Instantly Basing

Locust Swarms

New Options for
Future Air Operations

Jonathan E. Burdick
Lieutenant Colonel, USAF

20




Air University

Steven L. Kwast, Lieutenant General, Commander and President

School of Advanced Air and Space Studies
Thomas D. McCarthy, Colonel, Commandant and Dean



AIR UNIVERSITY

SCHOOL OF ADVANCED AIR AND SPACE STUDIES

Instantly Basing Locust Swarms
New Options for Future Air Operations

JONATHAN E. BURDICK
Lieutenant Colonel, USAF

Drew Paper No. 20

Air University Press
Air Force Research Institute
Maxwell Air Force Base, Alabama



Project Editors
Jerry L. Gantt
James S. Howard

Copy Editor
Tammi K. Dacus

Cover Art, Book Design, and Illustrations
Daniel Armstrong

Composition and Prepress Production
Michele D. Harrell

Print Preparation and Distribution
Diane Clark

AIR FORCE RESEARCH INSTITUTE

AIR UNIVERSITY PRESS

Director and Publisher
Allen G. Peck

Editor in Chief
Oreste M. Johnson

Managing Editor
Demorah Hayes

Design and Production Manager
Cheryl King

Air University Press

155 N. Twining St., Bldg. 693
Maxwell AFB, AL 36112-6026
afri.aupress@us.af.mil/

http://aupress.au.af.mil/
http://afri.au.af. mil/

AFRL ZReEss

AIR FORCE RESEARCH INSTITUTE

Library of Congress Cataloging-in-Publication Data

Burdick, Jonathan E., 1972-

Instantly basing locust swarms : new options for future air
operations / Jonathan E. Burdick, Lieutenant Colonel, USAE.

pages cm. — (Drew paper; no. 20)

Includes bibliographical references.

ISBN 978-1-58566-252-4

1. Drone aircraft—United States. 2. Swarming (Military
science) 3. Air warfare —Case studies. 4. Nigeria—Strategic
aspects. L. Title. II. Title: New options for future air operations.

UG1242.D7B87 2015

358.4’1422—dc23

2015012394

Published by Air University Press in January 2016

Disclaimer

Opinions, conclusions, and recommendations expressed or implied
within are solely those of the authors and do not necessarily repre-
sent the official policy or position of the organizations with which
they are associated or the views of the School of Advanced Air
and Space Studies, Air Force Research Institute, Air University,
United States Air Force, Department of Defense, or any other US
government agency. This publication is cleared for public release
and unlimited distribution.

This Drew Paper and others in the series are available electronically
at the AU Press website: http://aupress.au.af.mil.

ii



The Drew Papers

The Drew Papers are award-winning master’s theses selected for publica-
tion by the School of Advanced Air and Space Studies (SAASS), Maxwell
AFB, Alabama. This series of papers commemorates the distinguished career
of Col Dennis “Denny” Drew, USAF, retired. In 30 years at Air University,
Colonel Drew served on the Air Command and Staff College faculty, directed
the Airpower Research Institute, and served as dean, associate dean, and pro-
fessor of military strategy at SAASS. Colonel Drew is one of the Air Force’s
most extensively published authors and an international speaker in high
demand. He has lectured to over 100,000 students at Air University as well as
to foreign military audiences. In 1985 he received the Muir S. Fairchild Award
for outstanding contributions to Air University. In 2003 Queen Beatrix of the
Netherlands made him a Knight in the Order of Orange-Nassau for his con-
tributions to education in the Royal Netherlands Air Force.

The Drew Papers are dedicated to promoting the understanding of air and
space power theory and application. These studies are published by the Air
University Press and broadly distributed throughout the US Air Force, the
Department of Defense, and other governmental organizations, as well as to
leading scholars, selected institutions of higher learning, public-policy insti-
tutes, and the media.

ifi



Please send inquiries or comments to

Commandant and Dean
School of Advanced Air and Space Studies
125 Chennault Circle
Maxwell AFB, AL 36112-6026
Tel: (334) 953-5155
DSN: 493-5155
saass.admin@us.af.mil

v



B N -

Contents

Illustrations
Foreword

About the Author
Acknowledgments
Abstract

Introduction

A Technologically Driven Paradigm of Overwhelming Force
Remotely Piloted Aircraft, Swarms, and Instant Basing
Locust Swarm’s First Test

Abbreviations
Bibliography

vii
ix
Xi

Xiii

XV

15
39
71

93
95






Ilustrations

Figure

— = 0 00 NI O\ Ul W IN

—_— O

US air bases of the Vietnam War

Logistics in Operations Allied Force and Enduring Freedom
Operation Enduring Freedom supply routes

Selected Department of Defense RPAs from groups 3-5
MQ-1 and MQ-9 LOS and BLOS configuration

RQ-4 Global Hawk system architecture

INSITU Integrator

INSITU ScanEagle/Integrator launch and recovery system
Nigeria

Cameroon

Tactical encirclement by multiple Locust Swarms

Table

B W N -

Department of Defense remotely piloted aircraft

The four levels of automony

Proposed Instant Basing timeline

Fuel usage of Locust Swarm aircraft and tanker RPAs

vii

21
24
27
43
44
45
49
50
73
76
81

41
51
58
84






Foreword

A key element of innovation involves arranging familiar things into new
combinations. Flying airplanes from ships led to the demise of battleship
dominance. Integrating tanks, airplanes, and radios in a unique way enabled
blitzkrieg operations across Europe. Making dumb bombs smart by using satel-
lite guidance provided the modern imagery and allure of pinpoint destruc-
tion. Most of the time—and in all of the examples above—such innovations
involve cultural and organizational changes as well as the insights of forward-
thinking people. And so it is with the new concept of airpower presented
here, Instantly Basing Locust Swarms.

This study by Lt Col Jon Burdick asks a difficult question: Can unmanned
aircraft launched and sustained from nontraditional sites create a persistent,
effective projection of airpower? Can they swarm, or sustain convergent and
coordinated attacks from multiple directions to achieve significant military
and political effects while minimizing logistical and political capital? Colonel
BurdicK’s thoughtful synthesis of technology, doctrine, institutional culture,
geopolitics, logistics, economics, and strategic principles suggests it is not
only possible but compelling.

Central to the proposal offered herein is the interrelated development of
new logistical and operational constructs. The idea of “instant basing” slashes
the traditional forward-based requirements of US airpower and thus influences
cost, force protection, and the diplomatic calculus. It does so by exploiting the
increasingly robust commercial lines of communication relevant to economic
globalization as well as the lighter footprint associated with deploying small,
remotely piloted aircraft (RPA) and their support teams via military airlift
and sealift. In essence, this concept springs from the merging of global logis-
tics with the growing stable of small, accurate, and lethal RPAs. Colonel
Burdick describes how these RPAs and their relatively small logistical require-
ments—serving in a novel combination—can form the vanguard of a new
airpower paradigm.

The Air Force’s history of innovation is in many ways a story of creative
destruction. New concepts of projecting power emerge that subvert tradi-
tional doctrine and supplant the status quo. This study presents an example of
how that could happen in the near future and reminds us how new opportu-
nities and demands of the strategic environment ultimately privilege innova-
tion and change. This study received the Air University Foundations award
for the best School of Advanced Air and Space Studies thesis on the subject of



technology, space, or cyberspace, and I am pleased to recommend it to those
who value innovative thinking as a catalyst to strategic advantage.

—Trnobly £ Sdeita—

Timothy P. Shultz
Colonel, USAF, Retired, PhD
Associate Dean of Academic Affairs,

US Naval War College
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Abstract

This study explores the effects of airpower technologies and logistics on the
application of US airpower. It finds that future swarms of small, remotely pi-
loted aircraft (RPA) might provide significant force-projection capabilities
using global military and commercial logistics infrastructures. This conclu-
sion results from an examination of air operations during the Vietnam War,
Operations Desert Storm and Enduring Freedom, existing RPA research and
development, and projected Department of Defense developmental milestones
involving swarms of small RPAs. The study also proposes a concept of opera-
tions, designated Locust Swarm, and a new logistics construct, called Instant
Basing, that exploit the future capabilities of small, unmanned aerial vehicles.
Such concepts may provide national policy makers relatively low-cost, low-risk
options for international crises requiring the rapid deployment of airpower.
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Chapter 1

Introduction

Developing a swarming force implies, among other things, radical
changes in current military organizational structures.

—John Arquilla and David Ronfeldt

During the Battle of Britain, British Spitfires and Hurricanes scrambled
aloft from geographically dispersed air bases to intercept attacking German
fighters and bombers. Formations of Luftwaffe aircraft had already demon-
strated their destructiveness during the opening campaigns of World War II,
but the British people were unfazed and rallied behind Prime Minister Winston
Churchill’s famous call for “victory at all costs—victory in spite of all terrors.”!
Beyond national spirit, Britain’s Royal Air Force (RAF) had another advan-
tage. It had an integrated air defense system (IADS) consisting of Chain Home
radar stations, centralized command and control centers, and fighter aircraft
capable of responding to airborne threats on short notice.> By the end of this
campaign, Fighter Command’s effective use of its IADS greatly contributed to
the destruction of 1,887 Luftwaffe aircraft and Adolf Hitler’s decision to post-
pone the invasion of the British Isles.?

Great Britain’s victory over Nazi aggression is one of many important
events of World War II, and the Royal Air Force’s use of swarm tactics to help
achieve it was particularly significant. According to RAND theorists John Ar-
quilla and David Ronfeldt, Britain’s Fighter Command used a “deliberately
structured, coordinated, strategic way to strike from all directions, by means
of a sustainable pulsing of force and/or fire, close-in as well as from stand-off
positions”™ Great Britains ability to gather and disseminate information
throughout its IADS unified disparate fighting elements, allowing them to
converge on enemy aircraft from all directions. Furthermore, Great Britain
employed swarming from a defensive strategic position and used an indirect
approach so that it could “await a change in the balance of force—a change
often sought and achieved by draining the enemy’s force, weakening him by
pricks instead of risking blows . . . by local attacks which annihilate or inflict
disproportionate loss on parts of his force; by luring him into unprofitable
attacks; by causing an excessively wide distribution of his force; and, no least,
by exhausting his moral and physical energy.” Britain’s strategic defensive po-
sition enhanced its chances of survival.® Airpower history lacks, however, suc-
cessful examples of swarming conducted from a strategically offensive position.”



INTRODUCTION

Military forces employed within a strategically offensive strategy have often been
unable to translate tactical-level swarming engagements into strategic victory
because logistical constraints frequently prevented sustained operations.

At the tactical level, “the realm of the actual employment of armed forces,”
swarming is not a new phenomenon.! Germany used multidirectional hit-
and-run tactics by irregular swarms of “shock troops” to exploit gaps and
weaknesses in enemy lines of operation during World War 1.° The Japanese
navy also used swarms of kamikazes in an effort to overwhelm individual
carrier groups during the Second World War." In these examples, the con-
duct and arrangement of forces were intended to provide local advantage
that aimed to destroy enemy forces through a series of tactical engagements.'!
Tactical victories could then potentially lead to operational results that might
produce strategic effects. For example, the German army and Japanese navy
hoped that local victories achieved by swarm tactics as part of their offensive
strategy could then increase the likelihood of a “better state of peace” recog-
nized by favorable terms at the cessation of hostilities.”> When employed
within their strategically offensive strategy, swarming methods were tactical
means that had the potential to create operational momentum leading to stra-
tegic results.

According to military theorist Carl von Clausewitz, “Strategy is the use of
the engagement for the purpose of the war. The strategist must therefore de-
fine an aim for the entire operational side of the war that will be in accordance
with its purpose. In other words, he will draft the plan of the war, and the aim
will determine the series of actions intended to achieve it”** Given the politi-
cian’s purpose for military operations, commonly called grand strategy, the
military commander determines how to use available forces as part of an
overall plan.'"* As a result, military effects are referred to as strategic, opera-
tional, or tactical based on their intent to affect a conflict’s overall purpose,
military aim, or specific battlefield events. Colin Gray argues that the employ-
ment of any weapon could shape decisions made by political leaders and opera-
tional military leaders. He wrote, “All weapons and forces should be called
strategic, which is precisely why no weapons or forces should be so desig-
nated”’® Nevertheless, Gray’s argument seems to miss the importance of in-
tent and planning. Intent and planning are important because they provide
objectives that serve as measures of effectiveness.

As noted, swarming attacks conducted by World War I storm troopers and
World War II kamikazes were tactical means intended to provide operational
effects by destroying enemy forces and controlling geographic territory or sea
space. Each military force had the capacity to swarm only at the local level un-
less it received logistical support from external sources. German and Japanese
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swarms of attackers were limited by their range of motion, their ability to
continue operations, and the size of their operating forces. For example, dur-
ing the First World War, German Stosstruppen (storm troopers) were often
dependent on exterior lines of communication for resupply, reinforcements,
and artillery support. In cases where storm troopers made significant gains
into enemy territory, they were often unable to continue fighting because the
German army lacked sufficient rail lines and support forces to transport artil-
lery and supplies to forward positions.'® Furthermore, Stosstruppen gains
could not generate operational momentum because their forward positions
were often overrun or they were forced to retreat by reserve British, French,
and/or US troops.'” Consequently, German field marshal Erich Ludendorff’s
“Peace Offensive” failed primarily because of its inability to provide sustained
logistical support.'® Similarly, the effect of kamikaze forces was limited by air-
craft range, their aircraft carrier’s inventory of fuel and weapons, and the
availability of qualified pilots."” Each of these fighting units’ limitations rele-
gated their episodic use to the tactical level. More importantly, the original
intent behind Germany’s and Japans use of swarm tactics was to win local
battles to gain operational momentum and potentially earn favorable terms in
victory. In their strategic offensive, Stosstruppen and kamikazes intended to
expand control of their region but only had the means to generate modest
tactical forces.

In contrast to the previous examples, swarming operations during the Battle
of Britain relied on a strategically defensive position because their grand-stra-
tegic aim was the protection of Britain’s national sovereignty and survival.’
Great Britain intended to prevent a German invasion so it could subsequently
shift its grand-strategic aim toward the ultimate defeat of Germany. Undoubt-
edly, each air battle between RAF and Luftwaffe aircraft involved the tactical
employment of force, yet each British fighter swarm that intercepted Luft-
waffe aircraft did so for the strategic aim of mitigating damage to the British
homeland and therefore supported the goal of national survival. Fighter
Commands command-and-control (C2) organizational structure was de-
signed to synchronize the capabilities of British fighter swarms, air defense
artillery, early warning radar, and domestic logistical systems.*' Furthermore,
Great Britain relied on interior lines of communication and supply located
throughout the British Isles. Unlike their opponent, the British could effect
communication and resupply with relative ease because secure domestic lo-
gistics networks were within close proximity to airfields. National purpose,
geography, military capabilities, technological advances, and logistics aligned
such that swarming operations were realistic, were included within the strate-
gic planning process, and contributed to strategic victory.
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Contemporary operations such as Desert Storm, Allied Force, Enduring
Freedom, and Iraqi Freedom may have included brief instances of swarming;
however, they did not demonstrate sustained swarming operations. Arquilla
and Ronfeldt’s basic characteristics of maneuver warfare better define the latest
US examples of air warfare. For example, modern operational concepts involve
“complex, synchronized, fast-tempo, multi-linear operations to surprise, pene-
trate, and flank” the enemy and aim to apply mass at decisive points.?? They do
not, however, embody swarming characteristics involving small, dispersed,
autonomous, or semiautonomous forces that use interconnected surveillance
sensors in sustainable convergent attacks against the enemy.* This is not to say
that strategic swarming has not been possible in the modern era; it simply sug-
gests that US airpower has not been deliberately structured for sustained
swarming operations. Specific examples of tactical swarming may have oc-
curred, yet they were usually brief, discrete, and/or unintended.

This research proposes a concept of operations (CONOPS) and logistics
for swarming. In doing so, it integrates ideas concerning scientific thought,
military theory and doctrine, the current state of technological affairs, develop-
ments in logistics, expanding commercial infrastructures inherent to the glo-
balized economy, and recent events pertaining to international politics. It also
advocates a new concept of airpower in which individual and potentially ex-
pendable aircraft are launched as part of an overwhelming, persistent, and
flexible constellation of vehicles.** Moreover, just as locusts emerge unexpectedly
and devastate agricultural heartlands, this concept of operations provides a
method to conceal the rapid buildup of air forces so their launch generates
strategic surprise. It also describes a potent force capability that may reveal a
new power-projection paradigm.

Problem Background and Significance

As previously noted, Arquilla and Ronfeldt defined swarming as the “de-
liberately structured, coordinated way to strike from all directions, by means
of a sustainable pulsing of force and/or fire, close-in as well as from stand-oft
positions”* Early airpower advocate William “Billy” Mitchell alluded to the
concept of swarming in his 1925 statement that “every air attack on other
aircraft is based on the theory of surrounding the enemy in the middle of a
sphere with all our own airplanes around the whole periphery shooting at
it”* Although Mitchell intended to describe the three-dimensional charac-
teristics of air combat at the tactical level of warfare, his ideas apply to modern
concepts of operations involving swarming.
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Swarming has three primary requirements: aircraft with sufficient range, a
C2 system, and a logistics system capable of continuously supplying air opera-
tions. First, airpower capabilities must be positioned within range of targets
to ensure continuous operations without capability lapses. The RAF could
successfully employ swarming during the Battle of Britain because sufficient
numbers of airfields were located within interception range of invading Luft-
waffe aircraft.”” Furthermore, the RAF enjoyed the huge benefit of interior
lines. This advantage shortened response times and simplified the transporta-
tion, C2, and supply requirements of its air operations. Simply stated, Great
Britain’s wartime infrastructure was in place and close at hand during the
Battle of Britain. In post-World War II conflicts such as the Korean War, Viet-
nam, and Operation Desert Storm (ODS), aircraft were based at distant loca-
tions within range of their targets. In those cases where aircraft range was not
sufficient, air-refueling capabilities provided greater basing options since air-
craft ranges were extended with in-flight refueling.”® Although air operations
supporting Operation Enduring Freedom include the use of bases located
within Afghanistan, airpower capabilities employed in the Middle East are sim-
ilarly transient in nature. These operations seem to rely on many exterior lines
of communication and complex supply systems. Many C2, reconnaissance,
air-refueling, and strike aircraft base their operations from locations geo-
graphically removed from Afghanistan and require long transit times.” As a
result, the US Air Force has not demonstrated the ability to maintain constant
levels of airpower capability in hostile theaters. Periodic lapses of capability
may occur, for example, during aircraft changeovers, air refueling, mainte-
nance aborts, and otherwise in a force stretched too thinly over a wide geo-
graphic expanse.

Second, strategic swarms must have robust command-and-control systems
organized to use information effectively. As recognized by Department of De-
fense (DOD) joint doctrine, Air Force Doctrine Document (AFDD) 6-0,
Command and Control, defines the concept as

the exercise of authority and direction by a properly designated commander over as-
signed and attached forces in the accomplishment of the mission. C2 functions are per-
formed through an arrangement of personnel, equipment, communications, facilities,
and procedures employed by a commander in planning, directing, coordinating, and
controlling forces and operations in the accomplishment of the mission. . . . This defini-
tion acknowledges three central themes. The first theme, personnel, covers the human
aspects of C2. . . . The second, the technology element, covers the equipment, commu-
nications, and facilities needed to overcome the warfighting problems of integrating
actions and effects across space and time. . . . The third theme, labeled in this document
as “processes,” encompasses “procedures”*
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Further explanation by AFDD 6-0 reveals that command involves a mili-
tary leader’s authority to conduct operations, and the term control involves
the way in which the leader may “plan and guide operations.”*' Moreover, free
exchange of information is a vital component to C2 systems. A commander
must be able to communicate with all levels within the chain of command.*

In those cases in which timely information exchange has not been possible,
decentralized execution of mission orders has been effective during air opera-
tions. During the Battle of Britain, for example, RAF fighter pilots were ex-
pected to accomplish general orders involving the intercept of Luftwaffe air-
craft but had freedom to apply tactics and flight maneuvers according to their
own interpretation of their flight environment.” Moreover, the British IADS
balanced tactical necessity and strategic reporting requirements. Pilots had
the responsibility to destroy enemy aircraft, and British commanders ac-
cepted the fact that they would not have timely visibility into the tactical
events of each battle.’* As a result, Great Britain's C2 system represented a fe-
licitous marriage of human input and technological capability.

