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ABSTRACT

Force XXI Field Artillery: King of Battle or Twenty-First
CenturyDinosaur? b y M A J Thomas S. Young, U.S. Army, 147
pages.

This thesis studied the future material systems,
organizationalstructures, and operational concepts of the Force XXI
artillery todetermine the readiness for the challenges of the
twenty-first century.The research design focused on the ability of
the future artillery forcestructure to effectively support the
Force XXI patterns of operations,conduct military operations across
the spectrum of conflict, and theintegrate appropriate new
technologies. The main emphasis of the thesiswas on evaluation of
the ability of the future artillery to effectivelysupport Force XXI
patterns of operations. The thesis concluded that thefuture
artillery force structure is sound. The future artillery
caneffectively respond across the spectrum of conflict. The
futureartillery has a comprehensive strategy to identify and
integrate thetechnologies it will need in the twenty-first century.
The thesisrecommended changes to the artillery force supporting the
Army's lightdivisions. Specifically, the future artillery must
improve it'sstrategic mobility and early entry lethality and
survivability.Recommendations included: development of an
ultra-light weight 155mmtowed cannon, a wheeled self-propelled
155mm cannon, and FA brigadestailored for light forces.

iii
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CHAPTER 1INTRODUCTION

Yes, we have slain a large dragon. But we live now ina jungle
filled with a bewildering variety of poisonoussnakes. And in many
ways, the dragon was easier tokeep track of.'James Woolsey, Force
XXI America's Army of the21st Century.

We appear to be plunging into a new dark age of tribalhate,
planetary desolation, and wars multiplied bywars.

Alvin and Heidi Toffler, War and Anti-War

The United States faces a future of tremendous change and
muchattendant risk. According to many respected theorists and
visionaries,the twenty-first century will usher in an international
securitynightmare, as increasingly frequent and violent conflicts
erupt along amyriad of social, cultural, political, and economic
faultlines. Thefuture is likely to be less 'new world order" and
more 'the cominganarchy." Against the backdrop of CNN "Headline
News" filled as it iswith secession movements demanding nationhood,
genocidal "ethniccleansers," criminal syndicates, mercenary forces,
have-gun-will-travelfanatics, and various two-bit strong-men and
Saddam-clones, the emergentglobal system takes on an increasingly
sinister look.' It is a futureseething with potential violence in
which anyone's military edge,including even that of the United
States, could be offset or evenneutralized in new and unexpected
ways.4 Indeed, as we enter the newmillennium it seems clear that
"the future ain't what it used to be."
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In this dismal and all too possible future it seems sure that
theU.S. military will stand increasingly at the fore in
safeguardingnational and global interests. Current trends in the
internationalsecurity arena indicate a growing need for, and
reliance on, the use ofmilitary power, as other means of national
power are found less and lesseffective. The ability of the U.S.
military to respond effectively tothe controlling factors of the
twenty-first century will be of graveconsequence, not only to the
U.S. but to the world as a whole.

At this point in time, the U.S. Army is attempting totransform
itself from the premier twentieth century, Industrial Age armyto
the premier twenty-first century, Information Age army.
Thisfundamental metamorphosis is in response to a number of
external factorsand considerations. Figure 1 shows the complexity
of the process and themany variables. These many elements of change
create force structuredecisions for the Army of the twenty-first
century. What the Army willlook like, how it will fight, and its
success on the battlefields oftomorrow hinges on the force
structure decisions made today.

The new strategic environment poses many significant challenges
forthe U.S. Army. The entire contextual framework of U.S. Army
operationshas been remade since the end of the Cold War, moving
from the relativelypredictable scenarios of the past to the more
complex and unpredictableones of today. We no longer face a
monolithic foe with uniform doctrineand equipment, allowing us to
singularly focus on how we plan, equip andtrain to fight.5 Instead
we now face a wide variety of security threatsranging from
extremely complex joint and combined military action
againstwell-equipped regional powers, or a newly emergent peer
competitor, tosmall unit actions against "machete-swinging clans of
warlords" and othertransnational threats. The scope and
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complexity of the future threat is depicted in the threat
spectrum model(see figure 2 ) . The uncertain nature of the
potential threat, and theincreasing potential for conflict across
the entire spectrum of militaryoperations, requires the U.S. army
to create a flexible and adaptiveforce structure capable of
addressing a multitude of conflict scenarios.

