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About This Report

The growing cruise and ballistic missile threat to U.S. Air Force (USAF) bases in the Pacific
region has led Pacific Air Forces (PACAF) headquarters to assess and take stock of progress on air
base defense. In support of this assessment, PACAF headquarters asked RAND to explore and
identify efforts to improve air base defense. RAND researchers examined U.S. Department of
Defense budgets and outlays dedicated to air base defense. In this report, they emphasize the role of
both active and passive defenses as well as military construction efforts. They then offer a framework
to inform future investments into air base defense for the USAF and PACAF in particular.

The research reported here was commissioned by PACAF A5/8 and conducted within the
Strategy and Doctrine Program of RAND Project AIR FORCE as part of a fiscal year 2024 project,
“Air Base Defense Gaps and Seams.”

RAND Project AIR FORCE

RAND Project AIR FORCE (PAF), a division of RAND, 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 programs:
Strategy and Doctrine; Force Modernization and Employment; Resource Management; and
Workforce, Development, and Health. The research reported here was prepared under contract
FA7014-22-D-0001.

Additional information about PAF is available on our website:

www.rand.org/paf/

This report documents work originally shared with the DAF on September 27, 2024. The draft
report, dated October 11, 2024, was reviewed by formal peer reviewers and DAF subject-matter
experts.

The views expressed in this report are those of the authors and do not reflect the official policy or
position of the Department of Defense or the U.S. Government. Review of this material does not
imply Department of Defense endorsement of factual accuracy or opinion.
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Summary

The growing cruise and ballistic missile threat to U.S. Air Force (USAF) bases in the Pacific has
led Pacific Air Forces (PACAF) headquarters to assess and take stock of progress on air base defense.
Air bases, particularly in the Indo-Pacific region, are increasingly vulnerable to current and evolving
threats from China and other actors. As of this writing, China is capable of attacking all U.S. bases in
the Indo-Pacific region. Although such vulnerabilities are well-known, air base defense has not kept
pace with the continued technological threats to air bases and other military installations.

The USAF has made base resiliency a top priority in recent years. In 2022, Secretary of the Air
Force Frank Kendall announced the USAF's seven operational imperatives (Ols). The fifth OI (OI5)
is “defining optimized resilient basing, sustainment, and communications in a contested
environment.”! This imperative incorporates an approach calling for a mix of investments in resilient
forward basing for current and planned tactical aircraft. The concept that the U.S. Department of the
Air Force (DAF) is pursuing in this regard is called Agile Combat Employment (ACE), which
includes a hub-and-spoke model for air bases. Although relatively new, ACE has helped raised air base
defense as a critical priority.

The objective of this report is to provide a clear-eyed assessment of what progress the joint force,
and especially the USAF, has made on air base defense and to offer recommendations moving
forward. We put together a streamlined effort related to the following question: To what extent have
the services, particularly the USAF, invested in air base defense in recent years, and what does this
level of investment suggest about commitments to defending air bases? We also probe the issue of how
the USAF can and should prioritize investments in air base defense moving forward. In this report, we
specifically focus on the Indo-Pacific Command theater to assess how to it can allocate resources
across the investment options.

Approach

In this study, we employed a variety of policy analysis methods. This included technical
operational research and modeling, as well as historical studies related to air base defense roles and
missions. We include some basic notional technical analysis informed by the evolving threat picture to
air bases. We also employ budgetary analysis to help us understand and uncover recent trends in U.S.
Department of Defense spending on air base defense. Finally, we also develop an air base investment
framework informed by capability assessments, threat assessments, vulnerability estimates, and
political risks to force posture.

! Charles Pope, “Kendall Details ‘Seven Operational Imperatives’ & How They Forge the Future Force,” U.S. Air Force, March
3,2022.



Key Findings

e The USAF continues to explore various options to improve installation resiliency; however,
improvements to date have been limited, though the threat has advanced substantially.

e Over time, the USAF can expect future air base defense costs for achieving desired sortie
generation in wartime or contested environments to increase.

e Since 2018, air base defense procurement budgets have been trending upward, but spending
on passive defenses has significantly lagged behind spending on active defenses.

e From 2019 to 2024, active defense appropriations averaged $1.2 billion annually and passive
defense appropriations averaged $0.8 billion, but military construction (MILCON)
infrastructure appropriations on new bases or base hardening in the Pacific region averaged
only $0.3 billion annually.

e DPassive defense procurement funding has not had strong advocacy within the USAF and had
continually been deferred until fiscal year 2024.

e Approximately 70 percent of PACAF MILCON has been allocated toward either hardening
existing infrastructure or building new locations.

e OI5 investments are likely to provide a noticeable improvement to air base resiliency, but they
must be deployed, manned, and sustained appropriately.

e Theintroduction of collaborative combat aircraft into the fleet may provide an opportunity to
plan for implementing an extremely agile basing concept that could be quite resilient to attack.

Recommendations

e The DAF should take advantage of momentum in Congress and among Pentagon leadership
and should enhance relationships with allies and partners in the Pacific region to make more
substantive improvements to installation resiliency.

o After several years of delays, the DAF should prioritize investments in passive defenses to
decrease risks to its air bases.

e After a consideration of trade-offs, the DAF should explore options with the government of
Australia to sustain and substantially expand infrastructure investment there.

e PACAF should engage with USAF headquarters, particularly with the new Integrated
Capabilities Command and Integrated Capabilities Office, to explore options for DAF
ownership and operation of active defenses.

[ ]

Proposed efforts should include a review of changes that would be required across doctrine,
organization, training, materiel, leadership and education, personnel, facilities, and policy and
their associated costs; an assessment of future threats, including proliferated autonomous
small unmanned aircraft systems; a technical review of defensive options for these threats; and
engagement with the Office of the Secretary of Defense and the Joint Staff on authorities.
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Chapter1

Introduction

Background

The U.S. Department of the Air Force (DAF) relies on airfields to execute most of its core
combat functions. However, the threat to American military facilities is a growing problem. Air bases,
particularly in the Indo-Pacific region, are increasingly vulnerable to current and evolving threats from
China and other actors. As of this writing, China is capable of attacking all U.S. bases in the Indo-
Pacific region. Although such vulnerabilities are well-known and have been the subject of many
research efforts, air base defense has not kept pace with the continued technological threats to air
bases and other military installations.?

That air base defense remains an area of concern is somewhat perplexing given that it has been
well-studied, and no shortage of recommendations have been put forth to address the issue.’ These
have included calls for the U.S. Air Force (USAF) to demonstrate institutional commitment to air
base defense by funding and advocating for substantial enhancement in capability areas already
assigned to it, such as security forces and passive defense programs.* Despite such overtures, efforts to
improve air base defense have fallen short of expectations.

As of this writing, the imperative of protecting air bases has become a concern of the U.S.
Congress. Alarmed by the lack of urgency from the Pentagon to adopt more defense measures, in May
2024, 13 members of Congress authored a letter to Secretary of the Air Force Frank Kendall and
Secretary of the Navy Carlos Del Toro, imploring them to increase passive defenses to U.S. military
bases.” The letter specifically noted a paucity of spending on military construction (MILCON) to
bolster base resiliency in the Indo-Pacific theater. It further called out a lack of base hardening in fiscal
year (FY) 24 defense spending and highlighted $11 billion in unfunded priorities from FY 25 budget
requests, noting that the “size and nature of the unfunded priorities reflect a profound lack of
seriousness in strengthening the U.S. bases closest to China and thus most vulnerable to Chinese

% See Alan J. Vick, Sean M. Zeigler, Julia Brackup, and John Speed Meyers, Air Base Defense: Rethinking Army and Air Force
Roles and Functions, RAND Corporation, RR-4368-AF, 2020; and Alan J. Vick, Air Base Attacks and Defensive Counters:
Historical Lessons and Future Challenges, RAND Corporation, RR-968-AF, 2015.

3 Alan J. Vick and Mark Ashby, Winning the Battle of the Airfields: Seventy Years of RAND Analysis on Air Base Defense and
Attack, RAND Corporation, RR-A793-1, 2021.

* In particular, Vick et al. (2020) emphasize these points.

Sjohn Moolenaar, Marco Rubio, Robert J. Wittman, Blaine Luetkemeyer, Andy Barr, Dan Newhouse, Darin LaHood, Neal P.
Dunn, Jim Banks, Dusty Johnson, Michelle Steel, Ashley Hinson, and Carlos A. Gimenez, letter to Secretary Frank Kendall and
Secretary Carlos Del Toro, May 8, 2024.



strikes.”® The letter also stated the essentiality that budget requests to Congress accurately reflect the
military’s requirements to deter and, if necessary, defeat threats to U.S. personnel.”

To be fair, the USAF has made base resiliency at top priority in recent years. In 2022, Secretary
Kendall announced the USAF's seven operational imperatives (Ols). The fifth OI (OI5) is “defining
optimized resilient basing, sustainment, and communications in a contested environment.”® Its
shorthand reference is Resilient Forward Basing. The imperative incorporates an approach calling for a
mix of investments in resilient forward basing for current and planned tactical aircraft. The concept
that the DAF is pursuing in this regard is called Agile Combat Employment (ACE), which includes a
hub-and-spoke model for air bases. Although the initiative is still relatively new and associated efforts
are ongoing, it has helped raise air base defense as a critical priority.

The Difficulty of Air Base Defense

Air base defense has proven a vexing issue for many decades. Air base defense is one of the many
roles and mission issues that does not neatly fall within the purview of any single U.S. Department of
Defense (DoD) service.” It has been described as a complex system of systems created by the
convergence of joint force and service doctrines. This has inevitably created seams in the services air
base defense roles that stymie planning, research, and development and gaps in operational defense
missions that can be exploited by adversaries." For this reason, air base defense has been an enduring
area of disagreement and frustration for the USAF and the U.S. Army, the latter owning primary
responsibility for air and missile defenses (AMDs)—a critical aspect of air base defenses.

There is a myriad of reasons why the issue has been so intractable; we highlight several in this
report. First, air base defense includes several complementary passive and active components that,
when combined, have synergistic effects on improving sortie generation under attack.

Second, there is overlap in service responsibilities, as well as service capabilities, for passive and
active air bases defenses. DoD Directive 5100.01, Functions of the Department of Defense and Its Major
Components, states that the Army has a mission to provide forces the resources to “[CJonduct [AMD)]
to support joint campaigns and assist in achieving air superiority.”"" The formulation of “support joint
campaigns” is expanded on in Joint Publication 3-01, Countering Air and Missile Threats, which states
that joint AMD force priorities and allocations are assigned by the Joint Force Commander." Joint
Force Commander prioritization and allocation is particularly necessary given limited joint AMD

® Moolenaar et al., 2024, p. 4.
" Moolenaar et al., 2024.
8 Pope, 2022.

9 Those interested in a thorough assessment and analysis of the roles and missions issues associated with air base defense should
consult Vick et al. (2020), which offers a historical treatment of the subject emphasizing both USAF and Army perspectives.

10 Joseph T. Buontempo and Joseph E. Ringer, “Airbase Defense Falls Between the Cracks,” Joint Force Quarterly, Vol. 97, 2nd
Quarter 2020.

! Department of Defense Directive 5100.01, Functions of the Department of Defense and Its Major Components, U.S. Department
of Defense, December 21, 2010, change 1, September 17, 2020, p. 35. See also Office of the Secretary of Defense, White Paper:
Evolution of Department of Defense Directive 5100.01, U.S. Department of Defense, 2010, revised 2020.

12 Joint Chiefs of Staff, Countering Air and Missile Threats, U.S. Department of Defense, Joint Publication 3-01, April 21,
2017, p. xvi.



elements and the inability to protect all critical assets. This formulation also helps make more sense of
how the USAF and U.S. Navy force provider responsibilities fit into AMD. The Navy has a mission
to provide forces to “[CJonduct ballistic missile defense.””> The USAF also has the mission to provide
forces to “[CJonduct offensive and defensive operations, to include appropriate [AMD)], to gain and
maintain air superiority, and air supremacy as required. . . .”** Joint Publication 3-01 specifically
delineates passive AMDs as a component of USAF defensive counterair that includes measures for
“detection, warning, camouflage, concealment, deception, dispersion, and the use of protective
construction.”” Joint Publication 3-01 emphasizes that “TADS [integrated air defense system] is a
robust integration of the Services’ AMD capabilities and comprises sensors, weapons, C2 [command
and control] systems, intelligence systems, and personnel.”*® Thus, in DoD Directive 5100.01 and
Joint Publication 3-01, AMD is an overlapping joint responsibility under the Joint Force
Commander’s prioritization and direction. This implies the need for a cross-service solution that
mixes passive and active defenses.

Third, shortfalls in AMD are a direct consequence of increasing demands outpacing available
supply. Global requirements for active defenses exceed the available supply, necessitating prioritization
and risk acceptance across theaters and critical assets. This mismatch between supply and demand is
attributed to limited inventories of active defense weapons systems and munitions and tensions
between establishing a regionally responsive posture versus a global pool of surge capacity for emerging
crises. At the theater level, the combatant command develops critical asset lists (CALs) and defended
asset lists (DALs) for different scenarios and submits force allocation requests for its plans. For
“steady state” deployment of AMD assets, combatant commands submit to Joint Staff, who
adjudicates and weighs the risks through the Global Force Management process before providing the
Secretary of Defense options for the global laydown of all service AMD assets. In these force
employment processes, a theater’s air base defense requirements are competing for prioritization
within the combatant command’s theater CAL and DAL and against other geographic combatant
command requirements.

