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Abstract 
Traditional Earned Value Management (EVM) and scheduling analytics rely on 
deterministic indicators such as cost and schedule variances, performance indices, and 
trend-based forecasts to assess project health. However, these metrics often fail to quantify 
the probability and timing of milestone delays, which drive downstream cost and schedule 
risk. This research applies survival analysis, a statistical framework commonly used in 
reliability and biomedical studies, to model the expected duration until such late events 
occur within EVM-governed programs. Using historical schedule and EVM data, time-to-
event modeling techniques such as Kaplan–Meier estimators and Cox proportional hazards 
models estimate the likelihood that a project milestone “survives” without delay over time. 
The results show how survival curves and hazard ratios can serve as early-warning 
indicators, complementing traditional EVM metrics with probabilistic insight into when 
and under what conditions key schedule risks emerge.  
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The Life and Death of a Milestone 
1. Introduction 
Programs operating in an Earned Value Management (EVM) environment integrate cost, 
schedule, and technical information to enable performance oversight throughout execution. 
Through recurring monthly update cycles, this framework allows stakeholders to monitor 
project efficiency, assess trending risks, and forecast the total cost and time of completion 
using EVM and Critical Path Method (CPM) based analysis. Despite these strengths, existing 
EVM and CPM based methods fail to provide a probabilistic assessment of when a key 
project milestone may become late, and what may be driving that delay, limiting a decision 
maker’s ability to allocate resources in time to avoid these risks.  

This paper evaluates whether Survival Analysis can provide an earlier and more actionable 
differentiation of schedule risk in EVM programs. Using monthly EVM and schedule data 
from a small set of projects as a case study, this study will evaluate the probability and 
timing of milestone delays based on commonly available data to determine if time-
dependent insights from survival analysis can serve as early-warning indicators for key 
schedule risks. 

2. Background 

2.1. Earned Value Management and Critical Path Methodology 

Earned value management is a methodology which integrates technical work scope, 
schedule, and resources in a baseline plan, called the Performance Measurement Baseline 
(PMB), against which progress is measured. EVM uses five main variables (listed below) to 
monitor and evaluate PMB execution.  

BCWS = Budgeted Cost of Work Scheduled 

BCWP = Budgeted Cost of Work Performed 

ACWP = Actual Cost of Work Performed 

BAC = Budget at Completion 

EAC = Estimate at Completion 

Each month, project teams use metrics derived from these five variables to track overall 
project status, cost and schedule variances, performance efficiency, and estimates at 
complete, giving stakeholders insight into project execution and potential risks. As the 
baseline plan reflects a time-phased execution of the budget, all standard EVM schedule 
metrics measure performance in units of cost rather than time. Because of this, EVM 
analysis is typically supplemented with schedule analysis using an Integrated Master 
Schedule (IMS).  
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Using the Critical Path Method, project teams can develop an accurate picture of project 
duration and task timelines by evaluating IMS features which are indicative of project 
health, such as the critical path, float/slack, and constraints. Another method used to assess 
and control schedule performance is earned schedule (ES). Earned schedule converts 
earned value to units of time by determining at which point in time the performance 
accrued should have occurred. Finally, a probabilistic estimate of durations to individual 
milestones can be developed using a driving path and Schedule Risk Analysis (SRA). 
However, these forecasts are dependent on a quality schedule and estimated risk 
distributions and are not typically refreshed at the same cadence as IMS updates.  

While earned value, critical path, and earned schedule methods provide a robust 
framework for monitoring and controlling schedule performance, they can only be used to 
provide a deterministic picture of the project’s current and future state. A forecast of 
project duration based on SPI, the critical path, and SPI(t) can all yield wildly different 
results based on the data available at that moment. Additionally, because these methods 
only provide a snapshot of performance, insights gathered from analysis may not be robust 
enough to support important conversations around resource allocation that most likely 
have portfolio level implications. 

2.2. Survival Analysis 

Survival analysis provides a statistical framework for time-to-event modeling, which can be 
used to predict and interpret the time until an event occurs. In this framework, the time 
variable is typically referred to as ‘survival time’ and the event as ‘failure’ (or in biomedical 
fields ‘death’).  