Added to the uncertain threat is the challenge inherent in
thetransition from a forward based army to a power projection army.
The endof the Cold War and subsequent lack of a wellidentified and
compellingexternal threat combined with domestic budgetary demands
to recast theAmerican Army in a new mold. This shift in strategy
requires significantchange in how the U.S. Army will fight. The
majority of conflicts in thetwenty-first century are likely to be
quick and dirty, 'come as you are"affairs, placing a premium on
rapid response, early entry forces that aresurvivable and lethal.
Force structure planners no longer have theluxury of a forward
deployed army to support contingency operationsaround the world.
Force structure planners must design a force that canbe rapidly
projected into an austere theater of operations, conductdecisive
operations, survive and sustain.

These challenges are compounded by the broad range of tasks
andmissions that will fall to the Army in the twenty-first century.
ForceXXI soldiers and units must be equipped and trained to execute
not onlytraditional military operations, but also the burgeoning
number ofmissions to be found under the banner of military
operations other thanwar. President Clinton made the extent of the
mission scope clear whenhe stated:

You will be called upon in many ways in this new era to keep
thepeace, to reduce suffering, to help teach officers from
newdemocracies in the ways of a democratic army and still . . . to
winour wars.
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Peacekeeping, peacemaking, humanitarian assistance, and
disasterrelief operations are becoming increasingly common missions
for the Army.These good Samaritan missions will place American
soldiers increasinglyin harm's way, and significantly expands the
potential for conflict atthe low end of the threat spectrum. There
are many people who will seein an American soldier a threat and a
target, no matter how altruisticthe American mission.

In addition to the sweeping changes occurring within
theinternational affairs arena, the strategic environment of the
twenty-first century will be profoundly altered by the ongoing
technologicalrevolution. It should not be assumed that the United
States has amonopoly on the current Revolution in Military Affairs
( RMA ) . The moderntools of war provide the American military an
unprecedented ability tobrlng death and destruction down on an
enemy. However, any period ofcontinued technological superiority is
likely to be short. Advances intechnology will provide new combat
capabilities that will revolutionizethe future battlefield in five
key areas: lethality and dispersion;volume and precision of fire;
integrative technology; mass and effects;and invisibility and
detectability.

The nature of war and how it will be fought may be on thebrink
of fundamental transformation. Some have written that combinedarms
warfare, the endstate for twentieth century warfighting, is
comingto an end. Futurists Alvin and Heidi Toffler assert that we
are in themidst of a profound revolution in military affairs that
will see theexisting forms and balance of military power
shattered.' It is possiblethe battlefields of the twenty-first
century may not even involve thecurrent elements of combat power,
that entirely new dynamics of powerwill emerge. If so, we cannot
afford to be found unready.
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The proliferation of weapons and technology will be the
mostserious challenge to U.S. military superiority. Technology
knows noborders. The civilization of the tools of war has
intensified the"acceleration of deadly invention." Our force
structure must reflect thefact that potential foes can go from
"no-tech to high-tech in the flashof an arms deal." The market
availability of military and dual-usetechnology places a wide
variety of weapons and support systems withinreach of anyone with
serious intent.' It is becoming increasinglypossible that a hostile
state or entity will make technological leaps inareas of critical
technology: weapons of mass destruction, informationoperations, and
space control. We must expect that critical informationage
technology will be available to whomever has the means and desire
toobtain it.

Potential adversaries need not modernize their entire
militarycapability. Canny foes will quickly realize that success on
thebattlefield may hinge on an asymmetric or niche capability and
willselectively pursue hardware and technology that will deny the
U.S. theability to bring its considerable military power to bear.
The mosthighly traded weapons of the 1990s have been surface-to-air
missiles,something that should give pause to even the most ardent
air powerenthusiasts. Nor should we ignore threats armed with less
sophisticatedweaponry, many industrial age weapons can still kill
quite effectively.The tactical effect of mines is out of proportion
to their technologicalthreshold and cost, witness their effect on
naval operations in thePersian Gulf and land operations in
Bosnia.

