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About This Report 

The U.S. Air Force (USAF) is in a years-long process of adjusting its operational concepts to 
improve the survivability and operational effectiveness of its platforms and forces. Developing and 
refining these concepts requires development of ideas, assessments of operational effectiveness and 
supportability, field experimentation, and ultimately fiscal investments to bring these concepts to 
maturity.  

As U.S. adversaries’ capabilities grow and the USAF’s own concept development continues, the 
USAF requires a solid analytic foundation from which to compare ideas, conduct cost-benefit 
analyses, and advocate for investment in the most promising concepts and capabilities. This report 
contributes to the growing body of literature on operational concepts by assessing one common 
feature: dispersing aircraft across operating locations to achieve protection from missile attacks. In 
particular, this report addresses the potential degradation in sortie productivity that could arise from 
spreading forces across many locations without a proportional increase in maintenance capability and 
capacity.  

This report presents unclassified portions of the results of research commissioned by the Office of 
the Director of Strategy, Plans, Programs, and Requirements, Headquarters, Pacific Air Forces, and 
conducted within the Resource Management Program of RAND Project AIR FORCE as part of a 
fiscal year 2021 project, "Combat Operations in Denied Environments: Operational Concepts." That 
project addressed a wider range of issues and also produced a companion, classified report that applies 
the Combat Operations in Denied Environments analytic approach and tool suite to future threats, 
comparing the relative operational effectiveness of active and passive investments in operational 
concepts of operation, such as Agile Combat Employment.1  

This publicly accessible report should be of interest to planners, programmers, logisticians, and all 
those involved in developing operational concepts of employment and addressing the general problem 
set of operating air forces under threat of kinetic attack. 

RAND Project AIR FORCE 
RAND Project AIR FORCE (PAF), a division of the RAND Corporation, is the Department of 

the Air Force’s (DAF’s) federally funded research and development center for studies and analyses, 
supporting both the United States Air Force and the United States Space Force. PAF provides the 
DAF with independent analyses of policy alternatives affecting the development, employment, combat 
readiness, and support of current and future air, space, and cyber forces. Research is conducted in four 

 
1 Christopher Lynch, Rachel Costello, Cristina L. Garafola, Robert A. Guffey, Andrew Karode, Raza Khan, Eli M. Kohlenberg, 
and Patrick Mills, Combat Operations in Denied Environments: Agile Combat Employment and the Future Chinese Threat, 2023, 
Not available to the general public.  
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programs: Strategy and Doctrine; Force Modernization and Employment; Resource Management; 
and Workforce, Development, and Health. The research reported here was prepared under contract 
FA7014-16-D-1000.  

Additional information about PAF is available on our website: www.rand.org/paf/ 
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Summary 

Issue 
China is investing in advanced aircraft, ballistic and cruise missiles, and hypersonic weapons 

capable of striking U.S. and allied operating bases in the Pacific. Since at least fiscal year 2014, Pacific 
Air Forces (PACAF) has been developing and refining a concept, now called Agile Combat 
Employment (ACE), to address its unique operational challenges, deter possible aggression, and 
ensure its ability to prosecute a contested campaign. At its root, ACE requires deploying and 
employing aircraft (particularly fighters) in nontraditional ways (particularly in dispersed and 
clustered postures) to mitigate threats from precision cruise and ballistic missiles. Dispersal across 
bases offers protection from missile attacks, and many analyses have quantified the potential benefits 
of dispersal both within and outside the context of ACE. But dispersal may degrade baseline (i.e., pre-
attack) sortie generating capacity if maintenance resources are not increased. Analyses that quantify 
the effects of dispersal often assume standard sortie-generation rates (i.e., no degradation). In this 
report, we demonstrate a method to estimate potential sortie rate degradation from dispersal across 
bases before bases are attacked. The analysis in this report is intended to provide analytic inputs to 
those estimating the net effects of missile attacks on dispersed postures. This analysis complements a 
companion report from the same project that quantified the benefits of ACE concepts (including 
dispersal) and other actions and investments, which allows us to weigh the post-attack results.2  

Approach 
We used two existing RAND Project AIR FORCE (PAF) models to assess the sortie potential 

and resources required to support dispersed fighter operations. The first tool, a spreadsheet-based 
sortie scheduling model, enabled us to assess various constraints on sortie generation, including the 
time in a day, ground servicing, and operational or pilot duty day restrictions. The second model, a 
simulation model, attempts to support those sortie-generation schedules given a set capacity of 
maintenance operations, showing where resources are insufficient to support the set schedule.3  

 
2 Christopher Lynch, Rachel Costello, Cristina L. Garafola, Robert A. Guffey, Andrew Karode, Raza Khan, Eli M. Kohlenberg, 
and Patrick Mills, Combat Operations in Denied Environments: Agile Combat Employment and the Future Chinese Threat, RAND 
Corporation, 2023, Not available to the general public.  
3 Kristin F. Lynch, Katherine C. Hastings, Danielle C. Tarraf, Jonathan L. Brosmer, John G. Drew, Eli M. Kohlenberg, Ronald 
G. McGarvey, Amaka Oji, Eric Perinovic, and Matthew Sargent, Persistent Logistics: An Evaluation of Strategies and Posture 
Options for Maintenance in the Pacific Theater, RAND Corporation, 2022, Not available to the general public. 
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Findings 
The models we use capture two separate effects of flying longer sorties (the direct result of flying 

longer distances) that degrade sortie potential:  

• More hours on the plane in operation generally increases the number of needed maintenance 
actions. 

• More hours on the plane in flight simply reduces the number of available hours in the day to 
accomplish maintenance actions on a given plane.  

Our analysis exposed the fact that sortie potential can be degraded by across-base dispersal via two 
mechanisms: 

• Smaller detachment sizes at each location allow fewer spare aircraft to be available to achieve 
given sortie schedules. 

• Longer backshop repair times result from having less maintenance capacity on-site, thus 
necessitating moving the aircraft to the maintenance capacity or vice versa.  

Our analysis found that both smaller detachment sizes and longer maintenance times can 
quantifiably degrade sortie potential, and both factors together have an even more significant impact. 
(Our maintenance times were hypothetical but plausible, and further work could illuminate dispersed 
maintenance concepts and their achievable sortie potentials.)  

Recommendations 
PACAF and USAF more broadly should use an approach like the one demonstrated here to 

help plan capability and capacity for ACE operations and inform trade-offs. The War 
Mobilization Plan Volume 5 (WMP-5) provides expected sortie rates for traditional force packages 
using traditional operating concepts for most aircraft types.4 The modeling we demonstrate is not a 
substitute for this more thorough (and officially sanctioned) product, but it provides a useful sense of 
the potential capability degradation USAF would incur when using ACE. 

The U.S. Department of Defense (DoD), USAF, and analytic organizations should use 
planning factors similar to those developed here to directly inform analysis of the sortie potential 
of postures using dispersed basing. To date, most analyses (including Combat Operations in Denied 
Environments [CODE] and USAF use of the Theater Air Base Vulnerability Assessment Model 
[TAB-VAM]) have assumed WMP-5 sortie rates without maintenance degradation.  

Finally, further research should be conducted to improve on the methods demonstrated here 
to model sortie generation for alternative force postures. We demonstrated how two previously 
developed RAND Corporation models could be used for this application. Those tools on their own 
and when integrated could be improved. Moreover, the maintenance concepts and resourcing for 
dispersed basing should be further elucidated. These concepts should be codified and experiments 
done to better estimate their impacts on sorties. These results could then provide more-precise inputs 

 
4 U.S. Air Force, War and Mobilization Plan, Volume 5 (WMP-5), Basic Planning Factors and Data, 2011, Not available to the 
general public. 
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to this type of model. We used hypothetical planning factors for repair times, but given the potential 
impact of the availability of spare parts, repair teams, and transportation, more-realistic 
representations of these factors can and should be provided.  
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Chapter 1 

Introduction 

The Chinese government is investing in advanced aircraft, ballistic and cruise missiles, and 
hypersonic weapons that are capable of striking U.S. and allied operating bases in the Pacific region. In 
the face of this growing threat, Pacific Air Forces (PACAF) has been exploring and assessing a variety 
of active and passive defense investments to deter possible aggression and ensure its ability prosecute a 
contested campaign. 

Since at least fiscal year 2014, PACAF has been developing and refining a concept now called 
Agile Combat Employment (ACE) to address its operational challenges. At its root, ACE requires 
deploying and employing aircraft (particularly fighters) in nontraditional ways to mitigate threats from 
precision cruise and ballistic missiles and hypersonic weapons, including—but not limited to—the 
following: 

• dispersing aircraft on-base or across bases 
• “cluster” basing arrangements (i.e., mutual interdependence)  
• hub and spoke maintenance operations 
• movement and “maneuver.”5  

The U.S. Air Force (USAF) is in a years-long process of adjusting its operational concepts to 
improve the survivability and operational effectiveness of its platforms and forces. The broader USAF 
has adopted and adapted ACE and continues to grapple with its potential implications for basing, 
manning, equipping, training, and cost. These concepts bring new trade-offs among cost, capability, 
and risk, and these trade-offs may stress the USAF combat power project system in new ways.  

Since the early 2010s, one line of research has sought to use modeling and simulation to quantify 
some of the costs and benefits of various operational concepts and materiel investments.6 Those 

 
5 According to the Chief of Staff of the Air Force,  

ACE is the ability to quickly disperse and cluster forces to a cooperative security location and conduct 
operations across all domains with minimal disruption, while maintaining operational flexibility. This new 
method of operating will allow the United States to confuse the enemy and strike at a time and place of our 
choosing with minimal risk. The ability of ACE to sustain combat operations through persistent logistics has 
already been validated through multiple exercises across both the Pacific and European theaters. (John P. 
Roth, Charles Q. Brown, Jr., and John W. Raymond, Department of the Air Force Posture Statement Fiscal 
Year 2022, Department of the Air Force presentation to the committees and subcommittees of the United 
States Senate and House of Representatives, 1st Session, 117th Congress, 2021.) 

6 This includes Combat Operations in Denied Environments (CODE) analyses. See, for example, Christopher Lynch, Rachel 
Costello, Jacob L. Heim, Andrew Karode, Patrick Mills, Robert S. Tripp, and Alan J. Vick, Operational Imperative: Investing 
Wisely to Bolster U.S. Air Bases Against Chinese and Russian Attacks, RAND Corporation, PE-A1996-1, 2023; Jeff Hagen, 
Forrest E. Morgan, Jacob L. Heim, and Matthew Carroll, The Foundations of Operational Resilience—Assessing the Ability to 
Operate in an Anti-Access/Area Denial (A2/AD) Environment: The Analytical Framework, Lexicon, and Characteristics of the 
Operational Resilience Analysis Model (ORAM), RAND Corporation, RR-1265-AF, 2016. Other lines of research have assessed 
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models capture various dynamics of operating airbases while under attack; for example, the effects of 
flying from standoff bases; dispersing aircraft across bases; using missile defenses of various kinds; and 
camouflage, concealment, and deception, just to name a few. In these analyses, we seek to capture the 
costs and burdens of these actions or investments, particularly financial costs of materiel solutions, so 
that costs can be compared with benefits. In some cases, additional burdens are incorporated into the 
analysis; for example, in the case of flying from standoff bases, flying longer sorties can decrease the 
productivity of each aircraft and increase burdens on tanker aircraft, pilot duty days, and maintenance 
personnel.  

