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ABSTRACT

This thesisexploreshow seaplanesspecifically amphibiousaircraft, can support
the U.S. Joint Force while also creatingchallenges foadversariesn the Indo-Pacific.
During a conflictin the Indo-Pacific, air operationsareat risk dueto limited land-based
infrastructurevulnerableto attack,creatinga capabilitygap.Dueto this gap,we mustre-
evaluate thestrategicutility of seaplanesThe study explores thémitations of current
assets anthe advantages aitilizing seaplane# two fictional scenarios1) Supporiof
operationson a remoteisland, and 2kearchand rescue operationdJtilizing a mixed
methods qualitative/quantitative approach to compare seaplanesagainst various
platforms, including aircraft, ships, boats, and submarines, the stabgwcaseghe
seaplane’s uniguadvantages dum its speedyange, anéccesgto remotelocations.The
study concludewith aseries ofrecommendation®r theDoD, ultimately advocating for
reinvestmentn seaplanesStepstowardthis investment includéncorporatingcontractor-
owned/operatedseaplanesnto joint exercisesto validate requirementsand develop
tactics,techniquesand procedures. Beyorttat, the United Statesshouldinvestin an
interfly relationship with Japan,where American and Japanesepilots operate the
Japanes&JS-2 aircraft together.Theseefforts will validatethe requirement for thBoD

to invest inseaplanes.
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EXECUTIVE SUMMARY

The vast expanse andimited infrastructureof the IndoPacific region present
significantlogisticaland operationatchallenges for th&nited StatesJoint Forces While
the United Statesmilitary has developed operationdispersalefforts, such as the Air
Forcés Agile Combat Employment and the Mari@erps Expeditionary Advanced Base
Operationsto enhanceesiliencyand preserve combat capabilithey remainreliant on
vulnerableinfrastructure This reliance orfixed infrastructurecreates operationaisk, as
airfields and seaportsare easy to target and susceptibleto adversarial attacks.
Amphibious aircraft, with their ability to operatefrom both water and land, offer a
compelling solutiorto mitigate thesechallenges and thmilitary’s logistical resilience,

agility, flexibility, and operationakachwithin the Indo-Pacificregionl

Insights

As we face new problemssometimeghe bestsolutionis to fall backon older,
proven concepts of operations (amphibiairsraft) and employthemwith updated and
modernizedtechnology.This study quantitatively andualitatively examined aliverse
array of platforms—including amphibiousaircraft, landbased fixed-wing aircraft,
helicopters, tilt-rotor aircraft, large surface vessels,boats, and submarines—iwo
fictional scenarioghat highlight currentcapabilitygaps:1) supportof military operations
on aremote island, and 2) openoceansearchand rescue(SAR) operations.These
scenarioswvere informed by an extensive study of current plaress well as discussions
with operations andogistics experts throughoutUSINDOPACOM and the DoD,
including personnelfrom PACAF, MARFORPAC, SOCPAC, PACFLT, AFSOC,
MARSOC, SOCOM and the China Focus Groupasedon our quaritative analysis of

! Resilience, Agility, and Flexibilityare usedo describeattributes that aressential for operations in
dynamic environments. “Resilience” is the abilityrézover from setbacks, such as a destroyed airfield
“Agility” and “Hexibility” refer to the ability taapidly respond to emerging threats amaxploit
opportunitiesAmphibious aircraft provide all three of these characteristics with their ability to land on
both water and airfieldsncreasing the number of potential operating locations and ways to support the
fight. By cultivating Resilience, Agility, and Flexibilityinitscan effectively overcome challenges and
seize opportunities.

XVii

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



the variousplatforns, amphibiousircraftwerefoundto provideseveralkey advantages

that couldprovide a strategiedgefor the UnitedStatesn the Pacific:

» Operational Flexibility and Agqility: The multi-domain capability of
amphibiousaircraft enablesrapid deployment of personnel arwhrgoto remote and
austere locationsTheir uniqueaccesdo areasthat are often out of reachfor traditional
land-basedaircraft and many navalssetsamake them especiallyvaluablefor missions
suchas SAR andspecialoperationsWhen evaluatedwithin the context ointra-theater
mobility and maritime SAR, amphibiousaircraft demonstrate higmissioneffectiveness
comparedo both landbasedaircraftand navalvessels. Amphibiouaircraftcanprovide
a balance ofange, speedaarryingcapacity,and accessibilitthatthe DoD currentlydoes
not have ima single platform.

» Creating Dilemmas for Adversaries: Amphibious aircraft, operatingfrom

dispersedlocations, can inject an elementof unpredictability that could potentially
disrupt, divert, and deter adversariesespeciallyif usedin unconventionaimeans.By
reducingpredictability,amphibiousaircraftmay be particularlyeffectivein achieving the
strategicgoal of imposingcosts oranenemy The aircrafts mobility cancreatestrategic
dilemmasforcing adversarie$o allocateresourceso defend a broader range of potential
targets.Moreover, amphibiousaircraft could offer a strategicadvantagan countering
Chinesemaritimemilitias, as they combinghe flexibility andspeedof aviationwith the

versatility of operating irmarineenvironments.

» Supporting Non-Standard Aviation (NSAv): Amphibiousaircraft, especially

smallermodelscommonlyusedfor civilian purposes, have the potenttal seamlessly
blendinto civilian air traffic, providing adiscreetmeansof supportingmilitary operations
in sensitive environments.Aircraft like the CessnaGrand Caravan C-208 and de

Havilland CanadaDHC-6 Twin Otter, commonly usedfor tourism in Pacific Island

nations, exemplify this NSAv potential2 The NSAv approach echoesistorical

2 Trans Maldivian Airways, “Twin Otter Seaplane Maldives,” Our Seaplane Fleet, accessed July 31,
2024, https://www.transmaldivian.comin-otter/; Airtrav, “Home,” Airtrav, accessed July 18, 2024,
https://airtrav.ph/.
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operationdike the covert transpoxf uraniumusingthe PanAm Clipper duringWorld

War Il and offersa moderrsolution forconducting clandestine operations.

Recommendations

Currently, without major investment, théJnited Statescan gain immediate
experience and operational insights tgntracting amphibiousaircraft from private
companiesand integrating themnto exercises andealworld operationsThis approach
allowsfor evaluatingandvalidatingcapabilities andequirementsvithout committingto
afull program of record. Additionally, thenited States shouldeekto further enhance
partnershipsvith Japanby committing aircrewto get qualified andinter-fly on Japars
US-2 amphibiousaircraft. This increasedevel of combinedtraining andinteroperability

will facilitate knowledge sharing diestpracticedor the useof amphibious aircraft.

Ultimately, reinvestingin amphibiousaircraft offers the U.S. Joint Force a
valuable opportunityo enhancats resilience flexibility, and operationaffectivenessn
the IndoPacific AOR. Theseplatformscan mitigate the challenges posed bgontested
environments, create dilemmas for adversaries,and provide a discreet means of
supportingspecialoperations and othesensitivemissions.Embracingthis historically
provencapability will not only strengthen th&.S. military’s posturein the region but
alsoensurdts continuedability to project power and respomrdfectivelyto awide range
of contingenciesn the future.This investments not about developing destinga new
technology butrather adopting and advancing a proverapability that remains

underutilized by others and absé&waim the currentU.S. military inventory.

XiX
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l. INTRODUCTION

The vast expanse ofthe Indo+acific region poses significaribgistical and
operational challenges, as its geographic dispersior—characterizedby its limited
landmassand vast distancesbetweenislands—ereates a “tyranny oflistance,”which
complicates thefficient movement oforcesandresourcesln a contestedscenariothe
problemis exacerbatedastraditional supplychain networksdiminishto the pointwhere
it could become difficult or impossibleto sustain combat power.Due to this
vulnerability, the United Statesmilitary developed operationalispersalefforts, suchas
the Air Forcés Agile Combat EmploymentACE) andthe Marine Corps Expeditionary
Advanced Base OperationdEABO), to enhanceresiliency and preserve combat

capability;however, thesmitiativesremainreliant on vulnerable infrastructure.

New solutionsare neededo addresgheselogistical challengeshat are beyond
the reach of current conventionalcapabilities. One such solution is to reinvestin
amphibious aircraft capabilities. This approach would reducethe U.S. military’s
dependency on runwayghile alsooffering greaterflexibility andaccesgo remoteareas
that would otherwisebe inaccessiblgo land-basedaircraft, all at speedssignificantly
fasterthan surface or subsurfaceessels.Furthermore, amphibiouaircraft could also
carry out surprise attacks, clandestine insertions, long-range resupplissions and
personnel recovery operatioasrosggreatdistancesn the Pacific. In this paperwe will
examine thability of amphibiousaircraftto conductsearchandrescue(SAR) missions
and logistics operations by evaluating operational constraist&h as range, payload/

cargo capacityspeedaccessand unique capabilities.

A. RESEARCH QUESTION

How can the use of amphibiousircraft help to mitigate the challengesof
contestedperationgor theU.S. JointForcein theINDOPACOM Area of Responsibility
(AOR), while alsocreatingchallenges t@otential adversaries?

Amphibious aircraft havehistorically demonstratedheir utility in a variety of
operational scenarios.They have enabled rapid troop and equipment deployment,
1
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facilitated swift delivery of humanitariaraid in disasterstrickenregions, and provided
essentialsupport forthe rescue ofstrandedpersonnel. Moreovedispersedamphibious
aircraft operations havenhancedntelligencegatheringcapabilities.By overcoming the
limitations imposed by fixedland-basedlocations, amphibiouaircraft offer a meansto
escape the “tyranngf distance”and enhancéhe military’s logistical resilience agility,

flexibility, andoperational reactvithin the IndoPacific regiont

Exploring the modern use of amphibiowsrcraftin the INDOPACOM AOR is
critical. CurrentDepartmentof Defense(DoD) logistics struggleswith the complexities
of peerto-peerconflict, and amphibiousircraftoffer a potentiakolution. Their inherent
flexibility and untetheredmobility make them harderto target, creating redundancy,
enhancingsurvivability, and ultimately increasingthe likelihood ofmission success.
Adopting amphibiousircraftwould be a paradigrshift for theDoD, a moveawayfrom
static vulnerabilities towards adaptive, mobile logistics networks for operations.
Although the size of the Indo-Pacific theaterprovides aevel of operationallexibility
andmaneuvepoptionsfor the U.S. Navy, it alsoheightenghe vulnerability ofestablished
land basedo potentialadversarieslueto limited andfixed land-basedoptions? Reliance
on traditional landbasedinfrastructureand fixed-wing aircraft createssusceptibilityto
disruption in contestedenvironments, hinderingustainedJoint Force combat power

projection

Initiatives suchas ACE andEABO, embracedy theU.S. Air ForceandMarine

Corps, seek to mitigate these vulnerabilities by dispersingorces and improving

L We will use Resilience, Agility, and Flexibility to describttributes that aressential fooperations
in dynamic environment$Resiliencé is the ability torecover from setbacksuch as a destroyed airfield.
“Agility” and “Hexibility” refer to the ability taapidly respond to emerging threats amaxploit
opportunitiesAmphibious aircraft provide all three of these characteristics with their ability to land on
both water and airfieldsncreasing the number of potential operating locations and ways to support the
fight. By cultivating Resilience, Agility, and Flexibilityinitscan effectively overcome challenges and
seize opportunities.

2Veerle Nouwens et al., LofiRange Strike Capabilities in the Adpacific: Implications for Regional
Stability (London: International Institute for Strategic Studies (1ISS), 2024)2 8nttps://www.iiss.or@h/
researckpaper/2024/01éng-rangestrike-capabilitiesin-the--asiapacific-implicationsfor-regional
stability/.
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mobility.3 However, they are reliant on land-based infrastructure and encounter
difficulties in tackling the inherentcomplexities ofan expansivemaritime domain.
Though dispersedlandbased strategiesare effective in complicating targeting and
dispersingforces,they leave acritical gapin delivering sustaineccombatpoweracross
the vast distances of théNDOPACOM AOR. This approachassumes that langased
infrastructureremainsintact and usable byU.S. forces. The inherent vulnerabilityof
fixed locationsandthe logistical challenges of supplyindispersedorcesundermine the
ability to projectcredible combat powehroughout the region.

Technologicahdvancementsuchas newmaterials and propulsicsystemshave
improvedamphibiousaircraft and promiseto makethemevenmore versatile anccost
effective than they were in previousgenerationsThe future of logistics and combat
operationsn the INDOPACOM AOR could verywell involve squadrons aheseagile
amphibious aircraft, weaving throughisland chains and defying the tyranny of

distance,” destamento Americds strategidnnovationin the face ofa contestetheater.

B. LITERATURE REVIEW

Thereis currentlya gapin understanding theapabilities of amphibiouaircraft.
Few, if any, contemporaryauthors orstrategists havexaminedthe use ofeaplaneso
supportmodernmilitary operationsaandlogistics.Many recentarticles advocating for the
resurrectionof amphibiousaircraft lack a rigoroustheoreticalframework or theory of
seaplane employmerdandfail to provide nuanced thougbt the subjectOur goalis to
advancethe initial argumentfor seaplanes beyoneherely introducing theconceptby
demonstratingtheir potentialeffectivenessn operating environmentike the Pacific

theater.

This gap in understandingwas highlighted by theU.S. Air Force Special
Operations Command{@FSOC)attemptto create theMC-130J Amphibious Capability,

3 U.S. Air Force Agile Combat EmploymemFDN 1-21 (Montgomery, AL: Curtis E. Lemay Center
for Doctrine Development and Education, 2022); U.S. Marine Corps, “Expeditionary Advanced Base
Operations (EABO),” Marines, August 2, 2021, https://www.marineen/s/NewsDisplay/Article/
2708120/expeditionargdvanceebaseeperationseabo/.
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or MAC. Throughoutthe MAC project, there was an apparentiack of understanding
about thediminishingreturns offloats asthey increasen sizefor float-basedseaplanes.
For largeraircratft, the efficiency of float systemsdiminishesas therequiredincreasen
float sizeleadsto greatemweight and drag;ompromisingheaircraft’s range and payload
capacity To overcometheselimitations, larger amphibiousaircraft should bealesigned
with a hullbasedconfigurationratherthanrelying solely on floats. This is a significant
reasonthe MAC hasbeenput on hold ands unlikely to befully realized This nuanced
understanding o$eaplanealesignunderscorethe existingknowledgegapregardingheir

employmen

1. DoD’s Current Logistic Enterprise

The DoD’s currentlogistics enterpriseprioritizes efficiency, heavily influenced
by commercial best practicesto optimize costs. While this approach hasyielded
significant savings throughits efficiency, it has also introduced vulnerabilities,
particularly through practiceslike Justin-Time (JIT) logistics? While JIT reduces
storagecosts at forward locationsin peacetime,t fosters dependence on unimpeded
supply lines, rendering thesystemfragile in the face of disruptionscausedby natural
disasters orconflict.> This tradeoff between efficiency and resilience becomes
particularly stark in light of the 2022 NationaDefenseStrategys shift towardsGreat
PowerCompetition, prioritizingoperationakffectivenessn contestedcenvironmentdike
the INDOPACOM AOR.6 Ultimately, traditional logistics chainsin the Pacific are
vulnerableto disruptiondueto China’s Anti-AccessArea Denial (A2/AD) capabilities,
limited infrastructureanduncertaingeopoliticallandscape.

4 Christopher J. Michelsen, Patrick O’Connor, and Tarpon Wiseman, “Just in Time Expecting Failure:
Do JIT Principles Run Counter to DoD’s Business Naturi@@fense AT&l43, no. 2 (March 2014): 32,
https://apps.dtic.mil/sti/tpdf/ADA608645.pdf.

5 Michelsen, O’Connor, and Wiseman, 36.

6 Department of Defense, 2022 National Defense Strgié@ghington, DC: Department of Defense,
2022).
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Recent assessmentindicate that the current navalsealift logistics will be
insufficient to support JointForce demandin a major conflict.” One notableareaof
concernrevolves around China®ubstantialnvestmentaimedat bolsteringits maritime
prowess through the expansion itd naval capabilities and the broadening of the
geographic scopenfluenced by its A2/AD technology. This technology primarily
encompassesophisticatednti-shipcapabilities posingsignificantchallengego regional
securitydynamics8 Similarly, strategicairlift faces concerns of A2/AD combinedth a
limited number offixed airfields, which createssignificantchallengesn ensuringtimely
resupplyacross thdNDOPACOM AOR.9 Overall, these A2/AD concerngresenta
significantchallengeto traditionalsealift andairlift routesin theregionandthreatenour

ability to projectpower due teubstantial logisticdbottlenecks.

Although our access,basing, and overfligh{ ABO) capabilites throughout
INDOPACOM are expandingABO constraintsremain a critical gap that limits our
freedomof maneuver. ferefore increasingABO throughout thePacific is currently a
focus item for Pacific Air Force Headquarterdo enableflexible and responsiveair
operationst? Despite ongoingfforts, the complexgeopolitical landscape of thregion
causes concernd regionalfragmentation preventing guaranteedBO during acrisis.
Furthermoreit is critical to consider the additionatrainplacedon logisticsnetworks by
naturaldisasters and potentiaimallerscaleconflicts, which are frequenbccurrencesn
the region.These combinedactors paint acomplex picture of significant logistical

challengegshat must be consideredvhen analyzingpotentialmilitary operationsin the

"Walker D. Mills and Erik Limpaecher, “Sustainment Will Be ContesteldS. Naval Institute
Proceedingd.46, no. 11 (November 2020), https://www.usni.orggazinegroceedings/20206vember/
sustainmenwill -be-contested; Timothy A. Walton, Harrison Schramm, and Ryan B&ustaining the
Fight Resilient Maritime Logistics for a New Ej@&/ashington, DC: Center for Strategic and Budgetary
Assessments, 2019), https://csbaonlineresgfarctgublications/sustaininthe-fight-resilientmaritime
logisticsfor-a-newerapublicationd.

8 Sean R. Dougherty et al., “Logistics in Contested Environments” (master’s thesis, Naval Postgraduate
School, 2020), https://hdl.handle.1€®45/65507.

9 Laura Heckmann, “Contested Logisticlational Defensd08, no. 839 (October 2023):-223,
ProQuest.

10 pacific Air Forces, PACAF Strategy 2030: Evolving Airpogitickham AFB, HI: PACAF HQ,
2023), 10, https://www.af.mil/Portals/1/documeR@23SAF/PACAF_Strategy_2030.pdf.
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region. The limited airbaseinfrastructureacross thePacific is highly susceptibleto
disruptionfrom various naturatlisastersfurther constrainindogistical movementsvia

land-basedaircraft11

Therefore it is worthwhile toconsider the cos@ndbenefits of shiftingheDoD’s
logistics paradigm, moving beyonhereefficiency towards aresiliencebasedapproach
that prioritizes operationaleffectivenesdn contestedenvironmentsThis shift towards
effective and resilient supply chains necessitatesnvestmentsin capabilities like
prepositioned stocks, alternative supply routes, andagile logistics platforms like
amphibiousaircraftto ensureuninterruptedsupportin the ‘lasttacticalmile” to forward
deployedforces, evenin the face of disruptions and adversaryactionsl2 The “last
tactical mile” illustration, Figure 1, depicts the challenges of supportimgitary
operationsn remoteareaswith logistical supportliminishingin scaleandefficiency as
it movescloserto the frontlines, with a heavyrelianceon intra-theatertransportation
modesto provide therequiredtacticalmovement andiistribution13 As highlighted,this
tactical movement andlistribution becomedifficult due to immatureinfrastructureand
dispersedorward operatingbasesnecessitatingpecificdistribution methodssuchas a

hub-and-spoke model.

11 Joseph Beal, “Bridging the Strategic to Operational Gap: Air Mobility in Natural Disaster Relief”
(master’s thesis, Air University, 2016), http://archive.degailsDTIC _AD1030400.

2 Mills and Limpaecher, “Sustainment Will Be Contested”; “Last Tactical Mile,” Course CLL037:
DoD Supply Chain Fundamentals, accessed October 23, 2024, https://icatalog.oenbigeh@LL037/
DAU_Supply_Chain_Atlag/10125/010125000070.html.

13 Defense Acquisition University, “Last Tactical Mile.”
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Figure 1. Lasttacticalmile illustrationt4

Developing aresilient logistics network utilizing a hubandspoke approachas
seenin Figure 2, is necessaryto distribute prepositioned supplies the “last tactical
mile,” deliveringdirectly to warfighterson the frontlines. To ensurethis capability,we
mustprioritize platformsthat provideresilience flexibility, andagility in thecritical “last
tactical mile.” Air Force Agile CombatEmploymentdoctrine explains that[u]tilizing
the hub and spoke distribution methodology, mowdaggobetweeran enduringlocation
(hub) and aCL (spoke)... provides commandersaximum flexibility to rapidly
maneuverforces andmaterielbasedon eachCL’s need.® This hub-and-spokenethod
of airlift has proveno be efficient and effective; however,it is vulnerableto disruption

due toanattackon the supportingnfrastructuresuchas airfields.

1 Source: Defense Acquisition University.
15 U.S. Air Force Agile Combat Employmerf.
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Figure 2. Huband spoke mod&$

The hub-andspokemodel canalso be appliedto Agile CombatEmploymentto
conduct operationgs well as providelogistics support. This conceptcan be better
understood byexaminingFigure 3, whereaircraft deployfrom the mainlando forward
hubs, knownas ‘main operatingbases”(MOBSs) or “enduringlocation$ (EL), where
supplies are aggregated Aircraft will primarily operatefrom these MOB/EL hubs,
occasionally moving forward to a “forward operatingsite¢’ (FOS) or “contingency
location” (CL) to either disperse thierce, becloserto thefight, or supply troopshatare
locatedat the FOSLCL. To sustaineachFOSLCL, aircraft mustutilize a hub-and-spoke
network to deliver suppliefrom the MOB/EL. One major vulnerabilityto conducting
theseforward operations and providing continued sustainnten FOSLCL is thestatus
of their runway. Enemy attacks,natural disastersand inadequate maintenancean all
render aunwayunusable, preventingircraftfrom landing and conducting operations or
offloading critical supplies. In the latter scenario, without aerial sustainment,the
membersat the FOSCL would bereliant on slowmaritime delivery methodsthat are
more susceptibleto attack. To overcomethis capability gap, amphibiousaircraft could

provide aresilient meansto supplement lantbasedairlift during the runway’sepair,

16 Source: Sarah Gee and Luke A. Nicasefense Primer: Agile Combat Employment (ACE)
Concept CRS Report No. IF12694 (Washington, DC: Congressional Research Service, 2024), 1,
https://crsreports.congress.gorgduct/pdf/IFIF12694.
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which could be alecisivefactorin the survivability of membersat a FOS/CL, providing

critical resupply of ammunitioandmissiledefense supplies.

Figure 3. Agile combatemployment base example

2. Background of Amphibious Aircraft

Gaining insightfrom the past, amphibiousaircraft have historically facilitated
swift troop and equipment deploymesetxpediteddelivery of humanitarianaid during
disasters,played a vital role in SAR missions, and bolstered intelligence-gathering
capabilities throughtheir versatile operationst8 Essentially,theseaircraft serve as a
meansto transcendthe constraintsof distanceand fixed land bases,therebyinfusing
resilienceandagility into military logistical networks.Betweenthefirst two world wars,
amphibiousaircraft enjoyednorewidespreadusagen the Pacificregion.The prevalent

use of these aircraft is primarily attributed to the absence of adequate labdsed

7 Source: Air University, “Visualizing ACE,” video, 0:26 YouTube, December 16, 2022,
https://www.youtube.com/atch?v=LKGeCpd0OjM.

18 Algeu Kreniski, “The Use of Seaplanes as an Advanced Weapon System” (master’s thesis, Naval
Postgraduate School, 1988), http://hdl.handl€l08¥5/23440.
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infrastructurefor land-basedaircraft combinedwith their uniquecapability to land on

water,providing access tboth coastatitiesandremoteareast®

However,amphibiousaircraft present distincthallengesvhencomparedo their
land-basedcounterpartsspecifically regardingefficiencies. The designof amphibious
aircraft often leads to less efficient aerodynamics,which generally increasesfuel
consumption per hour dfight. Furthermore operating orwater necessitates additional
time anddifficulty for loading and unloading personreid cargo,aswell as challenges
relatedto servicingand maintenanc&9 Moreover, adverseweatherconditions notably
impact amphibiousircraft operationgo agreaterextentcomparedo land-basedaircratft,
albeit affecting both typesof aircraftto varying degreesThoughseabasedaircraft had
the luxuryof an abundance of land-able saeks, their variousinefficiencieseventually

overtooktheir conveniences.

