of mid-range stand-in PGMs to develop a
munitions inventory with the capacity to strike
100,000 or more aimpoints in a major conflict

By Mark A. Gunzinger

Next-generation mid-range PGMs should be

Abstract

by stealth fighters and bombers to reduce the
time and cost to attack target sets that are
highly dispersed and located deep in contested
and highly contested environments.
These PGMs should also be designed with low
observability and other features to penetrate
advanced integrated air defense systems,
reducing the number of USAF sorties and
weapons needed in a peer conflict.
Penetrating stealth aircraft with next-generation
stand-in PGMs will have the range, survivability,
and ability to independently complete kill chains
against target sets that are increasingly mobile
and relocatable.
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After decades of deferred and canceled modernization programs, the Air Force’s
lead over America’s peer competitors is eroding, and its forces are undersized for the
operational demands it is asked to meet. At the same time, the squeeze on defense
spending threatens the Air Force’s annual budget, which has long been less than the
Army and Navy’s individual budget shares. These challenges place the Air Force in a
tenuous position, and missteps in its modernization investments could be disastrous.
The Air Force must make smart choices if it is to maximize its combat power with the
scant resources it will receive to do so. One critical choice will be the strategy it adopts
for developing a precision-guided munitions (PGM) inventory that is sized for peer
conflict. The Air Force must balance the range, size, speed, survivability, and capacity of
munitions in its inventory if it is to maintain a precision strike advantage over China and
Russia. This will require the Air Force to develop a family of affordable next-generation,
mid-range (50 to 250 nautical miles) air-to-ground PGMs that can be carried in large
numbers by its 5th generation fighters and stealth bombers. This family of weapons
will go a long way toward maximizing the capacity and lowering the cost of U.S. strike
operations in contested environments. The Air Force’s future PGM inventory should:
1. Support future long-range penetrating strikes against targets that are
highly dispersed and located deep in contested areas.
2. Consist of weapons that are designed to survive and reach their designated
targets located in contested environments.
3. Be effective against challenging targets that are mobile, can quickly
relocate, or are hardened or deeply buried.
4. Have the capacity to strike 100,000 or more target aimpoints in an
extended operation against a peer adversary.
5. Include a mix of weapons that will maximize the cost-effectiveness of
penetrating strike operations conducted at scale.
Rebalancing the Air Force’s PGM mix to include a family of next-generation,
mid-range PGMs for stand-in strikes will complement the capabilities of the USAF’s
5th generation fighters and bombers, improve its ability to defeat challenging targets,
and will be affordable enough to procure at the scale needed for a peer conflict.

Introduction
Most defense experts correctly point
to the need for the Air Force to field new
stealth aircraft to keep pace with China
and Russia yet forget that the service’s 5th
generation F-35 fighters and B-2 and B-21
stealth bombers give America’s warfighters
another advantage—the ability to conduct
“stand-in” strikes that penetrate contested
areas to kill multiple targets per sortie. The
ability to penetrate and release PGMs closer
to targets allows stealth aircraft to carry
larger payloads of smaller munitions—
smaller because the PGMs may not need
powerplants and other components such
as sophisticated units to navigate over long
flight paths to targets. Moreover, smaller
mid-range PGMs that are designed with
low observability and other characteristics
needed to survive in high-threat areas will
help maximize the lethality and costeffectiveness of the Air Force’s precision
strikes.
For example, a B-2 stealth bomber
could carry up to 48 notional stand-in
weapons that are sized to have a range of
50 to 150 nm in its two internal weapons
bays. In contrast, non-stealthy B-52s can
carry up to 20 longer-range and therefore
larger JASSM-ER cruise missiles internally
and externally. That’s up to 48 targets per
penetrating B-2 sortie compared to 20
targets for a B-52 that must launch strikes
from “stand-off” ranges, which can exceed
500 nm from Chinese or Russian air
defenses.
Stand-off strike aircraft like 4th
generation fighters and non-stealthy bombers
must use weapons that are designed to fly
very long distances to attack targets located
in contested areas. Designing weapons to
fly these long distances increases their cost
as well as their sizes, since they must have
an engine, fuel, multiple guidance systems,
and possibly an advanced seeker to locate

Maximizing cost-effectiveness
To determine the most cost-effective mix of capabilities,
DOD should assess the effects that each capability
can create and compare their overall costs to achieve
desired operational outcomes. This will help planners
maximize the value of their force mix given limited
resources. For airstrikes, these comparisons should
include the number and cost of PGMs as well as the
aircraft needed to execute missions and direct support
assets such as aerial refueling tankers, electromagnetic
jamming platforms, and SAM suppression efforts.
They could also include aircrews and infrastructure
like basing and maintenance support.

targets and precisely guide their warheads
to designated aimpoints. Powered subsonic
JASSM-ERs cost about $1.1 million each,
which is about six times the average cost of
a mid-range weapon like the Small Diameter
Bomb II (SDB II), which is a 250-pound
class unpowered bomb equipped with wings
that allow it to glide to a target.
The ability to fly at very high speeds
also adds cost. The procurement unit cost
of some air-launched hypersonic (Mach
5-plus) weapons now in development, like
the Hypersonic Air-breathing Weapon
Concept (HAWC), may be in the range of
$3 million to $4 million. Cost is a critical
factor since DOD must buy enough PGMs
to strike 100,000 or more aimpoints during
a major campaign against China or Russia.
This is not an unreasonable projection,
given U.S. air forces attacked approximately
40,000 Iraqi aimpoints during Operation
Desert Storm in 1991.1
In short, the Air Force should adopt
a munitions development strategy that
balances the range, speed, survivability, and
cost-effectiveness of its PGM inventory so
it will have the capacity needed for highintensity peer conflict. This argues for
fielding a new family of stand-in munitions
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that have a range between 50 nm and 250
nm and are designed to survive to reach
their targets in contested environments.
PGMs at the lower end of this range
band—less than 100 nm—will give stealth
aircraft the ability to strike while remaining
outside the most lethal radius of short-range
“point” air defenses surrounding highvalue targets. These reduced
Munitions that are
ranges will also permit the
Air Force to design PGMs
vulnerable to enemy
with shorter lengths, which
defenses, ineffective
would increase the number of
against high-value targets, weapons that stealth aircraft
can carry internally. This, in
or simply number too few
turn, would help maximize
weapons per sortie. PGMs at
are not a prescription for
the upper end of this range
victory in a peer conflict.
band will increase target areas
that penetrating aircraft can hold at risk
without inordinately increasing the size and
cost of the weapons.
Overall, procuring lower-cost, midrange stand-in weapons at scale would
increase the Air Force’s strike capacity and
help reduce stress on a budget that is severely
pressed to meet its other modernization
requirements. In other words, these weapons
will help the Air Force provide the precision
strike affordable mass that America’s
warfighters will need to defeat great power
aggression.
What Is the Need?
A corollary to the maxim that “you
go to war with the forces you have” is that
you also go to war with the munitions you
have. Munitions that are vulnerable to
enemy defenses, ineffective against highvalue targets, or simply number too few
are not a prescription for victory in a peer
conflict. All these shortcomings are now
true for a significant portion of the U.S.
military’s PGM inventory. Moreover, these
shortcomings cannot be addressed during a

crisis given both the time needed to develop
new, technologically advanced PGMs and
the U.S. defense industry’s inability to
quickly surge PGM production.2 Most airto-surface munitions in DOD’s inventory
were designed for campaigns of the past 30
years where U.S. forces confronted lesser
regional militaries that operated weak
air defenses. DOD is now planning for
conflicts with peer and near-peer adversaries
equipped with integrated air defense systems
(IADS) that are highly capable against nonstealthy aircraft and their legacy weapons.
This is why the Air Force is acquiring 5th
generation F-35 fighters and B-21 stealth
bombers that can penetrate advanced IADS
and launch strikes close to defended targets.
However, new stealth aircraft alone will not
be enough—General Mark Kelly, who leads
the Air Force’s Air Combat Command,
has said his service will not have a true 5th
generation force until its “fifth-gen fighters
have fifth-gen weapons and fifth-gen
sensing.”3 From an operational perspective,
putting 3rd generation weapons on the
Air Force’s stealth F-35s, F-22s, B-2s, and
future B-21s will greatly limit their combat
effectiveness.4
The good news is DOD is developing
multiple new PGMs suitable for strikes in
contested environments. The not-so-good
news is many of these efforts are intended
to field very-long-range weapons that will
permit its non-stealthy aircraft to launch
stand-off attacks against targets while
remaining outside the reach of an enemy’s
air and missile defenses. These long-range
stand-off PGMs can cost millions of dollars
each, and, because of their extended flight
times and small warheads, they may not
be effective against highly mobile targets
or targets that are sheltered in hardened
facilities. At the same time, the Air Force
and other services continue to acquire
large quantities of non-stealthy, short-range
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Munitions Ranges and Uses
Very-Long-Range “Stand-off” Munitions
•

Ranges greater than 750 nm, can fly at subsonic
(Tomahawk cruise missile) or hypersonic (AirLaunched Rapid Response Weapon) speeds

•

Enable non-stealthy aircraft to launch long-range
strikes while remaining outside contested areas
Long-Range “Stand-off” Munitions

•

Ranges 250 nm to 750 nm, typically winged and
powered to achieve range (JASSM-ER)

•

May have sufficient range to allow non-stealthy
aircraft to launch strikes without penetrating
contested areas
Mid-Range “Stand-in” Munitions

•

•

Ranges from 50 nm up to 250 nm, may have wings
allowing them to glide after release and powered to
extend their range
Enable penetrating aircraft to strike while remaining
outside the lethal range of “point” defenses
surrounding many high-value targets
Short-Range “Direct Attack” Munitions

•

Ranges of low tens of nm or less, typically
unpowered such as JDAMs, Quickstrike mines, etc.

