward pass” and “backward 

pass” of the conversion between a continuous uncertainty and a discrete risk for 

productivity-related items. These were introduced in Sections 3.2 and 3.3, respectively. 

The p.d.f. of the two-parameter normal is: 

𝑝(𝑥) =
1

𝜎√2𝜋
𝑒

ି
(௫ିఓ)మ

ଶఙమ  

 

The conditional probability distribution of the tail is that of the Normal divided by the 

area in the tail (which happens to be Pf). 

𝑝(𝑥|𝑋 > 𝑐) =

1

𝜎√2𝜋
𝑒

ି
(௫ିఓ)మ

ଶఙమ

1
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∫ 𝑒

ି
(௧ିఓ)మ

ଶఙమ 𝑑𝑡
ஶ

௖

=

1

𝜎√2𝜋
𝑒

ି
(௫ିఓ)మ

ଶఙమ

1 − 𝐹(𝑐)
 

The expected value of the tail is then just the integral of x times that conditional 

probability, over the tail region. 

𝐸(𝑋|𝑋 > 𝑐) = න 𝑥 ∙ 𝑝(𝑥|𝑋 > 𝑐)
ஶ

௖

 

=

1

𝜎√2𝜋
∫ (𝜇 + 𝑥 − 𝜇)𝑒

ି
(௫ିఓ)మ
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ஶ

௖

1 − 𝐹(𝑐)
 

We add and subtract the Normal distribution mean so that we can split the integral 

into two tractable pieces: 

𝐸(𝑋|𝑋 > 𝑐) = 𝜇

1

𝜎√2𝜋
∫ 𝑒

ି
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ି
(௫ିఓ)మ
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ஶ

௖

1 − 𝐹(𝑐)
 

Per the previous result, the numerator in the first fraction is equal to the 

denominator, and the second term has a closed-form antiderivative: 
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𝐸(𝑋|𝑋 > 𝑐) = 𝜇 −

𝜎

√2𝜋
𝑒

ି
(௫ିఓ)మ
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Without loss of generality (W.l.o.g.), let the mean be 1.0 (representing 100% of the 

base estimate), and express the tripwire value c as m multiples of the CV: 

𝜇 = 1 → 𝐶𝑉 =  
𝜎

𝜇
=  

𝜎

1
=  𝜎 

𝑐 = 1 + 𝑚 ∙ 𝐶𝑉 

The conditional expectation then becomes: 

𝐸(𝑋|𝑋 > 𝑐) = 1 +

𝐶𝑉

√2𝜋
𝑒

ି
(ଵା௠∙஼௏ିଵ)మ

ଶ஼௏మ

1 − 𝐹(1 + 𝑚 ∙ 𝐶𝑉)
 

 

The CVs vanish from the exponent, and the denominator simplifies to the right-tail 

probability at a Z-score of m: 

1 +
𝐶𝑉

√2𝜋
∙

𝑒ି
௠మ

ଶ

1 − 𝛷(𝑚)
 

The full expression is the expected cost growth factor (CGF) associated with a 

Productivity with a given CV and a tripwire set at m times that CV, and the second term 

is the expected percentage growth. The latter is suitable for the Cf value in a Risk 

Register. It can be dollarized by simply multiplying by the point estimate for that cost 

element. 

The first factor in the product may be familiar to devotees of the Cost Estimating 

Body of Knowledge (CEBoK®) Module 9 Cost and Schedule Risk Analysis. It is the 

source of the “Self-Fulfilling Prophecy” rule of thumb. Because the reciprocal of the 

square root of two pi is approximately 0.4 (two fifths), we say that shifting all potential 
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underruns up to the mean – because nobody ever “gives back” their budgets4 – adds 

4% growth per 10% of CV. Note that if the tripwire is set at the mean, then m = 0 and 

the second factor collapses down to two, and we now have the rule of thumb of 8% 

growth per 10% of CV. Why did things suddenly double? That’s because a tripwire of m 

= 0 assumes we will finish on the unfavorable side of the bell curve. The Self-Fulfilling 

Prophecy variant still allows for the 50% chance of finishing at the mean, which would 

have zero impact to the (unbiased) point estimate, thereby diluting the increase by a 

factor of two. 

The expanded version of the table shows m values up to 2.50 (by multiples of 0.05) 

down the rows and CVs up 40% (by multiples of 1%) across the columns. It is certainly 

not intended to be legible at this scale, but the Conditional Formatting conveys how Cf 

increases with both uncertainty and risk tolerance. The jagged arc across the middle of 

the table illustrates the tradeoff between m and CV, tracing out pairs that have about the 

same impact. For example, a Cf of 23% occurs in the risk-averse scenario of CV = 20% 

and m = 0.5. If CV were only 10%, the same 23% impact would occur at about m = 1.9. 

 

Figure 17: Impact Level Curve as a Function of m and CV 

 

  

 

4 The Self-Fulfilling Prophecy is also known as the MAIMS principle, for “Money Allocated Is Money 
Spent.” 
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Appendix C: Tripwire Validation 
Any time we have complex formulae, it is a good idea to validate them both 

graphically and numerically.5 The third and final component of the dashboard, shown in 

Table 5 below, approximates Pf and Cf values by generating 10,000 variates of the 

continuous distribution; flagging those which exceed the tripwire; approximating Pf by 

computing the proportion of those; and approximating Cf by averaging them. We call 

this “No-Monte,” because we are not looping through 10K trials of a Monte Carlo 

simulation via Visual Basic for Applications (VBA) or a COTS Add-In such as Crystal 

Ball, @Risk, Argo, or Project Risk. Rather, the trials all exist “in real time” in the Excel 

workbook, as described in (Cincotta, Goodwin, & Griesbach, 2025). 