While amphibiousaircraft were vital during WWI and WWII, advancements
land-basedaircraft andtheir infrastructureoffered greaterefficiency and capabilitiesin
the postwar era. As these improvement® land-basedinfrastructurecontinued,there
was greaterinvestmentin land-basedaircraft This higherlevel of investmentled to a
moreefficient andeffectivealternativeto seabasedaircraft for bothmilitary andcivilian
applications Eventually, mostompanies stopped investingresearcltanddevelopment
for seabasedaircraft and they slowly faded away, despitetheir historically proven

capabilityin combat. Today, amphibiowsrcraft havebeencompletelydivestedfrom the

Americanmilitary arsenaPl

Despite theefficiencies of todays landbasedaircraft and infrastructure,both

remain vulnerableto disruption by conflict or naturaflisasters.Such vulnerabilities

19 Jesse Beckett, “Why Did Flying Boats Lose Their Appeal?,” War History Online, February 6, 2022,
https://lwww.warhistoryonline.com/instaatticles/flyingboats.html; Jessaji Odedra, Geoff Hope, and
Colen KennellUse of Seaplanes and Integration within a Sea BdS&CCDB20-TR-200408 (Bethesda,
MD: Naval Surface Warfare Center Carderock Division, 2004), https://apps.dsti/sithtions/
ADAA476447.

20 Kreniski, “The Use of Seaplanes as an Advanced Weapon System.”

21 David Alman, “Bring Back the Seaplane,” War on the Rocks, July 1, 2020,
http://warontherocks.cor@020/07/bringbackthe-seaplane/Alman.
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highlight the necessity for strategic reevaluation and potentialeintroduction of
alternative mobility and deployment options, including amphibioagcraft, into the
Americanmilitary posture Reassessinthe potentiaheedfor amphibiousaircraft could

ensure continued operational flexibiléyndresilience inunpredictable scenarios.

3. Capability Gap

CurrentDoD logistical and combatssetsare inadequatdor supporting potential
conflicts in the INDOPACOM region, possibly necessitatingthe integration of
historically provenassetdike amphibiousaircraft. Conditions thated to the declinein
amphibiousaircraft usagemay not holdtrue in a conflictwith China, risking a loss of
airpower capability due to the potential destruction dénd-basedinfrastructureand
runwaysrelied upon forcurrentoperationsPotentialconflictsin INDOPACOM present
complexlogistical challengesnecessitating critical examinationof the strategicutility
of amphibiousaircraft. Furthermorethe currentACE and EABO mindsetmaintainsa
dangerous assumption that tHenited landbased infrastructure throughout the
INDOPACOM AOR will surviveandbe useable for theuration ofanarmedconflict.

A 2024 RAND study examiningU.S. defensehistory showedthat in times of
national need, urgent actiorsichas the naval expansion of thete 1930s,WWII’s
production surgeprojectslike the ManhattanProject andProjectAtlas, and therapid
fielding of the U-2 andSR-71 were all driven byrecognizingthreatsand streamlining
requirement$2 RAND emphasizeghat the contemporarythreat landscape demands
equally swift action, by prioritizing speed through streamlining requirementsand

increasingour willingness totakerisks 23

Amphibiousaircraft may offer ashift from staticto adaptabldogistics networks
and combatoperations, enhancirgurvivability andmissionsuccessgircumventing A2/
AD zones, andalleviating significant reliance on landbasedinfrastructure.Johnson

22 Jane Harman et al., Commission on the National Defense St(@&faglington, DC: RAND, 2024),
16, https://www.rand.orgsrdprojectsNDS-commission.html.

2 Harman et al., 16.
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highlights thathe U.S.Navy understood thig the1930s as they considersdaplanes as
“a strategichedgein the eventthe [United Stateg found itself cutoff from accessto
overseadandbases.24 It is very possible that amphibiowsrcraft will provide swift,
responsive suppodvenin disrupted environments, ensuring uninterrupted sugipdyns
and providing combatapabilitiesagain today. This agility extendsaccessto remote
locations, reducingvulnerability, increasing resiliency, and ultimately deterring
adversariesAlthough amphibiousircraft will not be thepanacedor all challengesn
contestedoperations, aritical evaluationis necessaryto identify specific conditions

whereamphibious aircraft careform operations itheINDOPACOM region.

C. METHODOLOGY

The critical INDOPACOM AOR presents @&omplexand increasinglyontested
operationslandscapefor the Joint Force. This researchexplores the potentiabf
amphibiousaircraft to address varioughallenges,particularly in mitigating A2/AD
threatsto aircraft and ships conducting operations aiwhg critical logistics routes.It
focuses ortheir capabilitiesin conductingSAR operations, servings amobility option,
and performing other multi-role missionsthroughout thePacific. By leveragingtheir
uniquecharacteristicsamphibiousaircraft offer a potentially transformativesolution for

providingresilient,agile,and flexibleoptionsto support operations and logistics.

This study adopts amixedmethods approach, analyzing bajhalitative and
guantitative data. Qualitative data will be derived from semistructured interviews
conductedwith subjectmatterexperts,logisticians,and operational planners possessing
regional familiarity. Additionally, personalexperiencein operating amphibiouaircraft
throughseaplanegualificationwill complementhis data.Further, Istorical archiveswill
be consultedo illuminate pastamphibiousaircraft utilization. Thematic analysisvill be
employedto identify emergentpatterns andnsights from the qualitative data, while

content analysiswill be utilized to extract relevant information from historical

24E. R. Johnsonmerican Flying Boats and Amphibious Aircraft: An lllustrated His{dsfferson,
NC: McFarland & Co, 2010), 79.
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documents. Findingdrom these diverse data sourceswill ensure a robust and

comprehensive understanding of tesearclguestion.

The quantitative analysiwill be groundedin historical amphibiousaircraft
operations and contemporary performanoetrics. To benchmark theefficacy of
amphibiousaircraftagainstconventional lan@éndseabasedassetsincluding rotary-wing
and fixed-wing aircraft, surface vessels,and submarines,the study will leverage
operational dat&rom theINDOPACOM theaterconsideringactorssuchas distance and
geographical constraintg his datawill inform an evaluationof these various asset
categoriesacrosswo operationakcenariosmaritime searchandrescue andhtra-theater

logistics To guide analysighefollowing hypotheses have betarmulated:

x Hypothesis 1. The integration of amphibiousaircraft into logistics supply
chains can enhancetheir resilience,particularly in contestedenvironments
wheretraditional landair, andmaritimebasedoptionsmay be vulnerabldo

disruption.

X Hypothesis 2: The use of amphibiousaircraft can enhance operational
flexibility andresponsivened®r the Joint Forcein theINDOPACOM AOR,

specificallyregardingsearchand escue operations.

Furthermore, the mixedmethods approachncorporatesboth analytical and
empirical componest For the empirical study, there will be direct engagemenin
amphibious aircraft operations througltraining, qualification and participation in
military exercisesThis hands-orapproachwill provide uswith a deeperunderstanding
of the inherenthallenges and unique dkilrequiredfor successfumphibiousaircraft
operations.This study seeksto explore theintersectionof aviation and maritime
operations, exploring how amphibioascraftcanexploit both domainso providebetter
operational solutionsgspeciallyin the challenging context of aontestedenvironment.
Furthermore,this researchaims to make a significantcontribution to the ongoing
discussions around hote supportcontestedperationsn the INDOPACOM AOR. By

critically examining the potential of amphibiousaircraft to overcome proposed

13
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challengesye seekto inform and guide the decisianakingprocessesvithin the Joint

Force,ultimatelyhoping toenhance operationaffectiveness ithis critical region.

14
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II.  AMPHIBIOUS AIRCRAFT DEFINITION AND HISTORY

Theterm “seaplane’is usedgenericallyto describe anyircraft capable okafely
operating on thevater Therearetwo broadclasses osuchaircraft: amphibiousircraft
and non-amphibiouaircraft Amphibiousaircraft are seaplanes thaire equippedwith
retractabldanding gear,allowing themto operatefrom both land (runways) andater.
Conversdy, non-amphibiougircraftare only equippetb operatefrom the waterwith no
capabilityfor land (runway) operationg.or amphibiousaircraft, the addition of landing
gearincreasegheir operationakeach,enabling thenmo haveaccesdo a wider rangeof
locations. Althoughiheincreasedperationaflexibility of amphibiousaircraftprovides a
unique advantage, the additedrweight ofthe landing gearcomesat the expense of a
decreasedrange and/or payload capacity Our analysis will focus solely on the
amphibiousaircraft, with the exception ofthe DARPA Liberty Lifter.25 To better
understandhe potentialrole of amphibiousaircraft,it will be comparedo existingland

basedaircraftof roughly the samsize.

Whencomparedo traditional landbasediixed-wing aircraft,amphibiousaircraft
have distinct operational advantages éindtations. Amphibiousaircraft offer greater
operationalflexibility, agility, and reliance byincreasingour reachand accessibility;
however,theseaircraft are often constrainedby areducedrange and payloadapacity
whencomparedo their landbasedcounterparts. Additionally, amphibioasrcraft have
highermaintenanceequirementsparticularlywhenoperatingn saltwaterenvironments.
Despitetheselimitations, amphibiousaircraftcanbe particularly valuablein regionswith
limited infrastructureor in areaswhere accesso remotebeacheds essential.Table 1
highlights someof theseadvantages arldnitations for amphibiousaircraft comparedo
land-basedaircraft. Ultimately, the choicebetweenlandbasedand amphibiousircraft
depends on thespecific operational needand needsto accountfor the tradeoffs
involved withthe use oéither platform.

25 DARPA Liberty Lifter is a conceptual, neamphibious aircraft designed to fly just above the
surface of the water to maximize benefits of “ground effect”. “Ground effect” is a phenomenon in which
aerodynamic drag is reduced due to the proximity of the ground, and in this case, water.
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Table 1. Comparison of Amphibious Aircrafo Land-BasedAircraft

Amphibious Aircraft Land-BasedAircraft
Resiliency | - Greateroperationaflexibility dueto - More diverserangeof missions
& increasedgotential landingsites - Limited by infrastructure funway
Flexibility | - Greateraccessibilityto remoteareas | availability
lacking pre-existingaviation - More capable impoorweather(only
infrastructure if infrastructuresupports)

- Lesscapabldn poorweather(when
landingon water)

Efficiency | - Lessfuel-efficient - Higherfuel-efficiency
(higheraircraftweight/drag) (lessaircraftweight/drag)
- Highermaintenanceequirements due - Lower maintenanceosts
to saltwatercorrosion - Greaterrangepayload
- Slowerspeed - Greaterspeed

- Lower range/payload

Amphibious aircraft are resilient, flexible, and agile, making them highly
adaptablefor worldwide operationswWhile their ability to land on bothwater andland
enhancegheir capabilities,they also introducetradeoffs suchasincreasedweight and
reducedrangeand/or cargocapacity.Despitetheselimitations, amphibiousaircraft have
the potentialto be invaluableassets for théJ.S. military, providing the capability to
rapidly deploy troops toemotelittoral locationswithout theneedfor infrastructure.

A. TYPES OF AMPHIBIOUS AIRCRAFT: FLOATS VS. FLYING BOATS

Seaplaneswhether amphibious or nogenerallyfall into two primary design
categoriesfloatplanesandflying boats.Floatplanesaregenerallysmallerin sizeandare
typically limited to operatingin protectedwaters,with limited wave action. Floatplanes
featureone ormorefloats extendingbeneaththe aircraft’'s fuselageasseenin Figure 4,
that serve as the landinggear for operations on thevater These floats come in
amphibious and non-amphibiousodels Amphibiousfloats integrate landingyearinto
the float for landbased operations. Floatplaneface significantsize and weight
limitations that are especially noticeableas the aircraft increasesin size. For larger
aircraft, floats are not practical as they encountediminishing returnsas thefloats
increasein size. For example,floats large enoughto provide adequate buoyanéyr a

largeaircraft suchas a C-130, wouldompromisethe aircraft’s effectiveness dut the
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addition ofexcessive weight and drabhis concept of theliminishingreturnsof floatsis
a significant reason why the Air Force Special Operations Command’$/C-130
AmphibiousCapability(MAC) program haseenput on hold?6 This limitation of floats
drives the neetbr analternative design for largamphibious aircraft: the flyingoat

Figure 4. C-185 floatplané’

Flying boatsare thepreferreddesign foroperatingin rougherwaters,suchas the
openocean,and theyare designedwith a fusebhge thatresembleghe hull of aboat as
picturedin Figure 5, providing greaterstrengthfor water landingsand less drag than

floats In addition to the main hull, flying boatsoften feature smaller auxiliary floats

26 Joseph Trevithick, “€130 Floatplane Program Put ‘On Pause’ By Special Operations Command,”
The War Zone, May 7, 2024, https://www.twz.caint-130Float-planeprogramput-on-pauseby-special
operationscommand.

27 This specific floatplane is neamphibious, and it was one of the aircraft we received training on.
This photo was taken by Maj Marti; all subsequerit85F photos were taken by Maj Marti, Maj Strain or
a Southern Seaplane employee.
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mounted on the wingtips for additionatabilization during water operations.These
designfeaturesallow flying boatsto be larger and operaten higher seastateswith
heavier payloadsnakingthem suitabldor a wider rangeof missionswhencomparedo

floatplanes.

Figure 5. US-2 flying boa#8

B. CATEGORIES OF AIRCRAFT

For our analysis,we categorizeamphibiousaircraft into three main categories:
light, medium, and large. Each categoy of aircraft is designedto meet specific

operationatequiremats, as outlined below.

28 This photo of the U, and all subsequent photos of the-2/8perations throughout the paper, were
taken by either Maj Marti or Maj Strain.
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1. Light Amphibious Aircraft

Light amphibiousaircraft constitutethe mostversatile andiccessible category of
seaplanesThey are generallydeployedas generalistsn missionswhereagility, ease of
operation,and versatility are elements of paramourimportance.These aircraft are
smallerandtypically operate on only one enginase simplerin structural design, and
generallyrequire considerablyless maintenancehan larger aircraft. Their size allows
themto operateeasilyfrom the various inland bodies wfatersuchaslakes,rivers, and
areas along theoast.However,they are limited to landing onrelatively calm water,
eliminating openoceanoperations. Light amphibiowsrcraftcanbe bothfloatplaneand
flying boat designsThe Cessna208 Caravanand theDHC-6 Twin Otter are prime
examples of lightloatplanesBecause the C-208 am@HC-6 amphibiousircraft retain
the standarduselage of a lantbasedaircraft, pilots caneasilytransitionbetweenaland
basedaircraft and thdloatplanevariant. Althoughess common among light amphibious
planes,smallerflying boats doexist however, theyare very limited in personnel and

cargocapacity.

2. Medium-Sized Amphibious Aircraft

Medium-sized amphibiousaircraft strike a balancebetweenthe versatility of a
light aircraft and thespecializedcapabilitiesof large planes.They are generallymulti-
engineflying boatscapable of carryindgpeavierpayloadsfor longerrangescomparedo
the light category?® Mediumsized amphibiousaircraft, like the GrummanMallard and
the Albatrossare flying boatghat provide afar superiorcapability for landing on the
water thanfloats, allowing eachaircraftto operatein various locations: opesea,large
lakes,andrivers. For example,although designenhitially for civilian use,the Albatross
found a nichein military and utility operations owingo its reliability and capability
support.The Albatrosswas primarily usedfor long+angesearchandrescue missions,

particularlyin maritimeenvironments wheris ability to land inrough seas wasucial.

22There are very few mediusized amphibious aircraft with floats due to the diminishing returns of
floats as aircraft increase in size. For larger aircraft, the required size of floats ends up being so large that
they add excessive drag and weight, thus limiting aircraft capability.
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3. Large Amphibious Aircraft

Largeamphibiousaircraftare flying boataitilized often for strategicroles.These
aircraft are builtto carry large payloads,operateover longdistancesand performin
challenging environmentsTheir size and capacity posture them effectively for
specializedmissions,such as firefighting, maritime patrol, and long-rangesearchand
rescueoperations over the opetean Largeseaplanesre exclusively theflying boat
design forthe same reasonas themediumcategory Their large hulls are designedo
provide stability and buoyancyallowing themto operatein openoceanenvironments
wheresmallerseaplanesvould struggleThe designof theseaircraft oftenincludeshigh
wingsto keepthe engineslearof watersprayandto providebetter aerodynamics during

low-speedoperations on water.

Thereareonly afew large amphibiousaircraft currentlyin production,primarily
the DHC-515, ShinMaywdJS-2, theRussianBeriev Be-200, and the Chinese AG600.
Both the DHC-515 @n updatedmodelof theCL-415 produced by Canadair) aBériev
Be-200 are large seaplanes designéd be employed fofirefighting operationsThese
aircraft possesshe ability to scoopvastquantitiesof waterfrom lakes orseas utilizing
these drops for extinguishingvildfires. The ShinMaywa US-2, a large Japanese
amphibiousaircratft, is usedprimarily for long-rangesearchandrescuemissionsby the
Japanes#laritime SeltDefenseForce Short takeoff an¢éhnd capabilities and advanced
design featuresmean that the US-2 can operatefrom relatively short, rough water
runwaysin environmental conditionsore remotefrom the coastalareas.The AG600
wasdeveloped by Chinat is thelargestamphibiousaircraftin the world. The AG600is
designedo conductmaritimerescuefirefighting, andpatrol missionsin the open ocean,
making it very suitable for missionsover the South Chin&eaand similar maritime
areas30 However,the AG600is still in developmenphasesindmass productiohasnot

started.

30 Jennifer Meszaros, “China Clears AVIC's AG600 Amphibious Aircraft for Firefighting,” Aviation
International News, July 20, 2023, https://www.ainonline.esmationnewsfeneralaviation202307-20/
chinaapprovesamphibiousaircraftfirefighting; Miquel Ros, “China Starts Production of AVIC AG600
Large Amphibious Aircraft,” AeroTime, July 5, 2024, https://www.aerotime.agioles/chinastarts
productionef-avic-ag600largeamphibiousaircraft.
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The differencesbetweencategoriegeflect how eachclassof amphibiousaircraft
is designedto meet specific operationaheeds,with light planesoffering maximum
versatility but limited carrying capacity medium planes balancingapability and range,
andlarge planesexcellingin specializedmissions allowing for significant payload and
providing enduranceEach category of amphibiousaircraft servesits own purpose,

providing diversityand adaptability ifoth civilianand militaryroles.

C. HISTORICAL USE OF SEAPLANES

Many of thefirst airplaneswere designedto be amphibiousas water was a
natural ancefficient surface foraircraftto usesincebodies ofwaterarelevel, generally
clear of obstaclesand abundanacross thewvorld. As the aircraft industry grew in the
early twentieth century, the number cfeaplaneslso grew. The United Statesmilitary
alonewas building thousands adeaplanegor usein combatby thetime WWII began.
During thattime, Rear Admiral David W. Taylor believedseaplanes could change the
dynamics of thevar by claiming that “the submarinanenacecanbe abatedevenif not
destroyedfrom the air. The ideal solutionwould be big flying boats...31 By the time
WWII ended, oveonethird of the submarines sunk all theaterdy theU.S. Navy were
sunk by the PB\Catalinaamphibious aircraf2 Amphibious aircrafhave most certainly
made amarkin history by showcasinghe power of combininghreedomains(air, land,

sea)into one capability.

During World War II, amphibiousaircraft,suchasthe PBY Catalina,wereknown
to the Allied forcesas bothan angel ofmercy and an angelof death.As an angelof
mercy, theseaircraft were used as cargo planesto deliver suppliesand food, as air
ambulancego transferthe sick and wounded, and mosignificantly asrescueshipsto
save thousands of downadmenfrom oceansandbeachesn all theaters?3 As anangel

of deaththey providedhigh-and-lowaltitude bombing capabilitywith somemodifiedto

31 Robert L. GandtChina Clipper: The Age of the Great Flying Boé@hrewsbury, MA: Airlife Publ,
1991), 11.

32 Roscoe Creed?BY: The Catalina Flying BogAnnapolis, MD: Naval Institute Press, 1985), 2.
33 Creed, 1.
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enable nightime special operationsraids, as well as aerial reconnaissancetorpedo
bombing,electronicwarfare,andclandestine missions supportingelligencecollection
by depositing and picking up ageritsenemyterritory.34 Military useof amphibious
aircraftfits into threeprimary categoriesSAR, logistics,andmulti-role capabilities.The
following sectionswill showcaseéhow the U.S. military hasusedamphibiousaircraftin

the pasto provide context and insight intber potential future role

1. Searchand Rescue

SAR hasbeena long-standingnissionwhenit comesto combatoperationsn the
twentiethandtwentyfirst centuriesln modernconflicts, the U.S. pridesitself in the fact
thatit will neverleave asoldier,sailor, airman,or marine behind35 However,this self-
imposed mandatearries a substantialrequirement:to develop andsustainunits and
vehiclescapableof accessingemoteareas forescue operationg:rom the 1930sto as
lateas 1967, th&J).S. Navy, Army Air Forces CoastGuard, and eventudlir Forcehave

utilized all variationsof amphibiousaircraft torescue serviceembersn need.

World War Il markedthe first significant use of amphibiousircraftin combat
SAR missions arole which amphibiousaircraft continuedto fill through the enaf the
VietnamWar. In WWII, avariety of flying boatstyle amphibiousaircraft was deployed
to rescue downed pilots and stranddors,startingwith the GrummanGoose andhen
transitioningto the well-known PBY Catalina,which was operatedby theU.S. Navy,
Coast Guard, andArmy Air Forces36 The Navys PBY Catalinasare renownedfor
having saved thousands olfives, especiallyin situationswhere other navalassets could
not reach.Suchsituationswere describedoy Wilkinsonas “often underfire and usually

34 Creed, 12.

35The U.S. military's Warrior Ethos, "l will never leave a fallen comrade," reflects its deep
commitment to rescuing or recovering personnel in any situation. This principle is reinforced by military
doctrine on personnel recovery and echoed in speeches by military keadever leave any service
member behind.

36 G. Judson Smith Jr., “AiBea Rescue,” Sea Classiifs no. 11 (November 2023): 228; ProQuest;
JohnsonAmerican Flying Boats and Amphibious Aircrdf01-2; and Wayne Mutzahe US Air Force
Air Rescue Service: An lllustrated HistqAtglen, PA: Schiffer Military History, 2023), 19.
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in seagthat would havetrasheda lesserboat.’3” The Catalinasalso playedanimportant
role in someof themostwell-known navalbattlesin history, includingthe aftermathof

the Battlefor Midway, wheretheywerecreditedwith rescuing27 Americans8

Beyond Midway, in July 1945, theUSS Indianapolis was torpedoed by a
Japanese submarine and sank, leaving abous&@fsin the water.Four daysafter the
incident, a bomberaircraft found the survivors andrelayedthe information to higher
headquarters? Lieutenant CommanderAdrian Marks, flying a PBY-5A Cataling
disobeyedordersand landedo rescuethe sailors, ultimately saving 56 ofthem40 This
event highlightghe crucial role and uniquecapability of seaplane# rescue operations,
demonstratingheir ability to reachandsavelives in situationswhereotheraircraft and
vessels cannofthe PBY-5A’s versatility andability to land on water, as opposedb the
bomber who made theinitial discovery, made it indispensablein this emergency,

showcasingts value inmaritimesearchandrescue missions.

In 1946, theJnited StatesArmy Air Corps (soomo be the Air Forcecreatedhe
Air Rescueserviceto searchfor andrescue downed aircreywrimarily in respons¢o
lessondearnedfrom WWII. 41 For this unique mission, the Air Rescue Service
recognizedhe utility of amphibiousaircraft, whichled themto outfit 145 SA16
Albatrossaircraft withtriphibian’ gear.enablingthe aircraftto operate fromand, water,
snow, and icé2 This modificationcreatech truy versatie aircraftandallowedthe SA
16 Albatrosgo operate imearlyeveryenvironment. Tdurther bolstetheaircraft’'s

accessibilitythe Air Rescue Surfadestalledbothjet-assistedcand rocketassisted

37 Stephan Wilkinson, “Cat Tales: The Story of World War II's PBY Flying Bdgdgty Times
August 31, 2019, https://www.navytimes.com/ngwsf-navy2019/08/31/catalesthe-story-of-world-
war-iis-pby-flying-boat/.

38 Richard C. KnottThe American Flying Boat: An lllustrated Hista@nnapolis, MD: Naval
Institute Press, 1979), 166.

39 Michael Ackman, “Amphibiosity Is Up in the Air).S. Naval Institute Proceeding§0, no. 7 (July
2024), https://www.usni.orgiagazinegfroceedings/202fly/amphibiosityair.

40 Ackman.
41 Mutza, The US Air Force Air Rescue Seryige

42 Mutza, 53; David OliverFlying Boats & Amphibians since 194&nnapolis, MD: Naval Institute
Press, 1987), 54.
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takeoff systemsThese modifications proved especialgeful in1952, as they provided
anAlbatrosswith the necessargower totake offin heavy snow conditions in
Greenland*3 Figure 6 picturesin Air ForceUH-16B, the redesignatesiA-16.

e8] ) ] 3
CE

-

@ U.S.AIR FOR

Figure 6. GrummanHU-16B Albatros44

During theperiodbetweenVWII andKorea,theU.S. CoastGuardutilized afleet
of Catalinasto patrolthe U.S. littorals andto rescuestrandedcivilian boaters undethe
Air-SeaRescueService.The U.S. CoastGuard choseto employ thePBY Catalina for
these operationspecifically dueto its rangeand ability to land in the openocean?®
Thesecoastalpatrolspaid off, resultingin numerougescuesf strandedoatersaswell

as therescue of a pilofrom another disabledeaplanéb Operationsrangedfrom

43 Mutza, The US Air Force Air Rescue Seryié8-55; The Air Rescue Service also utilized another
versatile amphibious aircraft, the Grumman “Duck,” flown by the 10th Rescue Squadron in Alaska,
enabling them to operate from all landing surfaces.

