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Abstract 

The U.S. Air Force (USAF) continues to face a significant shortage of pilots, particularly 
those who fly fighter aircraft. Though senior leaders have pushed to dramatically increase the 
production of new pilots, downstream operational squadrons are wrestling a countervailing issue: 
there are too few experienced and instructor pilots to timely train the growing numbers of 
inexperienced pilots destined to replace them – in Air Force parlance, units are suffering from 
over-absorption. Given the closed nature of the military aircrew management system 
(experienced USAF pilots can leave to the airlines, but until recently, the Air Force lacked a 
lateral entry path for experienced pilots from industry), the juxtaposition of these two problems 
presents force planners with a dilemma:  how can we grow the future supply of experienced 
pilots when doing so inherently demands more experienced pilots than we have today? The Air 
Force is exploring several policy proposals to address this issue, two of which form the 
cornerstone of this research.  

The problem is analyzed through the lens of a squadron-level, discrete-time, stochastic 
simulation model of USAF operational flying, which is first calibrated to represent today’s 
baseline performance, then modified to explore two nascent policy changes, including removal 
of a previously longstanding sortie minimum requirement and a comprehensive rebuilding of the 
fighter forge training paradigm (REFORGE). Of particular interest are the model’s two summary 
absorption metrics: time to flight lead (TTFL) and squadron absorption capacity, or the yearly 
rate at which the unit can turn inexperienced pilots into experienced ones. Results show varying 
degrees of improvement for each of the policies relative to their baseline cases, and are presented 
alongside a qualitative discussion of significant implementation considerations which lie outside 
the scope of the simulation model. Ultimately, this research leads to recommendations regarding 
Air Force data practices and the importance of a future systems-level analysis thereby enabled.  
  



 



v 

Table of Contents 

Abstract .......................................................................................................................................... iii 
Figures........................................................................................................................................... vii 
Tables ............................................................................................................................................. ix 
Acknowledgments........................................................................................................................ xiii 
Abbreviations .................................................................................................................................. x 
Chapter 1. Introduction ................................................................................................................... 1 

General Aims, Objectives, and Policy Relevance .................................................................................... 3 
Research Questions .................................................................................................................................. 5 
Organization ............................................................................................................................................. 5 

Chapter 2. Background ................................................................................................................... 6 
From Butter Bar to Veteran Pilot – the Air Force Fighter Pilot Life Cycle ............................................. 6 

Pilot Production .................................................................................................................................... 6 
Pilot Absorption ................................................................................................................................... 9 
Pilot Retention .................................................................................................................................... 14 

Force Structure Imbalance and the Pilot Bathtub ................................................................................... 17 
Chapter 3. Research Approach ..................................................................................................... 23 

Aircrew Management as a MWPM Problem ......................................................................................... 24 
Manpower Planning Problems ........................................................................................................... 24 
Putting the M in MWPM .................................................................................................................... 25 

Pilot Force Planning is Amenable to Simulation .................................................................................... 26 
The Simulation Model ............................................................................................................................ 27 

The Conceptual Model ....................................................................................................................... 27 
Model Inputs, Parameters, and Outputs ............................................................................................. 36 
Implementing the Model .................................................................................................................... 37 

Applying the Model: the Scenario Study ............................................................................................... 37 
Chapter 4. F-16 Application: Removing the Sortie Minimum ..................................................... 39 

Introduction ............................................................................................................................................ 39 
Parameterization ..................................................................................................................................... 40 
Results .................................................................................................................................................... 43 
Implications ............................................................................................................................................ 43 

Chapter 5. F-22 Application: Modeling ACC REFORGE ........................................................... 45 
Introduction ............................................................................................................................................ 45 
Parameterization ..................................................................................................................................... 47 

F-22 Baseline Model .......................................................................................................................... 47 
Modeling the REFORGE Concept ..................................................................................................... 50 

Results .................................................................................................................................................... 52 
Implications ............................................................................................................................................ 54 



vi 

Chapter 6. Simulation Summary ................................................................................................... 55 
Assumptions, Sensitivity, and Limitations ......................................................................................... 56 

Chapter 7. Conclusion ................................................................................................................... 58 
Key Findings and Conclusions ............................................................................................................... 58 
Recommendations .................................................................................................................................. 60 
Opportunities for Future Research ......................................................................................................... 61 
Final Thoughts ........................................................................................................................................ 62 

Appendix A. Support Requirements ............................................................................................. 63 
F-16 Syllabi ............................................................................................................................................ 63 
F-22 Syllabi ............................................................................................................................................ 64 

Appendix B. Broader Qualitative Considerations ........................................................................ 66 
Money ..................................................................................................................................................... 66 
Greed, for Lack of a Better Word, is (Maybe) Good.............................................................................. 69 
Pipeline Data Require Data Pipelines: The Role of HAF/A3X .............................................................. 71 

Appendix C. Comparison of Simulation Results to Official Models ........................................... 73 
ACTF Equation ...................................................................................................................................... 73 
ACC Tool ............................................................................................................................................... 74 

References ..................................................................................................................................... 75 



vii 

Figures 

Figure 1.1. Relative Advantage of the U.S. Air Force versus China, 1996–2017 .......................... 1 
Figure 1.2. Recurring U.S. Air Force (Fighter) Pilot Shortages, Fiscal Years 2006–2017 ............ 2 
Figure 2.1. Life Cycle of an Air Force Fighter Pilot ...................................................................... 7 
Figure 2.2. AETC Trainer Aircraft for Students on Fighter/Bomber Track ................................... 8 
Figure 2.3. The Many Institutional Demands on Experienced USAF Pilots ................................ 10 
Figure 2.4. Progression from Inexperienced to Experienced F-16 Pilot....................................... 14 
Figure 2.5. Active Component IFF Goal, Planned, and Executed Production, FY 1999–2013 ... 17 
Figure 2.6. Active Component Absorption Demand Exceeds Capacity, FY 1990–2013 ............. 18 
Figure 2.7. Pilot Force Profile, FY 2004 ...................................................................................... 20 
Figure 2.8. Slimming the Junior Pilot Force ................................................................................. 21 
Figure 2.9. Squadron Inexperience Reduces Inexperienced Pilot Sortie Share ............................ 22 
Figure 3.1. The Conceptual Model ............................................................................................... 28 
Figure 3.2. Squadron Initialized by Scenario, Preserved Across Replications ............................. 29 
Figure 4.1. F-16 Monthly Upgrade Eligibility Probability Mass Functions ................................. 42 
Figure 4.2. F-16 Scenario Results ................................................................................................. 44 
Figure 5.1. Pilot Training Progression, Status Quo vs. REFORGE ............................................. 46 
Figure 5.2. Minimum F-22 Sorties for Upgrade Eligibility, Baseline vs. REFORGE ................. 46 
Figure 5.3. Progression from Inexperienced to Experienced F-22 Pilot....................................... 48 
Figure 5.4. F-22 Baseline Monthly Upgrade Eligibility Probability Mass Functions .................. 49 
Figure 5.5a. Scenario Study Results—Mean Yearly Absorption Capacity .................................. 53 
Figure 5.5b. Scenario Study Results—Mean TTFL ..................................................................... 53 
Figure 6.1. Simulation Summary Results ..................................................................................... 55 
Figure 7.1. Yearly Absorption: Simulation Results Compared to Existing Official Models ....... 59 
Figure B.1. Example F-16 FHP Requirements Calculation .......................................................... 67 
Figure B.2. Cockpit Comparison: T-38C, T-X, F-35 ................................................................... 70 



 



ix 

Tables 

Table 2.1. Monthly Aviation Incentive Pay Scale ........................................................................ 15 
Table 3.1. Operations Research Model Classes with MWPM Applications ................................ 25 
Table 3.2. Upgrade Enrollment Eligibility Probability Mass Functions (REFORGE Case) ........ 32 
Table 3.3a. Pilot Upgrade Eligibility Example—Upgrade Availability ....................................... 32 
Table 3.3b. Pilot Upgrade Eligibility Example—Upgrade Enrollment Decisions ....................... 32 
Table 3.4. Python Model Class Structure and Example Implementation ..................................... 38 
Table 3.5. Result Metrics Defined ................................................................................................ 38 
Table 4.1. F-16 Manning Inputs ................................................................................................... 40 
Table 4.2. F-16 Upgrades Inputs................................................................................................... 41 
Table 4.3. F-16 Monthly Upgrade Eligibility Probability Mass Functions .................................. 42 
Table 4.4. F-16 Stochastic Input Parameters ................................................................................ 43 
Table 4.5. F-16 Scenario Results .................................................................................................. 43 
Table 5.1. F-22 Baseline: Manning Inputs.................................................................................... 47 
Table 5.2. F-22 Baseline Inputs: Upgrades ................................................................................... 48 
Table 5.3. F-22 Baseline Inputs: Upgrade Eligibility Probability Mass Functions ...................... 49 
Table 5.4. F-22 Baseline Inputs: Stochastic Parameters ............................................................... 50 
Table 5.5. REFORGE Inputs: Accelerated Upgrade MDS Sortie Minimums ............................. 52 
Table 5.6. REFORGE Inputs: Other Changes Resulting from Upgrade Acceleration ................. 52 
Table 6.1. Scenario Study Summary Results ................................................................................ 55 
Table 7.1. Addressing the Research Questions ............................................................................. 59 
Table A.1. F-16 MQT Syllabus Support Requirements ............................................................... 63 
Table A.2. F-16 FLUG Syllabus Support Requirements .............................................................. 63 
Table A.3. F-16 IPUG Syllabus Support Requirements ............................................................... 64 
Table A.4. F-22 MQT Syllabus Support Requirements ............................................................... 64 
Table A.5. F-22 2FLUG Syllabus Support Requirements ............................................................ 65 
Table A.6. F-22 4FLUG Syllabus Support Requirements ............................................................ 65 
Table A.7. F-22 IPUG Syllabus Support Requirements ............................................................... 65 
Table C.1. ACTF Equation Values ............................................................................................... 73 
Table C.2. ACC Tool Values ........................................................................................................ 74 



 



xi 

Acknowledgments 

But then it occurred to him that any progress he had made on his quest so far he 
had made by accepting the help that was offered to him. 

—Neil Gaiman, Stardust 

Three years ago, I took my first class at the Pardee RAND Graduate School, starting the 17th 
grade in Santa Monica, California from the familiar comfort of a Microsoft Teams meeting. By 
September 2023, it was thought, I would have conquered a new academic discipline, developed 
modeling techniques, and conducted salient policy research by sheer force of will and a steady 
dosage of caffeine. Those proved to be necessary but vastly insufficient contributors to the 
dissertation on offer in the pages that follow. Despite my best intentions, my time at PRGS was 
occasionally peppered with distraction and procrastination, though the legal dramedy, Suits, 
which formed its frequent manifestation imparted a brief lesson on causality. In the law, an 
“actual cause” is one which, but for its presence, precludes an event. A “proximate cause” is one 
for which the result was also reasonably foreseeable. Much like Gaiman’s protagonist in 
Stardust, it soon became clear to me that the actual and proximate causes of this document’s 
completion were found well beyond the office chair and blinking cursor which delineated much 
of its natural world. I would be not only remiss but factually mistaken to proceed any further 
without offering a small token of my gratitude to them. 

Proximately, a dissertation cannot exist without a committee, nor a decent dissertation 
without an exceptional committee. To Dave, Matt, and Nelson, thank you for your guidance and 
uncanny ability to distill clarity from the complexity I relentlessly hurled your way. Greg, thank 
you for your eye for detail, penchant for candor, and abundant love for teaching, learning, and 
applying – qualities I cherished as an undergraduate student in your operations research capstone 
as much as I do today.  

The committee guides and molds the candidate, a product of the institution which confers the 
paperwork to that effect. Phil, Angel, and Alex, your combined passion for education and 
research as crafters of the RAD stream is wonderfully analogous to my capstone experience with 
Greg. The countless hours you spend crafting our curriculum and the many more you spend 
ensuring its success are as mind-bending as they are valued and their impact understated. 

My presence at RAND itself was only possible because of the continued support of Ms. 
Natalie Crawford, Brien Alkire, and RAND Project AIR FORCE. Thank you for giving me the 
opportunity to see the Air Force I am still getting to know in so many new ways, and 
contributing to my intellectual, professional, and personal development as an officer by letting 
me work alongside the awe-inspiring experts under your roof. To Anthony and Jan, thank you 
for helping me take this work to the next level. To AFIT/CI, Ms. Patricia Rodgers, Capt Jaziel 



xii 

Crespo, and Mr. Steven Yoder, thank you for keeping this incredible educational opportunity 
alive, and keeping me administratively in line. 

This dissertation explores Air Force pilot management issues, which it can do effectively 
because of the generous collaboration of individuals spanning all ranks and organizational levels. 
To Mr. George Forbes and Ms. Mary Davis, thank you for believing in me, rolling up your 
sleeves, and unleashing your vast network of decisionmakers, experts, and stakeholders at the 
absorption problem’s highest level. Your continued dedication to modernizing the way the Air 
Force does data, and the untold analytical opportunities that is sure to enable, incur a debt of 
gratitude all their own. To Slab and LORD, thank you for your openness, your candor, and your 
appetite for analysis – I am fortunate to have taken this journey with you. To Lt Skelley, Lt Col 
Gentry, and ACC/A9, thank you for letting this Lt into your house and treating me like family. 

To those I met on the road to Aircrew Summit 22, thank you for your trust and confidence in 
me and my model, your encouragement and mentorship, and your binding promises to 
absolutely, definitely, permanently fix every known aircrew management issue by the time I go 
through the pipeline. (For legal reasons, the latter may have been a vision in one of the author’s 
dissertation-related dreams.) At ACC/A3, Major General Slocum, Major General Lyons, Mr. 
Uchida, and Derby. At HAF/A3T, Major General Miller, Mr. Brian Hamill, Mr. Jim Cooper, 
Popeye, Cyber, Col Miller, Thunder, Grinch, and fellow LPA member, Lt Kris Walsh. In the 
HAF at large, to Mr. “Yeti” Dries and Mr. Steve Ruehl, for encouraging my work’s integration 
into the emerging AF data fabric. To Dave and Tim, for your help and commitment to doing so. 

To M, Shane, Elliott, Jim, Nate, Priya, Jeannette, Karishma, Melissa, Tara, Claire, Harry, 
Hardika, David, Erin, Kelsey, and all who were, at various times, reasons I cried in laughter, 
shoulders I cried on in exasperation, a listening ear, a frustrated soul, witnesses to my bowling 
prowess, reasons I adjusted my definition of bowling prowess, trivia prize-winners, harbingers of 
late nights and bedside Gatorades, surfing instructors, reasons I no longer surf, fire starters, trail 
blazers, and constant sources of support. 

To the Marina del Tres, for showing us the way. 
To the AF4, our cohort’s own LPA – and they were roommates. 

Finally, to the ultimate actual cause – an eternal thank you to my parents, my sister, and my 
family for your love and support in all of my life’s endeavors.  



xiii 

Abbreviations 

2FL two-ship flight lead (pilot qualification) 

2FLUG 2FL upgrade (syllabus) 

4FL four-ship flight lead (pilot qualification) 

4FLUG 4FL upgrade (syllabus) 

ACC Air Combat Command 

ACIP Aviation Career Incentive Pay 

ACP or ACCP Aviation (Career) Continuation Pay 

ACTF Air Crew Task Force 

ADAIR adversary air 

ADSC active duty service commitment 

AETC Air Education and Training Command 

AF or HAF Headquarters United States Air Force 

AFB Air Force base 

AFDP Air Force Doctrine Publication 

AFF Air Force Fundamentals 

AFFORGEN Air Force Forces Generation 

AFI Air Force Instruction 

AFIT Air Force Institute of Technology 

AFMAN Air Force Manual 

AFPC Air Force Personnel Center 

AFSC Air Force Specialty Code 

API Aircrew Position Indicator 

AvB Aviation Bonus 

AvIP Aviation Incentive Pay 

BIT break in training 



xiv 

CAM centralized asset management 

CERT certification flight 

CGO company-grade officer 

CONOP concept of operations 

CPFH cost per flying hour 

CPW Civil Path to Wings 

CSAF Chief of Staff, United States Air Force 

CT continuation training 

CYOS commissioned years of service 

DAF Department of the Air Force 

DoD U.S. Department of Defense 

DVIDS Defense Visual Information Distribution Service 

ENJJPT Euro-NATO Joint Jet Pilot Training 

EP evaluator pilot (pilot qualification) 

EXP experienced (pilot qualification) 

EXP% experience level 

F/BF Fighter/Bomber Fundamentals (program) 

FGO field-grade officer 

FHP Flying Hour Program 

FL flight lead (pilot qualification) 

FLUG FL upgrade (syllabus) 

FTU formal training unit 

FW fighter wing 

FY fiscal year 

FYDP Future Years Defense Program 

GAO U.S. Government Accountability Office 
HAF/A3T Director, Training and Readiness, Air Force Deputy Chief of Staff for 

Operations 



xv 

HAF/A3X Director, Digital Operations, Air Force Deputy Chief of Staff for 
Operations 

IFF Introduction to Fighter Fundamentals (program) 

IFT Initial Flight Training (program) 

IFT-R IFT-Rotary (program) 

IP instructor pilot 

LOX letter of X’s 

MAJCOM major command 

MDS mission design series 

MQT Mission Qualification Training (syllabus) 

OG operations group 

OUSD(P&R) Office of the Undersecretary of Defense for Personnel and Readiness 

PCS permanent change of station 

PMAI primary mission aerospace vehicle inventory 

POM Presidential Objective Memorandum 

RAP Ready Aircrew Program 

REFORGE Rebuilding the Fighter Forge (concept) 

SAF/PA Secretary of the Air Force Public Affairs 

SEFE standardization and evaluation flight examiner (pilot qualification) 

SME subject matter expert 

TOS time on station 

TTE time to experience 

TTFL time to flight lead 

UHT Undergraduate Helicopter Training (program) 

UPT Undergraduate Pilot Training (program) 

USAF U.S. Air Force 

UTE aircraft utilization rate 

VML vulnerable-to-move list 



xvi 

WG wingman (pilot qualification) 

WSS Weapons System Sustainment 

XPW Accelerated Path to Wings 



1 

Chapter 1. Introduction 

For decades, the primary defense focus of the United States was countering violent 
extremism. But as China, Russia, North Korea, Iran, and other state actors have become 
increasingly belligerent, “inter-state strategic competition, not terrorism, is now the primary 
concern in U.S. national security” (U.S. Department of Defense [DoD], 2018). In particular, “the 
PRC [People’s Republic of China] remains our most consequential strategic competitor for the 
coming decades” (DoD, 2022).  

As the U.S. Air Force (USAF) began shifting focus to this “pacing challenge,” it became 
clear that its advantage against China was eroding (DoD, 2022); across a wide range of 
scenarios, the USAF and China’s People’s Liberation Army Air Force have crept closer to parity 
since 1996 (Heginbotham et al., 2015; see Figure 1.1). Considering the USAF mission is “to fly, 
fight, and win…airpower anytime, anywhere,” its pilot force is key to securing the competitive 
advantage (Secretary of the Air Force Public Affairs [SAF/PA], 2021). However, the Air Force, 
like the country at large, continues to find those pilots in short supply. 

Figure 1.1. Relative Advantage of the U.S. Air Force versus China, 1996–2017 

SOURCE: Adapted from Figure 13.1 of Heginbotham et al. (2015). 

Pilots are in high and increasing demand among industry and the military alike. In the United 
States alone, commercial operators must triple existing annual pilot hires of 5,000–7,000 in order 
to fill a projected 16,800 vacancies each year through 2032 (Bowman and Leitzke, 2022; Bureau 
of Labor Statistics, 2023). A familiar component of this strategy concerns redoubled efforts to 
entice pilots away from the military services battling severe aviator shortages of their own. The 
CEO of United Airlines (and an alumnus of the U.S. Air Force Academy), Scott Kirby, made 
that strategy overt in a LinkedIn post discussing the airline’s struggle to find pilots, noting that 

major airlines traditionally didn’t need to recruit, and instead relied on the 
military and people who were passionate about aviation to get training and 
certification on their own. . . . [W]e plan to hire 10,000 new pilots through 2030, 



 

 2 

and we recognize that it will be tough. That’s why we became the only major 
U.S. airline to own and operate its own flight training school. (Kirby, 2022) 

 On the other hand, the DoD has galvanized initiatives to stem the bleed of its own shortage 
of roughly 3,000 pilots, which a congressional report attributed to “several years of 
underproduction in pilot training and reduced aircraft readiness . . . exacerbated by higher than 
average attrition among experienced aviators” (Office of the Undersecretary of Defense for 
Personnel and Readiness [OUSD(P&R)], 2019). Unfortunately, the years since 2019, despite 
offering a fleeting pandemic-induced respite, leave much work to be done.  

Figure 1.2. Recurring U.S. Air Force (Fighter) Pilot Shortages, Fiscal Years 2006–2017 

 

SOURCE: Reproduced from Figures 8 (right) and 9 (left) in Appendix II of U.S. Government Accountability Office 
(GAO) (2018). 
NOTE: The left panel presents active fighter pilot personnel authorizations (red) and inventory (blue). The right panel 
disaggregates active FY 2017 fixed-wing pilot totals by aircraft type; the brunt of the shortage is in fighters (leftmost). 

Figure 1.2 highlights this refrain: the USAF faces a perennial shortage of pilots and other 
aircrew, particularly for fighter aircraft. In a 2017 memorandum to then-Secretary of Defense, 
General (ret.) Jim Mattis, his counterpart in the Air Force, the Honorable Heather Wilson, noted 
that “‘as a nation, the [United States] is not producing enough pilots to meet the demand for the 
military and commercial industry, impacting both the economy and national security’” (square 
brackets in original, as quoted in OUSD[P&R], 2019). Five years later, Major General Albert 
Miller, Director of Training and Readiness, Air Force Deputy Chief of Staff for Operations 
(HAF/A3T), quantified the USAF share of the deficit at 1,650 pilots, of which roughly two thirds 
were needed for fighter authorizations (as quoted in Maucione, 2022). As airline hiring 
rebounded following the COVID-19 pandemic, the Air Force suffered a net loss of 250 pilots, 
leaving it 1,900 pilots short at the end of fiscal year (FY) 2022 (Allvin, 2023a).   