•

Must be released close to targets

“direct attack” weapons that would require
strike aircraft to fly too close to lethal air
defenses surrounding high-value targets in a
peer conflict.
In other words, there is a gap between
the Air Force’s very-long-range and veryshort-range munition types that will reduce
the number of targets U.S. airmen will be
able to strike effectively in contested and
highly contested areas. This gap will increase
the cost of its future strike operations for
two reasons. First, both its stealth and nonstealthy aircraft will have to use greater
numbers of costly stand-off weapons if they
are to remain out of reach of the enemy’s
most lethal IADS capabilities. Second,

arming stealth aircraft with direct attack
weapons for large-scale strikes in highly
contested environments would greatly
increase risk and reduce options for them to
avoid air defenses. Plus, the force “packages”
needed to suppress threats enough to
allow stealth aircraft to use direct attack
weapons against defended targets would
require multiple supporting aircraft and an
excessive amount of resources. Using stealth
aircraft for these risky missions should be
reserved for cases where large, penetrating
direct attack weapons are required to kill
high-value hardened targets.
Background: The Continuous OffensiveDefensive Competition and How It Changes
DOD’s Munitions Requirements
Thirty years ago, U.S. air forces
equipped with a new generation of guided
weapons inflicted a stunning defeat on Iraqi
forces that had invaded Kuwait. No other
military could match the strike capabilities
the Air Force brought to the fight during
Operation Desert Storm. Today, the Air
Force and other services have inventories of
air-to-surface PGMs that are increasingly
unsuitable for a conflict with a peer military
and more advanced regional adversaries.
Why is this so? One way to frame the answer
is to think of the evolution of precision
strike capabilities and their countermeasures
as a competition. In fact, the history of air
warfare—like warfare in other domains—
has been a continuous competition between
new offensive and defensive capabilities.
For example, the advantage between
Allied and German air forces repeatedly
swung back and forth during World War
II as technologies, such as more accurate
bombsights, radars controlling air defense
operations, and early generation guided
weapons, were fielded.5 During the Vietnam
conflict, U.S. air forces sought to develop new
tactics and capabilities to overcome North
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superiority by launching preemptive strikes
on enemy airfields. A short six years later
during the Yom Kippur War, the IAF suffered
heavy losses inflicted by the SA-3, SA-6, and
SA-7 SAMs and other air defenses the Soviet
Union had exported to Egypt, Syria, and their
partners.7 In the 1970s and 1980s, the U.S.
Air Force developed aircraft like the F-4G
and EF-111, munitions including the Highspeed Anti-Radiation Missile (HARM), and
new electronic countermeasures (ECM) and
tactics to suppress increasingly capable Soviet
air defenses. These and other capabilities were
key to defeating Soviet and other foreignsupplied air defenses with minor losses
during Operation Desert Storm and in later
campaigns against Serbia and Iraq. The ability
to suppress air defenses allowed U.S. nonstealthy aircraft to strike targets with precision
and conduct operations in support of friendly
ground troops. In short, the offense was
dominant in these post-Cold War conflicts
against lesser militaries who were often poorly
trained and used dated tactics.
The evolution of the U.S. bomber
force and its weapons after World War
II is another example of the continuous
offensive-defensive strike competition. The
U.S. bomber force emerged from World War
II well experienced in conducting massive
strikes from high altitudes. In the late 1940s
and early 1950s, the Air Force procured new
jet engine bombers like the B-47, B-52, and
B-58. Their on-board defenses and ability
to fly at high altitudes and high speeds were
considered sufficient to counter nascent Soviet
air defenses. The Soviet Union’s deployment
Credit: U.S. Air Force Photos [B-47 | B-52 | B-58]
Figure 1: B-47, B-52, B-58 bombers
of the SA-2 SAM in the late 1950s was
game-changing—its speed and ability to
reach high altitudes made it a serious threat
Vietnamese air defenses, which included a to the Air Force’s ISR and strike aircraft. In
large number of Soviet-made SA-2 surface-to- May 1960, an SA-2 shot down a high-flying
air missiles (SAM).6 During the 1967 Six-Day U-2 reconnaissance aircraft piloted by USAF
War between Israel and its Arab neighbors, Major Francis Gary Powers, and in October
the Israeli Air Force (IAF) quickly gained air 1962 an SA-2 deployed to Cuba intercepted
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a U-2, killing its Air Force pilot. In response
to this growing threat, the USAF’s Strategic
Air Command trained its B-52 force to fly
at low altitudes to evade Soviet air defenses
and developed the turbojet-powered AGM-28
Hound Dog missile, which B-52 crews could
launch to suppress threats.

In the 1960s, the Air Force began
to develop the solid-fuel AGM-69 ShortRange Attack Missile (SRAM) so that its
penetrating bombers could launch standin nuclear strikes on air defenses and
relocatable targets. SRAMs had a range
of up to 100 nm, could fly at subsonic
and supersonic speeds, had some low
observability to improve their survivability
in contested areas, and were small and light
enough so Air Force B-52s and FB-111s
could carry them in significant numbers.8 In
the 1970s, the Air Force began developing
the much-longer-range AGM-86B Air
Launched Cruise Missile (ALCM) to give
its increasingly vulnerable non-stealthy
B-52s the ability to launch stand-off nuclear
strikes, and it developed a new B-1 bomber
capable of high-speed, low altitude flight.
These moves generated countermoves.
In the late 1970s, the Soviet Union began
deploying a new generation of air defenses,
including its SA-10 series of SAMs capable of
long-range, high-speed intercepts of multiple
airborne targets. The SA-10 also improved
the Soviet Union’s ability to intercept lowflying aircraft, as did new fighters like the
Mikoyan MiG-31 that had look-down/
shoot-down radars capable of finding and
tracking bombers flying at low altitudes.
The Soviet Union also fielded the Mainstay
A-50 airborne early warning and control
aircraft in 1984 that could, in theory, enable
its interceptor aircraft to attack B-52s before
they could launch their cruise missiles.9
To counter these new defenses, the Air
Force modified the B-1’s design to further
reduce its radar cross section and upgraded

both the B-1 and B-52’s ECM systems.10
The Air Force also began to develop the
stealth B-2 bomber, Advanced Cruise
Missile (ACM), SRAM II missile, and TriService Standoff Attack Missile (TSSAM).
These weapon systems were designed with
special shapes, radar absorbing materials,
and other “low observable” features to avoid
detection by enemy air defense sensors.11
The Air Force decided to acquire the ACM
after studies indicated that emerging Soviet
air defenses could too easily detect its
ALCMs despite their ability to fly at low
altitudes.12 The TSSAM, a cruise missile
with a conventional warhead, was the
progenitor of DOD’s Joint Air-to-Surface
Standoff Missile (JASSM) low observable
cruise missile.
By 1990, investments in stealth
aircraft, more survivable weapons, and
other advanced capabilities had swung the
offensive-defensive advantage back in favor
of U.S. strike forces. Regaining the offensive
advantage required the Air Force to develop
next-generation aircraft and next-generation
munitions that, in combination, gave it the
range, speed, survivability, and lethality to
overcome air defenses and attack targets
with precision. Following the end of the
Cold War, however, DOD made a series
of decisions that now threaten to reverse
this dynamic in favor of the increasingly
capable IADS of China, Russia, and other
adversaries who have acquired advanced air
defenses.
A One-Sided U.S. Pause in the Competition
Following the Soviet Union’s collapse,
the Department of Defense shifted its focus
toward preparing for regional contingency
operations instead of global conflict with
a peer military. In 1993, DOD’s BottomUp Review determined aggression by lesser
adversaries like Iraq and North Korea were
the new primary threat to U.S. global security
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interests. To a large extent, these regional
adversaries were equipped with antiquated
air defenses and lacked the training needed
to operate them effectively. Because of the
permissive operating environments of the
day and a desire to cut defense spending,
DOD curtailed or outright ended multiple
programs to acquire new stealth aircraft and
munitions designed to operate in contested
environments. Over the next fifteen years,
DOD decided to buy only 21 of the Air
Force’s required 132 B-2 stealth bombers,
187 of the Air Force’s required 750 F-22
stealth fighters, 460 of the originally planned
1,460 ACMs, and canceled SRAM II
and TSSAM procurement. This created a
significant gap—which persists today—in
the Air Force’s ability to conduct precision
strikes and other combat operations in
contested environments.13
The shift toward guided direct attack
munitions
DOD’s 1993 Bottom-Up Review also
called for developing new “smart” precisionguided anti-armor munitions to defeat the
mechanized forces of North Korea and Iraq.
Developing “all-weather” PGMs like JDAMs
became another pressing requirement after
Operation Desert Storm had shown that
poor weather, dust, or smoke obscuring
targets could degrade the effectiveness of
laser-guided weapons.14 JDAMs, which
joined DOD’s inventory in 1997 and remain
in production today, are ideal weapons for
precision strikes in permissive operational
environments.
Non-stealthy
JDAMs
use positioning, navigation, and timing
information provided by DOD’s constellation
of Global Positioning System (GPS) satellites
to accurately strike targets in all weather
conditions. Unpowered JDAMs can reach
targets up to 15 nm from their release
points, depending on the releasing aircraft’s
altitude and speed. They are precise enough