Even if requirements for active defenses are validated and approved by the Combatant
Commander and Joint Staff, implementation still faces many service, DoD, U.S. State Department,
and congressional hurdles that often derail quick deployment. For active defenses of air bases,
implementing a joint solution requires

e base commander compromises over constrained base acreage

o theater service component cross-service support agreements

e anintegrated combatant command AMD plan

e Joint Staff and services developing sourcing options

e embassies and the State Department gaining host nations’ environmental and political
approvals for radar and missile site locations

e service funding requests for necessary infrastructure

3 DoD Directive 5100.01, 2020, p. 36.
4 DoD Directive 5100.01, 2020, p. 39.
15 Joint Chiefs of Staff, 2017, p. I-4.

16 Joint Chiefs of Staff, 2017, p. II-11.



e congressional appropriations for the particular MILCON.

Furthermore, the processes for resolving issues about asset prioritization, force sourcing, host nation
approvals, and infrastructure improvements are far from being synchronized.

Additionally, new threats continue to materialize. Of note, the developing threat from drones or
unmanned aircraft systems (UAS) has presented a new and evolving danger to military facilities and
air bases. Counter—unmanned aircraft systems (C-UAS) have improved over recent years, but gaps
still remain, primarily and particularly for counter—small unmanned aircraft systems (C-sUAS). The
Army is currently designated lead service for C-sUAS and helms the Joint C-sUAS Office."” It has a
handful of C-UAS defeat systems, including legacy short-range air defenses (SHORAD:s) and
multimode suites, with efforts also underway for directed energy capabilities.'® Even as the Army leads
development of capability solutions, services remain responsible for fielding and deploying C-sUAS
defenses for their assets—notably, against Group 1 and Group 2 small UAS."” However, ownership of
the Group 3 problem across the joint force and internal to the USAF remains unclear and may vary
installation to installation.*

Objective

The challenges we described are, in some regards, an acknowledgment of the problem and a brief
assessment of why it has proven so perplexing. However, admiring the problem is no way to solve it.
The objective of this report is to provide a clear-eyed assessment of what progress the joint force, and
especially the USAF, has made on air base defense and to offer recommendations moving forward.

As this introduction has made clear, there are many aspects to air base defense and a single report
cannot cover each in its entirety. Therefore, we stitched together a streamlined effort in response to
the following questions: T'o what extent have the services, particularly the USAF, invested in air base
defense in recent years, and what does this level of investment suggest about commitments to
defending air bases? We also probed the issue of how the USAF can and should prioritize investments
in air base defense moving forward. We specifically focused on the Indo-Pacific Command
(INDOPACOM) theater to assess how it can allocate resources across the investment options.

7U.S. Army, “Joint Counter-Small Unmanned Aerial Systems Office,” webpage, August 27, 2021.

18 Legacy SHORAD systems capable of C-UAS include Avenger, CIWS, Iron Dome, and M-SHORAD Increment 1.
Multimode suites include M-LIDS and FS-LIDS. Directed energy systems under development include M-SHORAD Increment
2, IFPC-HEL, and IFPC-HPM.

19 In the USAF, the Security Forces are responsible for defending against Group 1 and Group 2 small UAS at USAF
installations. Group 1 and Group 2 small UAS refer to those weighing less than 55 Ib.

20 Dan Schere, “Counter UAS Component to Be Incorporated into Army Basic Training,” Inside Defense, November 16, 2023.
The Army has decided that counter—Group 3 UAS will reside in the air defense branch. On the other hand, Pacific Air Forces
[PACAF] security force planners, reflecting that Group 3 UAS are “really a poor man’s cruise missile,” highlighted that it would
likely be addressed by air assets (PACAF security force planners, interview with the authors, February 13, 2024).



Research Approach and Report Outline

For this report, we employed a variety of policy analysis methods. We partnered these efforts with
a review of the literature on air base defense. This included technical operational research and
modeling, as well as historical studies related to air base defense roles and missions. We included some
basic, notional, and technical analysis informed by the evolving threat picture to air bases. We also
employed budgetary analysis to help us understand and uncover recent trends in DoD spending on air
base defense. This work included a review of procurement funding from Congressional Budget
Justification books. Finally, we developed an air base investment framework informed by capability
assessments, threat assessments, vulnerability estimates, and political risks to force posture.

The organization of this report is as follows. In Chapter 2, we synthesize RAND modeling
analysis and findings on air base defense. We add these findings to updated air base threat information
to make conjectures on optimal investment costs and timelines for air base defenses. In Chapter 3, we
examine historical trends in budget data on air base defense spending, both active and passive; we also
probe into spending on MILCON. In Chapter 4, we present an investment framework to assist
USAF leaders in thinking about how to invest in air base defense in the Indo-Pacific theater. In
Chapter 5, we offer conclusions and recommendations.



Chapter 2

Synthesizing Operational Analysis on
Air Base Defense

By now, it is well established that the USAF must be prepared to deploy and operate its forces in
environments where air bases could be subject to attack.”" This is especially the case in the
INDOPACOM theater. As noted in Chapter 1, considerable effort and analysis has gone into
assessing air base defense requirements. Much of this has fallen within research on the broader issue of
air base resiliency. Air base resiliency is generally defined as the capacity of air base operations “to
withstand attack, adapt, and generate sufficient combat power to achieve campaign objectives in the
face of continued, adaptive enemy action.””

Research suggests that such resiliency necessitates a host of options. This includes active defenses,
many forms of passive defenses, and air base infrastructure improvements.” Infrastructure
improvements include extending runways, building housing for air base personnel (including air
defenders), and other improvements to existing facilities. Passive defenses vary and include hardened
shelters and bunkers; camouflage, concealment, and deception (CCD); employment of decoy and
dummy targets; redundant fuel supplies (e.g., bladders and storage facilities); dispersal of assets,
including munitions, runway repair capabilities, fortifications and barriers; and blast-resistant
construction.”® Active defenses generally include both ballistic and cruise missile defense systems, as
well as anti-UAS. A combination of both active and passive defense measures is understood to be
critical for defending air bases during conflict contingencies. Although acknowledging that active and
passive defenses combined with infrastructure enhancements are critical for resiliency, determining the
right mix of each has proven a bedeviling quandary for the USAF and military planners.

Fortunately, RAND has contributed significant analytical insights toward addressing this
dilemma. One line of research includes advanced modeling for combat support requirements and
resource investments necessary to support operations in denied environments. These analytical efforts
are often collectively referred to as Combat Operations in Denied Environments (CODE) models.

These efforts formally began in 2011, when the USAF sponsored RAND Project AIR FORCE to

21 Vick (2015) addresses this in great detail. In particular, he describes the “end of the sanctuary era” of air base defense on
account of the proliferation of long-range precision strike capabilities, especially accurate and reliable ballistic and cruise missiles.

%2 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, p. 3.

2 Hagen et al. (2016) cover this in detail.
2 Joint Chiefs of Staff 3-01, 2017, p. I-7.



pursue research centered on four primary topics.® These topics were dispersed basing and combat
support, storage and maintenance of combat support assets for deployment in the Pacific theater, air
base vulnerability assessments in denied environments, and optimal investment mixes between active
and passive defenses for air base resilience against a host of adversarial threats.”® It is this last issue that
we focus on in this report, as it has direct bearing on our study’s primary research question of air base
resiliency options and costs.

In the next section, we briefly outline the basic CODE models, their general frameworks, and
insights. We add to this an assessment of the emerging air base threat picture coming from China and
what it implies for the analytical assessments of the CODE models.

CODE Analytical Framework

The CODE analytical framework developed at RAND over the past 15 years consists of a suite of
modeling tools. Although they vary in design, the models possess some similar characteristics.”” They
are all input-output based. The inputs of the models include variables and data related to force posture
and beddowns, threats, and defense options and costs. The model outputs consist of those variables
most relevant to successful USAF operations in contested environments. This generally includes U.S.
and allied sortie generation under attack, numbers of damaged aircraft, available runways, fuel
consumption, personnel casualties, combat support requirements, and optimal investment portfolios
for given costs.

In general terms, the models attempt to assess how well the USAF is able to operate during
wartime under certain assumptions about our adversarial capabilities (e.g., quiver size, launch points,
missile ranges) and its ability to deploy defensive measures (passive and active). That is, what mix of
investments and actions maximize the service’s ability to generate and sustain air power in a wartime
setting?

The Theater Air Base Vulnerability Model (TAB-VAM) and Theater Air Base Resiliency
Optimization Model (TAM-ROM) are the most relevant for this research effort. They seek to assess
how operational plans stand up to attack and what threat mitigation options offer the best operational
performance for the associated costs. The models simulate Red missile attacks against a host of
defensive portfolio options, both active and passive. The output of most critical interest from these
models is the percentage of planned sorties generated at each base every day during a notional conflict.
Sortie generation is a proven metric for reflecting Blue's ability to conduct combat in a contested

25 This work was sponsored by AF/A4/7 and AF/A3/5 in FY 2012, by Air Force Materiel Command and the Office of the
Under Secretary of Defense for Policy in FY 2013, and by the PACAF in FY 2013-2014. This work was conducted within the
Resource Management Program of RAND Project AIR FORCE.

% For a thorough review of CODE modeling efforts across all four of these topics, see Brent Thomas, Mahyar A. Amouzegar,
Rachel Costello, Robert A. Guffey, Andrew Karode, Christopher Lynch, Kristin F. Lynch, Ken Munson, Chad J. R. Ohland,
Daniel M. Romano, Ricardo Sanchez, Robert S. Tripp, and Joseph Vesely, Project AIR FORCE Modeling Capabilities for Support
of Combat Operations in Denied Environments, RAND Corporation, RR-427-AF, 2015.

27 For more details, see Thomas et al., 2015; 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, January 2023.



environment. The models also allow users to assess important trade-offs among various defensive
strategies and resource investments (e.g., repair capabilities, hardened shelters, fuel storage).

The TAB-VAM and TAM-ROM models are designed to estimate the effects for various
portfolios of threat mitigation options. They are also ideal to identify those options that are most cost-
effective.” The models employ basic assumptions about the general cost of each defensive option (e.g.,
shelters, runway repair, active defenses). In general, the models identify the most viable options that
produce the highest number of sorties per day at the lowest cost.

The results or outputs from the models can easily be visualized. Figure 2.1 offers a notional
depiction of these results. The figure shows a graph in which the y-axis depicts the number of sorties
generated and the x-axis shows the cost (in billions of dollars). That is, for a given level of air base
defense spending, the models depict the expected sorties generated during a simulated war. The blue
curve represents the maximum number of sorties that can be generated for a given level of spending in
air base defense.”” A curious and consistent feature of these models is what is commonly referred to as
the knee in the curve. Beyond a certain amount of defense investments, the expected rise in sortie
generation decreases markedly. In Figure 2.1, this is at cost ¢*, which produces a level of sorties s*.
Investment levels beyond c* yield diminishing returns in sortie generation.

Figure 2.1. Sorties Generated at Various Cost Levels of Air Base Defense Options

Sorties (S) S
Generated

$0X c* $X $2X $3X

Cost (C) [in billions $ US]

This discussion leads to the basic observation that an investment level of c* and its associated
portfolio mix of defenses should be the most cost-effective solution for defense planners. Planners

28 See the following note from Lynch et al., 2023, p. 9:

“There are literally billions of combinations of active and passive defense investment options because any
number of each option could be purchased for each air base in each theater. To avoid having to calculate the
effects of billions of possibilities (which might take years for TAB-ROM to compute), the model uses a
genetic algorithm—a search method inspired by Charles Darwin’s theory of natural selection—to find the
fittest (or most-promising) investments. TAB-ROM does this by running TAB-VAM tens of thousands of
times across generations (stages in the evolution toward an optimal solution), first exploring the universe of
possibilities for investments that show promise against dozens of plausible attack vectors and then narrowing
down the investments to those that appear to be the most viable (or cost-effective).”

% Each point on the notional curve is associated with a package or combination of air base defenses—both active and passive.



should recommend the knee as the desired level of spending. Related to these insights is another
finding that the most cost-effective way to improve air base resilience is robust, passive defenses.”
More specifically, the defense portfolio associated with c* includes significant investments in passive
defenses, which complement effective but more-vulnerable active defense options. Taken together,
these findings suggest that aiming for a portfolio investment consistent with ¢* is cost optimal.

The aforementioned is predicated on a highly simplified set of assumptions in line with the
CODE modeling parameters. These models assume certain characteristics about Red threats, as well
as Blue’s capabilities and costs to mitigate them in a given year. Alternatively stated, the CODE
models represent a snapshot of Red capabilities (and U.S. defenses) at a given point in time—
generally, the best information at the time the analysis is conducted. Therefore, it is important to
point out that one of the key assumptions driving these results relates to Red’s arsenal of cruise and
ballistic missiles—one of the most significant threats to air bases.’’ Figure 2.1 assumes Red possesses a
given but finite quantity of missiles it can use during war.

Although much of the information about China’s missile production is classified, we know that it
is not static. In fact, open source data from DoD reports to Congress since 2012 suggest that China
has greatly increased efforts and capacity to produce ballistic missiles. Figure 2.2 shows Chinese
intercontinental ballistic missiles and launchers for the years 2012 and 2023. The numbers indicated
in the figure are estimated total missiles for a given year. Intercontinental ballistic missiles generally
possess ranges in excess of 5,500 km.”> The data are taken directly from DoD reports to Congress. As
is evident in the figure, since 2012, the number of Chinese missiles and launchers have increased
significantly—more than fivefold for launchers and nearly fourfold for total missile numbers.

3% Lynch et al. (2023, p. 10) highlight this finding along with several others.

31 Eor more on this topic, see John Stillion and David T. Otletsky, Airbase Vulnerability to Conventional Cruise-Missile and
Ballistic-Missile Attacks: Technology, Scenarios, and U.S. Air Force Responses, RAND Corporation, MR-1028-AF, 1999. Their
analysis suggests that, for example, the number of ballistic missiles with conventional submunitions necessary to attain a 90-
percent kill probability against aircraft parked at four various U.S. operating locations in the Middle East is as little as 47.
Advances in missile technologies since their analysis suggest that, as of this writing, the number would be lower.