44 Source: “Grumman Ht16B Albatross,” National Museum of the United States Air Force, accessed
August 29, 2024, https://www.nationalmuseum.afVigit/MuseumExhibits/FactSheetddisplay/Article/
196902/grummaimu-16b-albatross/.

45 Lewis TheissFlying with the AirSea Rescue Servif@oston: W. A. Wilde company, 1946), 97.
46 Theiss, 169.
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rescuingcivilians in the opernwaterto taxiing up to the shorelinén remotelocationsand
transferringpeoplefrom the landonto the aircraft47 One particularmissionshowcased
the benefitsof an amphibiousaircraft over atraditional surfacevesseldueto a time-
critical medicalemergencyon apassengeship 500 milesfrom thecoast,a distancetoo
far for a helicopterwherea boatcould not reachthe shipin time.48 In this scenariothe
remoteness of theassengeleft the Air-SeaRescueServicés PBY Catalinago save the
day, being the onlgssetcapable ofeachingthe passengeboat,landing,transferringthe
patient,and takingback off againto transport the patierto medicalcarein a timely

manner.

Continuing through the 1950she U.S. Navy and Coast Guard investedin
refining andimproving the designf variousflying boats seekingo increaseher range
and improve operationalcapabilities. Theirefforts and investmentculminatedin the
creationof the Martin P-5 Marlin, with an impressiverange of upto 3,000 nautical
miles49 However, during thé&oreanWar, the Air RescueService,now under theJ.S.
Air Force wasthe only branch othe U.S. military actively using amphibiousircraftfor
searchand rescudlying only the $\HU-16 Albatross whichreplacedhe PBY Catalina
as theprimary choice ofrescueaircraft>? The Korean Peninsula provedo be ideal
geographyfor the useof amphibiousaircraft, with the SA-16 Albatrossrescuingone
third of the downedhirmenthroughout theonflict, savingnearly900 personnetl Some
of themore heroicrescues included longngeflights, reachingdeepinto hostileenemy
territory, andrescuingnmembersn areas that otherescue assets weweable toaccess.

Throughoutthis decadepilots demonstratedhe flexibility of amphibiousaircraft

during variousrescuemissionsby occasionallyutilizing the aircraft as a boatwhen

4" Theiss, 190, 207.

48 Theiss, 262.

49 JohnsonAmerican Flying Boats and Amphibious Aircr&f62-63.
50 Mutza, The US Air Force Air Rescue Seryiéa.

51 QOliver, Flying Boats & Amphibians since 1945, 46; Richard Newton, “Special Air Warfare During
the Korean War: 581st Air Resupply and Communications Wilsig,Commando Journdll, no. 1 (July
2022): 942; and Forrest L. Marioff,hat Others May Live: USAF Air Rescue in Kof@#ashington, DC:

Air Force History and Museums Program, 2004), 20.
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conditions prevented successfutakeoff after the rescue While seaplanepossess the
inherentcapability to take off from water, variousfactors,suchas inclementweather,
excessive payload, amechanicalmalfunctions, could impedéheir ability to do so
following a water landing. Historical records provide numerous examplafsrescue
aircraft that were unableto successfullytake off from the water after landing. In such
instancespilots often madethe strategicdecisionto utilize the aircraft as a boatather
than risk attempting a potentially hazardoustakeoff. This decision was frequently
necessandue to the number ofescuedindividuals exceeding thaircrafts passenger
capacityor high seastates.A notable exampleoccurredduring WWII when a Navy
Kingfisher aircraft landedto rescuetwenty-two strandedairmen. Due to the excess
weight oftherescuedoersonnelthe aircraftwasunableto take off andwassubsequently

usedas a boatsuccessfullyescuingall twenty-two airmen>2

Similarly, amphibiousaircraft proved invaluable byir-droppingcritical support
to strandedpersonnelwhen adverse environmental conditiorsjchas high seastates,
madewaterlandings impractica?3 For example PBY Catalinacrewsusedthetraditional
method of airdropping supplies througine side door, and for items too large to fit
through the side doosuchas arescue boat, som€oastGuard PBY Catalinaswere
equippedwith a rescueboat attachedto the underside of aving and rigged with a
parachutefor aerial delivery.4 The versatility of amphibiousaircraft and their crews
enabledthemto offer essentialsupportto stranded personnetvenwhen the weather

createdchallengesard/or extractiorof personnel wasot possible.

During theKoreanWar, the ability to effectively conductSAR operationswith
amphibiousaircraft significantly boosted themorale of U.S. service members as it
demonstrated th&.S. military’s commitmentto rescuingits personneP> Regrettably,

after theKoreanWar, administrativechangeswithin the USAF shifted priorities away

52 Mutza, The US Air Force Air Rescue Servyigd.

53 Aircrews were trained to conduct airdrops to resupply stranded personnel when a landing was not
possible rather due to weather or other circumstances.

54 Mutza, The US Air Force Air Rescue ServiB8; Knott,The American Flying Boall71.
55 Marion, That Others May Live, 25, 33.
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from combatSAR, leadingto a loss ofproficiency andnecessitahg an unfortunate and
costly relearningof howto conduct combaSAR operationsat the start of the Vietham
War. As Marion aptly observedtheselessons included thenéedfor specializedaircraft
and thetraining of rescue personneb® Nonetheless, th¥ietnamWar afforded theAir
RescueServicenumerousopportunitieso employ amphibiousaircraftto rescuethosein

peril, allowing the USAFto reacquire the expertigmined during th&oreanWar.

The 1992 rescue of aU.S. Air Force pilot strandedin the Pacific Ocean
underscored thémitations of traditional SAR assetsand highlightedthe indispensable
value of amphibiousaircraft, especiallyin remote maritime environments. During a
Coronetmission a USAF F-16 collidedwith a tankeraircraft, forcing the fighter pilot to
gjectinto the Pacific Ocean,approximately625 miles eastof JaparP’ With the pilot
strandedn aremotelocation well beyond theaeachof traditionalrescueassetssuchas
helicoptersthe USAF wasforcedto rely on the Japanes&laritime Self-DefenseForce
(JMSDF) to locate andrescue thepilot with their amphibiousaircraft, the US-1. The
Japanes&S-1, with its exceptional range arability to land on water, provedto be the
ideal asset for this mission. Within four hours, theJapaneseUS-1 located and
successfullyescuedhe pilot, demonstratinghe invaluable contribution a$uchaircraft
in maritime searchand rescue operatiori® This incident highlightd the need for
amphibiousaircraft capabilities,as it can ensure arapid and effective responseto

emergenciesespeciallyin remotemaritimeenvironments.

2. Logistics

The use ofseaplanesamenaturaly to the U.S. Navy asit adopted aviatiornto

its arsenal.The first aircraft purchased by th&).S. Navy in 1911 was the amphibious

56 Marion, 48.

57 A Coronet mission is a specific type of mission whareeraircraftfly in formation withfighter
aircraft to refuel them as thésavel long distances, such as acrib&socean

%8 David Alman, “A Japanese Seaplane Could Be the Differétadeer for the U.S. Military,” War on
the Rocks, November 4, 2021, https://warontherocks2@?/11/gapaneseeaplanesould-bethe
differencemakerfor-the-u-s-military/.
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CurtissA-1 Triad 59 Given that nearly seventypercentof the Earthis surfaceis covered
by water,it standgo reasorthatto support worldwide operationsavalaircraftwould be
capableof operatingfrom both thewaterandthe land €0 The U.S. Navy usedmanytypes
of seaplanesvith the mostwell-known beingthe PBY Catalina,the Consolidated®B2Y

Coronado, théoeing 314Clipper,and the MartirViars 61

The U.S. Army Air Forcesalso achievedglobal reachwith the Boeing 314
Clipper shownin Figure 7,which eventuallybecameworld-renowned.Clippers were
usedas long-range transpaircraft,flying worldwide, including theransportatiorof the
U.S. President,Franklin D. Roosevelt, andritish Prime Minister, Winston Churchill
across theAtlantic to avoid German U-boats$2 Furthermore,Pan American World
Airways operateda regularAfrican routeutilizing the 314 ClipperFor a period, he Pan
Am Clipperservedas a covert conduit fahe transport of uranium orffom Gabon, a
Belgian colony in Africa, to the United StatesS3 The non-standardogistics chain
facilitated by thePanAm Clipper was instrumentalin bolstering theAmericanatomic
bomb programNotably, seventyfive percentof the uraniumutilized for the Little Boy
atomicbomb, dropped ohliroshima,originatedfrom Gabonandwas transportedo the
United Statesvia the PanAm Clipper’s discreetaerialroutes, circumventinthe dangers

posed by Germab-boats taraditional maritimeshipping®4

S9“Birthplace of Naval Aviation,” San Diego: The Birthplace of Naval Aviation, accessed October 1,
2024, https://sandiegoairandspace exgibits/onlineexhibitpage/birthplacef-navataviation.

60R. D. Layman, Naval Aviation in the First World War: Its Impact and Influé¢Ac@apolis, MD:
Naval Institute Press, 1996).

61 Walker D. Mills and Dylan Phillipd.evine, “Give Amphibians a Second Look,” U.S. Naval
Institute Proceeding$46, no. 12 (December 2020), https://www.usnimmagazine@roceedings/2020/
decembegdive-amphibianssecondook; The Martin Mars was flown as late as 1956.

62 JohnsonAmerican Flying Boats and Amphibious Aircy&f7-88.

63 Mark Cotta Vaz and John H. HilPan Am at War: How the Airline Secretly Helped America Fight
World War Il(New York: Skyhorse Publishing, 2019).

64 Steve Weintz, “How America’s Airline Went to War: Pan Am Ferried Supplies and Hauled Uranium
for the Atomic Bomb,” Pan Am Historical Foundation, accessed August 28, 2024, https://www.panam.org/
war-yearshow-americas-airline-wentto-war-2.

28

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



Figure 7. PanAm Clipper, Boeing3146>

During World War Il, amphibiousaircraft operationsvere not solely confinedto
military and commercialuse, theOffice of StrategicServices(OSS),a U.S. intelligence
agency, also leveragedthese capabilities in the Pacific Theaterto conduct covert
operationsBetweenl1944 and 1945, th@SScarriedout 36 missionsaround theshores
of Burma, Thailand, Sumatra,and theNorth Andaman Islandsfrequently deploying
CatalinaPBY flying boats and British Royal Navy submarinesor agentinsertion66
Approximatelyhalf of thesemissionsrelied on submarines foagentdelivery, while the
remaining missionsutilized CatalinaPBY-5A flying boatsé’ Although theCatalinas
offered greaterspeedand range comparedto submarinestheir payload capacity was
more limited, restrictingthe size of teamsand cargoDespitetheseconstraintsthe OSS

found the PBYto be a valuable assfr covert operations during thperiod.

In the fall of 1944, he OSS Maritime Unit movedits activities closerto the

Burmesecoast.To facilitate this move, theOSS conducted aeconnaissancmissionto

85 Source: “Pan Am Clipper Boeing 314,” Cole’s Aircraft Aviation Art, accessed August 29, 2024,
https://roncole.ngpfoductgpanam-clipperboeing314ron-cole-aviationart-airline.

66 Kenneth Finlayson, “The Office of Strategic Services (OSS) Maritime Unit on the Arakan Coast of

Burma,”Veritas1, no. 2 (2005): 4, https://arshistory.org/articles/vln2_oss_maritime_page_1.html.

57 Finlayson, 4.
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the Mergui Archipelago. Aeamof Chinese andmericanoperatorstransported bywo
PBY Catalinaflying boatsfrom a British SpecialDuty Squadronjandedon asecluded
island off the coastof Burma and continuedundetectedon rubber boat&8 The PBY
Catalinas amphibiouscapabilities proved invaluabl@&llowing for stealthyinfiltration
into theseremote areas.Once ashore,the team disembarkedtheir rubber boats and
executedtheir mission successfully and thePBYs then returnedsafely to their home
base,showcasing theaircrafts efficiency and versatility for covert operationsn the

Pacific 69

The importantrole of amphibiousaircraft continued on during thEoreanWar
and the beginning ahe Cold War, wherespecialoperation units employed tt#A-16
Albatrossspecifically for reasonsdescribedby Newtonas “[beingableto land on] any
availablebody ofwaterand manyopenfields or roadways.”0 Additionally, outsideof
armedconflicts, the SA-16 provedextremelyvaluable for conductinglassifiedmissions
across southwest Asia, southern Europe, and théediterranean One particularly
noteworthy mission that showcasedthe strategic potential of amphibious operations
occurredduring theCold War, in 1955. AnSA-16 Albatrosswasusedfor a clandestine
mission to exfiltrate three individuals at night from a lake in the Balkansnear the
YugoslaviaBulgaria border without the Sovietsknowledge/l The successof this
mission led to additional clandestine missions é&xtract assetsfrom behind thelron
Curtain, including theextractionof a family from the Caspian Seain 195672 These
operations, conducted undée cloak of night,defied Soviet surveillance and highligfd

the uniquecapabilities ofamphibious aircraft ithallenging geopolitical contexts.

68 Finlayson, 45.

69 Finlayson, 45.

0 Newton, “Special Air Warfare During the Korean War,” 11.
"I Newton, 26.

2 Michael E. HaasApollo’s Warriors: US Air Force Special Operations during the Cold War
(Maxwell AFB, AL: Air University Press, 1997), 1492.
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3. Multi -role Capability

From the inception of navahviation, seaplaneswere deployed for diverse
missionsinitially focusing oraerialbombing. During/VWI, Britain, JapanandAustria
Hungary employedlying boatsto targetnavalvesselswith bombs?3 Aerial bombingin
WWI was largely ineffective,with only afew shipsconfirmedsunkas aresult of these
attacks.Machineguns, on the other handid seemto be more effective with thefirst-
everair-to-air kill beingattributedto aflying boatthatwasflown by the RoyalAir Force
gunning down a Germageppelin/4 Despite the lackf initial successthe use of aircraft

in WWI as offensiveaveapons paved thlgroundwork fortheir use inWWil.

Seaplaneglayed a significant offensive role againstboth the Japanesd&avy in
the Pacific theaterandthe GermanNavy in the Europearheater The PBM Martin was
the first to use airborngadar systemsto locate and target enemy submarines ands
creditedwith sinking at leastten GermanU-boatsin the Atlantic.”> Furthermore PBY
Catalinasfrom the Black Cat Squadron played a pivotadle in theleadup to the Battle
of Midway; with early detectionof the Japaneséeet, achievedthroughtheir advanced
radarcapabilities,they providedvital intelligenceto Americanforces/6 Despitefacing
formidable antiaircraft defensesthe Catalinassuccessfullyexecutedtorpedo attacks,
deliveringthe only Americantorpedohits during theentirebattle./? Later, in the 1960s,
the Martin P-5 Marlin was armedwith rockets andnachine gungo attackVietnamese

naval asset$8

Beyond offensive operationgseaplanesserved as a multi-role platform for
military operationsin WWI through Vietnam. During this period, theyserved as

reconnaissanceplatforms maritime convoy escorts, naval patrol assets, and

73 Layman,Naval Aviation in the First World War

74 Gandt,China Clipper 10.

S Knott, The American Flying Boall47.

"¢ Richard C. KnottBlack Cat Raiders of WW (Rnnapolis, MD: Naval Institute Press, 2000), 58.
7T Knott, The American Flying Boal65.

8 JohnsonAmerican Flying Boats and Amphibious Aircy64.
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antisubmarine warfare platforms in addition to conducting multiple emergency
evacuations.Operations rangedrom flying daily scheduledmissions,searchingfor
enemynaval activity, to impromptu missionsdriven by battlefield events,such as the
evacuationof U.S. troopsfrom Wake Island using Clippersatfter the Japanesattacked

the islandn WWI1.79

As aircraftdesignadvancedseaplanebecame larger andorecapable Thefour-
enginePB2Y Coronado, introduced durinfyWII, was comparablen sizeto the land-
basedB-17 bomber andarriedupto six 50-calibermachine gun8§0 Its primary missions
includedsea patrol and transport, builsoservedin various otheroles.In the Korean
War, the U.S. Air Forcés Albatross proved invaluabler casualtyevacuation, moving
dozens omilitary andcivilian causalitiefrom contestedenvironmentgo friendly bases.
OnenotableAlbatrossmissioninvolved the recovery of a down&iG-15, providing the
United Nations forces with their first captured enemy aircraft for analysis and
exploitation purposeg! Also in the KoreanWar, the Navy's Martin aircraft focusedon

moretraditional missions, suchs naval patrol angscortduties82

Since the dawn of aviation, theU.S. military has recognizedhe unique
capabilitiesof amphibiousaircraft Theseversatileaircraft have proven invaluabla a
wide range ofscenariosTheyofferedunparalleledlexibility andresilienceto effectively
conduct military operations. Amphibiousircraft have played acrucial role in SAR
operations,offering an all-in-one rescuecapability that has savedthousands ofives.
These aircraft have alstemonstrated their utilitpy providing access t@motelocations
that would otherwise be unreachable Moreover, hey have shown versatility across
numerousmission sets, supporting operationsvith machine gunsradars,torpedoes,

rescueboats,and bombs. Amphibiouaircraft have providedessentialcapabilities that

7® Gandt,China Clippey 145-47.

80 Knott, The American Flying Boafl42.

81 Oliver, Flying Boats & Amphibians since 1945, 48.
82 Marion, That Others May Live, 222.
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resultedin significant contributiongo theU.S. military’s successn war andin peacetime

operations.

4. Divesting Seaplanes

The once prominentole of amphibiousaircraftin the U.S. military significantly
diminishedover thedecades followingVWIl. A combination ofstrategictechnological,
and economidactorsinfluencedthis decisionto divestfrom amphibiousaircraft During
WWI and WWII, seaplanesvere indispensableassetsfor logistics, searchandrescue,
coastalpatrol, anti-submarinavarfare,andreconnaissancd.heir ability to operatefrom
bodies ofwater provideda unique advantagespeciallyfor maritime operationsn the
Pacific andMediterraneanHowever,the postwar era witnesseda shift in operational
priorities. The adventof jet-poweredaircraft and the development oéircraft carriers
offered greaterspeed,range, and payloadapacity, overshadowing theapabilitiesof

amphibiousaircratft.

Additionally, the evolution of navalactics andstrategiesfavoredcarrierbased
aviation,which alsoimpactedthe role of amphibiousaircraft As the Navy concentrated
on developing and deployiregdvancedarrierborneaircraft, the demandfor specialized
seaplanesaded with the Navy's focus shifting to aircraft designedor air superiority,
strike capabilities, and early warning systems.Consequently, thdast U.S. military
amphibiousaircraftflight occurredin 1967, although th&.S. CoastGuardcontinuedto

use thenuntil 198383

Furthermore, technologicaladvancementsincluding the development okt-
poweredaircraft, helicopters,and vertical takeoff and landingaircraft, offered superior
speed, range, and operationalflexibility. These advancementscoupled with the
expansionof landbasedinfrastructure,diminished the relative utility of amphibious

aircraft inthe Cold Warera.

Finally, economidactorsplayedalargerole in the U.S. Navy's decisionto divest

amphibiousaircraft. As the U.S. Navy facedpostWWII budget constraintshey decided

83 Alman, “A Japanese Seaplane Could Be the Differdniake.”
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to prioritize nuclearcapable submarines amrcraft carriersto support theCold War
effort ratherthan modernizelatformssuchas amphibiousaircraft84 As the U.S. Navy
pulled the funding for amphibiowsrcraft no otherservice took on théask of funding
future amphibiousaircraft development,which preventedany further investmentin
amphibious aircraft technology throughresearchand developmentUltimately, the
relatively high costs of maintaining and operating amphibiouaircraft led decision
makersto favor more costeffectiveland-basedaircraft, sacrificing operationdlexibility
for efficiency.

While amphibiousaircraft have not entirely vanishedfrom military inventores
worldwide, their role has beensignificantly curtailed Currently, their military useis
limited to very few countriesmainly supportingspecializednissionssuchassearchand
rescue,maritime surveillance, and environmental monitoringpwever countries have
begunreinvestingin amphibiousaircraft, such as China’s production of thAG600
amphibious airplane by the Aviation Industry Corporation of Chin& China’s
investmentin developingthis new platform underscorests recognition of themilitary
utility of capabilities, highlightinghe opportunity for our potentighdversaryto utilize
amphibiousaircraft to fulfill specific roles and provideflexible, adaptablecapabilities.
FurthermoreAustralids AmphibiousAerospacdndustriess modernizing the Albatross,
while Canada’9De Havilland of Canada is upgrading tl&l_-415to the DHC-515, both

of which areexpectedo deliver theirfirst aircraftin 202886

5. What Was Old Is New Again

As we face new problemssometimeghe bestsolutionis to fall backon older,
proven technologwith anupdated and modern approathis conceptcanbe seenwith

theresurrectiorof a one-hundreglearold technologyin the INDOPACOM theaterasit

84 Alman.
85 Ros, “China Starts Production of AVIC AG600 Large Amphibious Aircraft.”

86 Jon Hemmerdinger, “De Havilland Now Producing First BDBtI5 with 2028 inService Goal,”
Flight Global, September 19, 2024, https://www.flightglobal.@rfvamersde-havillandnow-producing-
first-dhc515with-2028in-servicegoal/160026.article.
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pivots backto utilizing High Frequency(HF) radios87 Over the pastfew decadesthe
DoD has becomenorereliant on digital satellitebasedcommunication for operations
all domains; however, duringanflict with apeeror nearpeeradvesary, thesesatellite
basedcommunicationsystemsare susceptibleto jamming (disablng communicatios)
and spoofing gendng false data) These types ohttackscan be usedto destroy the
communicationinfrastructureby interfering with a satellités regular operationsr by
sendng false commands thatould causethe satellite to fall out of orbit and be
destroye®8 Due to thesevulnerabilities,the DoD is shifting backto older technology,
utilizing HF radios dueo their resistanceo jamming, operationakimplicity, and global
reach,which can offer avital layer of security and reliability that satellite technology

cannot provide3®

The U.S. military’s evolving security priorities in the IndoPacific have
reinvigoratedthe requirementdor amphibiousaircraft. The DoD divested amphibious
aircraftin the late 1960sasit pivotedtoward Cold War investmentsn the nucleartriad
andassociatedixed land baseghat could supporfighter, bomber, and tankexircraft90
This divestmentwas primarily dueto the lack of requrementfor amphibiousaircraftin
Europe, where operations were centered around fixed land bases and nuclear
deterrenc@l However,the “tyranny ofdistance”and hostilitiesin INDOPACOM have
brought back the WWII requirement forflexible and resilient air operations. This

renewed requirementhas brought amphibiousircraft back into focus, as theyare a

87 Ryan Andersen, “What Is Old Is New Again: 2nd Infantry Brigade Combat Team Innovates with
High Frequency,” U.S. Army, February 27, 2023, https://www.armyantiitie 264329/
what _is_old _is_new_again_2nd_infantry_brigade_combat_team_innovates_with_high_frequency.

88 Saleem Khawaja, “Back to the Future with Coastal and Maritime MF and HF Radio Sysiems,”
TechnologyJanuary 12, 2023, https://www.arstechnology.com/sponsoréddickto-the-future-with-
coastalandmaritime mf-andhf-radio-systems/.

89 Thomas Withington, “HF Radio: Still Valid After 100 Yearé8ian Military Review, June 10, 2020,
https://www.asianmilitaryreview.co@02006/hfradio-still-valid-after100-years/; Robert K. Ackerman,
“HF Receives New Life in Ind®acific,” Signal April 1, 2022, https://www.afcea.osignatmedia/
technology/hfreceivesnewlife-indo-pacific.

% Tim Sheehy, “The Navy Must Reconsider Using Seaplangs.” Naval Institute Proceeding$0,
no. 3 (March 2024), https://www.usni.ongdgazineproceeding024/marchiavy-mustreconsider
usingseaplanes.

91 Alman, “A Japanese Seaplane Could Be the Differdviake.”
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proven technologyhat could play a critical role in conflict, especiallywhen equipped

with modern engines and avionics.

Looking back at history, theresilience of amphibiousircraft was particularly
evident during theJapanese invasion of thehilippinesin late 1941, where they
demonstratedemarkable survivability and operationfiéxibility, serving as avital
lifeline for U.S. forces.While landbasedaircraft andinfrastructurewere left crippled
amphibiousaircraft demonstratedemarkableresilience dueo their ability to operate
from dispersedvaterbasedlocations This resiliencewas evidentas Sheehy highlights
that “[n]inety percentof seaplanes survivetthe openingdays of the war and servedas
one of theonly sources olJ.S. aeriallogistics andair supportto the Philippinesduring
the monthsfollowing Japanese occupatioB2’ The ability to operate afleet of
amphibiousaircraftfrom dispersedvaterbasedocations proved invaluable providing
critical supportto isolated groundforces. Without amphibiouaircraft, it would have
beenimpossibleto sustainthe Americantroops fightingin the Philippines.Today,as the
strategiclandscape continuge evolvein the Indo-Pacific, amphibiousaircraft continue
to offer a flexibleandresilient airpowersolution,which remainsas significantodayasit
did in WWII.