to reduce unwanted collateral damage and
cost between $25,000 and $45,000 each
depending on the variant. It is not surprising
that JDAMs became the signature air-tosurface PGM of the post-Cold War era.15
The Air Force also acquired small quantities
of much larger GPS-guided direct attack
5,000-pound and 30,000-pound bombs to
penetrate and kill hardened targets.16
Mid-range stand-in weapons for regional
conflicts
DOD began to develop several new
mid-range all-weather strike weapons in the
1990s and 2000s, including the Air Force
and Navy’s Joint Standoff Weapon (JSOW)
and Small Diameter Bomb. Like JDAMs,
both JSOWs and SDBs are non-stealthy
weapons that are best suited for strikes in
permissive environments. JSOWs have a
GPS/inertial navigation guidance system
(GPS/INS) and wings that extend after
release that allow them to glide up to 70 nm.
The Small Diameter Bomb II

An upgraded SDB variant called the SDB II has a “trimode” seeker that consists of a millimeter wave radar
to locate and track targets in all weather conditions,
an imaging infrared (IIR) sensor to improve target
discrimination, and a semi-active laser that can track
a laser spot placed on a target by the releasing aircraft
or another source. The SDB II also has a datalink to
receive updated information inflight and can glide for
more than 40 miles.
Courtesy photo/Raytheon Missiles and Defense, released by USAF
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The Air Force canceled its procurement of
the JSOW in 2005.17 In 1997, the Air Force
identified a need for a smaller glide weapon,
which culminated in the SDB program.
The reduced size of the 250-pound class
SDB increases the number of weapons that
can be carried by fighters and bombers in
a single sortie. The initial SDB variant was
equipped with a GPS/INS guidance system
which allowed the Air Force to attack
suitable fixed targets day and night in all
weather conditions.18
Anti-radiation weapons
DOD has also fielded PGMs capable
of homing in on active emitters such as air
defense radars. Air-launched High-speed
Anti-Radiation Missiles (HARM), which
entered service in the 1980s and had a range
of 26 nm and a top speed of Mach 1.8, were
extensively employed against enemy radars
during Operation Desert Storm, Operation
Allied Freedom, and Operation Iraqi
Freedom.19 An upgraded HARM variant
called the Advanced Anti-Radiation Guided
Missile (AARGM) has a new guidance
system and seeker allowing it to attack nonemitting targets and provide battle damage
assessments. The AARGM-Extended Range
(AARGM-ER) now in development has a
new motor, is faster (Mach 2-plus), and has
twice the range of the AARGM.20
The Air Force is also developing a new
Stand-in Attack Weapon (SiAW) similar
to the AARGM-ER to attack time-urgent
targets like mobile missile launchers, air
defense systems, and anti-satellite systems.
AARGM-ER and SiAW will give stealth
fighters and bombers the ability to conduct
penetrating SEAD operations against peer
adversaries by the early 2020s. As one
defense writer has noted, “A bomber loaded
with a mix of AARGM-ERs and SiAWs
would be a particularly capable tool for
destroying both air defenses and targets of

opportunity along a certain route, helping
clear a path for following-on forces both in
the air and down below.”21
Post-Cold War cruise missile development
DOD’s post-Cold War priorities
included improving its ability to launch
limited numbers of long-range standoff weapons against high-value targets
without penetrating politically denied or
hostile airspace. In the late 1990s, the Air
Force began developing the JASSM, the
technological successor to TSSAM, which
has a 1,000-pound class conventional
warhead and an announced range of over
200 nautical miles.22 It is now buying
AGM-158B
JASSM-Extended
Range
(JASSM-ER) missiles with a declared range
that exceeds 500 nm, and the Air Force and
Navy are acquiring an anti-ship JASSM-ER
derivative called the Long Range Anti-Ship
Missile (LRASM).

The JASSM Family of Weapons

JASSM, JASSM-ER, and LRASM are low observable,
highly survivable munitions equipped with GPS-aided
INS for guidance, IIR seekers, and a pattern-matching
autonomous target recognition capability designed
to strike high-value, heavily defended fixed and
relocatable targets. The JASSM has 3-meter accuracy,
which reduces the number of JASSMs that must be
used on targets.
LRASM image courtesy of Lockheed Martin
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An enduring bias toward lower-cost direct
attack munitions
DOD’s PGM procurements over most
of the last 30 years were strongly biased toward
direct attack munitions needed for operations
against less capable theater adversaries and
counterterror/counterinsurgency
strikes.
According to FY 2021 defense budget
documents, DOD acquired 331,673 JDAM
kits, over 41,099 SDBs, and 1,685 SDB
IIs through FY 2020 and may buy 29,800
more JDAMs, 9,670 SDBs, and 9,039 SDB
IIs through FY 2025.23 By contrast, the Air
Force has procured about 3,600 of the 7,200
JASSM/JASSM-ER stand-off missiles that
it intends to buy and will acquire about
410 LRASM through FY 2025.24 The Navy
procured 5,168 JSOW through FY 2015,
and has decided to forego plans buy JSOWExtended Range missiles in favor of acquiring
a variant of the low observable JASSM-ER.25
About 700 AARGM kits were produced for
DOD through 2018 out of a total of 2,575
planned, and DOD intends to acquire at
least 2,097 ARRGM-ER.26
It is not a surprise that these quantities
correlate with the cost of these PGMs. As
shown by the two shaded columns in Table
Range
(nautical miles)

Length
(inches)

1, the number of each type that DOD has
procured and plans to acquire in the next few
years decrease as their unit costs increase.27
The same bias is evident for air-tosurface munitions that were expended
during major U.S.-led air campaigns in the
late 1990s and 2000s. During Operation
Allied Force in 1999, coalition forces
launched 28,018 direct attack munitions,
743 HARMs, and 278 cruise missiles against
targets.28 This was repeated during the
Operation Enduring Freedom and Operation
Iraqi Freedom air campaigns when coalition
forces expended a combined total of 50,213
direct attack munitions, 1,012 cruise missiles,
and 408 HARMs.29 Overall, 97 percent
of the air-to-ground munitions used in
these air campaigns were direct attack
munitions. From 2004 through 2019, U.S.
and coalition partner aircraft delivered about
176,000 munitions on counterterror and
counterinsurgency targets during operations
in Iraq, Afghanistan, and Syria, almost all
of which were JDAMs and direct attack
Hellfire missiles.30
DOD’s use of large numbers of direct
attack munitions in operations over the last
30 years is not a surprise given their lower unit

Weight
(pounds)

Average procurement unit cost ($)

