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About This Report

The research reported here was sponsored by United States Air Forces in Europe — Air
Forces Africa, Directorate of Logistics, Engineering, and Force Protection (USAFE-
AFAFRICA/A4) and conducted within the Resource Management Program of RAND Project
AIR FORCE as part of the fiscal year 2024 project, "Expanding Combat Capability by
Improving Interoperability with Joint and Allied Partners." The objective of the project was to
help USAFE/AFAFRICA assess and improve interoperability with Joint and Allied Partners by
identifying obstacles that impede interoperability across disciplines of logistics, force protection,
and airbase recovery and recommending actions to overcome these obstacles in the short,
medium, and long-term.

That project had two broad lines of effort, one of which focused on aircraft cross-servicing
and maintenance, the focus of this report. A companion report tackles interoperability for base
operating support and airfield recovery.! The analysis in this report is intended to complement
the USAFE/AFAFRICA’s staff own efforts to expand partner interoperability. In particular, the
USAFE/AFAFRICA staff had been aggressively pursuing F-35 cross-servicing capability,
particularly with the United Kingdom, and initially asked RAND to support those efforts. As
barriers to F-35 interoperability began to be overcome, the project scope expanded to include F-
16 cross-servicing and the use of partner nation support equipment (SE), both of which presented
additional challenges and opportunities. This report covers all three areas.

In addition to the sponsoring office, this report should be of use to those within the DAF
involved in Agile Combat Employment, Agile Combat Support, setting the theater, and partner
interoperability generally.

This report documents work originally shared with the DAF on August 20, 2024. The draft
report, dated September 2024, was reviewed by formal peer reviewers and DAF subject-matter
experts.

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

! Patrick Mills, et al, Improving Partner Interoperability for U.S. Air Forces in Europe, DRR-A3161-1, September
2024.

il



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 webpage:
www.rand.org/paf/

This report documents work originally shared with the DAF on August 20, 2024. The draft
report, dated September 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

Issue

Interoperability is a core objective repeatedly reinforced by the Commanders of U.S.
European Command (EUCOM) and U.S. Air Forces in Europe—Air Forces Africa (USAFE) as
essential to alliance cohesion, operational resilience, and deterrence. Interoperability is also
critical to executing Agile Combat Employment (ACE), as USAFE’s ability to rapidly generate
and sustain combat power is constrained by the logistics and personnel burden of supporting
dispersed operations. After significant efforts to advance F-35 cross-servicing, USAFE/A4 asked
RAND to help improve interoperability by identifying obstacles and recommending solutions.
Beyond the F-35, the project scope expanded to include F-16 cross-servicing and the use of
partner nation support equipment (SE), which present distinct challenges and opportunities.

Approach

To address these questions, we reviewed key documentation — including policy, guidance,
and technical orders — from both the USAF and NATO. We also reviewed a range of RAND
research on the topics of aircraft maintenance, interoperability, and ACE, all of which can be
found in the references section. We conducted numerous interviews across the USAFE staff, the
USAFE fighter wings, and CONUS-based organizations like AF/A4, ACC, and AFLCMC.

We examined three topics: F-35 cross-servicing, F-16 cross-servicing, and the use of partner
nation support equipment. For each, we examined existing and anticipated interoperability
challenges, defining types and levels of cross-servicing and plausible operational use cases. We
mapped these concepts to aircraft design and fleet attributes, identifying key obstacles and value
propositions in consultation with interviewees. While this study does not quantify costs and
benefits in detail, it highlights their existence and outlines a path for USAFE to pursue further
analysis and implementation.

Findings and Recommendations

Table S.1 summarizes our findings on interoperability obstacles and our recommendations.
Significant progress has been made on the F-35 since the start of our project, clearing both
regulatory and technical obstacles, with some cross-servicing implementation now underway.
For the F-16, basic cross-servicing should be soon accessible, as NATO-releasable technical data
are available. For using partner nation support equipment, an evaluation of who should accept
risk of using partner nation SE and clear policy stating that are needed from USAFE. Finally,



USAFE planners should specify what maintenance capacity is required of its partners to make its
operational plans and concepts feasible, and communicate that clearly to its partners.

Table S.1. Summary of Obstacles and Recommendations

Issue Obstacles Recommendation

F-35 basic Security concerns exclude some Some limitations will remain on cross-servicing tasks.
cross-servicing cross-servicing tasks in JCSTD Operational planners be aware of these.

F-35 weapons Technical modification required to USAFE planners should specify concretely the added
servicingand  enable secure weapons servicing benefit to operational plans of F-35 weapon cross-
loading servicing and compare benefits to financial costs to inform

advocacy for U.S. and partner investment.

Lack of concretely stated operational ~ Use anticipated operational benefits to prioritize and tailor
benefits to inform exercise and training partner exercises to build and maintain weapons cross-

program servicing trust and confidence.

F-35 repair Technical modification required to USAFE planners should specify concretely the added
enable secure maintenance vehicle benefit to operational plans of F-35 PN repair and
interface compare to financial costs to inform advocacy for U.S. and

partner investment.

Lack of concretely stated operational ~ Use anticipated operational benefits to prioritize and tailor
benefits to inform exercise and training partner exercises to build and maintain weapons cross-

program servicing trust and confidence.
F-16 cross- Technical - Release existing NATO None, SPO done or nearly done.
servicing — cross-servicing technical data
QT/TH
Different F-16 variants require partner Formalize periodic familiarization events for basic cross-
familiarization and training servicing. Consider a virtual maintenance trainer.
F-16 cross- Do not have NATO releasable USAFE planners should specify concretely the added
servicing - technical data for BPO or PR benefit to operational plans of F-16 BPO and PR cross-
BPO/PR servicing capability. Benefits should be compared to cost
of modification.
Aircraft variant differences require If this technical obstacle is overcome, use specified
familiarization and training operational benefit to tailor partner exercise program.
Leveraging TOs restricts the use of nonstandard ~ Pursue one or more of the following COAs
partner SE SE 1. USAFE should evaluate who should accept risk of
Fiaht . h differi using PN SE proactively during exercises and
ighter whlngs ?Vﬁ: ! derlnhg th engagements and issue clear guidance accordingly
lapproac es :s OéEa” w t'enl ey 2. USAFE should pursue SPO and/or higher HQ action
everage partner proactively to formalize the use of PN SE to build necessary
Enterprise is not capturing information interoperability.
on the testing and usage of partner SE 3. AFLCMC should consider developing or making
available test equipment that can test SE beyond
current output methods to help wing-level personnel
manage risk when using PN SE.
Capacity Partner nation air forces may not have USAFE operational planners should estimate the

the capacity to accommodate any U.S. maintenance capacity they need — for servicing and

workload beyond basic cross-servicing inspection, weapons loading, and repair.

and/or occasional tasks. USAFE should directly engage with partner nations to
evaluate the maintenance capacity they can provide.

NOTES: QT = quick-turn; TH = thru-flight; BPO = basic post-flight; PR = pre-flight; JTD: joint technical data, PMA:
portable maintenance aid, MVI: maintenance vehicle interface, SE: support equipment, SPO: system program office,
USAFE: USAFE-AFAFRICA, COMUSAFE: Commander, USAFE
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Chapter 1. Background and Motivation

In full-scale conflict, Alliance members would likely quickly overcome
challenges, such as the glacial pace of procurement processes and policy
roadblocks to interoperability and information sharing, especially if NATO were
under attack. We must address those issues with the same vigor now to create the
day-zero capabilities we need to deter and defend in the future.

—General James B. Hecker?

The 2022 National Defense Strategy stresses that mutually beneficial alliances and
partnerships are critical to achieving U.S. objectives and commits the U.S. to increase
interoperability, particularly with NATO, and to reduce institutional barriers to interoperability.
The USAF’s 2021 Basing and Logistics Enterprise Strategy also promises to deepen
interoperability with joint and allied partners.* The Commander of EUCOM, General
Christopher Cavoli, repeatedly stresses importance of interoperability®, as does General Hecker
Commander of USAFE-AFAFRICA.® Across all of these, they stress the benefits of strengthened
relationships, alliance cohesion, operational capability and resilience, and the deterrence that
results from those.”

More specifically, interoperability is critical to executing agile combat employment (ACE),
the USAF’s concept for increasing survivability and operational flexibility in contested

2 James B. Hecker, “Air Superiority: A Renewed Vision,” ATHER: A JOURNAL OF STRATEGIC AIRPOWER
& SPACEPOWER, Vol. 3, No. 2, Summer 2024. “Day-zero interoperability” is a term that emerged in the 2010s as
used by military officials and experts to mean “effective cooperation from the very beginning of a crisis.” See:
NATO Allied Command Transformation. “Federated Interoperability,” NATO Allied Command Transformation,
webpage, undated.

3 DoD, “2022 National Defense Strategy of the US,” October 27, 2022.
4 USAF, 2021 Basing and Logistics Enterprise Strategy, not available to the general public

> Christopher G. Cavoli, Cavoli, Christopher G., “U.S. House Armed Services Committee Statement of General
Christopher G. Cavoli,” U.S. Army, U.S. EUCOM, April 26, 2023; and “U.S. House Armed Services Committee
Statement of General Christopher G. Cavoli,” U.S. Army, U.S. EUCOM, April 10, 2024.

6 James B. Hecker, “Air Superiority: A Renewed Vision,” ATHER: A JOURNAL OF STRATEGIC AIRPOWER
& SPACEPOWER, Vol. 3, No. 2, Summer 2024. 2024; and HQ USAFE-AFAFRICA Public, “USAFE-
AFAFRICA, NATO Allied Air Command welcomes new commander,” June 28, 2022.

7 Interoperability is often defined as the ability to act together coherently, effectively, and efficiently to achieve
tactical, operational, and strategic objectives. NATO’s definition is similar, emphasizing Allied objectives.
Interoperability can apply to Allies (a nation that is formally bound by a treaty or alliance, e.g., NATO and Partners
(a nation that cooperates with the U.S. on military or security matters but may not be formally bound by a treaty or
alliance). In this report, we focus on foreign nations and simply use the term partner or partner nation, as it is more
flexible and colloquial.



environments.® ACE shifts operations away from centralized, vulnerable airbases to a network of
dispersed locations,’ allowing forces to launch, recover, and sustain airpower while complicating
adversary targeting. This approach relies on rapid movement, decentralized command and
control, and a reduced logistics footprint (at dispersed locations), all of which require seamless
coordination with allied and partner forces, given that ACE operations will occur from partner
airbases. !’

Traditionally, USAF squadrons deploy with their full complement of maintenance personnel
and equipment, drawing primarily on home-station resources—meaning much of the sustainment
burden still falls on the deploying units.!' ACE thus presents two key challenges for USAFE.
First, deploying maintenance and other equipment to many forward operating locations (FOLs)
takes time, which can limit USAFE’s responsiveness.!? Second, USAFE’s assigned forces are
sized and scaled to support squadron-sized flight operations, such that spreading them out across
many (perhaps dozens) of locations could degrade maintenance capacity and thus combat
potential.'3

If U.S. aircraft can be serviced at partner airbases using local personnel and equipment—
without requiring dedicated U.S. maintenance teams—ACE operations become more agile and
scalable. This reduces the strain on USAF squadrons, shortens deployment timelines, and better
sets the theater for sustained operations. Just as critically, it assures both U.S. and NATO
commanders that they can generate combat power reliably from multiple locations, strengthening
deterrence by demonstrating credible and persistent airpower.

8 For more on the imperative for interoperability to support ACE, see: Sandeep Mulgund, “Agile Combat
Employment Interoperability and Integration,” Wild Blue Yonder Online Journal, December 18, 2024.

° Miranda Priebe, Alan J. Vick, Jacob L. Heim, and Meagan L. Smith, Distributed Operations in a Contested
Environment: Implications for USAF Force Presentation, RAND Corporation, RR-2959-AF, 2019.

19 For more on the ACE concept in general, see: USAF, Agile Combat Employment (AFDN 1-21), Curtis E. LeMay
Center for Doctrine Development and Education, December 14, 2022. See also: Congressional Research Service,
Defense Primer: Agile Combat Employment (ACE) Concept, January 12, 2024,

' For traditional squadron-sized operations, this deployment burden could reach 5-600 personnel and 5-7 C-17
loads of equipment. For more, see: Patrick Mills, James A. Leftwich, Kristin Van Abel, and Jason Mastbaum,
Estimating Air Force Deployment Requirements for Lean Force Packages: A Methodology and Decision Support
Tool Prototype, RAND Corporation, RR-1855-AF, 2017. While some mission-generation equipment that is not
aircraft-specific is prepositioned in WRM stocks across the theater, some must still be brought by each unit.

12 For analysis scrutinizing USAFE’s deployment packages and equipment prepositioning strategies, see: James A.
Leftwich, Colby P. Steiner, Mark Ashby, Katherine C. Hastings, Marta Kepe, Lauren A. Mayer, Ronald G.
McGarvey, Daniel M. Romano, Rachel Steratore, and Patrick Mills. Rethinking United States Air Forces in
Europe’s War Reserve Materiel Plan: Strategic Considerations for Great-Power Competition and Evolving
Operational Concepts. RAND Corporation, RR-A533-1, 2024.

13 For analysis quantifying the potential sortie potential degradation resulting from distributed fighter postures, 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.



Along with ACE operations in general, COMUSAFE has specifically emphasized the
importance of F-35 interoperability, with the explicit goal “for any F-35 to land at any F-35 base,
then refuel, repair, rearm, and return to action.”'* This rather expansive vision statement is
motivated by the need to maintain a unified and effective defense posture, enhance operational
efficiency, and ensure rapid and coordinated responses to emerging threats.

Context for this Project

In FY23, USAFE-AFAFRICA/A4 came to PAF for help in furthering its own efforts to
expand interoperability with partner and allies. The project that resulted was intended to help
USAFE/AFAFRICA improve interoperability with partners and allies by identifying obstacles
that impede interoperability and recommending actions to overcome these obstacles. That project
had two lines of effort, one of which focused on aircraft cross-servicing and maintenance, the
focus of this report. A companion report addresses interoperability for base operating support
and airfield recovery.'® In the next chapter, we define aircraft cross-servicing more formally, but
for now, we use it in terms of one nation providing maintenance or support services for another
nation’s aircraft.

USAFE initially focused us on the F-35, because their efforts to pursue cross-servicing with
the UK had encountered a series of obstacles. Our role was to complement their ongoing efforts
and help them adopt a more strategic approach by taking stock of the full scope of obstacles to
interoperability in order to better confront and overcome them. However, shortly before our
work began, USAFE achieved a breakthrough when the U.S. modified a key policy that had
previously complicated efforts to enable unsupervised cross-servicing with the UK.'® This policy
change significantly reduced the legal and bureaucratic obstacles to F-35 interoperability,
allowing USAFE to move forward with implementation.

With the major policy barriers to F-35 basic cross-servicing removed, USAFE shifted our
focus to the F-16 (the most numerous fighter type within Europe generally and NATO
specifically) to apply a similar analytical lens to assess what obstacles and opportunities existed
for the F-16. This effort ran in parallel with work by the USAFE staff on F-16 interoperability.
As this work progressed, we were then asked to examine the use of partner nation support
equipment (SE). A key challenge in this area involved uncertainty within the command over the
authority to use partner nation SE.

14 Dan Heaton, “U.S. Norway conduct first F-35 cross-service maintenance,” USAFE-AFAFRICA, webpage, April
22,2024.

15 patrick Mills, et al, Improving Partner Interoperability for U.S. Air Forces in Europe, DRR-A3161-1, September
2024.

16 The original policy required implementing arrangements to allow unsupervised aircraft cross-servicing by a
partner nation. The new policy changed this to only require an acquisition and cross-service agreement (ACSA).
Department of the Air Force, DAFI 25-301, Acquisition and Cross-Servicing Agreements, October 18, 2023.
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The evolution described above drove the scope of this paper, including the breadth of topics
we cover and the depth with which we cover them.

Framing the Journey Toward Interoperability

Having day-zero interoperability means that you have demonstrated that interoperability to
satisfy both participating partner nations, such that they have sufficient trust and confidence to
depend on one another. For aircraft, cross-servicing can already be performed when supervised
by qualified U.S. personnel.!” Achieving unsupervised cross-servicing — USAFE’s goal —
requires building up that trust and confidence over time. But there are barriers to merely starting
that journey, and those barriers are erected deliberately to ensure the safety of personnel, protect
sensitive information, and prevent unnecessary risks or costs to the U.S.

It is generally accepted that in peacetime, a more conservative and risk-averse mindset
predominates, to avoid those negative outcomes. And in crisis or conflict, commanders can
accept more risks based on operational need. In other words, the risk-reward calculus changes.
Unfortunately, those barriers that seem necessary in peacetime may impede the building up of
interoperability to be accessible during crisis or conflict. To use the figure of speech, the logic of
“break glass in case of emergency” only works if you can use what is on the other side of the
glass once you reach it.

Thus, we observe a necessary progression to building day-zero interoperability of the sort
USAFE seeks:

1. The peacetime risk-reward calculus results in a set of status quo barriers.

2. Those barriers must be identified and a determination made whether and how to
overcome them. When there is some cost to overcoming those barriers (e.g., to
implement a technical solution), those costs and the benefits they bring must be tallied.
This step is inherently exploratory and investigative — discovering and grappling with
what barriers and solutions exist.

3. Once barriers are overcome, investment can be committed to build and maintain that
desired interoperability. This step also requires reckoning with cost — is it worth further
investment of time, attention, and funding to gain whatever anticipated benefits may
accrue?