What s old is new again we currently face a strategiclandscapen the Pacific
that is strikingly similar to that of WWII. With robustadversarycapabilities,such as
precisionguided munitions,threateing to disrupt traditional landbased airpower
projection we mustreexamir alternativeplatformsandcapabilities perhapslooking to
the pastto gain solutions. Amphibiousircraft, with their inherentflexibility and
survivability, warrantrenewedattentionas potentialforce multipliers in this evolving

operational environment.

92 Sheehy, “The Navy Must Reconsider Using Seaplanes.”
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[ll.  OPERATIONS IN THE PACIFIC AND ASSET OVERVIEW

Within INDOPACOM, both military operations andogistics face formidable
challengeslueto theexpanse of geography and dispersdbislandswith relatively little
infrastructure. Vast distances complicate the sustainmentof military operations,
particularly in scenarioswhere adversariesactively seekto disrupt or denyaccess.
Adversarialeffects are exacerbatedy the potentiafor hostile forcesto targetcritical
nodes, hubs, and chokepointghich in turn further strains friendly logistic chains.
Failure to secure predictable and timely support to deployed forces undermines
operationaleffectiveness andeadinessthus enhancingrulnerability to mission and
force. One way to addressthesechallengesis with innovative solutionsthat enhance
mobility, flexibility, andresiliencein the face of adversaryactionsaimedat contesting

both operational capabilities and logistisaktainment.

A. PROBLEM SET

The contestedhatureof INDOPACOM poses a significarthallengefor sustained
military operations andbgistics leavingtraditional bases and supplynes vulnerable.
This threathindersour ability to projectpower, respontb crises,and maintairastrategic
presenceA 2014 Centerfor Strategicand BudgetaryAsssessments report noted thizdre
is a growing operationaisk to U.S. bases dué¢o therelative ease of planningtrikes on
our major “hubs.®3 Throughout the worldt would berelatively straightforwardfor an
adversaryto planand conductstrikesagainstfixed military basesbecause théasesare
well known, relatively few in number, andthe precise geolocation necessaryfor
targetingcan be easily determinedin peacetimé&4 Specifically, in the INDOPACOM
theater, “[d]octrine for China’s People’sLiberation Army’s (PLA) Second Atrtillery

Corps, which is responsible for conventional anulclear missile operationscalls

9 Robert MartinageToward a New Offset Strategy: Exploiting U.S. L-d®sgm Advantages to Restore
U.S. Global Power Projection Capabilifywashington, DC: Center for Strategic and Budgetary
Assessments, 2014), 23, https://csbaonlina@sgarchpublications/towaréh-new-offsetstrategy
exploitingu-sfong-term-advantageso-restorepublicationd.

94 Martinage, 23.
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specifically for strikeson Americanandallied forward basesandinfrastructure’.®> This
threat shows the urgeneedto developmoreresilient andadaptablamilitary capabilities
that are not reliant on vulnerableinfrastructure,enablingthe U.S. military to better

counter evolving adversaridireats.

The increasingrangeand accuracyof China’smissile arsenalpose asignificant
threatto Americanandallied air basesin the Pacific, necessitatinghe development of
alternativeair power capabilities.In recentyears,we haveseengreaterinvestmentand
proliferation of China’sprecisionstrike capability, depictedin Figure 8.For example, a
2024 report byThe International Institute for Strategic Studiesshows that China’s
recently fielded DF-27, with both landattack and antiship variants and an 8,000
kilometer range, could give th@LA the capability to targetand strike land basesand
naval assetswest of Guam from their mainland®6 From this assessmentwe can
reasonablyassess thatll conventionalairfields—from which the Lhited Statesand its
allies project airpower—will beeasytargetsfor the PLA to destroyearly in a conflict.
This is a critical vulnerability thatthe U.S. Air Forcés ACE does noaddresshowever,
amphibiousaircraft could provide an ability to enablesustainedorojection of airpower

after the conventional lartishses and runways have beamagedr destroyed.

% Martinage, 24.
% Nouwens et al., Longange Strike Capabilities in the Adacific, 10-11.
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Figure 8. Map of islandchainsin the Pacific®”

Amphibiousaircraft could provideflexibility for operationsvhereairfields have
been compromised.As the RAND Commissionon the NationalDefense Strategy
observed, the evolving threat landscapenecessitates aleparture from traditional

approaches, demandinitexible and resilient capabilities?8 The vision of ‘runway

97 Source: Nouwens et al., 16.

% Harman et al., Commission on the National Defense Strategy, 41.
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independentaircraft” that the Commission recommends alignswith the strategic
imperativeto operateeffectively in environmentsvhere adversariegprioritize targeting
air base9® Furthermoreas runway-independeptatforms,amphibiousaircraft provide
unparalleledoperationalflexibility by eliminating the needfor conventionalairfields,
thus providing aresilient alternaive for operations andogistics. This capability is
particularly valuable in regions with limited or vulnerableinfrastructure, providing
redundancyfor the delivery of vital supplies andeinforcementsto our troops.By
bypassinghe needfor traditional air basesamphibiousaircraft provide alternativeand
independent support for operaticarsdlogistics bolsteringmissioneffectivenesshrough

flexibility, redundancy, and resiliency

B. OPERATING ENVIRONMENT

To understand theperatingenvironmenbf theINDOPACOM AOR, particularly
within the WesternPacific, it is importantto understanéndanalyzethe averageseastate
dueto its ability to significantly influencemaritime operationsSeastateis the condition
of the ocears surface,a metric defined bywave height, length, period, and directional
waveenergyflux.100 A high seastatecanimpedeoperationsand,in extremecasesresult
in damagedo vesselsand equipmentpotentially leadingto shipwrecks. Moreover, rough
seascan hinderrescueefforts, suchas those involving downed pilotdyueto challenging
conditionsthat preventrescuecrewsfrom reachinghem The potentialinability to rescue
downedaircrewhaspromptednumerousJSAF fighter aircraftunitsto impose aen-foot

wave heightlimit for overwatertraining, aiming to mitigaterisk.101

Fortunately, th&VesternPacificregiongenerallyexperiencesnoderateseastates,
with averagevave heightstypically belowthreemetersasdepictedn Figure9. With the

exception of significantveathereventslike typhoons, thevaters ofthe WesternPacific

%9 Harman et al., 41.

100“gSeq State: Essential Climate Variable (ECV) Factsheet,” Essential Climate Variables, accessed
August 29, 2024, https://gcos.wmo.ert/essentiatlimatevariablesgeastate.

01 Kimberly Taylor, “Rescue Perspective, email message to author, October 2, 2024.
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on averagewill not pose significant limitations to the operations of ships darge

seaplanes.

180°W 135°W 90°W 45°W 0°E 45°E 90°E 135°E 180°E

—a R
1 1.5 2 25 3 3.5 4 4.5
significant wave height (m)

Figure 9. Meansignificantwaveheightin meters(2002-2012302

C. SAMPLING OF ASSETS

A comprehensive evaluation afssetinventory within the air and maritime
domainsis essentiafor evaluating and optimizing tHeestforce structureto effectivdy
supportmilitary operations andbgistics. This analysis consider&actorscorrelatedwith
military effectiveness, including operational ranggeed, payload capacity, organic
capabilities, multi-role functionality, costeffectiveness, manpoweequirements,and

infrastructural demands.

102 50urce: XiaeMing Li and Bingging Huang, “A Global Sea State Dataset from Spaceborne
Synthetic Aperture Radar Wave Mode Data” (SEANOE: Sea Scientific Open Data Publication, 2020),
https://www.seanoe.orgata0060171337/; “Data derived from the Advanced Synthetic Aperture Radar
(ASAR) onboard the ENVISAT satellite over its full life cycle (2e8212) covering the global ocean.
Both parameters are calibrated and validated against buoy datav@lidaton between the ASAR SWH
and radar altimeter (RA) data is also performed to ensure that thel&Med wave height data are of the
same quality as the RA data.”
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This evaluationexamines adiverse array of platforms, including amphibious
aircraft, land-based fixed-wing aircraft, helicopters,tilt-rotor aircraft, large surface
vesselsboats, andubmarinesall displayedin Table 3. This assetlist hasbeenpared
downto narrowlyfocusonintra-theaterassets-assetslesignedo be employedvithin a
theater—that are capable of operatg within the Indo+Pacific AOR. To streamlinethe
analysiswe haveselectedepresentativexampledfrom eachmajor categoryof assets—
suchas picking theSan Antonio-class amphibious transport dottk broadly represent
cargoships—asgt is impracticalto compareevery single possiblessetdueto the vast
numberof total assetsBy analyzingtheseplatforms,our objectiveis to identify the most
effective asset,or combination ofassetsfor providing resilient logistics support and
operationatapabilitiesacross apectrunof missionscenarios.

Table 2 provides theframework usedto conduct a quantitativevaluation of
assetsn the air and maritime domains.The evaluationcategoriesare basedon factors
correlated with military effectiveness,including operational rangespeed, payload
capacity, organic capabilities, cost of procurement, manpower requirements,and
infrastructuraldemandsEachof theseevaluationcriteriais ranked on acaleof 1 to 5,
basedon specific factors, with 5 being thebestand 1 being thevorst, to compare
different platformsandidentify their strengthsandweaknesses conductingparticular
missions A brief descriptiorof the relevance of these categorieBakbw:

X Speed:The standararuisingspeedf the asset.

X Range: Themaximum distance the asseintravel withoutrefueling/
resupplying.

X SeaState: Themaximum sea statheassetanoperate.

X Cargo Capacity (payload): Theamount of cargthe assetancarryin
pounds.

X PersonnelCapacity: Thenumber ofpassengeranassetancarry

(Specifically,dutytype passengerd.his category does not account for the
number oflitters thatcouldbe loadedo support norambulatorypatients).
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Organic Capability: Theinherent abilityof anasseto operate
independently, without requiring exterrglpport for key functions such
as refuelingrearming,or maintenancerThisis acritical factor in
determiningthe operational autonomy and flexibility a military
platform. Assets withhigh organiccapabilities carsustairthemselves for
extended periods iisolatedor contestecenvironmentsmakingthem
invaluable inscenariosvhereresupply or support fromtherassetss
limited or unavailableThis capabilityis particularlyimportant inspecial
operations, expeditionary missiorgidoperations imemoteareas At
some pointeveryassetrequiresassistancérom externalentities(e.g.,
maintenancerefueling,etc.);however, our assessmemtl consider
assistancéor only completinghe specific missiotaskas a single event
(e.g., a helicopter requir@stankeito conduct thesingle mission).

Manpower Requirementsto Operate: Thenumber of personnel needed
to effectivelyoperate amssetThefocus heras to minimizethe number
of personnel required twonduct a missionhereforeexposing fewer

people tarisk.

Access Basing, Overflight Requirements (Freedonof Maneuver):
Theassés ability to maneuver and operate without spedifiicastructure.
For examplea ship requirea portandextensive infrastructurendoad/
off-load suppliesAssetswith higherlogisticsand infrastructure
requirements are limiteid their freedom of maneuveReducedeliance

on infrastructureenhances freedonf maneuver.
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Table 2. Comparison Evaluatio@riterial03

Organic Capability

(Ability to Operate

Without Supporting
Assets)

Cargo Carrying | Personnel Carrying
Speed Range (Totall Sea State Capacity Capacity
(Ibs) (pers)

Manpower Access, Basing, Overflight
Requirements to Requirement
Operate (aka Freedom to Maneuver)

Freedom to Maneuver /
Dependency on specific
infrastructure

Relative | Ranking [ Nautical Miles Miles (nm) Levels Amount of Cargo Number of Number of Supporting Number of
Strength [ Scale | per Hour (Knots) Passengers Assets Required Personnel

ESl 5 >250 >5,000 6t09 > 12K >50 0 <10 High
4 151-250 | 2,001-5,000 5 9K - 12K 21-50 11-20
Middle [ 3 91-150 | 1,001 - 2,000 4 6K - 9K 11-20 21-30 Medium
2 31-90 501 - 1,000 3 3K-6K 6-10 31-40
[worst [ 1 <30 <500 2 <3K 1-5 1 or More >41 Low

Thesecategoriewill beusedto quantitativelyevaluateplatformswith a weighted
comparison ofactorsthat contributeto missionsuccesdgor specificscenariosincluding

logisticssupport and sear@nd rescue.

D. ASSETSPECIFICATIONS BY CATEGORY

This study seeksto quantitatively and qualitatively examine a diversarray of
platforms—including amphibiousaircraft, land-basedfixed-wing aircraft, helicopters,
tilt-rotor aircraft, large surfacevesselspoats,and submarines-to betterunderstand the
utility of amphibiousaircraftto supportmilitary operationsEachof theseplatformsis

designedo meetspecific operational requirementss outlined below.

1. Amphibious Aircraft

Amphibious aircraft provide esilience, agility, and flexibility to military
operationdueto combining thespeedof aircraft—up to tentimesthe speedof asurface
vessel-with the accessibilityof aboat enabling uniqueccessacrossmultiple domains
(land, air, andsea).While they may not matchthe payloadcapacityof largerland-based
aircraft, they offer a versatilesolution for awide rangeof military missions,including
logistics support, search and rescue, humanitarianassistance reconnaissanceanti-
submarinewarfare, and supportto special operationsfregular warfaretype military
operations.

103 Table 2 shows the criteria we created to assess and score the assets in Table 3. Table 3 then informs
the subsequent analysis of each asset’s performance in the scenarios detailed in Chapters 4 and 5.
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Table 3 highlights thecapability of amphibiousaircraft that are bestsuitedto
supportmilitary operationsThis list includes hreeforeign aircraft—theJapanes&S-2,
the RussianBe-200, and the ChineseAG600—as well as aircraft that are yet to be
delivered suchasthe Mallard ME-1A and the Albatrosg.0.104 Theseaircraftrepresent
the capabilities of modern amphibiowasrcraft, including two large and highly capable
amphibiousaircraftthat our majoradversaries employotentially providing themwith a

strategicadvantagén future conflicts.

Despiteall the benefits of amphibiouaircraft, therearealsoinherentlimitations,
especiallyconcerningcargocapacity.Eventhe largestamphibiousaircraft cannomatch
the cargocapacityof the C-130Jwhich is currentlythe backbone of the U.Bitra-theater
airlift capability Additionally, environmental conditiongan affect an amphibious
aircraft’s ability to land onwater, as theseastate (or condition ofthe waves) #ects
amphibious aircraft more than large ships traversing rough waters. Furthermore,
operations insaltwaterrequire an increasedlevel of maintenancehat a landbased
aircraftwould not besubjectedo; however this is the same consideration made for any

vesseloperating in saltwater.

2. Land-BasedAircraft (Fixed-Wing)105

Land-basedaircraft, like amphibiousaircraft, have aneffective combinationof
speedrange,and cargocapacityand benefitfrom a relatively small crew complement.
Whereinfrastructureis alreadyestablished, thatilization of land-basedaircraft can be
extremelyefficient andeffective in termsof delivering people and cargdzvenif the
aircraft is unableto land, thanksto ramp and doorsJarge amountsof cargo can be

airdropped96 In termsof cargocapacity,an aircraft like the C-130can move adecent

104 As of November 2024, Thdallard ME-1A andthe Albatross2.0arein production with initial
deliverydatesheginningin late 2027 or early 2028.

105The HG130J,is an extendedange version of the-€30J and theonly dedicated fixedving
Personnel Recovery platform in the United States Air Force inveridoig to this, the HQ-30J will be
used to represent all fixeding aircraft for the purpose of this paper. The slightly-tzgzable €130J is a
combatproven intratheater laneébased aircraft, providing a premiere benchmark for comparison.

106 Ajrdropping cargo comes with significant considerations, requirements, and risk assessments.
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amount ofcargorelatively fast. The C-130specificallyhas proverextremelyusefulasan

intra-theatercargoassetn Iragand Afghanista07

The disadvantage®f landbasedaircraft come primarily from fixed runway
requirementsEventhoughan aircraftlike a C130 canoperate oraustere runway types
(i.e., drt, gravel, etc.), the geography of the landingpcation needsto support a
significantareaof flat, openland strongenoughto hold the weight othe airplaneupon
landing. The requirement of preédentified landing zonesard/or establishedrunways
decreasesand-basedaircrafts flexibility in landing locationspotentially constraining

military decisionmakersand operations.

3. Land-BasedAircraft (Rotary-Wing)

Helicopters, such as the HH-60 Pave Hawk, CH-47 Chinook, andilt-rotor
aircraft, like the CV-22 Ospreypffer similar advantageas amphibiousircraft with the
ability to operate independédntfrom runways. Thenature ofthese aircraft allowshhemto
land just about anywhereassumingthe areais clear of obstacles.Even thoughthey
cannot land on therater, as amphibious planesn,theycanstill hover a short distance
above thesurfaceand transport people or goottsandfrom it. The CV-22’s tilt-rotor
functionality enablesit to combinethe runway independence of a helicopteith the
speedand cargo capability of a small fixed-wing aircraft. Similarly, the CH-47 is
considerech heawhft helicopterwith a payloaccapacitytwice thatof a CV-22, butless
than a C-130, and h&&ena vital assetfor a number omilitary missions.Furthermore,
helicopters andilt-rotors, like their fixed-wing counterparts, operateith relatively few

crewmembers.

Rangeis wherehelicopters andilt-rotorsfall shortcomparedo mostof the other
assets.The HH-60 andCH-47 have aelatively short operational range unleasrial
refuelingis coordinated, anthostCH-47sarenot capable of conductingaerialrefuelng.

The helicopters’other downsidas their speedof flying about half ofthe cruise speed

107 Even though €130s were ideal in Iraq and Afghanistan, the Pacific is a completely different AOR
and it is possible @30s may not be as effective as they were in the Middle East.
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comparedo otheraircraft. The slower speedof helicopterscan hindertheir ability to
quickly cover large distances or respond rapidly dynamic environmentslike the
Pacific. The CV-22 Ospreyhas an unrefueled range of approximately 1,000 nautical
miles butit may still requirein-flight refuelingfor any givenmission.Helicopters and
tilt-rotors provide uniqueapabilities; however, they hatlgeir own setof considerations

and limitationsto considerfor missioneffectiveness.

4. Boats

Boatsprovide ruggedlatformsfor transportingequipmentyehicles,and troops
from shipsto shore,aswell asbetweenslands anctoastalareasBoatslike the Landing
Craft, Mechanizedr Utility (LCM/LCU) arespeciallymadefor transportatiorwithin the
littorals anddelivering their goodsdirectly onto a beachbypassing theaeedfor a port.
The sameaccessibilityappliesto boatslike the rigid-hulled inflatable boats(RHIBs) and
the Mark VI patrol boat.However, the RHIB and Mark VI are designednore like
traditional boatsfor personneltransportationrather than heavyloads like armored
vehicles,which the LCM/LCU can handle.All threeof thesetypesof boatsare ableto
accessshallow water and austerebeachespffering a capability that larger ships cannot

match.

Boatsmay havegreataccessibilityandin the case of the. CM/LCU, greatcargo
capacityaswell, buttheyareslow, specificallythe LCM/LCU. Evenwith adecentrange,
the LCM/LCU is soslow thatit takes daygo travel any significantdistance The Mark
VI andRHIB canachievespeedscomparableo larger ships; howevertheir small size
comesat thecostof a reduced rang&@he RHIB has a rangsimilar to thatof a helicopter
but with only afraction of the cargocapacityandspeedNeverthelessto compensatéor
speedand rangetheseboatscan be transported byarger ships oreven on aircraft
however,this additionalneedfor supportassetsncreasegshe requirementgor supplies,
personneland othermissionrelatedconsiderationsOverall, the benefitsof thesize and
agility of a smallerboatare defeatedf said boatsrequirelarge shipsto transportthem

wherethey carnbe effective
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5. Ships

A clear and significant advantage that ships provide their cargo capacity
however their largesize andslow speednakethemmore susceptibldgo attackfrom A2/
AD systems Shipsfar exceedthe cargocapabilitiesof all otherlisted assets by orders of
magnitude.Their large size enablesthem to organically incorporatea wide range of
supportsystemswithin their infrastructure such as sel-defensemechanismssmaller
supportvessels,and thecapacityto transport asignificant numberof personnel. Ships
like the TAKE are builtto resupply otheshipswith ammunition,dry cargo,andfuel. T-
AKEs already function as acrucial link in the Navy's logistics chain. Furthermore,
Amphibious Transport DockgLPD) are critical assetsin the Navys amphibious
operationsLPDs are specifically designedo transport and deploparines, equipment,
and supplieso shore, including Landin@raft Air Cushion(LCAC) vehicles orseveral
Amphibious CombatVehicles (ACVs). Another assetbuilt specifically for logistical
purposess the ExpeditionaryFastTransport§ EPF).EPFsare high-speed, shallodraft
vesseldesignedo transportmilitary personnel, equipment, and suppliagidly within a

theaterof operations.

Thoughtheselogistics shipsare highly capable ofdelivering large quantitiesof
personneland cargo,their capabilitiescome with significant operationatequirements.
Ships require larger crews, thus in situationswhere ships are requiredto sail within
contestedzones omearenemyshorelines the safety of large crews becomes eritical
concern.Additionally, shipspresentlarger, less maneuverabléargetsin comparisonto
otherassetsTheir size,while providingincreasedtargocapacity,alsomakesthemmore
vulnerableto detectionand engagement lBnemyforces.This reduced maneuverability
and speedmeanthat they often require additional protectiofrom escorts.Additional
assetdike a destroyeor air support addcomplexity and resource demantsmissions.
Furthermore Jarge shipsare often unableto access shallowoastalwatersdueto their
deep drafts. This lack of accesslimits their ability to directly deliver personnel or
suppliesto shorelinesrequiring LCACs or vertical lift assets (helicoptersd bridge the

gap. This dependencyn secondarylatformsfor shoreaccesandelay operations and
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increase thdogistical footprint andrisk of attack,making operationsore cumbersome

and dangerous ienvironments wheragility andspeedarecrucial.

6. Submarines!08

A Ship SubmersibleNuclear (SSN), like most submarines,operateswith a
relativelylargecrew and requires extensive shdrasedsupportwhile at port foundonly
at specific naval basest? Howevet while underway,SSNs have virtually unlimited
range dueo their unique power source bwavelnofasterthanasurfacevesselTheyare
limited only by the duration ofthe crews food rations which can be resupplied
underway. Due to submarines’specializedmissions, they have limited capacity to
accommodate additional personnel unlegtra provisions andspaceare arrangedin
advance Additionally, submarinegely on underwateconcealmento avoid detection
and ensure operationaffectivenessSurfacingto supportsecondarymissionsbeyond
their primary objectivescompromise their stealth,thusincreasingtherisk of detection,

enemytargeting, and ultimatelgnissionfailure.

108 Dye to the sensitive nature of submarines, we have chosen to use an SSN to represent the broader
category, acknowledging that there are nuanced differences among various submarine classes. The SSN is
often described as a “genemlrpose” submarine, making it a suitable candidate to represent submarines

writ large

109«Attack Submarines SSN,” United States Navy, March 15, 2024, https://www.navy.mil/
Resources/Fadtiles/DisplayFactFiles/Article/2169558ttacksubmarinessn/.
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Table 3. Assets ancriteriafor Comparisohl0

110The sources for the data in Table 3 are found in Appendix C, Table 9.
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IV. LOGISTICS: TACTICAL, INTRA-THEATER MOBILITY

Strategicsurprise—a cornerstone sficcessfumilitary operations—hinges can
adversaris inability to accurately predict an attacks timing, location, or scale.
Throughout historythereare multiple accounts of how pivotadtrategic surpriseanbe
in achieving a decisive victory. Amphibious aircraft offer a potential avenue for
enhancingstrategicsurprisein the Pacific theater.With the ability to rapidly deploy
troops and equipmernid remoteor contestedslands,theseaircraft can complicatean
adversaris operational planninggreating opportunities for unexpected amtkcisive
strikes.

In the nearfuture, theUnited Statesand ourallies couldfacethereality of armed
conflict in the Pacific, with a needto conductmulti-domainoperationsacross thdand,
air, and sea.Amphibiousaircraft have a provehistory of successfullysupporting and
enablingthesetypes ofmilitary operations; howevethis capability hasdiminishedfor
the United Statessincetheir divestmentcreatinga strategicgap. However, th®oD is
now in a positionto reintegrateamphibiousaircraft into the fleet, offering our military
innovative, flexible, and resilient optionsto supportintra-theaterlogistics, searchand
rescue operationsnulti-role missions,and special operationsacrossthe Pacific and
beyond. Amphibiousircraft could serveas connectivetissuebetweenthe landair, and

sea domains due tbeir unique operational capabilities.

