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Exquisite and Insufficient

The fires revolution the Marine Corps missed

ne of the central premises

of Marine Corps Force

Design was the evolving

relationship between pre-
cision and mass. The Marine Corps
subscribed to the thesis that precision
strike was rendering mass increasingly
obsolete. While the Service correctly
recognized the changing character of
war, its diagnosis missed some critical
points. Mass remains a crucial compo-
nent of warfighting, albeit with chang-
ing characteristics. Precision alone is
an insufficient counter for mass. Pre-
cision weapons must be employed at
a scale that brings their own character
of mass—the emerging trend of preci-
sion mass.! The misdiagnosis has led the
Service to focus on the wrong prescrip-
tion. The Service has made significant
investiments in exquisite precision—strike
capabilities. While these systems mark
revoiutionary change for the Marine
Corps, they tollow troubling trends in
the DOD, focusing on exquisite, low-
density acquisition projects. To be sure,
these are highly lethal and capable sys-
tems, but they may be too low-density
to contend with the mass that our pac-
ing adversary will bring to a conflict.
The Marine Corps must reckon with
this emerging trend and undertake a
course correction to embrace precision
mass.

Strategic Context

Thisargument begins from a recog-
nition that many aspects of the Service
strategy are sound. Specifically, the fo-
cus on China as the pacing threat and
the regional focus on countering China
in the Western Pacific are sound. The
tocus aligns well with the strategic
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guidance in the 2018 National Defense
Strategy and its subsequent updates. It
also aligns with the strategy of denial,
which has been espoused by top civilian
policy leaders within the Pentagon—the
strategy which states the United States’
primary objective is to deny China re-
gional hegemony in Asia, and the best
way to do so is to contest in the Indo-
Pacific.2

In China’s pursuit of regional he-
gemony, Taiwan is the most signifi-
cant prize—and the prize for which
China would most likely resort to
force and war with the United States

... they may be too low-
density to contend with
the mass that our pac-
ing adversary will bring
to a conflict.

and its allies to achieve. To that end,
the Marine Corps developed concepts
focused on securing and maintaining
key maritime terrain within the first
island chain, within China’s weapon
engagement zone, of its highly capable
precision-strike capabilities. These con-
cepts envision Marines deployed across

key maritime terrain in survivable and
risk-tolerant formations—conducting
sea-denial operations and extending the
reach of the Joint Force through organic
precision strike, target acquisition for
joint prosecution, and disrupting the
People’s Liberation Army’s (PLA) tar-
geting cycle through reconnaissance
and counterreconnaissance.

While this strategy is sound, the
question is whether the Service has cho-
sen the right tools. To implement this
strategy effectively, the Marine Corps
must possess a scalable form of precision
fires.

The Emergence of Precision Mass
Despite the Marine Corps’ efforts to
shift from mass to precision, evidence
trom recent conflicts suggests that mass
has evolved rather than faded into ir-
relevance. Michael Horowitz described
the trend of precision mass in Foreign
Affairs® and elsewhere as the ability of
militaries to reintroduce mass to the
battlefield, despite many predictions
that precision was antithetical to the ex-
istence of mass on future battlefields.
However, the return of mass is not mass
as it was; heavy, armored vehicles and
large formations still exist, but they are
held at risk by low-cost, attritable, preci-
sion systems increasingly imbued with
autonomy. Employed at scale, these sys-
tems demonstrate the evolution of mass.
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Unmanned precision systems are
nothing new. Perhaps the most com-
pelling example of the capabilities
of exquisite precision—strike systems
against traditional mass is the incident
referred to as the “Highway of Death,”
the name describing the carnage un-
leashed on the Iraqi Army retreating
from Kuwait in 1991. There are nu-
merous additional examples from the
long wars of the Middle East. Archives
are full of drone tootage of insurgents
burying improvised explosive devices

precision. In general, these systems
lack the kind of surgical precision de-
scribed above and are generally less ca-
pable compared to exquisite systems
on a one-to-one basis. However, with
less exquisite capability comes a cheaper
price tag, and it is feasible to produce
at a scale that keeps costs per system
orders of magnitude cheaper. These
precision mass systems are also often
used as single—use munitions or one-way
attacks rather than platforms that must
be survivable.