Thus, cost-benefit formulations factor into steps two and three above. The inability to
articulate concretely (let alone quantify) the anticipated benefit of a type or level of
interoperability prevents you from reckoning explicitly with the cost incurred to (a) overcome an
obstacle or to (b) develop the interoperability you seek. If costs and benefits cannot be articulated
and compared concretely, this will in turn prevent you from effectively (a) advocating for the

17 USAF, “Department of the Air Force Instruction 21-101,” Aircraft and Equipment Maintenance Management,
December 20, 2023.



enterprise or partner investment or (b) prioritizing your own pursuit of interoperability among
the other competing priorities (involving funding, staff time, and unit time and attention).!'®

USAFE seems to be at a transition point in its pursuit of interoperability, having identified
(and in some cases overcome) barriers to interoperability, but having not yet achieved the full
scope of interoperability they seek. Each interoperability case we analyze—F-35 cross-servicing,
F-16 cross-servicing, and partner nation SE—presents unique strategic and operational benefits,
as well as different types and scales of cost. These must be assessed individually to determine the
most effective pathways forward. To our knowledge, USAFE’s desired use cases for
interoperability have not been systematically documented or compared against the costs and
burdens of developing and sustaining such capabilities. This study seeks to fill part of that gap—
clarifying the obstacles, providing a way ahead for USAFE to confront and overcome those
obstacles, and characterizing the cost-benefit tradeoffs where possible.

Scope and Research Questions

The scope of this paper is informed by both the context for the project laid out in a previous
section, as well as our observations on USAFE’s journey toward interoperability in the previous
section. Because of those realities, we focused this paper on framing and characterizing
USAFE’s challenges for each topic we address, including clarifying the obstacles to expanding
interoperability in those topic areas. It was not within the scope of this project to analyze and
quantify in detail the costs and benefits identified in our analysis, but instead to highlight where
those exist and to chart a path forward for USAFE itself to pursue.

With that in mind, we use the following research questions to guide our analysis.

e What does aircraft cross-servicing entail?

e What are the key operational use cases for aircraft cross-servicing?

e What are the primary barriers that hinder the realization of identified interoperability use
cases?

e What actions could be taken to overcome the identified barriers and enable partner
nations to provide some degree of cross-servicing capability?

e How can each identified obstacle be assessed in terms of the relative cost or burden to
overcome and the expected contribution to realizing interoperability use cases?

18 The companion report speaks to another internal obstacle which is a degree of fragmentation and lack of
orchestration across the command. Pursuing interoperability requires cooperation across the staff and wings, and the
companion report finds that USAFE’s approach is not sufficiently orchestrated or coordinated to achieve stated
goals effectively. That report has recommendations to remedy these shortcomings.
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Approach

To address these questions, we reviewed key documentation — including policy, guidance,
and technical orders — from both the USAF and NATO. These included, but were not limited to,
the following.

Department of the Air Force Instruction (DAFI) 21-101, Aircraft and Equipment
Maintenance Management

DAFI 25-301, Acquisition and Cross-Service Agreements

USAF, Air Force Instruction 21-150, Aircraft Repairs and Maintenance Cross-Servicing,
October 18, 2023

USAF, Department of the Air Force Instruction 90-802, Risk Management, October 4,
2023

USAF, Department of the Air Force Pamphlet 90-803, Risk Management (RM)
Guidelines and Tools, March 23, 2022

USAF Technical Order 00-20-1, Technical Manual, Aerospace Equipment Maintenance,
Inspection, Documentation, Policies, and Procedures

USAF Technical Order 1F-16C-2-1-1, Technical Manual, Cross-Servicing Guide

USAF Technical Order 00-25-107, Maintenance Assistance, August 15, 2011

USAF Technical Order TO 00-5-1, AF Technical Order System

NATO Standard, AASSEP-13, Aircraft Cross-Servicing, Edition A Version 1

We also reviewed a range of RAND research on the topics of aircraft maintenance,

interoperability, and ACE, all of which can be found in the references section.

We conducted numerous interviews across USAFE and CONUS-based organizations,

including the following:

From the USAFE staff, personnel from A4M, A3Z, A5X ACE Team, and ASIL.

Personnel from all three fighter wings — 31 FW, 48 FW, and 52 FW - including personnel
from MSG, MXG, and OG, including one or more ACE SMEs, planners, maintenance
and operations group commanders, and wing commanders.

Personnel from AF/A4L, ACC/A4, and AFLCMC.

Our interview protocol can be found in Appendix A.

For each topic — F-35, F-16, and partner nation SE — we consulted interviewees to understand

what obstacles they were already facing or anticipated facing in expanding interoperability in

their particular purview. Springing out of those discussions, we defined types and levels of cross-

servicing and plausible operational use cases. We mapped those cross-servicing concepts to the

specific design features and fleet attributes of the respective aircraft, and in discussion with

interviewees, identified the obstacles to and value propositions for achieving such levels of

cross-servicing. We then used those definitions and use cases to structure our evaluation of

obstacles. Because our application of these use cases and identification of obstacles was unique

to each topic area, we explain more about how we did so in each topical chapter.



Aircraft Cross-Servicing is Receiving Renewed Attention

Before we proceed, we call attention to the fact that in Europe and NATO, aircraft cross-
servicing is not new. While several circumstances are converging to raise the urgency and
importance of interoperability in USAFE, there is a long history of pursuing interoperability in
general, and aircraft cross-servicing specifically. USAFE’s efforts will ultimately intersect and
dovetail with Ally and partner pursuits of interoperability.

In Europe, aircraft cross-servicing began during the Cold War as a practical measure to
enhance operational flexibility and readiness. The primary goal was to ensure that NATO
member states could support each other’s aircraft in dispersed and contested environments. To
support international missions NATO established structures allowing operational commanders to
deploy tactical aircraft from bases other than their main operating locations, utilizing personnel
and equipment from other nations. This led to efforts to standardize cross-servicing within
continental Europe. Initially, cross-servicing was largely ad hoc, relying on bilateral or
multilateral agreements between member states. The first Standardization Agreement
(STANAG) for cross-servicing was ratified in the 1960s.!

During this time period, the Allied Cross-Servicing Program (ACSP) was established. The
ACSP was intended to “be a force enabler for operational commanders by proving flexible and
affordable means of achieving rapid regeneration of available manned aircraft” and secondarily
to provide a solution for reducing the logistic footprint and to maximize interoperability.”?° Over
the years, the need for cross-servicing persisted, prompting improvements to the STANAG.

After the Cold War, the threat landscape shifted, leading to a reevaluation of cross-servicing
needs. With the dissolution of the Warsaw Pact, the immediate need for widespread cross-
servicing diminished, but the concept remained relevant in the context of NATO’s evolving
missions, including peacekeeping and crisis response. The expansion of NATO in the 1990s and
2000s introduced new member states, necessitating updates to cross-servicing practices to
accommodate diverse aircraft fleets and varying levels of capability. Modernization efforts also
included the adoption of new technologies and procedures to maintain interoperability in
increasingly complex operational environments.

The ACSP went dormant in 2007, though some nations continued using bilateral
agreements.?! In recent years, NATO and its Joint Air Power Competence Centre (JAPCC),
along with the European Air Group (EAG), have worked to reactivate and update the ACSP,
leading to the revival of STANAG 3430 in December 2018, which now governs the

19 By the 1950s and early 1960s, NATO had already established numerous STANAGS to support various aspects of
allied operations, e.g., communication procedures, logistics, and medical practices.

20 NATO, Standardization Agreement STANAG 3430, Ed. 11 — Draft, 2019.

2! Thomas Tiichsen, “The New Aircraft Cross-Servicing Programme of NATO: Possibilities and Challenges of the
Aircraft Cross-Servicing Agreement,” Warfare Domains: Air Operations, Edition 30, September 2020.
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implementation of key ACSP documents.?? JAPCC, a multinational center providing analysis
and advice to NATO HQs and national policymakers, has published extensively on
interoperability, including aircraft cross-servicing.??

Meanwhile, the EAG, an independent defense organization, continues to focus on improving
interoperability among the air forces of its member and partner states.?* More recently, the 2022
invasion of Ukraine has intensified efforts among NATO allies and partners to enhance
cooperation and interoperability with both the U.S. and European neighbors.?> NATO now
stresses “hard-wiring interoperability into their capabilities ready for the very first day of a
NATO mission.”?¢

Organization of This Report

Chapter 2 describes aircraft servicing and maintenance and the operational use cases one
could enable if one had different levels of cross-servicing and maintenance available from a
partner. Chapter 3 applies those servicing and maintenance concepts to the F-35, Chapter 4 does
so to the F-16, and Chapter 5 applies them to the use of partner nation SE. In Chapter 6, we
provide conclusions and recommendations for USAFE, the USAF, and its partners in pursuing
greater interoperability in aircraft cross-servicing and maintenance. Appendix A contains our
interview protocol.

22 Tiichsen, Thomas, 2020.
23 Joint Air Power Competence Center, webpage, undated. JAPCC is sponsored by 14 of NATO’s 32 nations.

24 The EAG, originally founded by France and the United Kingdom, now consists of seven total member states, also
including Belgium, Germany, Italy, Netherlands, and Spain.

2 Examples include Finland and Sweden joining NATO, many NATO member nations increasing joint exercise
participation, and some purchases of interoperable weapon systems. This overall sentiment was also echoed in our
discussions with USAFE personnel.

26 NATO Allied Command Transformation. “Federated Interoperability” NATO Allied Command Transformation,
webpage, undated.



Chapter 2. Servicing Concepts and Operational Use Cases

This chapter introduces the “theory” of aircraft cross-servicing and maintenance that we will
apply to specific aircraft in later chapters. We start with a thorough discussion of various
servicing and inspection procedures, what they achieve, and what equipment is required to
support them. We then discuss the operational use cases one could envision accomplishing if one
had each set of servicing procedures (and some in combination) and equipment available at a
partner nation base. We conclude the chapter with a brief assessment of the implications of these
two sections.

Before we begin, we provide a few definitions. Maintenance is an overarching term that
“encompasses all actions necessary to preserve or restore the operational condition of an aircraft,
including repairs, replacements, and servicing.”?’ Aircraft servicing refers to “routine actions
performed on an aircraft to ensure it is ready for flight, such as refueling, checking fluid levels,
and replenishing consumables.”® Inspection involves the “systematic examination of an
aircraft's components, systems, and structure to detect wear, damage, or malfunctions.”?® Repair
involves the “corrective action taken to fix a specific fault or malfunction in an aircraft, restoring
it to a serviceable condition.” ** (emphasis added)

USAF instruction defines aircraft maintenance cross-servicing as “basic non-invasive aircraft
maintenance, such as aircraft launching/recovering, fluid servicing, or refueling/defueling,
provided by the Supplying Participant at the request of the Receiving Participant when there are
no task-qualified maintainers present from the Receiving Participant. In this instance, the
Supplying Participant is responsible for maintenance quality and documentation as previously
agreed upon.”! Note that this definition emphasizes the absence of task-qualified maintainers.

NATO defines aircraft cross-servicing as “the mutual support between allied or partner
nations where one nation provides servicing, maintenance, or repair support to another's aircraft
under a prearranged agreement.”?? That said, cross-servicing generally refers to the capability of

2T USAF, “Department of the Air Force Instruction 21-101,” Aircraft and Equipment Maintenance Management,
December 20, 2023.

28 ibid.

29 ibid.

30 ibid.

31 USAF, “Department of the Air Force Instruction 25-301,” Acquisition and Cross-Service Agreements, October
18, 2023.

32 NATO, NATO Standardization Agreement (STANAG) 3430, Aircraft Cross-Servicing, April 16, 2020, not
available to the general public. NATO, in its new ACSP, is dividing cross-servicing into two main areas. Basic
Cross-Servicing includes work that can be supervised by the aircrew: refueling, marshalling, ground handling,



providing operational or logistics support to another nation’s aircraft, which could include
refueling, rearming, maintenance checks, and other ground services that ensure the aircraft is
mission-ready.

The above definitions use the term Supplying Participant as the one providing a service,
while the Receiving Participant is receiving the service. NATO terminology typically refers to a
host nation (HN) as the country where an action occurs (and generally provides the service),
while the sending nation (SN) to refer to the nation sending forces and receiving services.
Because we are writing from the U.S. perspective, we refer to the U.S. as the sending nation and
receiving participant, and we refer to the partner (for shorthand) or partner nation (PN) to mean
the HN and the supplying participant.>*

Aircraft Cross-Servicing and Maintenance — What it Takes

There is a wide spectrum of maintenance tasks that a partner nation could plausibly perform
on a U.S. or other sending nation aircraft. Understanding the distinctions is necessary to inform
our discussion here. And it is important to understand which types of servicing tasks are done in
different operational contexts to know what real-world operational capabilities a given level of
cross-servicing by a partner nation would provide.

Cross-Servicing Concepts for Legacy Aircraft

The following description of the inspection and documentation system applies to legacy
aircraft such as the F-16 and F-15, while the F-35 has a different system. We explain this legacy
system first, then draw some distinction for the F-35.

Requirements for aircraft ground handling and inspection are specified in a series of
Technical Order (T.O.) documents. Technical Order 00-20-1 provides mission design series
(MDS)-agnostic yet very detailed requirements for aircraft inspections and ground handling
procedures.* Each MDS then has its own "-6" TO (thus nicknamed because the TO number ends
in a “-6”) which define the scheduled inspection and maintenance requirements for each MDS.

replenishment of fluids and gases (e.g., oxygen, nitrogen), starting of the engine and removal of safety devices of the
weapons system. Mission Cross-Servicing includes the work of Basic Cross-Servicing and also covers the
capabilities for mission planning and weapon loading. See: Thomas Tiichsen, 2020.

33 s it worth noting that none of these definitions account for munitions, which while essential for ACE are not
considered in current cross-servicing agreements. This is evidence that weapons loading and servicing is something
that has not been routinely considered in the past.

34 The term sending nation could also apply to multiple sending nations operating together (with or without the
U.S.) out of another HN, such that one sending nation services another sending nation’s aircraft.

33 USAF, “Technical Order 00-20-1,” Technical Manual, Aerospace Equipment Maintenance, Inspection,
Documentation, Policies, and Procedures, June 21, 2021.
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Further, “workcards” are standardized documents used in USAF aircraft maintenance to provide
step-by-step instructions for specific maintenance tasks.3®

Figure 2.1 shows (in simplified form) the types of servicing and inspection required to
sustain aircraft operations over time and in different circumstances. The rectangular box at the
top encompasses the range of inspections over time. We walk through it from left to right. The
cycle begins with a Combined Preflight/Postflight Inspection (BPO/PR), which serves as the
foundation for the aircraft’s operational cycle. The combined BPO/PR inspection consolidates
the Basic Postflight and Preflight inspections into a single, comprehensive procedure that ensures
the aircraft is ready for continued operations by addressing both end-of-day postflight checks and
next-flight preparations. It includes inspection of key systems, servicing of consumables such as
LOX and hydraulics, and documentation in the aircraft forms, and once complete, opens a 72-
hour validity window for flight operations.

Figure 2.1. Cycle of Servicing and Inspection

v |
BPO/PR —72 hrs

: >24 hrs Turning the
Sortie since last ) .
required | | flightor | N LElY sortie Jeggft?év:fn N— RON
inspection? I :
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Y
H A4
Perform

Perform WAI

THorQT [ Fly sortie

1
t Fault
Return to ops

Cleared—‘ Diagnose

t

Return to ops

I Repair

NOTES: The large solid blue arrow at the top depicts the inspection validity window opened by conducting a
Combined Preflight/Postflight Inspection, usually 72 hours. BPO/PR = Combined Preflight/Postflight Inspection; QT =
Quick Turn; TH = Thru-Flight Inspection; WAI = Walk Around Inspection; RON = Remain Overnight.

36 While the term workcard might suggest a physical card, in practice, these are structured checklists or procedural
guides that can be printed or accessed digitally. Workcards are part of the larger Technical Order (TO) system and
are derived from main TOs but broken down into manageable, task-specific instructions. They ensure consistency
and accuracy in maintenance by guiding technicians through each required step, often including safety precautions,
tool requirements, and quality control checks.
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If a sortie is required, and the flight will occur more than 24 hours after the last flight or

inspection, a Walk Around Inspection (WAI) must be performed.

A WAL is a limited external inspection conducted to verify that the aircraft remains
airworthy after a period of inactivity. It is required if more than 24 hours have passed
since the last flight or any inspection. The WALI is brief, typically visual only, and
documented separately in the aircraft’s forms.

As the aircraft launches a sortie and returns, the next required inspection depends on the time

elapsed and upcoming flight plans. If the aircraft is turning quickly to fly another mission within

the same flying day, it undergoes either a Thru-Flight (TH) or Quick Turn (QT) inspection.

A TH inspection - the default inspection and servicing conducted between flights on the
same day - is more structured than a QT, requiring a documented series of checks based
on the aircraft’s -6 TO workcards. It involves a more detailed system inspections or
servicing beyond what a QT requires, though it still falls within the validity period
established by the PR. For example, a TH may include hydraulic fluid top-offs, tire
pressure checks, brake and landing gear inspections, and a more detailed look at engine
performance or avionics health, whereas a QT might only involve verifying that external
indicators show no immediate faults.

A QT is the most minimal servicing required to rapidly relaunch the aircraft, typically
consisting of refueling, fluid checks, and a quick external inspection. This is used when
speed is the priority, ensuring the aircraft remains airworthy while minimizing time on
the ground.

During TH or QT, the aircraft will typically require refueling before its next sortie. Refueling

of fighters can be conducted using one of two methods:

Cold Refueling: The standard method when the aircraft is shut down between flights,
performed with the engines off. This allows for concurrent inspections and servicing,
such as QT or TH, while the jet is being refueled.