History commonly documents the fact that technological
changealmost always outstrips military thought. Nations and their
armies haveall too often found themselves on the wrong end of the
cutting edge oftechnology and paid the price with the blood of
their citizens. If we
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weapons able to conduct "surgical strikes." The American public
and themedia expect quick and total victory, at the least cost in
lives.

Technology offers many advantages in meeting these
manychallenges. However, future defense budgets will remain lean,
with fewerand fewer dollars available for initial research,
development, testingand evaluation (RDT&E) of emerging
technologies. Also, the current paceof technological development is
so great that it threatens to render ourexisting material
management and acquisition system inadequate.13 Our

acquisition system was designed to provide new systems to
combata clearly defined threat in a period of relative stability in
anenvironment of consistent resourcing and measured technological
advances.Today, time and money are both in short supply. Today's
threat isnebulous and fleeting with an uncertain event horizon.
Today'stechnological solutions can become tomorrow's problems
almost overnight.

Force development is something akin to peering into a
crystalball. Looking into the future and correctly divining the
capabilitiesthat will provide future success is not an exact
science. This isparticularly true in a period of revolutionary
change when change ismeasured more in terms of orders of magnitude
rather than incrementalimprovement. However, the amount of
personnel, funding and timeavailable to perform detailed combat
development analyses and studies isin short supply. These
shortfalls are occurring at the time when theArmy needs its brain
trust most.

The U.S. has a limited window of time available to make
itscritical force structure decisions. At this point in time in
time thereis no immediate threat that can seriously harm U.S.
national securityinterests. We currently have military and
technological advantages thatshould allow us the opportunity to
design and build an Army for thefuture. "Pax Americana" is the
peace dividend of the Cold War. However,


	
7/27/2019 Force XXI Field Artillery

14/146

history shows that the status quo can be quickly overturned when
theexisting order is overtaken by fundamental and dramatic change.
Militarysupremacy is a short-lived thing in a period of RMA.

However, we must make our selections with proper deliberation
andcare. Modern technology offers an astonishing array of
possibilitiesthat can be pursued in the search for the most
versatile and lethal forcemultiplier. Decision makers must choose
carefully or come tomorrow wemay find that we have invested in
obsolescence. Today's "silver bullet"technology might well be
tomorrow's equivalent of horse cavalry chargesagainst armored
fighting vehicles and machine guns. Decision makers
mustconsider,

technologically we are riding a change wave that threatens to
makepresent and pending technologies rapidly obsolete. New
weaponsbought today may provide ten years or so of
superiority--which wealready have, anyway--but, as general research
accelerates purchasesdelayed until after the turn of :ae century
may offer a fullgeneration or more of advantage.Force
XXI--America's Army for the twenty-first century--is the Army

plan to address the strategic environment of the future. Army
leadersintend to translate emerging technological capabilities into
thewarfighting capabilities the U.S. Army will need to protect
U.S.interests. Force XXI will combine improved systems and
innovative forcestructure with new operational concepts to create a
force endowed withnear real-time situational awareness, and the
capability to rapidly focusoverwhelming firepower during high tempo
operations. General Gordon R.Sullivan describes the intent and
process as follows:

Force XXI wil1,leverage the capabilities of the latest
technologiesto optimize the skill and courage of our soldiers. We
will integrateinformation age technology with our tactical units.
We will redesignunits, built around people and new technologies, to
enhance theiragility, versatility, and lethality.15

The Force XXI end state is a force that is more
lethal,survivable, capable of sustained high tempo operations,
deployable,
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versatile and sustainable, with increased joint and
combinedconnectivity.16 Force XXI is an information-based force
that derivescombat power from the synergistic effects of providing
all thebattlefield operating systems (BOS) a common relevant
picture of thebattlefield. Force XXI is also a power projection
force that must becapable of winning the first battle, no matter
what and no matter where.Force XXI is further defined by the
following patterns of operation,which define the critical
capabilities the future Army must possess:

1. Project the Force2. Protect the Force3. Gain Information
Dominance4. Shape the Battlespace5. Conduct Decisive Operations6.
Sustain and TransitionThese patterns of operation and the
capabilities that the

field artillery (FA) component of Force XXI will need to support
them isthe primary research issue of this thesis. The A m y
commitment to theForce XXI vision of technology and warfighting
requires an extremelycoordinated force modernization effort by the
branches. The fieldartillery must be fully synchronized with the
rest of the Army in itsapproach to force modernization, we can not
afford a "loose cannon."