32 The missile ranges cited in this chapter are from Vick et al. (2020, p. 9).



Figure 2.2. Chinese Intercontinental Ballistic Missiles and Launchers (2012 and 2023)
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SOURCES: Features data from Office of the Secretary of Defense, Annual Report to Congress: Military and Security
Developments Involving the People’s Republic of China 2012, U.S. Department of Defense, May 2012; and Office of the
Secretary of Defense, Military and Security Developments Involving the People’s Republic of China, U.S. Department of
Defense, 2023.

NOTE: Lighter shades of blue and green indicate uncertainty in DoD estimates. The DoD report from which these data
are drawn notes that China likely completed construction of three new solid-propellant silo fields in 2022, which will
cumulatively contain at least 300 new intercontinental ballistic missile silos. This explains the excess of launchers over
missiles in 2023.

Chinese medium-range ballistic missile (MRBM) and launcher production demonstrates a similar
pattern. MRBMs have ranges between 1,000 and 3,000 km. Figure 2.3 shows how many ballistic
missiles and launchers China’s People’s Liberation Army (PLA) possesses for the years 2012 and
2023, based on DoD reports to Congress. Once again, a sizable jump in both missiles and launchers is
evident in the year 2023.” In short, the data indicate that China has elected to expand it production
and stockpile of ballistic missiles in the past dozen years. Advances in technology also imply that the
ranges on these missiles have improved. The missile threat, in sum, continues to grow.

33 Unsurprisingly, data on Chinese-made intermediate-range ballistic missiles (IRBMs) and launchers reveal similar jumps in
2023. Chapter 4 provides more details on the growing missile threat from China. This includes information on surface-to-surface
cruise and ballistic missiles, as well as air-, ship-, and submarine-launched missiles, and detailed maps with threat range rings.
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Figure 2.3. Chinese Medium-Range Ballistic Missiles and Launchers (2012 and 2023)
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SOURCES: Features data from Office of the Secretary of Defense, 2012; and Office of the Secretary of Defense, 2023.
NOTE: Lighter shades of blue and green indicate uncertainty in DoD estimates.

These data present sobering numbers and an obvious trend upward. They also have clear
implications for U.S. air base defense. The PLA is greatly expanding its quiver size for a potential
conflict. Although not every single munition China produces will target the runways and air bases of
the United States and its partner nations in the event of war, more missiles with longer ranges in the
PLA inventory have direct implications for the defense of Blue air bases during war. Such implications
are straightforward to quantify and depict using CODE models.

CODE modeling efforts generally examine scenarios separated by five-year increments or more.
This allows analysts to gauge and adjust changes in Red capabilities, Blue defenses, and their
associated costs. What happens when Red grows its missile salvo over time, as reflected in the previous
figures? The short (and unsurprising) answer is that defense becomes both harder and costlier. The
previously mentioned cost to the knee in the curve moves down and to the right.

These changes are reflected in Figure 2.4. The figure contains three notional cost curves for the
years 2020 (blue), 2025 (red), and 2030 (green). These curves reflect increasing (and improved) Red
threat capabilities for their respective years. Several points worth highlighting emerge from the figure.
First, the respective knees in the curve move down along the y-axis (sorties generated) and right along
the x-axis (cost). This notional depiction is speculative but reflects the assumption that costs increase
over time and more missiles from Red result in an increased percentage of successful strikes on air
bases. The trend depicted is thus directionally accurate. From a cost perspective, this implies that the
cost or knees keep moving to the right (reflecting increased cost) because of Red investments. This is
depicted on the x-axis with the arrows from c* to c***. Relatedly, the figure makes clear that the cost
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to generate the same number of sorties increases with each five-year increment. For example, the cost
to generate s* in 2020 is ¢, but by 2025, the cost is more than two times higher.

Figure 2.4. Sorties Generated at Various Cost Levels of Air Base Defense Options over Time
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Finally, if costs are held fixed, the expected number of sorties generated at that cost diminishes
every five years (assuming an increase in threat). For example, if the DAF elects to invest at a level of
air base defense commensurate with ¢* in 2020, it can expect to generate s* sorties. But if it waits until
2025 to make the same investment (c*), the expected number of sorties falls to s**. This number falls

further to s***

if the investment is delayed another five years to 2030. This is depicted on the y-axis by
the downward arrows from s* to s** to s***, The upshot of this finding is that delaying investments in
air base defense is not merely a case of kicking the can down the road. The more the USAF delays
outlays, the costlier it becomes to protect its air bases in the event of a war. Investments not made
today are thus lost opportunities to buy down risks to air bases. As the risks continue to grow, so does

the associated cost of inaction.

Summary

The analysis presented in this chapter is, in many ways, a heuristic exercise based on the
assumptions and insights associated with RAND's long-standing modeling effort on air base resilience
known as CODE. To this, we have added an updated or evolving threat picture to glean insights and
implications on our research question. In this regard, what we present in this chapter is in line with a
proof of concept that synthesizes insights from CODE models. The effort points to a few key points
worth highlighting.

The CODE modeling effort has generated some common and agreed upon insights. The first is
that no single mitigation effort or defense is individually sufficient to provide adequate air base defense
against a panoply of evolving threats. Mitigation requires a portfolio of options both active and passive.
Second, there is a notable cost advantage to passive defense for defending air bases against attacks.
RAND research has shown that robust passive defenses, such as hardened aircraft shelters, dispersal
of aircraft, redundant fuel supplies, rapid runway repair capabilities, and CCD, are the most
economical means by which the USAF can invest in defending its air bases, the assets deployed to
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them, and the military personnel operating these facilities.® Third, active defenses, although obviously
costlier than passive defenses and more vulnerable to attack, are highly effective in combination with
passive counterparts. The precise mix of active versus passive defenses may depend on context and
threats, but their combination is the important synergistic factor.

Other important insights from the short analytical effort presented in this chapter relate directly
to costs and time horizons. Simply stated, delaying air base investments can be problematic for several
reasons. The cost to attain a given or desired level of sortie generation in contested environments is
generally increasing over time. This is primarily because the threat is increasing as U.S. adversaries
develop more-capable missiles, drones, and other technologies. This could lead to a problem whereby
the USAF is chasing s* at an ever-increasing cost. Over time, the USAF can expect higher future costs
to achieve the same expected sortie generation under attack. By similar logic, it is also likely that
current investments are costing more than they would have several years ago. Trade-offs abound and
the DAF has to balance numerous priorities, but delays in present investments mean dedicating a
larger portion of future budgets to air base defense. Taking smaller bites at the problem over time will
help keep pace with adversary advancements while also smoothing demands for identifying overseas
storage facilities and reducing spikes in demands that the industrial base may have trouble meeting.

Finally, it is an open question what the optimal amount of spending on base defense should be and
precisely what it should entail. In Figures 2.1 and 2.4, ¢* is an easy enough idea or value to pin down
on a graph, but determining the proper or optimal investments in air base defense has proven
difficult.’® In the next chapter, we look at this issue in more detail, examining DoD budget
expenditures in passive and active air base defense, as well as outlays for MILCON.

3* These claims come from Lynch et al., 2023, p. 10.

3> We include an annex to this report, which is not available to the general public, that pulls together collective insights from
CODE modeling efforts. It contains more-detailed numbers and data related to costs and suggested portfolio mixes for air base
defense.

13



Chapter 3
Funding Trends in Air Base Defense

Since the 2018 National Defense
Strategy

Opver several decades, China has invested heavily in long-range cruise and ballistic missiles that
threaten U.S. air bases throughout the Pacific region.’® Previous RAND analysis has shown that these
air bases require joint capabilities to sustain air operations in a conflict.’” Active air base defense
systems, such as Patriot and Aegis, are largely controlled by the Army, Navy, and Missile Defense
Agency.”® Passive measures, such as ACE and infrastructure investments under OI5, are within the
USAF’s authority.” This is because passive measure funding is controlled by the USAF, meaning the
USAF is capable of shifting resources to (or from) these efforts as needed without consulting or
coordinating with other military services or defense agencies.* This is different from active defense
measures that the USAF does not control; as a result, the USAF can influence resource decisions
made by other military services and defense agencies but cannot make the decisions themselves. As
noted in the previous chapter, RAND assesses that passive defenses offer a more cost-effective
solution to improve air base resiliency when compared with active defenses.* However, analysis of
DAF investments in passive defenses suggests a resource gap that may be difficult to bridge, especially
in a time of budget uncertainty.

The USAF's current concept to counter the Chinese missile threat is to disperse force and
perform expeditionary operations across multiple locations. To do so, the USAF requires investments
in additional ground equipment and infrastructure to enable these operations. We can delineate
passive air base defense investments into two categories: (1) acquiring new equipment to enable
emerging concepts like ACE (e.g., fuel bladders and runway repair equipment) and (2) investing in
infrastructure to enable expeditionary and dispersed operations. The USAF also requires investments
from the joint force—the Army in particular—to provide active defenses for base defense.

36 Office of the Secretary of Defense, 2023, p. 85.
37 Vick et al., 2020.
38 Vick et al., 2020.

3% DAF, “DAF OI-5. Defining Optimized Resilient Forward Basing, Sustainment, and Communications in a Contested
Environment,” September 12, 2022.

40 DoD Directive 5100.01, 2020. For more information on roles and missions of the military services, see the annex to this
document, which is not available to the general public.

* Lynch etal., 2023.
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The 2018 National Defense Strategy marked a clear shift in U.S. defense policy to prioritize
preparations for the possibility of large-scale, highly lethal combat with a great power.* Most notably,
the strategy emphasized the return of great-power competition, particularly pointing to China and
Russia as the primary adversaries. What has the USAF done to improve its base resiliency since the
2018 National Defense Strategy? Relatedly, has OI5 effected meaningful increases in air base defense
expenditures since the Secretary of Defense initiated the effort? To answer these two questions, we
take a programmatic look at active and passive base defenses, along with MILCON activities, to
compare USAF intentions with actual decisions.

The DoD Program Objective Memorandum (POM) process allows us to probe into both
requests in air base defenses from the services and the execution, allocations, and expenditure of funds
appropriated by Congress for such purposes. The POM process, in particular, lends itself to this
research approach because it includes a planning phase, which sets strategic goals and objectives, and a
programming phase, in which the services develop their POMs and prioritize requirements within
their fiscal constraints for a five-year period. This is followed by budgeting and execution. Because the
process is forward looking (in 5 FY increments), we are able to assess what DoD's five-year goals are
by accessing the Future Years Defense Program (FYDP) data. The FYDP is, in many ways, a goalpost
or target set by the department. Our research framework thus allows us to assess how DoD, and in
particular the USAF, has come to meet its projected goals related to air base defense since 2018.

This chapter is broken into two main sections. In the first section, we focus on procurement
funding for active and passive air base defenses since the 2018 National Defense Strategy. In the
second section, we examine USAF infrastructure investments with an emphasis on MILCON.

Trends in Air Base Defense Procurement Funding

In this section, we specifically look at procurement funding used to acquire new equipment that
the USAF (and other services) would require in support of air base defense. To analyze procurement
funding trends for this assessment, we used the Congressional Budget Justification books from FY
2019 through FY 2024.* We selected FY 2019 as the starting point to capture the increased priority
of Pacific air base defense since the 2018 National Defense Strategy.* We then developed a program
list for active and passive defenses using Army, Missile Defense Agency, and USAF procurement
documents. Using such search terms as “ACE,” “OI5,” “rapid airfield damage repair,” and “the Pacific,”
we identified procurement programs supporting joint active defense and USAF passive defense and
examined funding levels over the past five years. A full list of programs we consider as active and
passive air base defense programs is provided in the text box.

2 Defense strategies dating back to the 2001 Quadrennial Defense Review attempted to orient DoD to focus on the challenges
presented by the rise of China. However, the 2018 National Defense Strategy represented the first significant shift in resources
to reorient the department (DoD, Summary of the 2018 National Defense Strategy of the United States of America: Sharpening the
American Military’s Competitive Edge, 2018). For a detailed evaluation of defense reviews, see Raphael S. Cohen, The History and
Politics of Defense Reviews, RAND Corporation, RR-2278-AF, 2018.

B U.S. Air Force Financial Management & Comptroller, “Air Force President’s Budget,” 2019-2024.
* DoD, 2018.
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Active and Passive Defense Program List

Active Defenses
e Maneuver SHORAD (Army)
e Indirect Fire Protection Capability—Increment 2 (Army)
e Aegis Ballistic Missile Defense System (Missile Defense Agency)
e SM-3 BIk IA (Missile Defense Agency)
o Defense of Guam (Missile Defense Agency)
e Air Base Active Defense System (ABADS) (USAF)

Passive Defenses
e Passenger Carrying Vehicles (USAF)
e Medium Tactical Vehicles (USAF)
e Cargo and Utility Vehicles (USAF)
e Security and Tactical Vehicles (USAF)
e Special Purpose Vehicles (USAF)
e Fire Fighting and Crash Vehicles (USAF)
e Materials Handling Vehicles (USAF)
e Base Maintenance Support Vehicles (USAF)
e Air Traffic Control and Landing System (USAF)
e Tactical C-E Equipment (USAF)
e Engineering Explosive Ordnance Disposal Equipment (USAF)
e Mobility Equipment (USAF)
e Fuel Support Equipment (USAF)
e Vehicles and Support Equipment—General (USAF)

SOURCES: U.S. Army, Army Fiscal Year Budget Overview, 2019-2025; DoD, Missile Defense Agency Defense-
Wide Justification Book, 2019-2024b; U.S. Air Force Financial Management & Comptroller, 2019-2024.

NOTE: The Army’s Integrated Battle Command System (IBCS) represents an active defense program. Based on our
methodology looking for key terms, however, IBCS was not identified. The USAF ABADS program, within the
Physical Security line item, is a relatively small active defense system largely focused on providing active defense
C2 capabilities to coordinate other active defense systems.