Hot Refueling: Conducted with the engines running. Eliminates restart time and is
commonly used in high-tempo operations where speed is critical but requires special
training and entails additional risk.

In both cases, refueling is performed during the turnaround process and does not significantly

add to overall ground time, since it is mostly concurrent with QT or TH inspections. The type of

refueling used depends on operational needs, available facilities, and risk considerations.

If the aircraft is completing its final mission of the day and will power down and remain

overnight (RON), no additional inspection is required under current USAFE practice—so long as

the Combined BPO/PR has already been completed earlier that day. The aircraft will remain

parked until its next flight, assuming the 72-hour validity window remains active. After the

aircraft remains overnight, the cycle repeats.

In Figure 2.1, below the rectangular box with servicing and inspections, we depict the cycle

of entering and leaving maintenance when a fault must be remedied. While circulating through

that cycle depicted at the top of Figure 2.1, if an aircraft shows a fault (whether identified by the
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pilot, the aircraft’s onboard computers, or a maintainer on the ground), that fault must be
diagnosed. That diagnosis may require pulling the aircraft out of circulation (i.e., into a
backshop), or it may be done on the flightline. In some cases, a fault can be cleared by
examining the system in question, possibly resetting it, or otherwise finding that it was a false
positive. Here, we designate the clearing of a fault with “Cleared”, and the aircraft can return to
operations.

If a diagnosis results in the identification of a real issue, the aircraft must be repaired. If the
maintenance required can be completed and the aircraft can be returned to service during the
current flying window, then only a TH and a new exceptional release (ER) are required.’” If the
maintenance is extensive and extends past the current flying window (implying the aircraft is
inducted into the backshop), then once the aircraft is repaired, a new BPO/PR and new ER are
required, which starts the cycle all over.

Cross-Servicing Concepts for the F-35

Unlike legacy aircraft with fixed servicing intervals, the F-35 relies on a structured but
dynamic maintenance approach. Instead of scheduled inspections like PR, QT, TH, and BPO, it
utilizes real-time diagnostics and condition-based maintenance (CBM). The Operational Data
Integrated Network (ODIN) continuously monitors system performance, generating maintenance
requirements based on actual wear rather than arbitrary timelines. This data-driven approach
optimizes availability and reduces unnecessary servicing.

Unlike legacy aircraft, which require a PR every 72 hours to maintain flight clearance, the F-
35 does not have a fixed pre-flight validity window. Before each sortie, a pre-sortie readiness
check is conducted, including ODIN health status verification, a pilot walkaround, and
replenishment of consumables if necessary. Instead of a scheduled QT or TH turnaround
inspection, servicing between flights is tailored to system-generated maintenance alerts. Some
aircraft may require additional servicing, while others may be ready for immediate relaunch
without further checks.

Post-flight servicing for the F-35 also differs from legacy aircraft. There is no standard Basic
Postflight Inspection (BPO) at the end of a flying period; instead, ODIN (Operational Data
Integrated Network) evaluates the aircraft’s performance data after each flight to determine

37 An exceptional release (ER) is a documented approval to fly an aircraft despite open discrepancies, overdue
inspections, or other unresolved conditions, based on an assessment that the aircraft is safe for flight under specified
limitations.

38 While current USAFE practice employs the Combined BPO/PR inspection to simplify and streamline operations,
the applicable -6 Technical Order for the F-16 defines the Basic Postflight (BPO) and Preflight (PR) inspections as
distinct requirements. Under that regime, the BPO is typically performed at the end of the flying day and the PR
before the first flight of a new flying period, with each inspection having its own content and signoff requirements.
The combined approach reflects an authorized adaptation to reduce maintenance burden and increase efficiency in

low-tempo environments, while still complying with overarching inspection validity rules.
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whether maintenance actions are required. However, one required postflight task is a visual
inspection of the aircraft’s Outer Mold Line (OML)—the external skin and surfaces—to detect
damage or degradation, particularly to low observable (LO) features. This inspection is essential
to maintaining stealth performance and typically occurs after each flight. The broader shift to
condition-based maintenance (CBM) enables the F-35 to avoid unnecessary scheduled
inspections by triggering actions based on actual system wear, performance trends, or faults.
Over time, CBM replaces the need for phase or periodic inspections by tailoring deeper
maintenance to the health of specific systems rather than fixed flight-hour intervals.?* While
legacy aircraft cycle through predefined inspections, the F-35 dynamically adjusts maintenance
schedules to optimize availability and sustainment. These differences are summarized in Table
2.1.

Table 2.1. Comparison of Legacy and F-35 Servicing Concepts and Terminology

Inspection Type Legacy Aircraft F-35
Pre-Flight PR: Fixed 72-hour validity window No fixed window; pre-sortie checks based on
ODIN alerts
Turnaround QT/TH: Standard checklist-based servicing ODIN-driven; only necessary servicing performed
Post-Flight BPO: Full post-flight inspection at the end  System-generated servicing tasks instead of a
of flying period fixed BPO
Phase Inspections Conducted at set flight-hour intervals No fixed schedule; CBM determines deeper

maintenance needs

NOTES: PR = Pre-Flight; QT = quick-turn; TH = thru-flight; BPO = Basic Post-Flight; CBM = conditions-based
maintenance; ODIN = Operational Data Integrated Network. Examples of legacy aircraft include F-16, F-15, and A-
10.

Operational Use Cases for Cross-Servicing and Maintenance

One of the central questions to be addressed is how much of what types of benefit does
USAFE anticipate garnering by achieving the different types and levels of interoperability in
cross-servicing just described. In our view, USAFE is pursuing cross-servicing for three basic
reasons:

o Improve response times: if the pilots and their aircraft can immediately deploy to a
forward location without waiting for any home-station support, they can demonstrate
remarkable responsiveness.

39 Phase maintenance refers to a structured inspection process used in legacy aircraft, where deeper maintenance
checks and servicing are conducted at fixed flight-hour intervals. These inspections divide major maintenance tasks
into "phases" to prevent aircraft from undergoing extended downtime all at once. The F-35 replaces this system with
condition-based maintenance (CBM), which schedules maintenance based on aircraft health data rather than
predetermined thresholds.
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e Decrease logistics burden: if maintainers can count on at least some mutual support

and/or available equipment, it reduces the transportation burden and cost.

o Increase flexibility and resilience: if there are many more locations available to provide

basic capabilities, pilots and mission planners have many more options.

Those benefits could apply differently across the spectrum of military operations, from
peacetime exercises to crisis response, to ACE operations, or large-scale combat operations in a
high threat environment. Table 2.2 summarizes how different servicing and maintenance tasks
support various operational use cases, reflecting those perceived benefits.

In Table 2.2, the first column shows the task being accomplished, be it servicing, inspection,
weapons rearming or servicing, or repair. The remaining column headings show the operational
use case. The cells in the table show how a given maintenance task supports that operational use
case. Shaded cells in the table indicate a strongly supported use case in our judgment.

Table 2.2. Operational Use Cases for Cross-Servicing and Maintenance

Task Exercises & ACE - Proactive & ACE -Hub & Emergency Divert LSCO - Sustained
Peacetime Ops Reactive Maneuver Spoke Operations Operations

QT/TH Deploy with less Allows fighters to Lowers cost of Expands divert If ground refueling
maintenance reposition rapidly operating from options, reducing done to save A/R,
personnel & without home-station more locations. the risk of aircraft ~ could enable quick
equipment maintainers. being stranded in turns and greater
Gain familiarity, be Lowers cost of contested areas. sortie productivity
better prepared for operating from more while still returning to
crisis or locations MOB to RON.
emergency.

BPO/ For longer In unpredictable or  Reduces cost of If aircraft has no Less applicable if

PR exercises, saves dynamic conditions, extended fault, avoids getting RON and most
on maintenance prevents aircraft operations at aircraft stranded. If  servicing done at
personnel and from becoming spokes. Reduces  aircraft has fault(s), MOB.
equipment needs. stranded merely due dependency on hub MRT would be sent

to inspection or MOB. anyway.
window.

WPN  Resource- In dynamic Reduces cost of Limited in Could enable quick
intensive, limiting conditions, enables  extended emergency turns and greater
its practical use flexibility to take off  operations at scenarios. sortie productivity to
outside of and land dynamically spokes. Reduces rearm while still
dedicated weapons with assurance of dependency on hub returning to MOB to
exercises. continuing combat or MOB RON.

sorties.
Repair Less applicable to Less applicable Reduces the need Reduces the need Less applicable if

exercises, as home
unit can send MRT.

for aircraft to return
from spoke to hub

locations for minor
repairs.

to send MRT if
aircraft
unexpectedly
diverts.

RON and most
servicing done at
MOB.

NOTES: QT = quick-turn; TH = thru-flight; BPO = basic post-flight; PR = pre-flight; WPN = weapons; MRT =
maintenance repair team, MOB = main operating base, RON = remain overnight, A/R = aerial refueling; LSCO =
large scale combat operations. Shaded cells in the table indicate a strongly supported use case in our judgment.

Table 2.2 includes five operational use cases.
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e Exercises & Peacetime Ops. For these activities, conserving resources is key, but
operationally beneficial features like flexibility, responsiveness, and resilience are less
important.

e ACE - Proactive & Reactive Maneuver. Here, speed and flexibility are key to enable
forces to shift locations to avoid attack and continue to operate.*

e ACE - Hub & Spoke Operations. Hub and spoke operations require the dispersal of
forces to many more locations than are normally supportable, which can strain
maintenance resources. Enabling dispersal to more locations with fewer resources
enables forces to sustain spoke operations and remain survivable for longer without being
as dependent on MOBs or ACE hubs.

e Emergency Divert. Aircraft may divert during peacetime or wartime operations for in-
flight emergencies, weather, and/or battle damage incurred during combat. If services are
available at these locations, affected aircraft could return to operation more quickly
without requiring an MRT from home-station (assuming there are no heavy repairs
required).

e LSCO - Sustained Operations. This case includes traditional (i.e., non-ACE) large-scale
high-optempo operations. Here, speed and flexibility are not as important as they are in
ACE. But survivability is important, and partner nation base could be used as drop-in
locations to reduce aerial refueling (A/R) demands.

Quick-Turn or Thru-flight

The first row of Table 2.2 shows applicability of QT and TH to the operational use cases. For
the first case, multiple nations participating in peacetime exercises or operations could deploy
together without the full complement of maintainers, leverage each other’s capabilities and
resources to save on logistics footprint, gain familiarity, and practice together for what could be
required in a crisis or emergency. This is likely to run into capacity constraints if multiple units
are operating collocated and expecting full support. Careful planning necessary to avoid these
constraints.

It could also be applicable to save on aerial refueling assets for long-distance deployments
(i.e., as an en-route instead of a deployment destination). As one example, if Portuguese F-16s
were to deploy from Monte Real Air Base to support the Baltic Air Policing mission in
Lithuania, they would need to travel approximately 1,650 miles to reach Siauliai Air Base. The
typical unrefueled range of an F-16 is about 1,500 miles without external fuel tanks, which
means the aircraft would fall short of the full distance. Even with external fuel tanks, which can
extend the range to around 2,425 miles, the journey would be near the edge of the aircraft’s
operational range, especially if carrying a combat load. The QT or TH inspection while
conducting ground refueling could obviate the need for a tanker.

For ACE operations involving proactive or reactive maneuver, these turnaround inspections
allow fighters to reposition rapidly without home-station maintainers. Under some circumstances

40 USAF, 2022. AFDN 1-21
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they could land, refuel, then take off again to fly a combat sortie or continue to maneuver. This
lowers cost of operating from more locations and enables more flexibility and speed, which in
turn underwrites the survivability that ACE promises.

For ACE hub and spoke operations, spoke locations typically have minimal flightline
maintenance. Having partners provide turnaround servicing, at spokes for example, would enable
USAFE to more affordably disperse to these postures.

Next, QT and TH servicing is ideal for emergency divert situations. In some conditions (e.g.,
if an aircraft is not actually damaged), partners providing this servicing enables USAF aircraft to
return home without sending forward maintenance personnel from home-station. This expands
divert options, thus reducing the risk of aircraft being stranded in contested areas.

For traditional large-scale operations, sorties are typically conducted from MOBs, whether
home-station or partner nation bases. Partner nation bases would have to be built up and have
USAF maintenance capability. But additional partner bases providing QT or TH could enable
ground refueling during long missions (whether long distance or simply long duration) instead of
aerial refueling (A/R) to conserve on scarce tanker assets.*!

The ability for the PN to do some cross servicing could improve the number of available
divert locations because the aircraft could divert to anywhere where it could be serviced, and a
qualified maintainer could evaluate faults and do some diagnosis. But diverting aircraft are liable
to have more serious issues. A divert for weather could enable a quick return to action, but for a
more serious maintenance issue notwithstanding some initial troubleshooting by a cross-
servicing crew, the home-station might still need to send a maintenance repair team (MRT).

Combined Basic Post-Flight/Pre-Flight

The Combined BPO/PR inspection—USAFE’s standard approach—offers both a reset of the
aircraft’s 72-hour inspection validity window and a full servicing at the end of the flying day.
This single event allows an aircraft to remain airworthy for multiple days without additional
inspections, provided no faults occur and activity continues within 24-hour intervals.

In peacetime, this could reduce maintainer requirements during extended training exercises.
For ACE maneuver, which present unpredictable or dynamic conditions, BPO/PR could prevent
aircraft from becoming stranded merely due to inspection window. That said, if a BPO/PR is
usually only needed every 72 hours for legacy aircraft, it is still possible that a maneuver would
be required around the expiration of that 72 hour window. A PR by a partner seems even less
useful for divert locations. If an MRT from home-station is not required, usually a QT or TH
would be enough to simply return the aircraft to its home. For LSCO, offering a BPO/PR at
partner bases is less critical if RON is done at a fully supported MOB where routine servicing
occurs.

4! The U.S. has only one tanker location in Europe — RAF Mildenhall — with 16 KC-135s. European nations have
few tanker aircraft.
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Weapons Loading

Weapons servicing and loading enables sustained combat operations by ensuring aircraft
remain armed and ready for continued sorties.

For peacetime exercises, the utility seems limited outside of weapons training exercises due
to safety and certification constraints. For ACE maneuvering, weapons loading would be hugely
valuable to enable fighters to land, rearm, and relaunch without returning to home-station. Given
the dynamics of maneuvering, this could significantly mitigate the risks of implementing ACE.
That said, this would also require weapons to be used across nations or for U.S. weapons to be
stored and secured at many more (partner) locations.

Weapons loading would be similarly useful for ACE hub and spoke operations. Similar to
basic servicing, it would enable USAFE to sustain ACE operations at spokes for longer without
having to resource every location with weapons personnel and equipment. But it would have a
similar requirement to for weapons exchange or U.S. weapons storage.

Weapons loading would seem to have less value for emergency diverts given the need to
simply return the aircraft to service or to have an MRT do careful diagnosis and repair. One edge
case might be if the aircraft had a weapons issue while in flight (e.g., hung munition, fault, or
other malfunction) that was the reason for the divert. These could be resolved by the partner and
return the aircraft to service without sending anyone from home-station.

Finally, for LSCO, weapons loading could enable forward partner bases to be used as drop-in
locations to rearm (and refuel, as enabled by QT or TH), with aircraft returning to home-station
for maintenance overnight. Or, if home-station locations were damaged, fighters could relocate
to a partner base and simply sustain operations from there. This would also require the other
inspection types to be available.

Full Repair or Parts Swap

PN repair capability could exist at various levels (from simple parts swaps to the full
spectrum) but faces significant qualification and equipment barriers.

For peacetime and exercises, we see limited application since durations are not that long,
repairs would be done at home-station before an exercise, and home-station MRTs can deploy as
needed, with less time pressure. For ACE maneuver, we also see less applicability due to a focus
on rapid repositioning rather than sustainment.

We see some applicability for ACE hub and spoke operations, such that it could reduce
aircraft movement needs by allowing basic repairs at spokes instead of requiring a return to a
hub. This would also require parts exchange among nations to avoid enormous parts procurement
and storage burdens.

We see less applicability to emergency divert locations. If an aircraft diverts and no major
faults exist, simple inspection and servicing capability can return them home. If there are major
faults or damage to be resolved, the home-station would send an MRT anyway.
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Finally, partner nation repair capability seems less applicable to LSCO if full maintenance

capabilities are already available at MOBs. One counterexample could be if the home-station is

damaged, aircraft to relocated for days or weeks while the home-station is repaired.

Summary and Discussion

In sum, we see a couple of themes from Table 2.2 and the surrounding discussion.

OT and TH seem widely applicable. These inspections seem the most broadly useful
across all our use cases. Achieving this could have the most widespread benefits, as it
reduces U.S. costs and manpower burden to underwrite a much wider and diverse
posture.

ACE is strongly supported. Most of the servicing capabilities seem strongly supportive of
ACE, both maneuver and hub and spoke operations. This includes low-level capabilities
to enable flexibility and speed, as well as reducing the cost of more dispersed postures. A
key challenge for ACE is operating for multiple days, including turning full combat
sorties, away from significant maintenance capability.

Repair seems less applicable. Given the nature of peacetime vs. ACE vs. full-scale
combat operations, the uses for partner nations repairing U.S. jets seem much less
compelling than the rest of the capabilities. There are many costs and barriers to partner
nations achieving this, and USAF MOBs will typically be able to provide the needs. An
exception could be if USAFE expects (in general or in particular phases of a war) to fight
predominantly from its MOBs and also to sustain significant damage to those MOBs,
partner nation repair capability could enable USAFE to simply shift its aircraft to a
partner base and conduct sustained operations, but this would be an enormous burden on
the capacity of the PN. It seems unlikely many nations would be able to sustain this for
very long.