The U.S. Field Artillery Center and School (USAFACS) at
FortSill, Oklahoma, has identified weapons and other material
systems, and isinvestigating doctrinal and organizational changes
to achievesynchronization with Force XXI. Vision 2020 articulates
Fort Sill's planfor the field artillery component of Force XXI. The
stated intent is toestablish revolutionary new concepts for the
artillery, creating "moving-hornet's nest of combat power" through
the integration of newtechnologies. For the purpose of this thesis
Vision 2020 is used as an
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1. Does Vision 2020 propose an appropriate US field
artilleryforce structure to support the Force XXI patterns of
operations?

2. Does Vision 2020 propose an appropriate US field
artilleryforce structure to respond across the spectrum of conflict
in the twenty-first century?

3. Does Vision 2020 propose an appropriate US field
artilleryforce structure to adapt to the emerging technologies of
the twenty-firstcentury?

Significance of the StudyThe rapidly evolving nature of the
geostrategic environment,

changes in the nature and conduct of war, the rate and scope
oftechnological advances pose major challenges to the architects of
ForceXXI. The twenty-first century will be a brutal and unforgiving
operatingenvironment if the U.S. Army develops the wrong force
structure. U.S.national security interests may be severely harmed
if we are unable tomount a credible military capability. If we get
it "too badly wrong,"the costs will be tremendous.

In the years since the First World War, the artillery has
heldthe position of the principal killer on the battlefield,
accounting for50-70 percent of all casualties during major
conflicts. The ability tomass and deliver large volumes of fire has
been at the heart of much ofthe U.S. success in battle during this
period.1g This ability is likelyto remain the basis for decisive
victory in any conventional militaryoperations. In the twenty-first
century the Force XXI field artillerymust continue to provide
flexible, responsive, and effective fires in alltactical conditions
at all times. An Army without effective recourse tothe 'final
argument of kings," ultima ratio regis, is an Army without
aknockout punch.
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However, the field artillery of Force XXI must also be
flexibleand versatile enough to meet the challenges of relevancy in
the lessconventional MOOTW missions and low-intensity conflicts
that will likelycomprise the bulk of Force XXI operations. Recent
experience suggeststhat the traditional role of the field
artillery, and the utility offirepower in general, is diminished in
these types of conflicts. Theartillery must anticipate the demands
of these types of missions if weexpect to remain pertinent to the
challenges of the twenty-first century.

We must be sure to select and use technology appropriately if
weare to build the right force for the twenty-first century. If
not, werun the risk of building the most expensive and irrelevant
white elephantin the history of mankind." We cannot afford,
literally andfiguratively, to design a force that is in danger of
imminenttechnological or tactical obsolescence.

Definition of Key Terms:Ascendancy of Fires. This term refers to
a fundamental change in

the relationship between fire and maneuver. General (Retired)
Glenn Otisdescribes the ascendancy of fires:

What that means is that we, as a nation, will fight
conventionalbattles using firepower of all kinds from longer
ranges, much of itindirect--not eyeball-to-eyeball using direct
fire. We'll use long-range fires as the spearhead of the attack to
the extent that theground maneuver forces may only need to mop up
after the fires.That's a totally different concept of operations.
This concept aimsat achieving decisive results while minimizing the
usual highcasualties of the direct fire battle."Close Support
Fires. Fires used to engage enemy troops, weapons

or positions that are threatening or can threaten the force in
either theattack or defense. Close support fires allow the maneuver
commander torapidly multiply the effects of combat power, and shift
fires rapidlythroughout the battlefield. Close support expands
battlefield depth,erodes enemy forces, and inflicts damage well
beyond direct fire ranges.2z
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Counterfires. Fires used to attack enemy indirect fire
systems,to include mortar, artillery, air defense, missile, and
rocket systems.Observation posts and field artillery command and
control facilities arealso counterfire targets. Counterfire allows
freedom of action tosupported maneuver forces. 3

Field Artillery Mission. The mission of the field artillery isto
destroy, neutralize, or suppress the enemy by cannon, rocket,
andmissile fires and to integrate all supporting fires into
combined arms

24operations.Field Artillery Roles. The field artillery system
provides close

support to maneuver forces, counterfire, and interdiction as
required.z5Fire Support. Fire support is the collective and
coordinated use

of indirect fire systems, armed aircraft, and other lethal and
non-lethalmeans in support of a battle plan. Fire support includes
mortars, fieldartillery, naval gunfire, air defense artillery in
secondary mission, andair-delivered weapons. Non-lethal means are
electronic warfarecapabilities of military intelligence
organizations, illumination, andsmoke.z6 The principal fire support
element in synchronizing maneuver andfires is the field
artillery.

