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The author examines the state of airpower in the near future by addressing three broad areas
in which radical change has already occurred. First, he shows that close air support has under-
gone a revolution in efficacy by improving networked coordination, using simpler delivery
systems, and developing one-shot-per-target capabilities. Second, he examines advances in
unmanned aircraft systems and discusses the impact of these platforms. Third, the author
notes that airborne laser systems and other directed energy weapons stand poised to deliver
near-instantaneous effects from unparalleled standoff distances. Ultimately, he argues that
these systems are alternatives to, not additions to or adjuncts of, the manned force.

Technologies in place today have produced unmanned systems capable of replacing manned
aireraft. Will we react to the challenge or act on the opportunity?

HE AIR FORCE has always seen itself
as the force of the future. We live in
afuture that our predecessors built—
with jet aircraft, missiles, operations
from space, precision munitions, and, now, cyber-
warfare. However, our record of innovation in

using those technologies is less impressive. Jet
fighters fought like fast biplanes of World War I
vintage until Col John Boyd developed the
fundamentals of energy maneuverability in
the 1960s. Even then, it took another decade
for Colonel Boyd’s supporters—his fighter
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mafia—to implement the concepts through-
out the Air Force.! Practical precision muni-
tions, introduced during the Vietnam War,
initially offered nothing more than a way to
destroy fixed targets without the 1,000-plane
raids of World War II. Col John Warden’s re-
vival of the strategic-web targeting theory in
his book The Air Campaign: Planning for Combat
(1988) explicitly set out the revolutionary na-
ture of this capability. The debate continues
today with the (ongoing) development of the
theory of effects-based operations.

Tactics in the field lead institutional inno-
vation. This traditional path makes for good
doctrine but is slow—glacial in peacetime—
and seldom anticipates change. There is much
truth to the saying that doctrine is about fight-
ing the last war. Faced with the challenge of a
new conflict, our young airmen (as well as sol-
diers, sailors, and marines) are adept at solv-
ing problems with the tools and technologies
at hand. Eventually, these innovations may
find their way into service doctrine. The pace
of doctrinal change seems locked to genera-
tional changes in Air Force leadership. Must
we wait for today’s captains and majors fight-
ing in Iraq/Afghanistan to be promoted be-
fore we come to grips with the future?

Technologies now reaching the flight line
or already in combat can radically alter the
way we fight. This article briefly explores three
broad areas that not only represent better ways
of doing business but also may transform the
business itself. Not the stuff of science-fiction
scenarios or nanotech warfare, these capabili-
ties are on the ramp today.

Precision Munitions and
the End of Close Air Support
As We Know It

A transformation in close air support (CAS)
is occurring through the combination of a
common precision frame of reference for the
entire joint force provided by the global posi-
tioning system (GPS), broadband communi-
cation linkages (tactical Internet), and cheap
processing power that controls maneuverable
weapons. The proximity of forces in contact
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puts a premium on situational awareness and
accuracy, thus making CAS a demanding mis-
sion. The “close proximity to friendly forces”
and “detailed integration of each air mission
with the fire and movement of those forces”
define CAS in Air Force doctrine.? Conse-
quently, in the past, CAS aircraft had to fly
over the battlefield to clearly identify enemy
and friendly positions. Once oriented, the pi-
lot then had to maneuver close to the target to
deliver weapons. Close proximity offered the
only way of attaining sufficient accuracy to de-
stroy the enemy without collateral damage to
friendly forces. Overflying the battle required
that the CAS platform be maneuverable and
tough. Technology in the field today, however,
radically changes this equation.

The availability of real-time intelligence,
observation, and targeting referenced to GPS
coordinates has eliminated the need for CAS
aircraft to overfly the battlespace for situa-
tional awareness. The lengthy coordination
among joint headquarters, ground observers,
and pilots can now take place in seconds over
tactical networks. The ground-force commander
can provide the current disposition of his or
her forces, specify exactly where fires are
needed, and deliver that information any-
where on the battlefield.

Precise locations of friendly and enemy
forces delivered directly to an aircraft supply
the necessary battlefield orientation, permit-
ting near-immediate weapons release. Guid-
ance on board the weapon then maneuvers it
to impact. The aircraft no longer has to close
with the target to ensure accurate delivery. In
turn, the fact that CAS aircraft can now stand
oft from the battlefield reduces the need for
maneuverability.