Survival analysis has the distinct benefit of accounting for time-dependent covariates (i.e. 
predictors that change over time), non-normal time distributions, and censoring (i.e. when 
the event has not occurred for a subject within the data set). Right censoring occurs when 
failure has not yet been observed by the end of monitoring, left censoring when it occurred 
prior to observation, and interval censoring when it is known only to lie between two 
times. These traits make the methods uniquely impactful in fields like medicine, where 
longitudinal studies of disease interventions suffer from patients dropping out or not 
experiencing the event during the period of observation. 

To assess the time until an event or the relationship of an explanatory variable to survivor 
time, the following outputs are typically developed: 

The survivor function S(t) gives us the probability (P) that the survival time (T) is greater 
than a specific time of interest (t).  

𝑆𝑆(𝑡𝑡) = 𝑃𝑃(𝑇𝑇 > 𝑡𝑡) 

The survival function for two or more groups can be plotted over time to visualize what 
proportion of the subjects are predicted to have survived at time t. These functions can be 
modeled using parametric, semi-parametric, and non-parametric approaches. The two 
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most popular non-parametric and semi-parametric models respectively are the Kaplan-
Meier and Cox Proportional Hazard models. 

The hazard function h(t), which can be derived from the survival function, measures the 
instantaneous potential per unit of time for the event to occur given that the subject has 
survived up to time t. This is also referred to as the hazard rate since it is measured in units 
of time. 

ℎ(𝑡𝑡) =  lim
∆𝑡𝑡→∞

𝑃𝑃(𝑡𝑡 ≤ 𝑇𝑇 < 𝑡𝑡 +  ∆𝑡𝑡|𝑇𝑇 ≥ 𝑡𝑡)
∆𝑡𝑡

 

To assess differences between two or more non-parametric survival curves, we use Log-
rank tests. This variation of a chi-square test allows us to statistically identify differences 
in the time until an event occurs between the groups under evaluation. 

3. Methodology 
The primary goal of any project manager is to ensure the project is executed on time and on 
budget. With that in mind, the objective of this study is to quantify how long formally 
approved schedule milestones remain forecasted to be on time, and to characterize when 
schedule deterioration becomes visible within routine schedule updates.  

To analyze this problem, we collected schedule and EVM data from four shipbuilding 
projects under the same program. For each project we collected monthly Integrated Master 
Schedules and Integrated Program Management Reports. Shipbuilding milestones from the 
IMS were selected as the unit of analysis for this study since these elements are 
standardized across projects and ensure comparability. The 24 milestones evaluated are 
listed in Appendix A – Shipbuilding Milestones 

For these projects, a complete archive of historical schedules was not available. A few early 
months of data are missing, but no milestone is observed to be delayed at its first 
appearance in the record, so the dataset contains no left-censored events. Where a 
milestone enters the schedule after baseline approval, it joins the risk set at its first 
observed month rather than at time zero. This is delayed entry, also called left truncation, 
and it is handled directly in the Kaplan-Meier and Cox estimation so that a milestone 
contributes to the risk set only once it is actually under observation. Time is measured 
from baseline approval throughout.  

Milestones are right censored when they are completed, or when the observation window 
ends, before a forecast delay is observed. The analytical dataset therefore combines right 
censoring with delayed entry, but contains no observed left-censored events. 

Time zero (t₀) is defined as the baseline approval date for each project. This represents the 
moment when the planned milestone dates become an authorized commitment. Measuring 
survival from this point allows us to interpret the survival durations as the lifespan of the 
original baseline estimate.  
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The failure event is defined as the first month in which the forecast milestone finish date 
exceeds the baseline finish date. This definition captures the earliest point at which the 
schedule communicates a formal acknowledgement that the milestone will be completed 
later than planned. For this study, only the first schedule delay is considered. While 
forecasted finish dates can be adjusted following the initial delay, subsequent fluctuations 
in the forecast were not modeled. As the status of the project is measured monthly, the 
event timing is measured throughout the study in months, meaning multiple milestones 
may die within the same update cycle. 

We will be using a Kaplan-Meier (KM) estimator to assess the probability that a milestone 
forecast remains on time t months after the baseline is approved. These KM survival curves 
will convey the median time from milestone approval to first projected schedule delay. 
Additionally, this will allow us to evaluate the probability of delay within certain life cycle 
windows and the differences in survival across individual milestones and projects. To 
statistically validate this comparison, we will use log-rank tests. 