Once we identified programs, we then documented the President’s budget request, the amount of
funding appropriated from Congress, and what DoD predicted it would spend in the FYDP.* As
noted, FYDP extrapolates what DoD expects to spend on individual programs for the current FY and
an additional four years, thus providing a five-year prediction. Utilizing the FYDP allows us to
identify what DoD anticipates spending in the future, and therefore, we can compare these predictions
with what is actually resourced. Because we use multiple budget requests, we identify the maximum
and minimum FYDP projections for a given FY, comparing these predictions with the request itself
and the appropriated funding.* This approach allows us to compare how well DoD predicted funding
for these respective portfolios relative to what actually received funding in the President’s budget and
through congressional appropriations. Simply stated, we are able to assess whether FYDP targets were

* Because of late passage of defense appropriations in FY 2024, we used the accompanying Joint Explanatory Statement to
Public Law 118-47 to identify congressional changes to appropriations (Public Law 118-47, Further Consolidated
Appropriations Act of 2024; Division A, Department of Defense Appropriations Act, March 23, 2024).

4 Eor more information on FYDP, see Brendan W. McGarry and Alexandra G. Neenan, Defense Primer: Future Years Defense
Program (FYDP), Congressional Research Service, IF10831, November 22, 2024.
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realized. We break this analysis into two parts. We first compare how DoD funds active defense
programs with passive defense programs. Then we analyze passive defense future year funding with
actual resourcing decisions.

Comparison Between Active and Passive Air Base Defense Funding

Figure 3.1 depicts the difference in funding trends between active and passive defense programs
between 2019 and 2028. Again, active and passive programs are those listed in the text box in the
previous section. In Figure 3.1, the chart on the left shows active defense spending; the chart on the
right shows passive defense spending. The gray shaded area in both charts represents the minimum
and maximum projections of FYDP. The yellow line in each chart represents the President’s budget
request. The green lines depict funding appropriated by Congress.

Figure 3.1. Comparison Between Active and Passive Defense Funding (FY 2019-FY 2024)
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SOURCES: Features data from U.S. Army, 2019-2025; DoD, 2019-2024b; U.S. Air Force Financial Management &
Comptroller, 2019-2024; and Public Law 118-47, 2024.

The two charts in Figure 3.1 reveal several points worth highlighting. First, there have been
differing trends between active and passive air base defense funding since the 2018 National Defense
Strategy. The active defense portfolio (shown on the left) has been relatively well funded from FY
2019 through FY 2024; it routinely received funding within the bounds of what the FYDP projected
(shown in gray). In FY 2023, DoD requested slightly less active defense funding compared with
FYDP projections; however, Congress appropriated additional funding for active defenses. In sum, for
active defenses, DoD more or less hit its intended mark between 2019 and 2024.

17



The chart on the right suggests a different story for the passive defense portfolio over the same
period. Passive defense funding remained below what FYDP projected from FY 2020 through FY
2023. Congress also added funding in FY 2023; however, the passive defense portfolio remained in a
cumulative deficit. During these years, DoD failed to meet its stated goals in passive defenses, as
reflected in FYDP. However, FY 2024 investments in this area reflect a remarkable reversal, which
may be attributed to OI5 initiatives.

Trends in Passive Defense Funding

Passive defense programs are directly controlled by the DAF. Figure 3.2 depicts this passive
defense funding in more detail. Again, the gray shaded area represents FYDP projections, while the
yellow line represents the President’s budget and the green line represents congressional
appropriations. The figure reveals some interesting trends. Between FY 2021 and FY 2023, the DAF
deferred funding for passive defenses, requesting less annual funding than projected in FYDP. This
disparity, as illustrated in Figure 3.2, resulted in annual funding shortfalls of, on average, $156 million
below minimum projections for passive defenses. However, in FY 2024, the DAF requested $1.5
billion for passive defenses—more than double the previous year’s request and markedly above the
FYDP target.* It is important to note that FY 2024 was the first budget cycle influenced by OI5.%
Congressional appropriations during this period tracked with requested FYDP amounts except for FY
2023, which was 20 percent greater than requested and exceeded prior projections.”

Figure 3.2. Comparing Annual Passive Defense Procurement Funding with FYDP Projections
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SOURCES: Features data from U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47,
2024.

4 U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024.

8 QOI5 delivered its findings in fall 2022. The results aligned with the final budget development for FY 2024, which was delivered
to Congress in March 2023.

# U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024.

18



Figure 3.3 shows defense funding for passive defense in more detail. It depicts the cumulative
difference between the requested and appropriated amounts of passive air base defense and the lowest
future projection for a given FY. The yellow bars represent the cumulative difference between the
President’s budget and the minimum of what FYDP projected for each FY. Similarly, the green bar
represents congressional appropriations with the minimum of FYDP projections. The data indicate
that the DAF and congressional decisions to defer spending resulted in a cumulative deficit of $487
million requested and $352 million appropriated through FY 2023 for passive air base defense.”
However, the FY 2024 request was the first to reverse previous deferment decisions, requesting an
additional $386 million for passive air base defense over the cumulative lowest future projections.’
The FY 2024 appropriation, although slightly less than the FY 2024 request, provided an additional
$303 million.>?

Figure 3.3. Cumulative Passive Defense Funding to Relative to Minimum FYDP Projections
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SOURCES: Features data from U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47,
2024.

Our analysis suggests that the DAF deferred investing in passive defense programs between FY
2019 and FY 2023, particularly from FY 2021 onward. This trend changed with the FY 2024 budget
request, which focused on OI5 and ACE-directed investments.”> However, the DAF’s aim to reverse
years of deferred investment has been subject to congressional appropriation decisions. The DAF
received a full appropriation on March 23, 2024, after three continuing resolutions.”* However, there
is still risk that it may not be able to fully execute funding by the end of the FY. Typically, the DAF
must obligate 80 percent of its funds prior to the last two months of the FY.*> Contracting officers

%0 U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024.

1 U.S. Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024.

2.8, Air Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024.

>3 DAF, Department of the Air Force Fiscal Year 2024 Budget Overview, 2024, p. 36.

>4 Public Law 118-47, 2024.

55 Heidi M. Peters, End-Year DOD Contract Spending, Congressional Research Service, IF10365, November 17, 2017.
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must be ready to obligate FY 2024 passive defense investments between March and July; otherwise,
reversing deferment with these funds may be difficult.

U.S. Air Force Infrastructure Investments

Another element of passive defense requires sufficient and hardened infrastructure to withstand
an adversary’s targeting. It is important to ensure that the USAF has the necessary infrastructure in
the Pacific theater to sustain air operations. Previous RAND analysis has emphasized the need to
both build new infrastructure and harden existing infrastructure to sustain air operations while being
threatened by PLA ballistic missiles.”® To build and harden infrastructure, the USAF uses MILCON
appropriations. This section reviews USAF MILCON investments from FY 2019 through FY 2024.
The data we interrogate for this assessment are global. This allows us to specifically focus on the Indo-
Pacific theater, including both Alaska and Hawaii. We are able to then look within the Pacific theater
to assess how and where these funds go. We are also able to compare USAF construction investments
between the Pacific and European theaters.

The methodology we employ is similar to the one described above to assess active and passive
defense procurement funding. We analyzed a series of MILCON budget justifications from FY 2019
through FY 2024. In addition, we analyzed the FY 2024 Military Construction Appropriations Joint
Explanatory Statement accompanying the 2024 Consolidated Appropriations Act to identify specific
congressional changes to the FY 2024 MILCON President’s budget request.”” A follow-up task
required us to assess or determine both how and where the monies on MILCON were spent.

For this purpose, we developed a decision tree to evaluate individual infrastructure investments
(see Figure 3.4). First, we referenced the list of MILCON projects and investments to determine
whether they occurred in the Pacific theater, and if so, at which installation. This list of relevant
installations is shown on the first column of Figure 3.4. Because the data are global, we delineate
whether infrastructure investments were devoted to the homeland, Europe, the Middle East, the
Pacific region (including Hawaii and Alaska), or other regions of the world. This allows us to compare
USAF resource allocation across the different theaters and answer the question as to whether the
Pacific region has received sufficient MILCON funding relative to other theaters.

> Lynch et al., 2023.

*7 Normally, congressional appropriations are reflected in the subsequent FY’s budget justification. The FY 2025 President’s
budget, however, was released before Congress appropriated funds for FY 2024. Therefore, we leveraged the FY 2024 Joint
Explanatory Statement to identify programmatic changes. See Public Law 118-42, Consolidated Appropriations Act of 2024;
Division A, Military Construction, Veterans Affairs, and Related Agencies Appropriations Act, March 9, 2024.
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Figure 3.4. U.S. Air Force Pacific Infrastructure Investment Decision Tree

Scope MILCON Investments Classification
FY2019-FY2024
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NOTE: AB = Air Base; AFB = Air Force Base; RAAF = Royal Australian Air Force.

The second step in our decision tree asks if the MILCON investments were either related to air
base defense or dedicated to sortie generation. The investments that did not meet this criterion were
coded as “other.” These investments are typically projects that do not directly support air operations.*®
Examples of these investments include family housing, dormitories, and administrative facilities. Next,
we categorized installations as either a new base or legacy infrastructure. Based on this categorization,
we further break down MILCON investments as either new installation or hardening. New
installations investments are projects enabling the establishment of a new installation. Examples of
these investments include building new aircraft aprons, new runways and taxiways, new munitions
storage, and new fuel storage. Hardening investments are projects that enable existing infrastructure
to continue sustaining air operations while under attack. Examples of these investments include
building hardened shelters, expanding runways and taxiways, expanding or hardening munitions
storage, and either expanding or hardening fuel storage. Table 3.2 lists the names of PACAF bases
included in this assessment, as well as their respective locations.

>8 Although we categorize things as “other,” we do not make an analytic judgment on the merits of these types of investments.
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Table 3.1. PACAF Bases

Base Name

Base Location

Eielson AFB
Joint Base EImendorf-Richardson

Joint Base Pearl Harbor-Hickam

Alaska, United States
Alaska, United States

Hawaii, United States

Andersen AFB Guam, United States

Tinian Northern Mariana Islands, United States
Saipan Northern Mariana Islands, United States
Misawa AB Misawa, Japan

Yokota AB Tokyo, Japan

Kadena AB Okinawa, Japan

RAAF Darwin Darwin, Australia

RAAF Tindal Katherine, Australia

Osan AB Pyeongtaek, Republic of Korea

Kunsan AB Gunsan, Republic of Korea

SOURCES: Features data from PACAF, “Ready Innovative Lethal Fact Sheets,” webpage, undated; and DAF, Military
Construction Program: Fiscal Year Budget Estimates, 2019-2024.

NOTE: The USAF has not requested MILCON funding for either Osan AB or Kunsan AB during the period analyzed. In
addition, the forces assigned to these locations are treaty-limited to support the Republic of Korea.

In addition to USAF MILCON investment, we also reviewed U.S. ally and partner spending that
could support USAF operations. For instance, the Republic of Korea has spent approximately $1.5
billion on improving air base infrastructure for the USAF between FY 2019 and FY 2024.%° Similarly,
Australia spent approximately $1.8 billion—when adjusting reported expenditures based on
purchasing power parity indicators—on air base defense or sortie generation—related infrastructure
improvements across 16 RAAF bases in the same period. RAAF Tindal alone received $770 million,
two-thirds of which came through Australian commitments to U.S. force posture initiatives.”’ In FY
2023, Japan increased investments in new Japan Air Self-Defense Force F-35 facilities, underground
headquarters, dispersion pads, ammunition depots, and other hardening measures following a
significant boost in defense spending. Supporting MILCON, Japan also announced plans in FY 2023
to spend approximately $31 billion on Integrated Air and Missile Defense (IAMD) capabilities over
the next five years; this equates to Japan allocating approximately $6.2 billion annually for IAMD.*!

> DAF, 2019-2024.

60 Australian Government Department of Defence, Portfolio Budget Statements, 2019-2024. The budget was converted to then-
year dollars ($TY) using the gross domestic product variable from World Bank Group Databank, International Comparison
Program 2021, database, 2021. The FY 2024 value is extrapolated from FY 2023.

®! Japanese Ministry of Defense, Defense Programs and Budget of Japan: Overview of FY2022 Budget, December 2021; Japanese
Ministry of Defense, Defense Programs and Budget of Japan: “First Year” Budget for Fundamental Reinforcement of Defense
Capabilities, Overview of FY2023 Budget, December 2022. The budget was converted to $T'Y using the gross domestic product
variable from World Bank Group, 2021. The FY 2024 value is extrapolated from FY 2023.
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How these capabilities and locations may support USAF operations under conflict will depend on
contingency, host nations, and prior agreements.

Comparison of European and Pacific Regions’ Military Construction
Investments

How does USAF infrastructure spending in the Pacific compare with spending in Europe—
another theater with air base defense requirements? Figure 3.5 depicts MILCON funding allocation
to PACAF and U.S. Air Forces in Europe (USAFE), respectively.

Figure 3.5. Comparison of PACAF and USAFE Military Construction Requests (FY 2019-FY

2024)
$962 $743 Total: ~$2.5 billion
New Base
B Hardening
Other
$453 $630 Total: $1.3 billion
% &
“dp FORC{S “;‘L\}@
$0 $500 $1,000 $1,500 $2,000 $2,500
Requested STY (in millions)

SOURCES: Features data from DoD, Fiscal Year Budget Estimates: Military Construction, 2019—-2024a; Public Law 118-
42,2024.

NOTE: The figure shows two horizontal bar charts. The upper bar includes data for the Pacific theater; the lower bar
includes data for the European theater. The green portion of each bar represents funding allocated for new basing.
The blue portion represents funding allocated for hardening. The orange band represents other infrastructure
investments. The funding presented is in nominal dollars in millions. Dollars have not been adjusted for inflation nor
have they been adjusted for country-specific construction cost indexes.