Furthermore, avoiding the immediate battle-
space keeps these aircraft out of the threat en-
velopes of small arms, antiaircraft artillery, and
small surface-to-air missiles, further relaxing
the performance requirements for CAS sys-
tems. Lower performance means that simpler,
cheaper systems can carry out the mission.

Precision targeting also reduces the weap-
ons yield necessary to destroy a target. In prin-
ciple, precision allows delivery of every muni-
tion within feet of the point designated by a



tactical commander. Concentrating the weap-
on’s effect on the target reduces the yield
needed for target destruction as well as the
number of weapons per objective; it also allows
for delivery of fewer, lighter weapons by smaller
systems, which can be much less complex since
the detection and aiming tasks have effectively
moved from the delivery platform to the net-
work and the munition, respectively. Moreover,
the supported ground force’s surveillance sys-
tems or other parts of the intelligence, surveil-
lance, and reconnaissance “cloud” over the
battlefield can put immediate poststrike obser-
vation of a weapon’s effects on the network.

Because precision weapons’ one-shot, one-
kill capability reduces the number of weapons
required per target, we can place more weap-
ons on existing platforms or use smaller plat-
forms as effectively as today’s CAS aircraft. We
can already see both ends of this spectrum in
use. At the high end, B-52 and B-1 “bomb
trucks” are releasing single precision weapons
from their capacious bomb bays to strike indi-
vidual targets on call. At the light end, Reap-
ers (and, very soon, Cessna Caravans) are de-
livering Hellfire missiles.® This ability to kill
more targets with the same number of weap-
ons reduces the number of aircraft required
to perform CAS.

Opposing this trend toward fewer CAS plat-
forms is an increase in the utility of—hence,
the demand for—CAS.* Smaller weapons yield
drastically shrinks the scope of collateral dam-
age and allows weapons delivery closer to
friendly forces, expanding the usefulness of
CAS to those forces and lowering barriers to
its use. Significantly, not all of this demand
need be satisfied from above, though airborne
CAS will likely remain the most responsive op-
tion. Guided munitions for artillery and mor-
tars can provide similar precision from small,
unit-portable weapons.

The combination of networked coordina-
tion, simpler delivery systems, and one shot
per target makes lower-echelon control of
CAS feasible, pulling it out of the central air
and space operations center (AOC) and mov-
ing it down to the ground force’s tactical op-
erations center. We see this today in the air
tasking orders in Iraq and Afghanistan. Dur-
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ing the author’s tenure commanding the Joint
Special Operations Air Component in 2005,
the majority of CAS sorties launched without
a target as “XCAS,” tasked in the air to meet
immediate needs of the ground force. The
AOC had largely become a logistical node,
providing and sustaining armed aircraft on
call for ongoing operations. The detailed co-
ordination called for in CAS doctrine shifted
from the joint headquarters level to the ground
tactical operations center, where network-linked
overhead sensors supplied the battlefield over-
view directly to the CAS platform, air liaison
officer, and troop commander. This trend is
also evident in the development of the joint
air-ground control cell concept discussed in
Air Force Doctrine Document 2-1.3, Counter-
land Operations.®

In combination, these factors also diminish
the logistical-support footprint for CAS, allow-
ing both control and basing of delivery sys-
tems to move forward to lower echelons of the
tactical force. A moveable complex of light
unmanned and manned aircraft supported by
a distributed intelligence, targeting, and con-
trol network can replace a squadron of A-10s
at a fixed airfield—witness the Army’s Task
Force ODIN (observe, detect, identify, neu-
tralize) in Iraq. Combined within an Army
combat aviation brigade are manned and un-
manned sensor aircraft as well as manned and
unmanned light aircraft and helicopters. Tra-
ditional linkages to artillery support, itself ca-
pable of delivering precision munitions, also
remain. A networked surveillance and target-
ing system supports the tactical force com-
mander, who now controls a package of systems
offering an overview of the battlefield, target
detection, and immediate firepower. Though
initially designed to prevent the emplacement
of improvised explosive devices on Iraqi roads,
Task Force ODIN has all the capabilities needed
to support troops in contact with the enemy—
in short, to do CAS.® Of course, today’s fight
in Iraq and Afghanistan is as unique as any
other conflict; however, the above logic holds
up well across the range of military operations.

Large-scale, mechanized (conventional) con-
flict does not change the CAS equation for the
tactical commander. If anything, it expands the
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need for speed and precise effects. Primary
changes include an increase in the intensity of
the ground threat to CAS aircraft, potential air-
space congestion over the battle, and growth in
the size and complexity of the fight.