Finally, we will compute monthly hazard rates to understand when milestone delay risk is 
most concentrated and Cox proportional hazard (Cox PH) models to explore which 
covariates may explain milestone delays. Specifically, the study will explore the impacts of 
critical path status, float, and lifecycle positioning.  

To assess critical path status, we use the critical path flag from the IMS at each status. To 
assess the impact of float on milestone survivability, we bucket float at baseline into four 
categories being critical (zero float), low (1-30 days of float), moderate (31-90 days of 
float), and high (greater than 90 days of float). Finally, to assess the impact of lifecycle 
positioning we develop an ordinal feature based on the order of the milestone within the 
shipbuilding lifecycle. 

4. Analysis and Interpretation 
The dataset used for this study consists of 96 milestone observations based on 24 standard 
shipbuilding milestones tracked across four individual projects. The four projects are in 
progress as of the time of this study and have baseline durations ranging from 73 to 78 
months. Across the full 53-month window of observation, 2,523 total records were 
captured. Of the 96 milestones in the dataset, 94 milestones experienced a delay. The 98% 
event rate seems to indicate that schedule delays are common within the dataset and 
therefore the value of survival analysis is more on predicting when a delay will occur 
rather than if it may occur. 

4.1. Milestone Survival Distributions 

Figure 1 presents the Kaplan-Meier survival curve for all 96 milestones captured across the 
four projects within the program. For the sake of this case study, the program is treated 
like a portfolio of projects. The curve shows the estimated probability that a milestone 
remains forecasted to be on time at t months following baseline approval. 
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Figure 1: Portfolio Milestone Survival Curve 

The median survival times for milestones within the dataset is 11.4 months after baseline 
approval. The curve exhibits a steep drop off between months 10 and 18, reflecting a 
period of concentrated risk in early to mid-program execution. By month 18, roughly 80% 
of the milestones are estimated to have delayed, with more than 95% delayed by month 24.  

The portfolio level survival curve provides valuable insights that can be leveraged to 
improve schedules during the planning phase. A program manager with a survival curve 
constructed with historical schedule data could present a probabilistic forecast of schedule 
health during IBR to inform the baseline of a future project prior to baseline approval. 
Additionally, a normalized survival curve can influence risk management in the early stages 
of a project as they will be aware of periods of potential schedule deterioration before 
current period EVM metrics surface the same information.   

If we stratify the portfolio survival curve into the individual projects as shown in Figure 2 
we can see a direct comparison of milestone survival trajectories. 
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Figure 2: Survival Curves by Project 

The log-rank test results reveal statistically significant variation in survival behavior across 
projects (χ² = 56.67, p < 0.001) despite all four projects sharing the same organizational context 
(prime contractor, location, etc.). 

Table 1: Project Survival Summary 

Project # of Milestones Events Censored Median 
(months) 

Project 1 24 24 0 13.0 
Project 2 24 24 0 11.4 
Project 3 24 24 0 10.5 
Project 4 24 22 2 18.5 

 

Table 1 shows that Project 3 experienced the fastest schedule deterioration with a median 
milestone survival of 10.5 months. Projects 1 and 2 followed closely with median survival duration 
of 13.0 and 11.4 respectively. Project 4 exhibited notably better schedule performance with a 
median milestone survival duration of 18.5 months and the only project with milestones left that 
have not delayed during the period of observation. This difference in schedule performance is likely 
driven by the fact that Project 4 has the most recent baseline approval and therefore has not had as 
much relative time to experience forecasted delays. 

While this represents a small sample of project level differences, the results demonstrate that 
survival curves can meaningfully differentiate schedule risk trajectories across projects with the 
same milestone framework. A portfolio manager with a larger portfolio of projects may be able to 
apply the concepts captured in Figure 2 and Table 1 to quantify that a project like Project 4 is 
expected to maintain its schedule for 8 months longer than a project like Project 3.  
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Figure 3 presents survival curves stratified by the amount of float present at baseline 
approval.  

 
Figure 3: Survival Curves by Float 

Based on an alpha value of .05 the log rank test does not produce a statistically significant 
difference between a float group’s milestone survivability. However, given the p-value of .0510 and 
the small sample size, this result does show promise that float is an impactful feature of milestone 
variability. 