Amid the present shift in national strategic focus away from counterterrorism and toward 
great power competition, the security risks posed by the pilot shortage compound (DoD, 2022). 
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More poignantly, General Charles “CQ” Brown, Jr., Air Force Chief of Staff (CSAF), 
recognized the need for the service to “Accelerate Change or Lose” in light of the shifting global 
security landscape, warning in 2020 that the USAF’s assumption of an “historically anomalous 
period of dominance . . . no longer hold[s] true today.” Instead, the nation now faces the prospect 
of warfare “more akin to the World War II era than the uncontested environment to which we 
have since become accustomed” (Brown, 2020). 

One of many force-wide responses to this imperative from the highest-ranking Air Force 
officer is the Air Crew Task Force (ACTF), a headquarters initiative led by HAF/A3T 
specifically addressing the dearth of qualified aircrew and hosting annual summits for CSAF on 
aircrew management issues. The research presented herein began in partnership with ACTF and 
HAF/A3T, as a subset of their comprehensive analysis of the entire aircrew management 
enterprise.   

General Aims, Objectives, and Policy Relevance 
This research contributes to the national security of the United States by assisting ACTF and 

HAF/A3T in their efforts to provide enough qualified aircrew for USAF to meet its strategic 
requirements – to help close the gap between pilot supply and demand. Turning each new pilot 
trainee into an experienced pilot is a multiyear, multimillion-dollar process administered in 
several training phases across the USAF enterprise. When the phases have unbalanced training 
capacities (in terms of how many pilots can progress each year), the effects are felt at various 
points in the system, which are often distant from each other in time and space.  

These imbalances can place extraordinary strain on the operational squadrons – the units 
furthest downstream primarily concerned with combat missions, but necessarily providing the 
final stages of on-the-job training to produce “seasoned” combat pilots. Overburdening these 
squadrons adds to the burnout and separation pressures facing the experienced pilot force, risking 
the vicious cycle of needing to train growing student populations with dwindling human capital. 
The resultant training backlogs are felt further upstream as well, with trainees experiencing 
lengthy delays and training queues which worsen as production increases, in another potentially 
vicious cycle. As of August 2023, the number of trainees waiting to start has grown to over 900, 
with roughly 25% having already waited more than nine months (Hadley, 2023). There is thus a 
clear interest in aligning the capacities of the various phases with each other.  

In practice, there are significant barriers to achieving such a balance, not the least of which 
occur at the operational squadrons. In contrast to training squadrons, which can more readily 
translate resources to training capacity given their exclusive focus, operational squadrons share 
their resources – planes, fuel, people, airspace, and so on – among their various types of flying, 
whether for tasked missions, combat preparations, ongoing proficiency flights, or new-pilot 
seasoning sorties. The latter is generally referred to as absorption (a more precise definition 
follows) and comprises the focus of this dissertation. Once pilots complete all outstanding 



 

 4 

absorption training, they receive formal recognition as experienced pilots (EXP) and become 
eligible for various USAF and DoD staff and institutional billets, as well as additional pilot 
upgrade qualifications (instructors, mission commanders, evaluators, etc.).  

The Air Force currently plans for absorption with spreadsheets and equations useful for the 
aggregate analysis for which they were designed – incorporating planning factors and point 
estimates driven by either historical trends or parametric, hard-coded inputs (ACTF, 2021; Air 
Combat Command [ACC], 2022). However, operational realities have caused individual units to 
depart quite drastically from the planning assumptions underlying existing closed-form models, 
making the case for a squadron-level simulation model which incorporates the stochastic and 
dynamic behavior of real-world flying beyond what can be summarized in the average, e.g., 
periodic variations in trainee inflows or sortie generation, or the compounding effects of 
accumulated backlogs or slow pilot progression over time (i.e., a non-Markovian system 
memory1).  

The model presented here is used to simulate the impact of two recent Air Force policy 
interventions targeting these factors on operational flying and absorption outcomes. The first 
policy removes a previously longstanding sortie minimum requirement from the official 
definition of experienced. The second novel concept, called REFORGE (rebuilding the fighter 
forge), is a comprehensive redesign of the fighter pilot development paradigm leveraging a new 
aircraft, new technology, and advancements in learning science to sharpen pilots’ tactical 
acumen with fewer flight hours in their primary aircraft. 

Overall, by developing a stochastic and dynamic simulation model that can help planners and 
practitioners alike understand how changes to the structure or flight operations of a unit affect its 
ability to accomplish absorption, this work aims to not only contribute to the body of simulation 
knowledge in the field of military workforce planning and management (MWPM), but also to 
help the Air Force “Accelerate Change or Lose.” I extend existing deterministic and aggregate 
simulation models by presenting the first squadron-level stochastic model of executable 
absorption. Specifically, this research answers two key questions:  

 
 

1 In a Markov process, “the way in which the entire past history of the process affects the future of the process is 
completely summarized in the current value of the process” (Kleinrock, 1975). This is often referred to as 
memoryless-ness, and would mean, e.g., that the length of time a pilot has spent as inexperienced would have no 
bearing on the time remaining until the pilot became experienced—if the pilot has spent 23 months inexperienced, 
the probability he would become experienced in month 24 is equal to the probability of a pilot becoming 
experienced in one month, Pr(𝑋𝑋 ≤ 𝑡𝑡 + ℎ |𝑋𝑋 > 𝑡𝑡) = Pr (𝑋𝑋 ≤ ℎ). This is not likely. 
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Research Questions 

• What drives absorption at the squadron level? 
• How does absorption change under policies affecting major components of operational 

squadron flight operations? 

Organization 
This dissertation is presented in the following six chapters. Chapter 2 contextualizes the pilot 

shortage as it stands today among the problem’s thorny analytic history, as well as briefly 
discussing the three components of the life cycle of a career as an Air Force fighter pilot: 
production, absorption, and retention. Then, Chapter 3 details how the pilot shortage and the 
absorption issue lie in the academic realm of MWPM, before introducing the two stages of my 
research approach: constructing a squadron-level absorption simulation model, and applying it in 
a scenario study of two recent policy changes. Chapters 4 and 5 document the application of the 
model to each policy. Chapter 6 summarizes the modeling results, as well as its key assumptions 
and limitations. Finally, Chapter 7 concludes by revisiting the research questions alongside 
closing remarks and opportunities for future work. 
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Chapter 2. Background 

Today, about one of every eleven USAF pilot positions is unfilled, amounting to a shortage 
of 1,900 pilots out of the 21,000-pilot requirement (Allvin, 2023a). When mapped to a force 
structure of approximately 5,080 aircraft, 460 have empty cockpit seats (Department of the Air 
Force [DAF], 2022).2 To the optimistic observer, this is a positive trend for the Air Force, 
shrinking a gap which had exceeded 2,000 in 2020 (Goldfein, 2021). Nonetheless, a substantial 
amount of work remains, and the USAF continues to devote significant resources to tackle the 
issue, having done so both internally and through contracts with federally funded research and 
development centers like the RAND Corporation since at least the mid-1980s (see, e.g., Gotz and 
McCall, 1984; Thie et al., 1995; Taylor, Moore, and Roll, Jr., 2000; Elliott, Kapur, and Gresenz, 
2004; Taylor, Bigelow, and Ausink, 2009; Robbert et al., 2015; Terry et al., 2019; Walsh, 
Taylor, and Ausink, 2019). Understanding why the pilot shortage is endemic starts with 
appreciating the many facets of the Air Force enterprise spanned by the multiyear, multimillion-
dollar process which turns a new officer accession into an experienced aviator. 

From Butter Bar to Veteran Pilot – the Air Force Fighter Pilot Life Cycle 
Figure 2.1 provides a high-level depiction of a typical fighter pilot’s career life cycle, 

identifying the major stages of the pilot production, absorption, and retention processes which 
are then discussed in more detail. 

Pilot Production 

Accession turns officer candidates into second lieutenants (whose gold-bar rank insignia 
lends to the colloquial moniker of “butter bars”). Each year, the Air Force Personnel Center 
(AFPC) allocates new accessions among the myriad USAF job specialties known as Air Force 
Specialty Codes (AFSCs), one of which is 92T0 – pilot trainee (AFPC, 2023). The goal of pilot 
production is to turn pilot trainees into new pilots, designated by the award of pilot wings and a 
new AFSC of 11X; in Figure 2.1, this is indicated by the star. The path to wings is administered  

 
 

2 Many Air Force aircraft require multiple aircrew; the analogy is provided for illustrative purposes only. Not all 
fighter pilot authorizations involve flying; the requirements for staff and institutional roles designed to be filled by 
fighter pilots are also included. These and other nonabsorbable fighter pilot billets—meaning they are not 
assignable to inexperienced pilots (Air Force Instruction [AFI] 11-412, 2020)—constitute the bulk of the unfilled 
positions. In other words, USAF planners have chosen to sacrifice non-flying positions to keep as many experienced 
pilots in the cockpit as possible to aid in the absorption dilemma; staff positions are manned at roughly 70% to 
ensure “we do not have any empty cockpits” (Allvin, 2023b). For more on the history and allocation of shortages 
between absorbable and nonabsorbable billets, see Appendix F of Robbert et al. (2015).  
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Figure 2.1. Life Cycle of an Air Force Fighter Pilot 

 

NOTE: The following acronyms are introduced: Air Education and Training Command (AETC); Air Combat Command 
(ACC); Formal Training Unit (FTU); Initial Flight Training (IFT); Introduction to Fighter Fundamentals (IFF); 
Undergraduate Pilot Training (UPT). 

by Air Education and Training Command (AETC) and comprises two stages: Initial Flight 
Training (IFT), and Undergraduate Pilot Training (UPT).3  The former is a two-month 
accelerated course flown in the Diamond DA-20 that serves as an introduction to flight writ 
large. In contrast, UPT is a roughly year-long pipeline, itself split into two flying phases. The 
first phase is flown in the T-6 Texan II, and ends with the award of pilot wings and a selection to 
one of two subsequent training tracks: fighter/bomber or transport/heavy. The track phase then 
culminates in UPT graduates learning which primary aircraft, or mission design series (MDS), 
they will master in graduate training. 

It is important to note that military pilot management is a closed-entry, open-exit system; 
military pilots can leave to civilian industry after completing a ten-year aviation service 
commitment (which starts after completing the UPT T-6 phase; Air Force Manual [AFMAN]  
36-2100, 2021), but until recently, experienced civilian pilots could not transfer in laterally to the 
Air Force.4  As a result, pilot production is the exclusive source of all USAF pilots, meaning 
planners must derive IFT and UPT entry requirements from the need for experienced operational 

 
 

3 This path applies to fixed-wing aircraft pilots; rotary-wing (helicopter) pilots no longer attend IFT or UPT. Instead, 
they attend IFT-Rotary (IFT-R) followed by Undergraduate Helicopter Training (UHT) at Fort Novosel, Alabama, 
before reporting to the Formal Training Unit (FTU). 
4 The Civil Path to Wings (CPW) recruiting initiative began approving candidates in 2021 (Pawlyk, 2021). It offers 
qualified civilian pilots the opportunity to attend Officer Training School, receive their commission, and bypass the 
traditional UPT pipeline. Instead, CPW candidates are selected for one of two alternative pathways to becoming 
non-fighter/bomber pilots, both of which are offered on a capacity basis because they are not funded programs of 
record (Benjamin Faske, email to the author, Headquarters 19th Air Force Public Affairs, December 8, 2023): 

• Accelerated Path to Wings (XPW), an eight-month long program flown in the T-1 only. As the T-1 is 
divested, this program will sunset. 

• Air Force Fundamentals (AFF) is reserved for CPW candidates deemed “exceptionally qualified.” AFF 
is a six-week program conducted entirely in the T-1 simulator. 



 

 8 

pilots several years in the future. HAF has long set an annual UPT production target of 1,500 
pilots which it has never met with the existing training bases,5 achieving a throughput of 1,276 
pilots in 2022 (Allvin, 2023a). And while progress continues to be made incrementally, 
increasing UPT production is only the start of a lengthy, arduous path to replenishing the supply 
of combat-ready aircrew.  

At the end of UPT, fixed-wing pilots can safely operate one of two jet trainer aircraft: those 
on the transport/heavy track finish in the T-1 Jayhawk, and the fighter/bomber track culminates 
in the T-38 Talon. Fighter pilots then go to Introduction to Fighter Fundamentals (IFF), a short 
supplementary course in the T-38, to learn essential tactics and combat maneuvers.6 This 
progression through trainer aircraft is shown in Figure 2.2, highlighting the significant 
differences between trainers and operational fighter MDSs. Helping pilots transition from one to 
the other is the mission of the next phase in the pipeline, the Formal Training Unit (FTU). 

Figure 2.2. AETC Trainer Aircraft for Students on Fighter/Bomber Track 

 

SOURCES: USAF and Defense Visual Information Distribution Service (DVIDS) images. Photographer credits: DA-
20, courtesy Doss Aviation IFS; T-6A, Airman First Class Zachary Heal; T-38C, Senior Airman Taylor Crul.  
NOTE: UPT Phase I is academics only. Flying phases are Phase II and Phase III. Wings are awarded after Phase II 
(T-6), then pilots proceed to one of three tracks: helicopter, transport/heavy, or fighter/bomber. 

The FTU serves as pilots’ introduction to their primary MDS. The purpose and mechanics of 
the FTU are much the same as in UPT: to formalize the instruction of a student pilot in a new 
aircraft. Like in UPT, a pilot who successfully completes the FTU syllabus can be trusted to 
safely operate their primary MDS and accomplish some basic maneuvers. From there, pilots are 

 
 

5 Today, there are four USAF UPT bases: Columbus Air Force Base [AFB], Mississippi; Laughlin AFB, Texas; 
Sheppard AFB, Texas; and Vance AFB, Oklahoma. (Sheppard AFB hosts Euro-NATO Joint Jet Pilot Training 
[ENJJPT], an international, T-38-track-only version of UPT.) In the last 50 years, several major historical UPT 
bases were closed amid shifting political priorities, including Laredo AFB, Texas (closed 1973); Craig AFB, 
Alabama (closed 1977); Webb AFB, Texas (closed 1977); Williams AFB, Arizona (closed 1993); and Reese AFB, 
Texas (closed 1997) (Shaw, 2014). 
6 AETC has committed to changing the pilot production process. Under the change – driven by T-38C divestiture 
and relying on a new aircraft, the T-7 Jayhawk, whose delivery is expected in the coming years – IFF is eliminated. 
Instead, pilots destined for fighter and bomber MDS will finish UPT in the T-6, then proceed to Fighter/Bomber 
Fundamentals (F/BF) – a new course under development in the T-7 – before going to the FTU. Additionally, pilots 
on the heavy track are moving to a simulator-only Air Mobility Fundamentals-Simulator (AMF-S) course after T-6s. 

Diamond DA-20 – IFT Beechcraft T-6A Texan II – UPT(II) Northrop T-38C Talon – UPT(III) & IFF 
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done with the formal, schoolhouse portion of their flight training, and are ready to be assigned to 
operational (combat-coded) units as inexperienced pilots to begin the absorption process. 

Pilot Absorption 

 Absorption is the focus of this research. It is the process of turning inexperienced pilots into 
experienced ones (Marken et al., 2007), thereby existing at the nexus of the Air Force’s training 
and operational flying spheres. It is also the culmination of an institutional investment which, 
from commissioning to experiencing, can take a total of five and a half years (Taylor, Bigelow, 
and Ausink, 2009), and for the F-16, runs up at least $8–10 million per pilot.7 More precisely, 
absorption requires operational units to maintain a delicate balance between executing the 
combat mission, developing inexperienced pilots through supervised seasoning sorties, and 
preventing burnout among the requisite cadre of experienced pilots who continue to face external 
and internal retention pressures. The latter is particularly challenging because the Air Force 
demands far more than line flying from its experienced pilots; as shown in Figure 2.3, they are 
the source of AETC instructor pilots (IPs), and the staff for a sizeable contingent of Air Force 
and joint non-flying institutional billets. Figure 2.3 also highlights the crucial role of absorption 
in aircrew management: once inexperienced pilots (shown in gray) become experienced (shown 
in black), they support all three aircrew management phases until they separate, retire, or leave 
the inventory (shown by the cloud). No other source of experienced pilots exists, meaning 
absorption is the exclusive engine that sustains Air Force pilot experience. 

While the absorption problem can be defined in a few sentences, its solution has nonetheless 
eluded decades of analysis because it transcends the organizational and temporal boundaries of 
any individual command or decisionmaker. New pilots arrive from the FTU (three years after 
selection as a pilot) needing roughly 2–3 more years of seasoning. That in turn requires retention 
of enough experienced pilots, most of whom have served at or beyond their initial active duty 
service commitment (ADSC), and all of whom continue to face a high pace of operations owing 
to the continuous involvement of the Air Force in the nation’s conflicts. Adding to the retention 
challenge are the ever-present offers of alternatives such as airline jobs, reserve component 
service, or separation/retirement. Furthermore, pilots typically only spend two to three years at 
one duty location, and the degree of unit control over which replacements arrive and when is 

 
 

7 In this context, experiencing refers to meeting specific qualifications defined for each aircraft in Volume 1 of the 
AFMAN 11-2 series, and receiving the experienced badge. The per-pilot flight cost is a low-end estimate that starts 
with $6.5 million (2022 dollars) to accomplish IFT through FTU and become “basic qualified” in the F-16, adjusted 
for inflation from $5.6 million in FY 2018 dollars (Mattock et al., 2019, Table 3.5). The absorption phase is less 
straightforward because it depends on how many outstanding hours the pilot needs to fly, and absorption sorties 
involve varying degrees of support flying, which may or may not include other basic pilots’ absorption sorties. 
Nonetheless, at roughly $10,800 per flight hour (reimbursable rate, 2022 dollars) (Office of the Undersecretary of 
Defense [Comptroller], 2021), with pilots in most cases needing well over 200 flight hours to become experienced 
after basic qualification, the direct flight costs are at least another $2 million per pilot. 
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limited. None of these elements are directly controllable by any individual operational squadron, 
yet it is precisely at the squadron level that commanders are expected to “execute” absorption. 
Determining how well a unit is doing thus requires some way to quantify its absorption capacity. 

Figure 2.3. The Many Institutional Demands on Experienced USAF Pilots 

 

SOURCE: Adapted from Figure 2.1 of Taylor, Moore, and Roll, Jr. (2000). 
NOTE: Undergraduate Flying Training (UFT) is an old name for UPT. Refresher (TX) courses are flown with a 
tailored, abbreviated syllabus at FTU locations to restore an experienced pilot’s proficiency in their primary MDS 
when returning to operational flying from staff tours or duties in another aircraft type. The black cloud is a sink 
indicating separation, retirement, or removal from the Air Force pilot inventory. 

At the force planning level, Air Force aircrew management policy prescribes a steady-state 
equation to calculate the absorption capacity of a unit, group, or MDS fleet overall (ACTF, 
2021). Fundamentally, absorption is the “total number of inexperienced aviators that operations 
units can take in each year and maintain the appropriate experience mix, maintain combat 
capability, and develop/age the new aviator in a timely manner” (AFI 11-412, 2020). The 
calculation starts with the product of the number of aircraft, also known as the Primary Mission 
Aerospace Vehicle Inventory (PMAI), the crew composition (how many aircrew are needed to fly 
one aircraft), the crew ratio,8 and the manning9 and experience level of the unit. Essentially, this 

 
 

8 Crew ratio is a funding-related parameter specified by policy that describes how many aircrew positions (as 
multiples of the crew composition) are authorized for the unit’s PMAI (AFI 65-503, Table A36-1, 2020). 
9 I use the terms manning, manpower, and any similar gendered language only to remain consistent with the existing 
literature. I mean for it to refer equally to all members of a workforce, irrespective of sex or gender identity. 
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numerator determines the steady-state number of experienced pilots in absorbable positions 
planned for that unit. Dividing by the time each pilot spends on station then gives the yearly 
departure rate of those experienced pilots, equivalent to the number of inexperienced-pilot 
replacements that would need to become experienced (i.e., absorbed) in the year to sustain the 
input manning and experience levels. This is referred to as the unit’s absorption capacity (ACTF, 
2021):10  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
PMAI ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ⋅ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀% ⋅ 𝐸𝐸𝐸𝐸𝐸𝐸%

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 (2.1) 

For example, the F-16 requires just one pilot and has a crew ratio authorization of 1.25. In a 
squadron with 21 PMAI, manned at 100%, where pilots spend 2.5 years on station, keeping the 
unit at 55% EXP requires an absorption capacity of roughly 6 pilots per year: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
21 ⋅ 1 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ⋅ 1.25 ⋅ 1 ⋅ 0.55

2.5𝑦𝑦𝑦𝑦
≈ 5.78 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑦𝑦𝑦𝑦 

But problems arise when operational realities cause units to depart from the planning 
assumptions. For example, the need to increase pilot production has resulted in backlogs at 
operational squadrons, where some units are manned at significantly higher than 100%, with 
experience levels lower than 55%. An overmanned, under-experienced squadron sees its 
experienced pilots leave faster than it can absorb inexperienced pilots to replace them, a 
conundrum termed over-absorption in Air Force parlance. After a particularly egregious instance 
at Pope Air Force Base (AFB) in the year 2000, the problem also came to be known as the “Pope 
syndrome” (Taylor, Bigelow, and Ausink, 2009).11 If calculating required absorption with the 
steady-state equation proves insufficient for remedying Pope syndrome, then the question instead 
becomes how to measure actual (i.e., executable) absorption. 