Fire Support System. Fire support is the product of a three
partsystem of system^:^' (1)Fire support command, control, and
coordination(C3) facilities and personnel; ( 2 ) Target acquisition
and battlefieldsurveillance; and (3) Fire support resources,
weapons and munitions.

Interdiction Fires. Fires used to disrupt, delay and
destroyenemy forces that, because of range limitations or
intervening terrain,cannot fire their primary weapon system on
friendly forces. Targetsinclude first-echelon forces not
participating in the direct battle andfollow-on echelons.
Interdiction fires create "windows of opportunity"for friendly unit
offensive m~vement.'~
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Joint Precision Strike. The objective of joint precision
strikeis to accurately and responsively attack time sensitive
high-payofftargets. Joint precision strike provides the commander
the means toinfluence the enemy with precise, lethal fires that
maximize theemployment of all assets available to the joint
force.

Revolution in Military Affairs-- Although analysts of the RMA
arenot in complete agreement on a specific definition most have
acceptedgeneral definitions stressing a "discontinuous increase in
militarycapability and effectiveness." The writers of TRADOC
Pamphlet 525-5 haveadopted Andrew ~repinevich's definition that a
military revolution:

occurs when the application of new technologies into a
significantnumber of military systems combines with innovative
operationalconcepts and organizational adaptation in a way to
fundamentallyalter the character and conduct of conflict. It does
so by producinga dramatic increase-often an order of magnitude or
greater-in thecombat potential and military effectiveness of armed
forces.z9

Sensor to Shooter. Sensor to shooter refers to the links
runningfrom target acquisition "sensors" through command and
control (C2) nodesdown to weapons platforms "shooters." Sensor to
shooter TTPs aredesigned to provide the capability to attack the
enemy in the minimum

time possible and take away his ability to operate within the
friendlycommander's decision cycle. Sensor to shooter provides the
capability torapidly engage targets with lethal fires by
establishing procedures forprocessing information to meet the
requirements of specific tacticalsituations. 0

Targeting/Decide-Detect-Deliver-Assess (D3A). Targeting is
theprocess of identifying enemy targets for possible engagement
anddetermining the appropriate attack system to be used to capture,
destroy,degrade of neutralize the target in question. This
targeting methodologyis frequently referred to in shorthand as the
D3A cycle. The decidephase establishes what parts of the enemy
force the commander wants
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attacked, the priority of attack, the effects desired, the
preferredattack means, and where. In the detect phase the specified
targets areacquired so that they can be engaged. Then the friendly
force mustdeliver the means to achieve the desired effects. Lastly,
the friendlyforce must assess the results of its attack to
determine in the desiredresults were achieved, which then feeds
back into the decide phase. TheD3A cycle is an ongoing process
repeated continuously throughout theoperation.

Scope and Limitations

The U.S. field artillery stands at a point of extraor inary
cfacing great challenges and offering great potential. This
thesisproposes to determine if the artillery is poised for
revolution or mereevolution. The scope of this thesis consists of a
critical analysis ofproposed Force XXI field artillery force
developments and force structureinitiatives against a framework of
critical aspects of the fastapproaching twenty-first century. The
thesis includes research,analysis, conclusions and recommendations,
and an evaluation of thepotential for the ascendancy of fires.

Combat developers and other designers of Force XXI must
considerall aspects of the Training and Doctrine Command (TRADOC)
domains ofdoctrine, training, leadership, organizations, material,
and soldiers(DTLOMS) to effectively answer the challenges of the
twenty-firstcentury. However, this thesis is limited to the three
aspects thatimpact most directly on force structure:

1. Material change. The acquisition and fielding of
materialsystems with new technologies and improved capabilities to
respond tothese new conditions.
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2. Organizational change. The reorganization and restructuringof
the force to respond to these new conditions.