Unmanned systems in use today would
prove effective in a conventional fight. Stand-
off delivery of precision weapons from outside
the range of enemy defenses makes more in-
tense air defenses irrelevant since the delivery
platform would rarely come within reach of
those defenses.” In addition, smaller delivery
platforms present a smaller detection signa-
ture. The visual, infrared, and radar signature
of a low-powered, composite Predator-type
platform is significantly less than that of tradi-
tional CAS aircraft—stealth on the cheap.
Large numbers of low-cost platforms can also
saturate defenses or make losses tolerable.

Similarly, in situations requiring airpower,
the greater effectiveness of each precision
weapon negates the increase in enemy forces
in a conventional fight. Each CAS platform
can destroy large numbers of targets using in-
dividual munitions or precision area weapons
such as the CBU-105 (sensor-fused weapons in
awind-corrected munitions dispenser).® Rather
than building a wall of fire across the battle
front, massed CAS changes to become the
massed effect of numerous small explosions
directly on each battlefield target.

We must still contend with the perennial
problem of operating multiple types of sys-
tems in constricted airspace over the battle.
We are addressing the problem (painfully) to-
day in the skies over Iraq as AC-130 gunships,
helicopters, fighters, Predators, and other sen-
sor platforms regularly operate in support of a
single operation—so far without an actual col-
lision. Deconfliction in a less permissive envi-
ronment would pose even more of a prob-
lem—but only if we need to operate multiple
platforms directly above the fight. Covering a
given number of targets with fewer platforms
standing off from the fight would diminish
the need to operate in congested airspace
over a conventional battlefield.

Large-scale, mechanized combat not only
increases the physical size and scope of the
battle across multiple tactical engagements
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but also calls for more coordination across the
theater. Existing information networks already
distribute tactical information around the
globe. Adding capacity to these linkages pres-
ents a logistical problem of securing sufficient
bandwidth—not just a technical one. Moving
the information where it is needed allows us
to focus command and control at any given
level—from tactical to theater strategic. We
can synchronize multiple tactical engagements
centrally, with execution decentralized to ap-
propriate network nodes. Of course, this need
for bandwidth to move information and com-
mands remains a major vulnerability for all
operations in a large-scale conflict.

Ultimately, these trends will push toward a
smaller/simpler Air Force CAS force, a smaller
“combat” role for the AOC in the CAS fight,
and more control of the CAS mission by tactical
commanders. By 2010 a typical call for CAS
might resemble this scenario:

A company-level commander in the fight lo-
cates targets from an intelligence picture that
synthesizes everything from ground-platoon re-
porting, overhead visual images, infrared sen-
sors, radar, and radio-intercept information up-
loaded to a tactical network. The commander
“points and clicks” to designate specific targets
and to upload precision coordinates to the tacti-
cal net. Personnel designate mobile targets by
type to specify seeker settings for appropriate
weapons. They also determine no-fire areas
from reported GPS locations of friendly units,
and go online to calculate frag patterns for col-
lateral damage.

Once placed on the net, the information is
available to all weapons within range of the
fight—anything from mortars and artillery to
unmanned and manned aircraft. Orbiting outside
the battle area, these might include a few large
aircraft, each with many weapons, or a large num-
ber of manned/unmanned light aircraft, each
with fewer weapons. Weapons-delivery systems
“bid” for targets based on their capabilities, each
system making specific targeting assignments,
and then fire weapons that converge on the
battlespace. Detailed flight-path coordination is
unnecessary since only the weapons, not the de-
livery systems, enter the area. Intelligence, sur-
veillance, and reconnaissance systems from the
supported ground force and theater-level assets
put strike results on the net.



The AOC carries out its role of launching
manned and unmanned CAS aircraft, directing
them to holding orbits. It also monitors the status
of fuel and weapons, keeping the orbits resup-
plied by managing tanker support and launch-
ing replacement CAS aircraft. The AOC has little
to do with the tactical fight.

Unlike many forecasts, this is not specula-
tion about new technology but observation and
synthesis of trends in current equipment and
tactics used today, taken to their logical conclu-
sion. Still missing is a comprehensive machine-
to-machine interface to share existing informa-
tion and allocate weapons to targets.