Although modern air operations still rely on decentralized execution of
mission orders, technological advances in information systems and computer
equipment have increased commanders’ access to timely information
throughout many aspects of operations. For example, full-motion video feeds
and up-to-the-second electronic maps of air assets are prominently displayed
in air operations centers (AOC).* Access to timely information is important,
and military historian Martin van Creveld contends that commanders must
have the ability to “telescope” selectively to specific issues of interest but
should carefully avoid micromanagement.* As information systems and
communication technologies eliminate the need for delayed reporting, the
importance of C2 infrastructures will increase.”” Furthermore, the use of un-
manned remotely piloted aircraft (RPA), and the future possibility that for-
mations of RPAs may operate autonomously, may require more robust real-
time information flow between the battlefield and the commander.”®

RPAs and/or formations of RPAs may possess the capability to deliver
more destructive effects than current generations of manned aircraft, and
their increasingly autonomous capabilities will not relieve commanders of
their responsibility to command and control airpower assets. Commanders
may require “telescoped” information relating to the swarm and/or individual
aircraft. Such situations might increase information flow requirements be-
tween aircraft and C2 elements.”” Consequently, C2 systems serve as a critical
component of strategic swarming; however, they must also be capable of pro-
cessing and disseminating the immense volume of information involved with
modern networked weapon systems.
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Just as C2 systems magnify military organizations ability to process and
disseminate information during operations, logistics systems ensure that sup-
plies are delivered to war fighters as quickly as possible. Thus, swarming’s
third requirement involves logistics systems capable of timely delivery of
equipment and personnel for sustained operations. During the Battle of Brit-
ain, the RAF possessed the advantage of interior lines of communication and
an indigenous supply of personnel and equipment.”’ In modern operations,
the United States has not enjoyed the same luxury. For example, during Opera-
tion Desert Storm a typical Air Force combat wing required the initial delivery
of 1,000 to 2,000 tons of air- and ground-support equipment; once operations
began, it required the daily delivery of 100 to 200 tons of ammunition and
500,000 to 1,000,000 gallons of fuel.* Moreover, complex global operations
require capable information processing systems. Joint Publication (JP) 4-0,
Joint Logistics, states, “The global dispersion of the joint force and the rapidity
with which threats arise have made real-time or near real-time information
critical to support military operations.” The ability to identify maintenance
problems, coordinate the immediate replacement of equipment, and calculate
fuel requirements for each vehicle and/or operating base in a timely manner
will be essential to achieving seamless operations. Continuous operations
without capability lapses may also prevent the enemy from detecting changes
in force strength because real-time identification of supply or maintenance
problems could allow one-for-one aircraft exchanges over the target area.
Massed air attacks such as Brig Gen Billy Mitchell’s 1,400-aircraft raid against
Saint-Mihiel and bombing formations of thousands of aircraft in World War
IT were not continuous, but enemies had to deal with never-ending peril.*

Given swarming’s three primary requirements of geographic positioning
of air assets, effective C2, and robust, timely logistics, the central research
question of this paper seeks to determine if remotely piloted aircraft can pro-
vide sustainable, effective swarm capability from nontraditional bases of opera-
tion. As in the Second World War, the Korean conflict, the Vietnam War, and
Operations Desert Storm, Allied Force, and Enduring Freedom, large air
bases were vital logistical nodes necessary for the sustenance of air opera-
tions, personnel, and equipment. RPAs based with manned aircraft played
significant roles in every major operation since Allied Force.* In a general
sense, manned aircraft and RPA basing decisions are similar because they
both require extensive logistics, security, and geopolitical planning. However,
RPAs may provide a more flexible and inexpensive airpower option if they
require less logistical and security support and mitigate political challenges
that often complicate the US use of foreign air bases. Furthermore, if RPAs
demonstrate a capability to overwhelm, deter, dissuade, and/or punish adver-
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saries via swarms launched from nontraditional locations, their concept of
employment may spur doctrinal changes.

Weapon systems such as Predator B and Reaper RPAs currently possess the
ability to find, fix, target, and kill the enemy with persistent intelligence, surveil-
lance, and reconnaissance (ISR) and air-to-ground weapons.* According to
senior Air Force leaders and authors such as P. W. Singer, RPAs are nearing the
combat capability of manned aircraft in some circumstances and potentially
offer capabilities yet unseen in the realm of military affairs.* However, RPAs
have not demonstrated their ability to project force in denied airspace, and their
complex operational infrastructures require theater launch bases, stateside pi-
lot and sensor operator facilities, and distributed command-and-control cen-
ters.”” Nonetheless, are they the missing link that will permit the maturation of
flexible and persistent swarming operations?

Methodology and Categories of Analysis

Both primary and secondary sources form the foundation of this paper.
Primary sources include joint and Air Force doctrinal publications, official
correspondence, interview transcripts, and official briefings obtained from
the Air University library, Air Force Historical Research Agency, and opera-
tional units. Secondary sources such as scholarly monographs, popular books,
journal articles, and news articles provide background and contextual informa-
tion. However, within the plethora of available literature regarding airpower,
swarming, logistics, security, politics, and remotely piloted aircraft, there has
not been an attempt to synthesize the available information into a novel, con-
solidated concept of operations and logistics for air operations involving small
RPAs. Because the swarming concepts in this paper involve complex interrela-
tionships of operational capabilities, geographic positioning, logistics, security,
and geopolitics, they serve as the primary categories of analysis.

Assuming that future swarms of small RPAs and their associated C2 struc-
tures demonstrate a new means of projecting force, they will require adequate
logistical support, force protection, access to geographic positions within
range of their target, and political acceptance by host nations. Although RPA
swarms will consume a modest amount of fuel, equipment, and weapons
compared to manned aircraft, their ability to project persistent airpower will
depend on resilient logistics networks capable of sustaining operations. This
nontraditional concept of operations, moreover, confounds enemy actions
that may ordinarily influence operations and logistical infrastructure and is
less beholden to host-nation leaders who might otherwise seek to exert sig-
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nificant leverage on US air operations by limiting access to state facilities and
territories.

Doctrine and contemporary events support the use of these categories of
analysis. According to JP 3-0, Joint Operations,

Sustainment is the provision of logistics and personnel services necessary to maintain
and prolong operations through mission accomplishment and redeployment of the
force. Sustainment provides the JFC [joint force commander] with the means to enable
freedom of action and endurance and the ability to extend operational reach. Effective
sustainment determines the depth to which the joint force can conduct decisive opera-
tions, allowing the JFC to seize, retain, and exploit the initiative. The ultimate goal is for
logistics planners to develop a feasible, supportable, and efficient concept of logistic sup-
port and to be able to identify risks to the execution of the CONOPS.*

As described in JP 3-0, sustainment is a matter of logistics and supply. More-
over, just as the second law of thermodynamics dictates that “within a closed
system the amount of useable energy decreases as it is employed,” air opera-
tions require steady streams of supplies to maintain the status quo.* Without
a continuous flow of supplies, the swarm dissipates.

In addition to internal force sustainment issues involving logistics and sup-
ply, two external constraints threaten continued operations. First, air bases
and lines of communication are vulnerable to enemy attack, sabotage, and/or
disruption. Thus, security is a vital consideration for sustained swarming opera-
tions. JP 3-0 describes security as a “protection function” and requires active
and passive measures to preserve the “joint force’s fighting potential”>® More-
over, it specifically emphasizes “securing and protecting forces, bases, JSAs
[joint storage areas], and LOCs [lines of communication].™" Joint Operations
goes on to highlight numerous defensive measures that may thwart enemy ac-
tions.”> Nonetheless, attacks against swarm bases and lines of logistics and com-
munication could significantly affect their ability to generate airpower and
demonstrate a sustained swarm effect over the target area.

Politics serves as the second external constraint to sustained swarming opera-
tions. Host-nation governments have the right to determine how the United
States uses their territories and facilities. Foreign states hold sovereign au-
thority over air bases and LOCs within their national borders. Moreover, they
may use the basing of US forces for political and economic leverage, as the
government of Kyrgyzstan demonstrated in 2009.> Fortunately, a shutdown
of air operations from Kyrgyzstan's Manas Air Base was averted following
diplomatic negotiations. Ultimately in 2010, the Kyrgyzstan government
agreed to extend the US lease.*

Because host nations wield significant influence over airpower operations
originating from and transiting their territory, US doctrine emphasizes host-
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nation relations. JP 1, Doctrine for the Armed Forces of the United States, recog-
nizes diplomacy as an instrument of national power for “engaging with other
states and foreign groups to advance US values, interests, and objectives”> JP
3-0 states, “Establishing, maintaining, and enhancing security cooperation
among our alliances and partners is important to strengthen the global security
framework of the United States and its partners.”*® Furthermore, Chairman of
the Joint Chiefs of Staff Instruction (CJCSI) 2300.02F, Coordination of Overseas
Force Structure Changes and Host-Nation Notification, and Air Force Instruc-
tion (AFI) 10-504, Overseas Force Structure Changes and Host Nation Notifi-
cation, emphasize communication and healthy relations between theater
commanders and host-nation representatives.”” Even with continued diplo-
macy and doctrinal and regulatory emphasis on host-nation relations, foreign
leaders hold as much power to stop air operations as do enemy weapons to
destroy US forward-deployed tools of war.

Limitations and Assumptions

This analysis does not include or rely on classified information and draws all
of its conclusions from publicly available data. All open-source information
regarding aircraft specifications, operational events, and military capabilities
is assumed to be valid. Furthermore, because small RPA swarming has not
been operationally demonstrated, the argument assumes that the current
technological trajectory accurately portends the future utility of the Locust Swarm
concept of operations and its associated Instant Basing concept of logistics.

Overview

The intent of this study is to develop a swarming concept of operations and
logistics for the US Air Force and describe how it may apply to a variety of
airpower scenarios. It assumes initial development by the Air Force but ac-
knowledges that it will require coordination and cooperation with the other
military services. Following successful demonstration, this concept may set
the framework for a standard operational architecture that may be used within
joint and coalition operations. This project considers existing airpower capa-
bilities and doctrine and the potential implications of emerging technologies.
To some degree, it extrapolates future technological capabilities based on the
state of existing research and development. Regardless, the future will include
difficult budgetary limitations, so another intent of this project is to examine
how strategic swarming can be accomplished with modest resources.
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Following this introduction, chapter 2 explores how the United States evaluates
geographic positioning, command and control, and logistics to decide which
foreign air bases are suitable for operations involving manned aircraft by pro-
viding examples of global and theater-level airpower operations. It explains
how and why the United States used foreign airfields during the Vietnam War,
Operation Desert Storm, and Operation Enduring Freedom (OEF). This
chapter also briefly describes how the Air Force organized and based air-
power assets to provide broad capabilities against enemy targets and con-
cludes by explaining the reasons swarming has not been successful with
manned aircraft and why future swarms of small RPAs may provide unique
capabilities that might challenge the existing paradigm regarding the use of
overwhelming force.

Chapter 3 focuses on operations involving remotely piloted aircraft. It ex-
plores the possibility that swarms of small, inexpensive RPAs might serve as a
vanguard for a new airpower paradigm by surveying three subject areas. First,
the chapter provides an overview of presently employed RPAs and their
CONOPS. Second, it explores developmental RPA technologies necessary for
swarming operations. Third, it describes an Instant Basing concept of logistics
and examines the impact on the geographic positioning of forces, logistics,
force protection, and politics and how such capabilities may inform policy at
the grand-strategy level.

Chapter 4 notionally demonstrates the Locust Swarm concept of opera-
tions and Instant Basing concept of logistics. In a future scenario designed to
test the findings of the previous two chapters, Locust Swarms help Nigerian
constabulary forces regain security following crippling terrorist attacks. In the
notional scenario, US policy makers fear a potential Nigerian genocide and
oil supply disruptions that could damage the global economy. Because swarms
of small RPAs are uniquely suited for low-cost, low-intensity conflicts requir-
ing fast response to emerging crises, Locust Swarms are deployed throughout
Nigeria. This chapter is notable for two reasons. First, it provides a glimpse of
a Locust Swarm concept of operations. Second, it demonstrates the Instant
Basing concept of logistics in action.

A concluding chapter provides a concise summary of findings, considerations,
and shortfalls pertaining to swarming. It further assesses the potential impli-
cations of Locust Swarm and Instant Basing on US airpower and interna-
tional politics. Finally, it examines whether or not the capabilities inherent
within Locust Swarm and Instant Basing hold the potential to change the US
paradigm involving the use of overwhelming force.
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Chapter 2

A Technologically Driven Paradigm of
Overwhelming Force

Sound logistics forms the foundation for the development of
strategic flexibility and mobility. If such flexibility is to be exer-
cised and exploited, military command must have adequate
control of its logistic support.

—RADM Henry E. Eccles, USN

For professional military organizations and officers almost every-
where, the decisive incentives accrued to the development of
bigger institutional hierarchies and weapon systems, in eras when
information and communications systems were improving but
still remained quite slow, centralized, and cumbersome—all of
which favored the continued development of mass and maneuver
approaches to warfare.

—John Arquilla and David Ronfeldt

As noted, military strategy integrates war objectives, planning, and “series
of actions” so that wartime operations mesh with politicians’ grand strategy.!
The planning process, however, must consider existing capabilities of fielded
weapons. Development and production of new weapons and equipment takes
time, and the constant state of readiness demanded of military forces does not
support strategies built on unproven technologies. During a 2004 meeting
with deployed military personnel in Kuwait, then-secretary of defense Donald
Rumsfeld’s comment “You go to war with the army you have, not the army
you might want or wish to have at a later time” illustrated this reality.? Fur-
thermore, within Colin Gray’s 13 “Principles on Characteristics of Armed
Forces for Guidance of Defense Planning,” four of the first seven planning
factors involve the evaluation of existing military forces. According to Gray,
defense planners should evaluate whether existing military forces are “capable
of winning;” available in sufficient numbers, “applicable quickly;” and “logisti-
cally supportable.”® Similarly, airpower has contributed to a US military strategy
based on its ability to speed victory, employ destructive force rapidly against
adversaries, and sustain operations with adequate logistical support.*
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These ideas have been central aspects of the US airpower paradigm.
Thomas Kuhn revealed a groundbreaking way to study institutional thought
processes when he stated that paradigms are “universally recognized scien-
tific achievements that for a time provide model problems and solutions to a
community of practitioners.”” Scientists committed to a given paradigm en-
gage in “normal science” and conduct “research firmly based upon one or
more past scientific achievements, achievements that some particular scien-
tific community acknowledges for a time as supplying the foundation for its
further practice” Kuhn adds that “men whose research is based on shared
paradigms are committed to the same rules and standards for scientific prac-
tice” Although there are many differences between the US Air Force and the
scientific community, Kuhn’s paradigm concept applies to the service.

In many respects, the Air Force has been committed to the idea that air-
delivered kinetic effects prosecute war more rapidly and effectively than sur-
face warfare.” Thomas Kane named this paradigm the “bombardment style of
warfare,” based on its emphasis on an alleged ability to deliver decisive kinetic
effects from air vehicles.® Air Force normal science has focused its efforts to-
ward improved weapon systems and employment methods that provide faster
means to deploy violence against the enemy so that wars can be ended in the
shortest amount of time. Even with improved weapons systems and employ-
ment, the Air Force has been heavily reliant on robust logistics systems. Similar
to the scientific community’s use of normal science, the Air Force’s reinforce-
ment of operational norms, rules, and standards within service regulations and
doctrine has hardened support for the existing airpower paradigm.

US kinetic airpower doctrine has also been inextricably tied to the belief
that airpower serves as a means of accelerating victory using the maneuver
capabilities of aircraft. Manned aircraft, large foreign air bases, and robust
logistical requirements have provided the means to satisfy maneuver warfare
requirements. US airpower force structures provide “complex, synchronized,
fast-tempo, multi-linear operations to surprise, penetrate [and] flank with
mobile mass at [the] decisive point.”® Moreover, the ability to maneuver air
forces on a global scale has characterized US air operations and set the stage
for how the United States developed and sustained its military force structure.

According to this line of argument, airpower’s use of the third dimension
has provided military strategists the ability to deliver reconnaissance and
force with an incomparable maneuver capability, unlike slower and less ma-
neuverable land and sea forces.'” Although early airpower missions dealt pri-
marily with reconnaissance, aircraft gained the ability to deliver destructive
force directly against enemy assets.!' Instead of supporting land forces or di-
recting artillery, aircraft acquired the ability to conduct attacks themselves. In
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airpower’s infancy, bombing attacks often took place in parallel with recon-
naissance operations. For example, in 1911 the Italian army used reconnais-
sance aircraft to drop bombs against Libyan positions, and as early as 1912,
“the offensive use of the dirigible and the airplane had begun to draw some
interest among military authorities.”** Moreover, by the end of World War I,
aviation and weapons technologies advanced to such a degree that there was
“a spreading conviction that if the airplane had not replaced the foot soldier
or the artillery piece as the central cog in the military machine of 1918, its role
could only continue to grow as it continued to evolve.”"?

Early airpower advocates Air Marshal Giulio Douhet in Italy and Brig Gen
Billy Mitchell in the United States realized the potential importance of offen-
sive airpower and focused on the merits of aerial bombing. From Douhet’s
perspective, aerial bombing had inherent measures of effectiveness that could
increase strategic planners’ ability to achieve decisive victory. He wrote that
“the guiding principle of bombing actions should be this: the objective must be
destroyed completely in one attack, making further attack on the same target un-
necessary . . .. The unit of bombardment must have the potentiality to destroy
any target on a given surface” (emphasis in original)."* General Mitchell also
believed that airpower could be decisive and argued that aerial bombing
might be a revolutionary form of warfare:

More than that, aerial torpedoes which are really airplanes kept on their course by gyro-
scopic instruments and wireless telegraphy, with no pilots on board, can be directed for
over a hundred miles in a sufficiently accurate way to hit great cities. So that in [the]
future the mere threat of bombing a town by an air force will cause it to be evacuated,
and all work in munitions and supply factories to be stopped.

A new set of rules for the conduct of war will have to be devised and a whole new set of
ideas of strategy learned by those charged with the conduct of war. No longer is the mak-
ing of war gauged merely by land and naval forces."

Writings such as these provided added support for the use of aerial bombing
and helped ensure that bomber aircraft held a central role within the force
structure of the US Air Force.'

Even with the advent of modern precision-guided weapons, airpower his-
torian Tami Biddle noted that current airpower debates have a “familiar ring,”
adding that

since 1918 airmen have sought to find and destroy a critical Achilles” heel in an opposing
society, polity, or economy so as to win wars without fighting one’s way through the mass
land armies of previous eras. Through more than eighty years and the experience of
World War II, Korea, and Vietnam, the underlying philosophy and central implementing
ideas of strategic bombing have changed remarkably little. The tools of air warfare have
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changed dramatically since the canvas and plywood planes of the First World War, but
it is striking just how little the basic ideas behind the use of those tools have changed
(emphasis in original)."”

Biddle is correct that airpower ideas emphasizing the efficacy of bombing
have been central and relatively continuous aspects of US airpower. Nonethe-
less, the airpower paradigm continues to hold that no other tool of warfare
has the capability to deploy violence against enemy targets with the same de-
gree of mobility and speed. Consequently, the tools of air warfare have im-
proved in their ability to deliver powerful weapons. The community of air-
power practitioners has advanced the efficacy of the air weapon but only
within the regnant paradigm.