Our goal here is to further the conversation at USAFE about what the command is aiming

for, in order to inform a more concrete comparison of the perceived benefits with the anticipated
costs and burdens. In the next chapter, we discuss the F-35, the barriers that exist to achieving
cross-servicing, and the progress already made in overcoming those barriers.
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Chapter 3. F-35 Interoperability

In this chapter, we turn to the F-35. We first provide some background on the F-35 presence
in Europe. We then discuss F-35 design features and how they affect cross-servicing prospects.
In some cases, these design features enable cross-servicing; in others those features present
barriers. We then review the status of efforts to pursue F-35 cross-servicing for basic inspections,
weapons loading, and repair, and the obstacles encountered for each. We conclude with a
summary and discussion of the obstacles.

F-35s in Europe

As of late 2024, approximately 200 F-35s have been delivered to various European countries,
including the UK, Italy, Norway, the Netherlands, Denmark, and Belgium, plus the 48 at
Lakenheath. Ultimately European countries are expected to receive over 600 F-35s, adding
future deliveries to countries that have placed orders or are planning to acquire the aircraft, such
as Switzerland, Finland, and Greece. Table 3.1 shows the F-35 current and planned inventory by
country.

Table 3.1. F-35 Inventory by European Nation

Country F-35s Received Planned F-35s
(2024)
United Kingdom 30 138
Italy 25 90
Netherlands 28 52
Norway 37 52
Denmark 10 27
Belgium 6 34
Finland 0 64
Switzerland 0 36
Poland 0 32
Greece 0 20
TOTAL 136 554

NOTES: The UK has received 30 aircraft and plans to acquire up to 138. These are a mix of F-35Bs for the Royal
Navy and Royal Air Force. Italy plans to have 90 F-35s, with deliveries ongoing for both F-35A and F-35B variants.
Netherlands and Norway: Both countries are nearing the completion of their planned purchases, with 28 and 37
aircraft received, respectively. Finland and Switzerland: Both have placed orders but had not yet received any F-35s
as of 2024. Poland, Greece, Czech Republic, and Germany: These countries have signed agreements for F-35s, with
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deliveries expected in the coming years. Romania has announced the intent to purchase F-35s to replace its newly
acquired used F-16s.

F-35s arrived in Europe on December 12, 2015, for the Italian Air Force, marking the first F-
35 delivery outside of the United States. The first U.S. F-35s in Europe arrived at RAF
Lakenheath on December 15, 2021. By that time, the United Kingdom (UK), Netherlands, and
Norway had already received F-35s, and Lakenheath started doing supervised cross-servicing
with other European nations as soon as their first aircraft were flying.*> On April 8, 2024,
Norwegian aircraft maintainers from the Royal Norwegian Air Force’s 132nd Air Wing
performed unsupervised maintenance on two U.S. F-35s at @Orland Air Station in Norway.*?

As described in Chapter 1, there is a big push at USAFE and across Europe to demonstrate
and expand interoperability. As the quote from General Hecker suggested, all levels of
interoperability are being pursued — all levels of cross-servicing, rearming and weapons
servicing, and repair. However, the F-35 design presents some unique challenges and
opportunities for each.

F-35 Design and Constraints

The F-35 was designed with technology integrated into all maintenance processes to enable
analytics that would make maintenance operations more efficient and effective. We now review
key features applicable to interoperability.

For our purposes, several key features are as follows.

e Joint Technical Data (JTD): JTD refers to the comprehensive set of technical manuals,
instructions, and reference documents used for the maintenance, operation, and support of
the F-35 across all partner nations (and all variants). It encompasses everything from
routine maintenance procedures to complex troubleshooting and repair processes,
standardized across the F-35 program. This is universal across the F-35 consortium, such
that (a) if one partner has it, all partners do, and (b) once an update is made, because it is
electronic, all partners can download and update their own technical data.

e Portable Maintenance Aid (PMA): The PMA is a ruggedized laptop or tablet used by F-
35 maintenance personnel to interface with the aircraft's systems, access technical data,
run diagnostics, and record maintenance actions. It serves as a key tool in streamlining
and documenting the maintenance process, ensuring that all necessary information is
readily available at the point of service. It provides an interface between the aircraft and
many aspects of its operational environment to facilitate the management of unclassified
maintenance and servicing operations. It is both a workstation for the aircraft maintainers
and an information conduit linking the aircraft with the local squadron server. Data can
flow from the aircraft to the PMA to provide information about the most recent missions
and can flow from the PMA to the aircraft, such as software updates and data uploads.

42 Interview on 52 FW, April 20, 2024.

43 Dreshawn Murray, Enhancing F-35 Collaboration: Senior Leaders Gather for F-35 Air Chief Meeting at
Ramstein, webpage, December 4, 2023.
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The PMA is the primary device for facilitating and documenting all maintenance
management actions on the aircraft. This includes basic servicing tasks, pressures, and
other maintenance processes. The PMA stores and displays all necessary unclassified
JTD to accomplish the required maintenance and servicing tasks.

e MVI (Maintenance Vehicle Interface): The MVI is a crucial interface that connects the F-
35 to ground-based maintenance systems, such as the PMA. It enables data exchange
between the aircraft and maintenance personnel, allowing for the download of diagnostic
information and the upload of updated software or maintenance directives.

Having the JTD means that if cross-servicing tasks were approved for the consortium, the
propagation of those tasks would be straightforward. Having the PMA means that the F-35 was
designed to be maintained with, and only with, the PMA. Further, every squadron has its own set
of PMAs, and they have data for each aircraft by tail number. They were not originally designed
to plug an aircraft from one squadron into the PMA of another (across the USAF, let alone
another nation), and doing so could open up security risks. Performing a maintenance task with
the MVI means that digital connection is made.

Current Status of F-35 Interoperability Efforts and Obstacles

This section describes the status of interoperability efforts along three lines — cross-servicing,
weapons loading, and repair. We discuss each in turn. In each section, we describe how the
design features just discussed can enable or hinder interoperability.

F-35 Cross-Servicing

This section describes the status of F-35 cross-servicing efforts within Europe and globally in
the 2023-2024 timeframe.

National Airworthiness Council Recognition

One action that accelerated interoperability efforts after several years of confronting
bureaucratic obstacles was the changing of a USAF policy to enable cross-servicing to occur as
long as the receiving nation recognized the performing nation’s airworthiness standards. Each
country has its own military and civilian aviation authority for regulating and overseeing the
airworthiness of aircraft within a specific jurisdiction or alliance, responsible for establishing
airworthiness regulations, standards, and certification processes that ensure aircraft are safe for
flight and meet operational requirements. In the military sector, this organization is referred to as
the military airworthiness authority (MAA).

Each U.S. military service has its own service airworthiness authority, but the U.S. has at the
national level the National Airworthiness Council (NAC).** The policy change on the U.S. side

44 The NAC is a federal body composed of members from the USAF, Army, Navy, FAA, and Coast Guard and
addresses issues of airworthiness. Aside from European countries’ national bodies, other European bodies include
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removed the requirement that a formal agreement be signed for cross-servicing to occur, such
that as long as the NAC accepted the other nation’s airworthiness standards, then only an
acquisition and cross-servicing agreement (ACSA) would be necessary to initiate unsupervised
cross-servicing. As of late 2024, the NAC had approved all European F-35 nations except
Poland. That NAC recognition thus opened most nations, locations, and aircraft to F-35 cross-
servicing. Separately, Norway and the Netherlands have recognized each other’s airworthiness
and have conducted unsupervised events with one another.

Approving Tasks for the JTD

Maintainers access JTD via the PMA or similar devices, which allows them to retrieve the
most current procedures and updates instantly. That said, the JTD any given country has access
to only includes features and tasks applicable to that country’s aircraft. One obvious difference is
the three different models of F-35 — A, B, and C. Another is that the aircraft receive upgrades
over time, and the JTD is updated as those upgrades are implemented.

The consortium developed the cross-servicing JTD (CSJTD) as a mechanism to allow an
approved but limited list of cross-servicing tasks to be downloaded by approved partners. In
2022,* a multi-disciplinary team from across the F-35 enterprise reviewed a proposed list of
cross-servicing tasks and assessed the tasks for both security and exportability sensitivities.*®
They published an approved list of thousands of servicing tasks, and those tasks have been added
to the CSJTD.

Countries with MAA recognition now seek opportunities for unsupervised cross-servicing, as
enabled by the CSJTD.

F-35 Weapons Interoperability Efforts

Aircraft weapons include all bullets, air-to-air munitions, and air-to-ground munitions.
Achieving some level of weapons interoperability could enable the U.S. to land at a PN F-35
base and turn a full combat sortie — refuel, service, and rearm — and continue fighting. To get
weapons loading tasks into the JTD—similar to basic cross-servicing—ACC developed an initial
list of F-35 weapons for inclusion. This list was reviewed by the JPO, USAFE, and Lockheed
Martin, and a formal request to add the associated procedures to the Cross-Servicing JTD was
submitted to the Department of State in fall 2024. The request was approved in May 2025.47

the European Defense Agency (EDA) Military Airworthiness Authorities (MAWA) and the NATO Airworthiness
Executive (NAE).

43 Discussion with USAFE/A4 personnel November 6, 2023.

46 Such a review is necessary before requesting such tasks for cross-servicing across F-35 user groups via a Third
Party Transfer (TPT) from the Department of State.

47 Discussions with USAFE/A4 personnel on August 20, 2024 and additional input from SAF/PA on July 18, 2025.
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While progress is being made, we are uncertain as to whether this includes the full scope of
tasks for servicing the weapons stations. On the F-35, in order to inspect and test the weapons
stations for functionality before loading, the PMA is required.*® Thus, it is possible that a
technical modification of the MVI (which we discuss more below) must be funded and executed
before unsupervised weapons loading for a full combat sortie can be accomplished. We were
also informed a weapons-specific modification may be necessary to avoid issues of
cryptographic security.

F-35 Repair Interoperability Efforts

As described above, the PMA is used by maintenance personnel to interface with the
aircraft's systems, access technical data, run diagnostics, and record maintenance actions. A
PMA is not needed for cross-servicing or most weapons related tasks, leaving open a wide range
of tasks already on the table for interoperability.

However, to perform any repair tasks and possibly some critical diagnostic and inspection
tasks for weapons stations, the PMA is needed. Upon considering the issue, the F-35 joint
program office (JPO) concluded that a technical solution is required. LMCO would need to
modify the F-35 software to allow another country, service, or squadron PMA to be plugged into
the aircraft and have only the required data (e.g., safety of flight, known defects that need to be
repaired) for that repair to transfer to the PMA. At the same time the software would not divulge
sovereign data or other sensitive information.

There is a pre-defined JPO process required to submit and approve modifications to the
aircraft (hardware or software). We divide these steps into two phases for discussion here, as
summarized in Figure 4.1.

The first phase is the modification proposal. First, an initial proposal is initiated, typically by
an operator or maintainer at the unit level who identifies a need for improvement or
modification. The request is then reviewed and validated through the chain of command and
endorsed before reaching the JPO. Finally, a more detailed proposal is submitted to the JPO (e.g.,
detailed technical descriptions, proposed solutions, and the expected impact of the modification
on the F-35's performance and operations) to proceed to the next phase.

In the second phase, requirements are reviewed by the JPO and validated for technical
feasibility, cost, and impact on the F-35 program. If approved by the JPO, an engineering change
proposal (ECP) is formally submitted, including detailed cost estimates and technical
specifications.

8 This is in contrast to legacy aircraft, where the weapons stations can be tested without such an interface.
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Figure 4.1 Summary of Process for Modifying F-35 Modification Software

More detailed
proposal
submitted to JPO

Modification Initial proposal Request reviewed
proposal initiated and validated

Proposal .

. JPO reviews ECP formally
review & request submitted
decision

NOTES: JPO = joint program office; ECP = Engineering Change Proposal.

A final decision is made on the prioritization and implementation of modifications by
representatives from the U.S. and partner nations. The process can be expedited if funding for the
modification has already been identified. Collaboration and shared funding among partner
nations can also influence the prioritization of specific requirements, with joint funding
initiatives helping to expedite the process.

Requirements for F-35 modifications are typically categorized into three main types: safety,
capabilities, and reliability/maintainability (R&M). These categories are managed within the
broader Operational Safety, Suitability, and Effectiveness (OSS&E) framework.

e Safety-Driven Modifications are prioritized above all else, addressing immediate concerns
to ensure the safety of the aircraft and crew. These modifications are processed quickly to
mitigate any safety risks as quickly as possible.

e Capability Enhancements focus on improving the operational performance of the F-35.
These include adding new mission capabilities, performance upgrades, and integrating
new technologies that allow the aircraft to meet evolving mission requirements.

e Reliability and Maintainability (R&M) Improvements aim to enhance the long-term
sustainability of the aircraft by making it more reliable and easier to maintain. While not
always the highest priority, these modifications are essential for maintaining operational
readiness and controlling long-term costs.

The F-35 case of the MVI modification under discussion here is an R&M improvement and
is in phase 2 as we depict it above: it was submitted to the JPO in FY23 and has not yet been
approved.

The challenge at this point is securing funding for this modification, and likely the advocacy
within the USAF to argue for that funding from the U.S. and/or PN side. Now that the issue has
progressed this far, there are several scoping questions that need to be addressed: What is the
value proposition for accomplishing this modification? Would it merely be used to accomplish
weapons station servicing to enable weapons loading? Or is the vision to accomplish some level
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of actual repair on other nations’ aircraft? This seems to us the case that must be made to pursue
this or other modifications to unlock further interoperability.

Assuming this MVI modification is approved, the participating nations would need to
develop agreements for the transfer of spare parts and/or munitions (if included).*® This may be
as simple as signing memorandum of agreements or as complex as developing a new funds
transfer capability.>® From our research issues like these are already addressed in existing
agreements (e.g., NATO SOFA, bilateral defense agreements) and/or have analog rules that
could provide a starting point to develop legal language.

Partner Nation Capacity to Support U.S. Needs

For any of these types of servicing, if other barriers can be overcome, do partners have the
maintainer capacity needed in desired operational scenarios for the additional workload required
for USAFE (and/or other partner) forces, and potentially additional U.S. forces flowing from
CONUS?

The USAF determines its maintenance manpower requirements based on wartime surge
demands. This enables efficient 24/7 operations in peacetime to sustain training, with the ability
to surge capacity in demanding wartime conditions (with both extended maintenance hours and
reserve spare parts). It is not clear how partner nation maintenance manpower requirements are
established. It is our understanding that, for a given fleet size, many partner nations fly many
fewer sorties. The flying hour program itself is an enormous expenditure in the USAF budget,
and if partners cannot afford such a ratio of flying hours to aircraft, this means first that their
pilots may receive less training, but also that their maintenance staffs are likely smaller.
Moreover, some European partners have different fighter maintenance skill structures, such that
they may only have 3 broader specialties while USAF has 6-7 specialties covering the same
tasks. This means the partner may have still fewer personnel because they can more efficiently
and flexibly cover the required tasks. But they would also have less slack to cover surges.

We do not have any exact figures for such a comparison, but having some slack in the
system, even for peacetime operations, would be a baseline requirement for providing useful
cross-servicing to a transiting partner, if it is not going to interfere with one’s own flying. Being
flexible in flying and servicing may be tractable for short periods like a transit, emergency, or
limited exercise. But in a crisis or contingency, especially in a case where the partner nation is

49 There is a global spares pool that enables global supply and prioritization of limited spare parts, but such inter-
national exchanges might require adjustments to these policies.

30 Funds transfer capability enables partner nations to settle costs associated with shared sustainment activities,
including spare parts, maintenance, and munitions support. In this context, financial transactions for cross-servicing
are often managed through pre-existing agreements, such as ACSAs, FMS transactions, or host-nation support
arrangements. However, some modifications may introduce new sustainment costs that require additional financial
mechanisms or adjustments to existing agreements. Developing a new funds transfer capability could mean creating
specific reimbursement procedures, integrating cost-sharing within existing agreements, or establishing a new
bilateral/multilateral framework for financial reconciliation.
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operating from home-station and likely defending their own sovereign territory, their own flying
will naturally take priority.

It was beyond the scope of this project to actually measure PN capacity, but it should be
considered as the USAFE pursues this issue. The use cases we spelled out in Table 2.2 are an
attempt to help surface the actual operational use cases USAFE is interested in pursuing, each of
which has different implications for capacity demands, as suggested in Chapter 2. If tasks are
more limited and only occasional, the capacity issues we describe may be surmountable.

Summary and Discussion

The pursuit of interoperability for the F-35 is not just limited to USAFE but is a global effort.
This obviously includes the international partners, but other parts of the USAF enterprise,
particularly HAF and ACC have been deeply involved.

To review some highlights from the previous discussion.

e Cross-servicing

— Most F-35 cross-servicing tasks are now included in the CSJTD.
— Tasks excluded from the CSJTD were done so for security reasons and will likely
not be added later.

— The field is now wide open for participating nations to build confidence and trust
for this level of cross-servicing.

e Weapons loading and servicing

— Progress has been made to identify weapons that would not be excluded for
security reasons. These are being added to the CSJTD to enable nations to
perform these tasks.

— Accomplishing the full capability requires a technical modification. The funding
for that modification has not yet been secured.

e Repair

— Accomplishing any level of repair capability requires a technical modification.
The funding for that modification has not yet been secured.