Table 5: Dashboard Part 3, Tripwire Validation 

 

We return to our widgets example, with an unbiased (i.e., mean) point estimate of 

$10M, which entails a standard deviation of $2M (given the specified CV of 20%). The 

10K variates are drawn from this Normal distribution, and about 15.9% of them are 

found to exceed the tripwire of $10M + $2M = $12M. When these variates are 

averaged, they come to about $13.05M, a $3.05M increase over the point estimate, or 

about 30.5%. If you’re not sure these values are “close enough” to the derived values in 

Part 1 of the dashboard, you can repeatedly hit F9 (Recalculate) and watch the 

numerically-derived Pf and Cf values dance. They should bracket the true values with a 

fair degree of precision. This is an advantage of the No-Monte approach; it essentially 

 

5 The famous “Harvard Calculus” text by Deborah Hughes-Hallett, et al., recommends the GNA 
mnemonic, which is to consider complex math Graphically, Numerically, and Algebraically, often in that 
order. We’ve already looked at tripwires graphically, via the tail of a Normal distribution, and derived the 
formulae algebraically; we are now validating them numerically, via a Monte Carlo-like computation. 

Tripwire Validation How you can be sure that the tripwire results in the desired Pf and Cf 
PE $10.0  $M point estimate 

std dev $2.0  $M standard deviation of the normal distribution about the point estimate 

tripwire $12.0  $M 
tripwire value, which is m multiples of the standard deviation about the 
point estimate 

Pf Monte 15.9% unitless cross-check on analytical Pf based on 10K "trials" 
Cf Monte 30.5% unitless cross-check on analytical Pf based on 10K "trials" 

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



  
 

39 

reruns all 10K with each F9. Granted, in this case, it’s only a single distribution without 

the need for correlation. 
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Appendix D: EVM Gold Card and Definitions 

 

Figure 18 EVM Gold Card 

 

The Gold Card is a handy reference provided by Defense Acquisition University 

(DAU) to demystify the “alphabet soup” associated with EVM (DAU, 2020). In addition to 

the illustration of the three main data elements (BCWS, BCWP, and ACWP) and two 

main variances (CV and SV) on the graph in Figure 18 above, it breaks out Contract 

Price into its various components and gives basic formulae for EAC and TCPI. 

Some key EVM acronyms and their respective expansions are given in Table 6. 
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Table 6: EVM Acronyms 

 

 

  

Acronym Definition 
AC Actual Cost 

ACWP Actual Cost of Work Performed 
BAC 

ΔBAC 
Budget at Complete 
Change in Budget at Complete since last period 

BCWP Budgeted Cost of Work Performed 
BCWR Budgeted Cost of Work Remaining 
BCWS Budgeted Cost of Work Scheduled 

CPI Cost Performance Index 
CV Cost Variance 

EAC Estimate at Complete 
EV Earned Value 

EVM Earned Value Management 
EVMS Earned Value Management System 

IBR Integrated Baseline Review 
LOE Level of Effort 
LRE Latest Revised Estimate 
MR Management Reserve 
PC Percent Complete 

PMB Performance Management Baseline 
SPI Schedule Performance Index 
TAB Total Allocated Budget 
TCPI To-Complete Performance Index 
WBS Work Breakdown Structure   
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Appendix E: Acronym List 
These are the acronyms, abbreviations, and initialisms not included in Appendix D: 

EVM Gold Card and Definitions. 

Table 7: Additional Acronyms 

 

 

 

  

Acronym Definition 
BOE Basis Of Estimate 
cdf cumulative distribution function 

CER Cost Estimating Relationship 
COTS Commercial Off-The-Shelf 

CV Coefficient of Variation 
EMD Engineering and Manufacturing Development 

FP Function Point 
GAO Government Accountability Office 
GNA Graphical, Numerical, Algebraic 

GR&A Ground Rules and Assumptions 
JSF Joint Strike Fighter 

MVP Minimum Viable Product 
PAE Program Acquisition Executive 
pdf probability density function 
PEO Program Executive Officer 

PI Program Increment 
PM Program Manager 
RA Risk Analysis 

RCA Root Cause Analysis 
RIO Risk, Issue, Opportunity 
RM Risk Management 

SLOC Source Line Of Code 
SME Subject Matter Expert 

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



  
 

43 

Appendix F: Author Bios 
 

Peter J. Braxton just celebrated 15 years as an employee-owner at Technomics, 

Inc., where he currently serves as Subject Matter Expert (SME) and Director of 

Learning. He has over 25 years of experience performing cost and risk analysis and 

delivering associated training for a broad spectrum of federal government clients. The 

inaugural VP for Professional Development and a multiple ICEAA Educator of the Year 

winner, he has shown a long-standing commitment to knowledge sharing within the 

community. He holds an AB in Mathematics from Princeton and an MS in Operations 

Research from the College of William and Mary. He is a semi-retired game show 

contestant and avid cruciverbalist. 

Christina DeAngelo has been with Technomics, Inc., since June, 2024, and 

provides production analysis and cost support to Integrated Warfare Systems (IWS) 3.0. 

She has contributed to innovation and capability delivery within the Cost Analysis and 

Acquisition Support (CAAS) service area. Christina graduated from Penn State 

University with a degree in Mechanical Engineering.  

Sean Wells has been with Technomics, Inc., since July, 2023, and currently 

provides cost support to the Marine Corps Program Assessment and Evaluation (PA&E) 

Office. Sean has an MS in Contracts Acquisition and Management and more than five 

years of professional experience working naval estimates and performing risk analyses. 

He is a Certified Cost Estimator/Analyst (CCEA) and was recently elected President of 

the Washington Capital Area Chapter (WCAC) of ICEAA. 

 

 

 

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026