The United States has also perfected a form of surgi-
cal precision, evidenced by events like the assassina-

tion of Qasem Soleimani ...

next to a road, only to be killed by a
Hellfire missile. Precision strike was
also a key component of the “by, with,
and through” counter-ISIS campaign.
The United States has also perfected a
torm of surgical precision, evidenced by
events like the assassination of Qasem
Soleimani, where MQ-9s conducted
surveillance and delivered a bladed vari-
ant of a Hellfire meant to eliminate a
specific target with minimal collateral
damage. Other types of warheads can
also be delivered with the same preci-
sion, 1naking high—value targets such as
armored vehicles and the concentration
of traditional mass on the battlefield a
liability. This type of precision led some
to believe that mass was becoming a
relic of the past.

This is far from the case. We have
seen in recent conflicts that powerful
state actors (namely Russia), seeking to
pursue objectives through force, still
utilize massasan instrument. The war
in Ukraine still features all the tradi-
tional features of mass, including siz-
able infantry formations and armored
vehicles, but this mass must contend
with the proliferation of precision. Both
Ukraine and Russia have forms of ex-
quisite precision weapons, but the true
evolution is the increasing ubiquity of
precision-mass systems.

This new type of precision weapon
differs in key aspects from exquisite
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Precision mass systems have been
utilized at the tactical and operational
levels. At the tactical level, first-person-
view drones have become ubiquitous in
recent conflicts, including the Ukrai-
nian War, the Syrian Civil War, and the
war in Gaza.

At the operational level, the Iranian-
designed Shahed drone has become the
poster child for the precision-mass
movement trend. The Shahed 136 is

a group 3 unmanned aerial system
(UAS) designed for one-way attack
missions, with open-source operational
range estimates ranging from 1,000 to
2,000 miles.> The Shahed 136, and its
Russian-produced variant Geran-2, has
become a favorite of the Russians to
conduct long-range strikes on Ukrai-
nian infrastructure, cities, and fixed
military targets. The Russians heavily
utilize them, despite their slow speed,
loud noise, and relative ease of intercep-
tion by various forms of air defense.
The redeeming quality of this weapon
is its cost and ease of manufacturing.
At an estimated cost of $30,000 per
unit and with a large initial supply
trom Iran, now supplemented by do-
mestic Russian production, the Rus-
sian military has turned a seemingly
crude tool into an effective operational
capability.¢

Data on the usage of Shaheds
throughout the conflict demonstrates
how the effectiveness of a weapon like
the Shahed increases as it scales.” In
Figure 1, each point represents a Rus-
sian attack with Shahed-style drones, as
shown by the date and the number of
drones in the attack. The attack size has
grown as the conflict continues, with a
notable increase beginning in the sum-
mer of 2024,
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Figure 1. Size of Russian Shahed swarms over time. Data source: PetroIvaniuk, “Massive Mis-
sile Attacks on Ukraine,” Kaggle, n.d., https://www.kaggle.com/datasets/piterfm/massive-
missile-attacks-on-ukraine. (image source: Author.)
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This increase in mass has come
with an increase in effectiveness. Far-
ly in the war, when attack sizes were
small, Ukrainian air defenses routinely
achieved shootdown rates of 80 to 100
percent—a cumulative shootdown
rate of 85.6 percent between Septem-
ber 2022 and September 2024. This
changed when the attack sizes began
to increase. In August 2024, Russia
sharply increased the number of Sha-
heds in a single attack. The increase in
attack volume resulted in a decline in
the shootdown rate— Ukrainian air de-
tenses could not keep up. Figure 2 shows
that, as of this writing, the Ukrainians
have been unable to catch up.