— There are additional obstacles regarding exchange of parts. These are
surmountable but to our knowledge had not been addressed explicitly.
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e Capacity

— To our knowledge, no effort has been made to evaluate the capacity needs of
USAFE forces in relevant operational scenarios nor to evaluate the capacity of
likely participating nations to provide that, given their own national security
needs.

28



Chapter 4. F-16 Cross-Servicing

In this chapter, we apply a similar structure to the prior one. We first describe the F-16
inventory across Europe. This is a moving target, as some countries are divesting of F-16s and
acquiring used or new ones. Then, we describe some basic features of different F-16 blocks,
some of which present obstacles to interoperability. Next, we review the status of interoperability
efforts for the F-16, including obstacles encountered. Finally, we summarize our findings and
provide some concluding thoughts.

F-16s in Europe

As of January 2024, there are nearly 600 F-16s in Europe (excluding U.S. forces stationed
there and aircraft transferred to Ukraine), the majority of them belonging both to Turkey and
Greece.’! Table 4.1 shows countries operating the F-16, with approximate numbers, blocks, and
whether they are expected to acquire the F-35.

Table 4.1. F-16 Inventory by European Nation

Country Number delivered Additional planned F-16 Blocks Acquiring F-357

Turkey 243 -

Greece 153 - 30/50/52 Yes, in addition to keeping F-16s
Poland 48 - 52 Yes, in addition to keeping F-16s
Belgium 44 - 15 Yes, replacing F-16s

Denmark 30 - 10/15 Yes, replacing F-16s

Portugal 28 - 15 Currently in exploration phase.
Romania 25 26 15 Yes, replacing F-16s

Bulgaria 16 - 70

Slovakia 2 12 70

TOTAL 589 65

NOTES: The numbers in this table are as of September 2024, but due to divestments and new deliveries, and exact
number on-hand may differ. In addition to those countries shown in the table, Norway had around 57 Block 10/15s
and divested them in CY2024, six of which it plans to donate to Ukraine. The Netherlands divested of 24 Block 10/15
aircraft and donated them to Ukraine. Both Norway and the Netherlands are transitioning to the F-35. As of
September 2024, around 65 F-16s (Block 10/15) have been committed to Ukraine. The number already delivered is
uncertain.

>! This figure also excludes Ukraine. While around 65 jets have been promised to Ukraine, the exact number already
delivered is uncertain.
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Though many of the F-16s are older blocks and are aging, both Bulgaria and Slovakia have
begun receiving new Block 70s. The Netherlands and Norway have already divested of their
older Block 10/15 aircraft, donating some to Ukraine. We can see that Turkey owns the largest
number of F-16s. Many smaller countries have only 1-2 squadrons worth, usually at 1-2 home-
station locations, with a mix between Block 10/15 and 50/52. Ukraine received its first shipment
from the U.S. in 2024 and has received more from other donating nations.

F-16 Design and Constraints

Table 4.2 contains some features of F-16s, highlighting differences across the various blocks.

Table 4.2. F-16 Block Differences

Feature Block 10/15 Block 30 Block 50 Block 70
Initial Fielding Year Block 10: 1980 1987 1991 2024 (initial deliveries)
Block 15: 1981
Engine F100-PW-200 GE F110-GE-100 GE F110-GE-129 GE F110-GE-129
F100-PW-220 F100-PW-229 Enhanced Engine
Oxygen LOX LOX LOX, OBOGS OBOGS
Avionics Basic analog and Digital avionics Enhanced avionics and ECM Adds advanced
early digital with early ECM  systems defensive avionics and

sensor upgrades, with
modernized glass cockpit

Weapons Basic AIM-9, Added AIM-7, Advanced air-to-ground and  Full suite, including AIM-
Compatibility bombs HARM, Maverick air-to-air, JDAM, JSOW 120D, Stormbreaker

NOTES: PW: Pratt-Whitney, GE: General Electric, LOX: liquid oxygen, OBOGS: On-Board Oxygen Generating
Systems, HARM: high-speed anti-radiation missile, JDAM: joint directed attack munition, JSOW: joint standoff
weapon, ECM: electronic countermeasures.

From Table 4.2, we particularly highlight the fact that each of these block groups has
different combinations of engine types, including from two different manufacturers — Pratt-
Whitney (PW) and General Electric (GE) — each with very different designs. Second, the on-
board oxygen for older blocks was provided by liquid oxygen (LOX) tanks that must be serviced
on the ground, while newer blocks have the On-Board Oxygen Generating Systems (OBOGS),
which self-generates oxygen. Further, the pre-Block 30 F-16s, while still “fly by wire” are more
analog and the post-Block 30 aircraft are more digital, which may make some SE incompatible
across blocks.

Current Status of F-16 Interoperability Efforts and Obstacles

While several European countries are replacing F-16s with F-35s, many F-16s will remain in
theater, and several countries will not acquire F-35s. This presents an opportunity to achieve a
level of interoperability on the F-16 with more partners. In the context of this PAF project, the
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sponsor directed the project team and the sponsor’s staff to gather information on F-16 cross-
servicing (basic cross-servicing in NATO parlance). Both the PAF research team and the
USAFE/A4M staff pursued this, collaborated, and shared information. The following section
reflects the shared findings of the PAF team and USAFE/A4M’s research.

The initial obstacle for cross-servicing F-16s in Europe is that they have different blocks and
engines. Two obstacles then result from this, each with its own set of solutions.

Releasable Technical Data

Maintainers operate from and rely on technical, or “tech,” data.>? Unlike the F-35, which has
the JTD with universally downloadable updates to the tech data, each F-16 purchased by block
and engine type, has its own set of TOs and tech data, tailored to the exact aircraft configuration.
Thus, each country has tech data that does not include the full scope of every variant of F-16s,
thus preventing partner maintainers from performing servicing actions on variants they do not
already fly. This F-16 tech data began as paper documents and has since been digitized to be
available on pdfs that can be loaded onto portable maintenance computers and carried around the
flightline. This is convenient for maintainers but does not enable any automated updates should
the tech data change.

In order to access tech data for all the variants they might need to service, releasable tech
data that cover all blocks and engines would need to be provided. USAFE informed us that the
current F-16 cross-servicing guide already has the technical data for TH inspections.>® This TO
would simply need to be released to the approved nations, which could be at no cost.>* As
discussed in Chapter 2, this level of inspection would strongly support all the operational use
cases we described.

For PR and BPO inspections, additional actions would be required. This would drive the
additional development of tech data, either creating new releasable tech data covering the many
additional tasks or requiring the addition of PR and BPO tasks to the current cross-servicing
guide. Either way, some costs would be incurred. Creating a new TO has significant costs, while

32 Technical Data refers to all forms of information used to describe the details, functioning, and maintenance of
military systems and equipment. This includes schematics, engineering drawings, parts lists, performance data, and
other types of documentation that describe how a system operates and how it should be maintained. Technical
Orders (TOs) provide detailed instructions, procedures, and guidelines for maintenance of aircraft and equipment
and include step-by-step procedures, safety warnings, specifications, and operational limits. Technical Data is a
broader category, while TOs are a subset of technical data. TOs serve as the officially sanctioned procedures derived
from the broader pool of Technical Data and are used by maintenance personnel for actionable tasks.

33 Information provided via email communication on October 21, 2024. The document referenced is the TO F-16*-
2-1-1, where the asterisk represents the model of F-16. This is the cross-servicing guide.

>4 Partner nations could also request an electronic copy of the TO through Scientific and Technical Information
Automated Data Order System (SATODS), the Air Force's online repository and distribution system for Technical
Orders (TOs). It is a web-based system that allows authorized personnel to search, access, and order USAF TOs for
maintenance, servicing, and sustainment of Air Force equipment, including aircraft, ground support systems, and
other assets.
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making changes to a current TO through the revision control process is already calculated in
sustainment costs, but has to be prioritized high enough for funding since tech data funding is
often reduced to balance weapon system sustainment needs.”

To address this shortfall, USAFE initiated talks with the F-16 SPO, and the SPO was
amenable to taking next steps toward developing releasable tech data.>® To support that effort,
USAFE/A4M staff have defined and provided to the SPO the basic servicing tasks for review
and comparison to what is in the General Servicing TOs. The SPO will then review the TOs and
determine what is permissible for sensitivity and export issues. A cost estimate for this tech data
products is to-be-determined, and funding could be provided from different sources.>’

Maintenance Personnel Training and Equipment Differences Across Configurations

The second resulting obstacle is that partners with different blocks or engines must (1) train
maintenance personnel in cross-servicing tasks for aircraft they do not maintain regularly, and
(2) in some cases different blocks may require different servicing equipment. At this point,
however, the actual burden of those differences has not been fully accounted for. Discussions
with USAFE personnel suggest that for the most basic cross-servicing tasks (e.g., QT and TH,
already addressed by existing tech data), the differences among the variants are small enough
that they could be managed with modest additional training, perhaps through periodic
familiarization events. This would not be the case for full repairs, as key differences drive the
need for more detailed knowledge.

For equipment, the most notable need would be for the oxygen supply. For countries (or units
within those countries) whose F-16s have OBOGS, they would not typically have LOX carts and
thus could not service F-16s without OBOGS. This would need to be addressed separately.

That said, as the level of servicing increases, some of the differences among variants for BPO
and PR could be more substantial. It is possible that USAFE, with a basic understanding of the
countries that will continue to operate the F-16, and the nature of the block and engine
differences, will choose not to proceed further. But if further evaluation were desired, we
propose an approach to assess the costs and burdens of achieving cross-servicing capability.

33 Revision Control (RC) is the process of managing updates to AF TOs to ensure accuracy and operational
relevance. Changes to TOs fall under different categories, including minor changes, major revisions, and
supplements that modify specific sections without requiring a full rewrite. Updates are often initiated through TO
Form 22 submissions, which allow maintainers and engineers to recommend corrections, procedural improvements,
or safety-related modifications. Once approved, these changes are incorporated into the TO under the RC system,
ensuring that the most current technical guidance is available to personnel.

36 Discussions with USAFE/A4M staff in August 2024,

37 Discussions with USAFE/A4M staff in August 2024. Funding could come from requesting MAJCOMs and
potentially shared amongst participating countries. This could also be funded from the TO line in the weapon system
sustainment (WSS) budget.
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1. Identify configurations and key differences across European partners. The project team
started down this road to try to identify the key obstacles and highlight partners that
might require less cross-over. We summarize this below.

2. Identity cross-servicing tasks. Our understanding is that the USAFE/A4M team has done
this and submitted it for SPO review. While their immediate goal was to inform the SPO
development of a TO, this work will enable a comparison at the task level, across blocks
and engine types, of what servicing burdens there might be. This must be done by
experienced maintainers who understand the nuances of aircraft features and procedures.

3. Develop COAs to train partner nations. From the U.S. side, there may be a number of
available security cooperation programs and resources that could provide periodic
training on U.S. aircraft. We also address these briefly in Chapter 5. We assume a
separate estimate would be required for blocks that the U.S. does not operate.
Alternatively, partners who own these non-US blocks could do the training themselves,
rather than the U.S. This could be a training need appropriate for a virtual trainer with
infrequent hands-on familiarization or perhaps certifications.®

4. Estimate recurring costs to US and each partner. Given the scope of training tasks and
frequency in #3, one could estimate the recurring costs to conduct those events, and what
share the U.S. and partners would need to bear.>® This seems to us to most rigorous way
to reckon explicitly with the cost-benefit tradeoffs presented by this concept.

As indicated above, our project team started down the road of #1. Different blocks have
different features, which we can use as indicators as to how different the cross-servicing burdens
might be. The US operates block 40/42 and Block 50/52 aircraft (stationed in Europe at Aviano
and Spangdahlem). These aircraft have either one Pratt and Whitney F100-PW-200/220/229 or
one General Electric F110-GE-100/129 engine installed in their aircraft.

For QT and TH, given the available tech data, these engine differences should be manageable
by qualified personnel. Further, LOX servicing would not typically be included in QT or TH, so
that should also not be a barrier.

For PR and BPO, these differences may mean the unit is not able to keep up the
qualifications to complete the required tasks. For oxygen systems, if a partner air force has an
older block without OBOGS, its maintainers can learn how to service the OBOGS; in the grand

>3 Several virtual maintenance trainer (VMT) systems are available for F-16 maintenance familiarization and
training. SimiGon offers an F-16 maintenance training solution that allows users to learn and practice procedures in
a simulated environment. CAE provides high-fidelity F-16 training systems with immersive virtual maintenance
capabilities. Rockwell Collins has developed the Modular Simulated Aircraft Maintenance Trainer (MSAMT) for
the F-16C, offering an interactive training environment. DiSTI Corporation has also produced an F-16C Block 52
virtual maintenance trainer designed to enhance learning while reducing training costs. These systems support both
initial and refresher training and are especially useful for infrequent familiarization needs without requiring access to
a live aircraft.

%9 This would include the financial costs of each option as well as wing-level capacity if they support this.
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scheme of aircraft ground servicing, that is not overly burdensome. However, if a partner has a
newer block, they likely do not have LOX or LOX carts on-hand.®°

Greece, as one example, has Block 30, Block 50, and Block 52 F-16s. Thus, some of their
locations with Block 50/52 may not have LOX on-hand, though because their air force does have
Block 30s, they could keep some LOX at those Block 50/52 locations.®! Greece seems to be one
of the closest matches to USAFE’s aircraft, given engine and block differences. Greece also has
many F-16s in operation, at many locations. That said, if Greece offered cross-servicing at its
own locations, they are far away from some of the most critical operating areas. If Greece and
the U.S. were to deploy together, Greece could offer cross-servicing capabilities to the U.S. or
other partners.

On the other hand, Poland has Block 52s, and Slovakia and Bulgaria will both have Block
70s, and will also not require LOX servicing at those locations. Poland has two F-16 operating
locations, one of which is Lask. Even though Poland would not need LOX servicing, it should be
inexpensive to acquire the carts or have the U.S. preposition its own carts there for allied F-16
blocks that use LOX.? Poland has geographical advantages and has made significant
investments in the U.S. presence there. Slovakia and Bulgaria are relatively small, their air forces
are small, and it may be less attractive to acquire and maintain LOX carts just for the purpose of
occasionally servicing transiting aircraft.

Ultimately, we see the technical obstacles to proceeding with F-16 QT and TH cross-
servicing as being few and mostly overcome. For BPO and PR, because some changes to TOs
would be required, there is some additional cost, either to the U.S. or partner. This suggests the
need for a cost-benefit assessment of the sort we laid out above. Does a given partner require
additional training or familiarization, or additional equipment, to accomplish the desired
servicing tasks? For BPO and PR specifically, our assessment in Chapter 2 suggested those
inspection types have strong applicability for both peacetime exercises and ACE operations.
Would the countries in question be likely partners for either or both? Particularly in the case of
ACE, if a partner providing cross-servicing were envisioned to provide ACE locations, those
cross-servicing capabilities could help underwrite USAFE’s ACE plans.

%0 For more advanced tasks, the Block 30 and above aircraft moved from analog to digital making much of the older
test and SE obsolete. This could further compound repair processes because for a single location to be prepared to
work on both Pre Block 30 and Post Block 30 aircraft could require two sets of test and SE along with multiple sets
of technical data and maintainers that are trained and qualified on both versions.

61 This might require an acquisition and recurring sustainment cost.
62 For a sense of proportion, one 50 gallon LOX cart of the type the USAF uses for fighters costs around $20-
25,000, and USAF deployment packages generally include one per six fighters.
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Airworthiness Recognition

In Chapter 3, we described the recognition of another nation’s airworthiness as necessary to
enable cross-servicing to proceed. USAFE informed us that, as of late 2024, the U.S. had
recognized the following F-16 nations - Ukraine, Belgium, Denmark, Greece, Norway, The
Netherlands, Romania and Slovakia, but had not yet recognized Portugal, Poland, or Bulgaria.®
Thus, from a policy perspective, cross-servicing should be able to proceed with many of the F-16
nations.

Maintenance Capacity

In Chapter 3, we raised the concern about having sufficient maintenance capacity to support
the range of F-35 interoperability use cases. For the F-16, this is less of a concern. First, the use
case most demanding of capacity is repair, which is not currently under consideration. The QT
and TH inspections require little time and only 1-2 maintainers. Capacity should not be an
obstacle to pursuing that. When more manpower-intensive inspections like BPO and PR are
contemplated, capacity could figure in more. That is a topic the U.S. can and should raise with
each individual partner, given their overall force structure and manning. We found BPO and PR
to be very useful for ACE, and so in the context of ACE operations, there would need to be some
concrete assessment of capacity demand and supply to effectively support maneuver or hub and
spoke operations, depending on the operational design.

Summary and Discussion

In summary, it appears that cross-servicing for the F-16 can soon proceed for the lowest
levels of inspection, including QT and TH. This applies to the seven nations just highlighted with
airworthiness recognition (excluding Ukraine, due to current circumstances). The technical and
policy obstacles seem to be addressed, and capacity is unlikely to be a constraint. This suggests
F-16s participating in exercises and future ACE operations could soon benefit from cross-
servicing.

For BPO and PR, there are more existing obstacles. The tech data has not yet been developed
or transferred, and the incompatibility of different variants may increase the training or
equipment burdens. Further, because these inspections are more manpower intensive, available
partner maintenance capacity could be a constraint. The business case should be assessed that
includes all of those factors, to evaluate whether the tech order investments should be made and
whether the investment in training time would be worthwhile. We saw there being strong
benefits to ACE if BPO or PR could be provided; thus the question is what investment would be
required by each partner nation to provide that capability?