Number procured
plus plan to acquire

JDAM variants

up to 15

92 to 152

559 to 2,040

25,000+

375,403

SDB I

up to 60

70.8

285

36,000

50,769

SDB II

more than 40

69

204

186,000

10,724

JSOW

up to 70

161

1,067

357,000

5,168

JASSM

more than 200

168

2,250

698,150

2,034

AARGM

more than 60

164

795

970,000

2,475

JASSM-ER

more than 500

168

2,645

1,048,000

5,166

1,578,000

2,097

AARGM-ER
LRASM

120
more than 200

< 144

Unknown

168

2,755

3,162,000

410
Credit: Mitchell Institute

Table 1: Comparing the ranges, sizes, unit costs, and quantity of direct attack, mid-range stand-in, and long-range stand-off PGMs procured by the Air Force and
Navy
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costs compared to long-range stand-off PGMs
and relatively permissive environments that
allowed non-stealthy fighters and bombers
to strike targets across battlespaces. In short,
the munitions that DOD developed and
procured in the first two decades after the
Cold War proved extremely effective in lowerend conflicts against regional aggressors and
during counterterror and counterinsurgency
campaigns. However, the precision strike
offensive-defensive balance has once again
changed, and munitions that were optimal for
low-end operations are no longer suitable in an
era of renewed great power conflict.
The Need for a Different Mix of Air-toSurface PGMs
Strike aircraft and guided munitions
developed by DOD during and immediately
after the Cold War excelled in regional
conflicts because they were used in highly
favorable operational conditions. Regional
adversaries had few air defenses that were
effective against non-stealthy aircraft, lacked
the advantage of great geographic depth,
and were unable to launch large-scale air
and missile strikes against U.S. and allied
theater bases. Consequently, U.S. and allied
non-stealthy combat aircraft based close
to adversaries could fly multiple sorties per
day to deliver large numbers of direct attack
munitions on targets across battlespaces
nearly unopposed.
These favorable conditions will not be
available in a conflict with a peer or nearpeer adversary. As described by DOD’s
National Defense Strategy, China and
Russia’s modernized militaries are unlike
the regional forces, terrorists, and insurgents
the United States has confronted since
1991. China and Russia’s militaries are far
larger, more technologically capable, and
can challenge DOD’s access to the South
China Sea, the Baltics, and other areas
critical to U.S. national security. Both have

fielded advanced weapons systems to deny
U.S. forces freedom of action in the air,
sea, space, cyberspace, and electromagnetic
spectrum (EMS). Like other modern
militaries, U.S. forces are highly dependent
on sensors that operate in all these domains
to find targets, track them, and then strike
them with PGMs—the precision strike “kill
chain.” Numerous studies have warned that
DOD has fallen behind China and Russia
in fielding new electromagnetic warfare
systems that will be critical to conducting
precision strikes and other operations.31
Great geographic distances and highly
capable air defenses will also affect the U.S.
military’s ability to sustain large-scale strike
operations against a peer adversary. U.S.
commanders will need the capability and
capacity to attack large numbers of Chinese
or Russian targets, including asymmetric
threats like anti-satellite weapons and
ballistic missile launchers that are located
hundreds of miles in their interiors. These
targets will be defended by advanced IADs
that are capable against U.S. non-stealthy
aircraft and their 3rd generation PGMs.
China and Russia have also deployed passive
defenses such as hardened shelters, decoys,
camouflage, and other forms of concealment
to reduce the effectiveness of U.S. precision
strikes. Moreover, both will exploit their
geographic depth and breadth by frequently
moving their high-value relocatable systems
to complicate the Air Force’s ability to find,
track, and target them, and they will use
their long-range missiles to strike U.S. and
allied airbases across a theater of conflict.32
Overcoming these challenges will
require combat aircraft that have enough
range to attack targets located anywhere in
China and Russia, 5th generation stealth
to survive in contested environments,
and the capacity to carry large payloads
of munitions, sensors, and other mission
systems needed to find and attack mobile/
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relocatable targets independently. It is
for these reasons the Air Force decided to
procure F-35As and B-21 stealth bombers.
Maximizing the combat effectiveness of
these next-generation platforms will also
require a different mix of air-to-surface
weapons—a PGM inventory that meets
the following essential design objectives.
Failing to do so will increase the risk that
the service will fall short of maintaining
its precision strike advantage over peer and
more sophisticated near-peer adversaries.
Overall, the Air Force’s future PGM
inventory should:
1. Support future long-range penetrating
strike operations against targets that are
highly dispersed and located deep in
contested areas.
2. Consist of weapons that are designed
to penetrate enemy defenses and reach
targets located in contested operational
environments.
3. Be effective against targets that are
mobile, can quickly relocate, or are
hardened.
4. Have the capacity to strike tens of
thousands of targets in an extended
operation against a peer adversary.
5. Include a mix of weapons that will
maximize the cost-effectiveness of
penetrating precision strike operations
conducted at scale.
Fielding a family of next-generation,
mid-range PGMs for stand-in strikes will
help the Air Force achieve all of these
objectives. These PGMs will complement
the capabilities of its stealth fighters and
bombers, improve its ability to defeat
mobile, hardened, deeply buried, and other
challenging targets, and will be affordable
enough to procure at the scale needed for a
peer conflict.

1. The Air Force’s PGM inventory must
support long-range strike operations
against targets that are highly dispersed
and located deep in contested areas.
U.S. theater commanders must have
the capacity to strike a very large number—
tens of thousands—of targets such as a peer
adversary’s bomber airfields, naval ports,
command and control complexes, ballistic
missile fields, and key military industrial
facilities. These targets may be located
along the peripheries of China and Russia
or deep in their vast interiors. The depth
and dispersed nature of potential target sets
create significant challenges for the USAF’s
fighter force which now largely consists of
non-stealthy aircraft that cannot survive in
contested areas or air refuel close enough to
Chinese or Russian defenses to allow then
to penetrate deep. Moreover, the Air Force’s
current bomber force consists of 76 nonstealthy B-52s, 45 non-stealthy B-1s, and
only 20 penetrating stealth B-2s. Due to
then-Secretary of Defense William Cohen’s
1997 decision to truncate B-2 procurement,
all but the USAF’s B-2s must now use longrange stand-off PGMs to launch strikes
and remain outside the reach of Chinese
or Russian air defenses. This imposes
significant operational limitations on a U.S.
theater commander’s ability to strike critical
targets in a peer conflict.
For instance, cruise missiles launched
by non-stealthy bombers and fighters that
must stand-off 500 nm to 800 nm from
a land-based IADS will only be able to
reach a small fraction of targets that are
dispersed across land masses as large as
China. This means that targets such as antisatellite weapons, ballistic missile units, and
command and control facilities located deep
inside China cannot be reached by most
cruise missiles launched by non-stealthy
aircraft. However, as Figure 2 shows, stealth
bombers armed with mid-range, stand-in
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USAF penetrating
bombers launching
stand-in PGMs

Aerial refueling tankers
supporting penetrating
bomber strikes

Aerial refueling
tankers

Non-stealth bombers
launching stand-off
missiles with a range
similar to JASSM-ER

Figure 2: Long stand-off distances impact the number of targets that can be attacked by air-launched cruise missiles. The red-colored area
shows potential target areas that could be reached by non-stealthy aircraft launching cruise missiles from stand-off distances of 500 nm
from China’s coastline. In contrast, stealth bombers with stand-in munitions and supported by aerial refueling have the range to penetrate
and reach targets located anywhere in China and do so from multiple directions. Stealth bombers will need to use mid-range PGMs for most
strikes in contested areas, since the very short ranges of direct attack weapons would require them to nearly overfly lethal point defenses
surrounding high-value targets.

weapons can penetrate defenses to attack
targets anywhere in China, and their ability
to attack from unexpected directions can
greatly complicate an enemy’s air defense
challenge.
2. PGMs must also survive to reach
targets located in contested and highly
contested areas.
With the shift in focus toward deterring
and defeating great power aggression, the
U.S. military once again must prepare to
conduct precision strikes and other missions
against adversaries that have cutting-edge
air defenses. Unlike defenses U.S. air forces
faced during campaigns in the 1990s and
2000s, Russian and Chinese IADS can deny
access to 4th generation non-stealthy aircraft
which still comprise most of the USAF’s
combat air forces. Even as DOD decided to
take a multi-decade pause in fielding stealth
aircraft and weapons in the aftermath of
the Cold War, Russia and China improved
their ability to counter U.S. strikes. This one-

Credit: Mitchell Institute

sided halt in the precision strike competition
created a situation where the U.S. military is
now at risk of losing its advantage.
Russia and China’s air defenses are
increasingly mobile, long-range, and
fully integrated. Russia began to field its
S-300 (NATO designation SA-10) family
of SAM systems in the late 1970s. S-300s
were initially mounted on towed trailers
and could take 30 to 120 minutes to
deploy their radar and other systems in
preparation to launch or stow in order to
relocate.33 Later systems like the S-300V
(SA-12), S-300PMU-1/2 (SA-20A/B) and
S-400 (SA-21) used self-propelled vehicles
for all of its components, which allow them
to deploy or stow within minutes.34 Russia
has introduced phased array radars into
its SAM systems, which are jam-resistant
and increasingly powerful. Its latest SAMs
include active electronically steered array
(AESA) radars that have increased range,
improved resolution, and the ability to track
multiple targets simultaneously. Several
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Figure 3: Russian S-400 (top) and a Chinese HQ-9 (bottom),
a derivative of Russia’s S-300