By incorporating aircraft utilization rates (UTEs) – a metric for the average number of sorties 
flown per aircraft per month – in a spreadsheet tool, ACC is able to capture perhaps the most 
crucial real-world limitation on absorption: how much flying is accomplished. Combined with an 

 
 

10 Although ACTF calls this a capacity, it may be more accurately described as a necessary condition for the steady 
state to hold (i.e., a required capacity or an absorption requirement), rather than a measure of what the unit is truly 
capable of executing in practice. 
11 For a detailed description of the conditions leading to Pope syndrome, see Taylor et al. (2002). Taylor, Bigelow, 
and Ausink (2009) introduced three “health levels” of squadrons, determined by the combination of manning 
percentage and experience levels: 

• Healthy – manned at close to 100%, experience at 60%. 
• Stressed – manning controlled at 105-110%, experience at 45%. 
• Broken – manning exceeds 120%, experience below 40%. Many inexperienced pilots cannot fly 

enough to experience on their initial 36-month assignment. 
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assumption of a fixed experiencing sortie requirement, the tool lets analysts explore the impacts 
of changes to aircraft inventory, manning, and sortie allocation priorities (as a percentage of 
annual totals) on absorption capacity and time to experience (TTE) for their entire fleet of 
aircraft (ACC, 2022). Yearly absorption capacity is calculated as 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
# 𝐼𝐼𝐼𝐼𝐼𝐼
𝑇𝑇𝑇𝑇𝐸𝐸∗

 (2.2) 

where #𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀% ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ⋅ 𝐸𝐸𝐸𝐸𝐸𝐸% is the number of inexperienced 
pilots, and 

𝑇𝑇𝑇𝑇𝐸𝐸∗ =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 (2.3) 

where 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 is the number of sorties needed to make one inexperienced pilot 
experienced, and 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑈𝑈𝑈𝑈𝑈𝑈 ⋅ 12 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼%

# 𝐼𝐼𝐼𝐼𝐼𝐼
 (2.4) 

represents the per-inexperienced-pilot share of a unit’s total yearly flying that is apportioned 
to inexperienced pilots (the overall share of total sorties allocated to inexperienced pilots is 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼%). ACC also bounds the TTE parameter to a maximum of 2.5 years (the time-on-
station limit, 𝑇𝑇𝑇𝑇𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚), and a minimum figured by limiting every inexperienced pilot to no more 
than 20 sorties per month: 𝑇𝑇𝑇𝑇𝑇𝑇 = max[min(𝑇𝑇𝑇𝑇𝐸𝐸∗,𝑇𝑇𝑇𝑇𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚) ,𝑇𝑇𝑇𝑇𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚], where 

𝑇𝑇𝑇𝑇𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

20 ⋅ 12
⋅ 

The tool is designed to analyze entire fleets, not individual units. Nonetheless, it is worthwhile to 
compare the results against the ACTF steady-state equation (2.1) using the same 21-PMAI 
example F-16 squadron from earlier. If we assume 𝑇𝑇𝑇𝑇𝐸𝐸∗ is within the bounds (𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝐸𝐸∗), 
then the ACC absorption equation (2.2) can be refactored by substituting with (2.3) and (2.4): 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
# 𝐼𝐼𝐼𝐼𝐼𝐼

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
#𝐼𝐼𝐼𝐼𝐼𝐼 ⋅ �𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑈𝑈𝑈𝑈𝑈𝑈 ⋅ 12 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼%

#𝐼𝐼𝐼𝐼𝐼𝐼 �
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
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𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑈𝑈𝑈𝑈𝑈𝑈 ⋅ 12 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼%

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
⋅ (2.5) 

Given a historical UTE of 14.62 sorties per aircraft per month, an assumption of 208 sorties to 
experience, and an allocation parameter of 45% inexperienced sorties,12 this formulation yields 
an absorption capacity of roughly 8 pilots per year: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
(21 ⋅ 14.62)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ ⋅ 12𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑠𝑠/𝑦𝑦𝑦𝑦 ⋅ 0.45

208𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
≈ 7.97𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑦𝑦𝑦𝑦 ⋅ 

Notably, where the ACTF equation (2.1) neglects sortie generation, the ACC formulation 
(2.5) cancels out the manning factors.13 Furthermore, the resultant calculations for the same input 
squadron differ by roughly 2.19 pilots per year, a 32% difference.14 Lastly, the breadth required 
of both planning models precludes them from capturing another crucial component of 
absorption: the role of upgrade programs and support requirements. 

A pilot-level perspective on absorption modeling explicitly incorporates pilots’ progression 
through the various qualifications they can earn in operational flying, until satisfying 
experiencing requirements. In the F-16, there are two: wingman (WG) and flight lead (FL).15 
Each qualification has an upgrade syllabus and entry prerequisites; all upgrade sorties require at 
a minimum one IP, and can require up to six other aircraft for support. The progression from 
inexperienced to experienced for an F-16 pilot is depicted in orange in Figure 2.4. After 
completing Mission Qualification Training (MQT) the pilot is qualified as a Wingman (WG), but 
cannot lead a formation until earning qualification as a Flight Lead (FL) after being enrolled in 

 
 

12 These values were provided in the copy of the tool made available to the author (ACC, 2022). 
13 It is worth emphasizing that this is true only if TTE is not limited by the time on station or the 20-sortie cap. That 
is, the ACC formulation for absorption is not affected by manning unless the manning/experience levels cause the 
inexperienced pilot population to exceed these boundaries. The example 21-PMAI squadron with a UTE of 14.62 
flies 307 sorties each month. If 138 (45%) are flown by inexperienced pilots, then manning will not affect ACC’s 
absorption calculation unless the number of inexperienced pilots is fewer than 8 of 13 authorized (such that they are 
limited by 20 monthly sorties), or more than 19 of 13 authorized (such that their TTE exceeds 2.5 years). 
14 The percentage difference calculation is distinct from a percent change in that it does not require specifying a 
reference value. Instead, the absolute difference of the values is compared against the average: 

%𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
|𝑥𝑥1 − 𝑥𝑥2|

0.5(𝑥𝑥1 + 𝑥𝑥2)
× 100% 

15 ACC recently removed a previously longstanding requirement that pilots also have at least 250 sorties in the F-16, 
thereby affording greater discretion to unit commanders to decide when a pilot is experienced. Because Air Force 
data systems currently do not track the direct relationship between qualification awards and sortie counts, it is not 
clear whether or how this change will affect absorption. This scenario is explored as an excursion in the simulation 
study because the baseline model is verified against historical data where the sortie minimum applied. 
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Flight Lead Upgrade (FLUG). The star on the pilot wings at right represents official recognition 
as an experienced pilot and coincides with FL qualification. 

Figure 2.4. Progression from Inexperienced to Experienced F-16 Pilot 

 

SOURCE: Analysis of requirements in AFMAN 11-2F-16v1 (2022). 

Support sorties, among others flown by inexperienced pilots in the interim, represent the 
seasoning component of absorption – supervised flying that teaches immeasurable real-world 
lessons until pilots are deemed fit by the unit commander to start their next formal upgrade 
program. By extension, if the unit’s composition of MQT students, WGs, FLs, and IPs is out of 
balance, upgrades stall and absorption suffers.16 Furthermore, because of the closed system, the 
desired equilibrium is unstable and exceedingly difficult to recover once disturbed. Today’s 
combat Air Force continues to struggle with one such force imbalance, a phenomenon that has 
come to be known as the pilot bathtub which is discussed in more depth later. 

Pilot Retention 

Fundamentally, a pilot facing the retention decision must determine whether continued 
active-duty service is preferable to any of myriad alternatives, including affiliating to the part-
time USAF Reserve or Air National Guard, or leaving the service entirely. The Air Force 
requires its pilots to serve 10 years on active duty following the T-6 phase of UPT, meaning most 
pilots become eligible to leave active duty near their twelfth year of commissioned service 
(AFMAN 36-2100, 2021). At this point in their career, fighter pilots are typically at the rank of 
major, having amassed 1,000-1,500 flight hours (McGee, 2015).  

The major airlines (facing looming shortages of their own) are eager to accept these 
experienced and disciplined pilots, often crediting them on the seniority ladder and offering 
perhaps the most direct and fiercest competition to the Air Force, because they can provide relief 

 
 

16 There is one additional qualification with relatively infrequent but crucial bearing on upgrades: the Evaluator 
Pilot (EP), or Standardization & Evaluation Flight Examiner (SEFE). This subset of the IP cadre is responsible for 
administering the final certification (CERT) ride on upgrade syllabi and formally documenting the pilot’s 
completion. In practice, the EP/SEFE population has not been a constraint on absorption; units typically have a 
handful of senior IPs become EPs, and the simultaneous demand for CERT rides is manageable. 

From FTU Mission 
Qualification 

Training (MQT) 

WG FL 

FL Upgrade 
(FLUG) 
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from the three most pressing reasons Air Force pilots say they leave the service. In May 2023 
congressional testimony, General David Allvin, Air Force Vice Chief of Staff,17 was asked why 
many pilots leave soon after the expiration of their initial ADSC. Citing a March 2023 aircrew 
retention survey, he identified “three primary reasons[:] . . . location stability[,] . . . 
compensation[, a]nd . . . additional duties [besides flying].” (Allvin, 2023c). Major airlines, in 
contrast, give pilots choice over their home domicile and travel schedule, offer substantially 
higher pay, and focus pilots’ jobs exclusively on flying the aircraft. And while the Air Force is 
limited in its ability to match these benefits, there is both significant evidence supporting the 
effectiveness of financial retention incentives, and renewed support for initiatives to improve 
quality of life and quality of service. 

Traditionally, the Air Force has offered two additional forms of financial compensation to 
pilots: a monthly aviation incentive pay (AvIP, also known as flight pay), and a voluntary 
aviation bonus (AvB) retention contract committing pilots to an additional ADSC for yearly 
bonus pay (Mattock et al., 2019).18 Flight pay is based on years of aviation service (YAS),19 and 
ranges from $150–$1,000 per month (Defense Finance and Accounting Service, 2019; see Table 
2.1).  

Table 2.1. Monthly Aviation Incentive Pay Scale 

Years of Aviation Service AvIP Monthly Pay ($) 
(Annual Amount, $) 

2 or less $150 
($1,800) 

>2–6 $250 
($3,000) 

>6–12 $700 
($8,400) 

>12–22 $1,000 
($12,000) 

>22–24 $700 
($8,400) 

>24 $450 
($5,400) 

 
 

17 In May 2023, President Biden nominated General Brown, CSAF, for Chairman of the Joint Chiefs of Staff 
(currently General Mark Milley, U.S. Marine Corps, until October 1). In July, General Allvin was nominated to fill 
the CSAF position. As of this writing, both nominations are pending full U.S. Senate confirmation votes. 
18 Terminology for these programs has varied over time. The AvIP has also been called the Aviation Career 
Incentive Pay (ACIP), and the AvB has been referred to as the Aviation Continuation Pay (ACP) or Aviation Career 
Continuation Pay (ACCP).  
19 YAS is different than Years of Commissioned Service in that it only considers time a member has been flying for 
the Air Force (including as a student pilot, but only once students are formally enrolled in a flight training course). 
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SOURCE: Defense Finance and Accounting Service (2019). 

 
The AvB program is significantly more flexible, allowing a pilot who is within three years of 

initial ADSC expiration to choose from a menu of contract options that has fluctuated over the 
years, either of a specified duration (e.g., 3- or 5-year ADSC) or until a career milestone (e.g., 
reaching 20 or the maximum-allowable 25 YAS) (Mattock et al., 2019). The bonus amounts 
typically vary with the contract options, up to a congressionally-set yearly cap; since 2000, AvB 
payments have ranged from $15,000 to $35,000 per bonus year (Mattock et al., 2019). In FY 
2023, Congress raised the AvB cap to $50,000 per year, meaning that a pilot offered the 
maximum amount for a 25-YAS contract could stand to receive a total of $750,000 in AvB pay 
(Secretary of the Air Force Public Affairs [SAF/PA], 2023b). All pilots, including those who do 
not take an AvB contract, continue receiving AvIP for as long as they fly for the Air Force. 

The Fiscal Year 2023 National Defense Authorization Act also directed the Air Force to 
implement a new retention initiative, the Rated Officer Retention Demonstration Program, which 
maintains a similar $50,000 annual bonus cap and gives the Secretary of the Air Force additional 
tools to target quality of life concerns (U.S. House of Representatives, 2022). Although requiring 
a minimum commitment of 4 additional years on active duty, the new program lets officers be 
guaranteed a future assignment location based on their preferences. Past analysis has shown 
basing to have a significant effect on retention, indicating the potential of the Rated Officer 
Retention Program to provide a novel, non-monetary way to slow the departure of experienced 
pilots from the Air Force.  

For instance, value-added modeling of the fixed effects at 30 USAF installations on 
likelihood of pilot retention from 2000 to 2019 found that location could increase retention 
likelihood as much as 9.3%, or decrease it as much as −7.6%, compared to the average 
installation (Williams, 2021). Although that study modeled the effects of where pilots were 
stationed when making the retention decision, its implications support the notion that pilots care 
about installation location, and having more agency over that choice as a condition of additional 
service is likely to influence their retention decision calculus. 

Nonetheless, while the retention problem rests with the talent management and human 
resources bureaucracies, and less so in the day-to-day administration of operational flying at the 
squadron level, the latter will feel the ultimate effect. Absorption is impossible without 
experienced pilots, who are created exclusively through previous years’ absorption, and are only 
available to sustain the next generation for as long as they can be retained. Recent works have 
explored the retention problem in depth, focusing on the interaction between the military and the 
airlines, and pilot/family quality of life, respectively (on the airlines—McGee, 2015; Sweeney, 
2015; on quality of life—Williams, 2021). 

Having situated absorption as bureaucratically distant from, yet inextricably dependent on, 
the strategic problem of production and the managerial problem of retention (Holmes, 2019), the 
next section examines the force imbalance known as the pilot bathtub which began around the 
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turn of the century, often considered the root of today’s pilot shortage. Essentially, there are too 
many new pilots for the experienced pilots to effectively season, or equivalently, for the unit to 
absorb. Thus, force planners are faced with a dilemma: how can the Air Force produce more 
experienced pilots for the future while the requisite pool of today’s experienced pilots dwindles? 

Force Structure Imbalance and the Pilot Bathtub 
 After the Cold War, national senior leadership perceived less of an immediate security threat 

and reallocated national resources accordingly. Consequently, between the 1990 and 2000 fiscal 
years, the Air Force reduced its active component pilot requirements by 36% and halved the 
active aircraft inventory (Taylor, Bigelow, and Ausink, 2009). In reducing personnel, the Air 
Force predominantly curtailed production and slimmed the junior officer force; yearly active 
component production went from 1,500 pilots in FY 1989–90 to 500 pilots in FY 1994–96 
(Robbert et al., 2015). This allowed planners at the time to preserve their more experienced (and 
more senior) pilots. However, as national defense priorities shifted again in the early 2000s, the 
year-over-year reduction in incoming pilot cohorts slowed (although fighter aircraft inventories 
continued to drop, with the active component shrinking another 32% by FY 2013 [Robbert et al., 
2015]). The result, which continues today, was an Air Force that could not produce enough 
pilots, and yet struggled to absorb those undersized cohorts. Figure 2.5 shows the pilot 
production problem, and Figure 2.6 shows the absorption problem.  

Figure 2.5. Active Component IFF Goal, Planned, and Executed Production, FY 1999–2013 

  

SOURCE: Features information from Table D.3 of Robbert et al. (2015). 

In Figure 2.5, the black line is the IFF production goal, an unfunded target set by senior 
executives. The red and blue bars, respectively, are the planned (programmed) and executed 
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production totals.20 It is clear that, over FYs 1999–2013, planned production occasionally fell 
below program goals. Moreover, executed production consistently – and sometimes quite 
drastically – underperformed the plan.  

Nonetheless, underproduction is only half of the problem, and one which has since improved. 
Ironically, healthier production comes at the detriment of absorption; as aircraft inventories 
dropped relatively more than pilot cohort sizes, operational units could not generate enough 
sorties to season the new arrivals in time, even when those cohorts were smaller than they should 
have been. In Figure 2.6, absorption capacity is modeled as a function of the aircraft inventory 
and shown in blue; the lower value of 0.22 pilots absorbed per aircraft each year represents a 
squadron flying just enough to maintain minimum readiness standards specified in the Ready 
Aircrew Program (RAP).21 The red line shows the actual IFF production numbers (i.e., the IFF 
execution totals from Figure 2.5) over the same period – essentially, the absorption demand.22  

Figure 2.6. Active Component Absorption Demand Exceeds Capacity, FY 1990–2013 

 

SOURCE: Adapted from Figure D.3 of Robbert et al. (2015). 

 
 

20 After IFF, pilots proceed to the FTU for about another year, before moving to operational squadrons to start the 
absorption process. See Figure 2.1. 
21 RAP is the governing policy for Air Force pilot continuation training. It prescribes, by MDS, the quantity and 
frequency requirements for various categories of sortie types, events, and skills which must be accomplished to 
remain “current” in a pilot’s mission qualification status. Because RAP drives funding needs, it is scrutinized and 
modified annually through RAP Tasking Memorandums (RTMs). For treatments of a recent congressionally-
mandated assessment of the RAP, see Walsh, Taylor, and Ausink (2019) and GAO (2020). 
22 Technically, the IFF production rate is a leading indicator of absorption demand because pilots attend the FTU for 
about one year before arriving at their first operational squadron. However, the 1-year shift does not affect the nature 
of the capacity shortage. 
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The queue grows any time demand exceeds capacity (in Figure 2.6, any time the red line 
exceeds the blue line). Thus, even if squadrons were continuously meeting RAP minimums 
(which they do not), the operational aircraft inventory was and is too small relative to the IFF 
production rate, which is itself insufficient to remedy the pilot shortage. Moreover, an increase 
from 0.22 to 0.3 pilots absorbed per PMAI – that is, a substantial increase of 36%, indicated by 
the dark blue line in Figure 2.6 – might just have allowed capacity to equal demand, but 
operating a so-called saturated system comes with its own significant risks.23  

Combined, the lasting impacts of these decisions are twofold: (1) the smaller aircraft 
inventory means pilots must share fewer planes for training; and (2) the cohorts of then-junior 
pilots separated in the drawdown, who would have become experienced in the years that 
followed, instead created an experience vacuum. While the move – in aggregate – aligned the 
reduced pilot requirement with the slimmed pilot inventory, and was thus technically successful, 
the victory was pyrrhic for the Air Force enterprise, because it came at the expense of future 
cohorts by neglecting the importance of sustaining an experienced cadre. In other words, to 
function properly, the Air Force not only needs the right number of pilots, but the right 
distribution of seniority and experience within the pilot force. 

Planners generally analyze the inventory-requirement balancing problem through the lens of 
force profiles. As a proxy for aeronautical experience, the pilot inventory and force requirements 
are each binned by the officers’ accumulated Commissioned Years of Service (CYOS), breaking 
out the total manpower supply and demand, respectively, across the range of officer tenure. 
Force profiles highlight CYOS imbalances, making the pilot bathtub readily apparent.  For 
example, the pilot force profile for FY 2004 is shown in Figure 2.7. The heights of the columns 
represent actual numbers of pilots with the corresponding CYOS in FY 2004, and the colors 
correspond to the officers’ ranks. For instance, there were roughly 950 pilots in their third year of 
service (CYOS 3), of which roughly 200 were second lieutenants (O-1, 2Lt) and the remaining 
750 were first lieutenants (O-2, 1Lt). The red curve represents a sustainable CYOS distribution, 
or the desirable allocation of the total pilot requirement across the range of CYOS which results 
in a steady state inventory, given a constant value for annual pilot production. Figure 2.7 
demonstrates how serious force structure problems can belie inventories and requirements that 
are reconciled in the aggregate. 

Note the illustrative shortage among pilots with 8–12 CYOS, and the overage among pilots 
with 17+ CYOS. Collectively, they characterize the lasting effects of the post-Cold War 
drawdown. Consider junior pilots to refer to company-grade officers (CGOs) – lieutenants and 
captains, and senior pilots to refer to field-grade officers (FGOs) – majors and lieutenant 

 
 

23 Saturated queues are those operating at or near 100% capacity most of the time. Without a 15-20% buffer, 
queuing systems become “inherently unstable” and difficult to restore to equilibrium after external shocks (Robbert 
et al., 2015). 
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colonels. With the drawdowns disproportionately affecting the most junior pilots, who at the 
time would have had 2–6 CYOS, by FY 2004 (roughly six years later) the shortage would have 
propagated forward to the CYOS 8–12 cohorts, yielding the force profile observed in Figure 2.7. 
That is, if the inventory in Figure 2.7 were shifted leftward by six years, the shortage would be 
present among CYOS 2–6 (CGOs), and the overage among CYOS 11–13 (FGOs),24 representing 
the decision to achieve the required reduction primarily through the junior pilot force. Combined 
with the reduction in aircraft, the bathtub persists today, having survived over twenty years of 
analysis.  

Figure 2.7. Pilot Force Profile, FY 2004 

 

SOURCE: Reproduced from Figure 2.3 of Taylor, Bigelow, and Ausink (2009). 
NOTE: Aircrew planners generally consider pilots up to the rank of Lieutenant Colonel (Lt Col), marked in purple in 
this figure. Typically, officers are “promoted out” of the pilot inventory after reaching 20 CYOS. 

Figure 2.8 provides a graphical depiction of this approximation by taking the FY 2004 
inventory from Figure 2.7 and shifting each column leftward six years. Then, the shifted 
inventory is superimposed on the original sustainable red line distribution, highlighting the 
disparity between the CGO and FGO force reductions. 

Relating CYOS profiles to the absorption problem requires one final step in mapping officer 
tenure to aeronautical experience. The due-course pilot generally becomes experienced as a 
relatively junior captain. This assumes a pilot trainee completes undergraduate pilot training in 
CYOS 2, followed by formal and mission qualification training in CYOS 3–4, and becoming 
absorbed in CYOS 4–5. For the sake of relating CYOS profiles to experience, while not entirely 
accurate, it is reasonable to think of FGOs (and most senior captains) as the experienced pool, 

 
 

24 The upper limit of the FGO CYOS range is reduced because of the unknown number of pilots “promoted out” of 
the inventory at CYOS 20+ in FY 2004. 
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and CGOs (except most senior captains) as the inexperienced pilot pool. This framework 
emphasizes the experience vacuum from the drawdown.  

Figure 2.8. Slimming the Junior Pilot Force 

 

SOURCE: Adapted from Figure 2.3 of Taylor, Bigelow, and Ausink (2009). Annotations are the author’s own. 
NOTE: The FY 2004 inventory from Figure 2.7 has been shifted leftward by six years. Inventories for CYOS 14+ in 
FY 1998 therefore contain a significant but unknown number of pilots who had since “promoted out” or otherwise left 
the pilot force by FY 2004, represented by the grey hatching. There may well be some pilots with CYOS 1-13 in FY 
1998 who had also separated by FY 2004 voluntarily after completing their ADSC or for reasons other than the force 
drawdown, and are likewise not depicted in this figure. However, the 10-year25 ADSC incurred by pilot training 
graduates – who typically graduate in CYOS 2 or 3, placing ADSC expiration at CYOS 12-13 – likely renders these 
variations negligible in the context of characterizing the overall nature of the force reductions. 

When large cohorts of new pilots must be trained by a comparatively small cohort of 
experienced crews with relatively few aircraft, the aircrew management system is strained from 
both ends. Because there is insufficient capacity, the inexperienced pilots enter breaks in training 
(BITs) – essentially, costly queues. While they wait for their turn to fly, trainees’ aeronautical 
abilities deteriorate and their ADSC “clocks” tick with no tangible benefit to the Air Force 
(pilots begin paying back their 10-year ADSC after getting wings in UPT). As a result, each 
inexperienced pilot takes longer to become experienced; a longer Time to Experience (TTE) 
translates to less time the pilot is operationally available – in the broadest sense, a worse return 
on the Air Force’s substantial investment. On the other hand, a training backlog imposes 
significant pressure on the experienced pilots. In addition to flying the operational mission, 
accomplishing their own upgrades and continuation training (CT), and tackling other non-flying 
obligations, the experienced pilots must fly far more of these experiencing or “seasoning” sorties 
than force planners intended. 