At baseline, 60 of 96 milestones are classified as critical, potentially suggesting schedule immaturity 
(e.g., excessive zero float due to incomplete logic or constraints). Despite the high proportion of 
critical milestones at t₀, their survival curve does not collapse immediately, as many critical 
milestones remain on time well into execution. This pattern suggests that critical designation alone 
does not correspond to the highest early hazard of delay. One possible explanation is increased 
oversight of critical activities, however this cannot be inferred directly from the survival behavior 
alone. 

In contrast, low-float (near-critical) milestones exhibit the steepest early decline in survival. These 
milestones may represent structurally vulnerable elements of the schedule that are not identified 
by a binary critical path designation. As a result, they may represent a “risk blind spot” in 
traditional CPM-driven oversight. 

Late-stage survival behavior may reflect changes in delay risk as the project progresses, rather than 
deliberate protection of specific milestones. Overall, the graphic implies that binary CPM flags alone 
may not fully capture schedule risk behavior over time, supporting the value of probabilistic 
modeling. 
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Figure 4 presents the survival curves by individual milestone type. This stratification reveals with 
statistical significance that early lifecycle milestones fail faster than late lifecycle milestones.  

 
Figure 4: Survival Curves by Lifecycle Phase 

The graphic highlights that early phase work is unstable, potentially due to issues such as design 
immaturity or requirements churn. While this is still a small sample size, the stronger statistical 
significance suggests that lifecycle phase is a stronger predictor of delay than float availability at 
project baseline, highlighting that schedule risk potentially evolves with program maturity. 

With this information, a program may focus on increasing design reviews and schedule audits in the 
pre-production phase when risk is highest. Additionally, it may be impactful to avoid treating all 
milestones equally regardless of lifecycle stage and potentially introduce phase-adjusted risk 
thresholds for day to day schedule monitoring with survival curves (e.g. flag Pre-Production 
milestone when P(late) > 40% vs when P(late) > 60% for Trials and Delivery). 

Below in Table 2 is a milestone level summary, sorted based on delay probability. 
 

Table 2: Ranking Milestones by Delay Probability 

Project Milestone Name Float 
(days) 

Critical P(breach 
≤ 12mo) 

Actually 
late? 

Obs. 
duration 
(months) 

Project 4 MIL-PRR Production 
Readiness Review 

(PRR) & Shipbuilding 
Production Planning 
Conference (SPPC) 

#1 

43 0 63.0% True 18.5 
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Project 3 MIL-PRR Production 
Readiness Review 

(PRR) & Shipbuilding 
Production Planning 
Conference (SPPC) 

#1 

0 0 63.0% True 10.5 

Project 2 MIL-PRR Production 
Readiness Review 

(PRR) & Shipbuilding 
Production Planning 
Conference (SPPC) 

#1 

23 0 63.0% True 7.4 

Project 1 MIL-PRR Production 
Readiness Review 

(PRR) & Shipbuilding 
Production Planning 
Conference (SPPC) 

#1 

11 0 63.0% True 8.1 

Project 4 MIL-FAB Start 
Fabrication/Full 

Production 

43 0 63.0% True 18.5 

Project 3 MIL-FAB Start 
Fabrication/Full 

Production 

0 0 63.0% True 10.5 

Project 2 MIL-FAB Start 
Fabrication/Full 

Production 

0 0 63.0% True 9.4 

Project 1 MIL-FAB Start Fabrication 3 0 63.0% True 13.0 
Project 1 MIL-

MOVEOUT 
Move Ship to Launch 

Ways 
0 0 59.8% True 27.0 

Project 2 MIL-
MOVEOUT 

Move Ship to Launch 
Ways 

0 0 59.8% True 11.4 

Project 3 MIL-
MOVEOUT 

Move Ship to Launch 
Ways 

0 0 59.8% True 10.5 

Project 4 MIL-
MOVEOUT 

Move Ship to Launch 
Ways 

0 0 59.8% True 18.5 

Project 4 MIL-S-
Erect 

Start Erection/Keel 
Lay 

98 1 50.0% True 6.5 

Project 3 MIL-S-
Erect 

Start Erection/Keel 
Lay 

240 1 50.0% True 10.5 

Project 2 MIL-S-
Erect 

Start Erection/Keel 
Lay 

191 1 50.0% True 6.4 

 