Modern aircraft are much more capable than their predecessors. Com-
pared to World War II-era bombers, the B-52, B-1, and B-2 carry aload many
times that of their propeller-driven ancestors. For example, the B-17 carried
9,600 pounds (Ib.) of bombs, and the B-29 had a 20,000 1b. bomb load.'® The
B-52 and B-1 carry 70,000 Ib. and 75,000 Ib. bomb loads, respectively."” In
fact, jet-powered attack aircraft flown in the Vietnam War and Operations
Desert Storm and Iraqi Freedom carry payloads often exceeding those of
World War II bombers.?* Military aircraft have also become larger and faster
because jet aircraft typically consume more fuel, require large fuel tanks, have
heavy payloads, and require higher airspeeds or larger wings to deliver their
weapons to the target. The development of large jet-powered aircraft such as
Boeing 707 variants also led to the employment of large support aircraft such
as the E-3 AWACS (Airborne Warning and Control System), RC-135 recon-
naissance aircraft, and air-refueling tankers.”’ Although these aircraft have
resulted in greatly increased airpower capabilities, their use has increased the
logistical requirements of theater-level air operations.

Accordingly, geographic positioning, logistics, security, and politics drive
the United States toward large air bases and robust logistics bases. During the
Vietnam War, ODS, and OIF, a wide variety of airpower capabilities involving
manned combat and combat support aircraft necessitated long runways, vast
ramp space, and facilities for aircraft maintenance, weapon and fuel storage
infrastructure, aircraft command and control, and aircrew ready areas. Air
bases also included facilities capable of feeding and sheltering legions of air-
crew, maintenance personnel, and support troops. The logistical aspects of air
operations also required security from enemy attack and involved significant
political negotiation with host countries.
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Geographic Positioning

Consistent with the basic tenets of airpower outlined in AFDD 1, Air Force
Basic Doctrine, Organization, and Command, theater air bases are important
components of airpower because they provide geographic combatant com-
manders (GCC) strategic and operational flexibility and versatility, enhance
persistence, and facilitate concentration of forces.” The location and presence of
air bases in foreign countries provide GCCs options relative to the employment
of airpower. Theater commanders may “shift from one campaign to another;’
operate at multiple levels of warfare, hold the ability to revisit targets, and
“concentrate overwhelming power at the decisive time and place”* This pro-
cess is not automatic. Selecting air bases and determining their suitability in-
volves the careful evaluation of numerous factors, including geographic posi-
tioning, aircraft operating restrictions, and the logistical requirements of
individual aircraft.

Geographic positioning of air bases is an important component of theater
airpower regardless of the availability of air refueling. Colin Gray contends
that range and reach are “advantages of airpower,” often extended by air re-
fueling.”* Although air refueling greatly extends the reach of airpower, tanker
aircraft are not a panacea for sustained long-distance air operations. Even
during the Cold War, basing plans involving nuclear-armed bombers and
tanker aircraft relied on a mix of air-refueling and ground-refueling bases.®
Air-refueling aircraft carry a finite amount of fuel and have range limitations
just as any other aircraft. Furthermore, because only a small proportion of the
US tanker fleet can be refueled in the air, most tankers rely on ground refuel-
ing.* Regardless of their ability to extend the range of aircraft and increase
loiter time, even air-refuelable tankers must eventually land for logistical sup-
port.”’” Similarly, the diverse array of attack, command-and-control, and re-
connaissance aircraft requires ground-based logistical support.

Thus, tanker aircraft and air bases must be geographically dispersed
throughout the theater of operations to enable airpower coverage. Due to the
limited range of many Air Force offensive aircraft, they are normally based
within the region where they conduct operations, usually within 500 miles of
their target.”® Moreover, “fighter aircraft tend to operate at much shorter
ranges than bombers, and since they must operate in relatively large numbers,
it is correspondingly more difficult to sustain them with aerial refueling”
Without a balanced air refueling and air base architecture, the GCC faces a
difficult task in ensuring operational flexibility and versatility. This task is
made even more difficult because each type of military aircraft has particular
operating requirements.
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Air bases do not have the universal capability to support every type of air
asset in the theater of operations. Challenges involving large support and
bomber aircraft, as well as smaller attack aircraft, require distinctive support
infrastructures for continued wartime operations.”® Basing of air-refueling,
bomber, and cargo aircraft is especially challenging because they require long
runways and large parking areas as well as immense amounts of fuel. As of
2002, the global inventory of airfields with runways exceeding 6,000 feet in
length was only 2,011.! Consequently, basing options for aircraft such as KC-10
tankers may be significantly limited because they require runways of at least
7,000 feet, taxiways at least 75 feet wide, 34,800 square feet of parking area,
and airfield surfaces capable of supporting their 593,000 lb. maximum takeoft
weight.” Large aircraft such as B-1B and B-52 bombers, as well as C-17 cargo
aircraft, have similar airfield requirements.** Smaller aircraft like F-16, F-15E,
and A-10 attack aircraft require less runway and parking space but require
dedicated weapon storage and loading areas.** Consequently, selection of in-
dividual bases and the theater air order of battle may have more to do with a
base’s infrastructure compatibility with specific types of aircraft than with its
geographic location.

In the early days of the Vietnam War, airfields were in short supply. Ac-
cording to aviation historian Bill Yenne, at the beginning of the war “the only
jet-serviceable air bases available were Da Nang, Bien Hoa, and Tan Son
Nhut?* Few airfields could support jet operations, and existing ones were
often geographically removed from target areas (see fig. 1).

The lack of suitable airfields caused US air assets to be spread throughout
Southeast Asia and often forced war planners to base aircraft in friendly states
such as Thailand. The dispersal of air assets required extensive use of air-refueling
tankers to extend the range of all types of combat and support aircraft. Ac-
cording to Wayne Thompson, “One of the characteristics of air warfare intro-
duced during the Vietnam War was the routine use of air-refueling in combat
operations. By the end of Rolling Thunder in 1968, 90 KC-135 air-refueling
tankers made possible not only B-52 operations from Guam, but also fighter
operations from Thailand”*® Regardless of the range extension that air refuel-
ing provided, the limited number of airfields made mixed basing of cargo,
fighter, tanker, and bomber aircraft a necessity.” By 1968, efforts to relieve air
base shortages resulted in the construction of eight major bases with 15 run-
ways, and by the end of the war, “200 additional airfields were also built and at
least that many heliports”® These developments demonstrate the important
relationship between aircraft range, the location of air bases, and the availability
of theater air-refueling assets.
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Figure 1. US air bases of the Vietham War
(Reprinted from: Wikipedia, http:/upload.wikimedia.org/wikipedia/en/f/fe/Usaf-vietnam-

map.jpg.)

A quarter-century later, Operation Desert Storm’s war planners were chal-
lenged by the Persian Gulf region’s limited number of airfields. They had to base
2,430 fixed-wing aircraft at approximately 25 airfields located in multiple
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Middle Eastern countries.”® Although Benjamin Lambeth noted that “the coalition
enjoyed a basing infrastructure in the Gulf region that left almost nothing to
be desired, largely owing to the military assistance that the United States had
provided Saudi Arabia over the preceding four decades,” the scope of opera-
tions made airfields a valuable commodity.*’ As in the Vietnam War, a relative
shortage of airfields resulted in additional construction and the mixed basing
of different types of aircraft at common airfields.*’ Air bases were a critical
enabler for the US-led coalition against Iraq, and the DOD’s Conduct of the
Persian Gulf War report illustrated the importance of “staging bases and a
well-developed infrastructure, especially airfields and ports”* Similar to the
US experience in Vietnam, the geographic positioning of air assets during
ODS was primarily dependent on airfield ramp space, support capabilities,
and air refueling.

The same trends influenced air operations during Operation Enduring
Freedom. Afghanistan had few air bases capable of supporting US combat
aircraft, and neighboring countries such as Pakistan did not allow large-scale
air operations from their airfields.” Therefore, the majority of air assets were
based at geographically distant airfields such as Al-Dhafra and Al-Udeid. Air
expeditionary wings such as the 380 AEW and 379 AEW were responsible for
supporting a wide variety of aircraft, including tanker, reconnaissance, and
strike platforms.*

Geographically displaced airfields and the basing of strike aircraft at mul-
tiple locations made air refueling essential for continued operations. Lambeth
explained the impact of range-extending air refueling support during OEF:
“Yet another operational trend that continued in Enduring Freedom had to
do with extended-range operations. In Desert Storm, the proportion of tanker
sorties among the total number of air sorties flown was 12 percent. . . . In
Enduring Freedom, it was 27 percent. By the same token, long-range bombers
have delivered a steadily increasing percentage of the overall numbers of
weapons expended throughout the succession of U.S. combat engagements
since 1991. In Desert Storm, it was 32 percent. . . . In Enduring Freedom, it
was about 70 percent”*®

Ideally, future operations will involve theater basing within range of air
bases so that the success or failure of air operations will be less dependent on
air refueling. Nonetheless, air refueling provides an extension of ground lo-
gistics bases and mitigates some of the challenges involved with disparate
geographic basing. But airfields and tankers can only support theater military
operations as long as they receive the logistics (and protection) they require.
Consequently, the long-term sustainment of air bases may be just as critical as
aircraft range or the range-extension capabilities of air-refueling tankers.
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According to AFDD 2-4, Combat Support, marrying the logistical needs of
airpower assets with suitable airfields is an issue of agile combat support
(ACS) which is defined as “the ability to create, protect, and sustain air and
space forces across the full range of military operations.”* The goal of ACS is
to “generate combat capability by creating, posturing, bedding down, protecting,
servicing, maintaining, and sustaining support and operational forces”*
AFDD 2-4 provides a basic framework for assessing logistical support and
available infrastructure to achieve ACS. For example, theater assessment of
airfields should include an intelligence review, expeditionary site surveys,
logistical sustainability evaluations, and crisis action planning. This process
ensures that theater airfields are suitable for use, sustainable, and provide
adequate options to the GCC in the case of emergencies or enemy action.*®
When airfields have been deemed suitable and sustainable, they can begin to
accept the myriad of support personnel necessary to sustain theater airpower.
Thus, the influx of logistics and support personnel quickly expands the force
footprint of operational bases.

Tooth to Tail

Even Prussian military theorist Carl von Clausewitz lamented the require-
ments of maintenance and supply. During the revolutionary Napoleonic era,
armies increased dramatically in size and were becoming both expensive and
complicated to maintain.* Thus, nineteenth-century commanders were con-
stantly faced with challenges involving the acquisition of military supplies
and the need to keep units at a high state of readiness. Today’s air operations
face the same challenges; however, logistics have become more difficult be-
cause modern military operations require an immense variety of equipment,
supplies, and expertise for each weapon system and mission. Moreover, com-
plex logistics requirements exist throughout the initial deployment and sus-
tainment phases of military operations.

Manpower requirements begin with the initial deployment of forces. Ac-
cording to Christopher Bowie, depending on the “type of aircraft, for a squad-
ron of 24 operational combat aircraft, an average of about 500 personnel and
350 tons of equipment are needed” to deploy into theater.” Upon arrival at
forward operating locations (FOL), they require large numbers of personnel
for aircraft and vehicle maintenance, base operations, civil engineering, equip-
ment supply, billeting, and food preparation, to name a few tasks.”* Moreover,
air base personnel are vital for processing the 100-200 tons of ammunition
and 3,500 tons of fuel typically required by Air Force combat wings.** Figure 2
provides perspective relating to the logistics requirements of modern air opera-
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tions such as Enduring Freedom. It demonstrates that support elements often
require more supplies than the combat forces they support.

Combat Support Dominated in Operation Allied Force (OAF) and Operation Enduring Freedom

OEF
83,000 tons total

OAF
56,000 tons total

Combat support supply:
70,000 tons

Munitions
23%

[ Aviation/Mx
[ Aerial port -
[[] Combat support Communication

support 3% QOther
5%

Figure 2. Logistics in Operations Allied Force and Enduring Freedom
(Adapted from: Mahyar A. Amouzegar et al., Analysis of Combat Support Basing Options

[Santa Monica, CA: RAND, 2004], 5.)

Supplies processed by support personnel are delivered via lines of commu-
nication involving vast interconnected land, sea, and air transportation net-
works. The essential reliance on transportation of supplies is not a new phe-
nomenon. John Lynn notes that “while logistic needs have changed over the
centuries, logistics have always exerted tremendous influence on strategy and
operations.”® Martin van Creveld reinforced this idea with this observation:

Strategy, like politics, is said to be the art of the possible; but surely what is possible is
determined not merely by numerical strengths, doctrine, intelligence, arms and tactics,
but, in the first place, by the hardest facts of all: those concerning requirements, supplies
available and expected, organization and administration, transportation and arteries of
communication. Before a commander can even start thinking of maneuvering or giving
battle, of marching this way and that, of penetrating, enveloping, encircling or annihilat-
ing or wearing down, in short of putting into practice the whole rigmarole of strategy, he
has—or ought—to make sure of his ability to supply his soldiers with those 3,000 calo-
ries a day without which they will very soon cease to be of any use as soldiers; that roads
to carry them to the right place at the right time are available, and that movement along
these roads will not be impeded by either a shortage or a superabundance of transport.™
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US military operations in Vietnam, ODS, and OEF were not exceptions. The
global LOCs involved in each of these major force deployments required ex-
tensive logistical support and intercontinental transportation networks.

During the early stages of the Vietnam War, the vast majority of supplies
were pre-positioned at forward support locations (FSL) such as Okinawa, Ja-
pan; Subic Bay, Philippines; and Korat and Udorn, Thailand.”® As the conflict
progressed, Vietnamese seaports were expanded to increase US supply opera-
tions. The US supply system in Vietnam relied on a constant stream of trans-
port ships to maintain a 20-day supply of petroleum products and a large ar-
senal of munitions at coastal ports. It also relied on land vehicles and aircraft
to transport fuel and other supplies inland to FOLs scattered throughout
South Vietnam.>® Even after additional supply bases were constructed, “there
was no front and no rear in the conventional sense. There were no advances
and withdrawals on linear axes, along which the sinews of war could flow.”’

While disjointed LOCs made operations difficult, ineffective inventory
control of relatively plentiful means of transportation and war materials
caused extensive waste. For example, “depot operations in 1968 processed
about two million tons of materiel, but only about one-third were available for
issue. The majority was lost and not on existing, usable supply records.”*® Con-
sequently, the disorganized nature of the US logistics system caused periodic
shortages of munitions and other supplies because of poor logistics policies
using the World War II-era “push” system that “netted pretty much the same
results: inadequate support of critical items, far too much of the unnecessary,
and no means for becoming more sensitive and responsive to combat and
support needs.”” Fortunately for the United States, Vietnam offered numer-
ous ports that provided direct access to the war zone, and the steady stream of
materiel shipments overcame uncoordinated attempts to manage obsolete
brute force methods of supply.

In many respects, the logistics of ODS bear many similarities to US supply
operations in the Vietnam War. The majority of supplies were transported by
sea, offloaded at one of many ports, and then delivered by truck and rail to
FOLs. In Desert Storm, pre-positioned and contracted supply ships delivered
four-fifths of initial supplies.®® US forward air bases relied on the constant
supply of Saudi fuel trucks that transported petroleum products from Saudi
Arabian refineries to US-operated airfields.®’ This effort allowed approxi-
mately 300 US air tankers to provide 178 million gallons of fuel to coalition
aircraft.® Ground vehicles also transported the vast majority of munitions to
air bases; however, delivery of aircraft munitions was delayed at times due to
a shortage of munitions-handling equipment.®® When combat operations
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used munitions faster than expected, airlift aircraft mitigated shortages by
transporting more than 3,600 tons of bombs to Saudi Arabian airfields.®*

Although Desert Storm’s general method of logistics supply was similar to
that of the Vietham War, the first Persian Gulf conflict’s extensive use of
computerized logistics networks dramatically improved the management of
theater supply inventories.> According to van Creveld, “What made this war
unique was the fact that, after it ended, every single item not consumed or ex-
pended had to be accounted for, restored to a pristine condition and evacuated.
The days when American forces leaving a theater of war would leave behind
vast junkyards for the locals to plunder were over.*® Without a doubt, logistics
improvements since Vietnam and increased host-nation cooperation con-
tributed to the operational successes of ODS, yet the conflict represented an
iterative improvement in the sustainment of maneuver warfare logistics that has
become an essential part of the USAF’s airpower paradigm.

Operation Enduring Freedom is the latest example of maneuver-warfare
logistics. As in Vietnam and ODS, the majority of OEF supplies are delivered
by seagoing cargo vessels and then transported by ground vehicles or rail
transport to various bases scattered throughout Afghanistan (see fig. 3).”

Although Enduring Freedom has involved fewer aircraft—approximately
200—air operations have relied heavily on tanker and bomber support from
dispersed bases.®® Furthermore, tanker sorties and cargo airlift missions com-
prised the majority of missions flown to and from Afghanistan. From 2001 to
2004, “of the 11,000 sorties flown in support of OEF, only approximately
3,400 were combat, command and control, intelligence, surveillance, and
reconnaissance (C2ISR), or Special Operations Forces (SOF)/combat support
and rescue sorties”® The rest were cargo and air-refueling sorties. Nonetheless,
supply operations were put in place for the long haul rather than being de-
signed for quick victory, as in Desert Storm, and enabled a continued airpower
presence against enemy forces in Afghanistan.”” Moreover, US Transportation
Command’s use of information technologies and “data transparency” indicates
a DOD effort to improve combat logistics and delivery of supplies.”” However,
information technologies may only provide a method to cope with the increasing
complexity of ACS operations.

Logistics requirements in Vietnam, ODS, and OEF increased with the
complexity of operations. More advanced aircraft demanded more complex
logistics infrastructures and vast amounts of fuel and munitions. Further-
more, complex lines of communication made the supply of geographically
separated FOLs difficult to sustain. Even with improved information systems
and logistics management, supply remained dependent on seaports, land trans-
portation, and stopgap airlift operations. As van Creveld sagely noted, “One
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thing seems certain: in the future, logistics will become even more complex
than they already are. In part, this is because they really are becoming more
complex, what with the introduction of countless new machines and the vast
amount of coordination those machines require to keep functioning and
fighting””? Nonetheless, people instead of machines are ultimately responsible
for the conduct of warfare and provide additional options relative to the
equipment at hand. Unfortunately, enemy personnel have the option to exploit
US lines of communication, and foreign heads of state have the power to invite
or deny access to their facilities and national infrastructure.
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Figure 3. Operation Enduring Freedom supply routes

(Reproduced from Tom Gijelten, “U.S. Now Relies on Alternate Afghan Supply Routes,”
National Public Radio, http:/www.npr.org /2011/09/16/140510790/u-s-now-relies-on-alter
nate-afghan-supply-routes. Used with permission.)

Security

Security of air bases and supply lines is critical to the support of air operations.
Logistical shortages may halt operations. The destruction of base infrastructure
and/or aircraft, theft of supply items, or attacks against supply convoys have the
potential to degrade the sustainment of regional airpower capabilities.
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Security against enemy attacks and theft was a major concern during the Viet-
nam War. Alan Vick described the adverse effects of enemy attacks on US FOLs:

More ground attacks on air bases were recorded in Vietnam than in any other conflict.
VC [Viet Cong] and NVA [North Vietnam Army] forces attacked USAF main operating
bases 475 times between 1964 and 1973. Those attacks destroyed 99 U.S. and Vietnam-
ese aircraft and damaged another 1,170. Additional attacks against other USAE, Army,
Marine Corps, and Republic of Vietnam Air Force (RVNAF) facilities in Vietnam and
against USAF bases in Thailand raised the total destroyed to 375, roughly 4 percent of
all aircraft losses. Although this is a relatively small percentage of the total losses, it is
interesting that more U.S. Air Force fixed-wing aircraft were destroyed by ground action
than were downed by MiGs (99 versus 62).”