Dispersal across bases, which is another mitigation, reduces the productivity of missile attacks, and 
several analyses have quantified the potential benefits of dispersal.7 But dispersal may degrade baseline 
(i.e., pre-attack) sortie generating capacity because limited maintenance resources are (if not increased) 
spread across more locations. Many analyses that include dispersal often assume standard sortie-
generation rates (i.e., no degradation) as a baseline then evaluate the prophylactic effect of base 
dispersal.8 This may lead those responsible for planning and programming to overestimate the relative 
benefits of dispersal.  

Purpose and Scope of This Report 
In fiscal year 2021, PACAF asked RAND Project AIR FORCE (PAF) to further analyze its 

operating concepts. The focus area was the threat environment up through 2035, and how existing 
and emerging operational concepts, along with other investments, might enable PACAF to 
successfully compete against the growing Chinese missile threat.  

The project’s primary line of effort focused on future threats and what might be done to enable 
forces to adapt—including the creation of new operational concepts—to maintain or increase 
survivability and operational performance in the face of adversary kinetic attacks. This line of effort is 
summarized in a companion report that is not available to the public.9 Thus, the companion report 

 
costs and benefits in more qualitative ways. See, for example, Miranda Priebe, Alan J. Vick, Jacob L. Heim, and Meagan L. 
Smith, Distributed Operations in a Contested Environment: Implications for USAF Force Presentation, RAND Corporation, RR-
2959-AF, 2019; and Don Snyder, Kristin F. Lynch, Colby P. Steiner, John G. Drew, Myron Hura, Miriam E. Marlier, and Theo 
Milonopoulos, Command and Control of U.S. Air Force Combat Support in a High-End Fight, RAND Corporation, RR-A316-1, 
2021. 
7 See, for example, Michael J. Lostumbo, Patrick Mills, Mark Ashby, Paul Dreyer, Dahlia Anne Goldfeld, and Anna Jean Wirth, 
Airfield Posture Resilience and Investment Strategy in the European Theater: An Application of the Posture Resilience Enhancement 
and Strategy Evaluation Tools, RAND Corporation, forthcoming, Not available to the general public; Robert S. Tripp, Alan J. 
Vick, Jacob L. Heim, James A. Leftwich, Barbara Bicksler, Increasing Air Base Resilience to Missile Attacks: Lessons Learned from 
RAND Analyses on Combat Operations in Denied Environments, RAND Corporation, 2022, Not available to the general public; 
and Michael J. Lostumbo, David R. Frelinger, Jacob L. Heim, Brian A. Jackson, Amariah Becker, Stephen M. Worman, and Paul 
Dreyer, Cluster Basing: A Joint Solution to the Anti-Access Challenge, RAND Corporation, 2015, not available to the general 
public. 
8 When we say sortie rate or sortie-generation rate, we mean the daily sortie rate, i.e., number of sorties per aircraft per day. 
9 A detailed threat assessment and traditional CODE analysis of a range of options—including active defenses, passive defenses, 
and some ACE concepts—to mitigate those threats appears in Christopher Lynch, Rachel Costello, Cristina L. Garafola, Robert 
A. Guffey, Andrew Karode, Raza Khan, Eli M. Kohlenberg, and Patrick Mills, Combat Operations in Denied Environments: Agile 
Combat Employment and the Future Chinese Threat, RAND Corporation, 2024, Not available to the general public.  
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addresses broader questions regarding the overall potential utility of ACE in the future and present, 
respectively. 

This report has a narrower goal: to estimate potential sortie rate degradation from dispersal across 
bases before those bases are attacked. The analysis in this report is intended to provide analytic inputs 
to those estimating the effects of missile attacks on dispersed postures, enabling us to assess the net 
benefit of these postures.  

Analytic Approach  
For this analysis, we used two existing PAF models to assess the implications of dispersed fighter 

postures. The first tool, a spreadsheet-based sortie-scheduling model developed by Lynch et al. 
(2022), enabled us to assess various constraints on sortie generation, including the time in a day, 
ground servicing, and operational or pilot duty day restrictions.10 A simulation model, also developed 
by Lynch et al. (2022), can be used to assess the capacity of maintenance operations to support aircraft 
missions.11  

Outline of This Report  
In Chapter 2, we briefly review the history of ACE and discuss some implications of these 

operating concepts that will inform the rest of our analysis. In Chapter 3, we analyze dispersed fighter 
postures quantitatively, assessing how sortie-generation potential changes as posture strategies change. 
We describe the use of two models developed for a recent analysis and apply them to dispersed 
posture concepts relevant to PACAF’s ACE development.  

In Chapter 4, we wrap up with concluding observations and point to how the companion volume 
assesses these concepts in the context of a specific PACAF beddown, applying the threat assessment 
and the CODE analytic approach. In the appendix, we share additional details on the sortie-modeling 
analysis documented in Chapter 3.  

The companion report applies the CODE modeling suite and quantifies the operational benefits 
of some existing ACE concepts within the context of a theater posture and contested warfight, against 
emerging missile threats from 2021 out to 2035.12   

 
10 Kristin F. Lynch, Katherine C. Hastings, Danielle C. Tarraf, Jonathan L. Brosmer, John G. Drew, Eli M. Kohlenberg, Ronald 
G. McGarvey, Amaka Oji, Eric Perinovic, and Matthew Sargent, Persistent Logistics: An Evaluation of Strategies and Posture 
Options for Maintenance in the Pacific Theater, RAND Corporation, 2022, Not available to the general public. 
11 Lynch et al., 2022. 
12 Lynch et al., 2024.  
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Chapter 2 

Agile Combat Employment 

In this chapter, we provide background information for the rest of this report. We first present a 
short history of the evolution of ACE, along with the threats that incentivized its development. In the 
section that follows, we discuss the key elements of ACE and the smaller concepts that constitute it. 
Then, we discuss the implications of these new ACE concepts on the USAF’s power projection 
system. Finally, we discuss one specific concept—dispersal across bases—in more detail. That concept 
will be the subject of our analysis in Chapter 3.  

Impetus for ACE 
As outlined in 2015 work by Alan J. Vick, the growing threats to U.S. air bases over the past three 

decades have prompted acknowledgment that the “new American way of war,” which had been 
established in 1990, is no longer viable.13 Following the Cold War, U.S. superiority in conventional 
military capabilities enabled U.S. airpower to operate with a sense of security, largely insulated from 
enemy strikes. This resulted in a decreased focus on defending air bases and the mistaken belief that 
such permissive environments would be the norm.14 

However, the threat posed by long-range, precision-guided conventional missiles is now widely 
acknowledged within the U.S. defense community. As a result, there is a renewed emphasis on such 
areas as base defense, dispersing aircraft on and among bases, employing camouflage and deception, 
and airbase recovery (particularly runway repair).15 

Vick concluded that the United States “will need to adapt its power-projection concepts to 
operate under a greater threat of attack.”16 As in the past, “a combination of measures is needed, but 
the specific mix will vary depending on the political geography of the region, adversary capabilities, and 
U.S. objectives.”17 

Vick offered three primary recommendations for USAF and U.S. Department of Defense (DoD) 
planners: 

• “Consider the air base, the airspace above and near it, and the surrounding land as a 
battlespace, a place where defenders cannot expect sanctuary.” 

 
13 Alan J. Vick, Air Base Attacks and Defensive Counters: Historical Lessons and Future Challenges, RAND Corporation, RR-968-
AF, 2015, pp. 11, 19. 
14 Vick, 2015. 
15 Vick, 2015, p. xi. 
16 Vick, 2015, p. 63. 
17 Vick, 2015, p. 64. 
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• “Develop and test new concepts of operation for deployment to and operation of air bases 
under attack that incorporate both historical lessons and a full appreciation of emerging 
threats.” 

• “Explore organizational options to better support distributed and dispersed operations.”18 

This PACAF project, along with several other CODE projects at RAND over the past decade, 
have been motivated in fair measure by the undeniable historical changes discussed by Vick. 

Evolution of ACE 
China’s anti-access strategy has been attributed, at least in part, to the performance of U.S. forces 

in the 1991 Gulf War.19 One element of this strategy has been to field ballistic and cruise missiles in 
increasing quantity and accuracy. While much attention was diverted to Afghanistan and then Iraq in 
the 2000s, some were already taking seriously the Chinese threat to bases in the Pacific.20  

As awareness grew, so did the analyses seeking to address the Chinese missile threat and the 
number of concepts under development. This awareness led to new studies that drew attention to the 
challenge and sought out solutions, including alternative posture options or materiel solutions, such as 
hardened shelters, runway repair, and aircraft dispersal.21 Some USAF planners started contemplating 
alternative concepts to deploy and employ aircraft that would offer protection against these threats.  

Public awareness of ACE likely emerged in 2013, when Rapid Raptor was first discussed.22 Rapid 
Raptor is a PACAF concept that calls for (1) the quick deployment of a package of F-22 Raptors and 
its supporting logistics to a forward operating base in the world and (2) having the aircraft in combat-
ready status within 24 hours of deployment.23 

 
18 Vick, 2015, pp. 64–65. 
19 Roger Cliff, John F. Fei, Jeff Hagen, Elizabeth Hague, Eric Heginbotham, and John Stillion, Shaking the Heavens and Splitting 
the Earth: Chinese Air Force Employment Concepts in the 21st Century, RAND Corporation, MG-915-AF, 2011. 
20 Roger Cliff, Mark Burles, Michael S. Chase, Derek Eaton, and Kevin L. Pollpeter, Entering the Dragon’s Lair: Chinese 
Antiaccess Strategies and Their Implications for the United States, RAND Corporation, MG-524-AF, 2007. 
21 See, for example, Brent Thomas, Mahyar A. Amouzegar, Rachel Costello, Robert A. Guffey, Andrew Karode, Christopher 
Lynch, Kristin F. Lynch, Ken Munson, Chad J. R. Ohlandt, Daniel M. Romano, Ricardo Sanchez, Robert S. Tripp, and Joseph 
V. Vesely, Project AIR FORCE Modeling Capabilities for Support of Combat Operations in Denied Environments, RAND 
Corporation, RR-427-AF, 2015; Robert S. Tripp, Brent Thomas, Rachel Costello, Robert A. Guffey, Andrew Karode, and 
Christopher Lynch, Combat Operations in Denied Environments: Evolving Strategies for Ensuring Air Force Resilience in the Pacific 
Theater, RAND Corporation, 2015, Not available to the general public; and Daniel M. Romano, Rachel Costello, Bradley 
DeBlois, Robert A. Guffey, Andrew Karode, Christopher Lynch, Ricardo Sanchez, Alexander Stephenson, Devin Tierney, Brent 
Thomas, and Robert S. Tripp, Passive and Active Defense Postures to Support Joint/Allied Combat Operations in Denied 
Environments Against Missile Attacks, RAND Corporation, 2016, Not available to the general public.  
22 Marc V. Schanz, “Rapid Raptor Package,” Air and Space Forces Magazine, September 26, 2013.  
23 Rapid-X is very similar to Rapid Raptor, but it was developed by Headquarters, U.S. Air Forces Europe (USAFE). Rapid-X 
calls for the quick deployment of any type of fighter aircraft (not just F-22s) to assist missions from bases that lack the full 
infrastructure that usually supports fighter units in a major contingency. Untethered operations is a concept closely related to 
Rapid-X and that also originated from USAFE. It seeks to leverage robust basing and North Atlantic Treaty Organization 
partner interoperability to complicate Russian targeting and create an arsenal of options for allied combat operations in Europe. 
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In fiscal year 2014, PACAF was contemplating a concept it called flex-basing,24 under which 
threatened forces, given indications and warning, would temporarily escape or “flex” to alternate 
locations to wait out an attack or fight from those alternate locations.25 PAF CODE research at the 
time started investigating the development of smaller force packages to support these agile 
deployments.  