Furthermoreplacementindaccessarepivotal in military operationssignificantly
influencing mission successStrategicpositioning offorcesallows for rapid response,
control of key terrain, and theability to disrupt enemy operations.Bases,ports, and
airfields in advantageous locations provideucial logistical support, intelligence
gatheringandplatformsfor power projectionSecureaccesgo these locations, including
sealanes, air corridors, and land routesgnsures the smooth movemaeott troops,
supplies,and equipmentnecessaryfor sustainedoperations. Denyinguch accesscan

isolateforcesandjeopardizemissions.For specialoperationsas McRavens Theory of
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Special Operationsemphasizessuccesoften depends orthe principles of speedand
surprise during thénsertionandextractionof SpecialOperationForce (SOP teams!!1l
These principles minimize vulnerability and enablethe achievementof relative

superiority,a critical factorthatdefines success or failurethesemissions.

Effective movementand maneuverin any operation, whether conventiora
special,depend on meticulous planniragcuratentelligence,andsecuringthe necessary
permissions anagreementso facilitate the deployment of troop$o decisivelocations
acrossthe theater!12 Properplacementand unimpededccessto strategicbattlefield
positionsallow commanderdo exploit terrain, weather,and environmentalfactors for
tactical advantageln this context,the relationshipbetweenaccess ang@lacementforms
the backbone amilitary strategyby ensuringorcesare optimally positionedto respond
quickly anddecisivelyto a threatwhile also attemptingto minimize therisk to your

personnelndresources.

A. SCENARIO OVERVIEW: INTRA- THEATER MOBILITY 113

To counterincreasingaggressiorfrom the Reoplés Republic of China (PRC)
INDOPACOM hasbeentaskedwith establishinga persistenpresencen the region.The
mission: toconductreconnaissancedunter reconnaissanf®XR) from critical islandsin
the South Chin&ea—including but not limited to the SakishimaShoto Islands and the
Batan Islands—in order to gather intelligence on theadversaris capabilities and
intentions. Central to this RXR operationare multiple remote and unchartedislands

rangingfrom 250to 500 nauticalmiles southof Okinawa.Any one ofthese islands could

Llwilliam H. McRaven Spec Ops: Case Studies in Special Operations Warfare: Theory and Practice
(New York: Presidio Press, 1995), 8, 25.

112 Joint Chiefs of Staffjoint Land OperationsIP 331 (Washington, DC: Joint Chiefs of Staff, 2023),
V=24, https://www.jcs.mil/DoctrindbintDoctrine PubsB-0-OperationsSeries/.

113 This scenario was developatfter anextensive study of current plans, as well as discussions about
current capability gaps noted bperations and logistics expefitsm USINDOPACOM PACAF,
MARFORPAC, SOCPAC, PACFLT, AFSOC, MARSOSDCOM and the China Focus Graughis
scenario is generic due to classification, but it incorporatsstic criterisand concerns and has been
vetted byofficersfrom the MARSOC a well as personnel frothe FACAF's ACE team.Furthermorethe
Canadair CE415 is used for illustrative purposes, acknowledging that the ShinMaywZaHaS similar
capabilitieswhich will be highlighted in Table.5
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be usedasa desolate outposd conduct long-range surveillance; howeuss isolation
and distanterrain presentformidablelogistical challengesThe insertion,resupply, and
extractionof selectedpersonneto the distant islands demandstransportatiorsolution
thatis both inconspicuous andapable Theseisolatedoperatinglocationsexacerbate the
logistical complexities, as traditional maritime and aerial resupply methodsnay be

vulnerable tanterception.

The operationaltempo for the selectedunit is expectedto be relentless,as it
continuously monitors for potentimnemy movementsacrossthesecritical maritime
corridors, all while enduringthe harshconditions of theemoteoutposts.This type of
mission necessitatesneticulouslogistical planning. Beyond thenitial insertion, the
capacity for rapid resupply andmedical evacuationis paramount.The potential for
unforeseen circumstances,such as equipmentfailure, injury, or hostile action,
underscores the urgency of a responsive supp@tem,as adelayedresponse could
have catastrophic consequences. Ammunition, rationscinchl equipmentwould be
expended quicklyn the event ofan engagemenwith the enemyAdditionally, for any
casualties,the survival of personnelis directly linked to the speed of medical
intervention.The concept of the “golden hdum traumacarehighlightsthe criticality of
speedvhenrespondingo acasualty andwhile thatspeedandlevel of responsenight be
unattainablen the Pacific, it emphasizes atandardof care that theDoD shouldstill
strive for.114 To ensuremissionsuccess and preserve hunid@ in this scenario,it is
imperativeto have atransportatiorplatform capable ofapidly traversingvastdistances

to austerdocationsdevoid of infrastructure

14 Brian C. Beldowicz, Michael Bellamy, and Robert Modlin, “Death Ignores the Golden Hour, The
Argument for Mobile, FartheForward Surgery,Military Review100, no. 2 (March 2020): 3@8,
https://lwww.armyupress.army.niiiurnald¥ilitary -ReviewEnglish-Edition-ArchivesMarch-April -2020/
BeldowiczGoldenHour/; Tanisha M. Fazal et al., “How Long Can the U.S. Military’s Golden Hour
Last?,” War on the Rocks, October 8, 2018, https://warontherock2@b&i10how4ong-canthe-u-s-
militarys-goldenhourlast/.
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B. LIKELY MISSION OUTCOME USING AVAILABLE ASSETS

Marinesarean obvious choicé&o conductthis type of missionfor INDOPACOM,
specifically lll MEF out of Okinawa,Japan More broadly, Marines havealreadybeen
working towardshow to conductdispersedoperationsand have developed tentative
manual fordispersedoperationsby the name ofTentative Manualfor Expeditionary
AdvancedBase Operations(EABO) of which the Marines could sendeither aMarine
Littoral Regiment(MLR) or Littoral CombatTeam (LCT) to carry out this type of
mission. To conductthe prescribedmissionfollowing the guidancdrom the Tentative
Manual for EABQ a combination ofmedium andsmall ships, boats, andertical lift
assetghelicopters) would besedto providelogisticsfor theinitial mass deployment of

Marines tothe targetislands11>

If thesesameassetsare usedfor sustainmentaind medical evacuationtime and
operationalsecurity will becomecritical factors. However, the Tentative Manual for
EABO highlights the idea of a mixed strategy for logistics and supply byutilizing
“organic supply forward provisioningtechniquesaccesdo materiel globally positioned
ashore andafloat in the Marine Corps global positioning network anilaritime
Prepositionedrorce,[and] anticipatorydelivery (e.g. “push’logistics.” 116 Deliveriesof
cargothatare not ableto be sourcedocally may be less frequenbut larger dueto the
longertravel times of surfacevesselswhich increaseghe vulnerability of eachdelivery
aslarger quantitiesre transportedRapid resupplyrequiring minimal infrastructureand
support should nately on thesameassetausedfor the initial deploymentof personnel
and equipmeniThe Tentative Manual foEABOalsoaddressethe challenges ofmedical
care,emphasizinghe needfor more robust onsite medicalcapabilitiesandsignificantly

extendedimelinesfor evacuatingcasualtieso advancednedicalfacilities 117

115 Department of the Navyl,entative Manual for Expeditionary Advanced Base Operatiamd ed.
(Washington, DC: Department of the Navy, 2023},.7

116 Department of the Navy@.
117 Department of the Navy-8.
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Theinitial planningfactorsassumehatthe JointForceCommande(JFC)intends
to deploy aargerforce,suchas an MLRor LCT. However,the approach must shiftthe
JFCs objectiveis to deploy smaller teams—like a Marine Special OperationsTeam
(MSOT)—to mitigatetherisk of adversariatargeting!18 Deploying anMSOT simplifies
logistical requirementsn termsof sizeand quantity; howevegccessingemoteislands
and ensuring theapidandclandestindbw-visibility movement of personnel and supplies
remainsa significantchallenge An MSOT will likely needto rely on acombinationof
traditional military assets and namaditional means for transportation, resupply, and

medicalsupport.

Two primary reasons for SOF to rely on nontraditional methodsfor
transportatiorand logisticanay stemfrom eitherthe lackof conventionabssets available
or thedeliberateeffort to minimize the overtvisibility of military operationsAs aresult,
a likely approactfor a small SOFteam suchasan MSOT, could involve contracting or
paying local nationals fortransportationand resupplyservices.While this approach
carries inherentrisks and vulnerabilities—such as operationalsecurity and reliability
concerns— may be the only viable optiorAdditionally, time remains ecritical factor,
particularly when using slow-movingsurfacevesselswhich require significant transit
time regardless of theituation. While speedmay not always be acritical factor, it
becomesparamountwhen respondingto casualtiesor other medical emergenciesThe
combination of operationaecurity,logistical challengesandtime constraintswill often
necessitat&&OF teamsto utilize nontraditional methodsfor transportation antbgistics

due totheinability of traditional methods tprovide adequate support.

As the current plan outlinesnedical supportfocuses on providingare on-=site
while preparing for extendedelaysin transport,if evacuationis possibleat all. The
Tentative Manual folEABO recognizes theneedfor enhancedonsite careto address
theseextendediimelines.However, MSOTswill requireeither more advancednedical

personnel(such as doctors) anequipmentor a more reliable and faster option for

118 pat Hassett, “Bringing Clarity to Stasml Forces: How Operational Art and Science Provide the
Linkage between Stard Forces, Expeditionary Advanced Base Operations, and Reconnaissance/Counter-
Reconnaissance Operationdgurnal of Advanced Military Studid$, no. 2 (2024): 83.
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CASEVAC to reducetherisks associateavith delayedmedicalevacuationWhentime is
critical, helicoptersoffer a fasteralternativeto surfacevesselsparticularly becausehey
canlandandpick up without theneedfor runwaysHowever,their limited rangeposes a
significant challenge particularly given thepotentially extensivedistances involvedn
the scenarits operationabrea.Evenwith multiple fuel stops,helicoptersarelikely to be
faster than surface vessels,but the increasedneed for coordination andfuel stops

introduces additional risk® missionsuccess.

The missioncanbeaccomplishedodayusing a combination of conventioraaid/
or SOF elementshut thereare inherentrisks in either approach. Deployingrgeforces
like anMLR or LCT increases theisibility anddetection ofmilitary operationswhich
couldinadvertentlyescalatégensions and pushsgtuationcloserto armedconflict. On the
other handwhile MSOTsmay be moresuitabledueto their smallerfootprint andlower
visibility, they comewith their own set of challenges.Their reducedsize and limited
organic capabilitiesoften require outsourcingritical functions,such as logistics and
medical support, which may not always be available, reliable, or fast enough.
Additionally, thelift assets thewrelikely to rely on are divided betweenslowersurface

vessels and short-ranelicopters.

This tradeoff highlights the complexity of choosingthe right force for the
mission. Larger units offer greater self-sufficiency but at the cost of operational
discretion,while smaller teamsrequire more external support,which could introduce
additionalrisks suchascompromisedperationakecurityor delaysn essentiakervices.
The key to missionsucceswill depend oncarefully balancingtheserisks—tailoring the
force packageo thespecific operational environment and ensuring contingefarysare
in placefor critical needdike resupply andnedicalevacuationUltimately, the scenario
demands aesilient, flexible, andagile approachthat balances the benefits etale and

capabilityagainst the neefr stealthand speed.

C. LIKELY MISSION OUTCOME USING AMPHIBIOUS AIRCRAFT

Integrating an aircraft like the CL-415 amphibiousaircraft into this operation

offers a transformativesolution to the logistical challengesfaced by U.S. forces on
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remote islands. The CL-415 is specifically designed for versatility in austere
environments, making exceptionallywell-suited for missionsin the South Chin&gea
andsimilar operatingareas While amphibiousaircraftwill notreplacetheassetsequired
for a full-scale amphibiousssaultconductedby an MLR, LCT, or larger, they can
effectively supplementhe currentlogisticspackage by providing rapidlexible resupply

and support.

In the context ofSOF utilization, a CL-415 couldsignificantly improve mission
effectiveness and providen MSOT with substantiallogistic and CASEVAC options.
The aircrafts landing versatility allows for discreetinsertions and extractioriato the
littoral andbeachenvironmentshattypicaly surroundslands enhancing the operational
security of SOF missions.For an MSOT, the CL-415 offers unparalleledmobility. The
aircraft's range of approximately,500 nauticalmiles and cruise speedof 180 knots
allows it to rapidly traversevast distances.ensuringtimely arrival for missioncritical
operations. If travelingt 180 knots, thaircraft will cover600 nautical milegn about 3.3
hours119 This speedsignificantly reducegransittimescomparedo surfacevesselsfrom

days down tanerehours, ensuringmely resupply and rapicesponsén emergencies.

The aircraftcancary a payload, includingargoandpassengerf up to 6,400
pounds when taking off from water surfaces. This payload capacity allows for
transportingessentialsupplies such as ammunition, rations, medical equipment, and
specializedgearnecessaryor long-rangaeconnaissance missiotwhile it cannot match
the cargovolume oflarger transportircraft or ships,the CL-415’s ability to perform
frequent,smaller deliveries offers greaterflexibility and responsivenessA “little and
often’ resupplystrategyreduceghe risk associatedvith large,infrequentdeliveriesthat

are morevulnerable teenemydetectionand interception.

More importantly, in medicalemergenciesheCL-415 could be rapidly deployed
for casualtyevacuationlts amphibiouscapabilityallowsit to reachteamsoperatingnear

waterfasterthansurfacevessels and without thiefrastructurerequirement®f traditional

119 Not factoring for environmental conditions such as wind.
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fixed-wing aircraft. If configured for medical evacuation, theCL-415 could
accommodatemedical personneland equipment, providing enrouteare during the
critical period following injury. This capability addresseghe limitations of extended
evacuatiortimelineshighlightedin the scenariognhancinghe survivability of personnel

by deliveringthemto advancednedicalfacilities within the optimal timeframe.

The CL-415 could also operatein conjunctionwith naval vessels and other
aircraft, servingas a connectopetweensea andair domains.It could receive supplies
from larger shipsstationedat a safe and father distancethanhelicopters anderry them
to the remote islands, or transfer patientsto ships equippedwith advancedmedical
facilities. This interoperabilityextends theeachof existingassetscontributingto amore
resilientandflexible logistics network.By integratingthe CL-415 into the operation, the
missioris succesgrobability increasessignificantly. The aircraft addresseshe critical
needfor atransportatiorplatform capable ofapidly traversingvastdistancedo austere
locations withoutrelying on vulnerablanfrastructure.lt mitigatesrisks associatedvith
delayed resupply andmedical evacuation, ensuring thaeams maintain operational

effectiveness and thatsualtieseceive timelycare.

D. ANALYTICAL ASSESSMENT

Table 4 provides theframework for a quantitativeevaluation of logistics,
specificallyexaminingthe mobility of personnel and suppdd membersoperating under
the EABO schemeof maneuvers highliget in the scenarioabove. The evaluation
categoriesand criteria are describedbelow, along with their relevanceto the logistics
mission.Eachevaluation criterion isanked on a scale of 1 59 basedn specific factors,
with 5 being thebestand 1 being th&vorst,to comparedifferent platformsandidentify
their strengths andveaknessesn conducting the outlinedogistics mission. These
categorieswere then used to quantitatively evaluate platforms with a weighted

comparison of factorthat contribute tamissionsuccess.
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Table 4. Logistics Comparison TabEvaluation Criteri&20
Organic Capability
Access, .Basmg, Cargo Carrylng Max Sea Statd (Ablhty to opergte Mgnpower
Speed Range (Total) Overflight Capacity . without supporting | Requirements to
A Capability - .
Requirement (Ibs) assets during missio Operate
) execution)
Relative| Ranking| Nautical Miles Miles (nm) Freedom to Pounds of Cargo Levels Number of Number of
Strength| Scale | per Hour (knots) Maneuver Supporting Assets Personnel
5 >250 >5,000 High > 12K 6t0 9 0 <10
4 151 - 250 2,001 - 5,000 9K - 12K 5 11-50
Middle 3 91 - 150 1,001 - 2,000 Medium 6K - 9K 4 51-100
2 31-90 501 - 1,000 3K - 6K 3 101-500
[worst | 1 <30 <500 Low <3K 2 1 or More >501

Table5 provides ajuantitativecomparison oplatformsto rank themfrom bestto

worst. This evaluation weighs kefactorsthataremorecritical to a successfusearchand

rescue mission, such as speed, range, payloadcapacity, accessibiliy/freedom to

maneuver, and@arrying capacity In this context,speed,range,ability to reachremote

areasand carryingcapacityaregiven the highegtriority whencomparing thefficacy of

assetandtheir ability to deliverthe requiredoadsto their destinationslt is importantto

note that the carrying capacity comparisonis tailored to the specific considerations of

intrartheatercargo requirementswhere frequernt smaller deliveriesare more desirable

than feweilargedeliveries

120Table 4 is tle scoring criteria we created for the analysis in Table 5.
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Table 5. Logistics Comparison Tabléntra-TheateMobility 121

121 The data for Table §'analysis is derived from data in Table 3 and the scoring criteria in Table 4.
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The analysisn Table5 displays a notableapabilitygap for theUnited Statesas
the U.S.military currentlylacks thecapabilityto sufficiently support sucla scenarioThe
top-ranking choices for intra-theater mobility are the ChineseAVIC AG600—an
adversaris asset—and the DARPA Liberty Lifter, a conceptuahircraft that doesnot
exist Rankingslightly behind the topwo choicesare the RussianBeriev Be-200—
anotheradversaris asset-and theJapanesé&JS-2. This scoring ofassets highlights a
potential strategicvulnerability where China orRussiacould leveragethe asymmetric
capabilityof amphibiousaircraftin a conflictto gain an advantage ovitre United States

and itsalliesif competitioneverescalates

For the amphibiousarcraft assetsthat the Wited Stateshas the potentialo
acquire, thiscomparativeanalysishighlights the potential usefulness of tHeL-415 to
supportlogistics efforts. Even thoughit scoresbelow the C-130CH-47, andCV-22,
adding an assetthat is not reliant on afixed runway will strengthen thelogistical
resiliencewe have been advocating for.The landbasedaircraft demonstrate strong
performancean speedrange, and carryingapacity but theyarelimited in access du&
their needfor a runway or landing zonélelicoptersandtilt-rotors offer a balance of
capabilities butare constrainedby their range and often require supporfrom tanker
aircraftto extendtheir useful rangef they areair-refuellablein thefirst place(i.e., most
CH-47sare notair-refuellable). The CL-415 does not outoempete the C-13@H-47, or
CV-22in every category however,it doesdirectly makeup for the limitations that the
otherassets hav&he CL-415canland onwater—unlike the C-130 an@V-22—and the
CL-415 has a muchgreaterrangethan the CH-47 andCV-22, while also flying faste
than the CH47.

For surfacevessels Jarge shipsexcel in carrying capacity but are significantly
hindered by lowspeedandtheir needfor specializedequipment—ike additionalboats,
cranes,or deep ports—to offload their cargo They are also a relatively large and
vulnerabletargetwhile transmittingat slow speeds asell aswhentheyare anchoretb
load or unloaccargoard/or personnelSmaller boatprovide goodaccess anélexibility
but suffer from limited speed range andcarrying capacity Finally, while submarines
offer long-rangecapabilities their slow speed]imited payloadcapacity and operational
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constraints makéhem unsuitablefor logistical supportroles, which could compromise

their primary missiondueto therisk of detection

E. SCENARIO VARIATION CONSIDERATIONS

Anotherway amphibiousaircraft offer uniquecapabilityis through lowvisibility
operations moded by AFSOCs NSAv mission where certain types of amphibious
aircraft can blend seamlesslyinto civilian operations22 By usingleasedor contracted
civilian aircraft that appearas ordinaryair traffic, theseplanescan discreetly support
military operationsn sensitiveenvironmentsvhereovertmilitary assets mighdttracttoo
muchattention.This approach echodsstorical operationike PanAm Clipper’scovert
uranium transport andffers a modern solution for conductingmissions “under the

radar’ 123

Aircraft like the CessnaGrandCaravanC-208and de Havilland CanadeDHC-6
Twin Otter,commonlyusedfor tourismin Pacific Island nations,exemplify this NSAv
potentiall24 Equippedwith amphibiousfloats, they can operatefrom civilian airports
andcarry out discreetinsertionsor extractionsalongsecludecdcoastlinesTheir ability to
reconfigure quickly for varioumissions—whetherfor transport,medicalevacuation, or
communicatiorsetups—add® their versatility. Despitesomelimitationsin payload and
range,thesefloat aircraft’'s capacityto operate inconspicuousliyom civilian settings
while offering amphibiouscapabilitiesmakes themideal platforms for low-visibility

specialoperationgn complexenvironments.

Furthermoreutilizing alargeseaplandike the US-2 presentseveraladvantages,
including openeceanoperationghat most other amphibiousircraft cannot provide. The
aircraft facilitates a potential for clandestine rendezvowih maritime assetslike

submarines beyondsualrange (BVR) of coastaldefenses andisual observation of

22v/incent E. ImbroNon-Standard Fixed Wing Aviation: The Recipe for Addressing Specialized
Mobility Shortfalls(Maxwell AFB, AL: Air University, 2015), 24, https://apps.dtic.mil/sti/citations/
AD1040706.

1Z3\Weintz, “How America’s Airline Went to War.”

124“Twin Otter Seaplane Maldives,” Trans Maldivian Airways, accessed July 31, 2024,
https://www.transmaldivian.com/twiatter/; “Airtrav,” accessed July 18, 2024, https://airtrav.ph/.
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personnel OperatingBVR significantly reduces theisk of detection by grounttased
radars.enhancing thelementof surprisecrucial for SOF operationst2> Additionally, the
range of thaJS-2 allows for extendedoiter timesandinfiltration from greaterdistances,

further minimizingthe chances afompromisinghe missiorbeforeits outset.

The US-2’s functionalitytranslatesnto distinct advantagescross variouphases
of a low~isibility operation. During insertiothe aircraftcanrendezvousvith asurfaced
submarineor surfacevesselat a pre-designated point. 8OFteamthentransfersdirectly
from thewatervesselto the US-2, minimizing exposure anchaximizingtime efficiency.
The US-2 cannow eitherinfiltrate directly into thetargetarea,landingandoffloading the
teaminto water or onto small boatscarried on theaircraft126 Alternatively, the team
could be airdroppeth via military freefall, suchas a highaltitude,low-openingjump or
an offset high-altitude, high-opening jump near the objective.Exfiltration follows a
similar pattern.Uponmissioncompletion, theSOFteamutilizes a pre-arrangedignalto
establishcontactwith the US-2, which remainsbeyond the visual range tife targetarea.
The team would re-embark using their deployablewatercraftor swim to the waiting
aircraftto be extractedanddepartthe area.This approachminimizestheteanis exposure

on the ground and ensures a swift withdrawal.

Another critical logistical missionwherea US-2 type amphibiousaircraft could
offer invaluablecapability is in conductingForward Area Re-arm and Refueling Point
(FARRP) operations.The US-2’s unique ability to operatein austere andremote
environments—withthe largestpayload ofall the viable seaplaneoptionsfor the U.S.
military—allowsit to deliverfuel andammunitionacross dispersadlandchains, directly
supportingteamsstationedon thoseslands.This capability not only supportsustained
operationsin areaswhere traditional supplylines might be compromised budlso

enhanceghe operational reachf U.S.forces by providing a mobile refuelimdatform.

125 0pen ocean operations will most likely be BVR of acquisition and targeting radars, however there
may be detection by grousizthsed early warning radars or potentially by Chinese maritime militias serving
as early warning “radars”.

126 At least three Combat Rubber Raiding Craft can fit on the1aS validated in RESCUE FLAG 24.
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Moreover,the US-2 couldserveas a designatedefuelerfor a variety of assets,
both air and waterbased, enabling extendednissions for aircraft, helicopters, and
maritime vesselsoperatingin the Pacific theaterl27 By functioning as a versatile
refueling hub, theUS-2 enhanceshe endurance antlexibility of U.S. forces,ensuring
that critical assetsremain operationalin regions far from establishedbases.This
capability is particularly advantageousn the vast expanse of thd”acific, where the
ability to sustain operationsin isolated areas could provide asignificant strategic
advantageThe use of theUS-2 in FARRP operations wouldalso impose logistical
challengeson adversarieswhich would needto account for thencreasedmobility and
operationapersistence of).S. forces.In essencethe US-2’s ability to supportforward
deployedteams and assetsin remote locations makesit a crucial component of a
comprehensivéogisticsstrategyin the Pacific, contributingto both thesustainabilityand

effectiveness of U.Smilitary operations irthis strategicallyvital region.

Lastly, afteranaturaldisastersuchas alarge earthquake, Aurricaretyphoon, or
a tsunami, traditionahircraft may be unableto land dueto airfield damage.In these
scenariosan amphibiousaircraft could provide thanitial insertionof teamsto provide
Humanitarian Assistancdbisaster Relief (HA/DR) to the affected community. This
capability is particularly useful in scenarios where the traditional airfields are
compromiseddueto damagdrom flooding water Amphibiousaircraft would bevital to
the initial responseefforts, as well as facilitating the rapid searchand rescue,medical
care,and othetife-saving interventions as welk offshoranfrastructureassessments.