Credit: RIA Novosti | Chinese media

variants of advanced SAMs have radars that
operate in lower frequency bands to improve
their capability against stealth aircraft that
were designed to avoid detection in higher
EMS bands.35 Russia has increased the range
of some of its SAMs to 400 kilometers or
more—quadruple the range of its 1980s-era
SAMs—and its most modern missiles
have active seekers capable of locating and
guiding themselves to airborne targets.36
In addition to producing its own derivative
systems like the long-range HQ-9, China
has also fielded Russian-made S-300 and
S-400s.
The issue is not simply that modern IADS
have increased mobility and engagement ranges;
they are also networked in a way that amplifies
their individual capabilities. Networking
allows radars to work collaboratively across a

range of spectrums and enables long-range and
short-range SAMs to receive target data from
multiple sensors operating in all domains.37
Modernized airborne early warning aircraft
like Russia’s A-100 and China’s KJ-2000 and
KJ-500 employ AESA radars that extend the
range of their air defense networks and support
fighter and SAM engagements against airborne
targets. China is investing in “low band”
Ultra High Frequency (UHF) and Very High
Frequency (VHF) ground radars like the JY-26
to improve its ability to detect and track aircraft
over long ranges. Modern IADS also include
fighters like Russia’s Su-35, Su-57, and MiG-35,
as well as China’s 5th generation J-20 and FC31, which have AESA radars, infrared sensors,
and carry very-long-range air-to-air missiles.
Some of these missiles, like Russia’s R-37
and China’s PL-XX are designed to kill U.S.
high-value airborne assets like AWACS, aerial
refueling tankers, and non-stealthy bombers.
Advanced IADS are also increasingly
effective against legacy munitions. Russia
and China’s advanced IADS are eroding the
effectiveness of the U.S. military’s legacy
strike systems. A major difference between
air defenses of the 1990s and IADS of today
is the proliferation of systems capable of
engaging incoming cruise missiles and other
guided munitions. These defenses include
Russia’s SA-15 (Tor), SA-19 (Tunguska)
and SA-22 (Pantsir) mobile SAMs that can
target low-flying aircraft, cruise missiles,
anti-radiation missiles, and bombs.38 China
has developed its own variant of the Tor,
known as the HQ-17, and an FK-1000 shortrange “point defense” system that resembles
the Pantsir. These short-range weapons are
fully integrated with electronic warfare
systems and longer-range SAMs. China,
Russia, Iran, North Korea, and others also
employ decoys, camouflage, concealment,
deception, and hardening that further reduce
the effectiveness of an adversary’s precision
strikes.
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PGMs Needed to Strike 100 Targets
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As increasingly lethal defenses reduce
the probability that PGMs will survive to
reach their designated targets (reduce
their probability of arrival), more PGMs
would be needed to strike 100 targets
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Figure 4: The number of munitions needed to attack targets increases as the probability they will survive to reach their targets decreases.
A PGM’s “probability of arrival” on a target depends on factors such as the PGM’s low observability, ability to maneuver to avoid defenses,
and time of flight which can increase an enemy’s ability to detect and counter an attack.

In combination, these active and passive
defenses significantly alter the calculus of U.S.
forces looking to deter aggression or counter
threats in a conflict. For starters, they will
greatly increase the number of legacy PGMs
U.S. forces would have to use to ensure
at least one weapon survives to reach the
designated target. As Figure 4 illustrates, 150
non-stealthy cruise missiles or bombs may be
needed to attack 100 notional targets located
in permissive environments. This is based on
the average number of PGMs—about 1.5—
that were used to strike individual targets
during Operation Iraqi Freedom in 2003.
Notably, this is a weapon-to-target ratio
that USAF airmen who flew in the Korean
War and Vietnam conflict could only have
imagined.39 In other words, the probability
that a munition will arrive at its designated
target in highly permissive environments
is nearly 100 percent, excluding factors
such as a failure of the PGM’s hardware or
software. Figure 4 also shows the number
of PGMs needed to strike 100 notional
targets steadily increases as the operational
environment becomes contested and more

10%

0%

Credit: Mitchell Institute

PGMs are attrited by enemy defenses. At
some point, the number of PGMs—and
aircraft sorties—needed to ensure successful
strikes in contested environments becomes
prohibitive. At an extreme, attacking the
same 100 targets using munitions that have
a very low probability of survival may require
hundreds of aircraft sorties.
A new generation of survivable midrange PGMs is needed. Given the USAF’s
bomber and fighter inventories are the
smallest in its history, it would be impossible
for it to greatly increase the number of
sorties it can generate to compensate for
legacy PGMs that are attrited at a high
rate. Plus, significant force growth is not
in the cards: it is likely the USAF’s budget
will continue to flatten or decline, despite
recommendations of multiple government
and independent studies to increase the size
of its combat air forces.
Fielding a new generation of midrange, stand-in weapons that are capable
of penetrating Chinese and Russian IADS
is another means to increasing the USAF’s
lethality and reducing the total number of
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sorties and weapons needed to kill targets
in contested environments. In other words,
these weapons would be an operationally
effective and cost-effective means to
maintain the USAF’s precision strike
advantage. Although it is certainly feasible
to develop next-generation direct attack
munitions with the survivability needed in
contested environments, their very short
ranges would still require stealth aircraft
to nearly overfly lethal point defenses
surrounding high-value targets. At the
other extreme, new very-long-range standoff cruise missiles may be able to penetrate
defenses and allow strike aircraft to launch
attacks while remaining in more permissive
environments. Yet as Table 1 indicates,
increasing PGM range increases their cost,
and buying many tens of thousands of
stand-off missiles for millions of dollars
each is not cost-effective. The happy median
would be to invest in mid-range, standin munitions that can be launched by
penetrating manned and unmanned aircraft
and are affordable enough to procure at
scale
Moreover, the shorter flight times
of stand-in PGMs will reduce the time
available for an enemy to detect incoming
weapons and then complete a kill chain
to intercept them. Conversely, a subsonic
(Mach 0.8) cruise missile launched 500 nm
from a target would need about an hour to
reach it, which could give an enemy the time
it needs to detect the weapon and intercept
it or move a mobile or relocatable target.
In this case, while the attacking cruise
missile may strike its preprogrammed target
coordinates with great accuracy, the missile
would be a net loss if its target is no longer
there. While some advanced cruise missiles
can receive updated target information after
launch, enemy jamming could degrade the
ability to communicate with them in a realtime, on-demand fashion. Even weapons

capable of flying at hypersonic speeds may
not be fast enough to engage highly mobile
targets—depending on the distance the
weapons must travel after launch and the
time needed for their designated targets to
relocate. A better alternative would be to rely
on stand-in weapons that have flight times
measured in single-digit minutes. Plus,
launching larger salvos of less expensive
stand-in munitions are a more affordable
way to overwhelm the intercept capacity of
an enemy’s defenses.
More survivable hypersonic weapons
are also needed, but they will not be a
panacea. Hypersonic weapons will give
U.S. forces additional options to strike
targets in contested and highly contested
environments. Hypersonic weapons combine
the very high speeds of ballistic missiles with
the agility of cruise missiles to evade enemy
defenses.40 “Boost-glide” hypersonic weapons
like the Air Force’s Air-Launched Rapid
Response Weapon (ARRW), the Navy’s
ship-launched Conventional Prompt Strike
munition, and the Army’s ground-launched
Long-Range Hypersonic Weapon (LRHW)
will all use a rocket to boost a maneuverable
glide vehicle carrying a warhead to high
altitudes and airspeeds that allow it to glide
to a distant target.41 The LRHW, which
pairs a rocket booster with the Common
Hypersonic Glide Body (C-HGB) developed
by the Army and Navy, will have a range
of at least 2,250 kilometers and could cost
$40 million or more each.42 The Air Force
is also developing air-launched hypersonic
cruise missiles powered by “air-breathing”
scramjet engines. Crucially, air-launched
hypersonic boost-glide weapons will be a
fraction of the LRHW’s cost, as they do not
require the use of large, expensive rockets to
boost them to high altitudes and speeds.
Both boost-glide and air-breathing
hypersonic weapons will improve the Air
Force’s ability to launch long-range strikes
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against time-sensitive targets such as
mobile and relocatable missile launchers
that operate from contested environments.
That said, the basic limitations regarding
subsonic and supersonic stand-off munitions
also apply to very-long-range hypersonic
weapons. Complex kill chains consisting
of multiple sensors and C2 capabilities
are needed to provide initial targeting
information and target updates to standoff strike platforms over long ranges even
if they are carrying hypersonic weapons. A
basic rule of thumb is that the complexity
and cost of kill chains grow as the distance
between strike aircraft and their intended
targets increases. Long stand-off ranges also
increase the size of hypersonic weapons,
which reduces the number of weapons that
fighters and bombers can carry. Some longrange hypersonic weapons may be so large
that they can only be carried externally by
bomber aircraft. This would preclude them
from being carried by stealth aircraft into
contested areas, since they would greatly
increase the aircraft’s radar signature.
Furthermore, very-long range hypersonic
weapons would still need to fly tens of
minutes to reach their targets, which can
give an enemy more time to detect and
counter them, and hypersonic weapons that
cost millions of dollars each will constrain
the number the Air Force can afford to buy.
3. The Air Force’s future munitions mix
must also be effective against mobile,
relocatable, hardened, or deeply buried
targets.
China, Russia, and other adversaries
have increased the mobility of their highvalue weapon systems to complicate the U.S.
military’s ability to find, fix, track, target,
and attack them over long ranges. Defeating
large numbers of these challenging targets
effectively will require penetrating strike
aircraft that can independently locate and