63 USAFE, “USAFE Cross-Servicing,” PowerPoint briefing, undated.
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Chapter 5. Leveraging Partner Support Equipment

This chapter shifts focus from cross-servicing, where partner nations maintain U.S. aircraft,
to U.S. maintainers using partner nation (PN) support equipment (SE) for their own servicing
and repairs. We first provide background on USAF SE, outlining key challenges that affect
interoperability. Next, we explore operational use cases for leveraging PN SE, followed by an
assessment of current obstacles to interoperability. The chapter concludes with key findings and
recommendations. The inclusion of three topic areas—F-35, F-16, and partner nation SE—
reflects the evolution of USAFE’s needs during the course of the project. Although the effort
began with a focus on the F-35, the shifting policy landscape and ongoing coordination with
USAFE staff led us to expand the scope to include other aircraft types and enablers.

This chapter is most applicable to the F-16. The F-35, by contrast, was jointly developed and
procured with a standardized suite of support equipment used by all operators. While this
equipment is unique to the F-35 and not interchangeable with other aircraft types, its
standardization across the program avoids the interoperability issues discussed here.

Background on Aircraft Support Equipment

USAF relies on a wide range of support equipment (SE) to service and sustain its aircraft,
ensuring they remain mission-capable across different environments. SE includes everything
from simple hand tools to more complex aerospace ground equipment (AGE) used for providing
power, servicing hydraulics, conducting avionics diagnostics, and loading weapons. Basic AGE
includes ground power units (GPUs), hydraulic test stands, aircraft jacks, nitrogen carts, and tow
bars. Specialized SE may support tasks like LOX replenishment or defueling, where some
components—such as defuel barrels—are considered non-powered AGE. Other items, such as
pantographs and R-11 refuelers, are not classified as AGE; instead, they are designated as
special-purpose vehicles or equipment. Proper SE is critical not only for routine servicing but
also for maintaining airworthiness and safety.%*

SE is typically developed alongside the aircraft it supports, ensuring compatibility with
maintenance, refueling, and diagnostic needs. When the USAF procures a new aircraft, it also
acquires the required SE for operations and sustainment. Foreign Military Sales (FMS)
customers generally receive SE designed for their aircraft, often identical to USAF versions,
facilitating standardization. However, some nations opt for modified SE to align with national
regulations, logistics preferences, or cost constraints.

64 Support equipment is broad category within maintenance. AGE is a critical subset of support equipment and
receives significant attention in discussions of interoperability. We use the broader term to ensure our analysis is as
generalizable as possible.
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While many allies operate the same aircraft as the USAF, SE compatibility varies based on
maintenance practices and infrastructure. Some nations use U.S.-standard SE, while others
develop their own, which may only be partially compatible. Adding to this complexity, some
NATO members—such as Poland, Slovakia, and Bulgaria—have historically operated Soviet-era
fighters like the MiG-29, with SE that is not designed for Western aircraft. Even as these
countries transition to NATO-standard fighters, legacy SE may not fully support U.S. or
European aircraft without modifications.

USAF has Longstanding Support Equipment Resourcing Challenges

USAF SE modernization has lagged behind aircraft technology advances. While SE
procurement is typically aligned with new aircraft acquisitions, aging equipment from the 1960s
and 1970s remains in widespread use, resulting in increased maintenance needs and reduced
equipment readiness.®>%-6” Budget constraints and shifting priorities have deferred upgrades,
widening the gap between modern aircraft capabilities and aging SE infrastructure.’® These
USAF-wide challenges complicate efforts to enhance interoperability with partner nations.

To address SE shortfalls, the USAF has launched several modernization initiatives:®°

e ACE Common Aviation Support Equipment Challenge (AFWERX): Developing highly
mobile, multi-capable SE to support dispersed operations and enhance flexibility.”®

e GM Defense Collaboration: Successfully powered a KC-135 using an electric (battery-
driven) ground power unit, reducing reliance on traditional fuel-powered systems.”!

e Support Equipment Enterprise Dashboard (SEED): A data-driven tracking and
scheduling tool to improve SE accountability, resource allocation, and readiness.”

65 Benjamin D. Bobic, Heroics and the Fagade of a Healthy Common Support Equipment Fleet, Air Force Institute
of Technology, March 22, 2018.

66 Jason M. Leighton, Common Support Equipment and Its Impact on Aircraft Availability, Air Force Institute of
Technology, March 2017.

67 Joe Petrie, “Modernizing the Air Force: Bridging the Gap with Industry Innovation,” Aviation Pros, November 1,
2023.

68 Ritschard, J Erik, The Obstacles to the Modernization of Common Support Equipment, Air Force Institute of
Technology, March 2021. See also: United States Senate, Hearing Before the Senate Armed Services Committee
Subcommittee on Airland, May 8, 2024.

69U.S. Air Force Materiel Command, “Accelerating Support Equipment Readiness for Great Power Competition,”
Air Force Materiel Command webpage, January 16, 2024.

70 AFWERX, “AFWERX Launches ACE Common Aviation Support Equipment Challenge,” AFWERX webpage,
April 26, 2023.

"1 Air Force Research Labs, USAF Partners with GM Defense to Successfully Power Aircraft with Electric Ground
Power Unit. Air Force Research Laboratory webpage, October 5, 2023.

72 U.S. Air Force Materiel Command, “Accelerating Support Equipment Readiness for Great Power Competition,”
Air Force Materiel Command, webpage, January 16, 2024.
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While promising, these efforts face obstacles, including funding constraints and lengthy
certification processes, limiting their immediate impact on interoperability.”>7*

AFLCMC engineers have apparently been slow to approve new equipment now available on
the market (some in use by European partners for F-16s).”> One example provided by USAFE
staff was a new multi-function PN SE item that can perform several functions for aircraft
servicing - providing pressurized air, cooling air, and power generation - but after testing, has
still not been approved by the SPO.”® This contributes to ongoing DAF-wide issues and informs
the discussion about assessing non-U.S. SE in the context of partner interoperability.”” Some of
our interviewees connected the difficulty in certifying PN SE to the difficulties in certifying any
new SE that could potentially address some USAF-wide challenges.’®

These issues are shadowing the question of partner interoperability, because those at the
fighter wings are already dealing with shortfalls, delays, and an inability (from their perspective)
to get the enterprise to respond to their operational needs. Some in USAFE had a sense that any
progress in modernization or interoperability in one sphere (i.e., demonstrating the viability of
other equipment) could help remedy other longstanding challenges, improving the overall health
of these SE fleets and therefore their ability to provide aircraft readiness to the USAF.”

Use Cases for Using Partner Nation Support Equipment

USAFE HQ and wing personnel provided numerous examples of unplanned reliance on PN
SE. Common scenarios include (1) equipment shortfalls during exercises, where nations lack a
necessary tool for an unexpected failure; or (2) SE malfunctions, requiring the use of a partner
nation’s comparable servicing equipment. These are reactive cases, driven by urgent operational
needs rather than pre-planned interoperability.

73 Bobic, Benjamin, Modernization Challenges in USAF Support Equipment, Air Force Institute of Technology,
March 22, 2018.

74 Ritschard, J. Erik, Interoperability Issues in Aircraft Support Equipment, Air Force Institute of Technology,
March 2021.

75 Discussions with USAFE/A4 personnel on August 21, 2024,

76 One example of this type of SE is the Universal Hydraulic Test Stand (UHTS), Model A/M27T-17, a diesel-
powered unit that provides hydraulic servicing with built-in purification, extending fluid life and minimizing
maintenance. Hydraulics International, Inc., Universal Hydraulic Test Stand (UHTS), webpage, undated. Another is
the TLD ACU-401-CAP High Pressure Air Conditioning Unit, a trailer-mounted system that supplies pre-
conditioned air for aircraft like the F-16 and F-35, operating on either a diesel generator or external power.
Aerospecialties, “TLD ACU-401-CAP High Pressure Air Conditioning Unit,” webpage, undated. These multi-
function SE solutions are already in use by European air forces, offering an alternative to traditional USAF ground
support equipment

77 Discussions with USAFE/A4 personnel on August 21, 2024.
78 Discussions with USAFE/A4 personnel on August 21, 2024.
79 Discussions with USAFE/A4 personnel on August 21, 2024.
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There are also cases that would be pre-planned use of PN SE. If the U.S. could anticipate,
plan for, and rely on the use of PN SE, such interoperability could provide operational and
logistical benefits. If one nation already has their own equipment there or has prepositioned
equipment (as the U.S. has at several locations in Europe), other sending nations could fall in on
and use that equipment. Another case is the U.S. leveraging partner equipment when USAFE
forces deploy for an exercise or operations. Some ACE events in Europe have demonstrated the
ability for fighters to travel across the continent, transiting multiple partner bases which may or
may not have the same type of aircraft. The ability to proactively rely on PN SE could lower
costs of deployments and mitigate risks.

In Chapter 2, we introduced several operational use cases to apply to cross-servicing. We
now apply those to the use of PN SE, explaining how the Reactive (i.e., unplanned) or Proactive
(i.e., pre-planned) use of PN SE could support each use case. Table 5.1 summarizes this.

Table 5.1. Use Cases for Partner Nation Support Equipment

Operational Use Reactive (Unplanned) Use of PN SE Proactive (Pre-Planned) Use of PN SE
Case
Exercises & If an unexpected failure happens, mitigates Pre-coordinated SE use allows US
Peacetime Ops risk of stranded aircraft and/or avoids delay of maintainers to operate efficiently without
sending U.S. equipment. bringing full SE sets, reducing logistics
burden. Builds confidence for wartime
operations.
ACE - Maneuver  Mitigates risk of being stranded or delayed, Enables operational planners to determine
which reduces vulnerable time on ground posture beforehand with confidence. Enables
during dynamic operations. logistics planners to resource against those

plans. Bolsters planning and supports
resource efficiency.

ACE — Hub & If hub is attacked/damaged, mitigates risks of Enables operational planners to determine

Spoke Operations operating at spokes. posture beforehand with confidence. Enables
logistics planners to resource against those
plans. Extends spoke operations for longer.
Confidence in executing ACE as designed.

Emergency Divert If no MRT required, could mitigate risk of If divert locations are pre-designated with
stranded aircraft and/or avoids delay of available SE, U.S. forces can service or
sending U.S. equipment. repair aircraft without delay for SE delivery.

LSCO - Sustained Less applicable. When default is to fight from Less applicable. When default is to fight from

Operations MOBSs, would usually only end up at PN base MOBs, would usually only end up at PN base
for emergency divert. for emergency divert. Could plan to operate

for sustained periods from PN base if US
MOB were damaged. US maintainers could
leverage PN SE, but would run into capacity
constraints.

NOTES: ACE = agile combat employment; LSCO = large-scale combat operations; PN = partner nation; SE =
support equipment; MOB = main operating base; MRT = mobile repair team.

For an exercise, U.S. maintainers typically bring a basic complement of equipment for
anticipated servicing and repair. If something unexpected happens, they can assess on the spot
whether available partner nation (PN) support equipment can be used. This flexibility may avoid
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delays caused by waiting for U.S. equipment to arrive, helping the exercise stay on track. When
planned in advance, PN SE can reduce the U.S. logistics burden by allowing maintainers to
deploy without their full equipment sets. However, this approach depends on accurate, up-to-date
information about the availability and in-commission status of PN equipment to avoid planning
around unserviceable or insufficient assets. Practicing this use of PN SE during exercises not
only increases efficiency, but also builds confidence and familiarity for wartime operations.

For a ACE maneuver operations, a U.S. fighter ends up at a PN ACE location, usually for a
short period of time. For reactive cases, if a fault occurs or servicing is required beyond what the
U.S. already has positioned there (if anything), quickly assessing available PN SE could enable a
fix instead of waiting for U.S. SE to ship. This could enable ACE operations to say mobile and
responsive, and could reduce lengthy stays in one location, thus reducing vulnerability. If PN SE
can be used proactively, the posture can be pre-planned with expected PN capabilities at each
location. This enables resourcing to be tailored around that PN support and for operational
planners to have confidence in execution.

For ACE hub and spoke operations, the goal is often to start at the hub and shift to spoke
under threat, then operate as long as needed, before returning to the hub. If the hub is threatened
or damaged, the unplanned use of PN SE could mitigate the risks of operating at spokes. The
longer spoke operations continue (usually with minimal U.S. support), the greater the likelihood
of a failure that cannot be remedied by organic maintenance capability. If PN SE is available and
can be assessed, it could help maintain combat capability without sending U.S. SE to perform a
fix. This mitigates the degradation of combat capability over time (and preserves capacity-
constrained transportation), while maintaining the survivability that dispersed spoke operations
provide. If the use of PN SE at spokes could be pre-planned, this would give operational planners
much more confidence in the executability of ACE operations and the anticipated combat
capability they seek. Proactive use could also enable logistics planners to resource other
locations and not spend time and resources responsively moving SE around to meet emergent
needs.

For emergency divert situations, reactively using PN SE could enable just a few maintainers
to move to the divert location to return the aircraft to service, instead of waiting for U.S. SE to
move also. In Europe, ground transportation could be used, but depending on where an aircraft is
stranded, it might still require multiple days to arrive. If divert locations are pre-designated with
available PN SE, U.S. planners can incorporate those locations into flight plans with confidence
that the aircraft will be returned to service quickly.

We find that the use of PN SE is less applicable — either proactively or reactively — to LSCO.
For reactive, use, when the default is to fight from MOBs, a U.S. aircraft would usually only end
up at PN base for an emergency divert. Even in proactive cases, the U.S. could plan to operate
for sustained periods from a PN base if U.S. MOB were damaged. But this would likely run into
capacity constraints, with the PN having to share one set of SE to sustain a high optempo with
both their own and U.S. aircraft, thus limiting its utility.
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Across most of our operational use cases, while there is some utility of using PN SE
reactively (as it traditionally is), this could at best mitigate the risk of unanticipated failures and
possibly return aircraft to service more quickly if stranded during dynamic operations. If PN SE
can be proactive and pre-planned, this provides capability that USAFE planners — both
operations and logistics — can count on, resource to, and have confidence in. If USAFE wants
interoperability it can plan on, the proactive use of PN SE would move it in that direction. As we
discuss in upcoming sections, it is our impression from relevant guidance and discussions with
HQ and wing SMEs that USAF guidance only formally addresses what we call a reactive
deviation from TO and tech data.

Status of Interoperability Efforts and Obstacles

The previous section described the operational and logistical benefits of reactive or proactive
use of PN SE. Beyond this, U.S. partners have in recent years also been testing and using U.S.
equipment. The U.S. now has aircraft servicing and maintenance prepositioned in a number of
partner locations in theater, and if those other partners could fall in on U.S. equipment, that could
also economize on and speed the partner deployment operations.

In March 2023, personnel from USAFE/A4 and 52 FW traveled to Siauliai Air Base,
Lithuania for an event to test the interoperability of USAFE prepositioned WRM with partner
nation aircraft.®” The event was led by the European Air Group (EAG)®! and NATO Air
Command (AIRCOM), and the site was selected due to French and Belgian Baltic Air Policing
presence at a prepositioned site.®? Later, in June 2024, the Portuguese air force deployed to
support the Baltic Air Policing mission there, and Portuguese ground crews operated U.S. SE.%?
The main goal was to assess the interoperability of U.S. SE with the Portuguese F-16 aircraft and
enabling conduct of dispersed operations. As referred to earlier, explicit goals for the event were
to reduce the logistic footprint and increasing readiness of the deploying forces.

While this can provide alliance benefits, USAFE is also keenly interested in the potential for
or barriers to the U.S. using PN SE, on F-16s in particular. To investigate, we consulted relevant
USAF policy and guidance, interviewed USAFE staff and held discussions with relevant
personnel from USAFE’s fighter wings.

80 Joseph M. Strabley, WRM Interoperability Tests at Siauliai AB, memorandum, Lithuania, March 1, 2023.

81 The European Air Group (EAG) is a multinational military organization that promotes interoperability and
cooperation among the air forces of its member nations. It serves as a forum for collaboration on air power
capabilities, focusing on improving combined operational effectiveness and enabling joint air operations. Its member
nations include Belgium, France, Germany, Italy, Netherlands, Spain, and the United Kingdom.

82 USAFE had, as directed by COMUSAFE, already repositioned some existing mission generation equipment to
this location.

83 NATO, “Portuguese Air Force, on status for Air Policing, hone Agile Combat Employment capability,” NATO,
webpage. June 21, 2024
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Technical Orders Restricts the Use of Nonstandard Support Equipment

Guidance for performing aircraft maintenance exists within a large ecosystem of different
kinds of documents and data. The actual detailed instructions maintainers use day to day is in
TOs, some of which we referenced in Chapter 2. There is a general TO from the manufacturer
that addresses ground handling, servicing and airframe.?* Each MDS then has its own library of
additional TOs for specific inspections, procedures, component repair, wiring diagrams, etc.

The ground servicing TO provides a complete list of all required and authorized tools and
test equipment necessary for handling and servicing procedures.®® This is comparable to the same
tables found in the F-16 cross-servicing TO we referenced. These tables list the part number, part
name, and task for which it is used. The primary item listed is a recommended item. In most
cases it is the item originally purchased with the aircraft and the standard equipment items that
would, for example, comprise a deployment package.

The tables in the TO also include a place for an alternate item, which may be used if the
recommended item is not available. In many if not most cases, the alternate column is blank,
meaning no substitution is allowed. When the alternate column is populated, sometimes it has
one or more exact part numbers. In many cases, the box shows the word Equivalent. This is the
one case that permits a technician to substitute an equivalent item (defined as equal capacity and
accuracy) for the item that is recommended but not available.