 
 

25 The ADSC for pilot training graduates increased to 10 years from 8 years for pilots who started training on or 
after October 1, 1999 (AFI 36-2107, 2001 [superseded]). 
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To wit, despite Air Force guidance encouraging squadrons to fly their inexperienced pilots 
more than their experienced pilots each month, it is near impossible to do so when a squadron’s 
experience level falls below 60%, because policy and training syllabi dictate inexperienced pilots 
must be supervised (in flight) by experienced pilots. Further, the problem compounds as the 
experience level decreases; the greater the proportion of inexperienced pilots, the greater the 
share of the unit’s total flying that must be flown by experienced pilots (Taylor, Moore, and Roll, 
Jr., 2000). This relationship is summarized in Figure 2.9, where “inexperienced wingmen” 
denote the pilots being absorbed, and “flight leads and IPs” are the experienced pilots (and the 
instructor subset). The vertical axis depicts the percentage deviation from the overall unit 
average monthly sorties per pilot. That is, if the average wingman flew as many sorties per 
month as the average flight lead/IP, both lines would be at 0 deviation (both groups contribute 
equally to the overall unit average). Positive deviation means pilots in the group are individually 
flying more than the unit average, and vice versa.  

Figure 2.9. Squadron Inexperience Reduces Inexperienced Pilot Sortie Share 

 

SOURCE: Reproduced from Figure 2.3 of Taylor, Moore, and Roll, Jr. (2000).  

This vicious cycle perpetuated by the pilot bathtub has proved a persistent frustration for 
force planners and analysts, and threatens to deprive the Air Force of the institutional knowledge 
its experienced pilots possess. Given the renewed emphasis on preparing for a near-peer fight, 
the service has leveraged new technologies and new ideas to address the experience shortage. As 
senior leaders have broadened their analytical appetites, this research presents a novel simulation 
model designed to probe policy domains for which historical data are scant or simply 
nonexistent. Two relatively major and nascent changes to Air Force policy are incorporated into 
a scenario study which applies the model to explore the policies’ implications for combat 
squadron flight operations, the tip of the absorption spear. The next chapter introduces this 
research approach, and summarizes insights gleaned from the relevant literature.  
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Chapter 3. Research Approach 

This research is but the latest extension of an impressive body of analysis related to different 
facets of the pilot shortage and the aircrew management enterprise. Its key contribution is the 
development of a dynamic, stochastic, Python simulation model which focuses on the underlying 
drivers of squadron-level absorption. It is designed, wherever practical, to allow for exploration 
of input domains that lack historical data. This requires unique modeling approaches, particularly 
in some of the more behavioral or human elements of flight scheduling and flight operations, 
such as deciding when to enroll pilots in upgrade, or how to prioritize a limited number of sorties 
among the different types of pilots and flying missions. In the face of occasionally unreliable and 
often nonexistent data, the model implements a probabilistic alternative resembling that used in a 
simulation study of the RAP (Walsh, Taylor, and Ausink, 2019). This results rather suitably in an 
explicit model of absorption’s driving behaviors (like the commander’s upgrade enrollment 
decision), rather than input specifications of what are essentially the consequences of those 
drivers (like the time to progress through upgrades).  

For instance, ACC has recently shifted to thinking in terms of sorties rather than flight hours 
in describing fighter pilot development and experiencing. Much of the prior work, especially that 
focused on budget implications (which ultimately rely on a per-flight-hour cost), related the two 
by multiplying an average sortie duration value; this model instead progresses individual pilots 
through syllabus sorties and monitors their sortie accumulation. In so doing, the model not only 
avoids conflating system inputs and outputs – i.e. baking in characteristics which are attributable 
to the state of the system rather than its structure (such as sorties flown per month), but it also 
lets senior leaders relatively quickly understand the first-order squadron-level absorption 
implications of sweeping, enterprise-level policy ideas (such as flying-hour budgets or flight 
operations policy), without getting ensnared prematurely in their respective bureaucratic 
complexities. Two such nascent changes comprise the excursionary cases of a simulation 
scenario study which is the second major contribution of this research. 

The remainder of this chapter first lays the academic foundation for approaching the 
absorption problem with a simulation model by contextualizing aircrew management in the 
domain of military workforce planning and management (MWPM), then highlights several 
related simulation studies indicating an appetite for this type of analysis within the Air Force, 
before finally introducing the specific model that facilitates the scenario study. 
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Aircrew Management as a MWPM Problem 
Many policy problems can be conceptualized in terms of shortage or excess, and the Air 

Force’s pilot shortage makes that characterization straightforward. When the deficit is measured 
in people, and the interested party is their employer, the problem becomes a manpower one.  

Manpower Planning Problems 

Manpower planning problems are an analytical archetype, comprising three interrelated 
factors (Edwards, 1983): 

• predicting the future demand for manpower 
• predicting the future supply of manpower 
• closing the manpower gap. 

Moreover, Edwards (1983) makes the case for manpower models by noting that the relevant 
decisionmakers are seldom expert in all interdisciplinary facets of manpower planning, and may 
even be “actively suspicious” of modeling as a problem-solving approach per se. For instance, 
how likely is it for a single planner or manager, or even a management team, to have mastery of 

• demand trends—productivity, technology, market forces, corporate strategy 
• supply trends—current manpower stocks, recruitment, working conditions, promotion 

opportunities, labor market forces, and 
• policy options—training, compensation, career planning, retention, etc.?  

Clearly, there is a need for both expertise in a wide range of subject matter, as well as 
analytical prowess to make the problem tractable. This raises the question of what such a model 
would require, which Edwards (1983) goes on to answer. For a manpower model to be of any 
use in overcoming these barriers, it must 

• use terms and concepts familiar to the problem domain as much as possible 
• produce clear and concise outputs minimizing the need for additional interpretation 
• be explainable in intuitive/non-mathematical terms, facilitating honest discussion about 

modeling assumptions and capitalizing on the planner’s subject-matter expertise 
• use input data which [are] readily available and reasonably accurate. 

The above characteristics of a “good” model are notably applicable regardless of the problem 
domain, and I have made an earnest effort to hold true to these principles in the application I 
present here. As I discuss in more detail later, using Python to develop the model in an object-
oriented fashion means the code itself is rife with the lexicon of Air Force flight operations. Key 
results are distilled into two metrics: time to flight lead (TTFL), and yearly absorption capacity. 
A month-stepped, pilot-level modeling resolution lends itself well to discussions of the 
simulation’s capabilities and limitations in plain English. Finally, most of the model inputs are 
either specified by policy, or well-known to the unit and force planners (behavioral inputs form 
an important exception, and are treated more fully in the model description).  



 

 25 

Putting the M in MWPM 

Chief among the factors distinct in military workforces are their “unique closed and 
hierarchical structure and strict military recruitment and promotion rules,” which are often 
codified in federal legislation (Jnitova, Elsawah, and Ryan, 2017). Additionally, the success and 
productivity of the military workforce are measured in more abstract ways than the profit 
function enshrined in the corporate world. As defense planners and modelers are mutually 
becoming “more willing to share their experiences and to adopt new technologies,” the appetite 
for modeling and simulation in the MWPM context remains strong (Jnitova, Elsawah, and Ryan, 
2017). In surveying operations research approaches to MWPM for the Australian Department of 
Defence, Wang (2005) describes four modeling classes, along with a brief discussion of the 
characteristics, limitations, and MWPM applications of each (applications are supplemented with 
additional sources). These are summarized in Table 3.1. 

Table 3.1. Operations Research Model Classes with MWPM Applications 

Modeling Approach Characteristic Use Limitations MWPM Applications 

Markov chains • Workforce segmented into 
exhaustive, mutually 
exclusive “states” (e.g., by 
rank and time in grade). 

• State transitions (e.g., 
promotion) stochastic via 
transition matrix. 

• Exploratory, not normative 
• Linear in transition 

probabilities (lack 
feedback) 

• Require large sample size 

• Australian Army—
CFSM (2002) 

• USAF—TOPLINE 
(1971) 

Simulation • Useful when problem is 
non-linear or analytical 
formulations are 
otherwise prohibitive 

• Static vs. dynamic 
(whether model captures 
variation over time) 

• Deterministic vs. 
stochastic (whether 
parameters are fixed or 
probabilistic) 

• Discrete vs. continuous 
(whether events update in 
“steps” or continuously) 

• Exploratory, not normative 
• Model construction can be 

slow and costly 
• Stochastic outputs require 

statistical analysis 

• USAF—RAP 
Review (2019)a 

• USAF—Steady-
State Fighter Fleet 
Absorption (2015)b 

• USAF—
Deterministic 
Dynamic Pilot 
Absorption (2009)c 

• U.S. Army—Officer 
Development Model 
(1994) 

• USAF—RAND Pilot 
Training Study Pilot 
Model (1969) 
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Modeling Approach Characteristic Use Limitations MWPM Applications 

Optimization • Normative models 
prescribe optimal policies 

• Involve an objective 
function (maximize/ 
minimize), decision 
variables, constraints, and 
model parameters 

• Can include continuous, 
integer, or mixed 
variables 

• Canonical optimization 
types include assignment 
matching, product mix, 
and transshipment 
problems 

• Require specification of a 
single (though possibly 
weighted) objective 
function 

• Translating problems into 
the language of 
optimization can be 
challenging 

• Linear in variables, lacks 
feedback capability 

• USAF—TFBL 
Model (2019)d 

• Australian Army—
Army Training Mix 
Model (1995) 

• U.S. Army—Basic 
Combat Training 
Scheduling (1994) 

• U.S. Office of the 
Assistant Secretary 
of Defense—
ASCAR (1983) 

• Royal Canadian 
Armed Forces—
Eight-Rank Officer 
Promotion (1972) 

Systems Dynamics • Well suited to modeling 
complex, non-linear 
systems and feedbacks 

• Rely on causal loop 
diagrams, stock and flow 
diagrams 

• Critically dependent on 
quality conceptualization 
(diagramming) 

• All stocks and flows must 
be quantifiable 

• Australian Navy—
Human Resources 
Planning (2003) 

• U.S. Army—
Enlisted Personnel 
Management 
(1997) 

• Australian Army—
Black Hawk Pilot 
Model (date 
unknown) 

SOURCE: Features information from Wang (2005). External source applications are listed in the notes. 
NOTE: Combat Force Sustainment Model (CFSM); Total Officer Personnel Objective Structure for the Line Officer 
Force (TOPLINE); Total Force Blue Line (TFBL); Accession Supply Costing and Requirements (ASCAR). 
a Walsh, Taylor, and Ausink (2019). 
b Robbert et al. (2015). 
c Taylor, Bigelow, and Ausink (2009). 
d Terry et al. (2019). 

Pilot Force Planning is Amenable to Simulation 
Since the turn of the century, the RAND Corporation has conducted several quantitative 

studies to model different aspects of the absorption burden on absorbable units, including 
production, manning, and training (Taylor et al., 2002; Bigelow et al., 2003); military pilot 
retention (Elliott, Kapur, and Gresenz, 2004; McGee, 2015; Sweeney, 2015; Williams, 2021); 
advanced technology, such as the use of aircraft simulators (Marken et al., 2007); and the effects 
of the force drawdowns on absorption capacity (Taylor, Bigelow, and Ausink, 2009). Terry et al. 
(2019) extended the latter to incorporate production and retention, providing a regression-based 
analytic “Total Force Blue Line” optimization model which gave Air Force planners a 
comprehensive account and projection of the pilot inventory. 

More recent works within and for the Air Force have focused on various types of simulation 
modeling as tools to approach flight training problems, largely focusing on the production phase. 
For example, discrete event simulation formed the basis of at least two models developed at the 
Air Force Institute of Technology (AFIT): one to address manning shortfalls among flying 
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training units for the MQ-9 Reaper unmanned aerial system (Gilts, 2019), and another to 
simulate flight operations at an F-16 FTU (Okal, 2008). Operational F-16 flying requirements 
were examined in detail in the Walsh, Taylor, and Ausink (2019) discrete-time microsimulation 
study reviewing and assessing the RAP, including its impact on absorption and readiness among 
F-16 squadrons in the 20th Fighter Wing (20 FW), based at Shaw Air Force Base, South 
Carolina. Much of my thinking was guided by this study, and I initially return to the F-16 and the 
20 FW for my extension of their work. 

My research approach thus comprises two parts, corresponding to the two research questions: 
first, developing a discrete-time simulation of F-16 absorption at a squadron of the 20 FW, then, 
using the simulation model in a scenario study to explore the potential implications of two policy 
proposals spanning different organizational levels: changing the very definition of experienced, 
and reimagining the training pipeline to front-load fighter-specific training and “rebuild the 
fighter forge” (REFORGE). While the model is initially parameterized around the 20 OG, the F-
16, and the active component, it is at its core a generic absorption model, intended to be 
adaptable and scalable across the USAF enterprise going forward.26 Moreover, the policy 
ramifications extend far beyond the squadron level, implicating changes to Air Force policy, 
operating procedures, training syllabi, and the entire USAF readiness and logistics enterprise. 

The Simulation Model 
The squadron pilot absorption model began as part of a collaborative effort with ACTF and 

HAF/A3T.  That initial effort culminated in a briefing of the baseline model to CSAF at Aircrew 
Summit in December 2022. Since then, the model has been improved and adapted for this 
scenario study. It nonetheless remains a dynamic, stochastic, pilot-level, month-stepped 
simulation developed in Python and designed to provide meaningful outputs to the squadron 
user, while remaining flexible enough in the input space to facilitate rapid and insightful what-if 
exploration of several major absorption drivers.  

The Conceptual Model 

The conceptual model is depicted in Figure 3.1. Each scenario starts with initializing a 
simulated squadron that is representative of the real-world squadron, in terms of manning, 
experience, and qualifications. From there, the model accepts inputs related to the squadron’s 
“behavior,” such as their scheduling priorities, sortie generation, syllabus requirements, and so 
on. Then, each of several hundred replications (denoted by the dashed square) simulates 60 
months, during which (a) pilots inflow to the squadron, both from the FTU and from previous 

 
 

26 As one example, the REFORGE scenario changes the model inputs to resemble F-22 operations, because 
REFORGE is conceived for fifth-generation platforms and beyond (the F-16 is fourth generation). 
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assignments, (b) pilots are probabilistically enrolled in upgrades, (c) the monthly post-attrition 
sortie generation is stochastically drawn, (d) pilots are prioritized and sorties are allocated, 
including support sorties for syllabus rides, (e) the sorties are flown until either all pilots have 
accomplished their allocated sorties, or the unit flies all generated sorties, (f) pilot qualifications 
and time on station are updated, before finally (g) pilots who exceed the time-on-station 
threshold are removed from the squadron. As a variance reduction technique, for a given 
scenario, the initialized squadron is preserved from one replication to the next, such that “month 
zero” is the same for each replication (see Figure 3.2). 

Figure 3.1. The Conceptual Model 

 

NOTE: The Vulnerable-to-Move List (VML) is an administrative process by which the Air Force organizes the timing 
of Permanent Change of Station (PCS) moves for its members. Pink stars represent stochastic simulation elements.  

Various attributes, such as how many monthly sorties are flown by inexperienced and 
experienced pilots, how many sorties pilots have when starting upgrades, how long upgrades 
take and how many are simultaneously enrolled, how long it takes for FTU-arrival pilots to 
become flight leads (also referred to as the time to flight lead, or TTFL), and how many pilots 
leave the squadron with or without getting absorbed, are tracked for each month of each 
simulation run. The random variation from run to run and month to month then builds empirical 
statistical distributions which are summarized and visualized in several ways – these are the 
model’s outputs. 
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Figure 3.2. Squadron Initialized by Scenario, Preserved Across Replications 

 

Initialize Representative Squadron & Apply Business Rules 

The first step in a modeling scenario is to populate an initial squadron. The pilot population 
is categorized in several ways that are relevant to their role in flight operations and absorption 
flying specifically: 

• Assigned vs. attached pilots 
• Aircrew Position Indicator (API)-1,27 vs. API-6 pilots 
• Experienced vs. inexperienced pilots 
• Qualifications (None, WG, FL, IP) 

The initial number of assigned API-1, assigned API-6/8, and attached pilots are directly 
specified as input values. The experience level of the assigned API-1 population is another input 
parameter, which is used to calculate the proportion who begin with at least the minimum sortie 
count and qualifications defined as experienced. API-6/8 pilots and attached pilots are modeled 
as 100% experienced. Additionally, assigned and attached pilots have different monthly sortie 
limits, specified directly as inputs. In the results presented here, assigned pilots are limited to 20 
sorties per month, and attached pilots are limited to 13. This is based on the ratio between the 
active-component experienced Combat Mission Ready (CMR) and Basic Mission Capable 
(BMC)28 12-month lookback sortie requirements specified in the F-22 RAP Tasking 

 
 

27 API codes are one way the Air Force categorizes its flying billets, defined in AFMAN 11-402 (2023), Table 3.1. 
API-1 pilots are considered “line pilots,” whose primary duty is flying. API-6 pilots are staff pilot positions, 
typically commanders and senior staff.  
28 CMR and BMC are two readiness levels specified in flight training policy. CMR, the higher readiness level, 
requires “proficiency in all primary missions of the flying unit;” BMC requires “familiarization in all,” and allows 
pilots to be “certified, current, and proficient in some” primary missions (AFMAN 11-2F-16v1, 2022). 
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Memorandum (RTM). That is, experienced pilots flying at the BMC rate require roughly 65% of 
the annual sorties needed by experienced CMR pilots.  

The model also assigns a distribution of pilot qualifications to the initial population, based on 
probabilities specified as input parameters. For example, the model directly accepts an input for 
the proportion of API-1 and API-6 pilots qualified as IPs, and ensures they are initialized 
properly in terms of sortie count and qualification requirements. Other qualifications are then 
generated from the simulated pilots’ individual random draws for their time on station and MDS 
sorties. The distributions for those two variables are specified as input parameters. The presented 
model assigns each initial pilot a random uniform value for their time on station at the start of 
sim month zero, drawn from a minimum of 0 to a maximum of 36 months, i.e. 𝑋𝑋 ~ 𝑈𝑈(0, 36). 
The user can optionally specify different bounds (or different distributions altogether) for the 
initial experienced and inexperienced populations.  

Then, each pilot receives a random uniform draw for their MDS sortie count, which is also 
separately specifiable for EXP and INX. However, the model limits the sortie accumulation of 
the initial INX population to 9 per month (changeable as a parameter), introducing a dependency 
between the two distributions. That is, an inexperienced pilot with 2 months on station is limited 
to a maximum of 18 sorties beyond the minimum allowable value. This helps ensure a sensible 
initial population; it prevents, e.g., the creation of a new FTU arrival with very few months on 
station but a sortie count typical of a pilot on the cusp of becoming experienced. 

The initial non-instructor population is given pilot qualifications commensurate with their 
MDS sortie count, with the same mechanics used to enroll all pilots in upgrade (explained in 
more detail later). The only exception is in determining the initial WG. All initial inexperienced 
pilots with greater than 2 months on station are assumed to have completed MQT and earned 
qualification as a WG; those with fewer than 2 months on station are initialized uniformly at 
some point in the MQT upgrade syllabus. The initial experienced population are all qualified as 
FL (some are also qualified as instructors) because that is the definition of experienced per se. 

Pilots’ sortie counts and qualifications are only randomly drawn from statistical distributions 
when they first enter the simulation, either as a part of the initial squadron or in the month they 
inflow. Once they join the simulated squadron, pilots individually accrue sorties and accumulate 
months on station, progressing through qualifications only as fast as they are enrolled in and 
complete the requisite upgrade syllabi (including support requirements and reflys). 

Inflow Pilots 

There are two sources from which pilots get added to the squadron after initialization: FTU 
arrivals, and other (non-first-tour, or nth-tour) arrivals. The monthly numbers of each arrival type 
are specified on a 12-month calendar, which repeats for the simulation run length. For instance, 7 
yearly FTU arrivals might be assumed to be distributed evenly over the twelve months, and the 
schedule repeats for each year. FTU arrivals are added with no qualifications, and an MDS sortie 
count based on FTU syllabus sorties, with some small variation.  
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In contrast, nth-tour arrivals more closely resemble the squadron initialization process; the 
experience level and qualification distribution inputs drive the pilots’ attributes, whose MDS 
sortie counts are randomly drawn from uniform distributions with bounds specific to their 
qualification. For example, 5 monthly nth-tour arrivals over 12 months might be clustered 
around quarterly PCS cycles. Experience levels among nth-tour arrivals are much higher than the 
squadron average, and the squadron is also absorbing some inexperienced pilots into experienced 
pilots, so fewer total nth-tour pilots (than FTU pilots) inflow in a year. A representative 
qualification distribution is 20% IP, 60% FL, 20% WG. The model outputs related to manning 
and composition by qualification are designed to make these inflow, outflow, and progression 
dynamics immediately apparent and reveal potential imbalances brought on by the inputs. 

Enroll Upgradees 

Upgrades are at the core of absorption, and thus essential to model accurately. Although the 
syllabi themselves are thoroughly documented after being developed at the operations group or 
squadron level, the other component – deciding who gets to upgrade and when – is (by design) 
highly subjective and at the discretion of unit commanders. Furthermore, Air Force data systems 
are not directly tracking the MDS sortie counts at which pilots start upgrades, nor are aggregate 
results across different units readily available in a centralized data repository for analysis. 
Rather, qualifications records are maintained at the unit level, on a roster known as the Letter of 
X’s (LOX), which provides snapshots of the squadron only as frequently as it is updated. 
However, correlating these archives with MDS sortie counts and upgrade progression directly 
would require integration with GTIMS and ARMS, two legacy enterprise systems with data 
quality issues. 