attack them with payloads of mid-range,
stand-in weapons. The unsustainable
alternative would be to use very-long-range
stand-off weapons with extended flight
times that give an enemy more time to
counter attacks or short-range direct attack
weapons that significantly increase risk to
aircraft that deliver them.
Target
mobility
reduces
the
effectiveness of long-range stand-off strikes.
Like Russia’s modern SAMs, advanced
Chinese air defenses like the HQ-9 have
mobile launchers, radars, and command
vehicles that enable them to launch a missile at
an airborne target and then begin to relocate
within minutes. These shoot-and-scoot
operations complicate the ability of U.S. forces
to detect a SAM launch, locate the launcher,
and then complete the rest of a kill chain before
the launcher and other SAM components
relocate.43 Other potential targets such as
ground maneuver forces, missile transportererector-launchers (TELs), and naval forces use
their mobility to degrade U.S. precision strike
kill chain operations. This is a key reason for
why long-range stand-off munitions are best
suited for strikes against fixed targets that
cannot quickly relocate.
Countermeasures that degrade the
U.S. military’s ability to provide target cues
to its stand-off air forces is another reason
why they may be less effective against
mobile and relocatable targets compared to
penetrating aircraft that can independently
find and attack them. Stand-off aircraft and
other launch platforms are dependent on
external ISR assets to find and track mobile
targets. The usual practice is to program a
stand-off weapon with the coordinates of a
mobile or relocatable target just before the
weapon is launched. If the target changes
its location after a weapon is launched, then
the weapon may miss its target even though
it hits its preprogrammed coordinates
with great precision. To compensate for a
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target’s movement, one or more external
sensors must track it, and then updated
target information must be relayed to
the weapon while it is inflight. If a target
cannot be tracked or updated data cannot
be passed to a weapon after launch, then
the weapon is wasted. The external sensors,
networks, and datalinks needed to provide
target information to stand-off aircraft
and weapons may be vulnerable to enemy
jamming and other countermeasures.
Tracking a highly mobile target becomes
even more challenging as the flight time
of a stand-off weapon increases, as it also
increases an enemy’s opportunity to detect
the incoming strike, move the potential
target, and take other actions to defeat the
strike.
Affordability is another factor to
consider, since the advanced engines and
other capabilities needed to achieve and
sustain very high speeds significantly
increase weapon unit costs. In most cases,
a better, more cost-effective choice is to
employ penetrating strike aircraft that
have on-board sensors capable of detecting

and tracking mobile/relocatable targets
instead of relying on targeting information
provided by external ISR systems. Plus,
their ability to launch mid-range, stand-in
weapons that cost $300,000 or less each
against challenging mobile and relocatable
targets would improve the USAF’s ability to
impose costs on a peer aggressor.
Hardening and deeply burying
fixed targets also reduce the effectiveness
of stand-off strikes. China, Russia, and
other adversaries now routinely harden or
deeply bury potential fixed targets such as
large command and control installations
and weapon storage facilities to protect
them. These methods are particularly
effective against smaller warheads like those
typically carried by very long-range standoff weapons. The weight of warheads carried
by air-launched missiles tends to diminish
as missile ranges increase. Cruise missiles
with conventional warheads that weigh
about 1,000 pounds have historically been
limited to ranges of 1,000 miles or less.
Much larger conventional warheads
may be required to attack underground

Weight (lbs)
5,000

Blue = weapon
total weight

4,000

3,000

Nuclear
ALCM

Tomahawk
Block IV

Conventional
ALCM (AGM-86C)

Weapon weight
curve flattens

JASSM-ER
JASSM

2,000
Standoff Land
Attack Missile-ER
1,000

Red = warhead
weight only

Warhead weight
curve flattens

0
SDB I & II 200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

Weapon Range (nm)

Figure 5: As PGM ranges increase so do their total weight, since they need a powerplant, fuel, and other features to extend flight. The
reverse is true for PGM warhead weights, which are often decreased in order to increase a weapon’s potential range. Both weights eventually
“flatten” as it becomes impractical to further grow the size and weight of stand-off PGMs that can be carried by aircraft.

Credit: Mitchell Institute

Mitchell Policy Papers 17

facilities such as leadership bunkers,
hardened shelters protecting weapons of
mass destruction, and certain types of
reinforced infrastructure such as bridges.44
Only stealth bombers have the ability to
both carry very large “bunker buster” direct
attack weapons, such as the 5,000-pound
GBU-28 and the 30,000-pound GBU-57
Massive Ordnance Penetrator, and achieve
the ranges necessary to use them to strike
hardened targets deep in a peer adversary’s
interior. It may be feasible to design midrange PGMs with enhanced warheads
that are capable against many hardened
and deeply buried targets. However,
designing weapons with very long ranges
and conventional warheads that have the
mass and explosive power to penetrate very
hard or deeply buried targets would require
significant technological advances.
4. The Air Force’s PGM inventory should
have the capacity to strike tens of
thousands of targets in a major campaign
against a peer adversary
The size of a potential target set
in a fight with China or Russia and the
probability that their defenses will attrit the
Air Force’s legacy PGMs drive the service’s
need to procure new, more survivable
weapons in quantities that are significantly
larger than what it has historically acquired.
This should be an immediate Air Force
priority, given its chronic PGM shortfall and
the need to prepare for a high intensity peer
conflict that could occur with little warning
and last longer than the air campaigns it
has led against regional aggressors since the
Cold War.
Theater commanders will need a
PGM inventory that won’t run out in
a week. The Air Force now lacks enough
PGMs to engage in an extended duration
campaign against China or Russia plus meet
other operational needs in other theaters as

required by the National Defense Strategy.45
To an extent, this shortfall is an artifact
of post-Cold War planning policies that
sized DOD’s forces—including its PGM
inventory—for relatively short campaigns
against lesser regional militaries and
counterterror operations. DOD planners
in the 1990s estimated that a conflict with
a regional opponent such as Iraq would be
a “short” war that would not require it to
maintain very large stockpiles of PGMs
in peacetime.46 This assumption was
reinforced by real-world operations. The
Operation Desert Storm and Operation
Iraqi Freedom air campaigns were intense,
but only lasted 42 and 43 days, respectively.
Operation Allied Force was somewhat
protracted at 78 days, but not very intense.47
Similarly, airstrikes against terrorists and
insurgents since 2001 were protracted, but
not intense. The nature of these post-Cold
War air campaigns allowed DOD to draw
down its PGM stockpiles during crises and
then slowly replenish them over a matter
of years. A notable exception occurred in
2015, when strikes against ISIS in Syria
and Iraq—despite their low intensity—
threatened to excessively deplete DOD’s
PGM stockpiles.48 While DOD reacted by
surging the production of JDAMs, SDBs,
Hellfire missiles, and other munitions,
it required five years for its stockpiles to
recover. This is not surprising, given the
U.S. industrial base’s inability to quickly
surge PGM production.49
The stark reality is an operation
to defeat Chinese or Russian aggression
would be far more intense and could last
significantly longer than DOD’s other
post-Cold War campaigns. Precision strikes
against either adversary would involve
hundreds of sorties per day and last for
many weeks—or at least until U.S. forces
exhausted their PGMs. Absent sufficient
munitions, the Air Force will not be able
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Inventory of JASSM, JASSM-ER, LRASM

to sustain high-tempo strike operations
regardless of how many combat aircraft it
brings to the fight.
Figure 6 shows how JASSM, JASSMER, and LRASM inventories the Air Force
is procuring could be quickly depleted in a
fight against a peer aggressor. This example
assumes only half of the Air Force’s nonstealthy B-52s and B-1s—41 aircraft—are
tasked to launch JASSM and LRASM.50
Even at this modest tempo, the USAF’s
entire inventory of these PGMs could be
depleted in about a week.
The ability to quickly surge PGM
production to meet operational requirements
during a war with China or Russia could be
decisive and should be part of the Air Force’s
plans to prepare for high-end peer conflict.51
As the noted defense strategist Hal Brands
recently observed, “The outcome of a great
power war may be determined by what
happens after the first campaign—who can
ramp up production of missiles and other
munitions, who can quickly replace lost