Technical Orders (TOs) allow for “equivalent” (i.e., equal capacity or accuracy) equipment
substitutions, but do not define who determines equivalency.®® This ambiguity leads to two
possible approval processes:

e Waivers (field-level authority for urgent needs)

e Form 107 (AFLCMC SPO approval) for long-term certification.

A requirement can be waived by the properly designated authority under certain conditions.
USAF maintenance policy mandates adherence to TOs but also acknowledges the need for
operational flexibility. Policy vests within a flying wing’s Maintenance Group (MXG)
commanders and other local commanders some discretionary authority, especially in urgent
operational situations. According to TO-00-5-1, “the fundamental aim of a waiver is to enhance

84 This is similar to the cross-servicing TO, but addressing the full scope of these tasks, not just for quick-turn. For a
sense of proportion, the F-16 cross-servicing TO is over 400 pages, one MDS-specific general TO that covers the
full range of tasks for USAF maintainers was over 3,000 pages.

85 We did not directly review the F-16 servicing TO (the releasability of these TOs is controlled by AFLCMC), but

consulted with USAFE/A4M personnel on the content and its interpretation. We did have access to a different MDS
TO for ground handling, servicing, and airframe, where we were able to confirm some of language and structure in

comparison with the F-16 cross-servicing TO which is fully releasable.

86 The maintenance SMEs with whom we consulted agreed that no official documentation illuminates this issue
further. Discussions with USAFE/A4 personnel on August 21, 2024.
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mission effectiveness at all levels, while preserving resources and safeguarding health and
welfare.”8’

The MXG/CC has the authority to bypass standard maintenance procedures in emergencies
or when directed by higher command. For instance, during troops-in-contact situations, aircraft
may need to launch despite missing scheduled inspections. In wartime, phase inspections may be
waived to maximize aircraft availability for urgent missions.®® Waivers allow flexibility when
strict adherence to TOs would compromise operational effectiveness.

The waiver process generally involves urgent operational needs, where mission requirements
necessitate deviation from TOs, and include a risk assessment, which considers the potential
impact on safety, mission accomplishment, and equipment integrity.

On the other hand, if maintainers face an issue that goes beyond standard maintenance or
operational capabilities, this is deemed to require an engineering technical assistance request
(ETAR), also known as a 107 request.® An ETAR is a formal process in the USAF typically
used to seek technical expertise or engineering support when a unit encounters a problem with an
aircraft or piece of equipment that requires specialized knowledge or solutions from the original
equipment manufacturer (OEM), a depot-level facility, or another engineering authority. The
ETAR process involves documenting the issue in detail, submitting the request through
command channels, and then coordinating with the relevant engineering office or depot for a
solution. ETARs can sometimes be handled quickly, within hours, but often take much longer if
a deeper assessment of the situation is required.”®

In summary, our review of relevant documentation and our interviews suggest a rough
structure like the following breakdown, shown in Table 5.2.

Table 5.2. Breakdown of Proactive and Reactive Approaches for Departure from Standards

Approach Waiver (Field) Form 107 (AFLCMC SPO)

Reactive Urgent operational need, e.g., troops in contact Not reparable this station (NRTS), unscheduled
depot-level maintenance (UDLM), aircraft battle
damage repair (ABDR)

Proactive  Develop interoperability that can be pre- USAF F-16 unit deploying to F-15 base, requesting
planned and relied upon. use of F-15 jack to avoid deploying own F-16 jack
Economize on deploying maintenance from home-station
equipment

NOTES: NRTS: not reparable this station, UDLM = unscheduled depot level maintenance; ABDR = aircraft battle
damage repair; USAF = U.S. Air Force; AFLCMC = Air Force Life Cycle Management Center; SPO = system program
office.

87 USAF, Technical Order TO 00-5-1, AF Technical Order System, July 16, 2018, para. 1.6.1.

8 However, these and other such deviations typically require documentation and notification to the appropriate
authorities.

89 USAF, Air Force Technical Order 00-25-107, Maintenance Assistance, August 15, 2011.
90 The levels of urgency for ETARs are Emergency, Immediate, Urgent, and Routine. USAF, 2011.
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Most of the content in Table 5.2 merely distills the content just described. However, as we
foreshadowed earlier, none of the guidance we consulted appears to explicitly address what we
term proactive situations: there is no immediate operational need or operational problem to solve
that forces an urgent decision about deviating. We highlight this in the bottom-left cell of Table
5.2, showing justifications for field-level waivers to address what we term proactive use of PN
SE. The question is: Where does one draw the line between reactive and proactive approaches?
In the case of a maintenance unit needing to substitute one equipment item for another (i.e., to
define “equivalent” equipment), which avenue is the appropriate one? The answer depends on
whom one asks. Our interviews, to which we now turn, shed light on the answers.’!

Subject Matter Experts Have Varied Perspectives on the Use of Host Nation Support
Equipment

Our research team held focused discussions with maintenance personnel at multiple levels
within USAFE/A4M and multiple USAFE FWs.”?> HQ USAFE personnel confirmed that fighter
wings can approve reactive PN SE use for urgent needs, though risk tolerance varies.
Interviewees emphasized strict adherence to TOs, reliance on Form 107 for deviations, and past
accidents linked to unauthorized SE use.”* This raised questions about how much risk the wings
should be taking.

At the wing maintenance units, on the other hand, the story was mixed. Some maintainers
reported dynamics very similar to those at the HQ level, but a hierarchy of cases emerged.

e Identical. Cases where a partner flying F-16s has the identical part number as specified in
the TO. USAFE maintainers still cannot be certain about how the SE has been
maintained, but they can do visual and physical inspections, including testing the
equipment output (e.g., air pressure, temperature, power frequency and consistency).

e Compatible. In cases where the partner flies F-16s (and the location in question flew F-
16s), but SE with an part number identical to the U.S. was not available. Here, there is a
broad assurance that the equipment can technically and functionally support F-16s, but
some maintainers were more circumspect about the risks, though they could still
independently assess the compatibility of using a given PN SE item.

e Other. In the case of Soviet era equipment, some were quite risk averse and did not think

there would be a valid operational circumstance in which they would need to use such
SE.%

1 The dominant view from interviewees is that only the SPO engineers may determine what is equivalent or
substitutable.

92 We also corresponded via email with the ACC F-16 Weapons System Team (WST) and AFLCMC F-16 SPO.
93 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.

94 It appears that Poland is the only NATO ally that still flies Russian-made aircraft, as most others have begun
modernizing, including many to F-16s or F-35s.
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In other discussions with the wings (in some cases within the same maintenance
organization), interviewees reported that they use PN SE more proactively and assertively.
Specifically, some units explicitly incorporate in exercises an objective to identify, test, and use
PN SE when deemed to be safe.”® This philosophy was certainly more common or routinized in
the case of partners with existing F-16 FMS cases.

In some cases, the wing would activate an internally-designated advance country team before
a deployment, adding a SE technician with the team to deliberately assess the availability and
compatibility of PN equipment. Some interviewees reported that PN technicians carry a
"toolbox" of adapters that can interface with various makes and models of PN equipment.
Personnel who described this proactive approach described a detailed process by which they
assess the equipment to mitigate risks, which we describe more below.

Those who espoused this more proactive strategy stated several objectives.

e Operational readiness. Especially under Agile Combat Employment (ACE) concepts,
falling in on PN SE significantly enhances agility. One interviewee explicitly mentioned
the tradeoff, relevant to ACE or any quickly evolving crisis, as being between time and
capability.”® If a unit needed to deploy forward urgently, they could trade capability for
time, getting there quickly, accepting the fact that they might have to temporarily rely on
the PN to help service their aircraft to be in-place and immediately operationally-capable.
The unit might have their logistics readiness squadron (LRS) follow on with more of their
own organic equipment using limited LRS organic transportation assets (given an
assumption that airlift would not be forthcoming in such a situation).

e Reduced logistics burden. Some personnel reported tailoring their equipment packages
based on knowledge of available PN SE.*’ It was unclear if this was anticipated only for
peacetime operations like exercises or for operational scenarios.

e Maintainer training. Another stated benefit of the proactive approach was the training of
USAFE fighter wings’ own maintenance personnel to do these assessments to inform
operational decisions. The argument was that it was better to have their personnel
experience some of the PN SE in peacetime rather than the first time they rely on it
having to be in an actual crisis.”®

This proactive strategy seems in line with the multi-step progression we described in Chapter
1 that leads to building day-zero interoperability that USAFE seeks. That said, despite the
procedural rigor in the approach to scrutinizing PN SE, some interviewees acknowledged that
some of the risk assessments of PN SE may be influenced by personal judgment or aversion,
particularly when there is uncertainty about how PN equipment has been maintained.”

93 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.
%6 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.
7 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.
98 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.

9 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.

45



Without judging the merits of this approach, we can say that the justifications provided for
this proactive strategy seem aligned with the articulated intent of COMUSAFE that the U.S. and
its partners should prepare now to develop interoperability they will need to leverage in a crisis.

To summarize, two elements emerged from HQ- and wing-level discussions that we
highlight here. One is that there appears to be a spectrum of approaches within USAFE to
leveraging PN SE. The more conservative and reactive approach was more common, but not
uniform. For the sake of informing dialogue within USAFE, we offer Table 5.3, which attempts
to describe the range of cases for using PN SE.

Table 5.3. Approaches to Using Partner Nation Support Equipment

Case Description Notes

Reactive Fault on aircraft Code 3, but assessed to be airworthy enough to return home via ferry flight
(Code 3)
No fault on aircraft, Code 1 or 2 but lack some capability to do required inspection and servicing.
lack equipment Waive procedure or perform procedure with non-standard equipment.

Proactive  Identify SE Intentionally identify, locate, and visually assess equipment for future action. SE

technicians assess — identical part numbers, similar equipment, or entirely
different (e.g., Soviet era / Russian-made)

Test SE SE technicians physically inspect condition, output, performance, to degree
possibly by available time and tools

Use SE Use equipment (that passes tests) to generate aircraft.

Plan on SE Record presence and condition of SE, tailor own deployment packages and

plans for peacetime and/or wartime operations

NOTES: SE: support equipment. Code 1 = fully mission capable, Code 2 = partially mission capable, Code 3 = not
mission capable.

Summary of Findings on Leveraging Host Nation Support Equipment

USAFE's efforts to enhance interoperability face a fundamental challenge: poor
communication among key stakeholders, including USAFE wings, HQ USAFE, and enterprise
entities like AFLCMC. This lack of coordination hinders the collection and sharing of data on
partner nation (PN) support equipment (SE) usage, preventing the Air Force from fully assessing
compatibility and risks. Despite USAFE's push for “day-zero” capabilities and proactive
maintenance training, valuable lessons remain siloed at the wing level. AARs document
experiences with PN SE, but these insights are not systematically shared or institutionalized. The
lack of clear policies on risk tolerance further complicates decision-making. To achieve effective
interoperability, USAFE must not only train for crisis conditions but also ensure that institutional
learning occurs beyond individual wings.

First, while technical guidance allows limited flexibility, SPO policy and process remain
highly restrictive. Guidance in TOs and TDs permits the substitution of "equivalent" equipment
only under very narrow conditions, with the SPO retaining full authority to declare SE as
acceptable. This limits USAFE's ability to act preemptively, as policy formally supports only
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reactive use of PN SE through risk-managed deviations in urgent operational need. Whether this
constitutes a problem depends on one's perspective: HQ USAFE sees current practices as
providing adequate flexibility for wings to act when needed.!?

Second, fighter wings vary significantly in how they approach PN SE, with some pursuing
proactive strategies. Interviews and site visits revealed a mix of attitudes and practices. While
many wings operate cautiously and only consider PN SE when under operational pressure, others
have taken initiative to identify, test, and incorporate partner SE into exercises and local
procedures.!®! Their logic is twofold: proactively setting the theater and enabling training
opportunities for partner technicians. This emerging bottom-up experimentation reflects both
operational urgency and local innovation.

Third, USAFE lacks a structured process to capture and share lessons from these efforts.
Currently, experience with PN SE is captured in wing-level AARs but not distributed across
wings or incorporated into higher-level planning. This leads to a scenario where some units are
assuming risk and discovering workable practices, but the enterprise is not learning from their
work. As a result, USAFE is attempting to train for crisis conditions without institutionalizing
that knowledge across its force.

Taken together, these findings suggest that the use of PN SE should not be viewed as a niche
or exceptional practice, but rather as a core component of operational preparedness. The
operational need is in fact to set the theater for future demands. This is analogous to training for
in-flight emergencies—just as pilots rehearse procedures for engine failures or combat damage,
maintenance teams must rehearse contingency actions involving PN SE. Controlled testing and
experimentation under permissive conditions are essential to build U.S. confidence in the
compatibility, safety, and effectiveness of PN equipment. Only through deliberate practice can
maintainers be fully prepared to act under pressure in a real-world crisis or contingency.
Neglecting to test PN SE now could leave USAFE’s flying units less prepared to respond on day
Zero.

One goal of specifying and discussing the equipment needed for servicing aircraft in different
contexts in Chapter 2 was to highlight what different types of PN SE would be required to
achieve a given level of service. QT inspections would only require servicing carts, which pose
one set of risks and testing requirements. Adding generators to enable thru-flight adds some risks
from potential voltage spikes or sags, or phase imbalance, though these can be mitigated by the

102

on-board protective systems. °~ Finally, if those risks could be mitigated, likely only

maintenance stands are needed for accomplishing more thorough inspections with PN SE. If

190 piscussion with USAFE/A4M personnel on August 21, 2024.
191 Discussions with fighter wing maintenance personnel on August 11, 2024, and August 25, 2024.

102 Oyr understanding is that the F-16 is equipped with a ground power receptacle that includes protective circuits
designed to detect improper voltage, frequency, or phase issues. If these conditions are detected, the system may
automatically disconnect or prevent the aircraft from accepting the external power. The aircraft should also have
circuit breakers and fuses that can protect its systems from power surges or short circuits.
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USAFE were to clarify what it hopes to accomplish and put some boundaries around it, this
could help focus discussions about the limits of what is allowable and the best ways to mitigate
risks within mission need.
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Chapter 6. Conclusions and Recommendations

This final chapter presents the key findings and recommendations about expanding
interoperability for aircraft ground servicing in Europe for USAFE. The findings and
recommendations align to the chapters of the report and topic areas: (1) F-35 cross-servicing, (2)
F-16 cross-servicing, and (3) leveraging partner nation SE. We also address capacity constraints.
Table 6.1 below focuses on the obstacles to expanded interoperability that we identified and our
recommendations to overcome them.

In Table 6.1, each row shows one aspect of interoperability we discussed in this paper. The
first several rows address different levels of F-35 interoperability, including basic cross-
servicing, weapons servicing and loading, and repair. Each row has one or more entries for
obstacles. In some cases these obstacles have been partially or fully overcome, and in some cases
no apparent solution exists. The final column shows our recommendation, if any, for that
particular obstacle.

Table 6.1. Summary of Findings and Recommendations

Issue Obstacles Recommendation

F-35 basic Security concerns exclude some None. Some limitations will remain on cross-servicing
cross-servicing cross-servicing tasks in JCSTD tasks.

F-35 weapons Technical modification required to USAFE planners should specify concretely the added
servicingand  enable secure weapons servicing benefit to operational plans of F-35 weapon cross-
loading servicing and compare benefits to financial costs to inform

advocacy for U.S. and partner investment.

Lack of concretely stated operational ~ Use anticipated operational benefits to prioritize and tailor
benefits to inform exercise and training partner exercises to build and maintain weapons cross-

program servicing trust and confidence.

F-35 repair Technical modification required to USAFE planners should specify concretely the added
enable secure maintenance vehicle benefit to operational plans of F-35 PN repair and
interface compare to financial costs to inform advocacy for U.S. and

partner investment.

Lack of concretely stated operational ~ Use anticipated operational benefits to prioritize and tailor
benefits to inform exercise and training partner exercises to build and maintain weapons cross-

program servicing trust and confidence.
F-16 cross- Technical - Release existing NATO None, SPO done or nearly done.
servicing — cross-servicing technical data
QT/TH
Different F-16 variants require partner Formalize periodic familiarization events for basic cross-
familiarization and training servicing. Consider using virtual maintenance trainer.
F-16 cross- Do not have NATO releasable USAFE planners should specify concretely the added
servicing - technical data for BPO or PR benefit to operational plans of F-16 BPO and PR cross-
BPO/PR servicing capability. Benefits should be compared to cost

of modification.
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Issue Obstacles Recommendation

Aircraft variant differences require If this technical obstacle is overcome, use specified
familiarization and training operational benefit to tailor partner exercise program.
Leveraging TOs restricts the use of nonstandard ~ Pursue one or more of the following COAs
partner SE SE 4. USAFE should issue clear guidance to the fighter

wings that they should or should not use PN SE
proactively during exercises and engagements
USAFE should engage the SPO to address USAFE’s
operational needs for building interoperability while
Enterprise is not capturing information managing the risks incurred by wider use of PN SE
on the testing and usage of partner SE 6. AFLCMC should consider developing or making
available test equipment that can test SE beyond
current output methods to help wing-level personnel
manage risk when using PN SE.

Fighter wings have differing
approaches as to if and when they
leverage partner SE proactively

o

Capacity Partner nation air forces may not have USAFE operational planners should estimate the
the capacity to accommodate any U.S. maintenance capacity they need — for servicing and
workload beyond basic cross-servicing inspection, weapons loading, and repair.
and/or occasional tasks. USAFE should directly engage with partner nations to
evaluate the maintenance capacity they can provide under
specified operational scenarios.