With shoot-down rates hovering
around 60 percent, an attack of 150
Shaheds will see about 60 find their
way through defenses to hit a target.
This is not an impressive figure by the
standards of exquisite precision systems.
Still, due to the affordability and scal-
ability of Shaheds, they remain a pre-
terred weapon of the Russians and a
powerful example of the utility of preci-
sion mass.8

In addition to the Russian use case,
the Shahed and other systems like it
have also been used in the Houthi cam-

paign to disrupt shipping in the Red
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Figure 2. Monthly Shahed shootdown rate throughout the conflict. Data source: Petro Iva-
niuk, “Massive Missile Attacks on Ukraine,” Kaggle, n.d., https://www.kaggle.com/datasets/
piterfm/massive-missile-attacks-on-ukraine. (image source: Author.)

maritime use and the potential against
surface targets is especially relevant for
the Marine Corps.

What the Marine Corps Missed
Marine Corps modernization was

primarily built around the stand-in

torce in the Western Pacific. As pre-

The Marine Corps is ill-equipped to deal with the mass
it would encounter in a Taiwan invasion scenario.

Sea. The Houthi campaign featured
the weapons in a different context, but
most notably, they did not employ the
systems in large, massed attacks. For
the most part, these systems have been
used in small enough attack sizes that
the surface combatantsin the area have
been able to detend against the threats.”
(As an aside, this does not mean the at-
tacks are not having the desired effects,
as global shipping has been massively
disrupted.) However, U.S. ships have
had to contend with these threats and
expend air and missile defense capacity.
In theory, if these one-way attack drones
were employed in mass, they could over-
whelm a ship’s defenses and begin to
hit the target.1® Understanding this
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viously stated, the scenario of gravest
concern is China attempting to reunity
with Taiwan by force. The operation
would feature a massive amphibious
invasion it Beijing pursued this goal
militarily. Between the PLA Navy with
its surface combatants, landing craft,
support vessels, and Chinese maritime
militia, the number of ships would be
counted in thousands.

In response to this challenge, the
Marine Corps designed its force around
exquisite programs like Navy-Marine
Expeditionary Ship Interdiction System,
MQ-94A, and Long-Range Anti-Ship
Missile (LR ASM). This approach pre-
sumed the predominance of precision.
However, precision in insuflicient quan-

tity cannot overcome mass. While highly
capable, the Marine Corps’ focus on
exquisite systems will be limited in num-
ber, expensive to field, and optimized for
high-value targets. They are not well-
suited to deal with the sheer volume of
platforms that would be involved in a
cross-strait invasion. While these weap-
ons can credibly hold high-value targets
at risk, when fielded in low density, they
will not be sufficient. Moreover, the use
of these exquisite systems represents a
reliance on complex kill chains, which
will be discussed in more detail below.

This is where the Marine Corps
missed a critical opportunity. The
Service failed to anticipate the emer-
gence of precision mass—using large
numbers of lower-cost, expendable, and
increasingly autonomous munitions.
The Marine Corps is ill-equipped to
deal with the mass it would encounter
in a Taiwan invasion scenario.

Missile Math: Salvo Analysis

A critical component to achieving
mass is scalability and affordability. It
is obvious that precision mass systems
are cheaper on a one-to-one basis. How-
ever, to achieve these effects, they must
be employed in mass. Do cost savings
hold when considering employment in
mass?
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As a preliminary example, consider
the engagement of a Luyﬂn{ IIl-class
destroyer. The cube root rule is often
used to determine the amount of ord-
nance required to sink a ship.1 The rule
says that the cube root of the ship’s total
weight in thousands of tons is a good
planning factor for the weight of explo-
sives in thousand-pound bomb equiva-

sured in scores. There will, however,
be a saturation point, and at the cost
of the NSM salvo at $9.5 million, this
could buy 316 Shaheds, or in the $12.8
million LRASM case, this could buy
426 Shaheds. The saturation point of
defenses involves some guesswork and
would require testing and development
of tactics. But for illustrative purposes,

Munition Warhead Weight Warhead Weight Warhead Weight Warhead Weight
NSM 800 Ibs $1,900,000 3 $5,700,000
LRASM 1,000 Ibs §3,200,000 2 $6,400,000
Shahed-136 1101bs $30,000 18 $540,000

lent units required to sink it. In this
example, the Luyang I1I weighs 7,500
tons, which, according to the cube root
rule, would require approximately 1,957
pounds of explosive ordnance to sink.
The table below shows the minimum
number of hits required from several
weapons to sink a Luyang I1I, along
with the associated cost. Here, two
anti—ship munitions are Compared to
the Shahed-136.