Around the same time, U.S. Pacific Command (PACOM) developed dynamic basing,26 which 
aimed to keep combat power survivable by keeping the logistics “tail” as close as possible to the combat 
“teeth.” One element of this concept was to keep aircraft highly utilized by combining maneuver with 
cycling maintenance resources in and out of the threat zone. 

In parallel with these developments, Lostumbo et al. (2015) developed a concept called cluster 
basing, which called for “several resilient bases of equal capability to be located close to one another to 
share resources and provide mutual support to one another in the event of attack.”27 

PACAF first started exercising ACE concepts in 2017, when service members at Joint Base 
Elmendorf-Richardson in Anchorage, Alaska, tested the ability to quickly deploy aircraft and other 
assets and operate independently from the main operating base for a short period in exercise ARCTIC 
ACE.28 Two months later, service members at Kadena Air Base in Okinawa, Japan, conducted a 
similar exercise called TROPIC ACE.29 These exercises garnered attention because of the novelty of 
some of the tactics that the units participating were exercising, building on developments that began 
several years earlier.  

By this time, the “adaptive basing” concept was already under development by Headquarters Air 
Force. In fiscal year 2017, a draft adaptive basing (AB) concept of operations (CONOP) was drafted 
and started circulating. Around this time, there were internal debates as to how these concepts would 
develop, who would have responsibility for them or own them, and how much should be dictated from 
the top down versus encouraging more bottom-up or U.S. Major Command (MAJCOM)–centric 
development and experimentation.  

Around the same time, an attempt was made to stand up an Enterprise Capability Collaboration 
Team for adaptive basing, although a competing proposal was selected. In the interest of leaving more 
initiative and control in the hands of MAJCOM commanders, General Goldfein (then chief of staff of 

 
24 Tripp et al., 2022. 
25 Not to be confused with a RAND-developed concept, flexbasing, which was published in 2000. See Paul Killingsworth, Lionel 
A. Galway, Eiichi Kamiya, Brian Nichiporuk, Robert S. Tripp, and James C. Wendt, Flexbasing: Achieving Global Presence for 
Expeditionary Aerospace Forces, RAND Corporation, MR-1113-AF, 2000.  
26 Tripp et al., 2022. On May 30, 2018, PACOM was renamed Indo-Pacific Command “in recognition of the increasing 
connectivity of the Indian and Pacific Oceans” (Tara Copp, “INDOPACOM, It Is: US Pacific Command Gets Renamed,” 
Military Times, May 30, 2018).  
27 David T. Orletsky, Jeffrey S. Brown, Bradley DeBlois, Patrick Mills, Daniel M. Norton, Julia Brackup, Christian Curriden, 
Adam R. Grissom, and Robert A. Guffey, How Can the Mobility Air Forces Better Support Adaptive Basing? Summary Analysis, 
Findings, and Recommendations, RAND Corporation, RR-A1125-1, 2023. For more on this topic, please see Lostumbo et al., 
2015. Air Force use of the term cluster basing (or base cluster) is more generic. Joint Publication 3-0 defines a base cluster as “a 
collection of bases, geographically grouped for mutual protection and ease of command and control” (Joint Publication 3-10, Joint 
Security Operations in Theater, Office of the Joint Chiefs of Staff, July 25, 2019). 
28 Westin Warburton, “Service Members Exercise New Operational Concepts During ARCTIC ACE,” Pacific Air Forces, 
August 9, 2017. 
29 Pacific Air Forces, “Exercise TROPIC ACE Tests Rapid Deployment Capabilities,” August 28, 2017.  
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the Air Force [CSAF]) also declined to provide final signoff on the then-current AB CONOP, leaving 
the concept in limbo, with no major investments made nor high level support provided at the 
enterprise-level. This opened a door for a MAJCOM-level initiative.  

In August 2019, the vice commanders of PACAF and USAFE co-chaired the Air Force Agility 
Conference to discuss urgent actions needed to address the challenges to air operations in contested 
environments. The conference resulted in a record of agreement that laid out a variety of action items 
to pursue these emerging operational concepts. These action items addressed the ACE lexicon; multi-
capable airmen (now formalized as mission-ready airmen);30 ACE exercises; and developing ACE 
tactics, techniques, and procedures. A range of working groups met regularly to pursue these action 
items and coordinate and collaborate.  

Since then, ACE has continued to evolve within PACAF. New instantiations have been developed 
by USAFE and Air Forces Central (AFCENT), with the goal of developing greater maneuverability 
as a means of making the force more operationally resilient to allow it to persevere in contested 
environments. To that end, USAF senior leaders and MAJCOMs have provided strong support for 
ACE and have begun to develop enterprise-wide capabilities to increase the agility of combat and 
mobility air forces.  

The USAF now has a series of inter-related ACE concept documents that are all guided by the 
Air Force Agility Common Lexicon. The primary concept document is Adaptive Operations in 
Contested Environments (AOiCE), for which the component MAJCOMs (C-MAJCOMs) have 
individual annexes that describe their instantiations of ACE and important elements on the basis of 
theater-specific characteristics. In addition, C-MAJCOMs have updated their own concepts of 
employment (COMEMPs), Mission Guidance Letters (MGLs) have been issued that provide more-
specific directives, flying wings have developed their own CONEMPs and tailored force packages, and 
various synchronization meetings have continued. Throughout this evolution, first PACAF, then 
USAFE, and now AFCENT have conducted ACE-related exercises to test and refine various aspects 
of these concepts.  

Strategic guidance from DoD and USAF senior leaders in the years since ARCTIC ACE and 
TROPIC ACE has provided more vocal support to the concepts. For example, the 2018 National 
Defense Strategy advocated for “force maneuver” and posture resilience as well as a transition to 
“smaller, more dispersed, adaptive basing concepts.”31  

Likewise, the CSAF has stated a need (1) to explore new operational concepts and (2) for multi-
capable and adaptable airmen,32 and has stated that some of the benefits of ACE were the ability “to 
confuse the enemy and strike at a time and place of our choosing with minimal risk,” and that “the 
ability of ACE to sustain combat operations through persistent logistics has already been validated 
through multiple exercises across both the Pacific and European theaters.”33  

 
30 Tobias Naegele and Chris Gordon, “New Commands, Ranks, and More: Big Changes for Air Force & Space Force,” Air and 
Space Forces Magazine, February 12, 2024.  
31 For additional guidance from the Joint Staff, see Joint Chiefs of Staff, Description of the National Military Strategy 2018, 
Strategic Development Division, 2018. 
32 See the Chief of Staff of the Air Force Action Orders for specific ways the USAF can accelerate change (e.g., Charles Q. 
Brown Jr., CSAF Action Orders: To Accelerate Change Across the Air Force, Chief of Staff of the United States Air Force, 2020). 
33 Roth, Brown, and Raymond, 2021. 
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All of this has contributed to more-vocal support for ACE and more coordination and 
collaboration among the contributing MAJCOMs. Along the way, RAND research also has 
contributed significantly to the body of knowledge about the benefits and costs of these operational 
concepts.34  

Elements of ACE 
Following on that brief history of the development of ACE, we now discuss some individual 

elements of ACE as conceptualized at the time of this writing. This discussion will set up our more-
detailed analysis of one of those ACE elements in Chapter 3. Table 2.1 presents these ACE elements 
binned into three categories, along a short description of each.  

Table 2.1. Selected Elements of ACE 

Category Element of ACE  Description 

Posture Aircraft dispersal 
on base Park aircraft farther apart on base. 

Aircraft dispersal to 
multiple bases Position aircraft at multiple bases. 

Operate from 
standoff 

Place some aircraft out of range of at least some adversary 
weapons. 

Operational 
maneuver 

Move forces on 
warning 

Following warning of an attack, fly available aircraft to one or more 
alternate operating locations (one move). 

Stay ahead of the 
adversary 

Continually relocate forces among a set of operating locations, 
leaving some empty. 

Drop-in 
operations 

Drop-in operations Aircraft “drop in” to a forward operating location for a brief 
integrated combat turn. Aircraft fly sorties from locations without full 
maintenance capabilities and return to the maintenance hub as 
needed. 

 
 

In the first category of posture, ACE elements seek to simply alter the laydown of aircraft. We 
consider these to be static concepts unless combined with a maneuver concept. Both dispersal (on-base 
or across bases) and operating from a standoff posture are concepts that seek to protect aircraft. 
Dispersal within a given threat range seeks to diffuse that missile threat. Shifting to a standoff posture 
seeks to move outside the range of some or all of the adversary’s weapons.  

 
34 See, for example, Patrick Mills, James A. Leftwich, John G. Drew, Daniel P. Felten, Josh Girardini, John P. Godges, Michael J. 
Lostumbo, Anu Narayanan, Kristin Van Abel, Jonathan Welburn, and Anna Jean Wirth, Building Agile Combat Support 
Competencies to Enable Evolving Adaptive Basing Concepts, RAND Corporation, RR-4200-AF, 2020; Orletsky et al., 2023; and 
James A. Leftwich, Katherine C. Hastings, Vikram Kilambi, Kristin F. Lynch, Shannon Prier, and Ronald G. 
McGarvey, Advancing Combat Support to Sustain Agile Combat Employment Concepts: Integrating Global, Theater, and Unit 
Capabilities to Improve Support to a High-End Fight, RAND Corporation, RR-A1001-1, 2023.  
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Operational maneuver seeks to gain an advantage by staying ahead of the adversary’s targeting 
observe-orient-decide-act (OODA) loop. This is accomplished by moving on warning once or 
multiple times (potentially in scripted ways). The goals here are to buy time, protect aircraft and 
operational capability, and generate combat power while not getting hit; and simultaneously to get the 
adversary to expend its missiles to little effect. 

The mechanism by which these elements of ACE seek to accomplish this goal is generally one of 
the following two: 

1. Dilute the effectiveness and efficiency of adversary attacks: The adversary invests the same 
in a given attack but accrues a lower return on investment.  

2. Change adversary behavior: When faced with a lower return on investment, incentivize the 
adversary to change actions. This could include not attacking (conserving missiles for another 
use); investing more in the attack (thus sapping the missile inventory for later attacks); or 
slowing down adversary decisionmaking to gain time, advantage, or survivability.35  

Our third category in Table 2.1 is drop-in operations. Drop-in operations are intended to shore 
up the sustainability and efficiency of operations when other concepts introduce inefficiencies.36 The 
use of drop-in bases, for instance, seeks to mitigate the inefficiencies of operating from standoff 
postures. 

All six of these ACE elements can introduce inefficiencies and risks into the USAF’s combat 
power projection system. These potential disadvantages need to be addressed and balanced against the 
goals of these concepts. We now discuss those potential ways in which ACE can alter the power 
projection system.  