In this scenario variation, the US-2 offers valuable capability for SOF
deploymentsacrosanultiple missionsets.By leveragingits waterborneunctionality and
extended range, tHgS-2 couldfacilitate troop movementiefueling, and disasterrelief
beyond theeachof traditional groundasedair defensesThis casestudy highlightsthe
potential of such aircraft to enhance operationdlexibility, surprise,and ultimately,

missionsuccessn high+isk scenarioslt is importantto acknowledge thalimitations

127The US2 is not currently manufactured with Helicopter Aerial Refueling capability. This capability
would require the aircraft to be modified; however, this design change has been considered by ShinMaywa,
the manufacturer of the U&
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exist, such as vulnerability during waterborneoperationsand dependence oweather
conditions. The advantage®ffered by amphibiousaircraft warrant further exploration
and developmenof specific tactics, techniques, and procedures for clandes&

operations.

F. FINAL EVALUATION (LOGISTICS)

One of the key challengesin logistics is understanding thdradeoffs in
capabilitieswhenselectingtheappropriatelatform for aspecific movement&sno single
platform can handle all logistical operationsin all environments.In the case of
amphibiousaircraft, a major limitation is their cargo capacity, which is inherently
constrained by thdesignof waterbasedaircraft. However,not all logistical movements
in theaterinvolve large volumes ofcargoor entire battalionsof troops.Vesselslike the
LDP andEFP,while capable of transporting substanttargoand personneface their
own challengeswith dockingrequirementsand offloading at specificlocations.Despite
their large capacitiesthey are slow andimited in termsof wherethey canoffload cargo
quickly. Whenthe shipmenis relatively small andspeedandaccessibilityare priorities,

amphibiousaircraft will most likelybe the mosgfficient option.

In terms of CASEVAC missions,an aircraft like the CL-415 offers significant
advantages due its combinationof amphibious capabilitiegjreaterange, highespeed
and sizablecargo capacitycomparedio otherassets thatay only have one ortwo of
those advantagesVADM Williams, commanderof Special Operations Command,
Pacific (SOCPAC), explicitly stated that SOCPAC is in need of “amphibious air
medevac” assefZ8 While smallercraftlike theMark VI patrol boat oRHIBs areuseful
in CASEVAC scenariosbecause theygan directly accessbeachesmarinas,or small
inlets, their limited rangeand speedconstraintheir effectivenesscomparedio airborne
extractionmethods. BeyondCASEVAC, therewill mostlikely be amissionor set of
missionsto a remotelocationin which speedanddirect accesswill be the priority, and

the DoD iscurrentlyunableto meetboth requirements.

128 Jeromy Williams, “Keynote Speech” (presentation, Honolulu, HI, August 15, 2024).
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V. SEARCH AND RESCUE: OPEN OCEAN

Amphibious aircraft offer a compellingsolutionto long-rangemaritime search
and rescue.With the ability to be equippedwvith advancedsensors,including radar,
infrared, and electreoptical systems theseaircraft can rapidly scanlarge areasof the
oceanfor signs ofdistress.Their extendedrange and speedadvantageallow them to
reach isolated personnelfarther and faster than helicopters, providing critical time
advantagesAdditionally, the ability to land onwater allows for smoother recovery of
injured individuals, reducing thehance offurther injury duringthe extractionprocess,

which canbea concermwhenhoisting injured personneito a helicopter.

In the Pacific Ocean, Search and Rescue $AR) operationsare especially
challenging dudo the “tyranny ofdistance.”As of 2024,the USINDOPACOM Joint
PersonneRecoveryCenter(JPRC)reportedthat the Uhited Statescould only recover
personnefrom sixteenpercentof the theater,a figure that risesto only twenty percent
when factoringin allied capabilities!29 The currentSAR capability gapin the Pacific
underscores the urgemtedfor a morerobust,long-rangeSAR platformthatcanperform
all of the essentiaSAR tasks to report,locate,support, recover, angintegratel30 This
gap was highlightedin the aforementionedescue of a downed.S. F-16 pilotin the
Pacific Oceanthat requiredthe assistancef the Japanes&S-1 amphibiousaircraft for

recoveryl3l

For all SAR operationstime is of the essence—whether responditaga downed
aircrewor a sinkingvesset—and thecritical hours, orevenminutes,betweenan incident
andrescuecanbe thedifferencebetweenlife and death.In the absenceof a delicated

longrangemaritime SAR platform, openeceanrescuesare occasionallyconducted by

29\, Matthew Lowe, Director of Special Missions at Air Center Helicopters pecsonal
communicationAugust15, 2(24.

130U.S. Air Force Personnel Recovery, AFDP5® (Washington, DC: Department of the Air Force,
2020), 1214, https://lwww.doctrine.af. mPortals/61/documen&sFDP_350/3-50-AFDP-Personnel
Recovery.pdf.

131 Alman, “A Japanese Seaplane Could Be the Differdviake.”
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ships thatireopportunisticallynearby however relying onthesechanceencounterss an
unreliablestrategyfor SAR planning. Insteadthe DoD mustprioritize dedicatedong-
rangemaritime SAR assetdo ensure rapid, responsivand reliable rescue operations.
The following scenariowill showcase comparative advantagesveencurrentmilitary

assets and aammphibious aircraft im potential future SAR scenario.

A. SCENARIO OVERVIEW : MARITIME SEARCH AND RESCUE132

An experiencedr-35 pilot, and her wingman, operating out of Andersdkr
Force Base,Guam were on routine combatair patrol over the expanse of tiacific
Oceanwhenher engine suddenly malfunction&flith othersystemdailing rapidly and
losing altitude shemadethe split-second decisioto eject.Hurtling through thesky, she
verified she had a gooparachuteand watchedherjet spiral into the waves belowHer
wingman immediatelyacted circling aboveto maintain visual contact andeport her
location. As the ejected pilot landedin the open ocean,inflating her life raft, her
wingmanrelayedcoordinateso their commandand control viaSATCOM reporting a
location approximately600 nauticalmiles southeasbf KadenaAir Base,in Okinawa,
JapanAdrift and alone inthewater, thestrandedpilot is nowanisolatedpersm (IP). She
verifiesthatheremergencyeacorhasbeenactivated hopingrescueforces wouldocate
her quickly in the boundless bludJsing this scenario,the following analysis will
compare variousmilitary assetsthat were previously listed in Table 1 for their
effectiveness im SAR operation.

B. LIKELY MISSION OUTCOME USING AVAILABLE ASSETS

As of 2024, the33rd Rescue Squadron (FQS)is the only military squadron
dedicatedto search and rescue operationsithin the IndoPacific AOR that is

32\We acknowledge that this particular scenario is quite basic and that countleSARIsgenarios
could arise in a conflict in the Pacific. The purpose was to highlight a scenario where we believe there is a
current capability gap. If the isolated personnel (IP) were 50 miles off the coast, a helicopter on alert would
likely be the obvious choice. However, given A&&IAD restrictions, the expanse of the Pacific O¢eant
the nature of armed conflict, the probability of a scenario like the one described in this paper increases
significantly. Furthermorethe ShinMaywa US2 is used for illustrative purposes, acknowledging that the
Canadair CE415 has similar capabilities, which will be highlighted in Table 7.
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strategically positioned near potential highrisk areaswhere personnelmay require
rescue. Operating HH-60s as thgirmaryrescueassetthe squadron isvell-equipped for
executingSAR missionsthat arein close proximity to land. However,the HH-60s are
extremelylimited in rangewithoutaeial refueling,asseenin Figure 10. FoanHH-60to
successfullyundertake a 1,200auticalmile missionoverthe openocean includingtime
to pick up/on-load th&P, they wouldneedsignificantsupport.Specifically, at leasttwo
MC-130J orHC-130J,in sequence, would bequiredto accompanythe two HH-60sto
provide aerial refueling. Either variant of the C-130 offers capabilities beyonaimply
refueling the HH-60s, such as assistingin locating IP, delivering additional survival
equipment, and deployingararescue personnélowever,the C-130 cannatecoverthe
IP from the water, necessitatingthe HH-60s for the critical function of recovey/
extraction from the water The C-130’s involvemenin supportingthe helicoptersalso
addscomplexity to the mission,increasingthe potential for operationahallenges and,

potentially, therisk of missionfailure.
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1,000 NM

500 NM

| |. /
wihin )| I _fASNM

= Seaplane (US-2 unrefueled)
~2,000 NM round trip

= Tilt Rotor (CV-22 unrefueled)
~1,000 NM round trip

= Helicopter (HH-60 unrefueled)
~430 NM round trip

Figure 10. Relativerangeof various rescuaircraft!33

With the HH-60’s averagespeedof 120 knots, a 1,200 nm routrip would take
approximately 10 hours, excludirtge time requiredfor the actual searchand rescue
operation'34|f the exactlocationof the IP is notimmediatelyknown uporreachingthe
vicinity of their last known position, thesearchcould extend byan additional hour or
more.As aresult,the total missionduration wouldexceedten hours,with much ofthat
time spent beyond thsafefuel rangefor areturnto land. Both the HH-60s and C-130s

would face considerablesk during this prolongedoperationdueto limited emergency

8 Figure 10 is a graphical depiction of aircraft ranges derived from the data used to compile Table 3.
The rings represent the approximate range an aircraft can travel with enough fuel to return to its origin
without aerial refueling. Environmental conditions, such as wind, were not taken into consideration.

B4 Kimberly Taylor, “Rescue Perspective,” email message to authors, October 2, 2024.

70

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



landing options and thpotential for crew fatigue from extendedflight hours, which
could furtherexacerbat®perationachallengesThe HH-60s,in particular,would be out
of rangeof a securerefuelingpoint for a significant portion of thaission,makingthem
entirely dependent othetankerfor fuel. As a resultany major mechanic@suewith the
tankercould cause theescuehelicoptergo run out of fuelandbeforcedto ditch,turning
the rescuersnto isolatedpersonnethemselvesFurthermorethe C-130s supporting the
missionwould alsoface similar risks, as anyin-flight emergencyn remoteareas of the

Pacific could leave them witimited options forrecovery.

According toUSAF Major Kimberly Taylor, a Weapon®fficer in the 33RQS,
the biggest problemfor personnel recoverin the openoceanare ‘distance(risk of
weather, not getting gas, not having comms with home station to get updates),
[communications)with the survivor are limited until we are closer...whichmeansour
location isn't accurate,[and] location updates dudo the seadrift.” 135 Maj Taylor
highlightsthe operational challenge of conducting lora;geSAR missionsin the vast
expanse of théacific, emphasizing theeedfor strategic planningand adequaterisk
mitigation to ensure mission success and thesafety of all personnel involved.
Additionally, the complexity of the missionand the extendetime requiredto reachthe
IP, as showrnin Figure 11 decrease theprobability of successfullyescuingthelP alive.
However,the employment offast andselfreliant amphibiousircraft could significantly

enhance operational efficieneyd reduce thesk of these higkstakes rescue missions.

C. LIKELY MISSION OUTCOME USING AMPHIBIOUS AIRCRAFT

Conversely,if the DoD was able to employ relatively fast and selfreliant
amphibious aircraft—such as the US-2—it could significantly enhance operational
efficiencyandreducerisk duringthese highstakesescuemissions ultimatelyincreasing
the probability of successfullyrecoveringthe IP. The US-2 has a rangef approximately

2,500 nauticaimiles, allowing it to reachtheIP’s location—600 nauticahiles southeast

35 Kimberly Taylor, “Rescue Perspective,” email message to authors, October 2, 2024.
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of Okinawa—with ease whildgraveing at speedsipto 260 knotsl36 At anaveragespeed
of 250 knots, theentire 1,200nauticatmile round trip would take approximately4.8
hours. More critically, it would take only 2.4 hoursto reachthe solatedpersonnel’s
general locatiod37 The US-2, like the HH-60, will face somechallengesn precisely
locating thelP; however it will significantlyreduce theransittime to approximately2.4
hours,which is significantly fasterthan anyrotary-wingedasset38 This rapid response
will minimize the IP’s drift from the crashsite, ultimately increasingthe likelihood of

successfutletectionand recovery.

Oncetheaircrewhas dfixed location of thelP, the amphibiousircraftcanland
directly on thewater, facilitating immediaterescue operations. Equipp@dth rescue
hoists, life rafts, and medical equipmenttheseaircraft can recover survivorgrom the
water, transferthem to safety onboard, and providessentialmedical care enrouteto
definitive treatment.Moreover, their ability to land onboth land andwater provides
flexibility in choosingsuitablelandingsitesfor further medicalcareor transferto other

rescueassets.

The potential benefits of amphibiousircraft in SAR are substantial,as
highlightedin Figure 11.By bridging the gapn maritime SAR capabilities theseaircraft
can significantly improve responsetimes and increase thdikelihood of recovery.An
aircraftlike the US-2 could be the connectiessuebetweenall other potentialmilitary
assetsn a SAR operation.The incorporation of amphibiouaircraftinto SAR operations
representasignificantstepforwardin both aviation andnaritimesafety.By investingin
amphibiousaircraft, theU.S. military canbetterprotect thdives of their military pilots,
their sailors,andall of their citizenswho ventureinto the unforgiving expansef the

ocean.

136 Shin Ishimaru, “Japanese Maritime Self Defense Forc® @perations” (presentation, lwakuni
Marine Corps Air Station, JP, July 9, 2024).

137 Not factoring for environmental conditions such as wind.

138The C\-22 is just as fast as the t2Sand can reach the IP in the same amount of time; howvibeer,
CV-22lacks the range to do so without support from tanietisis scenarioThe US2, on the other hand,
can reach the IP quickly and independently, unlike the2@\énd HH60, whichbothrequire tanker
support.
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D. ANALYTICAL ASSESSMENT

To betterassess thatility of all assetso conductmaritime SAR, we will conduct
a quantitativeanalyticalassessmertf variousassetsTable6 providesheframeworkfor
the quantitative evaluation aharitime searchand rescuecapabilities, evaluatingheir
capability to effectively respondin the aforementione@®AR scenarioand assessing
variousattributesof effective SAR platforms. The evaluationcategoriesandcriteria are
describedelow, alongwith their relevancedo the SAR mission.Eachof theseevaluation
criteriais ranked on &cale of 1to 5, basedon specificfactors,with 5 being thebestand
1 being theworst, to comparedifferent platforms and identify their strengths and
weaknessem conducting the outline8 AR mission.Thesecategoriesvere thenusedto

guantitatively evaluatplatformswith a weighteccomparisorof factors that contribute
missionsuccess.

Table 6. Maritime SAR QuantitativeEvaluation Criteria39

Organic Capability
i ili Access, Basin
Speed Range Sea zztrlri/?r:jzzr;;(:ntye v(vlizlcljltti/t fuggiﬁz Manpower Overflight ‘
(Total) State . .- | Requirements| .
(payload) assés during mission| Requirement
execution)
Nautical Number of
Relative | Ranking | Miles per Miles (nm) | Levels Number of Supporting Assets Number of Freedom to
Strength | Scale Hour Patients - Personnel Maneuver
Required
(knots)
[ Best [ 5 >250 >5,000 | 6109 >50 0 <10 High
4 151 - 250 2,001 -5,000 5 21 - 50 1150
Middle 3 91-150( 1,001-2,0q0 4 11-20 51-100 Medium
2 31-90 | 501 -1,00d 3 6-10 101500
[ worst | 1 <30 <500 2 1-5 1 or More >501 Low

Table7 provides ajuantitativecomparison oplatformsto rankthemfrom bestto
worst. This evaluation weighs kefactorsthataremorecritical to a successfusearchand
rescue mission, such as speed, range, sea state payload capacity, and operational
independenceSpeedand rangeare weightedthe highest forSAR since gettingo the IP

quickly is the mostimportant aspeatf themission

¥ Table6 is the scoring criteria we created for the analysis in Table 7.
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Table 7. Maritime SAR Comparison Tabf0

0 Thedata forTable7’s analysis is derived from data in Table 3 and the scoring criteria in Table 6.
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Amphibious aircraft emerge as the optimal platform for SAR operations,
excellingin speed,range, payload, and operatiotiixibility. Once again,aircraft that
are either adversarialr conceptuakcoredthe highest,with the exceptionof the US-2.
The US-2 stands out foits ability to land in the highestseastatescomparedto other
amphibiousaircraft (as further detailedin ChapterVIl). A significant advantagéor all
amphibiousaircraft is their ability to operatedirectly on the water, which enables
recovery of thdP, a criticalSAR function.

Land-basedaircraft, while possessingspeedand range,are limited by their
inability to directly rescue personnélom water. Giventheunderstandinghatthe C-130
will not be therecoveryasset,t is still capableof providing supporto the IP first by
potentially finding thelP, then airdroppingadditional survival equipmergnd/or rescue
personnel, providingomrmunicationintegrationandrelay, all in additionto refueing the
recoveryasset(HH-60 or V-22). This type of supportvill presumablyprolongthe IP’s
chancef survival;, howeverrecoveryof thelP is the intended ensdtateof themission
which the C-130 does not singularly providéelicopters andilt-rotor aircraft offer a
balance of capabilities butare again constrained by range and tanker support
requirementslLarge shipsexcelin payload andervices providedo the IP after rescue
but sufferfrom low speedand limitedorganic capabilities, meaning thsdtipsstill rely on
additionalassetdike small boatsandvertical lift assetghelicopters}o completecertain
missions Boats provide accessbut lack speedand range, while submarinesthough
possessingange andcapabilities, are restricted by speed, payload, and operational

limitations.

It is importantto notethat this evaluationis limited in scope,focusingsolely on
the previouslydescribedactorsand disregarding consideratidite costor survivability.
Assetcostwasintentionally excludedo prevent concerns about evaluating the stogt
of assetsalreadyin the U.S. military inventory.Assetsurvivability wasleft out to keep
this reportat the unclassifiedevel; however, amphibiouaircraftgenerdly have a higher
survivability ratein conflict thanhelicopters and shigsdats Additionally, the scorings
basedon an averagerepresentatiomf eachcategory, noting thahereare platformswe

may have left out of a categoryand therefore were not assessedrFurthermore,the
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weight assignedto each criterion attemptedto capturethe relevanceto that specific

missionset,though itmay vary depending on specific operational contexts.

E. SCENARIO VARIATION CONSIDERATIONS

The presentedSAR scenarias straightforwardregarding the number ¢Ps, with
only one individuain needof rescue; howevern complexrescuescenarios—suchs a
sinking ship with numerouslPs—the US-2 is still able to provide critical support.
Althoughthe US-2 may not be abldgo evacuatell personnein alargescaledisaster |t
can play a critical role in the initial response by providingnedical triage initial
evacuationof critically injured or vulnerable personnegnd coordinationof follow-on
rescueefforts The capabilityof an amphibiousaircraftto land andloiter in the waterat
the scene of thencident—possibly providingmedicaltriage—while servingasthe on-
scene commander delivesgnificant advantages ovethe other rescue platforms,
including the HC-130J,HH-60, or CV-22. Even without the ability to load all IPs, the
US-2 couldprioritize careand supporto IPsin critical condition or thos¢hatareat risk
of exploitationif capturedby enemyforces. The rescuecrew would then beable to
prioritize their efforts while leavingessentiaprovisions and supplidsr those personnel
remainingat seain their life rafts. While the effort to save thdPs continues, additional
amphibiousaircraft could make multiple trips to pick up the remaining personnel.
Additionally, to expeditemedicalcare,the US-2 could rendezvouwith a nearby ship,
potentially offering quickeraccesgo medicaltreatmentprior to beingtransportedo a
traditionalland-basedhospital. Ultimately, while amphibiousaircraft, suchasthe US-2,
only have limited capacity to support largescale rescue operations—particularly
scenarios involving numerouBs—it canoffer significantadvantagesver otherircraft

in termsof speed, range, and access.

F. FINAL EVALUATION OF SARASSETS

An aircraftlike the US-2 offers a significant advantaga SAR operationsacross
the entirePacific Oceandueto its ability to perform the mosessentiaSAR tasks:locate,
support, andecover,all within a singleplatform. While a passingship or boatmight
occasionally provide rescue assistancemore efficiently than an air asset, rescuing
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strandedservice membersshould not be left to chance.Furthermore, conducting the
mission outlined in this paper with today’s currently allocated assetssignificantly
increasesoth the risk to missionandtherisk to force, unnecessarilplacing dozens of
personneland multiple aircraft at risk. Thereis a reasonwhy the JIMSDF has not only
retainedbut also improvedits primary SAR asset the US-2, and theDoD should take
note andearnfrom the IMSDFs capabilities.The DoD should enhanciés capabilityto
bring everyone hometegardless ofrescue location, by ensurindpat such critical

missionsaresupported byeliableanddedicatedssetdike the US-2.
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VI. STRATEGIC USE

The strategic landscape dlfie Indo-Pacific is rapidly evolving,presentingnew
challengesand opportunities forthe United States andts allies. As China continueso
expandits military and economicinfluence, the needfor innovative andadaptable
strategiesbecomesincreasinglycritical, and amphibiousircraft provide asignificant
advantagdor operations omemoteislands andittoral environments. By combining the
speedand flexibility of aviation withthe versatilityof marineplatforms,these aircraft can
enablerapid deployments, enhandegistical capabilities,and counteradversarytactics
Ultimately, this combinationof effectscan disruptadversaryplans and bolstestrategic
deterrenceefforts Additionally, these aircraft can offer an innovative solutionto
geopoliticalchallengean other regionssuchas theBlack Sea,wheretraditional naval

power isconstrainedy internationatreaties.

A. CREATING DILEM MAS FOR THE ADVERSARY

Although amphibiousaircraft aloneare notsufficient to addressall the DoD’s
logistical problems in the Pacific, their strategic employmentcan offer a major
asymmetric advantag®e the JointForce Amphibiousaircraft wouldallow the Uhited
Statesto inject an elementof unpredictabilitythat could potentially disrupt, divert, and
deteradversaries bwtilizing theseaircraftto support operations unconventionalays
By reducing predictability, amphibiowsrcraft may be particularlyeffectivein achieving
the strategicgoal of imposingcostson an enemy. Accordingo Scholls study, SOF
possess distinaualities that enable themto function efficiently in hostile and harsh
settingsl41 Shealso claims that SOF is strategicallypositionedto significantly impact
adversaries and impedkeeir efforts to exertinfluencel42 If equippedwith amphibious

aircraft, SOF could gain a significant operational advantage bgpid and flexible

M1l Kaley Scholl, “The Use of US Special Operation Forces in Great Power Competition: Imposing
Costs on Adversarial Gray Zone Operatiomdilitary Times December 15, 2020, sec. name,
https://www.militarytimes.com/opiniondmmentarnZ 0204 2/15the-useof-us-specialoperationforcesin-
greatpowercompetitionimposingcostson-adversariagray-zoneoperations/.

142 Scholl.
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deploymentsto remote and otherwiseinaccessibleislands. Then,SOF teams could
establisha presenceconductreconnaissancegnd/or supportlocal forcesin ways that

adversaries would findifficult to counter.

The strategic usef amphibiousaircraft to deploy small, but potent,U.S. SOF
teans to remote—and often overlooked—islandsacrossthe South ChinaSea would
createdilemmasfor China. These kinds of actions miglmstill a persistentsenseof
menacen our adversary leadingthemto fear that a Marine detachmenequippedwith
MANPADS—or otheranttaircraftor anti-shipsystems—eould appeaiout of nowhere on
any little island.By creatinguncertainty, thistrategymakesthe adversaris operational
planningmoredifficult, imposingcosts byforcing the adversaryto remainon highalert
and allocate resourcesto defend against possiblatacksfrom unexpectedocations.
Amphibiousaircraft ould increasethe United States’ overall operationaleffectiveness

and deterrence ithe Pacificregionby actingas a forcanultiplier in this fashion.

Furthermore amphibiousaircraft could offer astrategicadvantagen specifically
countering Chinesenaritime militias, as they combinghe flexibility and speed of
aviation with the versatility of operatingin marine environments. Unlike conventional
navalvesselsamphibiousaircraftcanrapidly disengage and depdrom contestedareas,
making them a more agile responsdo Chinesefishing boatsmasqueradings maritime
militias.143 While China has employed boatis counter boats, the use amphibious
aircraftallows for amuchmoredynamic approaci.heseplanescanoutmaneuveslower
maritime vessels.enabling a partndike the Philippinesto resupplystrategiclocations
more effectively. The unpredictability of aircraft routesand speedscreatesa logistical

advantageallowing allied forcesto stayaheadf Chinese effort$o disruptsupplylines.

Moreover,the speedandagility of seaplanes provide rmaeansof avoidingdirect
confrontation, allowing for rapid insertion of supplies withoutescalatingto armed

conflict. This advantage iparticularlyimportant given the limitedptionsthatthe United

143 peter Dobias, “Maritime Militias: Disrupting Naval Operations in the Pacific Theater and the Case
for Intermediate Force Capabilities in the Maritime Domaiogirnal of Advanced Military Studid$, no.
2 (2024): 11, https://doi.orgj0.21140mcuj.20241502001.
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States andts allies currentlyfacein dealingwith thesemaritimemilitias.144 Amphibious
aircraft could be an innovative addition to the intermediateforce capabilities (IFC),
which are designedto counterChinds nondethal but highly disruptivetactics without
resortingto outright military engagement4> China’s focusis to disrupt supplychains
with their fishing militias, which couldsignificantlyimpactthe ability to conductmilitary
operationsHistorically, logistics havebeenthe critical factorin prolongedengagements,
as evidencedin the Battle of Guadalcanalwhere the ability to sustainforceswas the
determiningfactor for victory.146 By integratingamphibiousaircraft into the logistical
framework, the Uhited Statesand its allies could bypass Chineséishing militias
altogethermaintainingsupply routego key locations and ensurirggistainecbperational
effectivenessThese amphibiousircraft could also supportfriendly forces, including
local militias, by providing air mobility that is not vulnerableto Chinesemaritime

blockadetactics.