The Shahed requires many more hits
to bring the minimum ordnance to the
target, but it does so at a fraction of the
cost. However, this does not account for
the defensive capabilities of the targeted
Luyang I11. A Shahed or similar muni-
tion does not have the countermeasures
to get past a ship’s multi-layered defense
like the more exquisite systems do. In-
stead, they would rely on being em-
ployed in mass to overwhelm defenses
and score enough hits to sink the ship
or damage it past combat effectiveness.

To apply this to the Luyang case,
we could expand our minimum salvo
analysis by conservatively stating that
a Luyang destroyer can comfortably in-
tercept two well-aimed anti-ship mis-
siles. This would mean the minimum
salvo would have to be increased to 5
Naval Strike Missiles (NSM) at $9.5
million, or 4 LR ASMs totaling $12.8
million. A Luyang and its layered de-
tenses could easily handle small for-
mations of Shahed-like attacks. The

ship could likely handle swarms mea-
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if the saturation point were 50 or 100
drones, you could effectively engage 6
or 3 ships, respectively, at the same cost
of one NSM engagement.!!

This imagined long-range one-way
attack capability may also be utilized in
other ways. It could be used as part of a
complex attack, combining these low-
cost munitions with high—end anti-ship
missiles and non-kinetic munitions. Itis
also true that these systems are a better

engage, and assess (F2T2EA). This se-
quence is intuitive and straightforward,
but the process can often involve multi-
ple systems, significant data inputs, and
a complex web of command relation-
ships to ensure the kill chain functions
properly. Much of the stand-in force’s
warfighting role concerning the Joint
Force is built around some aspect of
the F2T2EA cycle. The initial focus
on long-range, anti-ship fires heavily
emphasized the engagement part of
the chain. As the Service has learned
and made evident in its subsequent up-
dates, focusing solely on engagement is
insufficient. As the Service was forced
to reckon with this, the value proposi-
tion evolved to include reconnaissance
and counterreconnaissance, and more
recently, focused on serving as the joint
terminal attack controller of the Joint
Force.12 In short, the Service seeks to
add value across the F2T2EA target-
ing cycle—doing jobs it is suitable for
it based on its geographic placement.
The by-product of this focus has
made the Service’s value proposition
dependem on continuous connectivity
with the Joint Force and intact com-
mand and control. A cursory search
of contemporary Chinese miIitary

The Joint Force will not possess enough precision mis-
siles to target every PLA Navy and maritime militia
vessel involved in the invasion ...

match for the many hundreds of land-
ing vessels that would be present in a
Taiwan invasion scenario. The Joint
Force will not possess enough precision
missiles to target every PLA Navy and
maritime militia vessel involved in the
invasion; theretore, precision alone will
not be sufficient. In this case, mass must
be countered with mass. One-way at-
tack drones, deployed at scale, present
a teasible option for doing so.

Designing the Kill Chain

Kill chains prosecuted by exquisite
precision systems, such as the NSM,
are often described by the sequence of
discrete events: find, fix, track, target,

thought reveals that joint communica-
tion will undoubtedly be a target, and
a conflict would likely involve periods
of varying levels of communication and
command and control degradation.!?
Given this likelihood, the Marine Corps
should evaluate its Service strategy and
ensure its value proposition is not brittle
in the face of likely enemy actions.
This is where precision mass enabled
by autonomy offers an alternative. A kill
chain designed around precision mass
enabled by autonomy can compress the
required steps and reduce reliance on
tragile enabling components. Again,
consider the use of a Shahed-like long-
range, one-way-attack drone by Marine
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forces in a Taiwan invasion scenario.
In this scenario, the PLA invasion fleet
could only teasibly use a finite num-
ber of maritime routes. Utilizing pre-
conflict indications and warnings, the
routes may become more evident. To
employ these one-way attack drones,
the kill chain can be reduced to

1. Find or confirm the approach cor-

ridor, and have drones fly out to pre-

designated kill boxes.