Operational Concepts Alter Power Projection Features, Forcing 
Trade-Offs 

The USAF’s combat power projection system has evolved over several decades. At the operational 
level, it involves a complex command and control (C2) system that uses multiple cyclical processes and 
(from a planning perspective) culminates in a daily air tasking order (ATO). This coordinates the 
operations of aircraft (often a few hundred in a major conflict) flying hundreds or thousands of sorties 
per day, accomplishing a variety of interconnected missions to achieve a specified set of operational 
objectives.37  

But there is an underlying and interconnected support system that enables this operational 
picture. It consists not just of aircraft and their pilots, but of basing; support equipment, personnel, 

 
35 See Michael J. Lostumbo, Kyle D. Haak, and Jeff Hagen, Firing for Effect: Counters to Adaptive Air Base Operations in Europe, 
RAND Corporation, forthcoming, Not available to the general public.  
36 A common term is forward area refueling point (FARP). FARP operations are not always described the same by the different 
services, but they all bear similarities to drop-in operations. Mills et al. (2020) used the term temporary base to describe locations 
used for drop-in or FARP operations (p. 30).  
37 Much of this current system was significantly influenced by The Air Campaign, authored by John Warden before the first Gulf 
War. See John A. Warden, III, The Air Campaign: Planning for Combat, Diane Publishing, 1988. For a colorful description of 
this orchestration, see Mark Bowden, “The Kabul-ki Dance,” The Atlantic, Vol. 290, No. 4, November 2002.  
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and parts; and the processes that connect them. This is the system that the USAF uses to generate 
combat power in conventional wars. We call this the traditional system; it has the following key 
features: 

• Specialization of both manpower and equipment. Some specialization of skills is obviously 
necessary to achieve sufficient expertise at critical tasks (e.g., munitions handling versus engine 
repair). But the USAF has a level of manpower specialization that exceeds most, if not all, 
analogs; in particular, airlines (for commercial equivalent aircraft)38 but also the Navy and 
Marine Corps, even when maintaining comparable aircraft, such as the F-35.39 Furthermore, 
while there is some common support equipment across fourth-generation fighters and some 
legacy heavy aircraft, recent acquisitions, such as the F-22 and F-35, have come with their own 
specialized maintenance equipment.40  

• Economies of scale. The USAF system for generating sorties relies on having consolidated 
sets of aircraft, personnel, equipment, and supplies at a limited set of locations. This enables 
flexibility to trade resources and allows buffer stocks to absorb variations in demand. One 
example of this is having spare aircraft prepared on the flightline when launching a group to 
ensure a high probability of success. This, in turn, ensures a high probability of fulfilling the 
ATO.  

• Orchestrated maintenance and flying schedules to make best use of limited resources, 
particularly manpower. The typical operation at a deployed location includes a single flying 
window (to conserve operator personnel) and two or three shifts of maintenance. This enables 
aircraft to predictably move through stages of operation, servicing, and maintenance over the 
course of a 24-hour schedule, so that each day can operate on roughly the same schedule. This 
includes having a fairly consistent number of aircraft operating or undergoing maintenance in 
a given day and using maintenance personnel as efficiently as possible.  

Operational concepts that seek to use legacy aircraft and their support systems in novel ways in the 
name of survivability (an obviously important goal) alter this traditional system in ways that have 
second- and third-order effects on the sortie-generation system.41 These disruptions result in trade-
offs, which we seek to make explicit in our analysis. The following are three examples:  

 
38 See Thomas Light, Daniel M. Romano, Michael Kennedy, Caolionn O’Connell, and Sean Bednarz, Consolidating Air Force 
Maintenance Occupational Specialties, RAND Corporation, RR-1307-AF, 2016, for further discussion.  
39 See Michael J. Lostumbo, Anna Jean Wirth, Muharrem Mane, Laura H. Baldwin, John G. Drew, and Thomas Goughnour, 
Sparks of Lightning: F-35 Support Constraints in Counter Anti-Access Operations, RAND Corporation, 2018, Not available to the 
general public, for a comparison between USAF, Navy, and Marine Corps squadron sizes and maintenance manpower concepts. 
See Anna Jean Wirth, Thomas Light, Daniel M. Romano, Shane Tierney, Ronald G. McGarvey, Moon Kim, Michael J. 
Lostumbo, Amanda Nguyen, Paul Emslie, and John G. Drew, Evaluating Alternative Maintenance Manpower Force Structure 
Concepts for the F-35A, RAND Corporation, RR-4433-AF, 2020, for an assessment of options to consolidate USAF F-35 
maintenance manpower skill sets.  
40 It is important to point out that some maintenance concepts have changed with newer aircraft, enabling them to be maintained 
(on the flightline, for example) with less equipment, less manpower, or both, even though that equipment is peculiar to each 
mission design series (MDS). This type of specialization is not all downside.  
41 Another feature of the USAF system is the utilization of predetermined aircraft to cannibalize parts when long lead times 
exists for part delivery. Dispersal of forces across multiple sites challenges the ability to dependably cannibalize parts and thus 
mitigate lead times. 



 
 

  
 

 
 
 

11 

• Trading one type of risk for another, e.g., reducing the risk or impact of a missile attack by 
increasing the risk of ground attacks or accidents. If a given force is spread out over a larger 
number of locations, dispersing could dilute the effect of missile attacks (or disincentivize their 
use altogether), but if the same support resources are used, they could be insufficient to 
support a greater number of locations, thus increasing vulnerability. These support resources 
include security forces, firefighting forces, or other forces that can respond to incidents on the 
ground.  

• Trading risk for resources. If forces must relocate to avoid an attack (e.g., on strategic or 
tactical warning), additional resources may be needed to successfully execute the move. We 
discuss the challenge of this specific concept more in Chapter 3.  

• Trading one resource for another resource. For example, when operating from a standoff 
posture, sortie durations are long. To conserve tankers, fighters may execute drop-in 
operations, during which an aircraft departs its original location, flies its mission, and recovers 
at an alternate location closer to the target. Drop-in operations may require additional crews 
to be deployed to drop-in locations to support these operations. Thus, fighter pilots in drop-in 
operations are being traded for tanker aircraft.  

This brief explanation of the dynamics of sortie generation should serve as a foundation for any 
broader discussion of operational concepts. USAF has a need to explicate and assess the concepts to 
expose the disruptions and trade-offs that they force. For a given concept, the USAF may assess that 
the trade-off is worth it to achieve the survivability it promises. While we more deeply analyze only 
one concept in this paper, these tensions apply to all such concepts. We now take a closer look at that 
one concept, aircraft dispersal across bases.  

Focus on One Concept: Aircraft Dispersal to Multiple Bases 
The USAF has historically deployed and employed aircraft in squadron-sized or larger 

detachments at each forward operating location. More recently, smaller detachments (e.g., eight to 12 
aircraft) have been deployed in operations in the Middle East. Even when the number of aircraft of 
each MDS is smaller than a squadron, multiple detachments are based together. Collocation of 
different MDS enables the sharing of some flightline functions, such as transient alert and some 
backshop support (although there are limitations), as well as more-significant economies of scale with 
respect to most functions, such as fuel, munitions, munitions maintenance, medical, engineering, and 
so on.42 While aircraft dispersal across more locations certainly did not originate with ACE, it is a 
common feature across theaters. 

The immediate effect of dispersing aircraft across locations would be to increase the potential 
target set for the adversary to attack the same number of aircraft (and to degrade sortie generation 
from those aircraft). The primary benefits of this approach would be to either reduce damage to 
aircraft and mission-generating resources if the same number of missiles were used (as on a less-

 
42 Some functions scale more to the number of locations rather than the number of aircraft or personnel. Examples are 
firefighting and explosives ordnance disposal (EOD), though many functions do have nonzero fixed costs to support new 
locations, e.g., services, engineering, communications, and medical.  
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dispersed posture) or to increase the relative number of missiles required for the adversary to achieve 
the same benefit, in terms of Blue sorties denied per adversary missile expended.  

Downsides of Base Dispersal  
This approach has several potential downsides. Dispersing aircraft across locations would impose 

either resource costs to support more locations or, absent additional resources, the force must accept 
additional risks, more performance degradation, or both in terms of achievable sortie rates.43  

There would be both one-time and recurring financial costs to build and maintain more operating 
locations. There would also be political groundwork involved in securing access to additional 
locations. The political benefits, however, might be worth the costs. If access could be secured in more 
countries, that would be a hedge against the political risk of having no access, and such a hedge could 
increase the chances of obtaining access in a crisis. 

Employing this concept could increase the risk of on-ground incidents (e.g., accidents, fires, 
attacks, or other disruptions) because fewer resources would be available at each location to respond. 
Base dispersal could degrade maintenance capacity because maintenance manpower, equipment, and 
spare parts that would otherwise provide buffers against the inherent uncertainties surrounding 
unscheduled aircraft maintenance and repair tasks would not be available at previous levels. 

As more locations are used, trade-offs between using resilient individual locations and having an 
overall net resilience of the posture must be made. Many main operating bases (MOBs) (usually the 
foundation of a posture plan) are quite resilient in the sense that they have robust physical plants that 
require many missiles to suppress sortie generation. As the U.S. global posture has drawn down over 
many decades, the United States has consolidated forces at robust locations and has invested 
significantly in their capability and capacity: long runways, robust fuel and munitions storage, large 
parking aprons (often with dozens of hardened shelters), and other facilities. These investments 
present the adversary with many targets to degrade sortie generation, but they also set a high level of 
resilience for these enduring locations.  

If one assesses the resilience of a posture that depends highly on MOBs, adding a location would 
not necessarily increase the net resilience of the posture. The new beddown actually could present the 
adversary with more-lucrative targets if aircraft were distributed from a single robust location to 
multiple vulnerable ones. Understanding those dynamics requires understanding the details of the 
infrastructure at each operating location. Achieving greater net resilience from a more dispersed 
posture requires taking each location’s resilience into account when deciding on the aircraft laydown.44 

Mitigation Options  
To mitigate these downsides, planners could tailor capability packages to limit resource demands. 

Reductions could often be made to strike a tolerable balance, sometimes giving up a level of 

 
43 Patrick Mills, John G. Drew, John A. Ausink, Daniel M. Romano, and Rachel Costello, Balancing Agile Combat Support 
Manpower to Better Meet the Future Security Environment, RAND Corporation, RR-337-AF, 2014. 
44 An example of this resilience dynamic is demonstrated in Lostumbo, Haak, and Hagen, forthcoming.  
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sustainability (the locations could produce sorties for a more limited time) or sacrificing some quality-
of-life accommodations that might normally be assumed even for expeditionary operations.45  

Another option would be to rely on multi-capable or cross-trained personnel. By having personnel 
familiar with or even well-trained on tasks outside their primary expertise, manpower requirements 
could be reduced. Of course, there would be limitations to such training and some attendant risks 
from it, but many believe that there is promise in certain types of cross-training. 

Yet another way to achieve reductions in resource requirements would be to rely more heavily 
(and proactively) on host nation support, operational contract support, or both. Leftwich et al. (2023) 
demonstrated how significant reductions in base operating support (BOS) could be made via either 
mechanism.46 Those reductions in BOS, however, presume a level of host nation or contract support 
reliability, capability, and durability that could not be guaranteed.47 

Resource demands may also be reduced in the mid- to longer-term by redesigning equipment or 
leveraging new technologies.48 And to mitigate the vulnerability of locations with lower resilience, 
many options exist to increase their resilience (e.g., active defenses, passive defenses, infrastructure 
investments).  

In Chapter 3, we explore one of the downsides just mentioned: potential degradation of 
maintenance capacity resulting from a fixed set of maintenance resources being spread out over 
multiple locations.  