3. Doctrinal change. The development of new operationalconcepts,
and revised tactics, techniques and procedures to respond tothe new
conditions.

This thesis concentrates on the artillery weapons
systems,organizational structures and operational concepts
portrayed in theMobile Strike Force (MSF) exercises conducted at
the Command and Generalstaff College at Fort Leavenworth, Kansas.
The Mobile Strike Force(MSF)and Prairie Warrior (PW) exercises
constitute a major part of theArmy's campaign to design Force XXI.
TRADOC is leveraging theseexercises as advanced warfighting
experiments (AWE). The intent of theseexperiments is to design a
land combat force using the Battle Lab inputsthat feature the
material systems, organizational and operationalconcepts derived
from TRADOC Pamphlet 525-5; Concept for Force XXIOperations, to
significantly increase the lethality, survivability andtempo of
land combat in the twenty-first century.3' These MSF
experimentsprovide the most current representations of Force XXI
force structure andoperational effectiveness. These experiments
include the field artillerysystems, organizations, and operational
concepts expected to be in thefield by the year 2010. The MSF is
not touted as an objectiveorganization, but rather a vehicle used
in Force XXI Advanced WarfightingExperiments to assess division
level design principles. The PW and MSF1996 AWE represents the best
available data at this point in time.

The future artillery force structure is still developing.
Twomajor artillery force structure decisions have been announced in
recentmonths. These were the decisions to reorganize cannon
battalions underthe three by six configuration, and to increase the
allocation of FABrigades in support of a committed division from
one to two. For the
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purpose of this thesis the future artillery force structure is
defined asthe artillery force portrayed in the PW and MSF 1996 AWE,
modified by thetwo most recent force structure changes mentioned
above.

Given the nature of the fire support "system of systems," it
isexceptionally difficult to analyze any given piece of the system
inisolation. The final effects of fire are dependent on a multitude
offactors that all impact on timeliness, accuracy, and terminal
effects.Target acquisition and command and control ( C 2 ) systems
contribute as

to the overall effects of fire as do the actual delivery
platformsand munitions. A comprehensive evaluation of the
effectiveness of theartillery should address the entire system of
systems. However, sinceartillery force modernization efforts and
force structure designcurrently revolves around the manning and
support of the guns, thisthesis will limit its evaluation to this
portion of the fire supportsystem.

Another limitation of this thesis is that I had to rely
onexisting modeling efforts to determine the force
effectivenesscontributions of the Force XXI artillery force
structure. I did not haveaccess to any additional modeling
resources that would enable explorationof any separate factors and
conditions, or comparisons to otheralternatives. However, the
modeling data and analysis I used was thesame data presented to
senior Army leaders and decision makers involvedin the design of
Force XXI. Also, I had to assume that the developmentalsystems of
Force XXI would perform as required, unless there was
specificevidence to the contrary. However, this assumption is one
that Armyforce developers also made in conducting their
analyses.

Another limitation of this thesis is that it is an
unclassifieddocument, which required that some data be omitted.
However, this didnot significantly affect the presentation of the
analysis, or the final
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conclusions and recommendations. Also, I had no access to any
specialaccess programs (SAP) that may be investigating potential
"leap-ahead"technologies. There may in fact be "black programs"
currently indevelopment that are exploring unknown Information Age
technologies andweaponry that will revolutionize the way we wage
war, but any suchprograms would be beyond the scope of this
thesis.

Thesis StructureTO answer the thesis questions, the research
addresses such key

issues as: Force XXI patterns of operation, projected field
artillerycapabilities and limitations, the nature of future
conflicts, and thenature of emerging technologies. Chapter 1
provides the background forthe thesis question, establishes the
significance of the study, andprovides key terminology.

Chapter 2 contains a review of the literature and studies
relatedto the thesis questions. The literature review is organized
with generalcomments, trends and patterns, and key works. Included
in the literaturereview are summaries of current manuals,
pamphlets, reports, periodicals,articles, and books related to
Force XXI, the emerging securityenvironment, emerging technologies,
and the field artillery.