Vick also noted that while enemy attacks caused significant aircraft losses,
“high-value aircraft, such as KC-135s, B-52s, AC-130s, and F-105Gs were
based in Thailand and Guam, where the ground threat was lower or nonexis-
tent.””* Convoys and supply lines were also constantly under threat of enemy
attack and theft. Truck convoys faced frequent attacks. And by the end of the
war, former commander of the 1st Logistics Command, LTG Joseph M.
Heiser Jr., estimated that 250 million gallons of petroleum were lost to pilfer-
age.” Fortunately for US air operations, the sheer volume of supplies sent to
Southeast Asia limited the adverse effects of security vulnerabilities.

The most significant security concerns during Operation Desert Storm in-
volved SCUD theater ballistic missile attacks against coalition facilities. Ac-
cording to Lambeth, “base vulnerability was generally not a problem,” the
threat of terrorism was only a “low-key” threat, and most coalition bases had
few passive defenses.”® Nonetheless, the danger posed by Iraq’s SCUDs led the
United States to deploy Patriot batteries throughout the region to protect coali-
tion facilities and dissuade Israel from entering the conflict.”” Most Iraqi
SCUDs failed due to structural failures or guidance problems or were shot
down by US-made Patriot missiles.”® Although the coalition feared its forces
were vulnerable following a SCUD missile hit on a US base in Dhahran, Saudi
Arabia, in which 27 US personnel were killed, rear area security was not a
significant problem compared with the Vietnam War and Operation Endur-
ing Freedom.”

Similar to the Vietnam War, US FOLs and supply convoys have been under
constant threat of attack in OEE. US-operated air bases at Bagram and Kanda-
har, Afghanistan, deal with elusive threats such as car bombs, mortar fire, and
“small-team assaults” but must also “be wary of the occasional large strike
with heavy weapons.”® Taliban forces recognize the value of US airpower and
seek to impede air operations.®' Enemy forces have also impacted NATO sup-
ply lines throughout Afghanistan. Tim McGirk wrote in 2009 that the Taliban
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widened the “scope of their attacks so that convoys rumbling across two-
thirds of the country are now prey to attack, usually by roadside bombs or a
well-laid ambush in which rocket-propelled grenades are fired at the lead ve-
hicle, forcing the convoy to a deadly standstill.” He also noted that “from June
to September [2009], more than 145 truck drivers and guards were killed in
attacks on convoys and 123 vehicles were destroyed”®* Pakistani Taliban
forces have restricted the flow of fuel supplies into Afghanistan with multiple
attacks against coalition fuel convoys traveling through Pakistan.® The Paki-
stani government has also halted such transfers several times.* Attacks on
fuel convoys traversing Pakistan have been one of the major reasons that the
Department of Defense has opened multiple northern supply routes into Af-
ghanistan. Despite these obstacles, military leaders worked to ensure a con-
stant supply of war materiel to Enduring Freedom’s multiple FOLs. Brig Gen
Jimmy McMillian’s 2010 statement that “our objective, in all cases, is uninter-
rupted operations . . . and in some locations, this means uninterrupted air-
craft sortie generation, in others, uninterrupted training activity” demon-
strates the Air Force leadership’s commitment to US supply operations.*®

The US experiences during the Vietnam War, ODS, and OEF indicate that
the operational environment determines the context of supply-line security.
Vietnam and the current war in Afghanistan demonstrate that extended
LOCs through hostile territory invite enemy action against supply convoys.
Furthermore, FOLs are vulnerable to attacks that can destroy or damage de-
ployed aircraft. Ultimately, large-scale logistics have provided the United
States the ability to overcome enemy attacks and pilferage; however, these
methods owe some of their success to their favorable political environment.

Politics

During the Vietnam War, the United States endured few political restric-
tions to its use of South Vietnamese territory and facilities. The Saigon govern-
ment was frequently not taken seriously. In 1965, the US ambassador to South
Vietnam, Henry Cabot Lodge, said: “There is no tradition of a national govern-
ment in Saigon. . . . I don’t think we should take this government seriously.
There is no one who can do anything. We have to do what we think we ought
to do regardless of what the Saigon government does.”*® The Johnson admin-
istration took the position that the local government’s lack of legitimacy meant
that the United States was primarily responsible for South Vietnam’s secu-
rity.*” Saigon’s political input was rarely accepted or considered during US
military planning actions.®® Consequently, the relatively unrestricted access
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and ubiquitous presence of US forces in South Vietnam meant that supply
operations were not restricted by host-nation political concerns.

Compared with the US experience in Vietnam, more recent political discourse
with host nations has had a significant impact on supply and air operations.
During ODS, the US buildup of military forces was initially restricted by King
Fahd’s reluctance to allow Western military forces into Saudi Arabia.* But,
after considerable diplomacy, the monarch approved US use of Saudi facili-
ties.” Furthermore, the US-led coalition was threatened by the possibility Is-
rael would retaliate against Iraqi SCUD attacks. The George H. W. Bush ad-
ministration feared if Israel became involved, the Saudis would no longer
allow the use of their country for ODS.*" Ultimately, Israel did not enter the
war, the United States was able to use Saudi facilities, and the Saudis sup-
ported operations to such a degree that they “provided approximately 4,800
tents; 1.7 million gallons of packaged petroleum, oil and lubricants; more
than 300 heavy equipment transporters (HET); about 20 million meals; on
average more than 20.5 million gallons of fuel a day; and bottled water for the
entire theater”> Nonetheless, throughout the first Persian Gulf War, host-
nation states such as Saudi Arabia held significant power to affect air opera-
tions to a greater degree than enemy action could have accomplished.

Politics and diplomacy have also played a major role in Operation Enduring
Freedom. The George W. Bush and Obama administrations have had to ac-
knowledge the demands of Afghan president Hamid Karzai, negotiate safe
passage of coalition aircraft and supply convoys through Pakistan, and coordi-
nate supply routes with Afghanistan’s northern neighbors.”” Although Afghani-
stan does not possess the military strength to expel US forces, it could exert its
national will against the United States if it desired their removal. Pakistan
holds more political leverage than Afghanistan because it controls major lines
of communication to and from Afghanistan. Although northern routes pro-
vide theater commanders additional supply options, Pakistan controls critical
air and ground supply routes. Consequently, its political power over the United
States is significant in that it has the ability to isolate US air operations over
Afghanistan from tanker, ISR, and cargo aircraft located at Al-Udeid, Al-
Dhafra, and elsewhere in the Persian Gulf. Such actions are unlikely; if they
did occur, however, they would severely restrict the United States’ ability to
conduct air operations in Afghanistan.
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Conclusions about an Overwhelming Force Paradigm

Secretary Rumsfeld was correct in his assertion that the United States goes to
war with the equipment it has in its inventory. It also goes to war with the
prevalent ideas commanders hold in their collective knowledge base. Airpower’s
ability to provide a relatively fast, massive, and cost-effective destructive force is
a manifestation of the idea that the “American way of war” involves overwhelming
the enemy.”* According to Russell Weigley, “Air power is especially suitable for
a war of destruction, annihilation, elimination” and may answer “the problem
of how to secure victory in its desired fullness without paying a cost so high
that the cost would mock the very enterprise of waging war”>> The US mili-
tary paradigm has been one of overwhelming military force, and airpower
has been one of many means to sustain this paradigm. Thus, technological
innovation and employment concepts have continuously increased the de-
structive prowess of US airpower in support of overwhelming force. Air
weapons, and their associated employment methods, often provided the
means to maneuver in multilinear, fast-tempo, and potentially decisive ways
so victory could be achieved at minimum cost. Although seemingly contra-
dictory, maneuver warfare concepts have also been compatible with existing
technologies and have facilitated what Thomas Kane called “the bombard-
ment style of warfare”® Aircraft, communications, logistics, and organiza-
tional structures made multilinear, high-tempo bombing possible while other
potentially more-effective means remained unfeasible. Although Kane’s analy-
sis is perhaps overly simplified, it does convey many of the general themes
Biddle, Richard Overy, and others explored. Each of these authors examined
how institutional thought, available technology, and industrial means pro-
duced a bombardment force that was overwhelming but not necessarily the
most effective means of force projection.” Moreover, as airpower technologies
evolved into larger, faster, and more powerful aircraft, their employment con-
structs became increasingly complex and often required in-depth assessments
concerning geographic positioning, logistics, security of LOCs, and politics.

As illustrated by the three case studies in this chapter, shortfalls involving
geographic positioning and logistics were often overcome by technological
capabilities such as air refueling and cargo airlift; however, long-term sustain-
ment remained constrained by supply LOCs, security, and politics. Combat
operations can continue only as long as FOLs retain their access to supplies.
Such access is dependent upon other factors, such as the location of air bases,
security, and politics, which may also determine whether an operation is fea-
sible and/or sustainable.
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The US strategic infrastructure involves weapon systems, bases, and supply
lines intended to provide decisiveness, speed, and overwhelming force.
Whether it is bombs, fuel, or supplies, US airpower involves the delivery of
assets from point A to point B as rapidly as possible. In each of these sce-
narios, large quantities of firepower and supplies have been important to the
conduct of operations. Because of restrictions and technological limitations,
US forces were large and were not organized for continuous convergent attacks
against the enemy. In their current form, modern military forces still require
vast quantities of supplies. The enormous volume of supplies required for
military operations, however, has made it very difficult for global LOCs to
facilitate fast delivery. Until it becomes technologically feasible for aircraft to
operate with less infrastructure and logistics support, it is unlikely that the
effective and efficient sustainment of a persistent, flexible, and overwhelming
swarming capability will be possible.

Although forces deployed as part of OEF include improved weapon sys-
tems involving advanced computer systems and information technologies,
they are not organized for strategic swarming operations. Forward operating
locations require large quantities of daily supplies, and delivery of materiel
incurs significant security risks. Even if airpower forces were able to sustain
autonomous or semiautonomous swarming operations, they would quickly
consume existing inventories and would have to cease operations until sup-
plies were replenished. Moreover, in OEF a large proportion of combat and
combat support aircraft are geographically distant from Afghanistan. The dis-
persed nature of air bases and airpower capabilities significantly limits op-
portunities for concentration of assets over the target area. In many respects,
the United States is bound to its maneuver warfare construct because of the
aircraft and associated organization schemes it employs. More importantly,
technology has not demonstrated alternative airpower capabilities and em-
ployment concepts that are capable of comparable force. However, if future
swarm-capable aircraft and employment concepts provide the means to re-
shape the existing maneuver warfare construct, they might enable a new form
of power projection that releases US airpower from the hold of logistics-in-
tensive maneuver warfare concepts.
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Chapter 3

Remotely Piloted Aircraft, Swarms, and Instant Basing

I warn you, tomorrow I will bring locusts into your country.
—Exodus 10:4

There is a long journey to be made between the discoveries of ba-
sic science and the appearance of new weaponry in sufficient
numbers to make a difference. Further, it is also unrecognized
that the real success of new weapons usually comes in areas that
were unimagined by the scientists and developers. Rather once the
device is fielded it very often happens that it is combined with
other mature technologies and put to purposes altogether different
from those imagined by the originators. All these things take time.

—David R. Mets

In the 1990s, Martin Libicki proposed that the future of warfare might in-
clude a “mesh” of highly integrated sensors, weapons, and information tech-
nologies capable of immediately finding, identifying, and targeting adversaries.!
He argued that the miniaturization of military equipment and weapons and
their integration with advanced computer technologies would create an envi-
ronment where “the large, the complex, and the few will have to yield to the
small and the many.? Beyond his emphasis on information technologies and
the networked employment of joint military forces, Libicki’s ideas are espe-
cially important to the future of airpower because they emphasize the com-
bined capability of small, inexpensive weapon systems. Accordingly, small
remotely piloted aircraft that do not require airfields or robust logistics may
foster changes within the existing industrial maneuver warfare paradigm. As
noted in chapter 2, aerospace technologies have been continuously applied to
military aircraft and their supporting infrastructures and have enabled modi-
fications to existing concepts of operation. Nonetheless, RPAs may provide an
important opportunity for the US Air Force and its sister services. Swarm
technology involving small, inexpensive aircraft might serve as a vanguard for
a new airpower paradigm. This chapter explores the prospect of an RPA-
driven vanguard by surveying three topics: (1) presently employed RPAs and
their CONOPS, (2) developmental RPA technologies necessary for swarming
operations, and (3) the Instant Basing construct of logistics; its impact on the
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geographic positioning of forces, logistics, force protection, and politics; and
how it may provide grand strategic utility.

Remotely Piloted Aircraft and Their Concepts of Operation

Military unmanned aerial vehicles (UAV) are not a new phenomenon.
Their origins trace to 1918, but they retained a largely experimental nature in
subsequent decades.’ Since the 1950s, RPAs have been employed in covert
national security missions involving intelligence, surveillance, and reconnais-
sance (ISR). In recent decades they have demonstrated their utility in overt
military operations and have become an important aspect of contemporary
combat operations.* According to airpower scholar Tony Mason, the impor-
tance of RPAs was elevated in 1999 during Operation Allied Force. As part of
the 1999 Balkan conflict, “USAF RQ-1 Predators, USN RQ-2 Pioneers, and
U.S. Army RQ-5 Hunters . . . provided target information and verification,
battle damage assessment, and refugee monitoring” for a fraction of the cost
of manned aircraft.’

The utility of RPAs grew so much that in the five years following Allied
Force they provided a significant portion of ISR during air and ground opera-
tions in Afghanistan and Iraq.® Furthermore, theater-level RPAs, such as the
MQ-1 Predator, were modified to employ air-to-ground weapons. They pro-
vided an additional precision-strike capability, and later systems such as the
MQ-9 Reaper were deployed with ground-strike capabilities.” RPAs were
used extensively during Enduring Freedom and Iraqi Freedom, and their ef-
fectiveness catalyzed an exponential increase in demand for additional sup-
port.® The utility of their fused ISR and strike capabilities led the Air Force to
increase its RPA operational capacity to 65 combat air patrols (CAP).” Ac-
cording to one observer, “the Air Force measures its RPA presence in-theater
with the term ‘CAP,” which equals a 24-hour presence over a given geograph-
ical area. A single combat air patrol translates to about four aircraft: three in-
theater and one at home base for training”'° Large and medium theater-level
remotely piloted aircraft such as the RQ-4 Global Hawk, MQ-1 Predator, and
MQ-9 Reaper have been the most acclaimed segment of the Air Force’s RPA
fleet because of their ability to find, fix, target, and potentially destroy enemy
targets without risking the lives of pilots.!! However, they are a small segment
of the DOD arsenal of unmanned aircraft.

According to the Unmanned Systems Integrated Roadmap FY2011-2036,
the DOD employs a large array of remotely piloted vehicles ranging widely in
size and capability (see table 1)."2
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General Name Vehicles Ground Employing Service(s) Capability/Mission
Groupings Control
Stations
Group 5 RQ-4A 9 3 USAF/Navy ISR/Maritime Domain
>1,320 Ibs Global Awareness (Navy)
>18,000 alt Hawk/BAM
S-D Block
10
RQ-4B 15 3 USAF ISR
Global
Hawk Block
20/30
RQ-4B 1 1 USAF ISR/Battle Management
Global Command and Control
Hawk Block
40
MQ-9 54 6la USAF ISR/Reconnaissance,
Reaper Surveillance, and Target
Acquisition (RSTA)/electronic
warfare/Precision Strike
(PS)/Force Protection (FP)
Group 4 MQ-1A/B 161 61a USAF ISR/RSTA/PS/FP
>1,320 lbs Predator
<18,000 alt MQ-1 26 24 Army ISR/RSTA/PS/FP
Warrior/
MQ-1C
Gray Eagle
UCAS-D 2 0 Navy Demonstration Only
MQ-8B Fire 9 7 Navy ISR/RSTA/antisubmarine
Scout warfare/antisurface
warfare/mine warfare
Group 3 MQ-5 25 16 Army ISR/RSTA/Battle Damage
<1,320 lbs Hunter Assessment (BDA)
<18,000 alt RQ-7 364 262 Army/USMC/SOCOM  ISR/RSTA/BDA
Shadow
A160T 8 3 SOCOM/DARPA/Army Demonstration
Hummingbi
rd
Small 0 0 Navy/USMC ISR/Explosive Ordnance
Tactical Disposal (EOD)/FP
Unmanned
Aircraft
Systems
(STUAS)S
Group 2 ScanEagle 122 39 Navy /SOCOM ISR/RSTA/FP
21-55 lbs
<3,500 alt
<250 knts
Group 1 RQ-11 5,346 3,291 Army/Navy/SOCOM ISR/RSTA
0-20 Ibs Raven
<1,200 alt Wasp 916 323 USMC/SOCOM ISR/RSTA
<100 knts SUAS Puma 39 26 SOCOM ISR/RSTA
gMAV/T- 377 194 Army (gMAV) Navy ISR/RSTA/EOD
Hawk (T-Hawk)

Table 1. Department of Defense remotely piloted aircraft
(Adapted from DOD, Unmanned Systems Integrated Roadmap FY2011-2036 [Wash-

ington, DC: DOD, 2011].)
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Remotely piloted aircraft in Groups 1-3 are generally small, deployed by
field units, and have limited capabilities beyond providing local ISR support
to tactical forces. Many RPAs in these categories operate autonomously and
can be recovered by their operators in austere locations."> Micro-RPAs in
Group 1 “are used for individual situation awareness, have a range of 1 to 3
nautical miles (nm), can only be used in daylight with fair weather condi-
tions, and carry payloads weighing less than 0.5 1b.”'* Group 2 RPAs are called
mini-RPAs because they are “designed to be man-portable, launched and
flown by either a single soldier, or by a handful of troops”*®

Air vehicles in Group 3 are commonly referred to as small RPAs since their
operational capabilities and increased size, weight, and logistics requirements
are greater than mini-RPAs but less than their larger counterparts in Groups
4 and 5." Figure 4 illustrates the size difference between small, medium, and
large RPAs. Small RPAs are capable of supporting a multitude of missions
including “operational and intelligence support, psychological operations, re-
supply, ISR, and sensor deployment; have an endurance of 10 to 12 hours; and
typically carry payloads weighing 50 to 250 1bs"”

Aircraft in Group 4 are called medium RPAs, and those in Group 5 are re-
ferred to as large remotely piloted aircraft.’® Similar to small RPAs, medium
and large RPAs can accomplish a range of intelligence-related missions. Those
missions support theater-level objectives at much greater range than those in
the first three groups, and when medium and large RPAs are operationally
deployed, they are dependent on expeditionary air bases due to their size,
operational requirements, C2 infrastructure, and logistics needs.” Thus, it is
important to understand that the theater-level capabilities furnished by the
current generation of medium and large RPAs come at the expense of opera-
tional and logistical simplicity.

From an operational perspective, the Predator, Reaper, and Global Hawk
rely on complex architectures involving US-based ground stations (GS), satel-
lite communications relays, and forward-deployed ground control stations
(GCS). These RPAs operate under a “remote split” concept of operations that
reduces each platform’s deployed footprint by keeping the majority of mission
personnel and equipment in the continental United States (CONUS) rather
than the war zone.” Satellite connectivity allows remote split operations in
any geographic combatant command and thus reduces the logistical support
and force protection assets inherent to manned aircraft.?’ However, unlike
sorties using traditionally piloted aircraft, the success of Predator, Reaper, and
Global Hawk missions depends on reliable satellite and line-of-sight commu-
nication links. According to an experienced RPA operator, MQ-1/9 pilots rely
on “a C-band line-of-sight (LOS) link or Ku-band beyond line-of-sight
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(BLOS) satellite link” to maintain control of their aircraft through all phases
of flight (see fig. 5).>

RQ-4 Global Hawk/
Broad Area Maritime Surveillance

MQ-1 Predator

) ==

MQ-5 Hunter

et |

MQ-9 Reaper MQ-8 Firescout

pe— T af

MQ-1C Grey Eagle

RQ-7 Shadow M *
+

Figure 4. Selected Department of Defense RPAs from Groups 3-5
(Reproduced from Congressional Budget Office [CBO], Policy Options for Unmanned
Aircraft Systems, Publication 4083 [Washington, DC: CBO, June 2011].)
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GROUND CONTROL STATION (GCS)

SATELLITE ANTENNA

Figure 5. MQ-1 and MQ-9 LOS and BLOS configuration
Reproduced from Technical Order 1Q-1[Mlb-1, MQ-1B and RQ-1B Flight Manual, Change
11, 14 January 2008.

