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ABSTRACT

Guided by the Commandant’s Planning Guidance and Force Design 2030, the
Marine Corps is currently undergoing aggressive organizational change to evolve into a
more disruptive force within the context of great power competition. An increase of
rocket artillery batteries from seven to 21 is planned to expand deterrence capability, and
a divestment in cannon batteries from 21 to five parallels this focus. The retention of
cannon artillery, although reduced, can be improved to offer tactical maneuver-based
offensive and defensive firepower to Marines across the range of military operations.
This thesis explores which equipment and tactics, techniques, and procedures (TTPs) are
most critical for USMC cannon artillery lethality and survivability in a Russia
counterbattery scenario. Furthermore, this study proposes potential artillery
configurations that are resilient to uncontrollable variations of the Russian artillery force.
Using agent-based simulation, efficient designs of experiments, and cluster computing,
over 1.3 million artillery battles were simulated and analyzed. The findings include that
the equipment currently fielded by USMC artillery battalions is largely in line with the
most significant factors for lethality and survivability (caliber and range). However,
significant changes to current TTPs, specifically increased segmentation and dispersion,

are necessary for force protection and mission success.
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EXECUTIVE SUMMARY

After more than 19 years of fighting insurgencies in the global war on terrorism,
the Marine Corps has found itself inadequately prepared to address a high-end fight against
a peer threat. Guided by the Commandants Planning Guidance and Force Design 2030, the
Marine Corps is currently undergoing aggressive organizational change to evolve into a

more disruptive force within the context of great-power competition.

With responsibilities spanning the globe and spectrum of conflict, the Marine Corps
aims to field and equip a force capable of integrating with the U.S. Navy to deter evolving
threats, specifically using China as the premier pacing threat. The premise assumed by the
Marine Corps is that by designing a force using China as the pacing threat, the force can

scale to any assigned responsibility across the range of military operations.

The Commandants Planning Guidance and Force Design 2030 place a large
emphasis on rocket-delivered anti-ship fires. An increase of rocket artillery batteries from
seven to 21 is planned to expand deterrence capability, ensure access in a challenging anti-
access and area denial environment, and increase the probability of naval campaign
success. In a fiscally constrained environment with finite resources, a planned divestment

in cannon batteries from 21 to five parallels this focus on rocket delivered fires.

Cannon artillery is the longest-range fires asset that is capable of offering persistent,
all weather fire support. If cannon artillery were to be removed completely, one echelon
lower than rocket delivered artillery is an M252 81mm mortar. The retention of cannon
artillery, although reduced, can be improved to offer tactical maneuver-based offensive and
defensive firepower to Marines across the contingent range of military operations that the
Marine Corps may be called upon to address. Furthermore, by modernizing the cannon
artillery force during a period of divestment, legacy institutional knowledge of cannon
artillery can be retained and focused rather than atrophy. To enable force scalability,

improvements must be made to retained cannon artillery.

Of the two great power competitors, Russia presents the most formidable artillery

threat. While China serves as an appropriate service pacing threat due to its economic and
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technological base, Russia maintains the most capable and practiced fires community.
Similar to how the Marine Corps assumes a force developed to counter the high-end
Chinese fight will scale to lower spectrum conflict, this thesis assumes that an artillery
force capable of countering the most sophisticated and challenging artillery threat will scale

to threats around the globe.

This thesis explores which equipment and tactics, techniques, and procedures
(TTPs) are most critical for USMC cannon artillery lethality and survivability in a Russia
counterbattery scenario. Furthermore, this study proposes potential artillery configurations
that are resilient to uncontrollable and unknown variations to the Russian artillery force.
Using agent-based simulation, efficient designs of experiments, cluster computing, and
data analysis, over 1.3 million artillery battles over four sets of experiments are simulated

and analyzed across a wide range of artillery configurations.