4.2. Exploring When Milestone Delay is Highest 

While survival curves describe the cumulative probability of milestone integrity over time, 
the discrete hazard function quantifies the instantaneous monthly risk. Figure 4 below 
highlights the hazard function (e.g. the fraction of milestones that are still on time at month 
t that experience their first delay during that month) across the full observation window. 
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Figure 5: Hazard Rates Over Time 

The hazard function shows us a pattern of high concentrated early risk in months 10-20 
with a long tail of low probability as almost all milestones have experienced an event late in 
project execution. Risk of delay seems to peak at month 12 where 75% of milestones still 
on time are predicted to delay, with secondary and tertiary peaks at 11 and 14 months 
respectively.  

For the purposes of serving as an early warning system, a program should prioritize 
elevated vigilance during months 10-20, as this seems to be a window of significant 
schedule fragility. 

A summary of the top 5 Hazard months is in Table 3 below. 

Table 3: Top 5 Highest Hazard Months 

Month Milestones at risk Delays h(t)1 
12 24 18 75.0% 
11 48 23 47.9% 
14 48 20 41.7% 
19 71 20 28.2% 
7 70 4 5.7% 

1Instantaneous probability of delay 

4.3. Potential Influencers of Milestone Delay 

While the Kaplan-Meier survival curves and hazard analyses characterize when milestones 
delay, they do not address why. To answer this question, we leverage the Cox Proportional 
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Hazards model. Using the baseline schedule attributes as features, we can estimate the 
relative change in instantaneous hazard of delay associated with each feature, expressed as 
a hazard ratio.  

Since there is a relatively small sample size, the model was fitted with an L2 ridge penalize 
of 0.1 to address potential instability in coefficient estimation. The three primary 
covariates chosen for analysis are float at baseline (in weeks), binary critical path status, 
and milestone sequence. The individual projects were also one-hot coded as categorical 
variables with Project 1 serving as the baseline category.   

Table 4: Cox Proportional Hazard Results 

Covariates Hazard 
Ratio 95% CI SE z p-value 

Schedule Float (weeks) 0.98 0.97 – 0.99 0.005 -3.88 <0.001 
Critical Path 0.708 0.44 – 1.138 0.242 -1.43 0.154 
Milestone Sequence 0.977 0.945 – 1.009 0.017 -1.43 0.154 
Project 2 2.428 1.401 – 4.206 0.28 3.16 0.002 
Project 3 7.846 3.826 – 16.092 0.366 5.62 <0.001 
Project 4 0.455 0.267 – 0.777 0.273 -2.88 0.004 

 

The forest plot in Figure 6 below presents the estimated hazard ratios and 95% confidence 
intervals for each covariate.  

 
Figure 6: Cox Proportional Hazard Forest Plot 

The plot highlights two distinct takeaways. First, there is a statistically significant 
difference in hazard of delay from the first project as compared to the second, third, and 
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fourth project. These findings seem to align with the results shown in the KM curves from 
section 4.1 as milestones from Projects 2 and 3 seem to delay quicker than Project 1, 
whereas milestones from Project 4 last longer. These project level differences may reflect 
program maturity effects, learning curves across successive ships, or difference in baseline 
planning differences, but would warrant further investigation to confirm. 

Second, available float at project baseline is the only non-project level covariate with a 
statistically significant influence on hazard of delay. Available float shows a mild protective 
effect meaning that milestones with more float at the time of baseline approval experience 
a lower hazard of delay. The results show that each additional week of float at project 
baseline is associated with a reduction in instantaneous hazard of delay. The critical path 
status and lifecycle sequencing do not have a statistically significant effect on the hazard of 
delay. This is further verified in the Cox PH survival curve in Figure 7 below. 

 
Figure 7: Predicted Survival Curves by Criticality 

5. Conclusion 
The KM survival curves, hazard rates, and Cox PH model outputs from Section 4 tell a 
coherent story about schedule risk within this small data set of projects. The KM survival 
curves show that shipbuilding milestones survive a median of 11.4 months before the IMS 
formally acknowledges the delay and that risk of delay is not uniformly distributed over 
time. This risk is concentrated between months 10 and 20 as shown in the KM curves and 
discrete-time hazard rate plot. As expected, early-lifecycle milestones delay significantly 
faster than late lifecycle milestones, suggesting that schedule pressure is front loaded 
within this small sample size of projects. Finally, float availability at project baseline is the 
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only schedule attribute tested that was proved to be meaningfully associated with rate of 
delay.  