Our challenge lies in accommodating this
reality. What force structure does the CAS mis-
sion require? How many A-10s, F-16s, and F-35s
can MQ-9s replace? Do we lead this charge or
cede the mission area and funding to ground
forces?’ The revolutionary impact of the GPS,
communications, and computer power on CAS
comprises one aspect of a broader application
to airpower.

Unmanned Aircraft Systems:
Pilot Chips instead of Wings

The evolution of unmanned aircraft has
been constrained by the need to respond to
the complex aerodynamic and navigational
requirements of controlled flight. Moreover,
the tactical aspects of combat missions demand
immediate human decisions and control. Never-
theless, capabilities developed and deployed
in the last two decades now allow UASs to con-
duct some combat missions effectively.

UASs are as old as flight itself. The first fly-
ing machines were unmanned models and
gliders built to investigate the fundamental
principles of flight. Development then turned
to putting a man into the machine. Shortly af-
ter the Wright brothers’ first successful pow-
ered flights, however, certain military missions
required removal of the man from the aircraft.

The Kettering unmanned aerial torpedo of
1917—the Bug—was the first practical mili-
tary UAS." A preset system of electrical and
pneumatic controls flew this aircraft and re-
leased its payload—hopefully, on the target.
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Although World War I ended before the Bug
saw action, this unmanned system set the tone
for future UAS development. The challenges
of making a successful powered takeoff and
landing limited UASs to single-use systems
launched by catapult, air, or track—that is, fly-
ing bombs. In situations that precluded the
launching of the UAS—for example, World
War II's Aphrodite systems, which employed
modified heavy bombers stuffed with explo-
sives—a pilot flew the takeoff and then para-
chuted from the explosives-laden aircraft, at
which point a following aircraft took over by
radio control."

Some previous unmanned aircraft could be
recovered and used again if equipped with a
parachute-recovery system, but their complexity
and the inevitable damage that occurred dur-
ing the process prevented a quick turnaround
for aircraft-like operations.'> We developed re-
coverable systems when we needed to limit
costs (target drones) or retrieve recorded in-
formation (reconnaissance drones).

In the 1970s, a better understanding of
aerodynamics and the availability of comput-
ers to execute control algorithms solved the
problems of taking off and landing safely. Not
developed for unmanned systems, the capability
grew from the continued refinement of auto-
pilot systems for commercial aircraft. Driven
by safety requirements and a need to operate
more reliably in poor weather, avionics com-
panies developed systems that could use an
aircraft’s autopilot to fly a coupled precision
approach. A logical extension of this capability
was the addition of radar-altimeter informa-
tion to bring the aircraft all the way to the
landing flare. Economics drove acceptance of
the technology, allowing airlines to provide
more reliable service in poor weather."”

A corresponding economic need, this time
to save fuel costs, led to the concurrent devel-
opment of autopilots that could control en-
gine power settings as well as aircraft attitude
and flight altitude. The autothrottle optimized
the engines’ power setting and aircraft climb
rate to save fuel. It was only a short step to add
logic that could extend this control from air-
craft brake release to touchdown.
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Accurate navigation remained a problem.
Autopilots could guide an aircraft along an
airway or approach path but could neither
“see and avoid” obstacles nor determine a
precise position without external navigation
aids. Either inertial navigation systems or
complex automatic star trackers could pro-
vide aircraft position but not with the preci-
sion needed for flexible operations outside a
well-defined route structure.

The development and deployment of terrain-
following radar systems coupled to an aircraft’s
autopilot (F-111) added obstacle-avoidance
capabilities. The problem of avoiding other
air traffic is yielding to cooperative aircraft-
transponder networks, with aircraft sharing pre-
cise information about position and velocity."
Finally, the level of accuracy provided by the
GPS enables aircraft to determine their posi-
tion to any practical level of precision.

Together, these developments have given
us aircraft like the Global Hawk, able to oper-
ate autonomously from initial takeoff to sub-
sequent landing at another airfield anywhere
in the world. Now that pilots possess an air-
plane capable of flying itself, the toughest task
remaining for them on a routine flight in-
volves navigating the ground traffic between
the parking ramp and the runway.

We have solutions in hand to getunmanned
systems from takeoff to a destination—more
than enough capability for straightforward mis-
sions like cargo delivery. No technical reason
prevents us from deploying an unmanned tac-
tical cargo air bridge by 2010. Equipping a
constellation of QC-27 aircraft with the brains
from Global Hawk would do it. Farfetched sci-
ence fiction? Not at all: the 17 November 2008
issue of Aviation Week and Space Technology re-
ported that the US Army has tested an “op-
tionally piloted” Cessna Caravan for “utility
transport in routine, but sometimes danger-
ous, battlefield and area-of-interest reconnais-
sance and patrol missions.”"