In the absence of an ability to calibrate the model against authoritative historical data, an 
alternative probabilistic approach captures some aspects of the commander’s upgrade enrollment 
decision-making. Similar to a methodology utilized in a 2019 RAND report analyzing the RAP 
(Walsh, Taylor, and Ausink, 2019), the approach involves constructing discrete probability mass 
functions which make pilots more likely to be eligible for upgrades as they accumulate more 
MDS sorties (as a proxy for proficiency/aptitude). Each month, all pilots above the minimum 
sortie count are deemed eligible or ineligible for upgrade enrollment by comparing an individual 
random uniform draw against their sortie-based enrollment probability. They are then prioritized 
by most-to-least MDS sorties (MQT candidates are further sorted by most-to-least months on 
station). If there is upgrade space available (determined by comparing the number of current 
enrollees against a specified upgrade program capacity), then eligible pilots are enrolled and the 
sorties flown from that point on count as upgrade sorties, until they complete the syllabus. Pilots 
that are not enrolled in one month are up for enrollment every subsequent month, until they 
either enroll or exceed the 36-month time on station limit. To illustrate, the enrollment eligibility 
functions used in the REFORGE scenario are presented in Table 3.2. (Full input details are 
provided in Chapters 4 and 5.) 



 

 32 

Table 3.2. Upgrade Enrollment Eligibility Probability Mass Functions (REFORGE Case) 

Upgrade Minimum Probability Increasing by Every Maximum Probability 

MQT 100% on arrival (at 15 ± 2 MDS sorties) - - - 

2FLUGa 30% at 85 MDS sorties 5pp 10 MDS sorties 99% at 225+ MDS sorties 

4FLUG 30% at 145 MDS sorties 5pp 10 MDS sorties 99% at 285+ MDS sorties 

IPUG 30% at 245 MDS sorties 5pp 10 MDS sorties 40% at 265+ MDS sorties 

NOTE: Upgrades listed in progressive order. Enrollment subject to upgrade capacity constraints (# simultaneous 
enrollees). FTU arrivals automatically enrolled in MQT once space is available. 
a The F-22 syllabus splits FL into two qualifications, based on the number of aircraft in the formation that the pilot is 
leading: two-ship flight lead (2FL), then four-ship flight lead (4FL). The latter is required to become experienced. 

 
Table 3.3 demonstrates how the model decides who is eligible for, and ultimately enrolled in, 

upgrades each month. The example uses a subset of pilots with notional MDS sortie counts and 
random draw values. Upgrade eligibility probabilities are as listed in Table 3.2. 

Table 3.3a. Pilot Upgrade Eligibility Example—Upgrade Availability 

Upgrade Enrolled, End of Month 𝒎𝒎−𝟏𝟏 Capacity Available, Month 𝒎𝒎 

MQT 2 4 2 

2FLUG 4 4 0 

4FLUG 1 4 3 

IPUG 2 3 1 

NOTE: Upgrades listed in progressive order. All numbers notional. 

Table 3.3b. Pilot Upgrade Eligibility Example—Upgrade Enrollment Decisions 

ID # Qualification 
(Next Upgrade) 

MDS Sorties Eligibility 
Probability 

Random Draw 
𝑿𝑿~𝑼𝑼(𝟎𝟎,𝟏𝟏) 

Eligible? Enrolled? 

1 None (MQT) 15 100% 0.426 Yes Yes 

2 WG (2FLUG) 120 45% 0.316 Yes No (Capacity) 

3 2FL (4FLUG) 270 90% 0.884 Yes Yes 

4 2FL (4FLUG) 140 0% 0.945 No No 

5 4FL (IPUG) 284 40% 0.652 No No 

6 4FL (IPUG) 258 35% 0.219 Yes Yes 

7 4FL (IPUG) 247 30% 0.152 Yes No (Capacity) 

NOTE: Upgrades listed in progressive order, within which pilots are listed in priority order (most-to-least MDS 
sorties). Sortie counts and random draw values are notional. 

Determine Sortie Generation 

The model calculation for monthly sortie generation is straightforward. Pre-attrition 
generation is given each month by the product of daily tails and the number of fly days, i.e. if 20 
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tails are available for each of 20 fly days, the monthly pre-attrition sortie generation is 400 (this 
assumes 20 daily sorties, not necessarily 20 different aircraft. The same tails are often “turned” 
from morning fly periods and made available for afternoon fly periods). Then, each month a 
value for the number of maintenance-attrit sorties is drawn from the binomial distribution, where 
the number of trials equals the pre-attrition sortie generation, and the probability equals the input 
parameter for average sortie attrition, i.e. 𝑋𝑋 ~ 𝐵𝐵𝐵𝐵𝐵𝐵(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴). This 
means the monthly post-attrition sortie generation is 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑋𝑋. Although a drastic 
simplification of a notoriously complex maintenance enterprise, distilling maintenance into a 
monthly post-attrition sortie generation is a conscious modeling choice that allows senior leaders 
to explore what the absorption impact of additional sortie generation would be without getting 
mired in the details of how to achieve it; such detailed analysis could and should be performed 
after identifying a goal sortie generation which achieves desirable absorption outcomes. 

Prioritize & Allocate Sorties 

In theory, a squadron that generated more sorties than it had pilots to fly them would not be 
facing a maintenance constraint, but a manpower one. Similarly, a squadron flying every jet 
made available, with pilots who individually have sorties to spare, would ostensibly benefit from 
additional sortie generation. In practice, units have habitually cited both sortie generation and 
manning-related absorption constraints, with the relative importance of each unclear and in flux. 
It follows that a model designed to explore how to alleviate absorption pressures must therefore 
include some mechanism to allocate a scarce number of sorties among its simulated pilots, which 
in turn requires a way to prioritize the various categories of pilots and sorties. This model uses a 
stratified prioritization approach, where pilots are distinguished first by whether they are in an 
upgrade, then by their experience level. The various upgrades are themselves prioritized within 
the first stratification: 

1.  Upgrade Pilots (UPs) 
a. MQT UP 
b. IPUG UP 
c. 2FLUG UP (if applicable) 
d. 4FLUG UP 

2.  INX Pilots, Non-UP 
3.  EXP Pilots, Non-UP 

All pilots are prioritized at the beginning of each month based on the above order of precedence. 
Within a given tier, pilots are randomly shuffled. The result is a strictly ordered list of pilots, 
from which each pilot is allocated a stochastic number of sorties in turn, until the unit exhausts 
its sortie generation. The individual pilot monthly sortie allocation is drawn from the binomial 
distribution, which determines how many of the maximum possible individual monthly sorties 
the pilot receives, assuming every pilot across the squadron has an even chance, ex ante, of 
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flying on any of each day’s generated sorties. That is, 𝑋𝑋~𝐵𝐵𝐵𝐵𝐵𝐵(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼, 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷/2
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

). 

For example, assuming pilots are individually limited to a maximum of 20 sorties per month, 
which would mean, e.g., flying on each of 20 days the unit generates a “10 turn 10” (yielding 20 
daily tails, the average of a 400-sortie pre-attrition generation), then in a squadron of 35 pilots, 
each pilot’s monthly sortie allocation is 𝑋𝑋~𝐵𝐵𝐵𝐵𝐵𝐵(20, 10

35
). The halving of daily tails recognizes that 

no F-22 pilot ever flies without at least a wingman. This basic formulation is later modified by 
the nature of fighter pilot flying, e.g. inexperienced pilots must be supervised, and upgrade pilots 
necessarily fly with support pilots dictated by the upgrade syllabi. Although the model uses a 
fixed probability (for the month, because the number of pilots fluctuates month to month) in the 
specification of the binomial distribution, the prioritization of pilots drawing against the limited 
pool of generated sorties, and the explicit incorporation of support requirements, appropriately 
models the notion that not all flying is the same; how much pilots fly each month is not 
determined by lottery, but by scheduling dynamics.  

Fly the Month 

To enforce the operational realities of absorption flying, upgrade support requirements are 
tallied on a syllabus average basis, constructed from provided F-22 upgrade syllabi. That is, the 
number of support pilots with each qualification (WG, 2FL, 4FL, IP) were aggregated using 
minimum (required) levels for all non-optional rides required to complete the upgrade 
(culminating in the certification, or CERT, ride). Then, the tallies were divided by the minimum 
required syllabus duration to yield per-ride averages for each support qualification. While these 
averages do not make sense in the context of an individual sortie (e.g., it is impossible to fly with 
0.4 of a WG), they are used in calculating the total upgrade support required over a month of the 
UP’s sortie allocation. Any decimal sums are rounded up to the nearest integer value. Then, these 
support requirements are compared against the unit’s inventory of pilots (the UP him/herself, and 
other pilots in any upgrade, are excluded). Each support pilot can fly the lesser of the number of 
sorties they individually have left, or the number of upgrade rides for which the UP needs 
support. The latter is necessary to ensure the model does not assign the same support pilot more 
than once per sortie. If the number of supportable syllabus sorties is less than the UP’s allocation, 
the UP flies the supportable number. Support pilots are randomly chosen from the available pool 
to fly the support sorties (the pilots are also eligible for their own allocation later, but with a 
maximum limit reduced by the support sorties flown).  

The following lists the expanded order in which pilots take sorties from the available 
resource pool of the unit’s post-attrition sortie generation each month, i.e. it highlights how the 
“fly the month” step of the model imposes operational realities on the preceding “sortie 
allocation” step: 
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1. UP draws binomial sortie allocation 

• Capped by the lesser of (i) syllabus rides remaining, or (ii) supportable upgrade sorties 
dictated by manning and syllabus requirements. (Upgrade sorties deducted) 

• UP progresses through syllabus sorties, tempered by a syllabus re-fly rate. Re-fly sorties 
count against the sortie generation pool (they are flown), but the UP does not advance in the 
upgrade syllabus (the syllabus “ride” is re-flown). 

2. Upgrade support pilots fly the required support sorties (Support sorties deducted) 

• Importantly, the model distinguishes between support totals and the number of sorties. For 
example, a squadron with only 2 available Flight Leads can support up to 2 syllabus rides if 
each ride needs a maximum of 1 Flight Lead. But if a ride needs 2 Flight Leads, then the 
model limits support to only 1 ride, i.e. it prevents the same support pilot from being in more 
than one cockpit at a time. 

(Steps 1-2 repeat for all UPs and selected support pilots.) 

3. Inexperienced (non-UP) pilot draws binomial sortie allocation 

• Capped by the lesser of (i) balance of individual limit after deducting support sorties flown 
for UPs, (ii) number of supervisory sorties available dictated by squadron experience levels. 
Any experienced pilot can fly with the inexperienced pilot to satisfy supervisory 
requirements. (Inexperienced sorties deducted) 

(Step 3 repeats for all non-UP inexperienced pilots and selected experienced pilots.) 

4. Experienced (non-UP) pilot draws binomial sortie allocation 

• Capped by the balance of individual limit after deducting upgrade support sorties flown for 
UPs and supervisory sorties flown for non-UP inexperienced pilots. (Experienced sorties 
deducted) 

(Step 4 repeats for all non-UP experienced pilots.) 

If the unit sortie generation remaining is less than the pilot’s sortie allocation, the pilot flies the 
remaining generated sorties, and all subsequent pilots fly 0 sorties for the month. It is important 
to note that while this behavior may not appear realistic for a given month (i.e., squadrons are 
more likely to reduce other pilots’ flying and redistribute sorties rather than sit a few pilots out 
for the month), the monthly random shuffling of pilots within stratification tiers and the per-pilot 
random sampling of qualified upgrade support and supervisory pilots mean the model reasonably 
captures the behavior of the squadron over several months. 

Closing out the Month (Update/Age the Squadron & Outflow Pilots) 

The remaining two steps in the conceptual model relate to housekeeping tasks. At the end of 
the month, any upgrade pilots who complete their respective syllabi are awarded the 
corresponding qualification. Then, all pilots’ time-on-station counters are incremented by one 
month, and any pilots who exceed the 36-month threshold are selected for removal from the 
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squadron. Finally, various statistics (such as monthly sortie counts) are logged, then reset to 
prepare for the subsequent simulation month. 

Model Inputs, Parameters, and Outputs 

The model accepts various categories of inputs and parameters, and generates outputs 
relating to several components of healthy absorption. 

Inputs and Parameters 

• Manning 

− Initialization: # API-1, API-6 assigned pilots, # attached pilots; experience levels 
(%) for each category of pilot 

− Inflows: # per month from FTU, previous assignments; distribution of 
qualifications 

− Months on station threshold for PCS out 

• Sortie Generation 

− Turn Pattern: # tails available per fly day 
− Ops Tempo: # fly days per month 
− Maintenance Attrition: Average % reduction in pre-attrition sortie generation 
 Average monthly sorties limited to 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × (1 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴%)  

• Training 

− Definition of Absorbed: Sortie count requirement, qualification requirement 
− Upgrades: # syllabus sorties, syllabus support requirements, upgrade capacity 

(simultaneous enrolment limit) 
− IP/Evaluator Pilot (EP): # initial IP/EP, % of inflows qualified as IP/EP 

• Scheduling Priorities 

− Sortie Type Prioritization: Upgrades, inexperienced (INX) CT, experienced 
(EXP) CT 

− Pilot Prioritization: By upgrade progress/sortie count, time on station, etc. 
− Monthly Sortie Limits: maximum # sorties per assigned / attached pilot 

• Stochastic Distributions 

− Initialization: distribution for time on station, MDS sorties, qualifications 
− Inflows: distribution for MDS sorties, qualifications 
− Upgrade enrollment: per-month likelihood of upgrade eligibility given MDS 

sorties 
− Sortie Allocation: distribution for random draws of monthly pilot sorties 

Outputs 

• Monthly Manning: # pilots by qualification, squadron experience level (%) 
• Monthly Sortie Execution: # absorption, absorption support, non-absorption sorties 
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• Monthly Aging Rate: Distribution of # sorties flown by INX, EXP pilots vs 9/8 monthly 
RAP requirements 

• Monthly Squadron Composition: % of squadron by qualification 
• Monthly Upgrade Pilot (UP) enrollment 
• Summary Upgrade Progression: Distributions for # MDS sorties at upgrade enrollment, # 

months to complete upgrades, # months between completing upgrade and starting subsequent 
upgrade 

• Summary Absorption: Yearly absorption capacity, Time to Flight Lead (TTFL) 

Implementing the Model 

The model is implemented in Python and employs an object-oriented architecture. Not only 
did this help guide my thinking as I built the code, but it also facilitated frank discussion in plain 
English with subject-matter experts throughout the validation and verification process, because 
the class, object, and attribute names are written in the language of Air Force flight operations. 
Table 3.4 summarizes the model’s class structure and implementation, along with illustrative 
methods and attributes. 

 

Applying the Model: the Scenario Study 
Designing a simulation model to explore untested ideas starts by developing one for which 

data are indeed available for validation and verification – i.e., constructing the baseline case. 
Because each policy scenario is modeled for a different MDS, I construct two baselines – one for 
the F-16, and another for the F-22. Specifically, I first ensure the model’s structural correctness 
(validation), meaning the model is congruent and its components interact in realistic ways. Then, 
I ensure that each baseline model, when initialized to represent the real-world squadron, exhibits 
simulated manning and absorption dynamics that align with the observed performance of the 
real-world system (verification).  

The first scenario, and thus, the bulk of the model development, focuses on the F-16. To do 
so, I avail myself of the generous collaboration of experts at the 20th Operations Group (20 OG), 
which flies F-16s from Shaw Air Force Base, South Carolina. Once the F-16 baseline confirms 
the model’s validity, I use a different set of parameters to adapt the model to an F-22 squadron 
and construct the baseline for the second policy scenario. The following two chapters introduce 
each policy, detail how the model is parameterized for the baseline and the policy excursion, and 
present the simulation results. Chapter 4 discusses the F-16 application which analyzes a recent 
change to the definition of an experienced pilot, and Chapter 5 discusses the F-22 application 
which explores the potential impact of REFORGE – a comprehensive redesign of fighter pilot 
training set to be implemented in the next few years. Absorption results are summarized by two 
key metrics: mean yearly absorption capacity and mean time to flight lead (TTFL). Their 
definitions are presented in Table 3.5.  
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Table 3.4. Python Model Class Structure and Example Implementation 

Class / Attributes Example Methods 

 Pilot class  

arrived_month 
mds_sorties 
experienced 
in_ug 
quals 
ttfl 
absorbable 
max_scm 

set_arrived_month() 
increment_mds_sorties() 
increment_tos() 
enroll_in_ug() 
award_qual() 

 Squadron class  

pilots 
absorbed_pilots 
syllabi 
monthly_sorties_available 

assign_pilot() 
populate_initial() 
inflow_pilots() 
outflow_pilots() 
enroll_ug_students() 
fly_month() 
_assign_ug_support() 
update_qualifications() 
age_squadron() 

 Syllabus class  

name 
duration 
award 
refly_rate 
exp_sortie_rqmt 
exp_qual_rqmt 
capacity 
support_rqmt 

meets_exp_criteria() 

 Simulation class  

scenario_name 
run_num 
month_num 
starting_sq 
sq 
monthly_stats 
per_pilot_stats 

setup() 
_reset_sim_stats() 
step_month() 
sim_run() 
many_runs() 
 

 

Table 3.5. Result Metrics Defined 

Metric Definition 
Yearly absorption capacity For each simulation run, count of all pilots who entered the simulation as 

inexperienced and left as experienced, divided by the number of simulated 
years. The results for all runs are then averaged. 

Time to flight lead (TTFL) The number of months between arriving to the squadron and completing 
FLUG. Only calculated for FTU-arrival pilots that become experienced before 
leaving the simulation. Pilot-level results are aggregated across all simulation 
runs to calculate the mean. 
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Chapter 4. F-16 Application: Removing the Sortie Minimum 

Introduction 
The question of what an experienced combat pilot means has no easy answer, but the cost of 

erring in its definition is nonetheless measured in lives. If pilots in crisis, like all humans, are 
prone to fall back on their training rather than rise to expectations,29 then surely, only those 
“sufficiently” trained for combat should be sent into harm’s way. The problem, of course, is that 
no amount of training perfectly prepares pilots for combat, nor does the Air Force have the 
luxury of choosing precisely when its pilots are needed. 

Planners have long recognized that experience correlates with time, and have incorporated 
that axiom in policy; first, by specifying a minimum flight-hours requirement, and later (after it 
became clear that not all flight hours created equal training value), by requiring at least 250 MDS 
sorties to be designated as experienced (AFMAN 11-2F-16v1, 2022). As it turned out, not all 
sorties contribute equally to fighter pilot development, either. Gradually, commanders and senior 
leaders began contemplating the utility of an (admittedly arbitrary) minimum of any kind; after 
all, why not let those who know the individual pilots best – their unit commanders and staff – be 
the ones to deem them ready, regardless of sortie count? This philosophy is enshrined in the Air 
Force doctrinal tenet of “centralized command, distributed control, and decentralized execution,” 
the latter of which impels “the delegation of authority to . . . foster disciplined initiative and 
empower subordinates to exploit fleeting opportunities” (Air Force Doctrine Publication [AFDP] 
1, 2021). Indeed, the sortie minimum was eventually removed across ACC, leaving only the 
flight lead upgrade/qualification requirement. Enrollment in upgrade programs is at the 
discretion of unit commanders, meaning that the change not only afforded commanders more 
latitude, but also burdened them with considerably more risk.  

Though freed from mandatory sortie minimums and thus able to enroll pilots in FLUG (the 
final upgrade leading to flight lead qualification and, by its new definition, designation as an 
experienced pilot), commanders are still charged with making the enrollment decision only when 
pilots are truly prepared to move on to the myriad institutional roles the Air Force expects of its 
experienced corps (see Figure 2.3). This pressure is countervailed by the relentless demand to 
“maximize” absorption to meet a production surge necessary to reduce the pilot shortage—which 
means commanders must be particularly careful to maintain the requisite high standards in the 
face of intense political and professional influences. Considering that true combat readiness of a 

 
 

29 The origin of this aphorism, common in the business and self-help literature, is unclear. Some attribute it to an 
anonymous Navy SEAL, some to the ancient Greek philosopher and poet, Archilochus (680–645 BC).  
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pilot is only known ex post, the degree of additional responsibility that commanders assume in 
the absence of the sortie minimum becomes profoundly clear. Upgrading pilots too quickly 
means risking the lives of everyone impacted by the pilot’s operational missions; upgrade them 
too slowly, and the Air Force will lose experience precipitously. 

Parameterization 
The model was initially calibrated against a real-world F-16 squadron assigned to the 20 OG 

at Shaw AFB, South Carolina. The inputs that correspond to this initial model comprise the 
baseline scenario. Then, the 250-MDS-sortie criterion was removed to create the first policy 
excursion; all other inputs to the model are the same as in the baseline case.  

Manning 

Using snapshots of manning data from the real squadron, supplemented by conversations 
with staff at the 20 OG, I developed the following manning-related baseline inputs (Table 4.1). 

Table 4.1. F-16 Manning Inputs 

Input Value 
 Initialization  

API-1 Pilots, EXP% 28, 40% EXP 

API-6 Pilots, EXP% 2, 100% EXP 

Attached Pilots, EXP% 4, 100% EXP 

 Inflows/Outflows  

FTU Inflows 
(Qualification Distribution) 

6 / year: [0, 0, 2, 0, 1, 0, 1, 0, 0, 1, 0, 1] 
(No qualifications) 

Nth-tour Inflows 
(Qualification Distribution) 

6 / year: [0, 2, 0, 2, 0, 0, 0, 0, 0, 0, 2, 0]  
(40% IP, 40% FL, 20% WG) 

PCS Outflow Time on Station Threshold (months) 36 

Sortie Generation 

The baseline squadron has 21 F-16s in their PMAI. A typical month comprises 20 days of 
flight operations, with 18 tails generated per fly day. This results in a pre-attrition sortie 
generation of 20 × 18 = 360 sorties per month. After accounting for an average of 15% attrition  
as a generic measure of non-aircrew-related reasons a sortie could not be generated (e.g., 
weather, unexpected maintenance needs, temporary aircraft taskings away from home station, 
etc.) the simulated squadron generates 306 sorties per month, on average.  

The actual post-attrition generation for each month is drawn from the binomial distribution 
with the corresponding parameters, i.e., monthly sortie attrition is distributed as 
𝑋𝑋~𝐵𝐵𝐵𝐵𝐵𝐵(360, 0.15), which means monthly post-attrition generation is distributed as 360 − 𝑋𝑋.  
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Training 

The quantitative aspects of model validation and verification relied on historical aircrew data. 
Despite ACC’s removal of the sortie minimum by the time I had developed the baseline model, it 
was built against a population of pilots who became experienced when the sortie minimum 
applied. For this reason, I preserved the sortie requirement in the baseline model, and I remove it 
as part of an excursionary scenario because the change is too recent to observe its experiencing 
effects on the existing pilot inventory. Thus, in the baseline model, pilots need to both complete 
FLUG and have at least 250 MDS sorties to progress from inexperienced to experienced. In the 
excursion, pilots are designated as experienced once they complete FLUG, regardless of sortie 
count. However, in both cases, sortie count still forms the basis for the probability distributions 
that determine when pilots start upgrades. Table 4.2 summarizes the inputs related to squadron 
upgrade programs. For more details on the upgrade syllabi, see Appendix A. 