The figure reveals that the Pacific theater has allocated $962 million for new bases and an
additional $755 million for hardening existing infrastructure for a total of $1.7 billion.®* The

%2 DoD, 2019-20244; Public Law 118-42, 2024,
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European theater has allocated $453 million for new bases and an additional $251 million for
hardening existing infrastructure for a total of $708 million.”> When comparing how the two theaters
have chosen to allocate resources, approximately 70 percent of infrastructure investment in the Pacific
region is allocated to either new bases or hardening activities. In Europe, 50 percent of infrastructure
investments are allocated toward new basing and hardening activities. This difference between
European and Pacific theater allocation likely reflects the fact that the USAF is able to leverage allied
investments in infrastructure in Europe, which are extensive.** Meanwhile in the Pacific region, there
appears to be a relative lack of infrastructure, thus likely necessitating the need for additional
infrastructure investment.”” In particular, the USAF is spending considerably more on base hardening
in the Pacific region than it does throughout Europe. It is also investing significantly more in new
bases.

Analyzing PACAF’s Military Construction Resource Allocation

Within the Pacific region, where has the USAF elected to devote its MILCON resources over this
period? The USAF has invested in 11 installations across the Pacific region since FY 2019. This
includes investing in bases in Alaska, Hawaii, Japan, the Mariana Islands, Australia, and the
Philippines. This is depicted in Figure 3.6, which shows a map of the region.®® The blue bubbles in the
figure represent hardening projects. The green bubbles represent new base projects. The size of the
bubbles reflects the total amount resources allocated at a particular location. Immediately evident in
the figure are the sizes of the circles representing Guam and Tinian. These locations, bases in the
Mariana Islands—namely Andersen AFB and Tinian—have received approximately 60 percent of the
total MILCON funding that the USAF has allocated in the Pacific region.”” This reflects significant
efforts to harden and improve theses installations.

9 DoD, 2019-20244; Public Law 118-42, 2024,

6% For example, the USAF practiced ACE in Romania and Northern Macedonia in 2023. The Royal Air Force has practiced
similar operations in Italy, Finland, and Lithuania. See Luca Chadwick, “The ‘ACE’ Up Their Sleeves: Understanding NATO
Agile Combat Employment,” King’s College London, January 26, 2024.

% It should be noted that a dollar spent in the Pacific region does not necessarily equate to a dollar spent in Europe.

% The USAF does have bases in the Republic of Korea. However, the service did not request congressional appropriations for
these bases between FY 2019 and FY 2024.

%7 DoD, 2019-20244; Public Law 118-42, 2024,
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Figure 3.6. Requested PACAF New and Hardening Military Construction Investments (FY 2019—

FY 2024)
O
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SOURCES: Features data from DoD, 2019-20244a; U.S. Army, 2019-2025; DoD, 2019-2024b; Public Law 118-42, 2024.
NOTE: The funding presented is in nominal dollars in millions. Dollars have not been adjusted for inflation nor have
they been adjusted for country-specific construction cost indexes.

Investments in new bases and hardening existing infrastructure have different advantages and
disadvantages. Investing in new infrastructure allows increased dispersion and, therefore, requires
potential adversaries to distribute limited long-range munitions. However, dispersing forces across
more bases also disperses base operations support resources, which potentially limits the number of
sorties generated across the theater because of insufficient manpower and ground equipment to
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generate sorties or recover from attacks.®® Hardening existing infrastructure—instead of increasing
dispersion—potentially allows the USAF to consolidate base operations support resources and be
better able to recover from attacks due to having sufficient manpower and equipment in place.
However, each existing base may be targeted with a larger number of adversary missiles than they
would have had forces been dispersed across more locations, thereby forcing the adversary to attack
more locations.®

Figure 3.7 depicts a more detailed overview of MILCON resource allocation in the Pacific region.
On average, the USAF has allocated approximately $755 million to harden its existing infrastructure
in Alaska, Hawaii, Japan, and Guam.” On the other hand, the USAF has allocated approximately
$962 million to develop new basing.” Investments in the Mariana Islands—Tinian and Guam—
represent outliers for both hardening and new bases. Developing Tinian has cost $678 million, while
hardening Andersen AFB has cost $335 million.”> When removing these outliers, hardening activities
cost on average $94 million, while investing in new bases costs $70 million.”

8 Eor analysis on how dispersing forces stresses manpower, see 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. For a recent effort on sortie degradation because of strains placed on maintenance from
dispersal, see Patrick Mills, Rachel Costello, Matthew Sargent, and Colby P. Steiner, Assessing Agile Combat Employment for the
Pacific Air Forces: Estimating the Impacts of Distributed Maintenance Postures on Sortie Rate Potential, RAND Corporation, RR-
A999-3, 2024.

% Chris Panella, “China Has a Lot More Missiles — with US Warships and Bases in Its Sights,” Business Insider, May 4, 2024.
70 DoD, 2019-2024a; Public Law 118-42, 2024.
"1 DoD, 2019-2024a; Public Law 118-42, 2024.
72 DoD, 2019-2024a; Public Law 118-42, 2024.
73 DoD, 2019-2024a; Public Law 118-42, 2024.
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Tinian

Figure 3.7. Comparison of PACAF New Base and Hardening Military Construction (FY 2019-FY
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SOURCES: Features data from DoD, 2019-2024a; Public Law 118-42, 2024.

NOTE: The green bars represent resources allocated for new bases. The blue bars represent hardening. The orange
bars represent other MILCON activities in the Pacific region. The bar chart on the left includes cumulative figures for
the entire region. It breaks down the hardening and new base dollars by specific miliary installation. The funding
presented is in nominal dollars in millions. Dollars have not been adjusted for inflation nor have they been adjusted for
country-specific construction cost indexes.

The data also allow us to assess differences between funds requested by the USAF and those
appropriated by Congress. Figure 3.8 shows this information. The figure suggests that Congress has
also had an impact on MILCON resourcing. In general, Congress has been largely supportive of
hardening activities at legacy installations compared with investing in new bases. Congress has
increased MILCON funding at bases that have congressional representation (e.g., Alaska). This trend,
however, also applies to bases without congressional representation and in Japan as well. Eielson AFB
in Alaska received $60 million in additional appropriations compared with its request.”* Similarly,
Yokota AB received $39 million in additional appropriations.”” Meanwhile, new bases have not
received as much congressional support. New bases at Tinian in the Mariana Islands and Tindal in

74 DoD, 2019-2024a; Public Law 118-42, 2024.
7> DoD, 2019-2024a; Public Law 118-42, 2024.

27



Australia have received less funding from Congress than was requested. Tinian received $234 million
less than the USAF requested.” Similarly, Tindal received $95 million less than requested.”

Figure 3.8. U.S. Air Force Military Construction Requested Versus Appropriated Funding (FY
2019-FY 2024)

Tinian As
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SOURCES: Features data from DoD, 2019-2024a; Public Law 118-42, 2024.

NOTE: The orange “R’s in the figure represent the total amount of MILCON funding requested in the President’s
budget. The green “A”s represent the totality of congressional appropriations for the location. The arrows indicate
directional changes between the President’s budget request and congressional appropriations—red arrows represent
reductions while green arrows represent increases. The funding presented is in nominal dollars in millions. Dollars
have not been adjusted for inflation nor have they been adjusted for country-specific construction cost indexes.

Areas for Further Analysis

There are some noted limitations to the analysis we have presented here related to budgets and air
bases. First, with the exception of the components of the active air base defense data, this analysis
presents primarily observed USAF behavior. Future research could further elaborate on our effort by
reviewing joint and allied investments into air base defense. For example, the U.S. Marine Corps
maintains an airfield at Marine Corps Air Station Iwakuni, which could be used to sustain air
operations. Similarly, Japan operates air defense assets, which could be used to protect air bases.
Evaluating these contributions could further enable overall air base resiliency efforts.

76 DoD, 2019-20244; Public Law 118-42, 2024,
77 DoD, 2019-2024a; Public Law 118-42, 2024.
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Second, this analysis is derived from publicly accessible data. DoD is currently undertaking
activities that likely contribute to passive air base defense that are not publicly visible or reflected in
what we depict here. For example, analyzing security cooperation activities—managed by the
combatant commands and the Defense Security Cooperation Agency—could provide greater fidelity
in the overall air base defense picture.”

Third, because of data limits, we were unable to identify future trends in infrastructure
investments. As a result, we were unable to analyze how the USAF predicted it would invest in the
Pacific theater and then compare this prediction with actual resource allocations (using a similar
approach used in the equipment section). Finally, our assessments do not include those investments in
personnel and manpower dedicated to air base defense and infrastructure (e.g., engineers). Although
infrastructure investments do not require substantial sustainment funding, personnel and some
operations and sustainment funding is still required. Passive defenses, which tend to be large and
heavy, often require substantial indoor storage that necessitates additional sustainment funding.
Future research efforts could incorporate these limitations.

Conclusions

This chapter has presented an analysis of dollars committed to or associated with defending air
bases. There are a few takeaways from these budgetary assessments worth emphasizing. The first is
that DoD spending on active defense measures for air base defense has largely kept up with stated
goals, as reflected in FYDP for the years examined here. This is not to argue that this is a sufficient
amount invested in active defenses. As we have already highlighted, there are serious gaps in AMD
when compared with the evolving threats. But, by the programs we assessed here, spending on active
defenses has by and large met the stated projections between 2018 and the present.

The same cannot be said for passive defenses. It is only in the past year that the DAF has reversed
a trend in under-investing in measures intended for passive defense. Future year spending goals (as
reflected in FYDP) were consistently missed between 2018 and 2023. The sharp uptick in FY 2024
spending is a welcome turnaround, which may or may not be sustained. It may also be a positive
indication that OI5—in conjunction with ACE—is beginning to yield dividends in air base defense
measures and resiliency. However, an open question remains: Is it enough?

The data also reveal that, on average, the DAF allocates approximately $807 million annually to
procure equipment dedicated to air bases defense, while allocating an annual average of $430 million
for MILCON efforts for similar purposes in the Pacific region.” If we assume one-third of the $807
million procurement for passive and active defense equipment is devoted to INDOPACOM ($269
million) and the other two-thirds is devoted to European Command and the homeland ($538
million), we can assume that the DAF allocates similar resources for passive defense in the Pacific
region while also improving infrastructure.®

78 These activities use authorities derived from U.S. Code, Title 10, Section 333, Foreign Security Forces: Authority to Build
Capacity. The combatant commands use this authority for security cooperation programs. In this case, INDOPACOM manages
programs throughout the Pacific region.

7 DoD, 2019-2024a; Public Law 118-42, 2024.
80 DoD, 2019-20244a; Public Law 118-42, 2024.
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It is also worth noting that the patterns we have observed here have other important implications.
Notably, the DAF’s approach to funding passive defenses has resulted in a series of lulls and spikes.
These investment practices reflect inefficiencies. First, this funding spike crowds out other priorities
that may require funding in an FY. Second, the unpredictability potentially creates risk for the passive
defense industrial base because defense companies cannot plan on or assume a consistent or steady
stream of funding. The upshot of this is that suppliers risk going out of business without stable
funding because this funding profile appears to be a once-in-a-decade investment. Third, the DAF
creates inefficiencies with these sudden spikes in passive defense spending. In particular, a sudden
surplus does not guarantee funds can be obligated as efficiently as they would be over a more even or
balanced time frame. Should the DAF need to spike passive defense funding in the future, it might
find that the institutional memory and supply chain for implementing these programs have atrophied.
Moving forward, the DAF should commit to consistent funding for passive defenses to demonstrate
its commitment to protecting its air bases.

By contrast, the DAF’s approach toward infrastructure appears more pragmatic compared with its
approach to passive defenses. MILCON funding has remained relatively stable over the observed
period. During this time, the DAF has created four new bases while seeking to harden seven of its
existing installations throughout the region. Although there is no evidence to argue one way or
another on the sufficiency of MILCON funding in the region, this degree of predictability enables
military planners to better optimize their resource allocation.

As previously noted, there is an ongoing policy debate on the sufficiency of air base defense
funding.®" On one hand, some argue that the DAF is not appropriately resourcing air base defense—
and passive defenses in particular.*” This line of argument suggests that the DAF should increase its
share of resources to support ACE. Another line of argument suggests that the DAF has
appropriately resourced air base defense based on investments identified by OI5. This line of
argument recognizes that the DAF had previously under-resourced air base defense efforts. However,
OI5 increased funding for these initiatives. It remains an open question whether OI5 investments are
sufficient to improve resiliency or whether this level of funding is required for the foreseeable future. A
resolution to this debate should not be expected forthwith; it will require an examination of future
USAF expenditures on defending its air bases.

Has OI5 resulted in sufficient urgency as reflected in spending? This is an open question.
Although one could view FY 2024 investments in OI5 as adequate, the evolving threat from China
reduces the effectiveness of these investments, necessitating continuous investment. Although this
analysis did not review the DAF budget request, there is a risk that the service may view the FY 2024
investments as sufficient and, therefore, choose to revert back to prior year funding. A reversion to the
mean in passive defense spending would not reflect positively on the DAF’s commitment to resiliency
or OI5.

How should the DAF think about resource allocations for resiliency and base defense moving
forward? Chapter 4 presents a framework to address this question.

81 \We address this issue in more detail in the annex, which is not available to the general public.