7,000

ships and aircraft, who has the stronger,
more adaptive industrial base and can better
withstand the economic damage a conflict
will inflict.”52 Creating a more resilient
PGM industrial base could entail creating
new capacity in existing facilities to surge
wartime production, possibly by maintaining
some munitions facilities in “layaway” status
during peacetime despite the additional cost
of doing so.
Acquiring mid-range PGMs that take
maximum advantage of lighter, stronger, and
more adaptable materials would be another
step toward developing a munitions inventory
suitable for peer conflict. Current stand-in
weapons are mostly made of metal, are easy
for advanced air defenses to detect, and use
50-year-old warhead technology. New midrange PGMs could be hybrids constructed of
metal and lightweight composite materials,
have miniaturized electronics, and carry
larger payloads per weapon size than current
munitions. JASSM cruise missiles are one
example of a hybrid munition with a metal

Total inventory of JASSM, JASSM-ER, and LRASM the USAF plans
to procure through FY 2025 (from FY 2021 President’s Budget )
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Figure 6: Notional depletion of the Air Force’s JASSM family of PGMs assuming plausible utilization rates in a conflict with a peer aggressor.
This burn-down rate is optimistic since the USAF’s other bombers and fighters would also employ JASSM-ERs and LRASMs, which could
easily exhaust their inventories in just a few days. The consequences of a lack of JASSM and other advanced PGMs would be immediate and
severe, since no other U.S. service or NATO force can provide the precision strike capacity needed to defeat Chinese or Russian aggression.
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and composite airframe. Plus, in many cases,
the logistics footprints of DOD’s legacy
weapons are large, cumbersome, and require
many personnel to support. All of these can
be significant limiting factors given the U.S.
military must be ready to conduct logistics
operations while under attack. New hybrid
mid-range weapons—and hybrid weapons of
all range classes—could help reduce time and
resources needed to ensure the Air Force’s
fighters and bombers have the weapon loads
they need when and where they are needed
in a peer conflict.
Finally, an inadequate PGM stockpile
combined with an inability to surge
production has implications for conventional
deterrence and alliance management. Some
may argue that munitions stockpiles do
not have as visible a presence as aircraft or
ships in a forward theater, and thus do not
contribute to deterrence. However, potential
adversaries might decide that a nation that

Average Procurement Unit Cost (inflation adjusted)

$12M

lacked the capacity to sustain protracted
offensive operations also lacked political
resolve. Plus, strategic competitors certainly
track America’s readiness for war, to include
its PGM stockpiles and surge production
capacity.53 The lack of PGMs—and the
combat aircraft that deliver them—could
convince China or Russia that it could
continue to fight and achieve victory after
the U.S. forces exhausted their best strike
weapons, aircraft, and aircrews.
5. The Air Force needs a new generation
of mid-range stand-in munitions that
maximize its ability to conduct costeffective precision strikes at scale
Leaving aside the operational limitations
of long-range stand-off weapons against
mobile, relocatable, hardened, and deeply
buried targets, it is simply not feasible to
procure tens of thousands of them if they are
too expensive. A better, more cost-effective
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Hypersonic Air-breathing
Weapon Concept (estimate)

$4M
SM-6

LRASM
ALCM (nuclear)

$2M

AARGM-ER
AARGM

JASSM
SDB II JSOW
0
SDB
200
JDAM

ALCM (conventional)
JASSM-ER

400

600

Figure 7: The unit costs of weapons increase with their range
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Weapon Range (nm)
Credit: Mitchell Institute
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Unit cost

Historical maximum single
year procurement rate

SDB I

$36,000

6,878

50,769

Hellfire II

$73,000

10,462

101,477

SDB II

$186,000

2,910

10,724

JASSM

$698,150

288

2,034

PGM

AARGM

Total acquired
by DOD

$970,000

261

2,435

JASSM-ER

$1,048,000

360

5,166

Tomahawk

$1,358,787

678

8,874

SM-6

$3,300,000

125

Table 2: DOD procurement of selected air-to-surface PGMs correlate with their unit costs

choice would be to invest in next-generation
mid-range PGMs that cost $300,000 or less
each and can be carried in significant numbers
by stealth aircraft.
Thinking about the cost-effectiveness
of next-generation PGMs. Increasing the
cost-effectiveness of precision strikes and other
operations will be critical to creating a future
Air Force that is sized and shaped for major
conflicts with peer adversaries. This includes
the cost-effectiveness of its expendable PGMs
as well as its strike aircraft, supporting ISR
capabilities, and other weapons systems. As
shown by Figure 7, a weapon’s costs increase
with its range and sophistication. Figure 7 also
illustrates that, when it comes to hypersonic
weapons, it is fair to say that speed is an
advantage that can be very costly. In the case
of some hypersonic weapons, like the Army’s
ground-launched LRHW, their high cost
may limit their procurement to a few dozen
missiles or less.
Cost has certainly been a factor in
DOD’s total procurement and maximum buy
rates of different PGMs. As Table 2 shows,
DOD has generally acquired a few hundred
high-cost, very-long-range weapons like the
Navy’s Tomahawk cruise missile and SM-6
per year, and the total acquired over the life
of their programs averages well under 10,000
weapons.54

2,631
Credit: Mitchell Institute

Table 2 also suggests that nextgeneration PGMs should cost considerably
less than $1 million each, and $300,000
is an even better target if they are to be
procured in the quantities needed for highintensity peer conflict. PGMs with average
procurement unit costs of $300,000 or less
would likely have ranges up to about 100 nm.
The challenge is to achieve these lower costs
for weapons that are designed to survive in
contested environments and strike mobile/
relocatable and other challenging targets.
Greater weapons affordability may result
from reducing their range, which would also
reduce their size, time of flight, and possibly
their need for more sophisticated navigation
systems and seekers. Developing new midrange weapons suitable for stand-in strikes
by penetrating aircraft would help achieve
these “affordable mass” objectives and create a
PGM inventory that has the capacity needed
to defeat peer aggression.
Maximizing weapons per sortie is
a must. New stand-in PGMs should also
be designed to fit efficiently in the weapons
bays of current and future stealth aircraft to
maximize targets attacked per sortie. Today,
all Air Force strike aircraft can carry missiles
that are up to 168 inches long, 20 inches in
diameter, and weigh 2,250 pounds.55 The
larger weapons bays of the B-2 allow it to
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carry munitions that are up to 250 inches
long, including the 5,000-pound GBU-28
at 225 inches and the 30,000-pound GBU57 at 246 inches. However, some stand-off
PGMs like the JASSM, at 14 feet long, and
the AARGM, at 13 feet long, would leave
seven or eight feet of empty space in the
B-2’s bomb bay, plus JASSM and JASSMER are too large to be carried internally by
F-35 fighters.56 On the other hand, a B-2
equipped with a modular rotary launcher
could efficiently carry about 32 stand-in
munitions internally that are about 10 feet
long and weigh 1,000 pounds—which is
comparable to the size and weight of the
GBU-32 JDAM. It could alternatively carry
about 48 stand-in weapons that are 80 inches
long and weigh 500 pounds each. Both the
F-22 and F-35 could have the space to carry
four of these 80-inch weapons internally. This
would help the Air Force to meet its objective
of increasing the lethality and survivability of
its combat forces for peer conflict.
PGM procurement rates are another
important consideration. Over most of the
post-Cold War era, DOD was able to slowly
rebuild its stocks of PGMs after a regional
conflict. Stretching out procurement
allowed it to reduce year-by-year PGM
expenditures in favor of investing in other

capabilities. This is not an optimum PGM
acquisition approach in an era of renewed
great power competition where PGM
deficits that last for years would translate
directly to a reduced ability to deter and
respond to aggression that can occur with
little prior warning.
The average production rates of longrange PGMs in recent decades highlight
this challenge.57 Continuing to acquire
long-range missiles like the JASSM-ER at
a rate of a few hundred per year will not
create a significantly larger stockpile of
PGMs for a large-scale peer conflict. Even
manufacturing JASSM-ER at the program’s
historical peak rate of 525 missiles in FY
2022—which is double the average annual
rate over the life of the program—would
not significantly reduce the time needed
to build-up the Air Force’s precision strike
staying power. Plus, acquiring a much
larger inventory of very long-range stand-off
weapons would be inordinately expensive
due to their high costs. 10,000 additional
JASSM-ERs would cost about $10 billion
at current prices and 10,000 SM-6 missiles
would cost $33 billion. By contrast,
acquiring 10,000 new mid-range PGMs
could cost $3 billion spread over several
years depending on their production rate.
Time to acquire 10,000
weapons at highest oneyear production rate

Average annual
production rate

Highest one-year
production rate

Cost to acquire
10,000 weapons

SM-6

115

125

$33 billion

80 years

JASSM-ER

257

525

$10 billion

19 years

Notional new
stand-in weapon

2,500
5,000

2,500
5,000

$3 billion
$3 billion

4 years
2 years

SDB II

1,716

2,910

$1.86 billion

3 years

SDB

2,500

6,878

$0.40 billion

1.5 years

JDAM

16,780

43,594

$0.30 billion

Weapon

Table 3: The “average annual production rates” in Table 3 are based on DOD production rates averaged over the course of
each program. The “best case production rates” are the highest rate achieved by each munitions program in a single year—a
rate that was rarely sustained for more than a year. The SM-6, which is a Navy surface-to-surface missile, is included for
purposes of comparison.