We seem to have the practical capabilities
for routine operations in hand—but not the
doctrine and attitudes. However, it is instruc-
tive to note that commercial airline operations
are adopting autotakeoff/pilot/land systems
in the name of increasing flight safety. Resis-
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tance to unmanned operations usually centers
on safety, specifically the problems of dealing
with emergencies or nonroutine operations.

Actually, executing emergency procedures
is one of the easier problems to solve. Genera-
tions of thought and experience have given
us very good algorithms to deal with emer-
gencies—specifically, the emergency-procedure
checklists in every flight manual. For each po-
tential problem, we have a step-by-step proce-
dure to analyze problem indications, take ac-
tion, observe the results of the action, and
take further action if necessary. Autonomous
implementation simply requires that the prob-
lem indications be available to the UAS’s con-
trolling computer and that the various con-
trols, switches, and circuit breakers be activated
by that computer.

We also have a model for dealing with un-
usual or intractable emergencies. Currently, a
pilot declaring an in-flight emergency quickly
receives support from a team of experienced
aircrew, leadership, and engineering personnel.
We can gather the same team for a UAS, but
that team now determines additional actions
to transmit to the remote aircraft.

The remaining problem—making nonrou-
tine tactical decisions required in combat—
represents our present justification both for
the continued use of manned aircraft and the
close manned supervision of UASs. Today’s so-
lution is to keep the human in the loop, even
if the loop stretches through a satellite linkage
to Nevada. This demands plenty of bandwidth
to pass the information needed to maintain the
remote operator’s situational awareness. The
communication linkage also imposes a time
delay as the signal travels from the UAS to the
operator and back. Global operations using a
satellite relay incur one-way transmission de-
lays of at least a quarter of a second.’® A total
round-trip delay of half a second may not
sound like much, but the lag is more than
enough to cause problems during rapid aero-
dynamic maneuvers. Routine delays may be
much longer, depending on details of the
transmission route and any required com-
puter processing of information or commands.

To deal with nonroutine mission opera-
tions, a UAS must have some ability to detect a



change to the preplanned mission and then
develop and implement a solution. En route,
the problem becomes how to maneuver the
UAS around unforeseen obstructions, whether
terrain, weather, threats, or other aircraft. De-
tecting them requires either an appropriate
sensor—mapping radar, threat-warning receiver,
or collision-avoidance system—or information
provided by off-board sensors through a net-
work. None of these is new technology; all are
available today.

After detecting the obstruction, the UAS
must replan its route to avoid the obstacle.
Once again, we already have the solution in
the field: automated software for route plan-
ning and in-flight replanning. Today’s UASs,
and some airliners, are not “flown” during the
en route portion of their flight but are di-
rected by changing the desired routing for the
autopilot—using a mouse click instead of the
control stick. For UASs, moving implementa-
tion of the software from the control cab to
the aircraft themselves represents just a small
step. Determining the need to revise a route
involves only the incorporation of software to
allow the UAS to update its internal map au-
tonomously, replan its route as required by
traffic or threats, and update any relevant air-
space controllers.

Once in the target area, a UAS must detect
and locate its objective, release weapons, and
conduct any required offensive /defensive ma-
neuverings. How close are we to pushing these
decisions forward to the UAS?

Detecting and locating targets is already a
heavily automated task. We deploy a network
of sensors across the battlespace and analyze
the resulting information with a series of com-
puter tools. Today, we manually transfer this
information to the flight crews, who then
manually enter it into their aircrafts’ systems.
Transferring the information directly from a
targeting cell in the AOC to the UAS only sim-
plifies the process.

Striking fixed targets, whether preplanned or
designated by a ground/airborne observer, is
straightforward. The UAS simply transfers the
provided coordinates to an onboard weapon
and maneuvers to the weapon’s release box.
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Moving targets are more demanding be-
cause we must search the area to locate them.
They impose more demands on the UAS’s sen-
sors, or they require more detailed external di-
rection. However, we have already deployed
or demonstrated solutions to this problem
with existing missile seekers, like that of the
imaging infrared Maverick, and with the laser
Joint Direct Attack Munition.!” The key is rec-
ognition of targets—and friendlies—an area
in which we may require human intervention
for some time yet.