Although the Global Hawk’s architecture is similar to the Predator and
Reaper, it requires two satellites to conduct its mission instead of the single
satellite required for MQ-1/9 operations. Within the RQ-4 construct, one satel-
lite provides mission control element (MCE) pilots oversight of the aircraft’s
flight parameters, while a second satellite transfers intelligence and sensor
control data to intelligence specialists (see fig. 6).>* Although the RQ-4 is
largely reliant on satellite connectivity, it can continue its mission autono-
mously if it loses its communication links.

Unlike the MQ-1/9, the RQ-4 is highly automated. Almost all aspects of
the Global HawK’s flight profile are preprogrammed. During takeoff and landing,
the aircraft flies an autonomous sequence in which the launch and recovery
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Figure 6. RQ-4 Global Hawk system architecture
(Reproduced from Herbert ). Kramer, “Global Hawk UAS [Unmanned Aerial System] of

NASA,” https://directory.eoportal.org Image credit: NASA/DFRC.)

element (LRE) pilot monitors critical phases of flight via LOS equipment but
has few options to change the profile if an emergency occurs.** It is important
to note that most medium and large RPAs cannot perform autonomous take-
offs and landings, and remote operation during critical phases of flight is
problematic due to multiple-second delays in satellite communications.”® As a
result, LRE personnel and their LOS communications equipment will likely
remain essential aspects of medium and large RPA operations.” Furthermore,
automation does not alleviate their requirement for relatively long runways.
Due to their weight and dimensions, MQ-1/9s and RQ-4s require airfields
with 5,000- and 8,000-foot runways, respectively, and are often collocated
with manned aircraft.” Similar to the manned aircraft requirements discussed
in the previous chapter, medium and large RPAs must be positioned at bases
within range of their target area. MQ-1s and MQ-9s are typically based at
forward expeditionary bases because their combat radius is only 400 nm.?
The RQ-4 has a maximum combat radius of 5,400 nm and can be based
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farther from the area of operations.” Its transit time, however, decreases its
persistence over the target area. In many cases, RPA airfield compatibility and
range considerations are more critical than those of contemporary manned
aircraft because they lack the ability to conduct air refueling.*® Because of
these considerations, Predators, Reapers, and Global Hawks were based with
manned aircraft at expeditionary bases in Afghanistan and Iraq during Op-
erations Enduring Freedom and Iraqi Freedom. MQ-1s were positioned with
C-130s at Ali Air Base, Iraq, in 2004, and MQ-1s and MQ-9s were based with
a variety of manned combat aircraft at the Kandahar airfield and Bagram Air
Base, Afghanistan.’’ The 380th AEW operated RQ-4s, KC-10 tankers, and
AWACS aircraft from its location during both operations.*

Given their basing requirements, CONOPS for RPAs in Groups 4 and 5 are
often similar to the operational concepts of manned aircraft, as discussed in
the previous chapter. One exception is that RPA control systems are divided
among LREs, satellite relays, and stateside facilities instead of being resident
in the aircraft itself. In addition, their operational requirements and their
likely stationing at airfields operating manned aircraft make them subject to
the logistical considerations inherent with forward-employed manned aircraft.

Like manned aircraft operating from expeditionary bases, Predator, Reaper,
and Global Hawk RPAs are dependent on agile combat support.”* Following
their deployment to a given theater of operations, MQ-1/9s and RQ-4s require
hangars, maintenance facilities, force protection, food and shelter for their
associated personnel, munitions (in the case of the MQ-1/9), and a steady
supply of fuel.

Interruption of theater ACS may affect RPAs more than manned aircraft
because they are more heavily dependent on airlift. For example, because
Predators and Reapers have limited range and lack an autonomous landing
capability, they cannot fly into theater and instead must be disassembled and
packed into specialized containers for shipment to forward locations.* The
same is true when they are redeployed. Consequently, MQ-1/9s are heavily
dependent on military and commercial airlift for intertheater transport.

Although continued expeditionary operations require the forward deployment
of LREs, the RQ-4 does not have the same transport problems as Predator and
Reaper systems because its intercontinental range allows it to deploy and rede-
ploy without airlift. Nonetheless, because Global Hawks transit civilian airspace
during such flights, advance coordination and approval are required. Even
within the United States, the Federal Aviation Administration requires RPAs
to have a special flight certificate to transit controlled airspace.’ Like all for-
ward-deployed aircraft, RQ-4 and MQ-1/9 support equipment and personnel
are typically airlifted to and from the theater of operations.* Although remote
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split operations decrease the number of forward-deployed personnel and the
scale of ACS for medium and large RPAs, these requirements are not signifi-
cantly less than those for traditional manned aircraft.

Host nations also have the authority to regulate the use of RPA airfields.
Because the operational concepts of medium and large RPAs are tied to robust
airfields sustained by external lines of supply, host nations hold significant
political influence over US employment of its largest RPAs.*”” Host nations
may allow near unrestricted access to their facilities, as Saudi Arabia did during
Desert Storm. Alternatively, nations such as Pakistan may heavily restrict and
ultimately evict US forces from their air bases. In the first Persian Gulf War,
Saudi Arabia allowed the United States to use its airfields with few restrictions
and supplied fuel to all of coalition aircraft operating from Saudi bases.*® More
recently, Pakistan expelled MQ-1/9 aircraft from its bases following internal
opposition to US drone strikes against targets within Pakistani territory.”® The
Pakistani example demonstrates that RPAs may be just as vulnerable to host-
nation restrictions as manned aircraft.

Developmental RPA Technologies Necessary for Swarming

The MQ-1 Predator, MQ-9 Reaper, and the RQ-4 Global Hawk have served
important roles in the overall development of RPAs. They demonstrated that
remote split operations could reduce US airpower’s forward footprint with a
networked arrangement of ground stations, satellites, and expeditionary
bases. Their operational and logistical requirements, however, required that
they be employed much like manned aircraft. Furthermore, the use of foreign
airfields has meant that medium and large RPAs are subject to host-nation
oversight. However, swarms of micro, mini, and small RPAs might operate
free of airfields and thus significantly reduce the logistical footprint of US air
forces. Command and control of future RPAs, or swarms of RPAs, will also be
important. The MQ-1/9’s single-satellite remote split architecture may serve as an
excellent model for the development of future generations of globally deployed
RPAs. Regardless, RPA technology is still in its larval phase of development.

At the turn of the twenty-first century, the demand for ISR support at the
tactical, operational, and strategic levels of war accelerated service-specific
RPA development and procurement programs so much that each of the armed
services deployed air vehicles specifically suited to its own battlefield needs.*
During Iraqi Freedom more than 10 different types of remotely piloted air-
craft operated independently without the ability to exchange information be-
tween military services or other aircraft.*’ As a result of this uncoordinated
development and procurement of RPAs, the Department of Defense released
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the Unmanned Aircraft Systems Roadmap 2005-2030 and has since published
frequent updates.*” The 2005 document was intended “to assist DoD decision
makers in developing a long-range strategy for UA [unmanned aircraft] de-
velopment and acquisition in future Quadrennial Defense Reviews (QDR)
and other planning efforts, as well as to guide industry in developing UA-re-
lated technology.”*’ The document also alluded to the future utility of swarm-
ing RPAs on the battlefield:
Combining sensor products in novel ways using advanced processing systems on board
the aircraft will help solve the sensor autonomy problem as well. Smaller UA operating
with minimal data links, or in swarms, need this ability even more. The ability to flood
a battlespace with unmanned collection systems demands autonomous sensor opera-
tion to be feasible. While the carriage of multiple sensors on a single, small UA is prob-
lematic, networks of independent sensors on separate platforms that can determine the
most efficient allocation of targets need to be able to find, provisionally identify, and

then collect definitive images to alert exploiters when a target has been found with min-
imal if any human initiative.*

Although this mention of swarming was meant to spur an additional method
of collecting intelligence during wartime, it paralleled many of Arquilla and
Ronfeldt’s characteristics of swarming. They claim swarms will involve a high
degree of autonomy; “small, dispersed, internetted maneuver units”; “inte-
grated surveillance, sensors, and C4I [command, control, communications,
computers, and intelligence] for topsight”; and should have “stand-off and
close-in capabilities”* Simplified, future RPA swarms may require micro,
mini, or small air vehicles with few logistics requirements; a high degree of
aircraft and swarm autonomy; robust communications capability between
swarming aircraft; sufficient payload capacity; and C4I [command, control,
communications, computers, intelligence, surveillance, and reconnaissance]
connectivity.*

Micro, mini, and small RPAs have already been marketed for commercial
and military missions. Micro and mini RPAs are “optionally expendable, can
be carried by individual personnel, and generally operate within line-of-sight
range of the units they support” According to Defense Update, many fixed-
wing micro and mini unmanned air vehicles may “represent a new concept of
an ‘always ready’ UAV carried in a tube, with wings wrapped around the fuse-
lage. When needed, the UAV is pulled out of its tube, the wings automatically
snapping into position making the UAV ready to launch”* Although micro
and mini RPAs (Groups 1-2) provide small units significant utility with min-
imal logistics support, small (Group 3) RPAs demonstrate exceptional prom-
ise for theater-level applications. Small unmanned aircraft, such as the jointly
produced INSITU/Boeing ScanEagle and Integrator systems, use autono-
mous navigation, have a 50-mile range limited only by their communications
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equipment, and stay aloft up to 24 hours.* The Integrator also has multiple
payload bays and hard-points, or attachment sites, capable of carrying up to
37.5 Ib. of equipment and, potentially, weapons (see fig. 7).*

Figure 7. INSITU Integrator
(Photograph courtesy of INSITU.)

Furthermore, companies such as INSITU, Boeing, and SAIC developed
small RPAs that can be inserted into target areas by larger aircraft. Examples
of air-insertable RPAs include the SAIC Finder and Boeing SECC.*” During
operational testing, the Finder was carried by MQ-1/9 aircraft and controlled
using the Predator/Reaper’s satellite relay.”! Each of these aircraft has demon-
strated the reality of micro, mini, and small RPAs operating with minimal
logistics and without the need of airfields.

Beyond micro and mini RPAs that can be launched and recovered by indi-
vidual personnel, small RPAs such as the ScanEagle, Integrator, and Finder
are launched and recovered with minimal support equipment and manpower.
ScanEagles and Integrators are launched with a pneumatic catapult and re-
covered by a crane-type recovery system (see fig. 8).*

The launch catapult and recovery crane are relatively compact and can be
transported by a common ground vehicle.”® The Finder can also be catapult
launched and may be recovered using minimal equipment.** Furthermore,
these systems use readily available fuels such as gasoline, diesel, and jet fuel
and require as few as four people to launch, operate, and recover their respec-
tive vehicle.”® In 2004 the Marine Corps flew early variants of the ScanEagle
for 456,000 combat hours in OEF and OIF, and in early 2012 the Navy’s Inte-
grator RQ-21 variant achieved early operational capability (EOC) for use in
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land-based and maritime missions.” Although mini, micro, and small RPAs
may provide significant utility with minimal logistics, they will require more
advanced automation and communications technologies to allow them to op-
erate collectively within swarms.

Figure 8. INSITU ScanEagle/Integrator launch and recovery system
(Photograph courtesy of INSITU.)

Swarming weapon systems will require “complex organizational innova-
tions and more information structuring and processing capabilities” than are
possible with the current generation of manned and unmanned aircraft.”” Not
only will swarming aircraft be sharing information with other members of the
swarm, they will be operating autonomously within a system of autonomous
aircraft. Their guidance systems must have sufficient processing power to
maintain position within the dynamic swarm environment and also accom-
plish their mission objectives. According to the Unmanned Systems Integrated
Roadmap FY2011-2036, “The special feature of an autonomous system is its
ability to be goal-directed in unpredictable situations. . . . An autonomous
system is able to make a decision based on a set of rules and/or limitations. It
is able to determine what information is important in making a decision.”*®
Although decisions by humans are free, a cost is incurred when they are made
by machines.
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According to Rafael Yanushevsky, “The more autonomous ability a UAV
has, the more complex its guidance and control system is and, as a result, the
higher is its size and weight, the less . . . its endurance, combat radius, and/or
speed. Payload capacity and endurance (fuel capacity) are inversely related”>
Emerging technology will address a large part of this problem. For example,
innovations in complementary metal-oxide semiconductors (CMOS), essen-
tially the microchips in computers, have resulted in smaller, more-powerful
guidance and control systems. Breakthroughs in nanoprocessor technologies,
like those recently tested at Harvard University, could also decrease size and
weight while increasing the processing power of electronic guidance equipment
on board future generations of swarming RPAs.® Small RPAs such as the Sca-
nEagle, Integrator, and Finder are particularly sensitive to weight and use rela-
tively simple guidance systems. Therefore, fully autonomous guidance equip-
ment on small RPAs will likely involve miniaturized electronic components.

In situations where full autonomy is not technologically feasible or accept-
able to military commanders, operators may adjust a swarm’s level of auton-
omy. This concept is often called “sliding autonomy” or “flexible autonomy”
(see table 2).%

Table 2. The four levels of autonomy
(Reproduced from DOD, Unmanned Systems Integrated Roadmap FY2011-2036 [Washing-
ton, DC: DOD, 2011].)

Level Name Description

1 Human A human operator makes all decisions. The system has no autonomous
Operated  control of its environment although it may have information-only
responses to sensed data.

2 Human The vehicle can perform many functions independently of human con-
Delegated  trol when delegated to do so. This level encompasses automatic controls,
engine controls, and other low-level automation that must be activated
or deactivated by human input and must act in mutual exclusion of
human operation.

3 Human The system can perform a wide variety of activities when given top-
Supervised  level permissions or directions by a human. Both the human and the
system can initiate behaviors based on sensed data, but the system can
do so only if within the scope of its currently directed tasks.

4 Fully The system receives goals from humans and translates them into tasks
Autonomous  to be performed without human interaction. A human could still enter
the loop in an emergency or changes the goals, although in practice
there may be significant time delays before human intervention occurs.

For example, if commanders choose not to use fully autonomous swarms,
they may use hierarchical command and control to achieve human super-
vised autonomy. According to Yanushevsky,
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UAVs require human guidance to varying degrees and often through several operators,
which is what essentially defines an unmanned aerial system (UAS). . .. A hierarchical
control system, where a local operator controls a group of UAVs and an operator-man-
ager controls the actions of local operators, can provide the best solution of the coordi-
nated control of the fleet of UAV's. Moreover, the use of a manned aerial vehicle with an
operator as the leader of a local UAV group, instead of using a ground-based operator,
can significantly reduce the UAV’s payload and increase their performance.®

Regardless of guidance system and performance tradeofls, the willingness of
civilian leaders and military commanders to accept the risk of unintended
effects such as collateral damage will also shape their decisions to allow fully
autonomous RPA swarms. The DOD notes, “Robust safeties and control mea-
sures will be required for commanders to trust that autonomous systems will
not behave in a manner other than what is intended on the battlefield.”** Con-
sequently, computer algorithms that define RPA swarm flight parameters,
mission objectives, and communication protocols will be some of the most
important factors affecting leaders’ willingness to unleash their swarms.
Algorithms programmed into autonomous RPAs can be thought of as pre-
made decisions. For a given situation, a fully autonomous RPA will fly according
to the rule structures and parameters programmed into its software. This pro-
cess will repeat itself as long as the aircraft is in operation, and the fidelity of
the process will depend on the sampling rate of its guidance system.** Swarm
guidance algorithms are exponentially more complex than individual RPA
algorithms because they must account for the flight dynamics of individual as
well as neighboring aircraft and essentially make decisions for the swarm.®
These factors explain why major advances in RPA swarming have involved
algorithm research, development, test, and evaluation (RDT&E). University
of Pennsylvania researcher Vijay Kumar and his team of scientists gained noto-
riety for their swarm-enabling algorithms. As demonstrated in a recent video,
their algorithms enabled formations of quad-rotor helicopters to accomplish
multiple cooperative tasks, including advanced formation flight maneuvers.*
Other scientists, such as Dong You and David Shim, developed algorithms
that maximize the fuel capacity of RPAs by flocking vehicles in formation like
migratory birds.”” Flying in tight formations could save 12-20 percent in fuel
costs.% Furthermore, German scientists Alex Biirkle, Florian Segor, and Mat-
thias Kollman created sets of computer rules for collaborative micro RPA
swarms, ground-based sensors, vehicles, and ground control stations.*® Their
work also involved a communications infrastructure that may apply to future
military swarming applications.”” Other scientists and defense firms have also
developed algorithms for RPA search-and-destroy missions, automated ground
fueling stations for RPAs, and air refueling.” Regardless of algorithm success in
achieving specialized tasks that might contribute additional capabilities to RPA
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swarms, the defense industry measure of success will be its ability to integrate
the plethora of disassociated algorithms and technologies into an overall archi-
tecture that enables swarming CONOPS.

RPA swarms will rely heavily on the integration of software, aircraft capa-
bilities, computer guidance systems, sensor and weapons payloads, and C2
networks. Autonomous swarming aircraft will require sufficient flight perfor-
mance and equipment payload capacity so they can translate their algorithms
into effects desired by political and military leaders. Furthermore, they will
require C2 interfaces that allow commanders to use sliding autonomy according
to political aims or technological limitations. Bandwidth limitations involving
satellite communications will also impact the remote operation and C2 of
swarms.”> However, existing C2 aircraft such as the E-3 Sentry and E-2 Hawkeye
might facilitate theater-level command and control of RPA swarms if they are
retrofitted with appropriate technologies. According to the Unmanned Systems
Integrated Roadmap, human-supervised autonomous systems may be possible
as early as 2018, and swarms of fully autonomous systems may pass RDT&E
stages between 2020 and 2036.” Nonetheless, when the DOD finally acquires
the capability to conduct RPA swarming operations, the Instant Basing concept
of logistics might increase swarming effects while minimizing the logistical
footprint of future airpower operations. Moreover, RPA swarms linked to a
concept of Instant Basing may provide such uniquely capable ways and means
of power projection that the US military paradigm of overwhelming force
could be transformed to one of precise proportionality.

Instant Basing

A significant portion of US land-based airpower CONOPS is contingent
upon access to forward airfields. The deployment of land-based airpower in-
volves the geographic positioning of forces and subsequent sustainment of
forces by lines of supply, force protection (security), and diplomacy with host
nations. The basing of manned aircraft and existing theater-level unmanned
aircraft is dictated by the availability of compatible airfields and their ability to
provide sustained logistical support for continued operations. Furthermore,
because combat and support aircraft are often concentrated at large air bases,
forward airfields serve as lucrative targets for enemy attacks and afford host
nations significant political leverage. Consequently, the existing airpower
CONOPS involving manned aircraft and medium/large RPA equivalents
costs the United States considerable operational and strategic flexibility.