Experiment One: Fight Tonight serves as the base case and imagines a
counterbattery fight occurring between USMC and Russian forces as currently equipped
and employed. The findings are that the current USMC construct is not postured for success

in a counterbattery engagement with Russian forces.

Experiment Two: Train Tomorrow evaluates the efficacy of altering the most
rapidly affectable factor of employment method. The findings are that increased
segmentation and dispersion for Marine Corps firing units contributes significantly to both
lethality and survivability and that training to more dispersed employment methods alone
is sufficient for gaining a tactical advantage. In the following figure it can be seen that as
USMC cannon artillery batteries grow more segmented and dispersed, more Russian

casualties are produced and fewer USMC casualties are sustained, on average.
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Experiment 2: Casualties by Employment Method Legend
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Effect of USMC Battery Employment Method on Blue (USMC) and Red
(Russian) Artillery Casualties (a Casualty is Defined as a Destroyed
Artillery Piece)

Experiment Three: Optimize the Force considers all controllable USMC factors
to determine which are most important to lethality and survivability. The conclusions from
experiment three are that it is critical that a USMC artillery battalion employ 155mm
weapon systems, disperse as much as possible, and employ tactics based on the operational
capabilities of the unit. A TTP decision tree based on operational capabilities is developed

and presented below.
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Operational Capability Based TTP Decision Tree

Experiment Four: Hedge the Construct considers controllable USMC factors and
uncontrollable Russian factors to determine the most significant factors for USMC
performance over a range of unknown or future Russian capabilities and tactics. Included
in this experiment is the consideration of a Russian hybrid cannon-MLRS construct and a
Russian cannon-pure construct. The methodology used in experiment four enables the
analysis of robust USMC constructs that consistently perform well while remaining
resilient across a wide range of Russian constructs. Keeping with the findings of
experiments one and two, caliber and employment method remain critically important. A
USMC force that prioritizes survivability should be nimble, displacing and emplacing
quickly, and changing positions frequently; whereas a USMC force that prioritizes lethality
should have a staying mentality, remaining in position returning defensive fire if fired upon
and changing positions infrequently. These TTP decisions are mutually exclusive, and the
author assumes that the commander desires to balance these priorities. The TTP decision
tree derived in experiment three is validated in experiment four and is determined to be
appropriate in determining TTPs predicated on the operational capabilities of the employed

unit.

XX

———— .

Displace quickly after



Ultimately, the findings of this study are that the equipment currently fielded by
USMC artillery battalions is largely in line with the most significant factors for lethality
and survivability, specifically 155mm caliber and sufficient range capability. However,
significant changes to current TTPs are necessary for force protection and mission success.
The single most critical change that the Marine Corps can influence is adopting a more
segmented and distributed employment of cannon artillery. Beyond employment method,
the TTPs used should be determined by operational capability. Finally, although beyond
the scope of future USMC cannon constructs, it is found that the inclusion of an MLRS
capability by an adversary increases casualties for both sides. Therefore, MLRS should be

designated as a high-value target and prioritized for targeting.

While this thesis does conclude that segmented and distributed battery operations
are critical for cannon artillery lethality and survivability, logistics and command and
control complexity are beyond the scope of this study. The author recommends that further
analysis be conducted to examine the feasibility of increased dispersion in three ways. First,
further analytic research can be conducted at the Naval Postgraduate School and
appropriate USMC analytic branches. Second, operational units should test distributed
battery operations in a realistic training environment to assess feasibility, human factors,
and weaknesses. Finally, wargames should occur at the operational level to determine the
capability gaps associated with the reduction of cannon artillery, current artillery
constructs, and robust cannon constructs presented in this study. These three independent
efforts are mutually supporting and can synchronize to modernize the artillery force while

preserving fundamental capabilities.
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I. INTRODUCTION

A. GREAT POWER COMPETITION MODERNIZATION

As good as we are today, we will need to be even better tomorrow to
maintain our warfighting overmatch. We will achieve this through the
strength of our innovation, ingenuity, and willingness to continually adapt
to and initiate changes in the operating environment to affect the behavior
of real-world pacing threats.