  

 
45 Patrick Mills, James A. Leftwich, Kristin Van Abel, and Jason Mastbaum, Estimating Air Force Deployment Requirements for 
Lean Force Packages: A Methodology and Decision Support Tool Prototype, RAND Corporation, RR-1855-AF, 2017.  
46 Leftwich et al., 2023. 
47 For more on these risks, see Victoria A. Greenfield and Frank Camm, Risk Management and Performance in the Balkans 
Support Contract, RAND Corporation, MG-282-A, 2005; and Frank Camm and Victoria A. Greenfield, How Should the Army 
Use Contractors on the Battlefield? Assessing Comparative Risk in Sourcing Decisions, RAND Corporation, MG-296-A, 2005.  
48 Dahlia Anne Goldfeld, Kristin F. Lynch, John G. Drew, Richard Mason, Samantha McBirney, and Jared Mondschein, 
Technologies to Enhance Logistics Support of a High-End Fight and Agile Combat Employment: Vol. 1, Assessment of Logistics Support 
Gaps and Evaluation of Corrosion Protection, Additive Manufacturing, and Energy Resilience, RAND Corporation, 2023, Not 
available to the general public. 
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Chapter 3 

Assessing the Sortie-Generation 
Potential of Alternative Force 
Postures 

Dispersing forces promises substantial survivability benefits, as discussed in Chapter Two, but it 
comes with potential costs and risks. In this chapter, we assess the potential sortie-generation 
limitations imposed by operating from a more dispersed posture. We chose this single building block 
to analyze because it often underpins many discussions of ACE, but to our knowledge, the potential 
sortie degradation has not been rigorously analyzed. Other concepts, such as standoff postures, also 
degrade sortie rates, but these degradations are usually included explicitly when calculating the overall 
sortie potential of a posture.  

Costs and Risks of Dispersed Postures 
In our analytic context, a posture departs from the traditional USAF model (described in Chapter 

2) to seek protection or resilience, but at some cost. For example, if one takes a squadron of fighters 
(e.g., 24 primary aerospace vehicle authorized [PAA]) normally based at one location and spreads that 
squadron out among four locations without injecting additional maintenance resources, one would 
expect a degradation in the maximum sortie rate for that squadron. At some point, as aircraft are 
broken and cannot be fixed quickly, repair capacity will decrease because of diseconomies of scale, 
limiting sortie-generation capacity. Thus, a posture strategy that disperses to seek protection (as an 
example) could expect some degradation in its sortie potential.  

Normally, when planners and analysts need to predict the expected sortie potential of a force 
package, they must use the official sortie rates published in the War Mobilization Plan Volume Five 
(WMP-5)49 or build their own model.50 The WMP-5 provides, for most aircraft MDS, data tables 
and figures that provide an expected sortie rate (i.e., sorties per aircraft per day) for typical force 
packages flying different duration missions at different distances. For example, an F-16 squadron 
flying two-hour sortie durations can expect to achieve a higher sortie rate than the same unit flying 

 
49 U.S. Air Force, War and Mobilization Plan, Volume 5 (WMP-5), Basic Planning Factors and Data, 2011, Not available to the 
general public.  
50 Much PAF research has leveraged the existing logistics composite model simulation for various MDS, e.g., Light et al., 2016, 
and Wirth et al., 2020. Recent research on operating airbases under attack typically has analyzed squadron size or larger 
detachments and used the published WMP-5 sortie rates as-is. For example, see Tripp et al., 2022; and Lostumbo et al., 
forthcoming.  
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ten-hour missions. Thus, the WMP-5 provides at least an official baseline to start planning and 
analysis. 

Unfortunately, the WMP-5 has not been updated since 2011,51 well before the development of 
ACE or similar CONOPs. At the time of this writing in mid-2023, an update to the WMP-5 had not 
been published. This leaves a gap in USAF’s knowledge base as to what sortie rates (which we 
sometimes call sortie productivity) can be expected from force packages and postures that depart from 
the traditional model. This could include smaller, more-dispersed packages; base clusters operating 
with a hub and spoke maintenance concept; or operational maneuver concepts, such as drop-in bases.  

Because we seek to assess the sortie potential of alternative posture strategies, and the WMP-5 
leaves a gap, we adapted two tools developed during PAF research assessing ACE maintenance 
concepts.52 A deeper description of the tools can be found in Lynch et al. (2022), but we describe the 
tools here in sufficient detail to set up our analysis.  

Sortie Analysis 
This section describes our analytic approach for assessing the sortie potential of posture strategies. 

This is captured in Figure 3.1.  
In the first step (leftmost box), we developed posture cases. These cases include design options, 

consistent with the concept descriptions in Chapter 2; resourcing levels (e.g., how maintenance 
capacity would change with levels of dispersal); locations; and mission duration.  

We then designed sortie flying schedules to establish daily rhythms of flying and maintenance, 
using a tool designed by Lynch et al. (2022). This is a simple spreadsheet tool that enables the user to 
visualize the stages of the daily flying schedule, including where each aircraft in a force package is in 
the entire schedule of events. We developed hundreds of schedules to explore a range of parameters.  

We then ran those sortie schedules through a simulation tool, also developed by Lynch et al. 
(2022). This model contains a fairly simple simulation of the flying and maintenance cycle. It includes 
fix and break rates for a given MDS and simulates how aircraft move through the cycles. The model 
assesses the success rate of aircraft packages meeting the demands of each schedule. This results in the 
next step, the net posture sortie productivity.  

 
51 Our understanding is that, at the time of this writing in mid-2023, the USAF was in the process of developing a new WMP-5.  
52 Lynch et al., 2022.  
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Figure 3.1. Analytic Approach 

 

NOTE: a/c = aircraft; msn = mission; mx = maintenance; num = number; pct = percent; TAB-VAM = Theater Air Base 
Vector Attack Model. 

The final step is to run these same postures through a base attack model to assess how survivable 
they are. The CODE family of projects uses the TAB-VAM, but other such models can ingest these 
adjusted sortie rates. The goal of altering a posture, in our analytic context, is to increase survivability. 
The objective is to measure the sortie gains from increased aircraft survival versus the sortie losses 
from less efficient operations. If the net increase in sortie productivity afforded by the protection of 
the posture outweighs the sortie productivity sacrificed, it might be a net beneficial posture strategy.  

The appendix describes in full detail how we created our baseline sortie curves. We explain them 
here briefly.  

Sortie Modeling 
We explore these dynamics by modeling the sortie production for various posture strategies. We 

start with a sortie scheduling tool, discussed previously. By seeing the schedules, one can understand 
the limits of sortie scheduling, given such constraints as how quickly or frequently an aircraft can be 
cycled through sorties in a day, flightline maintenance capacity (i.e., turn area limitations), flying 
window limitations, and pilot duty day.  

For this analytic exercise, we developed flying schedules for fighters (F-15C in our example) in 24 
PAA packages at a single location, flying missions in two-ships. In this modeling exercise, the mission 
type and its parameters (e.g., time to target, loiter, mission effectiveness) are not important. For 
example, if a 24 PAA squadron flying from one location for a given sortie duration can achieve a sortie 
rate (sorties per aircraft per day) of 1.5 90 percent of the time, that force package in a more dispersed 
posture may be able to achieve only a total 1.0 or 1.25 utilization rate (UTE) at that level of 
confidence.53 

 
53 UTE stands for utilization rate or daily sortie rate. 
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First, we created sortie schedules. We considered a variety of possible constraints (e.g., operations 
flying day, pilot duty day, ground servicing). Then, we ran these constraints through a simulation to 
see how many missions could be met over 14 days.  

We generated a wide range of schedules, sometimes adhering to and sometimes relaxing those 
constraints to explore the outer reaches of sortie generation feasibility. We then ran those schedules 
through the simulation tool, also developed by Lynch et al. (2022). This formed a kind of test to 
establish the relationship between sortie duration and achievable sortie rates, given the break rates and 
fix rate inputs.  

Our goal with this initial exercise is to generate sortie duration-rate curves—similar to the WMP-
5 sortie rate curves—from which we can explore how changing the posture affects maintenance 
capability and capacity and sortie rate potential.54 To do so, we design schedules that correspond to 
combinations of sortie rate and duration and pass them through various tests or filters to assess their 
supportability, applying some of the factors we described earlier in this chapter.  

All of these schedules for the baseline calculations were for a 24 PAA squadron of fighters in a 
single operating location. Table 3.1 shows the schedule of required steps that we modeled for the 
sortie-generation cycle. 

Table 3.1. Modeled Schedule for Sortie-Generation Cycle 

Step Modeled Time Required (hrs.) 

Pilot preparation 1.0 

Taxi and arming before sortie 0.5 

Flight time Varies. Modeled in 1 hr. increments. 

Taxi and de-arming after sortie 1.0 

Turn time for rearming and refueling 2.5 

NOTE: Turn time prepares aircraft for another sortie. It is assumed that pilot preparation for this next sortie 
can be done during the turn time, thus not adding an hour the way it does at the start of the flying window. 

 
Note that we add in the turn time after each sortie to ensure sufficient time between sorties, but 

we sometimes insert additional time until the next sortie starts. Looking across the sortie schedule for 
the entire package, we also seek to space sorties to minimize the overlap of ground servicing activities.  

We note that Lynch et al. (2022) developed their schedules slightly differently.55 They included 
the same steps with the same standard time delays where applicable, but given their goals and scope, 
they clarified more of the steps during the actual operational sortie. They focused on defensive 
counter-air (DCA) sorties, and they were, in some cases, concerned with exactly when in a sortie the 
DCA lane coverage would occur and with the ability of a single unit to provide uninterrupted coverage 
of a single DCA lane. In this exercise, we are purely concerned with the sortie rates that are achievable 
at a given duration, not with the operational value of the sorties.  

 
54 Sortie rate potential is a calculated value that expresses the maximum achievable sortie rate given the input factors considered. 
55 Lynch et al., 2022.  
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Even some of the schedules found to be feasible from an “hours in the day” or “laws of physics” 
perspective will be found to violate one of the other constraints described previously. We could then 
run the remaining schedules through various tests.  

Our final step is to run the simulation that assesses whether these schedules can be supported by 
the backshop maintenance that must keep up with this demand.  

Figure 3.2 shows the results of our baseline simulation runs. The simulation takes as input the 
given sortie schedule and assesses it against the break and fix time inputs. Each time an aircraft returns 
from a sortie, the model assesses whether it has a break and how long the fix will take. If it has no 
break, it goes back into the sortie cycle immediately. If a given aircraft has a short break, it may yet go 
back into the sortie schedule for that day. 

Figure 3.2. Sortie Rate Versus Duration for 24 Aircraft Detachment Size 

 

NOTE: This takes maximum duration at each rate that was 90 percent successful.  

If the aircraft required short maintenance—a four- or eight-hour fix—there might be sufficient 
time to let the aircraft make another sortie that day. If not, it would then enter the full maintenance 
cycle and only return to service the following day. For each mission (in our analysis, two-ship 
packages), the model counts the available aircraft. If there are two aircraft ready at the start of the 
mission, the mission can proceed. If not, it will declare mission “failure.”  

The main point here is that we can now arrive at a set of sortie rate-duration schedules for which 
we can assess the feasibility against a range of resource constraints for our baseline analysis. If we 
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display these data in graphical form, we see the baseline sortie curve in Figure 3.2. This gives us a 
baseline sortie rate-duration curve.56  

We now turn this analytic approach toward the question of how more-dispersed posture strategies 
might affect sortie-generation potential, primarily through the lens of backshop maintenance capacity.  

Dispersing More Widely Introduces Two Potential Sources of Degradation 
Traditional maintenance units have built-in economies of scale in each type of resource—aircraft, 

personnel, equipment, and spare parts. Larger units have additional resources and thus better 
economies of scale; they can operate efficiently and absorb variability or disruptions of various kinds 
better than smaller units. Dispersing more widely than the canonical 24 PAA fighter squadron size 
introduces potential sources of capacity degradation.  