Instant Basing is a proposed logistical concept that increases joint force opera-
tional flexibility by significantly reducing the deployment and sustainment
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requirements of US airpower. Further, Instant Basing generates airpower with
minimal risk to US personnel because most Airmen, Soldiers, Sailors, and
Marines associated with this concept will deploy, generate their RPA swarms,
and redeploy to a different location before their presence becomes obvious to
the enemy. The Instant Basing concept also relies on global commercial lines
of supply, communications, and commerce to ensure that RPA swarms, their
support equipment, and associated personnel are available for deployment in
minimum time. The assumptions of this concept are (1) swarms of small
RPAs provide satisfactory theater-level effects, (2) the Department of Defense
works with the Department of State to gain use of swarm launch sites within
host nations, (3) commercial and military airlift are available, (4) personnel
responsible for launching and recovering swarming RPAs are positioned in
the theater shortly before an execution order, (5) force protection is provided
by small US military elements or by host nations, (6) host nations allow the
entry and exit of US personnel, and (7) joint forces provide security for In-
stant Basing personnel during operations in hostile territory. Clausewitz
wrote that “everything in war is very simple, but the simplest thing is difficult”
and emphasized that “friction” was the distinguishing factor between “real
war” and “war on paper.”’* At this stage in its development, the idea of Instant
Basing is significantly simplified and resides on paper for the purpose of
sparking new thinking about alternative means of power projection that ex-
ploit airpower principles and modern technological developments. The au-
thor acknowledges that no plan is easy, even if it involves Instant Basing.

The first stage of Instant Basing is the transportation of equipment and
personnel into theater. Notionally, teams of six people will be responsible for
launching 15-aircraft swarms of small RPAs.”” Three probable transportation
options exist for this ensemble. First, swarm-capable unmanned aircraft and
support equipment may be pre-positioned within areas of operation. Second,
swarming air assets and supporting persons may be directly transported to
their deployment site using commercial cargo carriers, passenger airlines,
and/or military means. Third, crated RPAs and associated equipment may be
deliberately kept in a state of transit within commercial carrier shipment sys-
tems. Future operations will likely involve a combination of these options and
may also include RPA swarms dispatched from US Navy warships and sub-
marines.” Nonetheless, Instant Basing primarily focuses on the rapid and safe
deployment of land-based airpower.

The first method of positioning swarm-capable RPAs in a theater using
Instant Basing involves pre-positioned US Military Sealift Command (MSC)
ships and/or terrestrial storage facilities. The MSC currently manages a fleet
of 30 pre-positioned maritime vessels loaded with military equipment for
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rapid response to global conflicts and could provide a flexible response option
for contingencies requiring swarming operations.”” One drawback, however,
is time lost moving pre-positioned ships into port, finding and oftloading assets,
and then arranging subsequent transportation to specific launch sites. Fur-
thermore, not all locations will have ports capable of handling large cargo
ships. If supply ships are able to dock, force protection will be a major concern
while in port. Additional personnel will be required to handle bulk supplies
of RPAs and launch/recovery equipment, and during that time, supply ships
and their personnel will be vulnerable to attack without host-nation force
protection and/or US military security personnel.

Another pre-positioning option may involve contracted or US-owned stor-
age facilities within allied countries. Just as stocks of RPAs could be stored on
MSC ships, the US military might store crates of RPAs and support equipment
in warehouses throughout geographic combatant commands.” However, this
option would also require significant security. Swarming RPAs will likely in-
volve classified and proprietary technology that will require continuous pro-
tection and frequent software and hardware upgrades. Furthermore, if they
serve as a key air asset for regional conflicts, GCCs may demand that they are
always available for rapid deployment. Unfortunately, even if storage sites are
secured on host-nation government bases, it may be difficult to maintain se-
crecy if local military, civilian populations, or enemy elements monitor US
storage facilities. Whether originating from seaports or terrestrial warehouses,
air weapons will be concentrated and likely require convoy transportation to
dispersed sites. Large convoys could introduce operational supply vulnerabili-
ties similar to those encountered by NATO convoys traversing Pakistan during
OEE” Given the drawbacks of pre-positioned forces, commercial and military
airlift may provide a better means of transportation for swarm assets.

A second force-delivery method makes extensive use of commercial logistics
firms, military airlift, and local transportation companies. Once RPA swarm-
force personnel are notified that they will be needed in a given theater of opera-
tions, their aircraft and equipment will be packaged and palletized for shipment.
USTRANSCOM will coordinate shipments via commercial logistics firms such
as FedEx, UPS, or DHL to locations as close as possible to designated launch sites
in host nations.*® Since commercial shippers require physical addresses, RPA
swarms and their equipment may be shipped to host-nation-approved soccer
stadiums, racetracks, or government facilities near optimal launch locations.® If
commercial airfreight companies are used, maximum consideration should be
provided to door-to-door delivery, shipment insurance, 24/7 surveillance of
shipments, and expedited delivery.*> Furthermore, the impact of stolen ship-
ments could be reduced if physical keys, access codes, or insertable critical
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components are personally carried by launch and recovery teams. When the
commercial cargo company provides an estimated arrival date and tracking
number, local defense travel offices will provide launch teams airline tickets to
locations closest to their planned launch site.*> RPA launch and recovery team
leaders should have sufficient authority to use government funds for costs as-
sociated with accessing equipment, expediting customs processing, and re-
lated expenses.* Ideally, swarm personnel will arrive at their equipment
drop-oft points shortly before the delivery of their shipment.®

If commercial airlift is not available or if planned launch sites are in hostile
territory, military airlift should be used to transport RPAs, support equip-
ment, and launch teams to host-nation locations closest to designated swarm
launch sites or to expeditionary airfields with adequate force protection. This
option may provide the greatest level of simplicity because swarm teams and
their equipment remain together. However, large numbers of US military
cargo aircraft and uniformed personnel may degrade operational surprise
and increase the need for additional force protection because enemy person-
nel may become alerted. Nonetheless, the delivery potential of commercial
and military airlift is finite. Thus, Instant Basing will likely involve a combina-
tion of commercial and military airlift. For a given timeline, one type of airlift
may be better suited to deliver personnel and equipment to their destination
faster than others. According to USTRANSCOM airlift specialist Michael
Spehar, “airflow planning” will be a critical consideration for the effective de-
livery of airpower assets into theater.® If the civil reserve air fleet (CRAF) is
used for intertheater transport, he recommends planning “CRAF missions
first and scheduling T-tail missions around them.”®” In any case, commercial
carriers’ delivery procedures may provide another means of pre-positioning
RPA swarms for short intervals.

Instant Basing may employ a third method of transporting crated RPAs
and associated equipment in which the US military deliberately keeps swarm
systems in a state of transit within commercial carriers’ logistics systems. The
shipping policies of commercial freight carriers like UPS, FedEx, and DHL
often provide the ability to reroute, reschedule, or store shipments for short
time periods in the event of missed deliveries.®® In cases where RPA swarms
have been shipped but the execution order has been delayed, military ship-
ment coordinators may be able to ensure the security of airpower assets by
rerouting their items multiple times. Shipments of military items may be
more secure if they are in constant motion aboard commercial aircraft or at
interim logistics centers than if they were stored at their destination. Track-
ing numbers on all items will ensure oversight during transit. This method
may be the true manifestation of logistical swarming because it involves the
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deployment of multiple assets/artifacts according to a master plan, yet is dis-
persed, hard to detect, and apparently harmless until coordinated and con-
centrated. If so, the coherence of logistical and operational swarming concepts
may provide commanders unforeseen ways and means of force deployment
within which supplies and weapons maintain “stealthy ubiquity” without the
need for visible logistical lines or concentrated military forces.*

This shipping option will also disperse swarm assets throughout the in-
creasingly robust global logistics system instead of concentrating multiple
swarms at a single destination’s storage facilities. If dispersal within air freight
companies’ logistical systems is not acceptable to military commanders, ship-
ment coordinators may arrange for RPA assets to be stored at destination
storage facilities so that launch and recovery personnel can pick up their
equipment at a later date. Purchasing extra insurance and security services
may provide an added degree of protection against theft and tampering. Al-
though this option may provide theater commanders additional time, crated
swarm components could become damaged because of increased handling.
Nonetheless, the use of airfreight companies’ delivery and storage procedures
may provide launch and recovery personnel a reserve stock of aircraft and
support equipment in the event their assigned equipment is damaged during
delivery and/or may provide replacements if their aircraft have system fail-
ures during launch. Regardless, it will be the operational commanders’ deci-
sion to use reserve supplies of RPAs. Before such a decision is made, swarm
teams must initiate the second stage of Instant Basing.

During the second stage of Instant Basing, deployed teams of swarm tech-
nicians will proceed to their designated launch sites, deploy their assigned
aircraft, ensure that each aircraft has an acceptable system status, and then
relinquish command and control to remote operators.”” Due to force protec-
tion and operational security reasons, launch sites should be located in deso-
late areas with adequate space for the launch and recovery of swarm RPAs.
However, host nations and threat levels in hostile territories may dictate that
launch sites are located on foreign government facilities or on coalition bases.
After the launch catapult, recovery crane, and line-of-sight swarm control
module are assembled, RPAs will be launched as quickly as possible.”’ Once
multiple aircraft are airborne, they will sequentially establish their position
within the swarm, and one of six team members will check the status of each
aircraft and collective swarm. If individual aircraft fail their system check,
they may either be recovered for immediate repairs and launched again or
repacked for reshipment to the United States. During this process, a second
member of the support team will establish contact with the remote C2 ele-
ment, either an airborne C2 aircraft or a CONUS-based operator using an
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MQ-1/9 style satellite architecture, and coordinate for the remote operator to
take control of the swarm.

After remote C2 elements assume control of the recently launched swarm,
airborne swarms will be sustained by a small number of launch and recovery
bases located throughout the area of operations. Instant Basing auxiliary
bases will be highly mobile and will have the responsibility of repairing and
replacing damaged, lost, or malfunctioning RPAs as required. They will also
be responsible for recovering RPA swarms once the regional conflict has been
concluded. However, swarms will remain airborne for as long as possible with
RPA-to-RPA refueling or air refueling with manned tanker aircraft. After
launch and recovery teams relinquish control of their swarms to remote C2
elements, they can begin their redeployment to the United States or to their
next assigned intratheater location.

During the third stage of Instant Basing, swarm technicians will disassem-
ble their equipment and deliver it to a commercial or military shipping agent
for transport back to the CONUS or another location. If launch and recovery
personnel are not required for further duty, they will fly back to their home
base via commercial or military airlift. From start to finish, the desired Instant
Basing timeline provides theater commanders airpower within four days and
only exposes US launch and recovery teams to potential enemy action during
three days (see table 3).

Table 3. Proposed Instant Basing timeline

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Travel Travel Shipment Launch  Reshipment &  Travel Travel
(CONUS Receipt & Redeployment (CONUS
Start) Accountability End)

Swarms may be launched in less time if they are delivered by military air-
craft or launched from US Navy surface ships and submarines. In scenarios
involving air-launched swarms, the timeline would be reduced to the time
required to transport air-deployable RPA swarms to an area where they could
assemble their formations. Furthermore, a reduced timeline involving air de-
ployment of RPA swarms may provide an increased level of surprise as com-
pared to the timeline proposed in table 3. Nonetheless, the use of air-delivered
swarms may add complexity and risk to operations relying on RPA swarms
since aircraft might have less opportunity to fix problems with individual RPAs
or rectify C2 connectivity problems that might develop once the swarms are
launched. Thus, if RPA swarms are launched from aircraft, operational planners
should consider whether faster deployment justifies the risk of failed swarms.
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Regardless of their launch method, RPA swarms require significantly less
logistics than existing manned aircraft. For example, launching 1,000 swarm-
capable RPAs would only require 400 personnel and 6,500 gallons of fuel.”?
During military operations, a typical US Air Force combat wing of 72 manned
combat aircraft consumes 500,000 to 1,000,000 gallons of fuel per day and
requires the support of 1,500 to 2,000 people.”® By percentage, the projected
daily fuel requirement of 1,000 small RPAs is 1.3 percent of a typical manned
aircraft combat wing, and the RPAs’ personnel footprint would be 73 percent
smaller than a typical manned air wing.** Furthermore, most swarm teams are
only needed for their RPAs’ initial launch. Once swarms are airborne and launch
crews have redeployed, the swarm force’s personnel footprint will decrease to a
much lower percentage.

On initial observation it may seem as if swarm-capable RPAs might be in-
capable of delivering sufficient combat effects. Such a conclusion is not neces-
sarily correct, because RPA swarms provide airpower effects differently than
manned aircraft. Swarms are intended to provide more organically effective
ISR, electronic warfare effects, and, in some circumstances, kinetic effects and
may potentially have the ability to collectively change their radar signatures
such that swarms might mimic larger manned aircraft.” One of the overarching
ideas within this swarming concept is that small, dispersed, lightly armed
forces that are deployed in large numbers may provide commanders and politi-
cal leaders more options than manned aircraft and their associated weapons.
Although RPA swarms may not carry bomb loads as large as manned combat
aircraft, their kinetic payloads may provide sufficient force at much less cost
than traditional aircraft. Moreover, the small explosive yields of RPA weapons
may provide more proportional force capability because destructive force begins
at a much lower level than the smallest bombs carried on the current generation
of manned aircraft. One must ask, is a 250-, 500-, 750-, 1,000-, or 2,000- 1b.
bomb necessary in every situation? Arguably not, and thus the utility of RPA
swarms may be best suited for situations involving low-intensity warfare.

In those situations where more force is necessary, other weapon systems
capable of carrying large bombs may be required. Nonetheless, the destructive
power of lightweight bombs carried by swarming aircraft will likely increase
and may be able to deliver destructive power equivalent to the bombs loaded
on today’s manned combat aircraft. Nanotechnology involving the chemical
structures of explosives may greatly increase the destructive yields of bombs
delivered from RPA swarms.” Ongoing research has already increased the
destructive force of some explosives without increasing their weight or volume.*”
Regardless, RPA swarms’ most important utility may be their ability to flexi-
bly deliver proportionate airpower effects in conflicts involving significant
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force limitations. Especially within low-intensity conflicts, weapons with adequate
destructive power which risk less collateral damage may provide commanders
more utility than the current generation of air-to-ground bombs. Ultimately,
the commander’s perception of the context of the environment will determine
the utility of a given weapon system, and RPA swarms thus provide an impor-
tant option for the commanders and policy makers of the future.

Instant Basing and its use of swarming RPAs has the potential to provide
significant efficiencies and create new power-projection options; however,
munitions shipment and distribution may be a problem if future generations
of aircraft require the use of high-explosive bombs and chemical propellants
for projectile rounds. Because munitions require special handling procedures
and security measures and cannot be transported on commercial aircraft,
they will probably have to be pre-positioned or airlifted by military aircraft.”®
Once the munitions are in theater, moreover, it may be problematic to deliver
them to swarm launch teams in accordance with Instant Basing timelines.
Nevertheless, it may be possible to launch armed RPAs from aircraft or naval
vessels and have them rendezvous with RPA swarms that lack kinetic capa-
bilities. Once armed RPAs are air-delivered they would then be sustained in
the same manner as their unarmed swarm counterparts.

The development and employment of directed-energy weapons and minia-
turized railguns may also help alleviate concerns involving the deployment of
RPA swarm armaments; however, the RDT&E of such weapon systems are in
their early stages. In 2007, a Defense Science Board report revealed that “at me-
dium power levels, solid state laser systems with improved efficiency and reason-
able beam quality could provide manned and unmanned aircraft applications at
power levels of tens to hundreds of kilowatts for self-defense and, eventually,
precision ground attack”™” Railgun technology is also significant because it uses
electromagnetic coils instead of chemical propellants to fire military projectiles
farther and faster than traditional gun systems.'® Furthermore, railgun projec-
tiles destroy their targets with their large kinetic energy instead of explosive
charges and might be universally transportable.’" Regardless of RPA swarms’
potential to provide new airpower capabilities with minimal deployment and
redeployment timelines and relatively miniscule logistical requirements, Instant
Basing will only be effective if it fits the political context of a given scenario.

According to van Creveld, “Strategy, like politics, is said to be the art of the
possible; but surely what is possible is determined not merely by numerical
strengths, doctrine, intelligence, arms, and tactics, but, in the first place, by
the hardest facts of all: those concerning requirements, supplies available and
expected, organization and administration, transportation and arteries of
communication.”'*® The aim of Instant Basing is to make airpower’s “hardest
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facts of all” less limiting by dramatically reducing the need for large airfields,
petroleum convoys, and vast numbers of continuously deployed personnel
and support equipment.'® Furthermore, as James Huston observed, “logistics
is the application of time and space factors to war” and “provides the substance
that physically permits an army to ‘live and move and have its being’ ”'** His
statements will be even more prophetic if Instant Basing comes to fruition
because the logistics concept will allow locust-like swarms of RPAs to emerge
at any time from nearly any place planners see fit.

Most importantly, Instant Basing may influence the context of US military
thought. Instead of viewing the world from a Westphalian perspective, one in
which the globe is divided by territorial boundaries, civilization could be per-
ceived in the context of an overarching complex of interconnected govern-
ment and commercial logistical firms. Regional crises then become lesions
underlying the international logistics network. If the United States maintains
a rapidly deployable airpower force comprised of RPA swarms that are con-
stantly in a state of transit throughout the international logistics network, it
can maintain a strategic defensive position that simultaneously enables po-
litical and military leaders to maintain the initiative in a spectrum of scenar-
ios. According to Clausewitz, the strategically defensive actor seeks to “keep
his territory inviolate, and hold it for as long as possible”' However, in the
context of Instant Basing’s potential application, territory will not be the aim;
instead, maintenance of international security and stability will be the over-
arching goal.

In this context the US military might also consider Instant Basing as a con-
struct for global guerilla-type operations to gain and maintain continuing ad-
vantage with respect to potential or emerging regional problems.'* For exam-
ple, Mao Tse-tung wrote the following ideas during his fight against Imperial
Japanese forces:

When the situation is serious, the guerilla must move with the fluidity of water and the

ease of the blowing wind. Their tactics must deceive, tempt, and confuse the enemy.

They must lead the enemy to believe that they will attack him from the east and north,

and they must then strike him from the west and the south. They must strike, then rap-

idly disperse. . . . Guerilla initiative is expressed in dispersion, concentration, and the
alert shifting of forces. . . . Skill in conducting guerilla operations, however, lies not in

merely understanding the things we have discussed but rather in their actual application
on the field of battle.!"”

Instant Basing may be used as a type of global guerilla tactic because it in-
tends to provide the United States the capability to employ significant air-
power from almost any location in a minimum amount of time and aims to
exert influence in a region by making the enemy unable to determine the lo-
cation or future concentration and application of US forces. Similarly to T. E.
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Lawrence’s World War I guerilla tactics in the Middle East, future conflicts
will be “wars of detachment” where the global logistics network “contains the
enemy by the silent threat of a vast unknown desert not disclosing ourselves
till the moment of attack”'®® During attacks, instantly based swarms of RPAs
will provide the means for rapid punishment (destructive force); however, the
implied omnipresence of swarms may also deter enemies from disobeying
international norms, laws, and customs. Robert Pape contends, however, that
for airpower to coerce enemies to behave as the international order expects, it
must be applied in the context of the enemy’s strategy.
For coercion through denial to succeed, the coercer must exploit the particular vulner-
abilities of the opponent’s specific strategy. All military strategies do not share the same
weaknesses. Modern nation-states employ two main types of strategies in conflicts with
other states: mechanized (or “conventional”) war and guerilla (or “unconventional”)
war. In this context “mechanized” refers to the dominance of the types of mechanical
weapons and transport provided by the industrial revolution, not to battle tactics that
rely on armored vehicles and rapid mobility, such as the German blitzkrieg. The objec-
tive in mechanized war is destruction of the enemy forces, by means of massive, heavily
armed forces that fight intense, large-scale battles along relatively well-defined fronts. . .
. Guerilla warfare, in contrast, aims to gain control over population, usually beginning
with villages located in remote areas, and to use these anchors to control still larger seg-
ments of the population and thus undermine support for the government. Guerillas
fight in small units dispersed over large areas with no well-defined front line. . . . From
the coercer’s point of view, the most important difference between these two strategies is

that mechanized war is highly dependent on logistics and communications networks,
and guerilla war is not (emphasis in original).'®

Instant Basing’s capability to generate RPA swarms supported by a small
logistical footprint may make it particularly suited to providing significant
coercive utility in low-intensity conflicts if (1) “coercers can obtain conces-
sions only over the specific territory that has been denied to the opponent,”
(2) “military pressure” can be “maintained continuously until a satisfactory
settlement is reached,” and (3) “the coercer demonstrates the capacity to con-
trol the disputed territory by force”''® Furthermore, the organic capabilities
included within RPA swarms could provide surveillance, limited airdrop, ki-
netic effects, and other missions toward military objectives found within low-
intensity conflicts. If successfully employed, instantly based swarms may pro-
vide a compelling threat that influences the behavior of the enemy through
continued punishment in cases of enemy misbehavior, but it may also cause
the enemy to believe that it will be punished if it disobeys the international
order.""! According to Nobel laureate Thomas Schelling, “Deterrence involves
setting the stage—by announcement, by rigging the trip-wire, by incurring
the obligation—and waiting” (emphasis in original).""? If Instant Basing and
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RPA swarming capabilities are demonstrated, they may create new ways and
means to such ends.