In the targetrich environment of high-
intensity combat, truly autonomous UAS op-
eration is now feasible. Existing sensor-fused
weapons and other precision munitions can
both find and strike conventional targets.
More ambiguous combat environments, such
as counterinsurgencies and urban fights, will
need to maintain a human in the decision
loop to designate targets and approve weap-
ons release. Assuming adequate bandwidth,
this is how we do business today.

Although the problem of offensive and de-
fensive maneuvering remains, we can make some
general observations. The fight beyond visual
range should remain within the capability of
today’s UAS since the problem is essentially
limited to target detection and weapons re-
lease. For a close-in fight, the UAS is probably
not yet ready. This mission would likely re-
quire much more complex control laws than
we now use. Existing logic for maneuvering an
air-to-air missile to an intercept would proba-
bly not prove sufficient to solve the more com-
plex problem of maneuvering for a missile or
gun shot while preventing the target, and
other enemy aircraft, from attaining a firing
solution on the UAS. Using a human in the
loop would run up against the previously men-
tioned time-delay problem as well as require
excessive bandwidth to provide the remote
controller with situational awareness. Devel-
opment of a practical air-to-air-fighter UAS
will depend on future improvements in both
framing the maneuvering problem and creat-
ing the artificial intelligence to solve it.

Defensive maneuvering against ground
threats poses a less difficult problem. Due to
high cockpit workloads and the need for short
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reaction times, existing countermeasures suites
generally operate automatically, once armed.
A UAS could arm/disarm its countermeasures,
based on known threats, onboard threat de-
tection, or mission profile.

One argument maintains that incorporat-
ing all these capabilities will drive up the size
and cost of a UAS, negating any advantage
over a manned system. The flaw in the argu-
ment is that, to put a UAS in combat, we don’t
need hardware as much as we do software and
computing power. Making a bigger, smarter
“brain” takes grams of silicon—not pounds of
aluminum. Furthermore, the UAS does not
require the volume, protection, and environ-
mental systems needed to carry an aircrew.

Additionally, many of the technologies that
enable UASs are not carried on the airframe.
Precision GPS navigation and targeting infor-
mation from the network harness a huge in-
frastructure with minimal equipment on board
the UAS. Of course, relying on off-board sup-
port highlights the major UAS vulnerability
today—bandwidth. Limited capacity and vul-
nerability to electronic attack make this the
UAS’s weakest link. Increasingly autonomous
UAS operations should render this problem
more tractable by reducing the amount of ex-
ternal information needed by the aircraft.

That said, if UASs are so capable, why are
we not fielding them in greater numbers? Ul-
timately, it comes back to resources. The de-
mands of maintaining and updating the in-
ventory of manned aircraft already exceed
available funds in the Air Force budget. With
every dollar spoken for, the Air Force still
needs more F-22s, new tankers, a new combat
search and rescue platform, and more airlift,
as well as repairs and upgrades for the existing
fleet. There are simply no resources to in-
crease the inventory with a large number of
UASs—and we are unwilling to trade U-2s for
Global Hawks or A-10s/F-16s for Reapers. De-
spite the UAS’s demonstrated operational ca-
pability, we do not seem to have reached a tip-
ping point in our attitudes.

As with the adoption of the Predator and its
successor combat UASs, we are seeing field
utility and the troops’ creativity advance the
mission—not service leadership or the acqui-
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sition community.'® Another revolutionary ca-
pability is emerging from a similarly long and
difficult saga of development and acquisition.

Directed Energy Weapons:
Revenge of the Battle Plane

In late November 2008, the YAL-1 airborne
laser (ABL) completed the first ground test of
the entire weapon system integrated aboard
the aircraft, generating and directing the
beam onto a simulated target and thereby pre-
paring the way for flight tests in 2009.' What
are the implications of an operationally useful
directed energy (DE) weapon? The designed
mission of the megawatt-class laser on the ABL
is to destroy missiles at ranges in excess of 200
miles.? However, like the creative operators
who placed a 105 millimeter howitzer in a C-
130, the developers of the ABL are already dis-
cussing the weapon’s effectiveness against air-
breathing targets.?!