82 For example, see Michael Blaser, “Problems for Agile Combat Employment,” Proceedings, Vol. 150, No. 7, July 2024.
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Chapter 4

Future Installation Investments

In the previous chapters, we discussed the types and levels of investments that DoD and the DAF
have been making to improve basing posture options and resilience for operations in the
INDOPACOM area of responsibility. Within the overall context of ACE, these investments include
adding passive and active defenses to current air bases, such as Andersen AFB on Guam; expanding
locations, such as on the island of Yap in the Federated States of Micronesia; and creating new
operating locations, such as the north airfield on Tinian. Moving forward, the USAF will need to
consider a wide variety of factors and make important trade-offs to maximize the operational utility of
its installations. In this chapter, we address those factors to present a framework for future installation
investments and options.

The Challenge of Investing Wisely

As with any long-term investment portfolio, decisionmakers face choices accompanied by many
uncertainties. Air base defense investments must account for several important factors. Figure 4.1
illustrates several of these factors and some of the relationships among them. It considers three
primary issues: Blue investment options, adversarial improvements, and interactive externalities. The
four key installation resiliency investment options include force design, active defenses, passive
defenses, and additional infrastructure.®’ These choices must be made with threat capabilities in mind,
including changes in the number and types of weapons usable against air bases, as well as the
vulnerability of those weapons to both active and passive Blue defenses. Finally, there are many
external factors to consider, including political relationships with allies, partners, and others in the
region; operational demands on the force in various scenarios; and the emergence of technological
developments that may favor the attacker or the defender.

8 Although not discussed in detail in this report, it is critical that investments in these four options be accompanied by the
training, doctrine, logistics, and sustainment necessary to employ them in a conflict. For example, expeditionary equipment and
agile basing concepts must have mobility assets available to move them. Similarly, active defenses must be equipped with
sufficient interceptors to match the threat over a potentially protracted conflict.
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Figure 4.1. Overall Environment for U.S. Installation Investments
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One key element missing from this figure is the element of time. As discussed in Chapter 2, delays
can be costly. Conversely, some investments in air base defense can be long-lasting. Investments in
infrastructure, in particular, are more enduring. For example, the north airfield at Tinian, currently
being refurbished, is over 80 years old.** Investments into major construction projects today, such as
runways and parking areas, may well be in use beyond the year 2075.° Advancing threat capabilities
and even climate factors, such as sea-level rise and higher-severity storms, could play a factor on these
timescales. On the other hand, the utility of options, such as electronic warfare, may have useful
lifespans measured in weeks as adversaries respond and adapt.

Key Attributes Guiding Future Installation Plans

Determining how to allocate resources across the four investment options presented in Figure 4.1
requires calculating the most cost-effective mix of options as a function of various risks.* The first
area, force design, is largely focused on providing war-winning capabilities across the entire spectrum
of USAF demands. Survivability on the ground, although important, is but one of many competing
elements that much be considered. Force design choices can have a major impact on installation needs
because of such factors as range, runway size needed (or whether a runway is needed at all), and fuel
and munitions demands. Although the DAF is currently in the process of a major reorganization and
force design effort, there are few signs that the mix of fourth- and fifth-generation fighters, bombers,
tankers, and airlifters will be undergoing a drastic shift in the foreseeable future.¥” Ongoing acquisition

84 Richard Harwood, A Close Encounter: The Marine Landing on Tinian, Marine Corps History and Museums Division, 1994.

85 Federal Aviation Administration, Life-Cycle Assessment of Airfield Pavements and Other Airside Features: Framework, Guidelines,
and Case Studies, U.S. Department of Transportation, DOT/FAA/TC-19/2, February 2019.

86 We define risks in this context as changes to Red or Blue capabilities or the overall environment that would significantly negate
basing resiliency investments. Examples might include a new missile warhead that can penetrate aircraft shelters or a change in
political environment that makes hardened air bases unavailable for use.

87U.S. Space Force, “Air Force, Space Force Announce Sweeping Changes to Maintain Superiority amid Great Power
Competition,” February 12, 2024.
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efforts are mainly like-for-like, with the F-35 fighter replacing the F-16; the KC-46 tanker replacing
the KC-135; and soon, the B-21 bomber replacing the B-1. These programs are all well underway and
enjoy significant constituencies in DoD and Congress. The most notable future force design change is
likely to be the introduction of unmanned and somewhat attritable collaborative combat aircraft
(CCA) in the late 2020s.%

The next area, passive defenses, is one that has long been seen as a cost-effective opportunity for
installation resilience and, as discussed in Chapter 3, has seen investments of over $800 million per
year as part of the DAF’s OI5.% Passive defenses include equipment and supplies, such as fuel
bladders, aircraft shelters, runway repair materials, and camouflage. Their relatively low cost and
flexibility to be used where needed mean that these options are often the first choice for resiliency
investments. The downside of these investments is that each individual element adds only a small
amount of resiliency, so they tend to be needed in large quantities.”

Continuing clockwise around the center of Figure 4.1, the next major investment area is
installation infrastructure. Although there is some overlap with the passive defense category, here we
are mainly considering permanent structural features that improve resiliency and capability, such as
expanded parking areas, longer or additional runways and taxiways, and new buildings for C2 or to
store defensive equipment and materials. As with passive defenses, there is significant U.S. investment
underway in this area, totaling approximately $277 million per year.”® Figure 4.2 plots the locations of
these ongoing MILCON and Enhanced Defense Cooperation Arrangement investments, overlayed
with the range and estimated numbers of Chinese land attack missiles. Note that the threats include
surface-to-surface cruise and ballistic missiles as well as air-, ship- and submarine-launched missiles.

8 CCA are unmanned aircraft initially intended to accompany fighter aircraft on their missions. More than 1,000 CCA may
eventually be procured. See USAF, “Air Force Exercises Two Collaborative Combat Aircraft Option Awards,” April 24, 2024.

89 This includes spending on ACE, Rapid Airfield Damage Recovery kits, and ATC/C2. U.S. Army, 2019-2025; Office of the
Under Secretary of Defense (Comptroller), “Defense Wide Budget Documentation — FY2024,” webpage, undated; U.S. Air
Force Financial Management & Comptroller, 2019-2024; Public Law 118-47, 2024. For more on OI5, see DAF, 2022. For
details on RAND work on passive defenses, see Lynch et al., 2023.

% For example, fuel bladders are not difficult to destroy with missiles, so they are needed in large numbers to make a difference.
Similarly, the ability to repair a single runway crater is not useful when a missile salvo can create dozens of craters.

L U.S. Army, 2019-2025; Office of the Under Secretary of Defense (Comptroller), undated; U.S. Air Force Financial
Management & Comptroller, 2019-2024; Public Law 118-47, 2024.
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Figure 4.2. Reach of China’s Missile Capabilities
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SOURCES: Features data from DoD, 2019-20244a; Missile Defense Project, Center for Strategic and International
Studies, “Hong Niao Series (HN-1/-2/-3),” webpage, August 12, 2016, last updated April 23, 2024; Steven Ruggles, Lara
Cleveland, Rodrigo Lovaton, Sula Sarkar, Matthew Sobek, Derek Burk, Dan Ehrlich, Quinn Heimann, and Jane Lee,
“Integrated Public Use Microdata Series, International: Version 7.5,” dataset, 2024.

NOTE: EDCA = Enhanced Defense Cooperation Arrangement; GLCM = ground-launched cruise missile; SRBM = short-
range ballistic missile.

Infrastructure investments are particularly challenging to optimize because of the various factors at
play. Air bases must support peacetime exercises and wartime operations, which may occur in vastly
different parts of a region and involve completely different forces. They must improve existing
capabilities but also be useful for decades to come. Hardening investments must compete for resources
with quality-of-life improvements, such as better housing and health care facilities. Air bases cannot be
moved, so access to the facilities must remain secure. We discuss many of these risks in more detail in
the following section.

Finally, the last major installation investment area is active defenses. These include traditional
surface-to-air missile systems, such as Patriot, and newer systems, such as the U.S. Army’s Indirect
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Fire Protection Capability.” In turn, these engagement systems must be supported by early warning
radars and other surveillance sensors. Note that the DAF does not own or operate any of these
ground-based active defenses (outside small arms and short-range systems operated by Security
Forces), although fighter aircraft can provide defense against certain missile threats, albeit at the cost
of their offensive potential. As noted previously, this responsibility has traditionally fallen to the
Army, but its force protection capabilities and capacity may not be well-aligned with USAF
installation protection demands in the future. As new defensive capabilities, such as high-energy lasers
or hypervelocity gun systems, are developed, a key question remains: Who should own and operate
them?”

In the next section, we discuss the following three key risk areas: adversary developments, political
access, and operational demands.

Adversary Developments

Adversary capabilities should be a key determining factor in guiding infrastructure investments for
a myriad of reasons. The number of threat cruise and ballistic missiles and their range largely govern
which air base locations will require which types of resiliency, how many basing locations should be
used, and with which countries the United States and its allies need to pursue access arrangements.
Warhead capabilities, including the ability to penetrate concrete or disperse submunitions, determine
such factors as the level of hardening of shelters and the desired spacing between parked aircraft. The
speed and maneuverability of incoming missiles define the needed type and effectiveness of air defense
systems.

As noted in Chapter 2, China’s missile quantities have been growing fairly dramatically at all
ranges and across all types. Figure 4.3 offers more details on these developments. It depicts estimates
of total Chinese IRBMs and GLCMs for the years 2012 and 2023, respectively. From 2012 to 2023,
estimated quantities of Chinese intercontinental ballistic missiles grew 367 percent, while estimated
quantities of launchers grew 567 percent.”* For IRBMs, the data show an increase in quantity of 2,400
percent, from 20 missiles (upper estimate) in 2012 to 500 missiles in 2023.” There was an increase of
1,150 percent in the quantity of IRBM launchers in this same period.”® We see similar sharp increases
in quantities of both missile and launcher numbers for MRBMs and in launchers for GLCMs.”” PLA
regularly trains with and operates strike-capable aircraft, ships, and submarines close to potential
targets in Taiwan, Japan, and the Philippines.”® PLA has also demonstrated advanced capabilities,

92 Scotc R, Gourley, “Army Transforms Integrated Air, Missile Defense Capabilities,” National Defense, June 1, 2023.
9 For one example, see Air Force Research Laboratory, “GLADIATR,” webpage, undated-a.

9% Office of the Secretary of Defense, 2012; Office of the Secretary of Defense, 2023.

% Office of the Secretary of Defense, 2012; Office of the Secretary of Defense, 2023.

% Office of the Secretary of Defense, 2012; Office of the Secretary of Defense, 2023.

97 Office of the Secretary of Defense, 2012; Office of the Secretary of Defense, 2023.

% For two of many recent examples, see Julian Ryall, “Chinese Military Simulations of Attacks on US Air Bases in Japan Alarms
Tokyo,” South China Morning Post, July 12, 2024; and Dzirhan Mahadzir, “China Sends Record Number of Military Aircraft to
Drill Near Taiwan, Japan Releases Report on Helicopter Accident,” USNI News, July 11, 2024.
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such as fractional orbit systems that have global range with unpredictable target points.” There are
clear risks associated with China’s increasing weapon quantities, such as new, longer-ranged types of
missiles, and other weapons could be introduced into future battle spaces.

Figure 4.3. Chinese Missile and Launcher Estimates from the U.S. Department of Defense

600 600
400 400
200 200 I
2012 2023 2012 2023
a.) Intermediate-Range Ballistic b.) Ground-Launched Cruise
Missiles (IRBMs) Missiles (GLCMs)

SOURCES: Features data from Office of the Secretary of Defense, 2012; Office of the Secretary of Defense, 2023.
NOTE: Lighter shades of blue and green indicate uncertainty in DoD estimates.

However, it is at the lower end of the capability spectrum that threats may be evolving the most
quickly. Although less-capable threats, such as mortars, rockets, and direct assaults, have been an issue
as long as air bases have existed, recent experiences in the Russia-Ukraine war are highlighting the
threat of small remote control and autonomous drones to air bases, particularly to soft buildings and
aircraft parked in the open.'® Adversaries much less capable than China will be able to employ large
quantities of drones that can easily overwhelm traditional air base defenses while autonomously
recognizing high-value soft targets—such as aircraft and control towers—and damaging or destroying

101

them with small warheads.!®! China has also demonstrated the use of drone swarms; its industrial

capacity, experience in mass production of drones, and wide-ranging use of machine learning could

9 Theresa Hitchens, “It’'s a FOBS, Space Force’s Saltzman Confirms amid Chinese Weapons Test Confusion,” Breaking
Defense, November 29, 2021.

190 For two real-world examples of these types of threats, see William B. Garrett IIT and Thomas M. Murray, Enclosure 3
Executive Summary, U.S. Central Command, 2013; Robert Greenall, “Ukraine War: Six Russian Planes Destroyed by Drones,
Says Kyiv,” BBC, April 5, 2024.

101 Thomas Newdick, “Ukrainian Drone Seen Slamming into Russian Air Base in Large-Scale Strikes on Multiple Installations,”
War Zone, August 14, 2024.

36



quickly make it the preeminent producer and user of such systems.'”> Overall, future installation
investments of any kind are likely to face a variety of threats, including hobby-class quadcopters and
hypersonic boost-glide missiles.

Political Access

Although threat capabilities follow a somewhat predicable path of technological progress, access to
basing locations in various countries can be rapidly influenced by factors as varied as local politics,
criminal misbehavior by U.S. troops, and international trade policy. To better consider this
uncertainty, previous RAND research on risks to U.S. basing posture has created a framework that
evaluates four types of risks across the following three types of partner nation locations: strategic
anchor, forward operating location (FOL), and support link.'"” The four risks assessed are internal
political risks, external political risks, internal security risks, and external security risks.'* The four
risks are then measured with a series of metrics, such as state fragility, susceptibility to external
pressures, and external threats. Table 4.1 summarizes results from this previous RAND research for
East Asia, highlighting locations with notable access risks. Although three of the four strategic anchor
locations have high external security risks from China, they otherwise appear generally reliable.
Australia was assessed as low or moderate risk in all four categories. Conversely, all four of the FOLs
face some risks, with two of them—Brunei and Malaysia—appearing quite risky for access. The three
support link locations—Thailand, the Philippines, and Vietnam—are at even greater risk, with all of
them warranting high caution.