Additionally, Dobiasdiscusseghat IFCs are critical in managingcompetition
without escalatingto war, and amphibiousiircraft could fit within this framework147
Amphibiousaircraft could be operatd as a norlethal but disruptiveassetthat Chinds
maritime vesselsmay struggleto counter, similar to how Chinautilizes its fishing
militias. The ability of theseaircraft to traverse botHand and sea provides a unique
capabilitythat could disrupt Chinese operatioadl, while allowing the Lhited Statesand
its allies to retain the narrative advantage by avoidingethal force. In this way,
amphibiousaircraft could become wital tool in countering China’snaritime strategy,
bolsteringlogistics, and maintainingstability in the region without pushing theonflict
into a fully kinetic domain.In the United States’efforts to thwart adversarialplans,
complicateadversarialoperationakalculations,andcreate amore difficult environment

for adversarieso project power SOF may find themselvesvith a decisive advantage

144 Dobias, 12.
145 Dobias, 19.
148 Dobias, 13.
147 Dobias, 18.
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they can use amphibiousaircraft for surprise insertions, resupplyissions, or to
outmaneuver andvoidadversariaburfacevesseltraffic. Essentially the uniquegualities
of amphibiousaircraft, combinedvith SOFs experience, would nabnly increasethe
efficacy of operationsin the gray areabut also act as amultiplier, addingto a larger

strategyof impactand deterrenn thearea.

B. BEYOND THE PACIFIC: THE MONTREUX CONVENTION

Amphibiousaircraft could be usedto providestrategicflexible responseoptions,
enabling a robusMATO presencén theBlack Seawithoutdirectly challenging the naval
restrictionsof the Montreux Conventioffhe 1936 “Montreux Convention Regarding the
Regime of the Straits regulatesnaval traffic through theDardanelles and Bosporus
Straits,the sole navigablepassage connecting tBéack Seato the MediterraneanWhile
merchantvesselsenjoy unrestrictedpassage duringeacetime, the convention imposes
strict limitations on the number type, and tonnage of naval warshigowedthrough the
straits particularly naval vesselsfrom nonBlack Seastatesl48 The conventionalso
restrictsthe total tonnage ofvarshipsfrom nonBlack Seastatesallowedin theBlack Sea
and grants Turkey thauthorityto enforcetheseregulations, includinglosingthe straits

to any ships during wartiméf Turkey feels threateneld®

The ongoing conflict between Russia and Ukraine displaythe strategic
significanceof the Montreux Conventionasit creates aritical chokepoint foNATO’s
operationsin the Black Sea As a NATO member Turkey finds itself in a difficult
position, attemptingto balanceits allegianceto NATO and its partnershipséliance on
Ukraine and Russia for energy andnmilitary trade agreement$>0 Under these
circumstances, amphibiouaircraft could provide flexibility and accessto support

NATO'’s strategic objectives ithe BlackSea.

148 Alpaslan Ozerdem, “What the Montreux Convention Is, and What It Means for the Ukraine War,”
The Conversation, March 1, 2022, http://theconversationwbatthe-montreuxeonventionis-andwhat
it-meansfor-the-ukrainewar-178136.

149 Ozerdem.
150 Ozerdem.
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Amphibious aircraft offer a strategic advantage, enablingignificant NATO
presencen the Black Seawhile adheringto the constraintsof the Montreux Convention.
Theseaircraft could be usedto supportmaritimesecuritythrough surveillance and patrol
missionsor to providereaktime intelligencethrough the use of advancesensorsgimilar
to anRC-135 or P-8.) Furthermortheir multi-domaincapabilityallows themto operate
alongsidenaval and air forces which has the potentiaio improve interoperabilityand
strengthenjoint operations.By leveraging these uniquecapabilities, NATO could

maintainoperationaflexibility andmissioneffectiveness.
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VII. ACQUISITION POSSIBILITIES

Ideally, theU.S. military would benefitfrom adiversefleet of amphibiousaircraft
to takefull advantageof thdr utility and uniquecharacteristics; however, acknowledging
fiscal constraintsamorestrategic approach reecessaryBy carefully consideing factors
suchas payloacdtapacity,range,enduranceand operational environment, tH2oD can
selectthe optimalaircraft for thespecificmissian requirementsBeyond theplatform, the
DoD should explore anultifacetedapproachfor their employment, includindlexible
acquisitionmodels,contractorsupport, andcollaborativeefforts with allied nationsto

maximizeoperationakffectiveness and minimizmosts.

A. ‘“MENU OF OPTIONS” FOR AMPHIBIOUS AIRCRAFT

As with land-basedaircraft, therewill not be a “onesize fits all” solution for
amphibiousaircraft, but rather specific planesfor specific requirementsTo achieve
operationaflexibility, a “menu of optiorisshould be considered. Toeatethis “menuof
options,” several perfamance metrics will be examined, includingaircraft payload
capacitiesyanges,enduranceand operational environmentstom small, singleengine
aircraft to large, multi-engineplatforms, different types ofaircraft areideally suitedfor
specific roles. This variety provides multiple options to support awide variety of

missions.

Table8 displaysa comparative maalysis of thekey performance ltaracteristicgor
a diverse range of amphibioascraft. This table provides a comprehensive oview, or
a “menu of options,”to support various operationateeds. This table provides
performance characteristics for light, medium, and large amphibious aircraft,
demonstratingtheir suitability for a variety of civilian and military applications.The
selection ranges from versatile floatplanes, like the Cessna 208Caravanand De
Havilland CanaddDHC-6 Twin Otter,which excelin shorthauland regionamissionsto
larger,morespecializedlying boatslike the Mallard and Albatross,which offer greater
range and payloadAdditionally, larger amphibiousaircraft like the CanadaiCL-415,
ShinMaywaUS-2, Beriev Be-200, andAG600 are highlightedfor their larger capacities
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in range and payload. The detailed specificationsprovided are intendedto enable
informed decisionmaking regardingthe selectionof the mostappropriateamphibious

aircraft forspecific operational requirements

Table 8. Menuof Options forAmphibious Aircraft

B. BUY/BUILD

Acquiring new amphibiousaircraftis challenging dueo the limited options and
the currentlack of productioncapacityacrossthe industry; howevetthis seemsto be
quickly changingasmultiple companiesre beginning productioef modernamphibious
aircraft. Accordingo our researchthe only largeamphibiousaircraft currentlyavailable
that the U.S. military could orderis the Japanes&JS-2. As of 2024, theUS-2 is built
exclusively for theJMSDE however, if theUnited Stateswereinterestedn addingthis
platform to the DoD inventory, then ShinMaywa couldpartner with an American

companyto deliverthe US-2 to the DoD.151 This approachwould align with the concept

151 According to representatives from both companies, ShinMaynd&oeingalreadyhavea
partnershighatcould be expandedo facilitatethe acquisitionof the US2, along with possible production
by Boeing in the United States
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of “friend-sourcing”military procurementwheretechnologyacquisitionis conductedas

part of broader securityooperatiorefforts.

Additionally, the DHC-515, theMallard ME-1A, and theAlbatross2.0 are all
entering production ande@expectedo have thdirst modelsdeliveredin the nexitthree
to five years152 The DHC-515is in productionthroughDe Havilland Aircraft of Canada
Limited andwill beanupgraded version of theL-415. Additionally, Bridger Aerospace
is preparedto modify the CL-415 into variousmilitary variantsto create theS.E.A.L.
Aerial Amphibious Mobility Vehicle-1.153 In addition to larger flying boats, the
Albatross2.0, an upgraded version of the origin&rummanSA-16 Albatross,will be
produced by théustraliancompany Amphibiou&erospacdndustries While Albatross
2.0 production hayet to commencethe first deliveries are anticipatedin 2028154
Similarly, the Mallard ME-1A is being produced byn American company,Mallard
Enterprisesandis expectedo follow a comparabléimeline,with deliveriesexpectedn
late 2027 orearly 2028155

For smalleramphibiousplatformssuchas the C-208 ofwin Otter,the USG has
the optionto either purchase amphibious modelsectly or convert existing lanbased
variants The purchase of lanttasedaircraft and converting themnto amphibious—
floatplane—aircraft ®uld be similar to the procurement ofcivilian PG12s and
subsequenmodificationsto create the U-2856 Pursuingsmaller amphibiousaircraft

offers greateroptionsfor purchase du¢o the proliferation of light aircraft in civilian

152 Orders for each of the DHE15, ME1A, and Albatross 2.0 have been placed by various companies
and governments around the world. One factor that could delay delivery is the cusprioBtys meaning
even if orders for an aircraft are placed, that customer may have to wait until prior orders are delivered
unless the manufacturer moves the customer to a higher priority.

153 Bridger AerospaceSeal Aerial Amphibious Mobility Vehiele(SAAMVY1), Mission Capabilities
Briefing (Bozeman, MT: Bridger Aerospace, n.d.), accessed October 19, 2024.

154 Simon Hardy, Albatross 2.0 Information, email message to author, June 5, 2024.

155 Andrew Curran, “India’s Mehair Inks LOI for 50 Mallard MEAs,” ch-aviation, July 23, 2024,
https://www.chaviation.comews142826indiasmehairinks-loi-for-50-mallardme-1as.

156 Brian W. Everstine, “SOCOM'’s Armed Overwatch Expected to Replace the AFSEEHlket,”
Air & Space Forces Magazine, February 12, 2020, https://www.airandspaceforcesammsarmed
overwatchexpecteeto-replacethe-afsocu-28-fleet/.
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aviation. Furthermore, duringhe amphibious conversionaircraft could receive
additional modificationsvith numerouscarry-on systemsor variousmulti-role mission

sets.

C. ACQUISITION MODELS

Regardless oéircraft type, thdJ.S. governmenican choosefrom four primary
acquisition and operational models: Governmen@d/Governmen®perated
(GOGO), GovernmenPwned/ContractorOperated (GOCO), ContractorOwned/
ContractorOperated COCO) andContractorowned/Governmenperated COQO).

X Government-Owned/Government-Operated (GOGO): In the GOGO
model, aircraft arewned, operated, and maintaingdgovernment
personnel whichs the traditionabpproacHor most militaryaircraft. For
the DoD,this modelrelieson active-duty militarypersonneto maintain,
operateand deploy thaircraft. This modelcanbe beneficialas itensures
the DoD has full control over tharcraft and itsmissions allowing for

seamless integration ingxisting militarystructures and operations.

X Government-Owned/Contractor- Operated (GOCO): In the GOCO
model, the government owrthe aircraft butontracs privatecompanies
to handlethe operation and maintenance of the aircraftisapproach can
offer increasedlexibility and potential coseductionsas itleverages the

expertise anefficiencies of the privatsector.

X Contractor-Owned/Contractor- Operated (COCO): In the COCO
model, aircraft arewned, operated, and maintain®da contracted
company. Th&€OCO model provides the masisteffectivemodel when
a missionsetis needed omninfrequent basisr permanenprocurement
of anasseis not feasibé. With COCO,privatecompanies areontracted
to perform specific missionar to integrateinto largecomplexmissions,
providingtheir expertiséor the needethsk.Although costeffective,the
COCO model catimit operationafflexibility basedon the contracand

training of the membersnvolved.
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X Contractor-Owned/GovernmentOperated (COGO): In theCOGO
model, aircraft arewned by privateompanies bubperated and
maintainedoy government personnel through a lease or gbortrental
agreementThis approach provides a cesffective alternativeo the
COCO model, specificalljor missionsthat require government personnel

to carryout the operation.

Eachof thesemodelshasadvantages andadeoffs, and the decisioto favor any
one solution would depend on variotectors including mission requirements cost
considerationsand theneedfor operationakontrol. Due to the complexitiesassociated
with platform acquisitions and the competifigcal priorities of eachservice component
must balance we believe that amphibiouaircraft fit bestin the USSOCOMportfolio.
While amphibiousaircraftrepresent specializectapabilitytailoredto specificmissions,
suchas those conducted Ispecialoperationgorcesfor irregularwarfare,their potential
contribution to the broaderforce structure should not be overlookedJSSOCOMs
approacho the OA-1K “armedoverwatch’programcouldserveas amodelfor acquiring
amphibiousaircraft157 The OA-1K investmenthas demonstratl the value of investing
in niche capabilities that—while not offering a universal solutionfor its mission
requirements—canprovide uniquestrategic advantagesnvestmentin amphibious
aircraft can do thesame Whenintegratedthoughtfully into the broadeforce structure,
amphibiousaircraft can offer a critical edgein scenarioghat demandflexible andagile

solutions for the rapideployment of troops and cargoremotelittoral environments.

Renting thecapability via a shorterm leaseis an alternativeto buying aircraft
outright, or establishinga longterm contract, and then buildingthe infrastructure
requiredto organizetrain, and equipmilitary unitsfor organically owneair assetsThis
approachoffers severaladvantageghat may be preferablein certain scenarios.For
instance,if long-term capability is not required,leasingcan be amore costeffective
solution that avoids the significant upfrontivestment and ongoingaintenancecosts

associatedwvith ownership. Additionally this option can provide afaster timeline to

157 Everstine.
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employ the capabilityas it circumvents the lengthy process pfocurementand the
establishmentof new operationalstructures.When a private corporation has the
experience and hardwareadyto go, it can provide an effective alternativewhen the
governmentlacks the knowledgéo operateand maintain the aircraft Each of these
models providesflexibility and can be tailored to meet specific mission requirements

while potentiallyreducing costs and expediting capabitigployment.

D. SHARE WITH PARTNER NATION TO BUILD PARTNER CAPACITY

Because lies and partnershipsare the bedrock of regionastability, the United
Statesshouldactively seekopportunitieso deepents ties with Japan, SoutKorea,and
the PhilippinesAll three of these nationsre crucial for the success of any operation
within the regionThe Commandepnf USSOCOM,GeneralFenton.emphasizedhe need
for “interoperability beyond introductory partnerships?8 Integrating amphibious
aircraft into combined operationsoffers a tangible pathtoward more in-depth
interoperability which is a critical step toward General Fenton’s strategic objective.
Similarly, RAND underscores the significance of robysrtnerships arguing that
“enhancing cooperatiowith Australia,Japanand India, andsecuringgreateraccesgo
the Philippines, among othdnitiatives, will not only strengthenU.S. allies and
deterrencebut also, over time, enhance thdJnited States’capability to conduct joint
operationsin the region” 159 This againechoeshe importance obuilding partnerships

and increasingooperation wittalliesthroughout the InddRacific

By providing partner nations with amphibiousaircraft—possibly througtthe
National Defense AuthorizationAct (NDAA) Section 1263, IndoPacific Maritime
Security Initiative (MSIl)—the United Statescan significantly build partnercapacityin

the South Chingearegionl€0 For instance,equipping thePhilippineswith a Mallard

158 Bryan Fenton, “SOF and Integrated Deterrence” (presentation, Honolulu, HI, August 15, 2024).
9 Harman et al., Commission on the National Defense Strategy, 45.

160«Section 1263 IndéPacific Maritime Security Initiative (MSI),” Defense Security Cooperation
Agency, accessed November 7, 2024, https://www.dscaeatiibnrl1263indo-pacific-maritime-security
initiative-msi.
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ME-1A amphibiousaircraft could empowethemto conductrapid deployments of troops
and equipmento remoteislandsand coastalareas,searchand rescue operations for
downed pilots, as well as maritime patrol and intelligence, usveillance, and
reconnaissanc@lSR) efforts. Overall, this type of investmentwould strengthertheir
ability to respondto a crisis and protectheir territorial waters,thusincreasng regional

securityandstability.

Investingin amphibiousaircraft for usein the IndoPacific increaseshe U.S.
military’s operationatapabilitis—throughincreasedesilience flexibility , andagility—
and fortifies our relationshipsvith significant regionalpartners andllies. Amphibious
aircraftcanserveas ameansof coordinatingactivitiesbetweenthe United States ands
partner nationsn the IndoPacific ultimately bolsteringinteroperability by allowing
partnergo train, support, anatarry out operationgnoreeffectively and cohesivelySuch
cooperationcan also result in sharedcosts,which lessens thdinancial strain on the
United Stateswhile guaranteeinghe capabilityis maintainedcollectively. This method
of achieving interoperability through amphibiousaircraft fosters confidence among

partner stateggesultingin a moreresilient and cohesive front against regional problems.
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VIIl. CONCLUSION

A. FINDINGS

We assessthat amphibiousaircraft can mitigate challenges of contested
operationsfor the U.S. Joint Forcein the INDOPACOM AOR while simultaneously
imposing operationathallengeson potentialadversariesThere should be no question
that the U.S. Joint Forces andits allies face significant challengesdue to both the
geographyand the contentiouselationshipamongcountries of the Indéacific region.
The reliance on fixed infrastructure such as airfields and ports,makes traditional
logisticsand combat operationailnerableto disruption.Additionally, ongoingtensiors
and the potential foescalationamong multiple countriesincreasethe necessityof
enhancingU.S. military capabilites within the AOR. Amphibious aircraft offer a
strategicsolution to thesechallenges by reducingeliance onfixed infrastructureand
providing operational advantages the Lhited States andts allies, thereby enhancing

both survivabilityand missiorsuccess.

Aircraft employment duringvVWIl and theKorean and Vietnam Wars clearly
demonstrategheir effectivenessin supporting bothmaritime and ground operations.
Theseaircraft were instrumentain maintainingsupplylines, providing ISR capabilities,
conducting anti-submarinearfare and executing@ssaults orenemyshipsin complex
and challenging environmentfs modernconflicts continueto evolve, thehistorical
lessons learnefilom thedeployment of amphibious aircraft remaglevant. Ouresearch
has highlighted amphibiousircraft's ability to addressemerging threats in both
conventional andrregular warfare scenariosWith the challenges of the IndBacific
region being known and understoodrom past conflicts, the same solutiorfrom those

pastwarscanbe usedgaintoday; whais old is new again.

In the contemporary context, amphibioascraft have a tremendous value
proposition for théJ.S. JointForcein INDOPACOM AOR. Their versatilityallowsthem
to performmissionsfrom searchandrescueto combat operationg.he U.S. military will

be ableto maintain a greater,more distributed, andesilient military presencen the
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region by applying amphibiowsrcraft thereby enablinthe United Stateso betterdeter
aggression and respond crises By endorsingthis adaptableplatform, the U.S. Joint
Forces can bolsterits strategicpositionin the region anccomplicatethe operational
calculationsfor its potential adversariesThis investmentis not about developing or
testing new technology butather adopting and advancing a provemapability that

remainsunderutilized by others anslabsenfrom current U.Smilitary use.

B. RECOMM ENDATIONS

Basedon our researchwe recommendthat the DoD reinvestin amphibious
aircraft capabilities.ldeally, it would bebestto have multiple platformsto serveas a
“menu of options for the JointForces Commandeto pick basedon the specific
operational need however, this may be unrealistic. Therefore, below are six
recommendations thahe DoD should taketo reestablishthe capability of amphibious

aircraft inthe U.S. military.

1. Recommendationl: Contract and Validate SeaplaneUsein Exercises

INDOPACOM should integratamphibious aircrafinto regular militaryexercises
in the Pacific theaterto thoroughly evaluate and demonstrdteir effectivenessn real
world operationalsettings.INDOPACOM canimmediatelyleverage contractorvened/
contractor-perated (COCO) or contractedowned/governmenbperated (COGO)
operationdo incorporatetheseaircraftinto exercises without theeedfor animmediate
programof record This approachallows for a costefficient andflexible way to testthe
effectiveness of thaircraft. To implement aCOCO orCOGO modelJSINDOPACOM
would contractaircraft from private owners orcompaniessuch as Bridger Aerospace,
which currently operatesa fleet of CL-415s andCL-215saswell as amphibiou®HC-6
aircraft161 Contractingtheseaircraft servesasan interim measureo fill capabilitygaps

until formal acquisitionand integration of amphibiowsrcraftinto thefleetis feasible It

6l Flight Services,” Bridger Aerospace, accessed October 11, 2024, https://bridgeraerospace.com/
flight-services/; Bridger Aerospace represents a potential option for contracting aircraft; however, no
communications or discussions regarding contracting opportunities have taken place between us and
Bridger Aerospace at this time.

94

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



also offers an immediatesolutionto the production andvailability constraintsof new
amphibiousaircraft, suchas theUS-2, DHC-515, Albatross2.0, andME-1A. By using
thesecontractedircraft, USINDOPACOMcannot only validatehe operationaviability
and logistical support requirements of amphibiaigcraft butalso developinitial best
practicesand standard operating procedures.This process wouldensure asmooth
transitionif the acquisition of amphibiouaircraft comesto fruition, providing aclear
pathway for longeermintegrationinto the theatés strategic andacticaloperations.

2. Recommendation2: Conduct Force Structure Studies for Acquisition

The DoD should conduct a study tleterminethe optimal method for organizing,
training, and equipping(OT&E) amphibiousaircraft unitsin the Air Force,Navy, and

Marine Corps. The study should seek to define:

- Force Structure: Determinethe numbeiof aircraftrequiredto fulfill mission
requirements ihe USINDOPACOMheater.

- PersonnelRequirements: Identify the specific personneloles and skillsets

required tosupport aircraft anchissiors.

- Base Locations and Training Facilities: ldentify suitable locations for

basing and establighainingfacilities along witha trainingprogram.

- Maintenanceand Sustainment Costs Assesghe life-cycle costsassociated

with maintainingand sustaininghese aircratft.

The study should béasedon theassumedacquisition ofeither the US-2, the
DHC-515, or theME-1A aircraft As a starting point, we recommendthat theforce
structureshould roughlyesemblehe V-22, with the Air Force,Navy, andVarine Corps
all possessingservicecomponent-ownedaircraft with each componentmaintainng
operational andhactical controlWe recommendhat thestudybeginwith anallocationof
30-50 aircraft to each service componentreassessinghe exact number as service

requirements are validated
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3. Recommendation3: Develop Tactics,Techniques,and Procedures

An areafor further evaluations the development oéffective tactics,techniques,
and procedure¢TTPs) for the employment of amphibiowsrcraft. A comprehensive
studyis essentiato developeffective employment methods thataximizethe potential
of theseversatileassetsA TTP study wouldaddress operational planning requirements,
threat avoidance techniquegarchandrescue techniquekgisticsand support methods,
and environmental consideratiofta pilots as theywill needto shift their mindsetto
conductwaterbasedandings andakeoffs. By studying and developingffective TTPs,
the military can fully harnessthe capabilitiesof amphibiousaircraft and enhancethe
DoD'’s overallreadiness.

4, Recommendation4: Wargame with Comprehensive Simulations

We recommendthat future studies conduct comprehensigmulations that
explore specific mission parameterssuch as terrain, weatherconditions, andogistical
constraintsThesesimulationsshould evaluatéhe outcomes of employindifferent types
of amphibiousaircraft againsthe exclusive use ofraditionalair and surfaceplatforms.
Suchanassessmentill contributeto amorecomprehensive understanding of taetical
and strategi@advantages that amphibious capabilities aféer.

One significanthallengefor our assessmentastheinability to conduct darge
scaletest of eachplatform to analyze the benefih variousmissionsetswith varying
mission parametersTo addresshis challenge we selectedfairly genericscenariosto
highlight a broad range of potentiapplicationsfor amphibiousaircraft. While these
scenarios provided a useful foundatidhey did not account forthe full range of

operationatomplexitiesor environmental factothatmight influencemissionsuccess.

5. Recommendation5: Build Partner Capacity

The United Statesshouldseekout opportunitiedo provide amphibiousircraftto
our partnersand allies throughoutthe Indo-Pacific. Partners,such as the Philippines,
could greatly benefitfrom the uniquecapabilities thatin amphibiousaircraft provides,

supportingtheir maritime missionwhile also reducingrisk and thechance of conflict
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escalatiorassociateavith resupplyefforts for the BRP SierraMadre (LT-57), asseenin
June 2024when ChineseCoastGuard forcibly seizedPhilippine vessels andirearms
during a resupplynission162 This incidentmarksa significantescalationwith Chinese
forces employing increasinglgiggressiveacticsto asserttheir claimsin the disputed
South ChingSeallf the Philippinemilitary hadan alternatemethodto resupplythe BRP
SierraMadre, suchas afleet of amphibiousaircraft similar escalatoryeventscould be

reducedor prevented.