NOTES: QT = quick-turn; TH = thru-flight; BPO = basic post-flight; PR = pre-flight; JTD: joint technical data, PMA:
portable maintenance aid, MVI: maintenance vehicle interface, SE: support equipment, SPO: system program office,
USAFE: USAFE-AFAFRICA, COMUSAFE: Commander, USAFE

Summary of Findings and Recommendations

In this section, we make recommendations specific to each topic and chapter addressed
earlier in this report. But the primary and overarching recommendation we make is that USAFE
should better define its strategy and desired end-state for aircraft cross servicing and
interoperability. The rest of our recommendations rest on that foundation and elaborate on that
point.

F-35 Cross-Servicing

For the F-35, significant progress has been made even in the last year since the start of our
project, and because of the features of the F-35 and the nature of the JPO and the consortium,
significant aspects of the future of cross-servicing are now underway, with the JPO having
completed or continuing to work on USAFE needs.

The primary obstacle, a regulatory one, was overcome with the previous USAF policy was
rescinded, enabling partners to perform unsupervised cross-servicing on U.S. aircraft if U.S.
MAA recognizes the airworthiness of partner nation, and an acquisition and cross-servicing
agreement (ACSA) is signed. Then, a bureaucratic obstacle was overcome when ACC and others
reviewed and approved tasks to be added to the CSJTD. Finally, a technical obstacle was
overcome when those approved tasks were added to CSJTD. It is now in the hands of F-35
operating nations to recognize U.S. airworthiness as a gateway to pursuing cross-servicing, and
to determine how much time and energy to spend developing deeper and deeper ties.
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For weapons and repair, additional obstacles remain. For weapons, a technical modification
is still required to ensure secure weapons cross-servicing. For this, USAFE planners should
specify concretely the added benefit to operational plans of F-35 weapon cross-servicing.
Those specified benefits should be compared to financial costs and other burdens to inform
advocacy for U.S. and partner investment.

Beyond justifying the technical modification, there is still a lack of concretely stated
operational benefits to inform exercise and training program — how much time should the 48 FW
at Lakenheath spend specifically on exercises that demonstrate and build confidence in weapons
cross-servicing activities with the growing number of PNs operating the F-35? USAFE should
use the anticipated operational benefits stated by their operational planners to inform
investment in the technical modification to prioritize and tailor partner exercises to build
and maintain weapons cross-servicing trust and confidence.

For the achieving cross-servicing at the level of repair and maintenance beyond typical
inspections, the situation is similar to weapons — a technical modification is needed, and
investment has not yet been provided by the U.S. nor partners to implement it. Our
recommendation is thus similar. USAFE planners should specify concretely the added benefit
to operational plans of F-35 repair by partners. Given the types of operations USAFE
planners anticipate conducting, whether ACE or otherwise, the frequency and duration of
repairing faults and removing and replacing parts will be quite different from the frequency and
duration of basic inspections and weapons loading. The repairs will be much less frequent than
inspections and weapons, which occur daily on all aircraft when conducting combat operations,
and will take much longer with a higher bar to clear for trust and confidence to build. If partners
repairing F-35s is important to USAFE, its operational planners ought to be able to specify what
combat capability it would generate, beyond the repair capability and capacity the U.S. forces
will already have. Those specified benefits should be compared to financial costs and other
burdens to inform advocacy for U.S. and partner investment in that particular modification.

Beyond justifying the technical modification, the same question applies for repair as for
weapons loading — how much time should the 48 FW at Lakenheath spend specifically on
exercises that demonstrate and build confidence in partner repair activities F-35 partners?
USAFE should use the anticipated operational benefits stated by their operational planners
to prioritize and tailor partner exercises to build and maintain trust and confidence in
partner repair. To make the implication explicit, if USAFE planners cannot quantify and
specify the operational benefit anticipated by such a demanding level of interoperability, the
command should no longer pursue it as an objective. The accomplishment of less demanding
levels of interoperability would already garner significant operational capability (in part
evidenced by our evaluation of the operational use cases in Chapter 2).
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F-16 Cross-Servicing

Some progress has also been made on F-16 cross-servicing. NATO releasable tech data
already exists for the F-16 for QT and TH inspections, providing the potential for operationally
relevant cross-servicing. At the time of this writing, the F-16 SPO was in the process of
providing that tech data. Also, given what those two inspection types involve, the variant
differences across partner nations should be negligible. USAFE should work to formalize
periodic familiarization events for basic cross-servicing. This will likely require some
prioritization, given the limited calendar time of the 31 and 52" FWs.

For the more thorough BPO and PR inspections, the NATO releasable cross-servicing tech
data does not yet exist. That would have to be developed, and at some cost, but USAFE/A4
personnel informed us that the cost could be included in typical tech data sustainment costs
(though it would need to be prioritized in weapon system sustainment requirement build among
all other tech data changes). If so, there may be little cost to accommodate. If the costs are
nontrivial and those inspection types are desired for cross-servicing, USAFE planners should
specify concretely the added benefit to operational plans of F-16 BPO and PR cross-
servicing capability. Those benefits should then be compared to the cost of the development or
expansion of the F-16 cross-servicing tech data.

Further, aircraft variant differences will require some familiarization and training, though
USAFE/A4 SMEs expressed the sense that this burden would not be significant. If the obstacle
of tech data is overcome, USAFE should use the specified operational benefits just referenced to
tailor a partner exercise program that develops the type and amount of interoperability and
reliability desired by the command.

Leveraging Host Nation Support Equipment

We find that while TOs and guidance provide a well-defined framework within which to
make risk-informed decisions about using host nation SE, we perceive a difference in how the
fighter wings are operationalizing USAFE commander’s intent in that context. Given our
discussions with the project sponsor and staff at the HQ and Wing level, the status quo seems
untenable. On the one hand, there was some concern that wing-level personnel might be taking
on too much risk, suggesting a more conservative approach. On the other hand, the status quo or
an even more conservative approach would not actively pursue day-zero interoperability of the
sort COMUSAFE envisions.

Given that, we propose a way ahead with three possible courses of action, not all mutually
exclusive.

COA 1: Issue guidance that either prohibits or mandates the proactive use of PN SE. If
some wing personnel are in fact being too assertive, it should be made clear that their use of PN
SE should stay clearly in the reactive set of cases, as we described in Chapter 5. If, on the other
hand, it is a clear COMUSAFE objective for the fighter wings to develop day-zero
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interoperability with partners specifically with their SE, then moving forward with clarity and
intention is the only way to achieve that interoperability. If so, guidance mandating the proactive
use of PN SE in exercises (for example) would make clear to all the FWs and HQ staff that this
is the direction the command should go. This will also enable the information the FWs gather on
their experiences testing and using PN SE to be fully leveraged across the command.

If the proactive use of PN SE is to be mandated and pursued, it would be beneficial to clarify
or expand guidance on risk management. The wings use risk assessment to limit residual risk to
specific subsystems of aircraft while on ground, subject to operational needs, when leveraging
partner nation SE. But this risk assessment apparently is neither formalized nor documented.

To provide a starting point for such guidance, we developed a list of questions to help
enumerate and characterize some of these risk dimensions. In theory, answering the questions
below in the positive would reduce or mitigate risk. Each additional indicator would add to the
confidence of a maintainer or commander. This would not substitute for a proper engineering
assessment, but gives some voice to what units are already doing and could act as a bridge for
USAFE and LCMC to move toward more explicit procedures to approve.

1. Does the PN operate the same aircraft MDS as the USAF?

2. Isthe PN SE already identified as equivalent to US SE?

3. Is this piece of equipment used for PN F-16s, e.g., to provide ground power?

4. Can U.S. maintainers verify PN SE performance, and does it match USAF
requirements/USAF SE performance? (e.g., voltages, pressures)

5. Can U.S. maintainers verify that the PN SE will not impact safety of flight issues?

6. Can U.S. maintainers verify that the use of PN SE will not introduce foreign substances

or cyber implications into the aircraft?

7. Are there ways to mitigate any threats identified in step 5 or 6?

The idea would be to create a repeatable process to be utilized by forward locations to assess
the ability to utilize PN SE. If the answer to the first three questions is yes then the decisions are
straightforward. Question 4, 5, and 6 are intended to help weigh the risk and think about
consequences. Question 7 is designed to allow the maintainer to identify and implement risk
mitigating measures.

The wings already implement a version of this process of addressing risk-related questions.
One would expect they are applying some version of the traditional risk management process.'%?
We see several three alternative options for how or where a more formal risk assessment process
to determine the usability of PN SE on U.S. aircraft would be implemented.

1. Wings could provide wing-level guidance along these lines. One interviewee reported
ongoing discussion within the wing to issue wing-level guidance about delegating
authority for using PN SE down to appropriately skilled maintenance personnel.

2. COMUSAFE could issue related guidance at the component level.

103 USAF, Department of the Air Force Instruction 90-802, Risk Management, October 4, 2023; USAF,
“Department of the Air Force Pamphlet 90-803, Risk Management (RM) Guidelines and Tools,” March 23, 2022.
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3. USAF could insert a checklist in AFI 21-101 - Aircraft and Equipment Maintenance
Management - for maintainers to use for risk assessment. In cases where a waiver is
required, the checklist could be applied immediately and recorded in the waiver request.
In the case of a 107, the checklist could be applied and reported to the SPO.

We argue that better clarity within USAFE would be helpful, and that it is up to the
command to decide how to accomplish that. Further, we argue that the expertise the SPO has
could help USAFE manage risk in its pursuit of partner interoperability, to fulfill policy and
directives from the DoD and EUCOM.

COA 2: Engage the SPO. USAFE should engage the SPO to address USAFE’s operational
needs while managing the risk-reward tradeoff. USAFE could elicit SPO engineer expertise
useful for safely accomplishing USAFE objectives. We do not expect the SPO to change its
overall approach to 107s, risk assessments, and approvals (though that is an issue worth
investigating), but instead to leverage SPO expertise. [f COMUSAFE is within his authorities to
direct the wings to act more proactively, they would all benefit from maximum clarity and input
as to how to manage risks. It could therefore clarify for the wings and elicit SPO expertise in a
productive way. Not addressing this issue could hide residual risk that can and should be
mitigated in one way or another.

COA 3: Technical Solution. We introduce one more idea that could actually help bridge this
gap. One interviewee, an PN SME, raised the idea of a piece of test equipment being developed
(or simply distributed to field units if it already exists) that can do some of the more rigorous
tests that the SPO engineers might desire or do themselves.!%* This would, in addition to simply
testing the output of the SE, test some of the internal functionality, reliability, or quality of the
PN SE. We do not know if such a tester already exists or is feasible, but if it were, it could put
into the field a tool that will enable maintainers to be more operationally responsive.

We recommend the USAF investigate the development of technology to more
intrusively test SE beyond current output-focused methods, to enable wing-level maintainers
to better mitigate risks while meeting USAFE operational imperatives and intent. If such
technology exists, e.g., at the SPO, we suggest an assessment of the feasibility of deploying some
of that equipment to the field for their use.

Operational Capacity

For F-16 and F-35 cross-servicing and use of partner SE, constrained partner maintainer
capacity may ultimately be the larger challenge. Thus far, the command is acting on
COMUSAFE directives and imperatives. Our impression from discussions is that these lack
planning detail and rigor, leading to expending resources (i.e., time and energy from the USAFE
staff and elsewhere in the USAF enterprise) without a clear cost-benefit calculation. So far,
efforts have been focused on addressing capability, i.e., whether PN personnel can competently

194 Discussion with USAFE/A4M personnel on August 21, 2024.
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perform required cross-servicing tasks to provide needed capability and/or whether SE can
satisfactorily perform servicing functions with tolerable risk.

A full reckoning with the potential benefits would include the ability of PN to support
operational capacity needs of U.S. and other partner aircraft servicing. To be clear, capacity
needs (and relatedly, speed for things like cross-servicing) will vary by context. For QT
inspections, a quick-response in emerging conflict, perhaps capacity demands are manageable.
For sustained or larger scale operations, the size, scale, and pace of USAF operations would
likely to dwarf PN ability to support. A range of operational use cases is plausible, but USAFE
needs more clarity before proceeding down some paths.

USAFE should clarify desired use cases for all areas under pursuit (F-35, F-16, cross-
servicing, cross-weapons, and SE), especially in operational context (informed by emerging
NATO plans and ACE requirements) and include real-world capacity demands in cost-benefit
calculations, for further deliberation. If USAFE wants partner interoperability it can plan to, i.e.,
day-zero, the planning has to have supporting rigor and realism. In this report, we have provided
use cases and additional analysis to inform those steps.

Concluding Remarks

USAFE currently lacks comprehensive guidance to fully capitalize on potential
opportunities. Establishing an operational imperative is essential for moving forward. Cross-
servicing offers several strategic advantages: it can enhance deterrence by demonstrating
NATO's unity and interchangeable capabilities, reduce the deployment burden during rapidly
evolving crises, lower logistical demands during deployments, and provide resilience where gaps
exist today. These benefits might arise individually or in combination.

Efforts should focus on aligning with the operational imperative and identifying the nations
that position the USAF for optimal success. These are fundamentally operational decisions, not
merely logistical ones. The logistics community needs clear direction from operators to
effectively allocate scarce resources to achieve these goals.

There may be an additional argument to be made that if there is increased F-16 and F-35
interoperability within NATO and European partners, then one has, at a minimum, increased
deterrence in Europe against Russia. That could allow the U.S. to focus more aircraft and
resources in the Indo-Pacific against the PRC. The analysis presented here has direct relevance to
the Indo-Pacific, as Singapore, Japan, and Australia all fly the F-35 and Indonesia, South Korea,
Taiwan, and Thailand all fly the F-16.
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Appendix A. Interview Protocol

This appendix contains the protocol we developed and applied for our interviews.

Introductory Questions

1. What are your position and responsibilities within your unit, and your unit within the
FW?

2. Aside from your current position, do you have past experience with USAFE, NATO,
and/or ACE? Please describe.

3. What is your experience in your unit (past and current positions) deploying to and
operating from partner nation airfields other than your current home-station?

4. Broadly speaking, did you interoperate with the partner nation and/or rely on them for
capabilities or services broadly within your purview?

5. Broadly, were they positive or negative experiences?

Technical Questions

1. U.S. prepositioned support equipment

a.

C.

d.

Do you use U.S. support equipment or AGE that is at partner nation airfields when
you deploy there?

How have you found its condition and readiness?

Do you interact with partner nation or contractors on accessing, maintaining, or
returning it?

Are there processes or policies in place?

2. Partner nation support equipment

a.

b.

Separately, can you use support equipment or AGE from the partner nation or another
visiting country during a deployment?
Have you done it, or planned or discussed it?

3. Authorities

a.

po o

o

If you were deploying and were asked to use another country's support equipment or
AGE, e.g., Dutch F-16s doing a Baltics policing mission, what would you say?
What would you do?

Do you need permission?

Are there AFTs or TOs that prohibit it or provide protocols?

Who has the authority to accept the risk?

4. Risk mitigation

a.

b.

If you used another country's support equipment or AGE, can you talk me through the
specific kinds of risks/impacts?
For example, damage to the aircraft, safety of personnel, cybersecurity, etc.?
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c. Have you all participated in this European Air Group AGE compatibility effort? If so,
in what capacity?

Broad Questions about Security Cooperation and USAFE Staff Roles and
Interactions

1. Prepositioned equipment sets

a. Do you interact with USAFE/A4 on the prepositioned ACE equipment sets?

b. What is your role vis a vis the host-nation, contractors, or HQ USAFE? Officially or
unofficially?

c. Do you need more resources to take on existing responsibilities for prepo equipment?

d. How would you do it if you all got additional WRM prepo responsibilities, but also
manning/resources with it? Have you discussed it?

e. What policies or procedures would apply?

2. Goal-setting

a. Do you all in the wing have your own goals/agendas for leveraging/improving partner
nation interoperability, broadly defined?

b. Do you develop these plans yourselves? Or interact with USAFE/A4 and/or
USAFE/ASI?

c. How are your roles defined in the wing relative to these other players (and other
stakeholders we didn't mention)?
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Abbreviations

ABDR
ACC
ACSA
A/R
AFI
AFLCMC
AFMAN
AFMC
BPO
CBM
CSJTD
DAFI
DoD
ECP
ETAR
FOL
HN

HQ
JPO
JTD
LMCO
LSCO
MAJCOM
MOB
MRT
MVI
NAC
NRTS
ODIN
OSS&E
PMA
PN

PR

QT
RAF

Aircraft Battle Damage Repair

Air Combat Command

Acquisition and Cross-Servicing Agreement
Aerial Refueling

Air Force Instruction

Air Force Life Cycle Management Center
Air Force Manual

Air Force Materiel Command

Basic Post-Flight

Condition-Based Maintenance
Cross-Servicing Joint Technical Data
Department of the Air Force Instruction
Department of Defense

Engineering Change Proposal
Engineering Technical Assistance Request
Forward Operating Location

Host Nation

Headquarters

Joint Program Office

Joint Technical Data

Lockheed Martin Corporation

Large Scale Combat Operations

Major Command

Main Operating Base

Maintenance Repair Team

Maintenance Vehicle Interface

National Airworthiness Council

Not Reparable This Station

Operational Data Integrated Network
Operational Safety, Suitability, and Effectiveness
Portable Maintenance Aid

Partner Nation

Pre-Flight

Quick-Turn

Royal Air Force
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RON Remain Overnight

ROM Rough Order of Magnitude
SE Support Equipment

SN Sending Nation

SPO System Program Office
SPP State Partnership Program
TH Thru-Flight

TO Technical Order

U.S. United States

UK United Kingdom

USAF United States Air Force
USAFE United States Air Forces in Europe
WPN Weapons
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