192 Gabriel Honrada, “China Unveils New Aerial Cluster Drone for Swarm Attacks,” Asia Times, March 21, 2024.

193 Alan J. Vick and Sean M. Zeigler, A Framework for Identifying Catastrophic Risk to U.S. Air Force Global Posture, RAND
Corporation, RR-3135-AF, 2020, Not available to the general public. U.S. partner nations are classified by the following core
functions: strategic anchors, FOLs, and support links. Strategic anchors are locations where the host nation and the United States
both perceive an enduring U.S. military presence as stabilizing, FOLs are (often austere) locations from where military operations
would be conducted during conflict. They may have little or no U.S. presence in peacetime. Support links are airfields, ports, and
communication facilities essential to U.S. global power projection. This nomenclature is from Stacie L. Pettyjohn and AlanJ.
Vick, The Posture Triangle: A New Framework for U.S. Air Force Global Presence, RAND Corporation, RR-402-AF, 2013. For
more-recent non-RAND work, see Matthew Crowley, Carissa Deeney, and Adam Potter, “The Case for A.C.E Infrastructure in
EUCOM,,” Wild Blue Yonder Online Journal, March 8, 2022.

19% Internal political risk is often referred to as “peacetime access risk.” Assessments in this category typically involve judgment
about the likelihood that a host nation government would force the United States to close bases or severely restrict activities
because of changes in the host nation’s government or disputes with the United States. External political risks relate to whether
and how a country might be susceptible to political risks from third parties. Internal security risks relate to a host country’s
susceptibility to destabilizing internal violence, conflict, and related crises. External security risks are an assessment of the
vulnerability of U.S. posture in a host nation to military attacks from regional adversaries. For more on these categories, see Vick
and Zeigler, 2020.
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Table 4.1. Dashboard of Access Risks in East Asia

Master
Caution:
Posture
(3 or More
High Internal High Internal High External High External High-Risk
Posture Type Political Risk Security Risk Political Risk Security Risk Categories)
Strategic anchors None None None Republic of Korea None
Japan
Singapore
FOLs Brunei Brunei None Brunei Brunei (3)
Malaysia Malaysia Malaysia Malaysia (3)
Indonesia Indonesia
Papua New Papua New
Guinea Guinea
Support links Thailand Thailand Thailand Thailand Thailand (4)
Vietnam Philippines Philippines Philippines Philippines (3)
Vietnam Vietnam Vietnam (3)

SOURCE: Features data from Vick and Zeigler, 2020.

A recent report from the Congressional Research Service also highlights the risks and rewards of
burden sharing, where installation host countries contribute toward their costs.'”® Countries such as
the Republic of Korea and Japan typically contribute a large percentage of these costs, both reducing
resource demands on the United States and reducing internal political pressure for allies to “pay their
share.”1%

Of the four installation investment categories, additional infrastructure is obviously the most
affected by access risk because of its lack of portability. However, force design and active defenses can
be susceptible as well, if, for example, close-in basing locations are lost and locations at longer ranges
must be used instead. Passive defenses are generally more resilient to these risks because most can be

relocated, but critical needs, such as storage locations, remain vulnerable to access limitations.

Operational Demands

Another source of risk to an installation investment strategy is the variety of operations that air
bases may be called upon to support. Operational functions can vary widely, including simply storing
equipment and supplies, serving as stopover points for mobility assets, hosting theater security
cooperation efforts with partners and major exercises, and generating sorties for combat operations. In
the Pacific region, operational scenarios could occur across the thousands of miles of the area of

195 Luke A. Nicastro and Andrew Tilghman, U.S. Overseas Basing: Background and Issues for Congress, Congressional Research
Service, R48123, July 10, 2024.

106 Michael J. Lostumbo, Michael J. McNerney, Eric Peltz, Derek Eaton, David R. Frelinger, Victoria A. Greenfield, John
Halliday, Patrick Mills, Bruce R. Nardulli, Stacie L. Pettyjohn, Jerry M. Sollinger, and Stephen M. Worman, Overseas Basing of
U.S. Military Forces: An Assessment of Relative Costs and Strategic Benefits, RAND Corporation, RR-201-OSD, 2013.
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responsibility, from homeland defense in Alaska, to disaster response in the South Pacific region, to an
invasion of Taiwan, to counter-proliferation in the Strait of Malacca. Both function and scenario are
critical to an installation investment plan because bases must be located in a useful geographic area,
host the needed types of aircraft, be hardened against relevant threats, and be sufficiently large enough
for the capacity required.

The current hub-and-spoke ACE plan for bases in the Pacific region—focused on locations in
Japan, the Republic of Korea, and the Second Island Chain and with support from major hubs in
Hawaii and Alaska—appears to be fairly well-positioned for many higher probability events in the
region, primarily in East Asia.'” The major hub of Andersen AFB on Guam is centrally located,
although it is quite distant from many other locations. Operations in the South Pacific region, in
Southeast Asia, and in the South China Sea are not as well-covered with this posture. However, this
shortcoming highlights the utility of maintaining access and continuing to train with such partners as
Australia, the Philippines, and Singapore and exploring additional operations with Papua New
Guinea. Operations further west, such as in Vietnam, Thailand, or Myanmar, would be particularly
challenging, with few low-risk access infrastructure nearby. Longer-term opportunities may exist with
India, but this will require sustained, dedicated attention by the United States.

Recommendations for the Future

To better manage the three risk areas highlighted in the previous section, there are a series of steps
that the USAF can take to maximize the utility of its investments into current installations, fielded
systems, and research and development on new capabilities.

Force Design

The most significant near-term change to DAF force design will be the introduction of CCA.
Because these aircraft are designed to accept additional risk in the air and on the ground, there is a
possibility that they could take advantage of an extreme form of ACE to allow more use of bases in the
First Island Chain, despite the high risk of attacks there.'® Although key characteristics, such as their
range and ability to be aerially refueled, are not publicly known, they are likely to have ranges similar
to the fighters they will operating with, perhaps with shorter runway needs because of their lighter
weight. If their support manpower and equipment are very lean and time on the ground is minimized,
they could potentially take advantage of maneuvers and move from base to base throughout the First
Island Chain. Although currently planned CCA designs will require runways, future CCA may be
small enough that “bases” are simply a small team launching runway-independent aircraft from launch

107 A braham Mahshie, “ACE Is Now ‘Normal Ops’ in Pacific, but Utility in Conflict Requires More Partners,” Air & Space
Forces Magazine, June 17, 2022. The Second Island Chain is generally thought to extend from Japan southward toward the
Mariana Islands (including Guam) and further south to New Guinea.

198 The First Island Chain refers to a series of islands stretching from Japan in the northeast to the Philippines in the south,
forming a line along the western Pacific Ocean that serves as a natural barrier off the east coast of Asia.
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rails in an open field.'"” Support crews and equipment could operate from civilian-class vehicles and
move from site to site, either proactively—to challenge Chinese intelligence, surveillance, and
reconnaissance—or reactively—by meeting up with CCA that land at a new location after their
takeoff location was attacked.' Figure 4.4 plots over 100 airfields (85, if Taiwan is excluded) with
runways longer than 4,000 ft and within 1,500 km of a location where bombers launching standoff
cruise missiles might need a CCA escort. Taking a cue from the Swedish Air Force, this number could
be expanded even further through the use of prepared highway strip locations."™* These runways and
highway strips could potentially be used by the USAF during a conflict with China. Although the
minimal support required for CCA and the likelihood that some would be destroyed on the ground
would mean higher than typical crewed aircraft attrition; the planned quantity of over 1,000 CCA
would provide a significant reserve.""? These replacement aircraft could be stored in basic warehouses
or shipping containers, making them difficult to preemptively detect and attack.

109 Thomas Hamilton and David A. Ochmanek, Operating Low-Cost, Reusable Unmanned Aerial Vehicles in Contested
Environments: Preliminary Evaluation of Operational Concepts, RAND Corporation, RR-4407-AF, 2020.

10 The largest logistical challenge is likely to be munitions because CCA are likely to be armed. Although air-to-air missiles and
small bombs can easily be carried in trucks or small cargo aircraft, there are typically significant restrictions on their movements
using civilian infrastructure. The U.S. government would need to engage with the governments of Japan and the Philippines very
early in the development process to negotiate those permissions.

11 North Atlantic Treaty Organization, “Swedish Gripen Jets Practise Landing on Highways,” May 21, 2024, updated June 5,
2024.

1128, Space Force, 2024
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Figure 4.4. Airfields with 4,000 Feet or Longer Runways Within 1,500 Kilometers of a Standoff
Launch Point

SOURCES: This map was created using ArcGIS Pro software by Esri. It features data from European Co-ordination
Centre for Accident and Incident Reporting Systems, Location Indicators by State, ECCAIRS 4.2.8, September 17, 2010;
Ruggles et al., 2024.

NOTE: The black dot indicates a standoff launch point.

The other major force design element that could enhance combat agility is the use of non-
traditional aircraft, such as airlifters, to employ standoff cruise missiles. For a major conflict, the
USAF may need to increase the number of cruise missile launchers. The USAF has begun to explore a
solution to this problem in the Rapid Dragon program, using aitlifters to provide many more
airframes for attack missions."” Large C-17 airlifters could bring cargo from outside the theater to a
location such as Hawaii, trade cargo for cruise missiles there, fly forward to launch locations, and then
proceed back to Hawaii for more missiles or directly to the continental United States to return to the
cargo delivery mission. C-130 aircraft, which are slower and smaller, would more likely be operating
forward in a manner similar to the “extreme ACE” CCA operational concept. Needing only a short

13 Air Force Research Laboratory, “Rapid Dragon,” webpage, undated-b. C-17s have been launching ballistic missiles as test
targets for several years. For reporting on one recent test, see Joseph Trevithick, “C-17 Launching Mock Ballistic Missile Seen
Like Never Before,” War Zone, February 9, 2024. According to USAF fact sheets, the USAF operates over 400 C-130 aircraft
and over 200 C-17 aitlifters, compared with the current bomber force of just over 150 B-1, B-2, and B-52 aircraft (USAF, “B-1B
Lancer,” fact sheet, September 2016; USAF, “B-2 Spirit,” fact sheet, December 2015; USAF, “B-52H Stratofortress,” fact sheet,
June 2019; USAF, “C-130 Hercules,” fact sheet, June 2018; USAF, “C-17 Globemaster IIL,” fact sheet, undated).

41



runway, they could use the many air bases depicted in Figure 4.4, picking up pre-positioned pallets of
cruise missiles for employment and possibly being escorted by nearby CCA.

Passive Defenses

As noted earlier, broad use of passive defenses, such as fuel bladders, runway repair, and aircraft
shelters have generally been seen as the most cost-effective investment for improving air base
resiliency. The investments resulting from the OI5 effort discussed in Chapter 3 are an indicator of
this utility. Two topics that have not received quite as much attention are worth highlighting here,
however. First is the need for a significant capacity of these capabilities. Given the growing size of
China’s missile inventory, a single set of fuel bladders or small amount of crater fill material is unlikely
to provide more than a single attack’s worth of resiliency. Unless utilizing an “extreme ACE” concept
in which air bases are treated as disposable, locations could be attacked multiple times, necessitating
the ability to repair them multiple times.

A second passive defense consideration is to significantly expand use of simple and cheap CCD
measures to create “shell game” problems for adversaries. Whether they are empty storage buildings or
tents, aircraft sun shades, empty fuel bladders, or simply large numbers of camouflage nets covering
nothing, these types of fake targets have several synergistic effects. The concept is to focus on material
that can be quickly and cheaply deployed at scale to gain a scale advantage over China’s missile
manufacturing capability. These items would all be low cost and deployed in large numbers, so they
require more adversary intelligence, surveillance, and reconnaissance use; create prioritization and
capacity challenges; and, if an attack occurs, require an enemy to use more munitions, thereby
lowering the risk to other targets and causing earlier inventory depletion. This can be particularly
powerful at more distant locations, such as in the Second Island Chain and Australia, which can only
be reached with higher cost and by smaller quantities of missiles.

Additional Infrastructure

As discussed in Chapter 3, DoD is currently investing significant resources in expanding the
number and size of its installations in the Pacific region, with a particular emphasis on the Second
Island Chain. Although these investments are likely to notably improve peacetime capability for
training and exercises and provide additional basing capacity and flexibility in case of a contingency in
the Pacific region, their utility toward improving the resiliency of the basing posture is more suspect. If
we examine the MILCON projects highlighted in Chapter 3 in Japan, the Mariana Islands, Australia,
and the Philippines that are not replacement efforts, they can be categorized into parking, fuels,
runways, munitions, and various types of buildings, such as operations or maintenance facilities. Table
4.2 summarizes the types and numbers of these projects and makes some simple assumptions about
their potential vulnerability to attack.
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Table 4.2. Potential Risk to Ongoing Military Construction Projects

Estimated Number of Missile
Impacts Needed to Produce
Substantial Damagetoa  Missile Impacts Needed

Category of Project Number of Projects Single Project to Damage All Projects
Parking areas 12 3° 36

Fuel storage and handling 10 6P 60

Runways 4 4¢ 16

Munitions storage 10 10° 100
Operations facility 8 2¢ 16
Maintenance facility 10 2¢ 20

Storage facility 5 2¢ 10

Totals 59 258

SOURCES: Features data from U.S. Army, 2019-2025; Office of the Undersecretary of Defense (Comptroller),
undated; U.S. Air Force Financial Management & Comptroller, 2019-2024; and Public Law 118-47, 2024.