2. Targets are acquired by onboard

computer vision or other appropriate

Al models.

3. Targets are engaged autonomously.

This model reduces the kill chain to
“find, target, engage,” thus eliminating
the need for persistent tracking, human-
in-the-loop decisions, and complex data
tusion during execution. This approach
also allows for massed fires, which are
critical for achieving the desired effects
of saturating air and missile defense
systems. The C2 burden of the entire
F2T2EA cycle would make it near im-
possible to accomplish these massed
fires and would make fires impossible
in the case of denied C2 communica-
tions.

This shift simplifies operations, al-
lows for massed fires, and removes de-
pendencies on the other systems that
could make the kill chain brittle. This
is especially prescient when some of
the Service’s targeting platforms are far
trom survivable. Notably, MQ-9 shoot-
downs by Houthi rebels have become
a routine event.l4

Precision mass, in this context, is not
just a cost-effective strike option—it is
away to diversify and harden the Joint
Force’s approach to targeting, making
it more resilient in a degraded com-
munications environment. Ultimately,
larger magazine depths of less expensive
munitions and autonomy could enable
the prosecution of more targets, adding
efficiency to the cycle.

Implementation and Challenges
The Marine Corps’ failure to recog-
nize and adopt precision mass can be
symptomatic of larger DOD acquisi-
tion trends—a focus on exquisite ac-
quisition projects led to a particular and
limited view of what precision could
be. Ironically, the course correction
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needed may also come from the larger
DOD. The Office of the Secretary of
Detense (OSD) Replicator initiative
was created to help build this type of
attritable precision mass systems. Part of
the initiative signals to the U.S. defense
industry that this capability is desired
and needed. This is crucial, as indus-
trial capacity has played a critical role
in operationalizing these weapons at
scale for both Ukraine and Russia.15 In

Requirelnents creep is real, and it can
undermine the value proposition of
these systems. The value proposition
of precision mass is highly contingent
on affordability. Should this be done
in an undisciplined manner, people
in the process will see a group-3 UAS
being developed and desire it to have
a modular payload for every possible
scenario, make it resilient to every form
of adversary attack, and be able to oper-

In the Marine Corps’ most challenging warfighting
scenarios on the horizon, it will have to contend with

mass.

thisinitiative, OSD has essentially taken
the Field of Dreams approach: if they
build 1t, the services will come. Replica-
tor skipped the Services-led capability
development process. Instead, OSD is
buying systems, and itis up to the Ser-
vices to turn them into a capability.

However, OSD alone will not save
the Marine Corps. For these systems to
become a capability, the Service must
ultimately take action. Specitically,
the Marine Corps must create organi-
zational structure, develop concepts,
define its own requirements, and take
other actions across the DOTMLPF
spectrum.

From an organizational structural
perspective, this will be a challenge.
Employing an operational capability,
such as a long-range one-way attack,
at scale will likely require an O-5-level
command structure. However, this will
likely mean considering further cuts
to the existing structure beyond Force
Design’s initial shuffle—a challenging
proposition.

The existing use cases described in
this article, along with the proposed
compression of the kill chain with au-
tonomy, offer a starting point for creat-
ing concepts to employ precision mass;
however, they require detailed attention
and refinement. These concepts can en-
able the Marine Corps to write require-
ments tailored to its specific needs.

It is essential to stress that discipline
in the requirements process is crucial.

ate in any imaginable environment. The
result will be an overpriced Franken-
stein, highly capable, unaffordable, and

low-density—back to where we began.

Conclusion

The Marine Corps was bold in
ilnplementing Force Design. Its tocus
on the evolving interplay of precision
and mass led to the bold move of shed-
ding tanks and adopting precision fires.
However, course correction is needed.
In the Marine Corps’ most challenging
Warﬁghting scenarios on the horizon, it
will have to contend with mass. Preci-
sion is a part of the answer in counter-
ing this mass, but it must scale. Embrac-
ing precision mass offers a viable way

ahead.
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