Conclusions about an RPA Vanguard

Regardless of Instant Basing’s potential grand-strategic and military-strategic
implications, the integration of RPA technology with swarming concepts cre-
ates the potential for a new paradigm of US airpower. However, before RPAs are
able to swarm and demonstrate meaningful airpower effects, significant RDT&E
is required to merge a diverse array of algorithms that control the flight, com-
munications, and weapons employment characteristics of RPA swarms. In the
meantime, current medium and large unmanned aircraft are essentially em-
ployed as manned aircraft controlled from afar. The MQ-1 Predator, MQ-9
Reaper, and RQ-4 Global Hawk command, control, and communications infra-
structures will be important models for future remote operations involving
RPA swarms. Furthermore, US airpower remains oriented toward maneuver-
type operations as explained in the previous chapter. This trend will continue
until technologies involving small RPA swarms mature to such an extent that
they can demonstrate airpower effects commensurate with those of the US mil-
itary’s manned aircraft fleet. When that happens, the Instant Basing logistics
concept might provide the foundation for rapidly deployable swarm airpower.

The premise of Instant Basing is that swarms of small RPAs might provide
significant airpower effects with minimal logistics support; thus, they can be
rapidly deployed from CONUS and/or from within the global logistics infra-
structure by small teams of launch and recovery personnel. If swarming and
RPA technologies mature to such an extent that this concept is possible, In-
stant Basing may have a significant influence on US airpower. Because RPAs
used in Instant Basing do not require airfields, swarms are launched from a
variety of locations as determined by the theater strategy. This chapter does
not specifically provide a future-swarming CONOPS; however, the next chap-
ter does. After the swarms are launched, their launch and recovery teams re-
turn to the United States or other deployed locations to minimize their expo-
sure to enemy elements and reduce overall force protection requirements.
According to the proposed Instant Basing timeline, swarms of RPAs can be
airborne within four days, and support personnel based in the United States
will be back at their original CONUS destination in seven days. If RPA swarms
are launched from aircraft or naval vessels, US personnel will be out of harm’s
way even sooner. Once RPAs are launched they will provide persistent air-
power over their target areas and receive air-refueling support from other
RPAs until operational commanders order their recovery.
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If Instant Basing is successfully demonstrated in the future, it will multiply
flexibility in geographic positioning, logistics, security, and politics for opera-
tional planners and commanders. Since airfields will not be required, air as-
sets may be placed closer to target areas, providing a range benefit to RPA
swarms, and will not be limited by airfield availability like manned aircraft.
Swarms of small RPAs will use miniscule amounts of fuel as compared to
manned aircraft, and their small size will allow a variety of transportation op-
tions. As a result, the logistics requirements of swarm-based airpower could
be significantly less than today’s manned aircraft.

Force protection will still be a concern; however, the rapid nature of Instant
Basing swarm deployments will minimize the exposure of support personnel
when operating in permissive environments. In hostile environments, swarm
teams will require force protection from joint forces; however, because Instant
Basing launch and recovery sites will be dispersed and support presence in
the area of operations is brief, force protection requirements are expected to
be much less than if swarm assets were statically concentrated on expeditionary
air bases.

Diplomacy with host nations will remain a significant consideration. Host
nations will always hold leverage over foreign entry into their country. None-
theless, because RPA swarms are less conspicuous, involve fewer forward-
deployed personnel, and do not require airfields, foreign nations will have less
leverage to influence the United States. Moreover, because RPA swarms can
be formed very quickly and remain airborne, host nations have fewer ways
they can affect operations once begun. They may also be more reluctant to
restrict US operations since swarms may not be visible to the local population.

Will RPA swarms become a vanguard for a new airpower paradigm? Cur-
rent and near-future technologies open the door, yet entering such an era re-
quires that the airpower institution reconsider the traditional employment of
power and effect the organizational changes necessary to exploit a new con-
cept of operations. Such innovation will likely cohere with and be spurred by
the demands of the modern security environment, especially considering the
flexibility and opportunity it supplies to senior political and military leaders.
They may be well served by the ability of RPA swarms to impose, among other
things, a sort of guerilla warfare against nation-states and nonstate actors be-
having badly. RPA swarms may provide an added measure of deterrence
against sovereign and nongovernmental actors and could increase interna-
tional stability if enemies suspect their presence throughout the global logis-
tics structure. Regardless, just as regular forces are often surprised by guerilla
attacks, it is likely that the military will be surprised by the emergence of new
technologies relating to RPA swarms. Longtime military affairs scholar David
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Mets is probably correct that “the real success of new weapons usually comes
in areas that were unimagined by the scientists and developers™" In the fu-
ture, Instant Basing may keep the military version of locusts alive, but their
technological birth and metamorphosis will require significant commitment
from the Department of Defense.
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Chapter 4
Locust Swarm’s First Test

There is evil hiding in my country’s shadows. Please save Nigeria
before it is too late.

—Pres. Adisa Martins, 25 December 2019

Locusts came out of the smoke onto the land, and they were given the
same power as scorpions of the earth. . . . The appearance of the
locusts was like that of horses ready for battle. . . . Their teeth were
like lions’ teeth, and they had chests like iron breastplates. The sound
of their wings was like the sound of many horse-drawn chariots racing
into battle.

—Revelation 9:3-9

During his limousine ride back to the White House, Pres. Dominic John-
son was thinking how the Washington skyline looked especially beautiful.
Snow, streetlights, traffic, and a starry sky created a kaleidoscope of colors.
Christmas Eve services at the National Cathedral had gone well, and he looked
forward to some sleep and a peaceful Christmas morning with his wife and
children. The president cherished moments like these because they were free
of crisis, were shared with his family, and had nothing to do with the upcoming
2020 election.

Johnson’s mood quickly changed when he spotted Sarah Nguyen, his na-
tional security advisor, waiting inside the White House entrance. She was not

one to intrude on the president’s family time and often took care of problems
herself. This had to be bad.

Crisis in Nigeria

Hours earlier, the Nigerian terrorist organization Boko Haram (translated
as “Western education is forbidden”) had begun systematically killing Nigeri-
ans attending Christmas Eve services. The attacks were part of Boko Haram’s
plan to eradicate non-Muslims from Nigeria and create an Islamic state.! The
group initiated its offensive by placing bombs inside Christian churches and
waiting for the buildings to fill. After the services began and the doors closed,
Boko Haram strike teams secured the exits and detonated their bombs. Car
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bombs demolished the entrances of 12 foreign-owned oil refineries and trig-
gered panic among Nigerias foreign nationals. Boko Haram operatives also
captured several Christian government officials, beheaded them, and posted
their heads in prominent places with notes that read “I was an infidel oppressor.”
Between 8:00 p.m. and midnight, Boko Haram killed thousands of Christians,
especially Americans, and spread chaos among the remaining population.

Prior to this crisis, the Nigerian government had faced an assortment of do-
mestic maladies yet was able to maintain a tenuous peace. Nigeria is the world’s
eighth-largest oil producer and Africa’s most populous state.> Approximately
203 million people live in an area roughly twice the size of California (see fig.
9).? Poverty, pollution, corruption, religious conflict, and terrorism are con-
stant concerns. Approximately 70 percent of the population lives in poverty,
21 percent are unemployed, oil spills pollute much of the coastal region, and
corruption is rampant.* Furthermore, Nigeria is polarized by seemingly in-
compatible religious beliefs. The northern portion of the state is predominantly
Muslim and governed in accordance with sharia law, while the southern half is
predominantly Christian.” Nonetheless, despite occasional skirmishes, the
self-imposed segregation of Nigeria’s Muslim and Christian populations has
produced an entente between the factions. This environment provides Boko
Haram an excellent opportunity to recruit additional members and prepare
assaults against its Christian enemies.

Although Boko Haram has conducted terrorist attacks in the past, many
believe the group has lost its intent and capability to conduct coordinated
large-scale attacks. From 2002 to 2012, it was responsible for numerous of-
fensives against Christian government officials, police stations, churches, and
government-sponsored schools.® It also gained extensive international atten-
tion following a 2011 car-bomb attack against the United Nations headquarters
in Nigeria’s capital, Abuja.” Many experts worry that Boko Haramss affiliations
with al-Qaeda in the Islamic Maghreb (AQIM) and al-Shabaab might increase
its ability to recruit dissatisfied Muslim youth and conduct complex attacks
against Nigerian targets.® For example, US Army general Carter Ham stated
in 2011, “What is most worrying at present is, at least in my view, a clearly
stated intent by Boko Haram and by al-Qaeda in the Islamic Maghreb to co-
ordinate and synchronize their efforts. 'm not so sure they’re able to do that just
yet, but it’s clear to me they have the desire and intent to do that” Nonetheless,
international military aid and training helped the Nigerian government keep
Boko Haram in check with proactive attacks against its leadership and sup-
porters. In 2009 Nigerian security forces killed Boko Haram’s leader, Muham-
mad Yusuf, and hundreds of his followers.!° In 2012, its armed forces contin-
ued their assaults on the organization and forced it into dormancy by the end
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of 2013." In the following years, the terrorist group seemed to disappear with
little trace. Reporters and Nigerian officials heard occasional rumors of Boko
Haram activity; however, most people assumed the group had been defeated
(see fig. 9)."
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Figure 9. Nigeria
(Reproduced from CIA, "Nigeria," World Factbook, [Washington, DC: Brassey’s, 2015],
https://www.cia.gov/library/publications/the-world-factbook/geos/ni.html.)

On the contrary, Boko Haram bided its time until a major attack was pos-
sible. Following the assassination of Muhammad Yusuf and the losses incurred
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from the government’s 2012 counterattacks, its leaders changed their strategy.
Instead of fighting small battles that brought few benefits, they ordered a halt
to violent actions and banned any overt reference to Boko Haram. Mean-
while, its members infiltrated Islamic communities throughout Nigeria and
earned significant positions of authority within those societies. Boko Haram’s
clandestine members used their positions to gather intelligence and stockpile
small arms and explosives in secure locations. From 2016 to 2019, Boko Haram,
AQIM, and al-Shabaab operated training camps in Niger that covertly trained
hundreds of militants for the 2019 Christmas Eve attacks.

Surveying Response Options

After a preliminary briefing by his national security advisor, President
Johnson calls for an immediate meeting with the National Security Council
(NSC)." Following the advice of the secretary of state, secretary of defense,
and chairman of the Joint Chiefs of Staff (CJCS), the president includes the
US ambassador to Nigeria and the commander of US Africa Command
(USAFRICOM) via video teleconference. The president’s primary concerns
involve the safety of US citizens in Nigeria, impact on the global economy,
and the possibility that genocide has occurred. In 2019, Nigeria maintains its
position as the sixth-largest oil exporter and fifth-greatest oil supplier to the
United States.' President Johnson fears that any decrease in crude production
could increase oil prices and slow the global economy. He is also worried that
the Christmas Eve attacks might be the beginning of a Nigerian genocide.

During the NSC meeting, it becomes obvious that the United States has
few intelligence resources in position to analyze the conflict. Intelligence as-
sets have been focused elsewhere, and the unexpectedness of the crisis means
that little information is available. Furthermore, the armed forces have few
means to respond quickly. Following the 2014 redeployment from Afghanistan,
the Pentagon allocated the majority of its combat forces to the Pacific in de-
fense against China’s growing military might."” Africa was not a high priority;
therefore, few bases exist there. The only US air bases on the African continent
are in Djibouti, Kenya, and Ghana.'

President Johnson inquires about projecting force from the United States
and the cost of such a plan. The secretary of defense responds that this option
is possible but will require time to reallocate ISR, cargo, and combat assets
from other theaters. She adds that sustained operations will require additional
air bases in or near Nigeria at significant cost. The president is also worried
that military operations might cost his administration political capital be-
cause he is already under significant scrutiny for his inability to tame the $20
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trillion US national debt."” Nonetheless, he feels that because this situation
threatens US citizens traveling abroad and potentially involves genocide, it is
the duty of the United States to act as quickly as possible, even before a coalition
can be created. Moreover, he wants this task accomplished at minimum cost.
At the end of the meeting, President Johnson issues guidance to his staff.
He asks his ambassador to offer the Nigerian government military assistance
for humanitarian, intelligence, and security operations. The president also or-
ders the Departments of Defense and State to develop a plan that will bolster
the Nigerian government’s ability to maintain the security of its population,
including foreign nationals, and protect its oil refineries. He reiterates that
such a plan should be conducted in the most cost-effective manner.
Following the meeting, the secretary of state works to gain the support of
Nigeria’s neighboring countries. Ghana, Benin, and Cameroon offer their
support as long as ground troops are not deployed to or from their countries.
However, they approve the use of their airfields as cargo and air-refueling
bases and permit the presence of US support personnel on these bases. These
were each former European colonies and thus are sensitive to the presence of
Western military forces.' Niger refuses to support US efforts to stop the Boko
Haram offensive because of its strong ties to Nigeria’s Muslim population.
Shortly thereafter, Nigerian president Adisa Martins calls President John-
son to ask for US help. He states that Boko Haram terrorists roam the streets
at night and are searching for government officials, policemen, military ser-
vice members, and Christians. They use stolen church registries to refine their
hunt. Martins has declared martial law; however, Boko Haram’s numerous
dispersed attacks prevent Nigerian military and police forces from respond-
ing in a timely manner. The Nigerian president emphasizes that his govern-
ment’s forces hold marginal control of the country and might be defeated in
the near future. President Johnson assures him that the United States is will-
ing to conduct operations in support of his government. President Martins
concludes their conversation by saying, “Thank you for your help. There is
evil hiding in my country’s shadows. Please save Nigeria before it is too late”

Course-of-Action Development and Selection

In response to the developing crisis, USAFRICOM’s joint planning staff
begins assessing options. Joint planners determine they will not need to gain
air superiority. Based on their understanding of Nigerian air defenses, Boko
Haram poses little threat to airborne assets. They additionally assume that this
conflict is low intensity, involving only personnel and lightly armed vehicles.
The planners determine that Cameroon’s airfield in Garoua might serve as an
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important expeditionary base because of its proximity to Abuja and its
10,000-foot-long runway (fig. 10)." They assess that Garoua has a high
probability of supporting refueling operations because Cameroon possesses a
significant oil refining capability.® They also decide that Ghana’s airfield in
Accra might be suitable for tanker and cargo aircraft because of its long runway
and existing US presence.”!

Figure 10. Cameroon
(Reproduced from CIA, "Camaroon," World Factbook, [Washington, DC: Brassey’s, 2015],

https://www.cia.gov/library/publications/the-world-factbook/geos/cm.html.)
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In accordance with the president’s guidance, USAFRICOM planners de-
velop six operational requirements. First, US air assets have to be deployed
rapidly. Second, the crisis requires the commitment of multiple ISR capabili-
ties to assess the environment and develop targeting information. Third, US
forces need points of contact from the Nigerian government to help coordi-
nate air operations against Boko Haram militants. Fourth, US air assets require
adequate force capability to secure key locations so that Nigerian military and
police elements can operate with improved freedom of action and mobility.
Fifth, there is the need for persistent airpower. And finally, a significant emphasis
is placed on cost-effectiveness.

After the USAFRICOM planning staft conducts operational design and
mission analysis, they develop multiple courses of action (COA) involving
manned and unmanned aircraft. The combatant commander chooses a COA
involving swarms of small RPAs, called Locust Swarms, because he thinks
they best satisfy the president’s intent and the operational requirements of
Nigeria’s crisis.”> Armed Locust Swarms are rapidly deployable and can be air-
dropped over key Nigerian locations including government and police head-
quarters, oil refineries, airfields, and military bases. Locust Swarms possess
persistent ISR and kinetic-attack capabilities, are cheaper to operate than
manned aircraft, and have a C2 structure that enhances coordination with
host-nation officials during operations. They can also be kept airborne indefi-
nitely with air-refueling support. USAFRICOM also intends to operate manned
and unmanned tanker aircraft from naval vessels patrolling the coast of Nigeria
and from land bases at Accra, Ghana, and Garoua in Cameroon. The Locust
Swarms will be remotely piloted from CONUS and European locations.”

Planners estimate that an initial deployment of 100 swarms will require
tanker support and 25 RPA combat air patrols (CAP).>* As the security situa-
tion improves, small tanker RPAs launched from Instant Basing locations in
southern Nigeria will gradually reduce the need for tankers based outside the
state.” Ideally, Instant Basing teams will be deployed within 16 hours of Lo-
cust Swarm deployment. The establishment of Instant Basing locations will
also reduce the demand for RPA CAPs, because local RPA bases can control
swarms via line-of-sight (LOS) communications. If conditions deteriorate
and Martins’s government loses its ability to maintain order, the United States
can escalate its use of force via intercontinental bombers or carrier-based jet
aircraft. If the situation becomes irredeemable, it can recover its Locust
Swarms to US naval vessels or regional land bases such as Garoua.
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Command and Control

Locust Swarms can conduct autonomous operations, according to the
2011 DOD Unmanned Systems Integrated Roadmap: “They received goals
from their human controllers and translated them into tasks to be performed
without human interaction”* Their algorithms and software allow them to
survey their environment autonomously until they detect potential threats.
Swarms are programmed to alert their controller and command-and-control
element if threats are detected so they can either collect additional informa-
tion or employ kinetic weapons. The process minimizes the workload of con-
trollers and C2 elements and facilitates the management of large numbers of
Locust Swarms. The standard autonomous alerting capability is available re-
gardless of the communication means used to link human controllers with
their swarms.

Planners intend to command and control Locust Swarms through satellite,
LOS, and Internet connectivity.”” Satellite connectivity will be the primary
means of C2 until Instant Basing teams can provide LOS connectivity. As
protected launch and recovery locations become available, swarming opera-
tions will use Nigerian government and commercial Internet service provid-
ers (ISP) serving urban and industrial areas.”® Thus, the Internet will provide
Instant Basing LOS elements connectivity with theater and CONUS C2 ele-
ments without satellite links, airborne C2 aircraft, or in-country C2 facilities.