@ We assume use of a cluster warhead with small submunitions, such as the dual-purpose improved conventional
munition. Each missile could carry hundreds of these approximately one-pound projectiles, covering a large area.
®Here we assume storage and handling for four tanks and two hydrants, each hit with a single missile.

¢Four craters would provide two cut points, leaving three approximately 2,500-ft usable segments in an 8,000-ft
runway. These segments are too short for use by almost any loaded aircraft.

¢Munitions bunkers can be difficult to penetrate, although they are typically designed to prevent sympathetic
explosions, not protection from attack. Here we assume storage for two munitions each on five Hayman-style igloos.
¢ Each facility is assumed as two medium-sized soft buildings.

As can be seen from the table, despite the relatively large number of substantive projects, they are
unlikely to cause a very noticeable increase in the number of weapons needed by China in case of a
large-scale conflict. Compared with the inventory totals highlighted in Chapter 2 and noted in the
table, this is less than a 10-percent increase.

Taking into account the various political and operational risks discussed in the previous section,
Australia appears to be the most logical location for additional infrastructure investment as the USAF
looks to the future. It is very distant from Taiwan (4,260 km from Darwin to Taipei), but this
distance also makes it quite difficult for China to attack. The longest range IRBM-class missiles can
reach the northernmost bases, such as Darwin and Tindal (4,200 km from Darwin to the Chinese
mainland), but these are likely to be much fewer in number than the missiles that can reach Guam, for
example (3,000 km from Guam to the Chinese mainland). Moderately closer locations either lack
infrastructure and resources (such as Papua New Guinea) or have high access risk (such as Indonesia).

Figure 4.5 shows the airfields available in the three northern states of Australia. Almost 300
civilian airports are listed in the Northern Territories and Queensland, and RAAF operates five air
bases in those states as well.'"* Locations in Western Australia and New South Wales could also be

114 RAND Corporation, 2023. The RAAF bases are Darwin, Amberley, Tindal, Townsville, and Scherger.
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useful for operations in the South China Sea or South Pacific region. Australia is one of the United
States’ closest allies, is a member of the Five Eyes intelligence alliance, and recently signed the
AUKUS trilateral security agreement with the United States and the United Kingdom. Unlike islands
in the Pacific region, there is no shortage of land area. The security of these locations would require
further study, but it may prove easier to secure a remote Australian base than a Pacific island from
small drones.'?®

Figure 4.5. Airfields Located in Australia’s Three Northernmost States

SOURCES: This map was created using ArcGIS Pro software by Esri. Features data from Australian airfields from RAND
Corporation, 2023; Wikipedia, “List of Airports in the Northern Territory,” webpage, last updated February 16, 2024a;
Wikipedia, “List of Airports in Western Australia,” webpage, last updated August 18, 2024b; Wikipedia, “List of Airports
in Queensland,” webpage, last updated December 28, 2024c; Australian Bureau of Statistics, “Australian Statistical
Geography Standard (ASGS) Edition 3,” data files, July 20, 2021.

NOTE: The green dots reflect an existing airfield or airport.

Although the United States is already investing at Darwin and Tindal, the biggest downside to a
much more robust operating infrastructure in northern Australia is the low sortie rates and high air
refueling demands that would result from such a distant location. Pulsed operations and greater use of
standoff weapons that will require less flying distance could help mitigate these issues to some extent.
Despite the difficulties, it is important to recall that even low sortie rates from Australia would
provide much more combat power than zero sorties flown from a closer base with no surviving fuel
storage or cratered runways.

115 One concern with island locations is that small civilian boats could launch small UAS attacks from offshore.
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Active Defenses

The last of the four investment areas to consider is active defenses. In addition to the Patriot
missile batteries that already protect locations in Japan and the Terminal High Altitude Area Defense
system on Guam, INDOPACOM is planning for a substantial set of new air defenses on Guam to
protect it and possibly nearby islands.'® Outside that effort, there are ongoing Army air defense
modernization efforts and various laboratory programs to explore new technologies, such as directed
energy and more-capable gun-based systems. Evaluating the cost, effectiveness, and trade-offs inherent
to all of these options is outside the scope of this chapter; however, there are several issues worth
highlighting, Primary among them is the need to match the capability and capacity of each
installation’s defensive system with the threats it is likely to face by the time of fielding. Kadena,
Andersen, and Darwin air bases are likely to face very different numbers, capabilities, and types of
threats, and threats in 2030 could be quite different from those in 2025. One-size-fits-all solutions
may end up overwhelmed in some locations or may be excessively costly in others. Given the numbers
and types of threats, installations in the First Island Chain may soon be indefensible from concerted
Chinese attacks at a realistic cost, if they are not already. The multiple layers and types of systems
being proposed for the Guam defense system appear to reflect serious consideration of numbers and
capabilities of threats, but the resulting complexity and cost may slow progress to the point that it is
obsolete when fielded.'”” Moreover, active defenses have a force multiplying effect on force structure,
passive defense, and infrastructure investment. That is, expensive active defenses without sound
investment in passive defenses and infrastructure may be unwise, but expensive active defenses can
significantly increase the effectiveness of passive defense and infrastructure. If supported with analysis,
DoD is likely to preserve valuable resources and make faster progress toward an operational
installation strategy if pragmatic realizations such as these can be made and acted upon sooner, rather
than later.

A lesson in failing to heed these risks can be seen in the ongoing conflict in Ukraine, where
Russian air base defenders do not appear ready to protect their air bases against the small drones that
are destroying their aircraft.""® To avoid a similar fate on a much larger scale, the USAF should
conduct a serious cost-benefit analysis of fielding its own active defense capabilities, ones that are
tailored for air base defense in Pacific and European threat environments. “Free” defenses provided by
the Army are understandably difficult to turn down but may simply be too limited in number and face
too many compromises in capability to provide much real-world utility to a dispersed basing posture.
Such an effort would require engagement with the Office of the Secretary of Defense; the Joint Chiefs
on authorities; and an entire new portfolio of personnel, training, doctrine, and equipment within the
USAF."® This would come at a substantial cost if accomplished.

116 7..¢ch Abdi, “Missile Defense Agency Provides New Details on Defense of Guam,” Naval News, October 1, 2023.
17 Jen Judson, “US Faces Hurdles Next Year for Guam’s Missile Defense, Experts Warn,” Defense News, December 7, 2023.
18 “Ukrainian Strike on Crimea Airbase Destroys Three Russian Warplanes, Satellite Firm Says,” Reuters, May 17, 2024.

19 Eor much more discussion on this topic, see Vick et al., 2020.
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Summary

For over 15 years, analyses and wargames have indicated that a substantial and well-conceived mix
of force design, active and passive defenses, and infrastructure improvements has a high likelihood of
preserving USAF combat capabilities during a near-peer conflict.'”® These same studies indicate that
continuing with business as usual while China continues to modernize and expand its capabilities
could pose an existential threat to USAF operations in the Pacific region. Unfortunately, there have
been only limited efforts to improve the situation for USAF installations, and they appear to be thinly
resourced and primarily aspirational to date. The most likely improvements will be realized as OI5
investments are fielded at USAF operating locations, but they too will require reinforcement and long-
term sustainment.

There are, however, significant opportunities on the horizon to improve the resilience of USAF
installations. There is now noticeable momentum in DoD and Congress, as evidenced by the OI5,
Guam defense system, and MILCON investments, that could be used to gain funding for additional
passive defenses, infrastructure programs in Australia, and research and development into lower-cost
and more-agile active defenses. Political relationships between the United States, Australia, Japan, and
the Philippines are on the upswing and could be taken advantage of with government efforts to
improve basing options for both current systems and future ones, such as CCA. CCA are early enough
in their development process that new basing concepts can be implemented at a reasonable cost,
perhaps even ones that do not require air bases or runways at all. New organizations in the USAF
with tools and authorities for future planning, such as the Integrated Capabilities Office and the
Program Assessment and Evaluation Office, could take on basing resiliency as an initial high-priority
problem area requiring rapid progress. Competition with China challenges DoD and the DAF with
many simultaneous problems, but basing resiliency need not be one that goes unanswered.

120 Mark F. Cancian, Matthew Cancian, and Eric Heginbotham, The First Battle of the Next War: Wargaming a Chinese Invasion
of Taiwan, Center for Strategic and International Studies, January 2023; Lynch et al,, 2023.
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Chapter 5

Findings and Recommendations

Air base defense is, by now, among the highest priorities for the DAF. In fact, it is a stated
imperative. The criticality of defending U.S. air bases against threats from China and Russia is not lost
on many members of Congress either. Congress has implored the secretaries of the USAF and the
Navy to invest more in passive defenses of U.S. military bases. This study has offered a careful look at
how DoD, particularly the DAF, has invested in defending air bases. Toward this effort, we
synthesized RAND operational analysis on defending air bases. We further examined the monies
spent on air base defense over the past five years by DoD, with an emphasis on USAF expenditures
for passive defense. Finally, we proposed a framework for prioritizing investments in defense of air
bases and related infrastructure.

Findings

Our findings are several. First, the USAF continues to explore various options to improve
installation resiliency during great-power conflict; however, improvements to date have been limited,
even though the threat has advanced substantially. OI5 has raised awareness about the criticality of
defending air bases and shifted attention toward this effort. However, the threat—as reflected in
Chinese missile capabilities—continues to grow. Advances in defending air bases have not kept pace.

Second, as threats to air bases continue to grow, delays in investments to air base defenses imply
larger future expenditures to address the problem. The upshot of this finding is that playing catch-up
may be a costly strategy for air base defense. Closing the gap between requirements and spending may
become harder each year. The more U.S. adversaries devote to missile, UAS, and related weapons
advancement, the more protracted this problem becomes for DoD.

Third, in the past five years, air base defense procurement budgets have been trending upward, but
spending on passive defenses has significantly lagged spending on active defenses. From 2019 to 2024,
active defense appropriations averaged $1.2 billion annually and passive defense appropriations
averaged $0.8 billion, but MILCON infrastructure appropriations on new bases or hardening in the
Pacific region averaged only $0.3 billion annually. There has been a divergence in spending on active
versus passive defenses. Active defense programs appear to have strong advocacy in the Pentagon and
in Congress, as reflected in the data. However, passive defense funding has continually been deferred
until very recently. Whether this reversal upward proves to be an aberration remains an open issue.
Fortunately, Congress, as of this writing, appears to be advocating strongly for more passive measures.

Fourth and related to MILCON investments, our data suggest approximately 70 percent of
PACAF MILCON has been allocated toward either hardening existing infrastructure or building new
locations.
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Finally, our initial assessment suggests that OI5 investments are likely to provide a noticeable
improvement to air base resiliency. The FY 2024 investments in passive defenses are encouraging in
this regard. However, all investments toward this pursuit must be deployed, manned, and sustained
appropriately. This will obviously require follow-on initiatives. Although the FY 2024 data provide a
point of optimism, future budgets and appropriations will ultimately dictate how successful and
committed the DAF is to the imperative of base defense.

Recommendations

Our research here suggests several recommendations. There is currently significant momentum in
Congress for increases and improvements to air base defense, especially on the passive side. The
Pentagon should leverage this momentum to push for and promote more investments in this area.
The DAF will likely be knocking on open doors when it calls for overtures to Congress for more
appropriations to protect and defend its overseas bases and facilities essential for a war fight against
U.S. adversaries. The DAF should not be seen as dithering in air base defense investments, especially
passive defenses.

Relatedly, DoD and PACAF leadership should foster advances in relationships with allies and
partners in the INDOPACOM region to make more-substantive improvements to installation
resiliency. This process has begun, as reflected by investments, but there remain significant ground to
cover and opportunities to do so. In particular, the DAF should explore options with the government
of Australia to sustain and substantially expand infrastructure investment there. The potential air base
resources in northern Australia could prove critical to resiliency efforts in a potential U.S. war with
China. Investments in runways and similar infrastructures should be considered in partnership with
the government of Australia. Trade-offs will clearly have to be assessed, but our research suggests that
Australia is an attractive option for air base resiliency in the Pacific region.

Finally, PACAF should engage with USAF headquarters, particularly with the new Integrated
Capabilities Command and Integrated Capabilities Office, to explore options for DAF ownership and
operation of active defenses. This should include a review of changes that would be required across
doctrine, organization, training, materiel, leadership and education, personnel, facilities, and policy
and their associated costs; an assessment of future threats, including proliferated autonomous small
UAS; a technical review of defensive options for these threats; and engagement with the Office of the
Secretary of Defense and the Joint Staff on authorities. It will be difficult to make an informed
decision on whether the USAF should pursue this approach without this information.
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Abbreviations

$TY
AB
ABADS
ACE
AFB
AMD
C2
CAL
CCA
CCD
CODE
C-sUAS
C-UAS
DAF
DAL
DoD
FOL
FY
FYDP
GLCM
IBCS

INDOPACOM

IRBM
MILCON
MRBM

Ol

PACAF
PLA

POM
RAAF
SHORAD
TAB-VAM
TAM-ROM
UAS

then-year dollars

Air Base

Air Base Active Defense System

Agile Combat Employment

Air Force Base

air and missile defense

command and control

critical asset list

collaborative combat aircraft
camouflage, concealment, and deception
Combat Operations in Denied Environments
counter—small unmanned aircraft systems
counter—unmanned aircraft systems
U.S. Department of the Air Force
defended asset list

U.S. Department of Defense

forward operating location

fiscal year

Future Years Defense Program
ground-launched cruise missile
Integrated Battle Command System
Indo-Pacific Command
intermediate-range ballistic missile
military construction

medium-range ballistic missile
operational imperative

Pacific Air Forces

People’s Liberation Army

Program Objective Memorandum
Royal Australian Air Force

short-range air defense
Theater Air Base Vulnerability Model

Theater Air Base Resiliency Optimization Model

unmanned aircraft systems
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USAF
USAFE

U.S. Air Force
U.S. Air Forces in Europe
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