There are several reasons for this. First, smaller force packages have fewer available aircraft. Given 
the way sorties are typically generated, a unit generates the needed number of aircraft for the planned 
mission with one or more spare aircraft generated as a backup. Having smaller aircraft packages at 
each location limits the number of spare aircraft the unit can depend on in the event of a fault or repair 
(regardless of whether the aircraft has already been generated as a backup). In this case, the resource in 
question is the aircraft.  

The second source of capacity degradation is the backshop maintenance capacity itself. Some 
resources (e.g., personnel, equipment, spares) may be spread out very thinly or may not be divisible at 
all.57 There are fixed resource costs built into the aircraft maintenance unit structure, such that there is 
a high “open the door” cost, e.g., a single piece of equipment that could support an entire squadron 
(e.g., a crane for removing the aircraft canopy) but must be deployed with each geographically 
independent force package, irrespective of size.  

If no additional resources are provided, choices must be made as to how those limited resources 
will be distributed. One of the common choices is to go to a hub-and-spoke operation, in which 
flightline operations are resourced the same as with a traditional unit, and some or all backshop or 
heavy (more intensive) maintenance activities are consolidated into a single location for a given region 
or cluster of bases.  

If maintenance resources were spread out evenly, repair times would be increased because of the 
decline in maintenance capacity at each location. 

Hub-and-spoke arrangements add a transportation demand of some kind. If an aircraft at a spoke 
with no backshop repair capability has a fault that requires backshop diagnosis, repair, or both, either 
the aircraft must be flown to the hub, enter the maintenance cycle, then return to its spoke to re-enter 
the operations cycle, or a maintenance team must be deployed from the hub to the spoke, repair the 
aircraft, then return to the hub.  

In this analysis, we do not attempt to describe those support concepts in detail or compare them. 
Here, we simply parameterize the repair times to include longer and longer delays, which could be the 

 
56 Past RAND research used empirical data to estimate the effects of long sorties on maintenance and therefore turn times, using 
traditional basing and maintenance concepts. See Lostumbo et al., 2018. 
57 Carl J. Dahlman, Robert Kerchner, and David E. Thaler, Setting Requirements for Maintenance Manpower in the U.S. Air Force, 
RAND Corporation, MG-1436-AF, 2002. 
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result of waiting for aircraft to cycle to the hub and back or for the repair team to deploy to the spoke. 
Comparing the feasibility and cost-effectiveness of both options should be explored in future studies.  

Normally, an aircraft comes back from a sortie with no faults. If it does, it may have a short or long 
repair. A four-hour repair is something that can be fixed immediately with personnel and tools on the 
flightline. An eight-hour repair is one in which the aircraft stays on the flightline, but the diagnosis 
and fix simply take a little longer; or some combination thereof. If the fault requires a deeper diagnosis 
or if the repair requires a capability that is only available in the backshop, the aircraft must come out of 
the sortie cycle and enter the 24-hour maintenance cycle.  

That is not to say that the repair itself will take 24 hours to complete; it might be fairly quick. But 
once it enters the queue for backshop maintenance resources, it waits for repair capacity to become 
available.  

Sortie-Generation Results 
Applying those parameters to our fighter unit, we first assess the impact of smaller detachments to 

perform the sortie schedules. We created new sets of schedules that adhered to detachment sizes of 
12-ships and six-ships but kept the backshop maintenance the same. This is unrealistic for real 
operations (a standard unit would not have enough resources to fully support geographically separated 
detachments), but this can isolate the impact of smaller detachment sizes alone before we incorporate 
additional variables. Figure 3.3 shows the results.  

In Figure 3.3, the black line shows the same original sortie capacity as in Figure 3.2 in our test 
case. This is the best that the 24 PAA squadron can do with all aircraft located together. As with the 
previous calculations, we consider a schedule achievable or successful if 90 percent of the missions can 
be completed over the 14-day period we analyzed.  
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Figure 3.3. Impact of Smaller Detachment Sizes on Sortie Capacity 

 

The blue line then shows how the capacity is degraded when operating 12-ship detachments; the 
red line shows results for six-ship detachments. At shorter durations, the success rates are almost 
identical; around the five- to six-hour duration mark, we see some impact of smaller detachment sizes, 
then the lines overlap and detach again. For our input parameters, there is only a marginal decrease in 
capacity—a drop in about 0.25 UTE at different points along the x-axis. The result that detachment 
size impacts sortie generation is as expected, but it is reassuring to see that that variable alone appears 
to have a modest effect.  

The next effect we explore is repair time duration. We now see how the combination of 
detachment size and repair time affects sortie capacity. We do not know how dispersing into smaller, 
geographically separated detachments will affect operations. This depends, at least in part, on the 
maintenance concepts that PACAF designs to support these operations, on how PACAF and U.S. 
Indo-Pacific Command choose to support hub-and-spoke operations with transportation resources, 
and on how PACAF and the DAF choose to support hub-and-spoke operations with resources, such 
as spare parts. If more (or more-responsive) transportation resources are provided, it could keep repair 
times shorter.58 If less, repair times could be longer.  

Figure 3.4 shows the results when running the simulation with longer repair times. The black line 
still represents the full 24-ship squadron, and the long repair times are still the 24-hour standard from 
the previous chart. The blue lines again represent 12 PAA per location. We only show repair times 

 
58 See Leftwich et al., 2023, for an exploration of the impacts of supply and transportation on fighter cluster basing operations.  
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longer than 24 hours, because we assume that when spokes are separated from the hub, repairs will be 
delayed. Here, the dashed lines show a 48-hour repair, and dotted lines show a 72-hour repair. We 
ran cases with 96-hour repairs, but the results were usually indistinguishable from the 72-hour case, so 
we do not present them here.  

Figure 3.4. Impact of Smaller Detachment Sizes and Hub and Spoke Maintenance on Sortie 
Capacity 

 

The red lines show the results for six-ship detachments. The results are non-monotonic for several 
reasons. First, we ran a limited set of sortie rates for each detachment size. Second, we ran two-ship 
cases, so the unit has to produce two mission-capable jets at a time. Finally, we designed each flying 
schedule individually. More than one flying schedule can be designed for most detachment sizes and 
sortie rates, and the results from each schedule have some unevenness. If different schedules were 
designed with different goals (e.g., maintaining a shorter flying day rather than maximizing use of 
aircraft), the results would look slightly different.  

We also ran a worst case with no repair capacity (not shown) to understand the outer limits of the 
model and to entertain the possibility that the maintenance hub itself could be attacked. The results 
were almost identical across the cases: Regardless of the detachment size, without backshop repair, a 
sortie rate of only 0.5 per day (given the schedules we designed) was achievable over the 14-day period 
we analyzed.  

A caveat is in order. These curves are not smooth because of the model, the schedules, and the 
sortie rates possible with different (and smaller) numbers of aircraft in each detachment. One can 
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create different schedules that maximize or minimize different variables, (e.g., ground servicing 
capacity, pilot duty day, ops duty day). Optimizing along one dimension will inevitably result in a 
degradation elsewhere (or a less efficient use of that resource).  

Given the limited resolution of the model, we caution the reader from over-interpreting each 
nuance in Figure 3.4. For that reason, we developed Figure 3.5. Figure 3.5 takes vertical slices out of 
the previous figure, at six-, nine-, and 12-hour sortie durations, most relevant in the Pacific theater. 
This figure shows, for smaller detachment size, the full range of maintenance times from 24 to 96 
hours.  

Figure 3.5. Summary of Impact of Dispersed Postures on Sortie Potential 

 

For 24 PAA units, we see the clear degradation that comes from longer sorties. This same pattern 
persists across the detachment sizes and repair durations.  

The six-hour duration is about the minimum distance relevant for PACAF flying from a location 
like Guam. At this distance, a dispersed posture could reduce sortie potential by about 25 to 30 
percent. At longer durations, a dispersed posture could reduce sortie potential by closer to 30 to 50 
percent. We can also see some rough comparison between a standoff posture and a closer-in, more 
dispersed posture.  

We make one final observation here to parse some of the effects. From Figure 3.5, we can now 
make comparisons across detachment sizes with the same maintenance time (i.e., 24 hours), as well as 
comparisons within detachment sizes (i.e., 12 PAA and six PAA) with different maintenance times. 
When looking at the 24-hour maintenance cases for each cluster size, for a given sortie duration, we 
see the pure effect of detachment size is fairly small, from zero to 0.25 UTE reduction from moving 
from 24 PAA to 6 PAA. Looking within a detachment size, we can see a larger effect, often from a 
0.25–0.5 UTE reduction, moving from 24-hour to 96-hour maintenance times. The impact of 
increasing maintenance times does appear to degrade performance more than a comparable reduction 
in detachment size, but we do not wish to make too much of the specific results from a model with 
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this level of resolution. Ultimately, implementing such cluster operations as these will influence both 
detachment size and maintenance times, and both will, in turn, affect sortie potential.  

The implications from Figure 3.5 emphasize the importance of establishing some kind of reliable 
repair network to support dispersed postures. If the turnaround time within a cluster is severely 
limited—whether from shuttling aircraft back and forth to the hub, maintenance team delays, or 
because spare parts distribution is limited—sortie rates could be severely constrained. The companion 
report shows how beneficial those more dispersed postures are.59 These two should be balanced to 
present a realistic picture of the net benefits of operating in hub-and-spoke operations.  

Figure 3.6 takes the results from Figure 3.5 a step further and applies them to an entire posture. 
At the extremes shown here—six PAA detachments with 72-hour maintenance turnaround times—
the net sortie rate of the squadron across the multiple locations would be about one-quarter to one-
third less productive purely on the basis of maintenance constraints.  

Figure 3.6. Estimate of Posture-Wide Sortie Potential 

 

From this analysis, we see that smaller detachment sizes and longer repair times can degrade sortie 
generation, as one would expect. Any single incremental change presented here tends to have very 
small impacts on the sortie rate, while larger changes in these posture choices and maintenance 
capabilities could have noticeable impacts.  

We emphasize two things here. First, the repair times of greater than 24 hours are illustrative, and 
further analysis and subject-matter expert input would be required to calibrate these findings against 
the real-world capabilities of maintenance units. Second, even apparently significant degradation in 
sortie-generation capacity could be greatly outweighed by the survivability benefits that these dispersal 
concepts offer if these postures increased aircraft survivability, thus increasing sortie-generation 
capacity.  

In the next chapter, we discuss our conclusions and recommendations.   

 
59 Lynch, Costello, Garafola, et al., 2023.  
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Chapter 4 

Conclusions and Recommendations 

In this report, we presented a short history of the evolution of ACE and discussed how various 
elements of ACE could negatively affect the USAF’s power projection system. Our analysis focused 
specifically on the negative impacts that dispersing aircraft across bases could have on sortie potential.  

As a result of our modeling presented in Chapter 3, we saw that dispersing aircraft can have 
significant impacts on the sortie potential of an individual base or an entire posture, depending on 
several factors. Pre-attack sortie potential is always degraded by increasing distances from a given 
target, assuming that sortie duration increases. Increased sortie duration has two effects: (1) More 
hours on the plane generally increases the number of needed maintenance actions and (2) more hours 
on a plane in flight simply reduces the number of available hours in the day to accomplish maintenance 
actions on that plane. The WMP-5 captures those dynamics, and our models do too.  

We saw that pre-attack sortie potential can be degraded by across-base dispersal via two 
maintenance support mechanisms: (1) Smaller detachment sizes at each location allow fewer spare 
aircraft to be available to achieve given sortie schedules and (2) longer backshop repair times result 
from having less maintenance capacity on-site, thus necessitating moving the aircraft to the 
maintenance capacity or vice versa. Our analysis in Chapter 3 found that both smaller detachment 
sizes and longer maintenance times can quantifiably degrade sortie potential, and both factors together 
have an even more significant impact. Our maintenance times were hypothetical, and further work 
could illuminate dispersed maintenance concepts and their achievable sortie potentials.  