0.2 year
Credit: Mitchell Institute
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Another example: What could a $5
billion PGM procurement plus-up buy?
Based on historical data, it is entirely plausible
that acquiring significant numbers of a new
PGM could cost $5 billion over a few years.58
This $5 billion could buy well over 10,000
next-generation mid-range PGMs that cost
$300,000 each. This inventory could support
over a month—33 days—of precision strikes
assuming they are delivered on targets at a
modest rate of 500 per day. By comparison,
Table 4 shows how buying $5 billion more
expensive stand-off weapons would create an
inventory that could be expended in just a
couple of days. This is a better way to think
about the Air Force’s PGM priorities—
not strictly in terms of dollars and cents, but
the potential to maximize its strike capacity,
the cost-effectiveness of its strike operations,
and the resiliency of its PGM inventory in a
conflict with China or Russia.
Some could suggest that an even more
cost-effective approach would be to continue
to rely on less expensive direct attack weapons
like JDAMs and SDBs. However, the Air
Force must also consider the high cost of
aircraft—and aircrews—that could be lost
because they had to employ very short-range
direct attack weapons in contested areas. If
the employment of a short-range PGM like a
JDAM contributed to the loss of a single $80
million F-35 or a $550 million B-21 bomber,

then the potential savings of buying less
expensive JDAMs would be nil.59 Plus, enemy
defenses would attrit non-stealthy PGMs like
JDAMs and SDBs at increased rates compared
to next-generation PGMs that are designed for
use in contested operational environments.
As the probability of arrival of direct attack
munitions on targets declines, their cost
advantage over slightly more expensive midrange stand-in PGMs also decreases.
Finally, the Air Force must be cautious
about shifting its strike forces toward more
non-stealthy aircraft that must launch
weapons from long stand-off ranges. In a
major conflict with China or Russia, nonstealthy bombers and fighters would quickly
run out of JASSM-ERs and other stand-off
weapons, which could effectively take them
out of the fight.60 Take, for example, the total
number of JASSM-ERs the Air Force will
procure through FY 2025—4,467 weapons.61
There are currently 44 combat-coded B-52
bombers and 26 combat-coded B-1 bombers
in the force. B-52s can carry 20 JASSM-ERs
each, and B-1s can carry 24 JASSM-ERs
each.62 So, these 4,467 JASSM-ERs would
equate to slightly less than three sorties for
each combat-coded B-52 and B-1 in the
force. A munitions mix that includes much
larger numbers of more affordable mid-range
stand-in munitions would create a deeper
magazine for the Air Force’s warfighters.

Weapon

Unit cost

Number of weapons
$5 billion could
potentially buy

Days of combat this number of
weapons would support assuming
a launch rate of 500 per day

Notional new air-breathing
hypersonic cruise missile

$3,500,000

1,428

2.9

JASSM-ER

$1,048,000

4,771

9.5

Notional new mid-range
stand-in weapon

$300,000
(illustrative)

16,667

33.3

SDB II

$186,000

26,882

54

SDB I

$36,000

138,889

278

JDAM

$25,000

200,000

400

Table 4: Acquiring new mid-range stand-in PGMs could help the Air Force maximize its precision strike capacity and costeffectiveness

Credit: Mitchell Institute
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Conclusion and Recommendations for an
“Affordable Mass” PGM Inventory
The Air Force’s procurement and
employment of PGMs since 1990 has
overwhelmingly consisted of direct attack
weapons like the JDAM. Although these
weapons were suitable for the low-threat
environments that U.S. air forces have
operated in over the past thirty years, they
are unsuitable for strikes in contested and
highly contested environments. Because
of the very short range of direct attack
weapons, fighters and bombers that employ
them—including stealth aircraft—would
have to approach too close to point defenses
surrounding targets to release them. Plus,
most of the Air Force’s legacy PGMs like
JDAM are non-stealthy weapons that are
increasingly at risk of being intercepted or
otherwise rendered ineffective by advanced
air and missile defenses.
The Air Force has also procured much
smaller numbers of long-range and verylong-range stand-off weapons. Unlike 5th
generation aircraft, non-stealthy fighters and
bombers must use these long-range weapons
to attack targets located in contested areas.
The drawbacks of long-range weapons
include higher unit costs, larger sizes that
reduce the number of weapons aircraft can
carry per sortie, longer flight times which
can decrease their effectiveness against
mobile targets, and small warhead weights
which reduce their ability to kill hardened
targets.
As the Air Force develops a future
PGM inventory suitable for a large-scale
campaign against a peer adversary, it
should seek the right balance between
PGM ranges, sizes, survivability, and costeffectiveness. Desirable attributes for new
stand-in PGMs include a range between 50
and 250 nm, a degree of low observability,
possibly increased speed to further improve
survivability, and smaller sizes that increase

the number of targets stealth fighters and
bombers can strike per sortie. This range
band would allow stealth aircraft to avoid
most point defenses surrounding high-value
targets without incurring the operational
and cost limitations associated with verylong-range stand-off weapons. Additionally,
sizing mid-range PGMs at natural divisions
of one-half and one-third the size of current
and future stealth bomber weapons bays
could double or even triple the number of
weapons they can carry per sortie.
The Air Force’s future PGMs will also
need sufficient low observability and other
design features that reduce an enemy’s
ability to find, fix, track, and intercept or
otherwise counter them. Although low
observable munitions are more costly than
comparable non-low observable PGMs,
the more important metric is the cost to
kill a target. Using a single low observable
PGM that costs $300,000 or less to kill a
defended target is far more cost-effective
than employing several hundred nonstealthy $50,000 legacy weapons—and
multiple sorties—to ensure at least one
weapon survives to reach the target. The
exact degree of low observability will require
careful study of the trade-offs between
weapons speed, low observability, and cost.
The goal is to achieve the right threshold
of survivability while maximizing the costeffectiveness of the Air Force’s precision
strikes.
In conclusion, the Air Force should
adopt the following five objectives as part
of a strategy that transforms its obsolescing
PGM stockpile to a balanced mix that
maximizes its capacity to create effects on
targets in a peer conflict:
1. The Air Force should prioritize fielding
“5th generation weapons” to take full
advantage of the range, survivability,
and capability of its stealth aircraft to
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2.

3.

4.

5.

complete kill chains independently in
contested environments.
The Air Force’s future munitions
inventory should include a family of
mid-range (50 nm to 250 nm) PGMs
that can be delivered by penetrating
aircraft on target sets that could number
100,000 or more discrete aimpoints.
The size of these weapons and their
corresponding ranges should be
designed to maximize the number that
can be carried in the internal weapons
bays of stealth aircraft.
The Air Force’s new mid-range, stand-in
PGMs should have a unit cost objective
of $300,000 or less. This would help
maximize the service’s “bang for the
buck” with a limited budget that must
also support other modernization
priorities.
The Air Force’s new mid-range, standin PGMs should have sufficient low
observability and other capabilities
needed to penetrate advanced IADS
and survive to reach their designated
targets. Increased weapons survivability
will reduce the total number of strike
sorties required for a major peer conflict.
The Air Force’s next-generation PGM
mix should be capable against target sets
that are increasingly mobile, relocatable,
hardened, or deeply buried.

The Air Force has said its highest
priority is to size and shape its forces to deter
and defeat Chinese or Russian aggression. As
it does so, it must pay particular attention to
its ultimate “point of the spear”—the
munitions it employs against America’s
enemies. A munitions inventory that lacks
the capacity, survivability, and ability to
strike challenging targets will create
opportunities for adversaries to further erode
our nation’s ability to project decisive military
power. As the Air Force creates a future
PGM mix that is suitable for great power
conflict, it must not forget it has an advantage
that is unmatched by any other U.S. or allied
service: a growing force of advanced 5th
generation fighters and stealth bombers.
Developing multiple variants of mid-range,
stand-in PGMs suitable for operations in
contested environments would help the Air
Force take maximum advantage of its stealth
forces and create effects in the battlespace
that theater commanders depend on. This is
a “must do” for the Air Force—the best,
most advanced combat aircraft in the world
will be ineffective if they lack a PGM
inventory that has the capacity, survivability,
and effectiveness needed to win America’s
wars.
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