—General David H. Berger, CMC
(USMC 2019)

1. USMC Modernization

After more than 19 years of fighting insurgencies in the global war on terrorism,
the Marine Corps has found itself inadequately prepared to address a high-end fight against
a peer threat. The reemergence of the great power competition in the modern age requires
structural, technological, and doctrinal changes to the Marine Corps in order to accomplish
the charges of the National Defense Strategy. Through years of wargaming experience and
insight, the commandant of the Marine Corps concluded that “the Marine Corps is not
organized, trained, equipped, or postured to meet the demands of the rapidly evolving
future operating environment” and that “modest and incremental improvements to our
existing force structure and legacy capabilities would be insufficient to overcome evolving
threat capabilities, nor would they enable us to develop forces required to execute our

approved naval concepts” (United States Marine Corps [USMC] 2020, p. 3).

The 38th commandant of the Marine Corps, General David H. Berger, issued the
Commandant’s Planning Guidance (CPG) in July 2019 and the accompanying Force
Design 2030 (FD30) document in 2020. The CPG is a document which charts the priorities
for modernization of the Marine Corps, and the FD30 provides context for how this vision
will be achieved through a redesigned force. A dominating theme of both documents is
modernization in weapons systems, doctrine, and employment to focus on naval operations
to counter the growing Chinese threat in the Western Pacific. Expeditionary Amphibious
Base Operations (EABO) and stand-in forces coupled with a strategic realignment with the

Navy are critical to the desired end state of effective deterrence and persistence and are
1
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heavily emphasized. To accomplish this, an aggressive force redesign is being

implemented.

2. Enduring Responsibilities

The great power competition outlined in the National Defense Strategy includes
China and Russia as priority revisionist power threats. The Department of Defense has the
concurrent objective of “[sustaining] efforts to deter and counter rogue regimes such as
North Korea and Iran [and] defeat terrorist threats to the United States” (Department of
Defense [DOD] 2018).

Under United States Code Title 10, the Marine Corps is tasked with the
responsibilities of seizing and defending advanced naval bases, conducting land operations
essential to the prosecution of a naval campaign, and “performing all such duties as directed
by the President” (10 U.S.C. § 8063). The Marine Corps serves as the nation’s
Expeditionary Force in Readiness, and the Commandant has reaffirmed that the Marine
Corps “will continue to serve as the nation’s premier crisis response force around the globe,
and contribute to the deterrence and warfighting needs of all combatant commands”

(USMC 2020).

With responsibilities spanning the globe and spectrum of conflict, the CPG and
FD30 aim to build a force with adequate capabilities to address a high-end fight. The
premise assumed by the Marine Corps is that by designing a force using China as the
premier pacing threat, the force can scale to any assigned responsibility across the range of

military operations (Berger and Evans 2020).

Mark F. Cancian, a senior advisor in the International Security Program at the

Center for Strategic and International Studies, concludes that

the lack of hedging means that the Marine Corps will not field the broad set
of capabilities it has in the past. It will be poorly structured to fight the kind
of campaigns that it had to fight in Korea, Vietnam, and Iraq. The history
of the last 70 years has been that the United States deters great power
conflict and fights regional and stability conflicts...The Marine Corps
might plan to defer these conflicts to the Army, but that has not worked in
the past. Army forces have been too small to keep the Marine Corps out of
sustained ground combat. (Cancian 2020).

2


https://dod.defense.gov/Portals/1/Documents/pubs/2018-National-Defense-Strategy-Summary.pdf

The challenge of designing a Marine Corps capable of addressing both the Chinese
pacing threat and concurrent responsibilities in a fiscally constrained environment is not
trivial. Adding to the complexity of the problem is the question of how a great-power
conflict may emerge. At the extreme end of the spectrum is the most dangerous course of
action—high-intensity war between the United States and a peer threat. The more likely
course of action is a series of proxy wars and insurgencies incited by China or Russia

(Vrolyk 2019).