Recommendations 
As a result of this analysis, we make three recommendations.  
PACAF and USAF more broadly should use an approach similar to the one demonstrated 

here to help plan capability and capacity for ACE operations and to inform trade-offs. The 
WMP-5 provides, for most aircraft types, expected sortie rates for traditional force packages, but not 
under ACE conditions. The modeling we discussed is not a substitute for more thorough (and 
officially sanctioned) product. Instead, it provides a useful sense of the potential capability degradation 
some concepts would incur.  

DoD, USAF, and analytic organizations should use planning factors, such as those developed 
here, to directly inform analysis of the sortie potential of postures that use dispersed basing. To 
date, most analyses (including CODE and USAF utilization of TAB-VAM) have assumed WMP-5 
sortie rates without maintenance degradation.  

Finally, further research should be conducted to improve on the methods demonstrated here 
to model sortie generation for alternative force postures. We demonstrated how two previously 
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developed RAND models could be used for this application. Those tools on their own and when 
integrated could be improved. Moreover, the maintenance concepts and resourcing for dispersed 
basing should be further elucidated to provide more-precise inputs to this type of model. We used 
hypothetical planning factors for repair times, but given the potential impact of spare parts allocations, 
repair teams, and transportation availability, more-realistic representation of these can and should be 
provided.  

Ultimately, the net payoff of ACE is a function of many factors, including the operating 
environment, available airfield locations and infrastructure, adversary capabilities, U.S. operational 
and support concepts, and more. And for a given element of ACE, the potential benefits should be 
weighed against the costs, whether the costs are in terms of pre-attack sortie degradation, financial 
costs, or other burdens. We have not attempted here to provide a full cost-benefit assessment of these 
trade-offs, but our results can provide inputs into those analyzing dispersed postures, whether in the 
context of ACE or otherwise.60 Assuming that PACAF continues to pursue ACE in some form, the 
analysis presented in this report and our recommendations can move PACAF’s and the USAF’s 
application of ACE forward.  

  

 
60 Lynch, Costello, Garafola, et al., 2023. As we noted earlier, the companion report provides such an assessment in the context 
of a major war in the Pacific theater. 
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Appendix 

Details of Sortie-Generation Modeling  

This appendix provides more detail on our analytic approach for assessing the sortie potential of 
posture strategies, as described in Chapter 3.  

Creating Baseline Sortie Curves 
The way we explore these dynamics is to model the sortie productivity of various posture 

strategies. We start with a sortie scheduling tool developed by Lynch et al. (2022). This spreadsheet 
tool allows a user to develop multiple sortie schedules of varying sortie rate and duration for a given 
unit (e.g., one 24 PAA squadron) and assess the feasibility of those schedules. By seeing the schedules, 
one can understand the limits of sortie scheduling, given constraints like how quickly or frequently an 
aircraft can be cycled through sorties in a day, flightline mx capacity (i.e., turn area limitations), flying 
window limitations, and pilot duty day.  

For this analytic exercise, we developed flying schedules for fighters (F-15C or F-22) in 24 PAA 
packages at a single location, flying missions in groups of two. Our focus is on DCA missions, but in 
this modeling exercise, the mission type and its parameters (e.g., time to target, loiter, mission 
effectiveness, etc.) are not important.  

Creating Feasible Sortie Schedules 
As described in Chapter 2, the sortie-generating system is a complex ecosystem of processes and 

resources. Many things must be balanced to produce a supportable sortie schedule, especially one that 
can be reliably generated day after day.  

In the following list, we show many of the contributing factors and constraints because they form 
the basis for the sortie schedules we produce in our scheduling tool: 

• Operations staff flying day. There are several operations staffing positions that must be 
manned for the entire flying window. Typical practice is to limit this to 13–14 hours per day. 
Most bases will adhere to a 24-hour schedule with regular flying and nonflying times in the 
day. This allows the leadership, particularly operational leadership, to limit demands on the 
operational staff.61  

 
61 It is possible to establish 24-hour flying windows and to man to that level. Such operations are conducted in major 
contingencies at bases with enough aircraft to require 24-hour operations, especially if some units fly at night and some during 
the day. Often, a base will establish only day or night operations and then switch when the operational demands change.  
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- wing lead: wing commander or equivalent who is responsible for all flying operations 
at the base 

- ops desk: someone at the squadron level who is responsible for all flying operations for 
each squadron 

- safety officer in the tower.  

• Pilot duty day. The duty day includes not just flight time but includes pre-flight time and de-
arm and taxi, as we discuss in more detail in the following section. The duty day limits are as 
follows:62  

- daily flight limit = 12 hours 
- weekly flight limit = 56 hours (i.e., eight hours per day for seven consecutive days) 
- monthly flight limit = 125 hours (i.e., 4.17 hours per day for 30 consecutive days) 
- 90-day flight limit = 330 hours. 
 
We note the daily limit when we create these flying schedules and do not consider mission 

durations that would greatly exceed this limit. We realize that this maximum daily limit of 12 
hours can be maintained only for four or five days before violating the weekly limit, without a 
waiver.  

• Flightline turn areas. Aircraft require a variety of servicing and maintenance-related tasks on 
the flightline to equip and service the aircraft (e.g., check fluid levels, load munitions) and 
manage the flow of aircraft through the daily cycle, even if nothing breaks and no repairs are 
required. The maintenance unit establishes turn areas, where a single aircraft can be serviced. 
The sortie schedule is limited by the number of turn areas that are established and the 
throughput capacity of the unit to cycle aircraft through the launch and recovery cycle. We 
consider only flightline maintenance capacity inherent in a maintenance unit. However, the 
same capacity constraints would apply to munitions maintenance as well. We use traditional 
turn area capacity for given unit sizes.  

• Backshop repair capacity. This is the capacity to keep up with the repairs needed by 
returning aircraft. Traditional aircraft maintenance units establish a three-shift 24-hour cycle 
with a fairly predictable range in the number of aircraft in maintenance at any given time. If 
the available repair capacity lags the actual demand over a sustained period, the unit will not be 
able to generate enough aircraft to resource each package for its designated launch time. We 
use the simulation model to determine whether the capacity is sufficient.  

• Schedule misalignment. This is not an input resource or constraint, per se. But if the flying 
schedule is irregular, it will not make the most efficient use of the given resources. When 
creating schedules, we looked to keep them as balanced as possible.  

• Supply (and transportation). Sortie generation also depends on critical consumable or 
reparable resources, such as fuel, munitions, and spare parts. Initial deployment packages 

 
62 Air Force Manual 11-202, Vol. 3, Flight Operations, Department of the Air Force, June 10, 2022. These limits can be waived 
to higher levels under the approval of the theater commander.  
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typically have enough spares to support operations for up to 30 days. But individual locations 
and regions do not have guaranteed supplies of fuel. Furthermore, there are some global 
shortfalls in the desired or required quantities of preferred munitions.63  

We generated a wide range of schedules, sometimes adhering to and sometimes relaxing those 
constraints to explore the outer reaches of sortie generation feasibility. We then ran those schedules 
through the simulation tool, also developed by Lynch et al. (2022). This created a test to establish the 
relationship between sortie duration and achievable rates within the logic of our simulation model, 
given the key inputs of break rates and fix rates.  

Most of the schedules that we created were created to conserve aircraft, as we will show in the 
following section. Building schedules focused on another resource or constraint (e.g., minimizing the 
flying window) would conserve that resource better but use the aircraft less efficiently.  

Design of Experiments for Sortie Analysis  
Our goal with this initial exercise is to generate sortie duration-rate curves—similar to the WMP-

5 sortie rate curves—from which we can explore how changing the posture affects maintenance 
capability and capacity and then operational performance in terms of sortie rate potential. To do so, 
we design schedules that correspond to combinations of sortie rate and duration and pass them 
through various tests or filters to assess their supportability, applying some of the factors that we 
described earlier in this appendix.  

We start with a matrix of sortie rates and durations, as portrayed in Table A.1. Here, we show 
sortie rate or UTE on the vertical axis and sortie duration in hours on the horizontal axis. The sortie 
rates ranged from 0.50 (very light) to 2.75 (very intense). The durations ranged from one to 16 hours. 
We are cognizant of the fact that operations and pilot duty days would restrict sortie duration to 
around 12 hours (given that there is additional time before and after a sortie), but we wanted to push 
the sortie modeling to the outer limit to really see when other constraints would be confronted.  

All of these schedules for the baseline calculations were for a 24 PAA squadron of fighters in a 
single operating location.  

 
63 Leftwich et al., 2023. In fiscal year 2021, a PAF project named “Analysis of Alternative Transportation and Distribution 
Network Options to Enable Dynamic Force Employment and Agile Combat Employment Operations,” sponsored by 
PACAF/A4, furthered this line of analysis.  
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Table A.1. Sortie Schedule Matrix  

 

NOTE: Schedules were developed for all cells in the matrix.  

Sortie Schedules in Detail  
For each sortie rate–duration combination, we used the sortie scheduling tool to lay out each step 

in a simplified sortie cycle to ensure that we could arrange schedules that are feasible in terms of the 
steps in the sortie cycle, aircraft available, and hours in the day.  

Table A.2 shows a sortie schedule example. This is a truncated version of a schedule for a one-
hour duration at a 1.5 UTE (i.e., 36 sorties per day from 24 aircraft). We show this portion of the 
schedule so that each step is more legible. The full schedule is shown later in Table A.3.  
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Table A.2. Example Sortie Schedule, Truncated 

 

NOTE: AC = aircraft; FT = flight time; PP = pilot preparation; TA = taxi and arm; TD = taxi and de-arm; TT = turn time. 
These schedules depict time steps of 30 minutes to capture each task at a fairly granular level. Pilot preparation is 
expected to take one hour, taxi and arm half an hour, and taxi and de-arm half an hour.  

The first column shows the time of day in half-hour increments (truncated at 10:00 a.m. in this 
table). Each subsequent column shows the stage of the sortie cycle that each pair of aircraft is in. “AC 
1/2” means the first and second aircraft out of the entire 24-ship deployment. A blank cell means that 
there is no need for the operations or maintenance cycle.  

The steps shown in Table A.3 are as follows:  

• PP is expected to take one hour.  
• TA takes half an hour. 
• FT in this example is only one hour. 
• TD takes half an hour after the sortie.  
• TT takes 2.5 hours to allow for rearming and refueling the aircraft to prepare for another 

sortie. It is anticipated that pilot preparation for this next sortie can be done during the TT 
time, so it does not add an hour the way it does at the start of the flying window.  