Speed-of-light/line-of-sight weapons like
the laser on the ABL are fundamentally differ-
ent from kinetic weapons. Line-of-sight preci-
sion ensures one-shot, one-kill effectiveness.
Speed-of-light response ensures that the target
has no warning to make evasive maneuvers or
employ countermeasures.” If the technology
proves practical and affordable, a DE weapon
will provide a near-instant kill of targets de-
tected within its effective range. Echoes of
Giulio Douhet’s combat plane able to clear its
way through the skies with superior firepower
can be heard as the ABL takes flight.

At its maximum range, the ABL weapon is
designed to weaken a target’s structure enough
to cause aerodynamic and acceleration forces
to break it up. Elementary physics assures that
the laser beam’s power becomes substantially
more destructive as the range decreases. At
shorter ranges, the beam will have less spread
and less atmospheric absorption. We can ex-
pect a laser that can kill a relatively thin-
skinned target at 200 miles to have much more
capability at 50 miles—solidly in the medium-
air-to-air-missile range.

At first glance, the ABL would seem the ul-
timate fighter on offense or defense, able to



kill any detected aircraft or missile coming
within range. Countering the ABL would
place a premium on stealth (preventing de-
tection and targeting), avoidance (remaining
outside the laser’s effective range), numbers
(saturating the engagement area), or weather
(operating below weather the laser cannot
penetrate). However, a more serious threat to
the ABL’s effectiveness is its own vulnerability
to other DE weapons. Weight and volume re-
quirements may preclude fighter-sized aircraft
from carrying long-range DE weapons, but
those requirements are greatly relaxed for
ground-based systems.

Operation from the high ground repre-
sents a major factor in the ABL’s effectiveness.
High-altitude operations provide the line of
sight needed for extended range and put the
weapon above much of the atmosphere and
associated weather, reducing beam distortion
and attenuation. That same high ground,
however, also puts the ABL in the line of sight
of DE weapons on the ground. Speed-of-light
propagation makes for a formidable ground
weapon despite the limitations of atmospheric
attenuation and the horizon on a ground
weapon’s range and line of sight. Overcoming
atmospheric effects to extend the effective range
of a ground weapon may prove as simple as
scaling up its size or deploying an array of
weapons to focus multiple beams on a distant
target. Once a target is in range, the effective-
ness of a ground-based DE weapon depends
only on detection and aiming since the weap-
on’s effect is essentially instantaneous over
usual ranges.? Using networked information
from sensors that can see over the horizon to
cue the weapon should allow an assured kill as
soon as the target breaks the horizon.

The deployment of practical laser weapons
raises fundamental questions for Airmen. Can
any aircraft operate within range of a DE
weapon? Is the F-22 the “last-generation” fighter?
How do we attack a weapon that can destroy
incoming missiles and warheads? How do we
achieve air superiority against an enemy with
ground and airborne lasers? The task of roll-
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ing up enemy air defenses remains, but the
individual targets are now much tougher.

We have no experience with these weapons
in combat—only questions. However, we would
do well to remember past revolutions in weap-
ons technology: “distance” weapons (English
longbows) against “contact” weapons (French
mounted knights) at Crécy and Agincourt,
and machine guns against unprotected cav-
alry and infantry in World War I. Tactics and
doctrine adjusted to accommodate these
changes, but it wasn’t pretty.

2010 Is Today

The changing nature of CAS, autonomous
combat UASs, and DE weapons do not change
the fundamentals of warfare. They do, however,
provide new tools that we must learn to use or
counter. The key is not the system itself—but
what we can do with the system. We are seeing
rapid advances in UAS operations driven by
the pressure of combat in Iraq and Afghani-
stan. Without that pressure, and without their
successful debut over Kosovo in the 1990s,
UASs would likely remain curiosities confined
to the lab or occasional field experiments.

With each new technology comes a funda-
mental question—what can we do with it?
The metric for the answer is simple but con-
text dependent: for what missions or situa-
tions is the new technology better, and when
is it just different?

Our challenge today is more traumatic
than the decision to embrace an “alljet” Air
Force. We are not merely swapping a spinning
propeller for a tail of fire. As UASs and other
new weapons demonstrate capability, they be-
come alternatives—not additions to or ad-
juncts of the manned force. Much of the stress
on the current budget comes from the cost of
maintaining the old capability (whether through
extending the service life of old systems or de-
veloping better versions) while beginning to
acquire the new. At some point, we must re-
duce our reliance on horse cavalry (the A-10/
F-35?) and embrace the mechanized brain-
power of a UAS force. O
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