The Internet also provides an important means of ensuring that the Nige-
rian government can communicate with US forces, observe operations, and
authorize the use of force if necessary. With the help of the US ambassador to
Nigeria and other State Department officials, special operations forces (SOF)
personnel will deliver coded common access cards (CAC) to designated Ni-
gerian officials.?” SOF members will also provide a discrete, 128-bit encrypted
website address affording designated Nigerian representatives current video
feeds and the ability to communicate with US forces via an included chat ca-
pability.* If individual CACs are lost, stolen, or compromised, their access can
be disabled. Thus, Nigerian officials have a secure capability to positively iden-
tify targets and authorize US use of force before an attack. This line of com-
munications gives the United States a degree of deniability should collateral
damage occur, and it also bolsters the legitimacy of the Nigerian government
because it holds the ultimate authority for attacks against local targets.
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Executing the Plan

In the period leading up to air operations, the US ambassador to Nigeria
maintains contact with President Martins and gives him a document outlining
USAFRICOMs plan to guard government facilities, airports, and oil refineries.
The outline lists specific locations that would be protected by Locust Swarms
and explains that their sensors have a modest ability to detect armed personnel
entering cordoned areas.’' Furthermore, it requests that Nigerian police and
military units secure 11 major airports in the southern portion of Nigeria so
that cargo aircraft can deliver Instant Basing equipment and begin sustain-
ment operations.” The document also states that Locust Swarms carry small
bombs capable of destroying lightly armored vehicles and personnel.*®

On 26 December, US special forces establish Internet connectivity between
Nigerian officials and the AFRICOM air operations center (AOC) and provide
elementary training on the website features. During subsequent collaboration,
representatives from the Nigerian armed forces report that Nigeria’s airfields
remain in operation. They also confirm that Boko Haram’s attacks are directed
at Nigerias Christian population, government officials, and oil refineries.
Moreover, local officials notice that the intensity and frequency of Boko Haram’s
assaults have decreased. News reports confirm these observations. For ex-
ample, CNN correspondent Jenny James reported that “the Nigerian people
remain fearful that more attacks are coming . . . and an uneasy calm prevails
throughout Nigeria’s capital city” Nonetheless, the AOC validates informa-
tion provided by the Nigerian government with available intelligence and de-
cides that Nigeria’s airfields would allow the deployment of Instant Basing
teams following an initial air delivery of Locust Swarms. Based on staff intel-
ligence assessments, the USAFRICOM commander orders that air operations
commence immediately.

On 27 December, strategic-airlift planes deploy 100 Locust Swarms into
Nigerian airspace.”* As planned, they are delivered over major cities and in-
dustrial areas in the southern half of Nigeria. Although the vast majority of
swarms deploy successfully, 5 percent of RPAs are destroyed or lost because
they fail to assimilate with their swarm. The remaining RPAs assemble into
fuel-saving formations, similar to flocks of migratory birds, until they arrive
over their respective areas of interest.”> Meanwhile, supporting vessels from
the Navy’s Sixth Fleet are en route, and approximately 400 Instant Basing per-
sonnel are positioned at Accra, Ghana, and Garoua for eventual deployment
to airfields throughout southern Nigeria.”* Tanker MQ-9 RPAs with autono-
mous takeoff and landing capability are also based at Garoua. When the
swarming RPAs are employed, they will require refueling within 24 hours.””
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Consequently, it is important for Instant Basing teams to begin refueling opera-
tions within the next 16 hours.*

As Locust Swarms arrive over their observation areas, most do not detect any
irregularities. However, a Locust Swarm over a refinery near Port Harcourt de-
tects a group of 10 suspicious individuals huddled near its perimeter fence. They
appear to be holding rifles and rocket-propelled grenade launchers. The swarm
alerts its controller and C2 element and initiates coordination with the Nigerian
government. After viewing the group from multiple RPA sensors, USAFRICOM
and Nigerian representatives agree that they are not Nigerian military or police
personnel on patrol and determine the potential attackers are hostile. Because
the suspected terrorists threaten the refinery and Nigerian forces are too far away
to respond in adequate time, the Nigerian government approves the use of force
via its Internet link. Therefore, USAFRICOM’s joint force commander (JFC) or-
ders the observing Locust Swarm to attack. The swarm immediately centers itself
over the militants and uses two of its nanotechnology-boosted, precision-guided
munitions to destroy the enemy element.

In Abuja, multiple Locust Swarms detect suspicious personnel approach-
ing Nigeria’s national police headquarters. Members of the Nigerian police
force confirm that large groups of armed individuals are converging on its
headquarters and request reinforcements. Shortly thereafter, a firefight breaks
out between Boko Haram militants and police forces barricaded inside the
compound. Nigerian authorities have been watching video feeds of the situa-
tion and authorize use of force. The USAFRICOM JFC subsequently orders
nearby Locust Swarms to engage the enemy elements.

The Nigerian police headquarters is a large building centered within one of
Abuja’s largest city blocks. Due to its considerable size, the significant area
surrounding the building, and numerous approach paths of converging Boko
Haram assailants, a single Locust Swarm is incapable of providing 360-degree
surveillance and multidirectional kinetic attacks. Therefore, five responding
Locust Swarm controllers relinquish control of their swarms to a single con-
troller at the USAFRICOM AOC. The USAFRICOM controller then assumes
control of the swarms and initiates a multiple-swarm encirclement of the po-
lice headquarters (see fig. 11). The five swarms involved in this maneuver
maintain a constant clockwise track around the city block so that all the mili-
tants can be observed, isolated, and attacked via sustained multidirectional
pulsing strikes. Locust Swarms begin directing their bombs against Boko Ha-
ram elements farthest from the police headquarters first so they will drive
attacking forces toward the building. As enemy elements are forced closer to
the facility, they become more vulnerable to police gunfire and increasingly
concentrated Locust Swarm attacks.
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PROTECTED

Figure 11. Tactical encirclement by multiple Locust Swarms

Shortly after the Locust Swarm tactical encirclement begins, the majority
of Boko Haram’s attackers are killed and the rest surrender. As soon as the
Nigerian police clear the area, USAFRICOM’s unified swarm controller re-
turns control to the individual Locust Swarm controllers so they can resume
other missions. Through this victory, US forces save the lives of a significant
number of Nigerian policemen. The tactical success also allows Nigerian mil-
itary and police officials to gather valuable intelligence from captured Boko
Haram personnel. Thus, Locust Swarms demonstrate their ability to protect
specific constabulary elements and vital infrastructure so Nigerian police and
military forces can better focus on regaining a monopoly of force throughout
their territories.” Locust Swarms, however, require logistics support to pro-
vide the Nigerian government time.
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Sustaining Locust Swarms

By noon on 28 December, Instant Basing personnel have assembled their
launch and recovery equipment in Nigeria, launched approximately 50
swarms of small tanker-configured RPAs, rearmed Locust Swarm aircraft as
required, and begun to establish Internet connectivity with the USAFRICOM
AOC. Instant Basing personnel cycle fuel to airborne Locust Swarms via their
tanker RPAs, which are augmented by 10 tanker-configured MQ-9 RPAs
based in Garoua, Cameroon.** MQ-9 tanker RPAs refuel swarms that are too
far from Instant Basing locations and augment swarms of small RPA tankers
when they are unable to provide sufficient air-refueling support.*

The AOC also uses multiple methods to ensure that operations have a sus-
tained kinetic-force capability. First, Instant Basing teams replenish individual
RPAs needing rearmament.* Also, in cases where Locust Swarms operate be-
yond the range of Instant Basing teams, military aircraft air-drop supplemental
RPAs into Locust Swarms needing additional force capability.*’ A third option
allows missions to be exchanged so that when one swarm’s munitions have
been expended, another can take its place. This option is used until Instant
Basing teams and airlift can replenish Locust Swarms’ force capability.

Instant Basing teams also have the significant task of establishing Internet
C2 links. In some cases Internet connectivity is not available as planned. Swarm
technicians then use their LOS equipment to connect to Locust Swarms, which
provide a link to distant swarm operators and the USAFRICOM AOC. By 29
December, 38 of 50 Instant Basing locations have Internet connectivity with
C2 elements, and only four daily MQ-9 tanker sorties are required. Thus, the
initial requirement for 25 RPA CAPs is reduced to four CAPs within two days
of the initial deployment.

As operations continue, various elements of the Locust Swarm and Instant
Basing infrastructure require replacement or maintenance. As swarms self-
identify mechanical difficulties within individual aircraft USAFRICOM is
alerted. Logistics personnel within the AOC order the delivery of replace-
ment vehicles; some of these are available via commercial airlift, while others
have remained in constant motion within commercial logistics company
global networks.* Replacement launch and recovery equipment is delivered
in the same manner. However, because Instant Basing support equipment
lacks an automatic reporting capability, technicians are required to order re-
placement equipment via communications links with their respective C2 ele-
ments. Commercial logistics carriers are prohibited from carrying munitions,
so Instant Basing crews transfer munitions from recovered RPAs to replace-
ment vehicles prior to their launch. Failed swarm aircraft are then sent back
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to CONUS repair facilities via commercial logistics firms. The combination of
Locust Swarms’ self-alerting capability and Instant Basing crews’ ability to
order and receive replacement components in a timely manner greatly en-
hances the US propensity to sustain a force presence over Nigeria.

Improved Stability in Nigeria and the US Force Drawdown

Security significantly improves in the days following the initial introduc-
tion of Locust Swarms. Although Boko Haram continues to execute sporadic
attacks, indigenous military and police forces regain their ability to protect
the population and infrastructure. Locust Swarms provide important intelli-
gence, surveillance, and reconnaissance and, in some cases, increase the fire-
power of Nigerian forces; however, unlike early battles in Port Harcourt and
Abuja, Nigerian constabularies are winning victories on their own. As a re-
sult, Pres. Adisa Martins rescinds martial law on 30 December. Nevertheless,
he requests that US forces remain overhead for an indefinite period to ward
against future Boko Haram offensives.

President Johnson does not want to commit US military forces to a pro-
longed presence in Nigeria. He judges that they have sufficiently bolstered the
Nigerian government so that it can maintain order and begin to solve domes-
tic problems without outside involvement. Furthermore, the US ambassador
reports that some Nigerian officials desire an offensive into Muslim-dominated
regions of the state as punishment for their assumed support of Boko Haram.
President Johnson does not want any US involvement in such actions. Conse-
quently, he orders redeployment of forces from Nigeria.

On 31 December, Instant Basing teams begin recovering Locust Swarms
and associated tanker RPAs. They disarm, package, and send aircraft and
equipment back to US locations via authorized commercial carriers. In some
cases, US Navy ships operating off the coast of Nigeria recover Locust Swarms.
MQ-9 tanker RPAs based at Garoua are also shipped back to the United States.
US military cargo aircraft then transport remaining munitions and personnel
back to their primary duty stations.

At the request of the Nigerian government, approximately 20 Locust
Swarms and Instant Basing teams remain behind to ensure the security of key
locations such as government facilities in Abuja and coastal refineries. Presi-
dent Martins’s government provides them full accommodation on military
bases near Locust Swarm observation areas. Nonetheless, at the behest of
President Johnson, the USAFRICOM commander drafts a letter to President
Martins that details US plans to remove all forces within the following two
weeks.” It also states that the United States is committed to Nigeria’s security
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and will come to its aid if Boko Haram, or any other terrorist organization,
threatens it again.

Findings

The purpose of this scenario is to provide a glimpse of future military air
operations involving swarming RPAs and to demonstrate the potential utility of
an Instant Basing concept of logistics. It is intentionally vague in some areas
because it is impossible to predict the exact specifications of future weapons,
equipment, or capabilities. Nonetheless, the scenario revealed five key findings.

First, Locust Swarms provided US leaders a relatively low-cost, low-risk
option. Using fuel consumption as a measure of operational cost, and exclud-
ing the cost of weapon-system procurement, air operations in Nigeria were
remarkably cost-effective compared to traditional air operations. In six days
of air operations, 2,175 Locust Swarm and supporting tanker RPAs consumed
approximately 73,000 gallons of fuel (see table 4). In comparison, daily air
and ground operations at Bagram Air Base, Afghanistan, consume an aver-
age of 205,175 gallons.* Because Locust Swarm operations required only 400
forward-deployed ground support personnel, the risk of significant US com-
bat casualties was negligible. This risk was reduced further because host-
nation forces provided security for Instant Basing personnel. Furthermore,
the permissive air environment in Nigeria facilitated sustainment of Locust
Swarms and allowed US air assets to operate without the threat of losses from
air defense systems.

Table 4. Fuel usage of Locust Swarm aircraft and tanker RPAs

27 Dec 28Dec 29Dec 30Dec 31Dec 1Jan

#of Locust Swarms 95 95 95 95 45 20
Total Locust Swarm Air- 1,425 1,425 1,425 1,425 675 300
craft

# of Tanker Swarms 50 50 50 25 0
Total Small Tanker RPAs 0 750 750 750 375 0
Deployed Instant Bases 50 50 50 50 20
Instant Basing Personnel 0 400 400 400 400 160
Fuel Usage (gallons) 9,262.5 14,137.5 19,012.5 19,012.5 9,262.5 1,950

Total Fuel Used (gallons) 72,637.5

Second, the success of Locust Swarm operations hinged on the ability to
receive air-refueling support from Instant Basing teams and tankers originat-
ing from outside of Nigeria. Locust Swarms require refueling every 24 hours.
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Consequently, USAFRICOMs ability to immediately deploy Instant Basing
teams and provide additional air-refueling support from the airfield in Garoua
allowed air operations to continue. If Instant Basing refueling operations were
not possible due to insufficient force protection at Nigerian locations, signifi-
cant numbers of Locust Swarm aircraft might have been lost. Cargo aircraft
necessary for the air deployment of expendable RPA tankers may not have
been available in sufficient numbers to supply all Locust Swarms. Further-
more, MQ-9 tankers based at Garoua had insufficient range and fuel capacity
to service all of the airborne swarms. Consequently, if Locust Swarms come to
fruition, an intermediary tanker should be developed that can conduct air
refueling with slow Locust Swarm aircraft and KC-130 equivalent aircraft.””
An intermediary tanker with such capability would eliminate the need for
small tanker RPAs and would reduce the need for the immediate deployment
of Instant Basing teams.

Third, the operation required the extensive use of large cargo and air-refueling
aircraft for the initial force deployment. The security situation in Nigeria was too
uncertain for Locust Swarms to be employed by Instant Basing teams. As a result,
large strategic-airlift aircraft were required to deliver sufficient numbers of Locust
Swarms without risking the safety of ground support personnel.*® Large air-
refueling aircraft were also required to extend the range of the strategic-airlift
aircraft.” During redeployment of forces, a reduced but significant number of
airlift and air-refueling aircraft were required to transport cargo, personnel,
and RPAs out of Nigeria.” In situations where Instant Basing equipment could
not be pre-positioned or placed into constant motion within global commer-
cial logistics networks, military airlift was the only sustainment option.

Fourth, the Internet was a critical enabler of US operations in Nigeria be-
cause it provided timely connectivity with the Nigerian government and re-
duced US satellite bandwidth requirements. In the future, global access to the
Internet will likely increase as information and communication services be-
come standard features of cellular telephones and computer systems.>' Pro-
vided sufficient information security measures, the US military should lever-
age the global information grid to the maximum extent possible to enhance
its ability to command and control its forces, communicate with coalition
partners, and reduce logistics inventories of stand-alone military communi-
cations systems. USTRANSCOM already uses the Internet to control its vast
logistics network and to communicate with civilian logistics firms. Although
the command has endured a significant number of cyber attacks, it is employ-
ing encryption technologies to decrease the risk of future information secu-
rity breaches.” Nonetheless, USTRANSCOM may serve as an important
model during the development of future C2 networks capable of exploiting
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foreign information grids. Exploiting the ubiquity of the Internet, moreover,
may increase the agility and flexibility of operations in environments that al-
low US forces to connect with host-nation public information networks.

Fifth, inadequate force protection of Instant Basing personnel and equip-
ment may limit the feasibility of Locust Swarm sustainment in future air op-
erations. In the above scenario, the Nigerian government was able to protect
Instant Basing teams. Operations in denied environments involving the sig-
nificant presence of enemy ground forces and air defenses might prevent the
deployment of sustainment teams. Consequently, US forces must gain access
to secure areas by suppressing air defenses and clearing enemy territories of
ground threats. Radar-absorbent materials, swarm techniques involving radar
cross-section mimicry and rapid dispersion, and electronic warfare capabilities
may enhance Locust Swarms’ ability to operate in hostile environments.>® If
future Locust Swarms hold such capabilities, their use may increase the likeli-
hood that Instant Basing teams can quickly sustain Locust Swarm operations. If
not, other air and ground assets may be required until the logistics require-
ments of Locust Swarms can be guaranteed.

Conclusions

This scenario is intended to demonstrate a plausible conceptual framework
for future air operations involving swarming RPAs, information technologies,
and global logistics networks. Like current manned and unmanned weapons
systems, future air vehicles will require the ability to communicate with C2
elements and will be dependent on sustainment. The Locust Swarm concept,
however, may provide significant force capability with a greatly reduced logis-
tics and C2 footprint. In the Nigeria scenario, swarms provided proportional
force against Boko Haram militants by using forward-deployed Instant Basing
teams and Internet connections with USAFRICOMs air operations center.

The integration of Locust Swarm and Instant Basing concepts may provide
the joint force a simplified means of sustaining airpower capability. Individual
Locust Swarms may provide many of the same capabilities that now require a
diverse array of specialized manned and unmanned weapon systems, thus
simplifying logistics support.>* The Instant Basing logistics system may also
allow Locust Swarms to operate as self-sustained combat elements far from
airfields. Consequently, a force structure comprised of Locust Swarms may
greatly reduce the need for numerous combat air force wings. Regardless, the
availability of airfields will remain an important consideration because Locust
Swarms and Instant Basing equipment are dependent on military and com-
mercial airlift.® Even if Locust Swarm and Instant Basing do not precipitate
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force structure changes and provide opportunities for budgetary savings,
these concepts are valuable because they can provide additional options to the
US national leadership.

Military operations often require significant economic, military, and po-
litical capital. Military campaigns are expensive, frequently result in the de-
struction of US equipment, and may cost the lives of US service members. For
example, military operations in Iraq, Afghanistan, and other global war on
terrorism operations since 9/11 have cost the United States approximately
$1.3 trillion and the lives of more than 6,400 US military service members.*
Although Robert Kagan wrote that the American public “still sees war as an
unfortunate but unavoidable fact of international life,” recent polls indicate
that a majority of Americans oppose the use of force in crises that do not
threaten the security of the United States.”” In 2011, 63 percent of US citizens
polled opposed military operations in Libya, and in March 2012, 64 percent
opposed potential actions in Syria.*® Given these findings, it may be difficult
for US policy makers to deploy US forces if the public believes that the effects
of military operations fail to justify the cost.

If relatively low-cost Locust Swarms come to fruition, they may provide
future administrations additional force employment options that may be
more acceptable to the American public. Because Locust Swarm and Instant
Basing concepts may allow rapid deployment/redeployment of airpower with
minimal threat to US personnel, policy makers may have a more acceptable
option to respond to emerging crises before they become politically untenable.
Nonetheless, future forces of swarming RPAs will require significant institutional
commitment from the Department of Defense.

Graham Allison and Philip Zelikow observed, “A program, once under-
taken, is not dropped at the point where objective costs outweigh benefits”
However, before the perceived benefits of Locust Swarms and Instant Basing
can be realized, such concepts must gain sufficient technological momentum
to ensure that institutional resistance does not prevent their success.® As with
other new technologies, swarming RPAs will require that defense personnel
acquire “skill and knowledge, special purpose machines and processes, enormous
physical structures, and organizational bureaucracy”®' Furthermore, the develop-
ment of Locust Swarm and Instant Basing concepts will require leaders capable of
integrating emerging swarming technologies with heterogeneous elements such as
existing weapon programs, doctrine, and institutional politics.®® Thus, the success
or failure of low-cost swarms of RPAs will depend on a combination of DOD
RDT&E dollars and committed military leaders who can shape institutional ac-
ceptance and convince the defense establishment that Locust Swarms and Instant
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Basing concepts are worthy endeavors. Such endeavors may be necessary to keep
evil in the shadows.
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