These findings, while mild, do not attempt to replace EVM, CPM, Earned Schedule, or SRAs. 
Rather, it suggests a potentially complementary perspective. Traditional EVM and CPM 
based methods provide deterministic or performance-based snapshots of schedule health 
at a point in time. Survival analysis, on the other hand, leverages historical sequencing of 
monthly schedule updates to empirically characterize when forecast credibility erodes. The 
hazard curve helps identify periods of increased schedule fragility, but it does not override 
CPM or EVM based takeaways. Instead, it may provide temporally informed risk indicators 
which can be useful for portfolio-level risk management when used alongside traditional 
methods. 

Nearly all milestones in the evaluated dataset experienced delay. This high rate of delay 
shifted the analysis from whether a milestone may fail to when it will fail. The high 
percentage of failure events may reflect a combination of factors including propagation 
effects from early milestones failing, programmatic pressures, or optimistic baselines. 

Among the baseline schedule attributes tested, float availability is the only covariate 
proven to be associated with a higher rate of delay. Additional float at baseline approval 
corresponds to a reduced instantaneous hazard of delay. This suggests that a baseline 
schedule buffer influences how rapidly forecast instability becomes visible within the 
schedule.  

The survival curves presented in this analysis were not normalized for total planned 
duration since the projects were similar in scale and baseline timelines. However, in a 
larger study with more diverse programs and duration ranges, normalization would likely 
be required to enable cross-program comparability as well as to produce any meaningful 
portfolio level takeaways. In general, a more comprehensive dataset with more diversity 
would have led to stronger conclusion that could be generalized beyond a single program.  

In summary, this study demonstrates that baseline schedules exhibit a measurable lifespan 
and that the timing of forecasted delays can be statistically modeled using survival analysis. 
While the results are based on a limited dataset, they suggest that survival-based risk 
assessment may serve as a useful complement to existing CPM and EVM based techniques 
by quantifying when schedule credibility begins to deteriorate within complex acquisition 
programs. 
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7. Appendix A – Shipbuilding Milestones 

Milestone Code Milestone Name Lifecycle Phase (Survival 
Stratification) 

MIL-IBR Integrated Baseline Review Phase 1: Pre-Production 
MIL-PRR Production Readiness Review Phase 1: Pre-Production 
MIL-FAB Start Fabrication Phase 2: Production 
MIL-S-Erect Start Erection / Keel Lay Phase 2: Production 
MIL-SPLO Shore Power Lightoff Phase 2: Production 
MIL-CSLO Combat System Lightoff Phase 2: Production 
MIL-MOVEOUT Move Ship to Launch Ways Phase 2: Production 
MIL-LAUNCH Launch Ship Phase 2: Production 

MIL-AVCERT Aviation Certification 
Inspection Phase 3: Trials & Delivery 

MIL-GLO-RR Generator Lightoff Readiness 
Review Phase 3: Trials & Delivery 

MIL-GLO Generator Lightoff Phase 3: Trials & Delivery 

MIL-MELO-RR Main Engine Lightoff 
Readiness Review Phase 3: Trials & Delivery 

MIL-MELO Main Engine Lightoff Phase 3: Trials & Delivery 
MIL-FO-RR Fuel Onload Readiness Review Phase 3: Trials & Delivery 
MIL-FO Fuel Onload Phase 3: Trials & Delivery 

MIL-BTRR Builder’s Trials Readiness 
Review Phase 3: Trials & Delivery 

MIL-BDT Builder’s Dock Trials Phase 3: Trials & Delivery 
MIL-BST(1) Builder’s Sea Trials (Phase 1) Phase 3: Trials & Delivery 
MIL-BST(2) Builder’s Sea Trials (Phase 2) Phase 3: Trials & Delivery 

MIL-ATRR Acceptance Trials Readiness 
Review Phase 3: Trials & Delivery 

MIL-AT Acceptance Trials Phase 3: Trials & Delivery 
MIL-CD Contract Delivery Phase 3: Trials & Delivery 
MIL-ED Early Delivery Phase 3: Trials & Delivery 
MIL-SA Sail Away Phase 3: Trials & Delivery 
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