Table 4.2. F-16 Upgrades Inputs 

Upgrade 
(Qualification Earned) 

# Live Student Rides 
(Student Refly Rate) 

Upgrade 
Capacity 

Average Support Sorties per Student Ride 

IP/EP FL WG ADAIR 

MQT (WG) 10 (10%) 4 1 0 0.30 0.50 

FLUG (FL) 9 (20%) 4 1 0 0.33 0.56 

IPUG (IP) 9 (20%) 4 1 0 0.33 0.56 

SOURCE: Analysis of 20th OG F-16 Flight Training Syllabus (2022). 
NOTE: EP—Evaluator Pilot, a subset of instructor pilots qualified to administer CERT sorties and certify upgrade 
completion. ADAIR—adversary air, playing the role of the enemy. Refly rates and upgrade capacities are assumed 
input parameters. Syllabus duration assumes minimum requirements to CERT; ancillary (“top-off”) requirements are 
not included. Support is modeled at the minimum required (not “desired”) level. ADAIR requirements are not 
organically modeled (assumed external support). Some other real-world upgrades (e.g., Mission Commander 
Upgrade, Air Defense Upgrade, Functional Check Flights, Reconstitution Program) are not modeled. 

 
Pilots are probabilistically deemed eligible to start upgrades based on their MDS sortie 

counts (see Chapter 3). Each simulated month, the pilots’ sortie counts determine their eligibility 
probability, using a step function that varies by upgrade program. A simple random draw for 
each pilot then results in a binary eligibility decision for the month. Eligible pilots are enrolled if 
the program has space available; pilots that are not enrolled have another opportunity every 
subsequent month, until they either enroll or PCS out of the squadron. Table 4.3 describes the 
parameters of the eligibility probability step functions, which are visualized in Figure 4.1.  
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Table 4.3. F-16 Monthly Upgrade Eligibility Probability Mass Functions 

Upgrade Minimum Probability Increasing by Every Maximum Probability 

MQT 100% on arrival (at 59 ± 2 MDS sorties) - - - 

FLUG 50% at 215 MDS sorties 15pp 30 MDS sorties 99% at 335+ MDS sorties 

IPUG 50% at 275 MDS sorties 15pp 30 MDS sorties 99% at 395+ MDS sorties 

NOTE: pp—percentage point. Upgrades listed in progressive order. Enrollment subject to upgrade capacity 
constraints (# simultaneous enrollees). FTU arrivals automatically enrolled in MQT once space is available. FTU-
arrival MDS sortie count is based on F-16 FTU syllabus duration. 

 

Figure 4.1. F-16 Monthly Upgrade Eligibility Probability Mass Functions 

 

 

Stochastic Parameters 

The final category of inputs is those specified as random distributions, from which each 
simulated pilot draws their own values. These are summarized in Table 4.4.  
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Table 4.4. F-16 Stochastic Input Parameters 

Input Value 

Initial Population Time on Station, INX Pilot (months) 𝑈𝑈(0, 36) 

Initial Population Time on Station, EXP Pilot (months) 𝑈𝑈(0, 36) 

Initial Population MDS Sortie Count, INX Pilot (sorties)a min [𝑈𝑈(59, 250), 9 ⋅ 𝑇𝑇𝑇𝑇𝑆𝑆𝑖𝑖 + 59] 

Initial Population MDS Sortie Count, EXP Pilot (sorties) 𝑈𝑈(250, 600) 

Nth-tour Arrival MDS Sortie Count, WG (sorties) 𝑈𝑈(200, 240) 

Nth-tour Arrival MDS Sortie Count, FL (sorties) 𝑈𝑈(240, 500) 

Nth-tour Arrival MDS Sortie Count, IP (sorties) 𝑈𝑈(375, 1000) 

Monthly Pilot Sortie Allocation (sorties)b 𝐵𝐵𝐵𝐵𝐵𝐵 �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆, min �
0.5 ⋅ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 , 0.99�� 

NOTE: 𝑈𝑈(𝑎𝑎, 𝑏𝑏) means the discrete uniform distribution with minimum 𝑎𝑎 and maximum 𝑏𝑏. 𝐵𝐵𝐵𝐵𝐵𝐵(𝑛𝑛, 𝑝𝑝) means the 
binomial distribution with 𝑛𝑛 trials and trial success probability 𝑝𝑝. 
a The dependency between the initial INX MDS sortie count and TOS is intentional by imposing a 9 sorties-per-
month limit. This prevents non-sensical initialization of a pilot with, e.g., 3 months TOS but hundreds of sorties.  
b This distribution represents an ex-ante even sortie allocation probability among all pilots. The probability parameter 
divides the tails by two to account for the fact that a pilot needs at least one wingman, and it is capped at 0.99. The 
prioritization of sorties flown, rather than allocated, occurs elsewhere in the model; these dynamics are discussed in 
the section on model mechanics (Chapter 3). 

Results 
Removing the 250-sortie minimum requirement provided modest gains, suggesting that 

before the policy change, a small number of pilots may have been ready with fewer than 250 
sorties but were delayed in becoming experienced by this requirement. Results are summarized 
in Table 4.5, and visualized in Figure 4.2. 

Table 4.5. F-16 Scenario Results 

Case Yearly absorption capacity, pilots per year 
(% Change from baseline) 

Time to Flight Lead, months 
(% Change from baseline) 

Baseline 5.8 27 

No sortie minimum 6.1 (+5%) 26 (−4%) 

 

Implications 
The definition of experiencing requirements clearly affects absorption, but it is primarily the 

USAF’s official answer to a broader cultural and readiness question about what kind of pilot is 
fit to lead formations in combat and represent Air Force expertise in the staff, and how the 
service can observably ensure its pilots meet that standard across different units, commands, and 
operational circumstances. The improvements in the simulated excursion are on the order of 5% 
for both absorption metrics, but whether that modest gain is a consequence of 250 sorties being 
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the “right” number for experience (i.e., an accurate criterion), or a consequence of commanders’ 
knowledge of the requirement affecting when they decide to enroll pilots in FLUG (i.e., the 
criterion drove commanders’ decisionmaking) is unclear. In any case, the magnitude of 
improvements supports the idea that absorption is one of several issues this policy change seeks 
to address, rather than an arbitrary way to improve pipeline flow and absorb pilots more quickly.    

Figure 4.2. F-16 Scenario Results 

 

The second policy change I examine is an ambitious, comprehensive redesign of the pre-
absorption fighter development pipeline. In a bid to “rebuild the fighter forge,” the REFORGE 
concept envisions higher-quality fighter-oriented training, in a newer, more affordable aircraft, 
that ultimately lets pilots fly more, upgrade sooner, and go into combat more “experienced” than 
the status quo (Holmes, 2019). 
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Chapter 5. F-22 Application: Modeling ACC REFORGE 

Introduction 
At its core, REFORGE aims to capitalize on technological advancements and new 

capabilities to revolutionize the way (and indeed, the physical iron in which) fighter pilots have 
been trained for decades. As General Mike Holmes, the commander of ACC and signatory of the 
official REFORGE concept of operations (CONOP), described in his precedent 2019 
commentary for War on the Rocks, using a new, configurable, and highly capable aircraft termed 
the Advanced Tactical Trainer (ATT)30 that will be more beneficial to training than the T-38 and 
(much) more economical to fly than the primary MDS is envisioned to give pilots more monthly 
flight time and front-load more fighter-oriented flying in pilots’ training syllabi. Additionally, the 
training would be accomplished in the same physical location as the pilots’ subsequent 
operational squadron, which saves the pilots and their families (and the Air Force) the turmoil 
and cost associated with one PCS. When combined with a new syllabus and advancements in 
teaching and learning technology, such as customized, proficiency-based learning management 
systems, as well as hardware and software developments allowing, e.g., the ATT cockpit to 
closely resemble that of the primary MDS, or virtual reality to enhance the realism and 
effectiveness of simulator training, the goal is to enable pilots to progress through upgrades more 
quickly, with fewer actual MDS hours/sorties, to a higher level of performance.  

Ultimately, the idea is to leverage training in the pre-absorption phase to relieve some of the 
training burden on operational squadrons, which typically amounts to over half of their 
peacetime sorties; operational units spend “25% of allocated sorties on upgrade training and an 
additional 40% in ‘direct support,’ . . . limiting the time available to dedicate to advanced tactics” 
(Holmes, 2019). Instead, in the ATT, students can “forego a training syllabus that is an 
accumulation of compromises performed in a dated aircraft31 in favor of direct entry to tactical 
training in missions such as air combat maneuvering, close air support, surface attack, defensive 
counter air, and support to search and rescue.” Figure 5.1, reproduced from General Holmes’ 
commentary, visualizes the timeline comparison of REFORGE relative to the status quo—seven 

 
 

30 ATT is the new term for what General Holmes initially referred to as a generic “T-X.” 
31 As General Holmes (2019) notes, the T-38 is “more than twice the age of the average student flying it,” meaning 
it is “unable to present a student pilot with any of the systems, sensors, or weapons that modern fighter tactics are 
based on.” Lt Col Luke Schneider, a co-author of the official CONOP, put it more frankly: the T-38’s antiquated 
systems mean instructors “spend a lot of time teaching guys not to die,” rather than honing advanced tactics and 
skills (as quoted in Tirpak, 2020a).   
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months slower to deploy, five months faster to experience, which represents a “generally more 
experienced fighter force composed of force[s] more able to focus on high-end training.” 

Figure 5.1. Pilot Training Progression, Status Quo vs. REFORGE 

 

SOURCE: Reproduced from Figure 6 of Holmes (2019). 
NOTE: T-X is an old name for what is now referred to as the ATT, the platform at the center of the REFORGE vision. 
UFT is an old name for UPT. 

As far as the absorption model is concerned, REFORGE means pilots will be eligible for 
upgrades with fewer MDS sorties than they need today. The extent to which this facilitates 
improved absorption is the modeling focus. Notably, the model is unconcerned with how pilots 
become ready at the lower MDS sortie counts – in this scenario, the enrollment probability 
functions are simply translated downward (see Figure 5.2). The effects of this change manifest 
not only in the upgrade pilots themselves, but in the distribution of qualifications among all 
pilots in the squadron, resulting in important manning dynamics, notwithstanding the 
rudimentary changes to the inputs.  

Figure 5.2. Minimum F-22 Sorties for Upgrade Eligibility, Baseline vs. REFORGE 

 

NOTE: These are minimums. The upgrade enrollment probability functions were similarly translated downward. 
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Parameterization 
Modeling ACC REFORGE requires first adapting the model to represent an F-22 squadron, 

because REFORGE is conceptualized for fifth-generation platforms  and beyond; the F-16 is a 
fourth-generation platform, and there are significant differences in the syllabi, current manning 
states, and flying hour considerations between the two MDS communities. Then, the F-22 
baseline is adapted to incorporate two major elements of the REFORGE CONOP: changes to 
upgrade progression and timing, as well as the potential for additional MDS sortie generation. 

F-22 Baseline Model  

Much of this work aligns with a forthcoming RAND project which performs a business case 
analysis of REFORGE. Again, it was made possible by the generosity and collaboration of 
experts at several operational units. The inputs for this F-22 baseline model are presented below, 
in the same fashion as the F-16 baseline. 

Manning 

The following are derived from qualifications documents known as letters of X’s (LOXs) for 
F-22 squadrons at the 1 OG, supplemented by conversations with corresponding commanders 
and staffs (Table 5.1). 

Table 5.1. F-22 Baseline: Manning Inputs 

Input Value 
 Initialization  

API-1 Pilots, EXP% 22, 32% EXP 

API-6 Pilots, EXP% 5, 100% EXP 

Attached Pilots, EXP% 9, 100% EXP (67% IP) 

 Inflows/Outflows  

FTU Inflows 
(Qualification Distribution) 

7 / year: [1, 0, 1, 0, 1, 1, 0, 0, 1, 0, 1, 1] 
(No qualifications) 

Nth-tour Inflows 
(Qualification Distribution) 

5 / year: [0, 1, 0, 1, 0, 0, 0, 2, 0, 0, 1, 0] 
(20% IP, 60% FL, 20% WG) 

PCS Outflow Time on Station Threshold (months) 36 

Sortie Generation 

The baseline squadron has 24 F-22s in their PMAI. A typical month comprises 20 days of 
flight operations, with 20 tails generated per fly day. This results in a pre-attrition sortie 
generation of 20 × 20 = 400 sorties per month. After accounting for an average of 15% 
attrition, the simulated squadron generates 340 sorties per month, on average (distributed 
binomially; see sortie generation parameterization in Chapter 4).  
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Training 

The removal of the MDS sortie minimum was standardized across ACC, so it applied equally 
to the F-22 community as the F-16 community. However, REFORGE is a comprehensive 
redesign of fighter pilot development; comparing it against a baseline with a sortie requirement 
that no longer exists would not facilitate the best understanding of how the new concept would 
affect absorption. Thus, in the F-22 baseline model, the sortie requirement is removed. The 
REFORGE excursion then focuses on the concept’s not-yet-implemented changes, i.e. 
accelerating upgrades and potentially increasing sortie generation. 

In addition, the F-22 community has an intermediate flight lead qualification, the two-ship 
flight lead (2FL). Pilots must complete the 2FL upgrade (2FLUG) before they can complete 
four-ship flight lead upgrade (4FLUG) and earn the required qualification as 4FL to become 
experienced (see Figure 5.3). Table 5.2 summarizes the F-22 upgrade program inputs. 

Figure 5.3. Progression from Inexperienced to Experienced F-22 Pilot 

 
SOURCE: Analysis of requirements in AFMAN 11-2F-22Av1 (2022). 

Table 5.2. F-22 Baseline Inputs: Upgrades 

Upgrade 
(Qualification Earned) 

# Live Student Rides 
(Student Refly Rate) 

Upgrade 
Capacity 

Average Support Sorties per Student Ride 

IP/EP FL WG ADAIR 

MQT (WG) 7 (10%) 4 1 0 0 1.57 

2FLUG (2FL) 8 (20%) 4 1 0 0 1.88 

4FLUG (4FL) 3 (20%) 4 1 1 1 4.67 

IPUG (IP) 8 (20%) 3 1 0.38 0.38 2.13 

SOURCE: Analysis of F-22A CAF Flight Training Syllabus, Air Combat Command (2021). 
NOTE: EP—Evaluator Pilot, a subset of instructor pilots qualified to administer CERT sorties and certify upgrade 
completion. ADAIR—adversary air, playing the role of the enemy. Refly rates and upgrade capacities are assumed 
input parameters. Syllabus duration assumes minimum requirements to CERT; ancillary (“top-off”) requirements are 
not included. Support is modeled at the minimum required (not “desired”) level. ADAIR and striker requirements are 
not organically modeled (assumed external support). Some other real-world upgrades (e.g., Mission Commander 
Upgrade) are not modeled. 

 
The upgrade enrollment and progression mechanics are key to how I modeled REFORGE. Table 
5.3 describes the parameters used in the F-22 baseline case, which are visualized in Figure 5.4. 
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Table 5.3. F-22 Baseline Inputs: Upgrade Eligibility Probability Mass Functions 

Upgrade Minimum Probability Increasing by Every Maximum Probability 

MQT 100% on arrival (at 38 ± 5 MDS sorties) - - - 

2FLUG 30% at 95 MDS sorties 5pp 10 MDS sorties 99% at 235+ MDS sorties 

4FLUG 30% at 215 MDS sorties 5pp 10 MDS sorties 99% at 355+ MDS sorties 

IPUG 30% at 355 MDS sorties 5pp 10 MDS sorties 40% at 375+ MDS sorties 

NOTE: pp—percentage point. Upgrades listed in progressive order. Enrollment subject to upgrade capacity 
constraints (# simultaneous enrollees). FTU arrivals automatically enrolled in MQT once space is available. FTU-
arrival MDS sortie count is based on F-22 FTU syllabus duration. 

 

Figure 5.4. F-22 Baseline Monthly Upgrade Eligibility Probability Mass Functions 

 

 

 

Stochastic Parameters 

The stochastic input parameters for the baseline F-22 model are summarized in Table 5.4.  
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Table 5.4. F-22 Baseline Inputs: Stochastic Parameters 

Input Value 

Initial Population Time on Station, INX Pilot (months) 𝑈𝑈(0, 36) 

Initial Population Time on Station, EXP Pilot (months) 𝑈𝑈(0, 36) 

Initial Population MDS Sortie Count, INX Pilot (sorties)a min [𝑈𝑈(38, 250), 9 ⋅ 𝑇𝑇𝑇𝑇𝑆𝑆𝑖𝑖 + 38] 

Initial Population MDS Sortie Count, EXP Pilot (sorties) 𝑈𝑈(250, 400) 

Nth-tour Arrival MDS Sortie Count, WG (sorties) 𝑈𝑈(180, 216) 

Nth-tour Arrival MDS Sortie Count, 2FL (sorties) 𝑈𝑈(200, 240) 

Nth-tour Arrival MDS Sortie Count, 4FL (sorties) 𝑈𝑈(300, 500) 

Nth-tour Arrival MDS Sortie Count, IP (sorties) 𝑈𝑈(355, 500) 

Monthly Pilot Sortie Allocation (sorties)b 𝐵𝐵𝐵𝐵𝐵𝐵 �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆, min �
0.5 ⋅ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 , 0.99�� 

NOTE: 𝑈𝑈(𝑎𝑎, 𝑏𝑏) means the discrete uniform distribution with minimum 𝑎𝑎 and maximum 𝑏𝑏. 𝐵𝐵𝐵𝐵𝐵𝐵(𝑛𝑛, 𝑝𝑝) means the 
binomial distribution with 𝑛𝑛 trials and trial success probability 𝑝𝑝. 
a The dependency between the initial INX MDS sortie count and TOS is intentional by imposing a 9 sorties-per-
month limit. This prevents non-sensical initialization of a pilot with, e.g., 3 months TOS but hundreds of sorties.  
b This distribution represents an ex-ante even sortie allocation probability among all pilots. The probability parameter 
divides the tails by two to account for the fact that a pilot needs at least one wingman, and it is capped at 0.99. The 
prioritization of sorties flown, rather than allocated, occurs elsewhere in the model; these dynamics are discussed in 
the section on model mechanics (Chapter 3). 

 

Modeling the REFORGE Concept 

Under the REFORGE vision, pilots completing a shorter, transition-style FTU syllabus not 
only arrive at operational fighter squadrons with fewer MDS sorties, but greater tactical acumen 
and sharper stick-and-rudder skills. As they enter the absorption phase, inexperienced pilots 
more readily progress through upgrades and hone their skills in the MDS, meaning they are also 
prepared to start subsequent upgrades with fewer MDS sorties than today’s pilots need. 
Assuming the squadron as a whole still flies its operational fleet as much as possible, this 
“upgrade acceleration” can gain absorption efficiencies by reducing the cumulative MDS-sortie 
burden per absorbable pilot. The effect is non-linear due to additional savings on the support 
burden. 

For example, the last step in absorbing an F-22 pilot is successful completion of 4FLUG. 
Today, the typical squadron enrolls pilots in 4FLUG at around 225 MDS sorties; under 
REFORGE, pilots need just 145 MDS sorties, or roughly 65% of the status quo. Applying a 
proportional reduction to the prerequisite upgrades (MQT and 2FLUG), as well as to the 
Instructor Pilot Upgrade (IPUG) needed to sustain the instructor force, yields potentially 
significant gains in absorption capacity. The following will discuss how I implement REFORGE 
from the F-22 baseline model. The excursion centers on two conceptual changes at the heart of 
REFORGE: upgrading with fewer MDS sorties (which I term “upgrade acceleration”) and 
increasing the unit’s MDS sortie generation capability.  
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The REFORGE CONOP laid out the envisioned timeline of an F-22 pilot’s progression to 
4FL and included the number of accumulated MDS sorties at the start of each requisite upgrade 
syllabus. This progression served as the upper bound in the scenario study, i.e., it represents the 
full realization of upgrade acceleration, which I call “100% of CONOP acceleration.” From 
there, I model several intermediate cases via linear scaling. That is, the “50% of CONOP” case 
allows pilots to upgrade with half of the MDS sortie reduction in the 100% case. For example, if 
the CONOP allows 4FLUG entry with 33% fewer MDS sorties than the baseline, then the “50% 
of CONOP” case allows entry with 16% fewer MDS sorties than the baseline – half of the 
envisioned acceleration. The remaining 25%- and 75%-reduction cases are constructed in the 
same manner. This leads to five upgrade acceleration cases: 

• Baseline 
• 25% of CONOP Upgrade Acceleration 
• 50% of CONOP Upgrade Acceleration 
• 75% of CONOP Upgrade Acceleration 
• 100% of CONOP Upgrade Acceleration 
Because the simulation stochastically enrolls pilots in upgrade, the MDS sortie counts listed in 
the CONOP became minimum requirements, i.e. some pilots are not enrolled in upgrade until 
accumulating more than the listed number of MDS sorties. This approach is discussed more fully 
in the upgrade enrollment model mechanics (Chapter 3), and it is designed to capture the idea 
that commanders will find some pilots ready for upgrade sooner than others, whether from a 
distribution of pilot skill, the subjectivity of commander discretion, or (most likely) their 
combination. Table 5.5 summarizes how these minimum sortie requirements vary across the 
model cases for each upgrade. The probability functions described in the baseline (Table 5.3, 
Figure 5.4) progress in the same manner but start at the lower sortie counts. 

The progression through qualifications with fewer MDS sorties not only affects the 
prospective upgrade students, but also the inflowing nth-tour pilots. Thus, the upgrade 
acceleration cases also modified several other variables, summarized in Table 5.6 (note, the cases 
have been abbreviated and are shown across the columns). 