Regardless of the form of future conflict, the Marine Corps force is being designed
to counter the most dangerous course of action. If the assumption of scalability is to hold

true, then capabilities must be retained or developed that will foster success proportionally.

3. Rocket and Cannon Fires

The CPG and FD30 place a large emphasis on rocket-delivered anti-ship fires. An
increase of rocket artillery batteries from seven to 21 is planned to expand deterrence
capability, ensure access in a challenging anti-access and area denial (A2/AD)
environment, and increase probability of naval campaign success. In a fiscally constrained
environment with finite resources, a planned divestment in cannon batteries from 21 to five

parallels this focus on rocket delivered fires (USMC 2020).

A rocket-artillery based force optimized to create a swath of mutually contested
space will promote access in an A2/AD environment. However, long-range anti-ship
missiles do not scale in economy of force. A multi-million-dollar anti-ship missile is
unlikely to be utilized against a land-based threat to personnel. If cannon artillery were to
be removed completely, one echelon lower than rocket delivered artillery is an 81mm
mortar. The retention of cannon artillery, although reduced, can be improved to offer
tactical maneuver-based offensive and defensive firepower to Marines across the
contingent range of military operations that the Marine Corps may be called upon to
address. Furthermore, by modernizing the cannon artillery force during a period of
divestment, legacy institutional knowledge of cannon artillery can be retained and focused
rather than atrophy. To enable force scalability, improvements must be made to retained

cannon artillery.



4. Most Capable Artillery Pacing Threat

Of the two great power competitors, Russia presents the most formidable artillery
threat. While China serves as an appropriate service pacing threat due to its economic and
technological base, Russia maintains the most capable and practiced fires community.
Similar to how the Marine Corps assumes a force developed to counter the high-end
Chinese fight will scale to lower spectrum conflict, this thesis assumes that an artillery
force capable of countering the most sophisticated and challenging artillery threat will scale
to threats around the globe. Results and insights gained through analysis of the Russian
threat can be evaluated for effective integration into the Pacific theater, enabling a cannon

artillery force that is capable of successful operations against all potential adversaries.

B. PURPOSE

This study seeks to identify factors and interactions which are critical to USMC
cannon artillery success in a Russia counterbattery scenario. Success is defined by the

following Measures of Effectiveness (MOEs):

o Lethality: The destruction of 50% of adversary artillery forces.

o Survivability: Friendly artillery units remain combat capable for future
operations following the termination of the simulation (no more than 50%

casualties sustained).

Both equipment and tactics, techniques, and procedures (TTPs) are evaluated

against the MOEs. The following questions are answered through simulation and analysis:

o Which equipment factors are most critical to success in a counterbattery

fire scenario?

o Which TTP factors are most critical to success in a counterbattery fire
scenario?
o Can cannon artillery succeed by operating within enemy threat rings?



C. METHODOLOGY

Using open-source weapons data and TTPs, a scenario is built using Map Aware
Non-Uniform Automata (MANA) (Mclntosh et al. 2007). An efficient design of
experiments (DOE) 1s implemented to evaluate various factor levels over the design space.
Later chapters discuss factors to be considered, levels to be evaluated, the MANA

simulation environment and scenario, and DOE construction.

Data are generated and collected through simulation, with insights solidified
through analysis using the statistical analysis software JMP (SAS 2021). These insights are
compared to current TTPs and equipment in order to offer suggestions to modernization

efforts and inputs to future wargames.

D. ORGANIZATION

Chapter II presents a literature review of the artillery process, USMC and Russian
artillery, employment considerations, factors to be evaluated, and previous research that

informs this study.

Chapter III introduces the tactical scenario, conceptual model, modeling

environment, and computer model.

Chapter IV defines the factors to be evaluated, presents the location within the
computer model in which each factor is