Note that we add in the turn time after each sortie to ensure sufficient time between sorties. 
However, we sometimes insert additional time until the next sortie starts. Looking across all the sortie 

Time of Day AC 1/2 AC 3/4 AC 5/6 AC 7/8 AC 9/10 AC 11/12 AC 13/14 AC 15/16 AC 17/18 AC 19/20 AC 21/22 AC 23/24
0:01 PP
0:30 PP
1:00 TA
1:30 FT PP
2:00 FT PP
2:30 TD TA PP
3:00 TT FT PP
3:30 TT FT TA
4:00 TT TD FT PP
4:30 TT TT FT PP
5:00 TT TT TD TA PP
5:30 TT TT FT PP
6:00 TT TT FT TA
6:30 TT TT TD FT PP
7:00 TT TT FT PP
7:30 PP TT TT TD TA
8:00 PP TT TT FT PP
8:30 TA TT TT FT PP
9:00 FT TT TT TD TA
9:30 FT PP TT TT FT PP

10:00 TD PP TT TT FT PP
10:30 TT TA TT TD TA PP
11:00 TT FT PP TT TT FT PP
11:30 TT FT PP TT TT FT TA
12:00 TT TD TA PP TT TD FT
12:30 TT TT FT PP TT TT FT
13:00 TT FT TA PP TT TT TD
13:30 TT TD FT PP TT TT
14:00 TT TT FT TA PP TT TT
14:30 TT TT TD FT PP TT TT
15:00 TT TT FT TA PP TT
15:30 TT TT TD FT PP TT
16:00 TT TT TT FT TA PP
16:30 TT TT TD FT PP
17:00 TT TT TT FT TA PP
17:30 TT TT TD FT PP
18:00 TT TT TT FT TA
18:30 TT TT TD FT
19:00 TT TT TT FT
19:30 TT TT TD
20:00 TT TT TT
20:30 TT TT
21:00 TT TT
21:30 TT
22:00 TT
22:30
23:00
23:30

0:00
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schedules for the entire package, we also seek to space sorties to minimize the overlap of ground 
servicing activities.  

We note that Lynch et al. (2022) developed their schedules slightly differently.64 They included 
the same steps with the same standard time delays where applicable, but given their goals and scope, 
they clarified more of the steps during the actual operational sortie. They focused on DCA sorties, 
and were, in some cases, concerned with when the DCA lane coverage would occur and with the 
ability of a single unit to provide uninterrupted coverage of a single DCA lane. In this exercise, we 
focus on the sortie rates that are achievable at a given duration, not with the operational value of the 
sorties.  

Table A.3 shows the entire spreadsheet with the full sortie schedules for all two-ship force 
packages across the entire 24-hour cycle.  

For this 1.5 UTE schedule, we maximized the use of the first 18 aircraft, scheduling each to 
generate two sorties per day, with aircraft 19–24 not being scheduled at all. Within reasonable limits, 
this is similar to how aircraft missions are scheduled in practice. Most aircraft will not come back with 
a fault or need a repair; they can simply go back into the cycle, be refueled and rearmed, and turn 
another sortie. (In the following section, we discuss in more detail the maintenance data that underlie 
this modeling and explore departures from the baseline data.)  

 
64 Lynch et al., 2022.  
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Table A.3. Example Sortie Schedule  

 

NOTE: These schedules depict time steps of 30 minutes to capture each task at a fairly granular level. Pilot preparation 
is expected to take one hour, taxi and arm half an hour, and taxi and de-arm half an hour.  

Time 
of Day

AC 
1/2

AC 
3/4

AC 
5/6

AC 
7/8

AC 
9/10

AC 
11/12

AC 
13/14

AC 
15/16

AC 
17/18

AC 
19/20

AC 
21/22

AC 
23/24

0:01 PP
0:30 PP
1:00 TA
1:30 FT PP
2:00 FT PP
2:30 TD TA PP
3:00 TT FT PP
3:30 TT FT TA
4:00 TT TD FT PP
4:30 TT TT FT PP
5:00 TT TT TD TA PP
5:30 TT TT FT PP
6:00 TT TT FT TA
6:30 TT TT TD FT PP
7:00 TT TT FT PP
7:30 PP TT TT TD TA
8:00 PP TT TT FT PP
8:30 TA TT TT FT PP
9:00 FT TT TT TD TA
9:30 FT PP TT TT FT PP

10:00 TD PP TT TT FT PP
10:30 TT TA TT TD TA PP
11:00 TT FT PP TT TT FT PP
11:30 TT FT PP TT TT FT TA
12:00 TT TD TA PP TT TD FT
12:30 TT TT FT PP TT TT FT
13:00 TT FT TA PP TT TT TD
13:30 TT TD FT PP TT TT
14:00 TT TT FT TA PP TT TT
14:30 TT TT TD FT PP TT TT
15:00 TT TT FT TA PP TT
15:30 TT TT TD FT PP TT
16:00 TT TT TT FT TA PP
16:30 TT TT TD FT PP
17:00 TT TT TT FT TA PP
17:30 TT TT TD FT PP
18:00 TT TT TT FT TA
18:30 TT TT TD FT
19:00 TT TT TT FT
19:30 TT TT TD
20:00 TT TT TT
20:30 TT TT
21:00 TT TT
21:30 TT
22:00 TT
22:30
23:00
23:30

0:00
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After completing all 96 cells in the matrix, we found 39 to be infeasible. These cells attempt to 
squeeze in too many sorties of that duration.65 Table A.4 shows which schedules were feasible from 
that perspective. Even some of the schedules found to be feasible from an “hours in the day” or “laws of 
physics” perspective will be found to violate one of the other constraints described previously. We 
could then run the remaining schedules through various tests.  

Table A.4. Sortie Schedule Matrix with Feasible and Infeasible Schedules 

 
NOTE: Schedules were developed for all cells in the matrix. Gray cells represent the sortie rate–duration combinations 
that were simply infeasible from the standpoint of hours in the day and available aircraft packages. White cells 
represent combinations in which we were at least able to generate a feasible schedule from the standpoint of steps in 
the sortie generating process, aircraft in the force package, and hours in the day.  

We then overlay two of our constraints on that set of nominally feasible flying schedules. The red 
line, around ten to 11 hours, is for the pilot duty day. While the pilot duty day is nominally a 
maximum of 12 hours, per the Air Force Manual guidance, one must consider the time prior to 
stepping to the aircraft as well as the debrief after the flight when creating a sustainable schedule. The 
orange line, around 13 to 14 hours, is for the operations flying window. If one only has a single shift of 
personnel for that role, 13 to 14 hours is about the limit.  

For each schedule, we tallied the number of aircraft that were simultaneously in ground servicing. 
For a 24 PAA squadron, this would typically be six turn areas for high-intensity operations. Table A.5 
shows the results.  

 
65 We adhered to a 24-hour cycle only, assuming that we had to conclude sorties before midnight, so at least theoretically, those 
aircraft could re-enter the entire maintenance cycle and be generated for the next day.  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
3.00
2.50
2.00
1.50
1.00
0.50

Duration (hrs)

UTE

Flying window = 13-14 hrs
May be able to sustain longer window 
with proper planning and resourcing

Pilot duty day = 13-14 hrs
Must consider brief time prior to stepping 
to the jet and debrief after flight when 
creating sustainable schedule

2.75
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Table A.5. Sortie Schedule Matrix with Feasible and Infeasible Schedules 

 

NOTE: Green cells = ≤ six turn areas required; yellow = eight turn areas required; red = ≥ ten turn areas required. 

We see that most of these schedules are entirely feasible (green = six or fewer turn areas). Five of 
them, colored yellow, mean that at some times, they require eight turn areas. We consider these 
potentially feasible. While it is most prudent to structure operations around hard and fast rules about 
capacity, there is usually some give in the system. We retain some of these schedules to see whether 
they violate other constraints. If a schedule violates enough constraints, it should be considered too 
risky or infeasible. Because this is an exploratory exercise, we retain them. Finally, seven of the 
schedules require ten or more turn areas (and some require 16). We will see, however, that even some 
schedules that grossly violate one constraint may still be feasible from another resource perspective. 
Again, this is a highly balanced ecosystem, and the various types of resources that must be applied 
across different activities (e.g., flightline versus backshop maintenance) have been calibrated within 
and across unit structures to enable sortie generation that can achieve certain capabilities and 
capacities at certain costs.  

Our final step in this part of the analysis is to run the simulation that assesses whether these 
schedules can be supported by the backshop maintenance that must keep up with this demand.  

Table A.6 shows the results of our baseline simulation runs. The simulation takes as input the 
given sortie schedule and assesses it against the break and fix time inputs. Each time an aircraft returns 
from a sortie, the model assesses whether it has a break and how long the fix will take. If it has no 
break, it goes back into the sortie cycle immediately. If a given aircraft has a short break, it may yet go 
back into the sortie schedule for that day (recall from Table A.4 that some aircraft would immediately 
be turned again).  

If the aircraft required short maintenance—a four- or eight-hour fix—there might be a long 
enough gap for the aircraft to make another sortie that day. If not, or if the fix required would take 12 
or 24 hours, it would then enter the full maintenance cycle and only return to service the following 
day. For each mission (in our analysis, two-ship packages), the model counts the available aircraft, and 
if there are two aircraft ready at the start of the mission, the mission can proceed. If not, it will declare 
mission failure.  

In Table A.6, the value in each cell shows, for that schedule, what percentage of missions failed, 
according to the standard just described. In the table, we have shaded any cell with < 1 percent failure 
green, between 1 and 10 percent yellow, and more than 10 percent red. This is a judgment call. In 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2.75 G Y R
2.50 G Y Y R
2.00 G G G G Y Y R R R
1.50 G G G G G G G R R
1.00 G G G G G G G G G G G G G G G G
0.50 G G G G G G G G G G G G G G G G

Duration (hrs)

UTE
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many cases, when performing analysis and setting requirements, a threshold of 80 percent confidence 
is applied.  

Table A.6. Sortie Schedule Matrix with Feasible and Infeasible Schedules 

 

NOTE: Green = ≤ six turn areas required; yellow = seven or eight turn areas required; red = ≥ nine turn areas required. 
Value shows the percentage of missions over 14 days that failed.  

We see from Table A.6, then, that most of the schedules we created are also feasible from a 
backshop repair capacity standpoint. Many of the 2.0 UTE schedules (which is already quite 
demanding) that could be squeezed into a 24-hour day miss many of their sorties. Note that most of 
those also exceeded the ground servicing capacity of the traditional maintenance unit. It is mostly the 
longer sortie durations—2.0 sorties per aircraft per day—that fail. Four-hour sortie durations at a 
UTE of 2.0 is about the limit from our somewhat conservative thresholds. Beyond hours, resources 
are more and more constrained, but in wartime, that is a commander’s call of the situation and risk 
tolerance.  

This series of steps leads us to the set of schedules reflected in Figure 3.1 that serve as our baseline 
sortie generating capability.  

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
3.00 0% 7% 16%
2.50 0% 3% 8% 21%
2.00 0% 0% 0% 10% 12% 14% 16% 20% 47%
1.50 0% 0% 0% 0% 0% 0% 3% 4% 31%
1.00 0% 0% 0% 0% 0% 0% 0% 0% 1% 2% 3% 3% 7% 8% 9% 9%
0.50 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Duration (hrs)

UTE

2.75
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Abbreviations 

AB adaptive basing 

AC aircraft 

ACE Agile Combat Employment 

AFCENT Air Forces Central 

ATO air tasking order 

BOS base operating support 

CODE Combat Operations in Denied Environments 

CONOP concept of operations 

CSAF chief of staff of the Air Force 

DAF Department of the Air Force 

DCA defensive counter-air 

DoD U.S. Department of Defense 

FARP  forward area refueling point  

FT flight time 

MAJCOM Major Command 

MDS mission design series 

MOB main operating base 

mx maintenance 

PAA primary aerospace vehicle authorized 

PACAF Pacific Air Forces 

PACOM Pacific Command 

PAF Project AIR FORCE 

PP pilot preparation 

TA taxi and arm 

TAB-VAM Theater Air Base Vulnerability Assessment Model 
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TD taxi and de-arm 

TT turn time 

USAF U.S. Air Force 

USAFE U.S. Air Forces Europe 

UTE utilization rate 

WMP-5 War Mobilization Plan Volume 5 
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