The sortie generation component is varied in a straightforward manner. Starting with a pre-
attrition generation of 400 sorties (representing, e.g., 20 days of flying a “10 turn 10”), I 
incrementally add 20 monthly sorties for each of four excursions, resulting in five cases for the 
sortie generation component representing up to 20% additional sortie generation: 

• 400 pre-attrition sorties 
• 420 pre-attrition sorties (+5%) 
• 440 pre-attrition sorties (+10%) 
• 460 pre-attrition sorties (+15%) 
• 480 pre-attrition sorties (+20%) 
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Table 5.5. REFORGE Inputs: Accelerated Upgrade MDS Sortie Minimums 

 Minimum MDS Sorties for Upgrade Eligibility (% Change from Baseline) 

Upgrade Case MQT 2FLUG 4FLUG IPUGa 

Baselineb 38 95c 215 355 

25% of CONOP Reduction 32 (-16%) 92 (-3%) 198 (-8%) 328 (-8%) 

50% of CONOP Reduction 26 (-32%) 90 (-5%) 180 (-16%) 300 (-15%) 

75% of CONOP Reduction 21 (-45%) 88 (-7%) 162 (-25%)  272 (-23%) 

100% of CONOP Reduction 15 (-61%) 85 (-11%) 145 (-33%) 245 (-31%) 

SOURCE: Adapted from REFORGE CONOP, Aircrew Summit 2022 
NOTE: These are the minimum values. Enrollment probabilities increase with more MDS sorties, as described in the 
upgrade enrollment model mechanics. 
a IPUG is not depicted in the CONOP. Reductions from baseline modeled after 4FLUG reductions. 
b Baseline values are close to, but not identical to, the “Status Quo” timeline presented in the source CONOP. 
Differences arise from the model’s stochastic interpretation of upgrade eligibility; values shown are those in the 
calibrated baseline squadron with a representative and stable qualification mix. 
c 2FLUG is not depicted in the CONOP “Status Quo” timeline, but is included in the REFORGE timeline. The 
baseline value corresponds to the calibrated baseline squadron with a representative and stable qualification mix. 

Table 5.6. REFORGE Inputs: Other Changes Resulting from Upgrade Acceleration 

Parameter Baseline 25% CONOP 50% CONOP 75% CONOP 100% CONOP 
MDS Sorties from FTU 38 ± 5 32 ± 4 26 ± 4 21 ± 3 15 ± 2 

Initial Squadron – IP Minimum 
MDS Sorties 

284 257 230 203 176 

Initial Squadron – EXP Pilot 
MDS Sorties 

𝑈𝑈(250, 400) 𝑈𝑈(226, 362) 𝑈𝑈(202, 324) 𝑈𝑈(179, 286) 𝑈𝑈(155, 248) 

Inflow – WG MDS Sorties 𝑈𝑈(180, 216) 𝑈𝑈(162, 194) 𝑈𝑈(144, 173) 𝑈𝑈(126, 152) 𝑈𝑈(108, 130) 

Inflow – 2FL MDS Sorties 𝑈𝑈(200, 240) 𝑈𝑈(179, 216) 𝑈𝑈(158, 192) 𝑈𝑈(136, 168) 𝑈𝑈(115, 144) 

Inflow – 4FL/IP MDS Sorties 𝑈𝑈(300, 500) 𝑈𝑈(270, 450) 𝑈𝑈(240, 400) 𝑈𝑈(210, 350) 𝑈𝑈(180, 300) 

NOTE: 𝑈𝑈(𝑎𝑎, 𝑏𝑏) means the values are randomly uniformly distributed between minimum 𝑎𝑎 and maximum 𝑏𝑏. 

 
This change affects the model in two ways: first, by directly increasing the total “pool” from 

which pilots can fly sorties each month, and second, by increasing the success probability 
parameter used in the binomial draw for the sortie allocation itself (which is specified ex ante as 
the ratio of tails per pilot, i.e. 0.5 ⋅ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 / 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁). This represents the idea that a 
squadron will try to fly as much as it can, and having one additional tail per fly day means it is 
more likely for more pilots to fly more each day. 

Results 
This scenario involves a full factorial simulation of 25 cases, five each for the degree of 

upgrade acceleration and the monthly sortie generation. The results for each case are presented 
as heatmaps in Figure 5.5. (For precise definitions of the metrics, see Table 3.5.) 
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Figure 5.5a. Scenario Study Results—Mean Yearly Absorption Capacity 

 

Figure 5.5b. Scenario Study Results—Mean TTFL 
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Implications 
Like the experience definition change in Chapter 4, REFORGE affects absorption but is 

designed to do much more. The simulation shows significant absorption gains (on the order of 
30–40% for both outcomes), indicating the potential of the CONOP. However, even full CONOP 
implementation yields smaller gains than the concept envisions; the best case has a TTFL 
savings of 8–9 months, rather than the expected 12–18 months (Tirpak, 2020b). 
Notwithstanding, the REFORGE concept is still evolving, and it is important for the Air Force to 
collect the appropriate data to understand how the vision will fare in execution. 

Additionally, while absorption generally improves from bottom-left to top-right in Figure 5.5 
(going from blue to green represents improvement), the gains are not linear, nor are they 
monotonic. This suggests that the limiting factor changes across the state space, i.e. sometimes 
absorption is constrained primarily by manning, and other times by sortie generation. Further 
still, absorption might be limited by the design of the upgrade syllabi and the support 
requirements they introduce. 

The next chapter summarizes the results of the simulation study and discusses its key 
limitations. Finally, Chapter 7 synthesizes the implications, findings, and limitations to conclude 
with recommendations.  
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Chapter 6. Simulation Summary 

The simulation model was applied in two scenario studies: an F-16 analysis of the removal of 
the 250 MDS sortie minimum requirement, and a full factorial approach to the modeled elements 
of REFORGE, simulating each combination of upgrade acceleration with sortie generation to 
produce 25 cases. Each scenario has a different baseline model, from which the excursions are 
simulated. In the REFORGE scenario, each of the 25 cases is independent but starts with the 
same initial simulated squadron. Table 6.1 summarizes the results of the scenario study’s two 
key summary metrics: mean TTFL, and mean yearly absorption. The results are visualized in 
Figure 6.1. 

Table 6.1. Scenario Study Summary Results 

Scenario Mean Absorption (# pilots/year) Mean TTFL (months) 
 F-16   

Baseline 5.8 27 

Removing 250 MDS Sortie Minimum 6.1 (+5%) 26 (−4%) 

 F-22   

Baseline (No MDS Sortie Minimum) 5.0 30 

ACC REFORGE (Fixed Sortie Generation) 6.7 (+34%) 22 (−27%) 

ACC REFORGE (+20% Sortie Generation) 7.0 (+40%) 21 (−30%) 

NOTE: Percent changes in parentheses are relative to respective baseline case. 

Figure 6.1. Simulation Summary Results 
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Each scenario ran for 60 months, and was repeated for 300 replications. The results show a 
general trend that aligns with intuition: as pilots either upgrade sooner, or fly more often, 
absorption outcomes improve. Moreover, the best outcomes are achieved when both drivers 
move together. However, there is subtle non-monotonicity in some of the early intermediate 
cases for both outcomes (on the order of 1 month and 0.5 pilots per year, respectively), which 
may be suggestive of input combinations for which the squadron composition limits the 
experiencing and progression of pilots. That is, extra monthly sorties might benefit certain 
upgrade types more than others (given, e.g., the differences in their support requirements). The 
dynamics of these effects, where pilots progress through some upgrades relatively faster than 
others and alter the relative numbers of pilots with each qualification, could result in composition 
mixes that hinder overall unit absorption capacity. 

There are at least two other explanations for the non-monotonic gains. The first is inherent in 
stochastic simulations, i.e. it is possible that the random values generated over the various model 
cases themselves produced small deviations from the trend. However, increasing either the run 
duration (sensitivity analysis ranged from 50 to 500 replications) or the number of replications 
(between 60 and 84 months) reduced, but did not remove, these perturbations. 

The second explanation arises from the fact that this simulation probes a concept for which 
there are no appropriate historical data (except in some outcomes for the baseline case) to 
compare against the model results. Instead, the simulation relies on crucial structural 
assumptions, and is particularly sensitive to the parameterization of the sortie allocation 
distribution. Those limitations, among others, are discussed more fully in the final section. 

Assumptions, Sensitivity, and Limitations 

This model, like all models, was designed for a specific purpose: to explore the potential 
first-order impacts on absorption of novel and comprehensive changes to the fighter pilot 
development process. Consequently, it has some key limitations.  

 Sensitivity to Parameters for which Authoritative Data are Lacking 

Two of the model’s most important and sensitive parameters are the upgrade probability 
ramps, and the binomial sortie allocation probability. These are the most “behavioral” or human 
elements of the model’s flying mechanics, meaning they are least supported by authoritative 
data. Existing data systems do not directly track the sortie counts at which pilots are enrolled in 
or complete upgrades. This may be due to a relatively recent broader policy shift from thinking 
in terms of hours to sorties, or a cultural proclivity to track upgrades and qualifications in units’ 
localized, rather than institutionally centralized, data systems. These limitations could be 
addressed by a better integration of the tools comprising flying-related USAF data collection 
systems and processes, such as centralizing data from Letters of X’s, GTIMS, and ARMS, and 
explicitly tracking upgrade enrollment and completion MDS sortie counts. 
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Not an Optimization Model 

This model is an exploratory simulation, not an optimization program; it does not have a 
“goal seek” capability. By extension, it relies on a SME end-user to enter combinations of inputs 
that are plausible. It focuses on being explicit and robust in outputs to highlight irregularities, but 
again depends on user expertise to identify whether proposed inputs produce plausible squadron 
dynamics. For example, it cannot tell a user how to get to a certain number of months TTE or 
achieve a goal absorption capacity, but it can relatively quickly (~1 second per 50 replications) 
calculate what happens to those outcomes if upgrade enrollment or other inputs change. 

Only Models MDS Flying 

The model is narrowly focused on sorties flown in the MDS, because it is ultimately in the 
MDS that pilots are eventually considered proficient enough to become “experienced.” As a 
result, its outputs, particularly relating to monthly sortie counts, should be interpreted in context 
– while it may appear realistic (if ambitious) to fly pilots 14 or 15 MDS sorties a month, the 
question becomes whether that is still realistic in addition to, e.g. any envisioned ATT flying, 
briefing/debriefing requirements, and so on.  
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Chapter 7. Conclusion 

Absorption is a crucial part of aircrew management, and it is where the effects of pilot 
production and pilot retention efforts are ultimately felt by the combat forces comprising 
operational squadrons. I documented my contributions to this problem’s concerted analysis effort 
in telling the story of this dissertation. Chapter 1 introduced the reality of the persistent shortage 
of pilots that the Air Force has grappled with for decades, and its looming severity in the coming 
years amid a broader labor shortage in the nation’s aviation industry at large. It also introduced 
the specific research questions I set out to answer:  what are the likely effects of two of the Air 
Force’s latest policy interventions to tackle the absorption problem? Chapter 2 provided the 
historical perspective on the origin of the pilot bathtub which continues to frustrate pilots and 
planners alike, as well as contextualizing absorption in the aircrew management life cycle. I laid 
the academic foundation for approaching my research questions with simulation in Chapter 3. 
Chapters 4 and 5 detailed the application of the model to each policy, which was summarized in 
Chapter 6 alongside a discussion of some of the model’s key assumptions and limitations. 

In this chapter, I first present my conclusions for each of my two research questions (Table 
7.1), before making some policy recommendations and ending with a brief discussion of the 
opportunities available for future work. 

Key Findings and Conclusions 
The impetus of this dissertation was a desire to understand how two new policy changes 

might affect the degree of executable squadron-level absorption, a relatively understudied 
component of the aircrew management enterprise. Table 7.1 summarizes the conclusions I draw 
in that respect. In Figure 7.1, I compare the simulation results against the two official models 
introduced in Chapter 2, the ACTF equation and the ACC tool. The simulation generally falls 
within the lower end of the range spanned by the two existing models, suggesting that the 
policies will likely improve absorption, although perhaps not to the envisioned extent. 

Additionally, it is worth noting that each model’s independent focus on one of the elements 
of absorption (the ACTF equation neglects sortie generation; the ACC tool cancels the effects of 
manning under most conditions) leads to a wide output range for the models’ yearly absorption 
under the policy excursions. (For details on the inputs I use to construct this comparative 
analysis, see Appendix C.) This highlights the benefit of the simulation’s capability to model 
absorption’s various components jointly, as it allows for the exploration of how absorption’s 
limiting factors change across the state space. 
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Table 7.1. Addressing the Research Questions 

Research Question Conclusions 

What drives absorption at the squadron level? Three fundamental drivers at the squadron level: 
• Manning and Experience 
• Upgrades, Qualifications, and Progression 
• Sortie Generation 

 
Dependencies, feedbacks, and accumulation (system 
“memory”) make it difficult to deduce or isolate the effect of 
any single factor. 
 
Dynamic simulation allows specification of known rules and 
system state to dictate absorption outcomes. 

How do the following policy changes impact 
squadron-level absorption? 
• Removing ACC sortie minimum requirement 
• Implementing ACC REFORGE 

Results align with intuition: removing the sortie requirement 
saw some pilots become experienced sooner (with fewer 
than 250 sorties). When pilots upgrade sooner, they take 
less time to become experienced. So too if units fly more 
each month. Doing both allows even greater gains. 
 
However, the underlying dynamics of the squadron in terms 
of manning and qualifications mean gains are not linear, and 
they are occasionally non-monotonic. 
 
Removing the 250 MDS sortie minimum in the F-16 
• improved absorption 5% (from 5.8 to 6.1 pilots/ year)  
• decreased mean TTFL by 4% (from 27 to 26 months). 

 
REFORGE upgrade timelines applied to the F-22 allowed 
• absorption to improve 34% (from 5.0 to 6.7 pilots/year) 
• mean TTFL reduction by 27% (from 30 to 22 months). 

When combined with an additional 20% sortie generation, 
the improvement from the F-22 baseline increases slightly:  
• absorption of 7.0 pilots/year (+40% from baseline) 
• mean TTFL of 21 months (−30% from baseline).    

 

Figure 7.1. Yearly Absorption: Simulation Results Compared to Existing Official Models 
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As illustrative as these results may be, they must be interpreted within the limitations of the 
scope of my research and the sensitivity of the model, which were discussed more fully in 
Chapter 6. In particular, the model is sensitive to its inputs for upgrade timing and monthly sortie 
allocation, which are two characteristics that lacked authoritative data sources. It is with these 
limitations and lessons in mind that I make the following policy recommendations, which would 
also benefit many of the future research opportunities I see to further the analytical 
understanding of the absorption problem and aircrew management more broadly. 

Recommendations 
This section presents policy recommendations that will assist the Air Force in analyzing 

absorption and related aircrew management issues. Given these policies are well on the path to 
implementation, the Air Force needs to invest in collecting the right data to enable a system-level 
understanding of how the policies unfold outside the realm of the simulation model. 

• Start collecting sortie-based data on upgrade entry and completion, associated with the 
pilot’s—not the unit’s—data history.  

With the paradigm shift from MDS hours to sorties, the Air Force now faces a data collection 
system that is misaligned with the questions being asked of it, requiring oversimplifying 
conversions (e.g., multiplying or dividing by an average sortie duration) to relate one to the 
other. Furthermore, data are not collected regarding a pilot’s MDS sortie count when starting or 
completing upgrades; piecing together the pilot-level progression through various upgrades 
currently requires sifting through a history of squadron LOXs (indeed, often tracking down the 
same pilot across multiple flying squadrons’ local records) and calculating the elapsed time 
between “X” accumulation for each progressive upgrade. Not only does this require additional 
manual effort to then correlate against a separate archive of pilots’ monthly aircrew history to 
gain a rough understanding of pilots’ MDS sortie counts when earning new qualifications, but it 
is unable to say anything about when pilots started the corresponding upgrade.  

If the Air Force began recording pilots’ MDS sortie counts when starting and completing 
formal upgrade programs, then it would gain a body of institutional knowledge from which to 
readily evaluate how fighter pilot development is faring in execution against its planned 
progression, allowing periodic reevaluation of the underlying assumptions in the latter which 
drive policy thinking at the most senior levels. Additionally, making these data part of the pilot’s 
file (rather than keeping it at a particular squadron) would facilitate the kind of multiyear, multi-
unit analysis of the pilot-level perspective on aircrew management that is crucial in solving the 
life cycle system. 

• Continue centralizing data access through HAF/A3X and the Air Force Data Fabric. 
The historically siloed nature of Air Force data collection stifles systems-level analysis efforts. 
Recent initiatives spearheaded by HAF/A3X have sought to revolutionize the way the Air Force 
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uses its data and bring the service into the Fourth Industrial Revolution by leveraging 
partnerships with industry leaders in this space. The analytical value of this change cannot be 
overstated—richer datasets facilitate more comprehensive analysis, including across the 
organizational or temporal boundaries that have often defined the scope of prior work and 
resulted in a proliferation of impressive yet isolated analyses which tend to collectively rotate 
through assumptions until almost all of the relevant systems-level variables end up fixed, making 
their joint change near impossible to analyze. 

• Continue investing across the aircrew management pipeline—absorption both depends on 
and shapes the balance between pilot production and pilot retention. 

 Ultimately, the pilot shortage can be reduced in two ways: by lowering demand or increasing 
supply. The first is politically impossible in the long term—the Air Force needs enough combat-
ready pilots to achieve its national security mandate. The second comprises the dilemma 
underlying essentially all aircrew management analysis of the last half-century. The inextricable 
dependency between production, absorption, and retention necessitates comprehensive 
approaches to each phase relative to the others; doubling the sortie generation capacity of 
operational units means nothing if it comes at the expense of throttling back production, or 
exsanguinating the myriad incentives and initiatives to retain an already critically small pool of 
experienced pilots. The Air Force already knows this, but it is nonetheless important to caution 
against viewing any part of the aircrew management problem as a zero-sum game, because the 
consequence of such thinking is indeed a negative sum on the pilot force. 

A qualitative discussion of the broader aircrew management ecosystem and its associated 
implementation barriers can be found in Appendix B. 

Opportunities for Future Research 
This research focused on absorption, albeit thereby inextricably linked to the production and 

retention phases of aircrew management. I scoped my model to the squadron level, and defined 
the production boundary with FTU arrival rates and associated aeronautical characteristics on 
arrival to the operational squadron. I did the same with the retention boundary by assuming that 
all pilots in the simulated squadron would remain in flying status in the squadron (and by 
extension, the active-duty Air Force) for at least the lesser of 36 months, or the duration of the 
simulation run. As the Air Force continues to centralize its data and facilitate more open and 
cross-sectional analysis, I see several exciting opportunities to expand this work and approach a 
true systems-level understanding of the problem. 

In particular, I discuss in Appendix B how the funding process behind squadron-level flight 
operations is nothing short of a behemoth. Future work that better situates the role of FHP and 
WSS among many different squadrons, especially those with different MDS or those owned by 
different MAJCOMs, would fill a clear need to make data-driven funding decisions at the highest 
levels within the Air Force and DoD leadership. For example, the effect of increasing FHP 
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funding for one MDS by offsetting it with a corresponding decrease in the funding for a different 
MDS is likely not perfectly proportional – and the tradeoffs to absorption and readiness are not 
readily apparent, depending on the strategic priorities and political realities at the time. 

Additionally, the wider availability of data might soon allow for a queuing analysis of the 
aircrew management pipeline altogether, removing the need for intra-system boundary 
definitions characterized by assumptions of fixed parameters. The language of queuing—system 
lengths, wait times, utilization rates (in queuing, this relates to any resource that is “seized” by 
the queue’s “customers,” like IPs, aircraft, funding, training quotas, etc.), and so on—is germane 
to many of the most concerning questions among policymakers in this space: how many years 
will the operational Air Force get out of each pilot during their initial ADSC? How long do pilots 
take to become experienced, and what is the range of this timeline? Where are the most severe 
backlogs, and how long do they take to clear? Where are resources underutilized, and where 
might they be reassigned to parts of the system that are consistently saturated? One of the keys to 
performing this sort of analysis is an ability to follow individual pilots across their entire 
development life cycle, and key to that is pilot-associated data that move with them across their 
different assignments, units, MAJCOMs, and career phases. 

   Finally, the aircrew management enterprise could quite fittingly be viewed through the lens 
of systems dynamics. With its characterization in terms of stocks (quantities) and flows (rates of 
change of quantities), systems dynamics models highlight the relative effects over time (or 
dynamics) of one part of the system on the rest of it. This explicitly “plays out” the second-, 
third-, and higher-level effects of even the smallest of changes to one parameter, which could 
range from negligible to severe and self-sustaining. The effort expended in specifying such a 
model (which requires mathematical expressions for all modeled flows in terms of the system’s 
stocks and fixed external parameters) would itself be illustrative for different stakeholders in the 
system to understand how they are interconnected.  

Final Thoughts 
The Air Force is in the midst of significant change. The order to “Accelerate Change or 

Lose” from CSAF (and incoming Chairman of the Joint Chiefs of Staff), General CQ Brown, is 
reverberating throughout the force, to the point where the service is fundamentally changing how 
it presents its Airmen to combatant commanders and other military branches (Brown, 2020). 
This change, known as Air Force Forces Generation (AFFORGEN), will almost certainly affect 
flying squadrons in drastic ways by shifting from the previous deploy-to-dwell cycle of 1:2 
years, to essentially requiring a 1:1 cycle between deployment-focused flying, and reconstitution 
and training-focused flying. As details on the concept continue to emerge (see, e.g., SAF/PA, 
2023c), I foresee a voracious appetite for analysis on AFFORGEN’s effects across many 
communities in the Air Force, not the least of which will likely be found in the flying squadrons.  
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Appendix A. Support Requirements 

F-16 Syllabi 

Table A.1. F-16 MQT Syllabus Support Requirements 

Ride Support 

MQT-1: LAO/AHC 1x IP 

MQT-2: OBFM 1x IP 

MQT-3: DBFM 1x IP 

MQT-4: HABFM 1x IP 

MQT-5: ACM 1x IP, 1x ADAIR 

MQT-6: OCA-ESCORT or DCA 1x IP, 1x WG, 2x ADAIR (DCA) 

MQT-7: CAS 1x IP, 1x JTAC or sim TOC 

MQT-8: Unopposed SEAD 1x IP, 1x WG, 1x Striker desired 

MQT-9: Opposed SEAD 1x IP, 1x WG, 1x Striker desired, 1x ADAIR 

MQT-10: CERT 1x EP + Others @ CC discretion (assume no additional 
support + 1 ADAIR) 

SOURCE: Adapted from 20th OG Flight Training Syllabus (2022). 
NOTE: Minimum requirements for events required to CERT only. 