Additionally, providing a countryike the Philippinesvith anamphibious aircratft,
like theMallard ME-1A, couldprovidestrategicbenefitsto the United Statesif a conflict
arises.The U.S. military could leveragesuchpartner natiorcapabilitiesto assistin rapid
deploymens, searchand rescue operationsnaritime patrol, andISR efforts. Overall,
building partnercapacitythroughthe acquisitionof amphibiousaircraft has the potential
to increase regionaecurity andstability while also providing the Wited Stateswith a

decisive advantage by enabling operational resilieifeability, and agility

6. Recommendation6: Increase Japanes@artnership

Air ForceSpecialOperations CommandESOC) should continu® enhancats
partnershipwith the JapaneseéMaritime SeltDefenseForce (JMSDF by expanding
combinedtraining efforts and working towardsgreaterinteroperability betweenflight
crews andassetsThis cooperatiorbetweerunits shouldextendto aninterHfly programin
which qualified AFSOCpilots operatethe Japanes&S-2 aircraftalongsidetheir IMSDF
counterparts. Continuing this relationshyetween AFSOC and theJMSDF has the
potentialfor deepercollaborationandtheincreasedeadiness of botforces.An inter-fly
program betweenAFSOC andJMSDF would benefit both organizations katlowing
aircrewmembergo exchange knowledggain valuabletraining, andshareexperiences,

ultimately enhancing thekills andproficiencyof all participants.

162 Aaron-Matthew Lariosa, “China Coast Guard Impounds Philippine Navy Boats, Seizes Firearms in
Latest Second Thomas Shoal Incident,” USNI News, June 19, 2024, https://news.2034308/19/
chinacoastguardimpoundsphilippine-navy-boatsseizesfirearmsin-latestsecondthomasshoatincident.
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Moreover, lilateral exercisedike RESCUEFLAG havelaid the groundwork for
enhancedcooperationbetweenAFSOC andJMSDE RESCUEFLAG has provideda
venueto test and refine amphibiousaircraft TTPs that are integratedwith currently
operatedlandbasedaircraft. To further strengthenthis partnership,AFSOC should
expandRESCUEFLAG to includemorecomplexscenariodike multi-aircraftandmulti-
domain rescue operations and humanitariassistancelsaster relief missions. By
increasingthe scopeand complexity of RESCUEFLAG, we can better prepareboth
forcesfor realworld contingenciesn the INDOPACOM region. Participationin these
exercisewill boostinteroperabilityandimprove the United States bilateralrelationship
with Japan By strengthening oualliance, we will demonstrateour commitmentto
regional security through a unified responseapability ultimately enhancing our

collectivereadines$o handle any securitghallenges thanayarise.

C. OTHER CONSIDERATIONS FOR AMPHIBIOUS DEVELOPMENT

The scope ofthis thesiswas intentionally limited to an assessmentf existing
assets and those that could beadily acquired without the need for extensive
development ortesting. However, we recognize that the landscape ofavailable
technologies anaapabilitiesis dynamic and evolvingTherefore,it was essentialto
acknowledge the potentimhplicationsof emergingasset@andcapabilitiesthat, while not
yet operationalmay soonplay a significantole in our field. By consideringhesefuture
possibilities,we aim to contributeto a broader understanding of the evolving landscape

and potential futureevelopments iour areaof study.

1. Emerging Technology

Emerging technologiesoffer promising avenues for advancing amphibious
aircraft capabilities.Unmanned erial systems(UAS) with amphibiouscapabilities could
provide enhancedlexibility and endurancéor various missions.While most current
UAS developmenhasfocusedon small quadcoptersr fixed-wing modelsdesignedor

launch andecoveryfrom landbasedsites,the potential benefits of amphibioUg\S are
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significant163 Like largeramphibiousaircraft, thesesystemscould offer flexible landing
optionswhich would be particularly advantageous for varioumissionsin and around
aquatic geography. Amitation of amphibiousUAS is their size,as mosthave acargo
capacitylimited to only tens of poundgatherthanthe thousands of poundarriedby

larger,mannedhircraft164

Alternatively, remotepiloting technology presents another avefareenhancing
amphibiousaircraft operationsThis technology Bows a manneaircraftto be converd
into aremotelypilotedaircraftandthencontrolledsimilarly to anMQ-9 Reaperor other
Group 3UASs165 This approach not onlypreserves thagility and effectivenessof
traditional, provenmannedaircraft but also aligns with modernwarfarés increasing
emphasis ominimizing humanrisk while maximizing operationalreach.Furthermore,
the integrationof remotelypilotedfull-sizeaircraftinto military operations coulteadto
new strategiedn logistical support andbattlefield resupply,offering commandersnore
flexibility in challenging environmentsThe Naval Postgraduate School conducted a
study to inform the Office of the Chief of Naval Operations on “concepts and
technologies that wiknable a moragilelogisticsforcein acontestecenvironment,’and

the study found positive results whenmanned seaplane capabilities wesed166

Furthermore,advancementsn electric propulsion andwing-in-ground effect
technologyoffer the potential formore sustainable ane@fficient amphibiousaircraft.
Projectdike theREGENT seagliderandTidal Flight's Polarisdemonstrate thizasibility

of developing hybricklectricandelectric poweredseaplaneds’ These innovations could

163 Matthew Cosner, “How Uncrewed Seaplanes Can Support EABS,”Naval Institute
Proceedingd.50, no. 4 (April 2024), https://www.usni.ongagazinegroceedings/2024pril/how-
uncrewedseaplanesansupporteabo.

164 Cosner, thl. 1.
1654X -KIT for MannedUAS/OPS,” SPlane, 2024, https:H4slane.com/productspv-kit/.

166 Jeffrey A. Appleget and Jane F. Barreto, “Logistic Force Agility in a Contested Environment:
Executive Summary” (Monterey, CA: Naval Postgraduate School, 2024,)h8ps://hdl.handle.net/10945/
69840.

67“About Tidal Polaris,” Tidal Flight, accessed September 8, 2024, https://www.tidalflight.com/
about; “Coastal Travel. 100% Electric.,” Regent, accessed September 8, 2024,
https://www.regentcraft.com/.
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addresschallengessuch as environmentaimpact while also expanding the potential
applicationsof amphibiousaircraft. Moreover, DARPA'’s Liberty Lifter programseekso
develop a long-range, healift- seaplanecapableof transportinglarge payloadsté8
Utilizing the wing-in-ground effect for efficient low-altitude flight, the Liberty Lifter
aimsto providearesilient anccosteffectivetransportsolutionthatcanoperatan andout
of waterwithoutrelying ontraditional runwayinfrastructure This innovativeaircraft has
the potentialto addressthe cargo capacitylimitations of existing amphibiousaircratft,
combining thespeedf an airplanewith the capacityf a smallship.

These emerging technologiesffer promising areas forfurther researchto
advance amphibiouaircraft capabilities.By investingin researchand development for
areassuchasamphibioudJASs, remotepiloting, electricpropulsion, andaving-in-ground
effect technology we canincreasethe utility of theseversatileaircraft and expandtheir

applicationsn the future.

2. Final Comments

Amphibious aircraft offer a proven,immediate solution that addressesurrent
operational gaps contestedand austere environment3heir versatilecapabilitiescan
be seamlesslyintegrated into existing military structures, providing a tangible
enhancemento operationaleffectiveness by providinghcreasedresilience,flexibility,
and agility. Investmentin amphibiousaircraft should not beviewed as amutually
exclusive alternative to exquisite technologies, butather as a way to increase
survivability and create amore robust operations plaiVhile the potential oemerging
and exquisite technologies appealing their operationalizationis often delayed by
lengthydevelopmentimelinesand substantialosts Therefore by concurrently investing
in existing amphibiousaircraft technologythe U.S. military can bolster its current

operationaflexibility andlogistical reachto ensue readiness.

188 Christopher Kent, “Liberty Lifter,” DARPA Defense Advanced Research Projects Agency,
accessed September 8, 2024, https://www.darpanadfamliberty-lifter.
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In conclusion, thenulti-role capabilitiesof amphibiousaircraft offer a versatile
and adaptable solution for addressing operaticttsllengesin contestedand austere
environmentsTheir ability to conductsearchandrescue,supportlogistics,and provide
ISR capabilities, particularly in regionswith limited or compromisedinfrastructure,
underscoresheir strategicvalue. By investingin amphibiousaircraft, the U.S. military
can enhanceits operationalresilience,flexibility, and agility by increasinglogistical
reachand overalreadiness
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APPENDIX A. EXPERIENTIAL DATA

A. SEAPLANE QUALIFICATION

Overview:

This training enabledhands-orflight training to better understand andxamine
the uniquecharacteristics of flying aeaplaneThe training and qualification provided
invaluableinformationaboutthe intricaciesand requiredkills neededo masterseaplane
operations, as well as provided the necessarycontext to fully comprehend the
complexitiesof seaplane operations.

While there are variances amongeaplanessuch as size, engine quantity, or
landing gear configuration, thebulk of operationalpracticesare sharedacrossall
seaplanaypes.In essencethe experience and knowledge gairfiex piloting a single-
engine straightioat seaplane igrgely transferableo flying a sizable multengine flying

boat.

The most significantchallengesarisewhile the aircraftis in direct contactwith
water, with critical momentsduring takeoff roll, landing, taxiing,active docking, and
evenwhenthe planeis moored and powered down. Althouttereare many parallels
between seaplaneand boat handling, operating seaplaneencompasses additional
complexitiesthat gobeyondthe realm of traditional boating andprimarily include the

traits of a pilot,commonly referredo as ‘airmanshipg.

Oneof theprimary challengegacedby usasAir Forcepilots camefrom alack of
experience witlsmall, piston-enginaircraft. Unlike civilian training programghatbegin
with foundational experienda smalleraircraft,the Air ForceandNavy typically initiate
military studentpilots’ training in comparativelylarger turbine enginaircraft, suchas
the T-6,which would be considered &rge airplanerelative to the C-172 or C-185.
When learning to fly a seaplanestarting out with a smallersized aircraft is highly
advisable,as even small aircraft can be challengingto handle onwater. Therefore,
bypassinginitial training in an aircraft like the C-172/185 antransitioningdirectly to

operating & win Otterwith floatsis highly discouraged.
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Developingskilled military pilots for seaplane operatioriis remoteor contingent

environments requiressagnificantinvestment otime and extensive experience.

Where:
SOUTHERN SEAPLANEJNC.
https://southernseaplane.co/
#1 CoquilleDr.
Belle Chassel A 70037

Codg/Funding:
x Funding: AFSOCA3F (Concepts an@apabilities Development Office)
x Flatratepackages forCommercial Single-Engine Seaplamating (perstudent).
o C172 Straight Float$1,975
o C185 Straight Float$3,200
f *These ratesncludeall ground school preparation, 3 hours of
flight instruction,checkride, aircraftrental,and the DPEee.

Photosfrom Training:

Figure 12. Maj Straindocking a C-185FStraight Flodtseaplane
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Figure 13. Trainingon C-185F amphibious aircraft

Figure 14. Maj Marti andMaj Strainwith Southern Seaplane’s owner, Lyle
Panepinto, antlis C-185F amphibious aircraft

105

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



Figure 15. Maj Marti andMaj Strainwith Southern Seaplane’s owner, Lyle
Panepinto

B. RESCUE FLAG 24-2 REPORT:IWAKUNI, JAPAN

RESCUEFLAG 24-2IWAKUNI wasthefirst multi-lateraliteration of seaplane
rescudraininginvolving the U.S., Japan, Canada, #ustralia New TTPswerecreated
and validated on the US-2 amphibious iacraft by specialtactics teamsas a usable

infiltration/exfiltration platformfor U.S. SpecialOperationg-orceard/or Rescue forces.

SIGNIFICANCE: This is the first-ever training involving all Japaneseself-
defense componentwith U.S., Canadianand Australian partners. Helo-cast was
conducted by U.S. Rescue SOF on JapaneseMaritime UH-60s. Additionally,
Amphibious Aircraft rendezvous tactics weevisedand validatedor all DoD and Japan
assets.Openrocean onload/offload of three Wing CRRC boats onboard th&/S-2
Amphibious Aircraft validated it as a successfulinfiltration/exfiltration platform,
highlighted as the only viable opeoeeanseaplaneassetin the world. Nearly 100
participantsjoined in the oneweek exercise conductingwo flying rescuevuls and

effectivemissionplanning withall joint/multilateral partners.

106

NAVAL POSTGRADUATE SCHOOL | MONTEREY, CALIFORNIA | WWW.NPS.EI



HIGHLIGHTS: 1x MC-130J and 1xJapanese U-12S5haredon-scenerescue
commanddutiesduring the operatiorOpenoceanmasscasualtysearchandrescuewas
practicedin the operwatersnearlwakuniJapan353SOW Deputy Commandeattended
a KLE with RADM Hiragi, Canadian, andustralianrepresentativedNaval PostGrad
studentsflew onboard theUS-2 with AFRC pilots. 20 U.S. personnelfflew the US-2

simulator.

TASK ORGANIZATIONS: 353 SOW, 1 SOS,320STS, 353 S0SS,18 WG/
PA, 33RS, AFN, U.S. EmbassyNaval Attaché,JMSDFHQ Atsugi, JASDFHQ, Naha
RescueFAW 31, 71 ARSCANSOF,AUSSOF,NSW, AFRC

Key Takeaways & Relevance tdResearch:

x Firsthand observation of operationffered valuableinsightsinto the practical
employment oflarge amphibiousaircraft andtheir potentialin future realworld
scenarios.

X TheexerciseenhancednteroperabilitypetweenJ.S.and Japanese militafgrces,
while also creating opportunitiesfor expandedparticipationby Australian and
Canadianforces, paving the groundworkor a potentialtransition from an
exercise tanoperational partnership.

x Direct, in-person involvemergmphasizedhecritical needfor alargeamphibious
aircraft capabilityto address emergingperational requirements.

x Ultimately, it displayed therue capability (and somelimitations) of the US-2,

whichis themost capable and maastivanced amphibious aircrafttheworld.169

189 The US2 is currently the most capable amphibious aircraft; however, the Chinese AG600 might be
more capable, as shown in its initial testing, prior to entering production.
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APPENDIX B. INTERVIEW QUESTIONS

A. SKILL- BASED ASSESSMENTRESEARCH QUESTIONS

1.

Challengesfor Traditional USAF Pilots: CantraditionalUSAF pilots safely
and easily transitionto amphibiousaircraft, or are there critical seamanship
skills neededto operatesafely in maritime environments?n what ways do
amphibiousaircraft operationsequireadjustmentso standard flight planning
strategies?

Skills and Training for Amphibious Aircraft Flight: What unique skills,
training, and qualificationsare necessaryo employ amphibiousircraft, and
how do those change amcombat situation?

Communication and Security in Contested Zones: What communication,
navigation, angecurityprotocolsareessentiafor safe andsecure amphibious
aircraft operationg contestedireasand how do they affechissionsuccess?
Unconventional Landing Zones: How can amphibiousaircraft leverage
unconventional landingones,suchas hidden coves an@moteislands,to

bypass enemgiefensesind delivewital supplies directlyo combat outposts?

B. EXPERT-BASED ASSESSMENT

1.

2.

Amphibious vs. Land-based Logistics: How do speed,vulnerability,
infrastructure dependence,and weather limitations affect the use of
amphibiousaircraft comparedto landbasedaircraft in military logistics,
particularlyin contestegnvironments withimited infrastructure?
Amphibious Aircraft Employment Tactics: How do mission planning,
routing, evasive maneuvers, ancbuntermeasuresliffer for amphibious
aircraft operationcomparedto landbasedaircraft, consideringfactorslike
communication, command and control, and nsknagement?

Redefining Island Logistics: Canamphibiousaircraft, with advancements

low-signature designand sensorpackagesgdisrupttraditional supply chains
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4.

5.

6.

andestablishnewlines of support, potentiallyewriting the logistical map of

contestedarchipelagos angesupplying remoteutposts?

Amphibious Multi -role Platforms: Beyondcargotransportcanamphibious
aircraft, with expanded capabilities, act as mobile commandcenters,
communicationhubs, and even launch platforms for covert operationsin

contestecenvironments?

Amphibious Search and Rescue: How can amphibiousaircraft impact
Searchand Rescue(SAR) operations? Focus ohnistorical case studiesof

amphibiousaircraft usedfor SAR operations (e.gJapanese P-&ew, USAF

F-16 pilot) highlightingtheir effectiveness.

Amphibious Humanitarian AssistanceDisaster Relief: How can
amphibiousaircraft supportHumanitarianAssistancddisaster Relief (HA/

DR) missionsafter disasters impactirgjrportsandseaports? Could thigeate
possibilities to gain increased Access, Basing, and Overflight(ABO)

agreements strategidocations?
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APPENDIX C. TABLE 3 SOURCES

Table 9. Sources foDatain Table3

C-208B (Textron Aviation & Wipaire)

CessnaCaravan Amphibian Serie®RODUCTCARD-CARAVAN AMPHIBIAN-091719 (Wichita, KS:
Textron Aviation, 2020).

DHC-6 Twin Otter (De Havilland Canada)Aircraft of Canada Limited., 2022).

De Havilland Aircraft of Canada Limited., Twin Otter Series 400 — Fl¢@tigary, Canada: De Havilland

Mallard ME-1A (Mallard Enterprises)

“All-New Turbine Mallard - Fly Everywhere:Offered by Frakes Aviation,” accessed September 30, 2024,
https://www.mallardaircraft.com/.

CL-415 (Canadair)

“Everything That You Need to Know about the Canadair CL-415,” WinAir - Aviation Management Softwa
(Operator, Heliops, MRO, CAMO), accessed October 17, 2024, https://winair.ca/blog/everything-need-|
canadair-c-415/.

Albatross 2.0

Simon Hardy, “Albatross 2.0 Information,” June 5, 2024.

US-2 (ShinMaywa)

“Janes: Specifications Search: Fixed Wing Aircraft,” accessed September 30, 2024,
https://customer.janes.com/Visualisation/Display/FG_1009570-JDTDA.

Be-200 (Beriev)

“Janes: Specifications Search: Fixed Wing Aircraft”; “BERIEV Be-200 Altair | SKYbrary Aviation Safety,”
accessed September 30, 2024, https://skybrary.aero/aircraft/ber2.“Janes: Specifications Search: Fixed|
Aircraft.”

AG600 (AVIC)

Jennifer Meszaros, “China Clears AVIC's AG600 Amphibious Aircraft for Firefighting | AIN,” Aviation
International News, July 20, 2023, https://www.ainonline.com/aviation-news/general-aviation/2023-07-20/
approves-amphibious-aircraft-firefighting; Miquel Ros, “China Starts Production of AV600 Seaplane,”
AeroTime, July 5, 2024, https://www.aerotime.aero/articles/china-starts-production-of-avic-ag600-large-
amphibious-aircraft.

DARPA Liberty Lifter (Conceptual)

“Meet Liberty Lifter,” Aerospace America, June 1, 2024, https://aerospaceamerica.aiaa.org/departments
liberty-lifter/.

C-130

“HC-130J Combat King I1,” Air Force, accessed July 29, 2024, https://www.af.mil/About-Us/Fact-
Sheets/Display/Article/104468/hc-130j-combat-king-il’.

CH-47

Rod Hynes, “33 Things You Probably Don’'t Know About the CH-47 Chinook,” Honeywell, 2024,
https://aerospace.honeywell.com/us/en/about-us/blogs/33-things-you-probably-do-not-know-about-chir]
ch47; Boeing, “H-47 Chinook,” Boeing, accessed August 13, 2024,
https:/immww.boeing.com/content/theboeingcompany/us/en/defense/ch-47-chinook; Ryan Finnerty, “US
Takes Delivery of First Block Il CH-47F,” Flight Global, July 1, 2024,
https:/imwww.flightglobal.com/helicopters/us-army-takes-delivery-of-first-block-ii-ch-47f/158971.article.

HH-60

Kimberly Taylor, “Rescue Perspective,” October 2, 2024; “HH-60G Pave Hawk,” U.S. Air Force, acces|
29, 2024, https://www.af. millAbout-Us/Fact-Sheets/Display/Article/104508/hh-60g-pave-hawk/.

CV-22

“CV-22 Osprey,” Air Force, accessed July 29, 2024, https://www.af.mil/About-Us/Fact-
Sheets/Display/Article/104531/cv-22-0sprey/.

T-AKE 1 Dry Cargo

“Amphibious Transport Dock (LPD/LPD17),” Naval Surface Force, U.S. Pacific Fleet, accessed Septe|
2024, https:/imww.surfpac.navy.mil/'Ships/By-Class/Amphibious-Transport-Dock-LPD-LPD17/; “About U
USS San Antonio (LPD 17),” Commander, U.S. 2nd Fleet, accessed September 25, 2024,
https:/imww.c2f.usff.navy.millOrganization/Expeditionary-Strike-Group-ES G-2/Organization/Ships/Amph
Transport-Dock-Ships/USS-San-Antonio-LPD-17/About-Us/.

Amphibious Transport Dock

James Adams, “Selected USN/USMC and PLA/(N)/(AF) Tactical Capability” (presentation, Naval Postg
School, Monterey, CA, October 9, 2024); “Lewis and Clark Class T-AKE Dry Cargo and Ammunition S
Naval Technology, May 26, 2008, https://www.naval-technology.com/projects/lewisandclarke/.

Expeditionary Fast Transport (EFP)

Adams, “Selected USN/USMC and PLA/(N)/(AF) Tactical Capability”; Robert Locker, “Expeditionary Fg
Transport Ship,” Marine Corps Gazettdune 2021, 25.

Landing Craft Mechanized/Utility

“Landing Craft, Mechanized and Utility - LCM/LCU,” United States Navy, accessed September 5, 2024,
https:/imww.navy.milResources/Fact-Files/Display-FactFiles/Article/2171588/landing-craft-mechanized-
utility-lcmicu/; Sam LaGrone, “Navy Sets Up Second LCU-1700 Shipyard with $92M Award to Austal,”

News, September 7, 2023, https://news.usni.org/2023/09/07/navy-sets-up-second-lcu-1700-shipyard-

award-to-austal.

Mark VI Patrol Boat

Adams, “Selected USN/USMC and PLA/(N)/(AF) Tactical Capability”; “MK VI Patrol Boats, United Stat¢
America,” Naval Technology, March 13, 2020, https://www.naval-technology.com/projects/mk-vi-patrol-i

Rigid-Hulled Inflatable Boats (RHIB)

“11 Meter Naval Special Warfare Rigid Inflatable Boat (RIB),” United States Navy, accessed July 29, 20
https://mww.navy.millResources/Fact-Files/Display-FactFiles/Article/2171633/11-meter-naval-special-wal
rigid-inflatable-boat-rib/; “US Navy Has Ordered up to 35 11-Meter Navy Special Warfare Rigid Infla,” Al
Recognition, October 2, 2021, https://armyrecognition.com/news/navy-news/2021/us-navy-has-ordered
11-meter-navy-special-warfare-rigid-inflatable-boats.

SSN

Annie Tyler, “How Much Does a Submarine Cost to Build?,” March 21, 2024,
https://executivegov.com/articles/how-much-submarine-cost-to-build/; “Attack Submarines - SSN,” Unitq
States Navy, accessed July 29, 2024, https://mww.navy.milResources/Fact-Files/Display-
FactFiles/Article/2169558/attack-submarines-ssn/
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APPENDIX D. ADDITIONAL PICTURES

Figure 16. JMSDFUS-2 on the wateoff the coasbf Iwakuni, Japan

Figure 17. US-2 next torescuaaft and sea dienarker
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Figure 18. CRRC and crevapproaching U for onload operations

Figure 19. Crew removingCRRC mototto onload intoUS-2
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Figure 20. CRRC and crevalongside UL prior toloading
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Figure 21. CRRC being loaded intdS-2 while on the water

Figure 22. CRRC loading intdJS-2 (continued)
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Figure 23. ThreeCRRCsinside baclof US-2
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Figure 24. US-2 being washedfterexposure tsaltwater

Figure 25. Major Marti and MajorStrainin front of US-2
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Figure 26. Major Strainwith IMSDFrescue divers
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APPENDIX E. GENERATIVE Al DISCLOSURE FOR WRITING

SUPPORT
Permission Our advisor,ProfessoMichael Freemanagreedthat we could
usegenerativéAl for revisionandgenerakeditingpurposes.
ToolsUsed ChatGPT4.0andGemini

Reasonindor Use

We usedthe Al tools to supportgeneralediting, suchasfinding
grammarerrors,improving the topic sentencesandincreasng
the clarity andconcisionof selectegparagraphandsentences

How GenerativeAl We input selectedparagraph/sentencesthat we wrote into

Was Used ChatGPT4.0 orGemini andaskedfor helpin revisionsto our
text. We used generally thesame prompt for each input to
maintainconsistencyandthen rewordedomeof ourwork with
the suggestedutputfrom the Al sources.

RisksMitigationand | To reducethe risk thatgenerativeAl would introducelanguage

Quality Assurance

that we did not approvento our text or make suggestiorthat
did not improve thetext, we reviewed each suggestion
individually and only adopd bits andpieces of thesuggestec
improvementsFurthermorewe did nottakethe Al outputand
directly input it into this thesis. Additionally, we made
additionalhumanrevisionsto all the Al suggestedext through
extensivehumanediting of the completedproduct. For added
quality control,we usedadditional humammeansfor revision
and editing, to include the Naval Postgraduate School
Graduate Writing Center coaches and inputfrom other

academiexperts
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