Table A.2. F-16 FLUG Syllabus Support Requirements 

Ride Support 
FLUG-1: OBFM 1x IP 

FLUG-2: DBFM 1x IP 

FLUG-3: HABFM 1x IP 

FLUG-4: ACM 1x IP, 1x ADAIR 

FLUG-5: OCA-E or DCA 1x IP, 1x WG, 2x ADAIR (DCA) 

FLUG-6: CAS 1x IP, 1x JTAC or sim TOC 

FLUG-7: Unopposed SEAD 1x IP, 1x WG, 1x Striker desired 

FLUG-8: Opposed SEAD 1x IP, 1x WG, 1x Striker desired, 1x ADAIR 

FLUG-9: CERT 1x EP + Others @ CC discretion (assume no additional 
support + 1 ADAIR) 

SOURCE: Adapted from 20th OG Flight Training Syllabus (2022). 
NOTE: Minimum requirements for events required to CERT only. 
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Table A.3. F-16 IPUG Syllabus Support Requirements 

Ride Support 

IPUG-1: OBFM 1x IP 

IPUG-2: DBFM 1x IP 

IPUG-3: HABFM 1x IP 

IPUG-4: ACM 1x IP, 1x ADAIR 

IPUG-5: OCA-ESCORT or DCA 1x IP, 1x WG, 2x ADAIR (DCA) 

IPUG-6: CAS 1x IP, 1x JTAC or sim TOC 

IPUG-7: Unopposed SEAD 1x IP, 1x WG, 1x Striker desired 

IPUG-8: Opposed SEAD 1x IP, 1x WG, 1x Striker desired, 1x ADAIR 

IPUG-9: CERT 1x EP + Others @ CC discretion (assume no additional 
support + 1 ADAIR) 

SOURCE: Adapted from 20th OG Flight Training Syllabus (2022). 
NOTE: Minimum requirements for events required to CERT only. 

F-22 Syllabi 

Table A.4. F-22 MQT Syllabus Support Requirements 

Ride Support 
MQT-1: LAO/AHC 1x IP 

MQT-2: OBFM 1x IP 

MQT-3: DBFM 1x IP 

MQT-4: HABFM 1x IP 

MQT-5: ACM 1x IP, 3x ADAIR 

MQT-6: DCA 1x IP, 4x ADAIR 

MQT-7: OCA LO ESCORT (CERT) 1x EP, 4x ADAIR, 1x LO Escort (F-35/B-2) 

SOURCE: Adapted from F-22A CAF Flight Training Syllabus, Air Combat Command (2021). 
NOTE: Minimum requirements for events required to CERT only. 
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Table A.5. F-22 2FLUG Syllabus Support Requirements 

Ride Support 

2FLUG-1: DBFM 1x IP 

2FLUG-2: OBFM 1x IP 

2FLUG-3: HABFM 1x IP 

2FLUG-4: ACM 1x IP, 3x ADAIR 

2FLUG-5: OCA NON-LO ESCORT 1x IP, 1x Striker (dissimilar pref), 4x ADAIR 

2FLUG-6: DCA (CERT) 1x EP, 4x ADAIR 

2FLUG-7: BANNER 1x IP, 1x Tow/Banner 

2FLUG-8: NIGHT 1x IP, 4x ADAIR (DCA Scenario) 

SOURCE: Adapted from F-22A CAF Flight Training Syllabus, Air Combat Command (2021). 
NOTE: Minimum requirements for events required to CERT only. 

Table A.6. F-22 4FLUG Syllabus Support Requirements 

Ride Support 

4FLUG-1: DCA 1x IP, 1x FL, 1x WG, 6x ADAIR 

4FLUG-2: OCA NON-LO ESCORT 1x IP, 1x FL, 1x WG, 4x ADAIR, ??x Non-LO Strikers 

4FLUG-3: OCA LO ESCORT 1x IP, 1x FL, 1x WG, 4x F-35/B-2 striker, 4x ADAIR 

SOURCE: Adapted from F-22A CAF Flight Training Syllabus, Air Combat Command (2021). 
NOTE: Minimum requirements for events required to CERT only. 

Table A.7. F-22 IPUG Syllabus Support Requirements 

Ride Support 
IPUG-1: LAO/AHC 1x IP 

IPUG-2: DBFM 1x IP 

IPUG-3: OBFM 1x IP 

IPUG-4: HABFM 1x IP 

IPUG-5: ACM 1x IP, 3x ADAIR 

IPUG-6: DCA 1x IP, 1x FL, 1x WG, 6x ADAIR 

IPUG-7: OCA NON-LO ESCORT 1x IP, 1x FL, 1x WG, ??x non-LO striker, 4x ADAIR 

IPUG-8: OCA LO ESCORT (CERT) 1x EP, 1x FL, 1x WG, 4x F-35/B-2 striker, 4x ADAIR 

SOURCE: Adapted from F-22A CAF Flight Training Syllabus, Air Combat Command (2021). 
NOTE: Minimum requirements for events required to CERT only. 
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Appendix B. Broader Qualitative Considerations 

The model captures three fundamental drivers of squadron-level absorption, and the scenario 
study explored the first-order effects brought on by two policy changes. Notably, the triad of 
input levers in the model broadly align with the canonical three-legged approach to military 
strategy (Meiser, 2016): the experiencing criteria (i.e., definition of the end state, or ends), the 
nature and progression of pilot upgrades (i.e., the requisite courses of action, or ways), and the 
three basic ingredients needed to put a fighter jet in the air—planes, people, and money (i.e., the 
available resources, or means). Regarding the latter, it is more precise to note that the model 
accepts overall monthly sortie generation as an input, which is ultimately the operational 
consequence of the combination of the number of physical aircraft in the squadron’s inventory 
with the financial and maintenance manpower resourcing32 that determines how many sorties 
those aircraft can be made ready to fly each month (familiar among maintenance squadrons and 
planners as an average per-aircraft utilization rate [UTE]). But the bureaucratic journey through 
which dollars flow from line items to flight lines is of epic proportions, and the model’s 
exclusion of this complicated, slow, and laborious politicking is one of its key scoping 
limitations. A qualitative discussion of these issues follows. 

Money 
The money behind peacetime squadron flight operations generally flows from two “buckets:” 

the Flying Hour Program (FHP), and Weapons System Sustainment (WSS). The former is 
intended to fund “the flying hours necessary to directly train aircrews to safely operate their 
aircraft and sustain them in numbers sufficient to execute their core tasked mission” (AFI 11-
102_ACCSUP_I, 2007). In practice, FHP is designed to pay for the direct costs borne by the unit 
in flying and maintaining its own jets (consumables such as fuel, oil, etc. and local-level repairs 
and maintenance “turns”). Major commands (MAJCOMs) determine their forces’ training 
requirements and provide total flying hour requirement inputs to HAF planners, who then 
reconcile the requests across the different commands, wrestle what they can into the defense 

 
 

32 Importantly, the maintainer community has been grappling with many of the same experience shortage issues as 
the pilot community since at least the year 2011. See, e.g., GAO (2019); Insinna (2022); Guastella, Birkey, and 
Gunzinger (2023); Allvin (2023a). 



 

 67 

budget via the Presidential Objective Memorandum (POM)33 cycle, and finally dictate to each 
MAJCOM what their bottom-line flying hour authorization is for the year. FHP calculations 
combine inputs for force structure (planes × crew ratio), aircrew (numbers and experience levels 
of different categories of aircrew), and flying requirements (including RAP, training, and various 
other sortie types and skills, as well as a cost of business allowance). ACC provides an example 
of how this might look for an F-16 squadron (Figure B.1).  

Figure B.1. Example F-16 FHP Requirements Calculation 

 

   SOURCE: Reproduced from Figure A7.1 of AFI 11-102_ACCSUP_I (2007). 

But aircraft occasionally need more extensive maintenance services than flying squadrons 
can provide, whether for routine inspections or major damage repairs. Depot maintenance 
infrastructure, almost entirely reliant on contract support, is funded through the WSS program. In 
addition, certain procedures done by the squadron maintenance shop require parts or other depot-

 
 

33 The POM cycle and the myriad levels of the defense bureaucracy it implicates could merit several chapters of 
dedicated discussion; suffice it to say the process revolves around a five-year spending plan known as the Future 
Years Defense Program (FYDP). Considering that HAF needs inputs in time to go through the process of wedging 
them into the POM, and commands need time to process inputs from units, and units need time to crunch the 
numbers—any changes to FHP (or any major POM funding decision) are contemplated for the needs of the force 
close to a decade in the future, demanding significant foresight and proactiveness. For a primer on the POM and the 
FYDP, see McGarry (2022). 
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level or contract support (e.g., interpreting flight computer data)—indeed, these more involved 
maintenance needs likely correlate with how much and “how hard” the jets are being flown, 
introducing a financial sinew between FHP and WSS. 

The Air Force identifies four business process areas under the umbrella of WSS: depot-
purchased equipment maintenance, contractor logistics support, sustaining engineering, and 
technical orders (AFMAN 63-143, 2020). Each of these relate to maintenance operations at the 
enterprise support level, referred to in the manual as “Centralized Asset Management” (CAM), 
which highlights the contrast, at least on paper, between WSS and the decentralized execution of 
the FHP.34 In some respects, because WSS has to do with large industry contracts and depot 
funding has to lead the degree of maintenance work performed by several years (i.e., the Air 
Force cannot afford to wait until its aircraft are sent for overhaul to begin hiring negotiations for 
contract repair staff), it is an even more tortuous trace from dollar to depot than the FHP process, 
which typically concerns organic funding (i.e., Air Force paying Air Force) that is directly 
related to flight operations. On top of it all, there are of course competing interests in the POM 
from other parts of the Air Force, other service branches, and the totality of elements of a 
national security strategy that come with associated price tags. 

The bottom line is that implementation of changes to the model’s direct absorption drivers is 
anything but straightforward, because paying for them is costly, as much in time, accounting 
gymnastics, and red tape as in dollars. Both policies explored in the scenario study have been 
years in the making; the question of how to implement REFORGE is still evolving, despite 
General Holmes’ conceptualization almost one full POM cycle ago. Around that same time, 
ACC changed the experiencing minimum from an hours requirement that had been in place for 
decades to a sortie count requirement, even as that change was predicted (correctly) to increase 
pilot time to experience (Walsh, Taylor, and Ausink, 2019). Now, the minimum requirement is 
removed altogether, in a move that can be viewed either as an inclination toward maximizing 
local commander discretion and a penchant for leveraging disruptive innovation, or a recipe for 
underprepared forces and an erosion of the practical meaning of becoming an officially 
“experienced” fighter pilot. That is, there is significant cultural resistance, particularly among the 
Air Force’s more senior and recently retired pilots (who went through “the old way”), to the idea 
that flying less in the operational aircraft and upgrading more quickly can nonetheless result in 
equivalent combat performance, let alone elevate it. 

 
 

34 Technically, there is at least one official intermingling: CAM mechanisms drive calculations for the airframe Cost 
Per Flying Hour (CPFH), which becomes a subcomponent of the FHP funding calculus (AFMAN 63-143, 2020). 
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Greed, for Lack of a Better Word, is (Maybe) Good35 
Their reasoning is direct: the way to make better pilots is to give them more time in the jet. 

Following a spate of high-profile mishaps in FY 2018, senior officials (spearheaded by General 
Holmes himself) began visiting with fighter wings and conducting a safety review, which 
included examination of units’ safety culture and the broader training paradigm. Inspired by this 
opportunity, some pilots began to speak out about degraded airmanship among the younger 
generation which they attribute, at least in part, to a training pipeline comprising fewer live 
sorties. One experienced pilot put it this way (as quoted in Hunter, 2020): 

Students receive less total flight experience in their initial flight screening [IFT], 
in UPT, and IFF, with increased emphasis on virtual training and efficiency on 
the horizon. . . . While FTUs and undergraduate training programs can get 
student pilots up to par for a few flights in each phase (enough for them to 
progress along the timeline), the lack of experience is beginning to show in basic 
flight discipline. 

Amid AETC’s attempts to foster “better, faster, and deeper learning” by embracing “new 
technologies such as virtual reality, artificial intelligence, and data analytics,” Hunter (2020) 
stressed the importance of remembering that 

Every single sortie generates new experiences and lessons that cannot be 
replicated even inside the most advanced full-motion dome simulator. There is no 
way to accurately replicate the stress of life-threatening situations, unprecedented 
combinations of events, G-forces, or the pumping adrenaline that are part and 
parcel of live flying. 

It is worth noting that these pilots were discussing then-recent changes to pilot production 
known as Pilot Training Next,36 not the experiencing sortie minimum or REFORGE per se 
(General Holmes had just recently penned his introductory commentary on the latter, and the 
sortie minimum was freshly implemented). But the facts underlying these concerns apply equally 
to the policies I analyze in the scenario study: pilots show up with fewer MDS sorties, and are 
expected to need fewer still to progress through upgrades all along the path to becoming 
experienced by leveraging advancements in technology.  

Many of those changes focus on automating much of what was previously manual work for 
the pilot related to keeping the aircraft safely airborne; rather than concerning themselves with 
“navigation and systems monitoring,” pilots can focus their effort on managing “dozens of new 
tasks, from new sensors to smart weapons employment” (Holmes, 2019). Figure B.2 compares 
the cockpits of the T-38C (current UPT Phase III and IFF platform), T-X prototype, and the F-35 

 
 

35 This famous line (without the qualifier) belongs to the fictional character, Gordon Gekko, portrayed by Michael 
Douglas in the 1987 film, Wall Street. 
36 The UPT curriculum has continued to evolve since PTN. In its current form, implemented at all UPT bases as of 
2022, many of the sorties removed in PTN have been added back to the syllabus. 
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(fifth-generation operational fighter aircraft)—the fewer the knobs and switches, the more 
powerful the automation. In essence, these advancements mean pilots spend more live time 
working on tactics and thinking like a fighter pilot in the air—even if they burn less total fuel to 
do so—because so much of the status quo training sortie requires attention to rudimentary tasks 
unrelated to fighter-specific concepts. However, the pilots who spoke out were concerned about 
this very “basic flight discipline” in the first place, and the argument that fewer total hours can 
also mean more fighter-oriented experience will likely be slow to percolate through some circles 
of today’s experienced pilots, at least until empirical observations begin to prove otherwise. 

Figure B.2. Cockpit Comparison: T-38C, T-X, F-35 

 

SOURCES: T-38C: USAF Photo, Credit Staff Sergeant Tonnette Thompson; T-X: Defense Update; F-35: 
Military+Aerospace Electronics. 
NOTE: Top left—T-38C. Top right—T-X Prototype. Bottom—F-35. 

The final policy point I will make returns to the beginning, situating absorption as the nexus 
of pilot production and pilot retention. As a multistage queuing system (colloquially, a pipeline), 
the most meaningful analysis is found across the three aircrew management phases rather than 
exclusively within any single component. Doing so thus requires an enterprise view on data 
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collection, data availability, and analytical openness. Recently, HAF has created a new office, 
the Air Force Digital Operations Directorate (HAF/A3X), to begin capitalizing on the Air 
Force’s rich, yet largely siloed, data collection and analysis efforts (SAF/PA, 2023a). This 
represents an exciting opportunity to foster analyses which typically would have spanned 
multiple bureaucratic domains, data owners, and objectives. 

Pipeline Data Require Data Pipelines: The Role of HAF/A3X 
Though administered across different MAJCOMs, aircrew management fundamentally 

concerns one, life cycle system—whose entry point is a new pilot trainee, and the exit boundary, 
their separation, retirement, or other departure from the ranks of Air Force pilots. This system is 
characterized by a sequence of activities, punctuated by waits between those activities—in other 
words, a queue (Kleinrock, 1975). Analyzing components of this queue and even their sub-
queues, while useful (I hope, as this dissertation is one such endeavor), gives an incomplete 
overall picture when done in isolation. This is because often, the most interesting and impactful 
part of queuing systems are the queues themselves, i.e. the boundaries between one stage and the 
next, which are precisely where isolated studies amputate the system in the name of scope 
definition. As Kleinrock (1975) puts it, such an analysis is prone to lose sight of the forest for the 
trees, comprising a study of a “mob” rather than a well-ordered queue. But practically, such 
scoping fit the data available to modelers and analysts, who may well have been cognizant of the 
importance of the larger system and yet faced an inability to access or assimilate data across it. 
For various reasons, including data collection and storage limitations as well as cultural 
proclivities to keep data and analyses close hold to “protect” their respective programs, much of 
the analysis and assessments performed within military circles has lived and died with the 
original “owning” unit or command (sometimes, the specific modeler or modeling team); outside 
requests for data access or existing models were often met with skepticism, and occasionally left 
unanswered altogether. When collaboration was the outcome, it typically amounted to email 
exchanges of spreadsheet printouts of data archives—a consequence of the fact that “currently, 
too many systems rely on airmen or guardians to transfer information manually or verbally, 
creating a lengthy decision-making process” (National Academies of Sciences, Engineering, and 
Medicine, 2022). Gradually, however, the institutional value of sharing these efforts and these 
data began to dawn on commanders at all levels.  

HAF/A3X is the latest sign that headquarters takes this idea seriously, and the directorate has 
since embarked on a tireless endeavor to centralize and institutionalize Air Force data—to make 
sure the data files, repositories, systems, and people across the service can “play nice” with one 
another, for the good of the force at large. Doing so is challenging for many reasons, not the least 
of which is the sheer scale of Air Force data collection. But the Air Force is not the only 
organization seeking to make better use of its vast data stores, and leaders have since recognized 
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the potential of “a whole-of-government approach to achieve the following six national digital 
transformation goals:  

• infuse the national defense industrial base with the civilian technology 
and industrial base 

• integrate and leverage science and technology innovations across 
military and civilian sectors 

• cultivate talent and blend military and civilian expertise and knowledge  
• look to build military requirements into civilian infrastructure and 

leverage civilian construction for military purposes 
• leverage civilian service and logistics capabilities for military purposes 

in order to prosper 
• expand and deepen the national defense mobilization system to include 

all relevant aspects of the society and economy for use in competition 
and war” (National Academies of Sciences, Engineering, and Medicine, 
2022). 

For their part, HAF/A3X is committed to leveraging the enterprise data management prowess 
of industry, actively engaging commands and units across the Air Force to plug in to their 
adaptation of a data fabric comprised of leading industry providers. The analytical gains were 
immediate; since its official creation in December 2022, HAF/A3X has centralized data from 
several Air Force monoliths, including a handful of sources I relied on to perform this research. 
Even among systems whose data could not be directly piped into the repository, its users now 
benefit from a dedicated headquarters directorate and resultant community of fellow end-users, 
analysts, and subject-matter experts across the Air Force hierarchy, allowing the key 
stakeholders of any data-driven problem to work from the same starting point and see exactly 
how the source data are being utilized.  

In addition, the Air Force and Mr. George Forbes, director of HAF/A3X, continue to invest 
heavily in the “Fourth Industrial Revolution,” relying on tools like artificial intelligence, machine 
learning, and robotic process automation to get from the “‘purely desktop digital age to the age 
where we can take manual processes and shift those techniques to doing cognitive processes 
which we can all benefit from’” (Galea-Pace, undated). While acknowledging institutional 
change invariably brings cultural challenges in the form of organizational inertia, Mr. Forbes 
notes “‘a lot of enthusiasm and interest to automate and migrate to the next level,’” that is, to go 
from “‘approaching a three out of five on the digital transformation scale . . . to four before too 
long’” (Galea-Pace, undated). The continued investment in the centralized data fabric and 
corresponding commitment to an institutional openness to analysis and assessment represent an 
exciting opportunity to discover the myriad untaught lessons lurking in the Air Force’s wealth of 
data in the next few years.  
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Appendix C. Comparison of Simulation Results to Official Models 

To contextualize the simulation results of each policy excursion, I compare them against the 
two official Air Force models discussed in Chapter 2. This appendix documents the input values 
I used in the official models to make the comparison. Notably, both official models assume 
100% manning and 50% experience. In most cases, this range still encompasses the simulation 
results which are based on representative manning and experience levels. However, the F-22 
baseline case is an exception: today’s F-22 squadrons have significantly lower than a 50% 
experience level, which is why the simulation results fall below either official model. 

ACTF Equation 
The ACTF absorption equation (2.1) is: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
PMAI ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ⋅ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀% ⋅ 𝐸𝐸𝐸𝐸𝐸𝐸%

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
 

In Table C.1, I compare the input values I use in each of the baseline cases and excursions. 
Without making arbitrary assumptions regarding the policies’ effects on manning or experience, 
the ACTF equation does not provide the flexibility to explore the impact of the policies on 
executable absorption. That is, only the PMAI varies across all cases, and only then between the 
MDSs (it does not change from one baseline model to any of its associated excursions). Without 
accounting for sorties, neither the definition change (F-16 case) nor the potential of REFORGE 
(upgrade acceleration or sortie generation, F-22 case) can be captured in the equation. 

Table C.1. ACTF Equation Values 

Scenario PMAI  
(# aircraft) 

Crew Composition 
(# people) 

Crew 
Ratio 

Manning % Experience % Time on 
Station 
(years) 

F-16 Baseline 21 

1 pilot 1.25 100% 50% 2.5 

F-16 No Sortie Minimum 21 

F-22 Baseline 24 

F-22 REFORGE 24 

F-22 REFORGE +20% UTE 24 
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ACC Tool 
The equation for yearly absorption from the ACC tool (2.5) is: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑈𝑈𝑈𝑈𝑈𝑈 ⋅ 12 ⋅ 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼%

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
⋅ 

This formulation holds if the number of inexperienced pilots is within a fairly broad range 
(from 8 to 19 inexperienced pilots assigned out of 13 authorized in the F-16 example described 
in Chapter 2). Within this range, the calculation for yearly absorption is dependent entirely on 
sorties.37 A focus on sorties makes this tool particularly sensitive to the REFORGE scenario, as 
implemented in Table C.2. 

Table C.2. ACC Tool Values 

Scenario PMAI  
(# aircraft) 

UTE 
(sorties/aircraft/month) 

INX Sortie % Sorties to 
Experience 

F-16 Baseline 21 14.62 

45% 

208 

F-16 No Sortie Minimum 21 14.62 208 

F-22 Baseline 24 9.91 217 

F-22 REFORGE 24 9.91 135a 

F-22 REFORGE +20% UTE 24 11.89b 135a 

SOURCE: Modified as indicated from ACC (2022). 
a The sorties to experience values for REFORGE assume proportional reduction for 4FLUG completion. The 
REFORGE CONOP allows 4FLUG completion at 167 sorties, compared to 268 in the baseline (62% of baseline). 
217 × 0.62 = 135. 
b Increased spreadsheet default value by 20%. 9.91 × 1.2 = 11.89.  

 

  

 
 

37 The ACC tool does yield different results for TTFL based on manning, even within this range. This means within 
the range, the tool essentially assumes there are enough sorties to get all inexperienced pilots absorbed in time, and 
the impact of manning is limited to affecting the speed with which those pilots experience – a measure of slack, or a 
theoretical excess absorption capacity. 
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