Chapter 3 addresses the research methodology used for the
thesis.The research methodology describes the process and
techniques used inexamining the primary and secondary research
questions. The hierarchyand relation between research questions and
issues is established. Eachresearch question is further described
and the evaluation criteria isestablished. Measures of goodness are
introduced.

Chapter 4 presents the analysis of the information
gatheredduring the research and literature review. The organization
of chapter 4parallels the structure of the research methodology
described in chapter
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3. Chapter 4 begins with a summary of the major changes to the
futureartillery force structure, its systems and organization. Then
Ipresented in the analysis of the primary and secondary
researchquestions, a combination of analytical techniques in
answering theprimary and secondary research questions:

1. Use of military judgment to establish and evaluate
subjectivecriteria.

2. Use of comparative analysis to evaluate subjective
criteria.3. Use of modeling/simulation data to evaluate force
effectiveness

issues.4. Review of critical assumptions made in government
analyses and

decision processes.Chapter 5 contains the conclusions and
presents the

recommendations for future field artillery force structure
decisions andalso, included are recommendations for areas that
merit additional study.Also, contained in chapter 5 are my
conclusions regarding the potentialfor the future ascendancy of
fires.
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CHAPTER 2LITERATURE REVIEW

GeneralThere was sufficient literature available to conduct
adequate

research for this thesis, although one author in this arena
laments that:it is hard to find a book which presents the
principles of fieldartillery tactics, how these have developed with
experience againstthe background of changing strate y and
technology, and what thefuture may hold as a consequence.

Because this thesis examined developmental systems
andpreliminary operational concepts and organizational structures,
much ofthe available research material was in draft form and some
criticalsource material was literally only "one slide deep."
Because almost allthe future artillery systems and organizations
are developmental, theiractual operational performance
characteristics are estimates.

Trends and PatternsGovernment sources provided most of the key
works for this

thesis. Government manuals and pamphlets defined the principles
andcharacteristics of Force XXI. A number of studies, papers and
briefingsdocument the future artillery weapons systems, and their
organizationaland doctrinal framework. The studies and analyses
backing thesedocuments identified assumptions and criteria used in
the design of thefuture artillery. Combat developer requirements
documents for Force XXIFA systems (Mission Need Statements ( MN S )
, Required OperationalCapabilities (ROC), and Operational
Requirement Documents (ORD) providedinformation regarding specific
system performance requirements and
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potential capabilities and limitations. Individual weapon
systems Costand Operational Effectiveness Analyses (COEA) provided
informationregarding critical assumptions and quantitative force
effectivenessmeasures. The Advanced Field Artillery System (AFAS)
COEA, Sense andDestroy Armor (SADARM) COEA, and the ATACMS Block I1
COEA wereparticularly useful documents.

The secondary source literature in this area could be
categorizedas either historical reference or technical description
of past andcurrent artillery systems. I found no single work that
answered theresearch questions I posed in this thesis. There were
few significantworks that focused on future force developments
within the fieldartillery. There were no major works that examined
field artillery forcestructure and doctrinal issues through the
lens of Force XXI.

Typically the historical references provided a detailed
analysisof a specific nation's artillery during a given period of
time. Thesehistorical references were of value for their ability to
provide insightsinto the impact that technology has had on the
evolving roles and utilityof the field artillery. The technical
references typically provided alisting of equipment and their
capabilities, with limited informationregarding how they are
employed. These references were of value fortheir detailed
descriptions of system specifications and capabilities.

Articles from defense-related periodicals (such as
FieldArtillery, Military Technology, Jane's Defense Weekly, and
InternationalDefense Review) provided topical military information.
The-ieldArtillery was an excellent source for current articles on
the specificsystems, and operational and organizational concepts
that will beemployed by the artillerymen of Force XXI. Technology
relatedperiodicals were reviewed to ascertain emerging or critical
technologiesthat merit further research.
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Key WorksTRADOC Pam 525-5, Force XXI Operations, was critical
because it

outlined the defining concepts and requirements of Force XXI.
TRADOCPamphlet 525-5 represents a baseline in the shaping of more
definitivefollow-on concepts for Army operations in the early
twenty-first century.'In the foreword it is explicitly stated that
TPADOC Pamphlet 525-5 is nota doctrinal publication, but rather a
document of ideas. In its pagesare described the force
characteristics, battle dynamics and otherattributes that serve to
guide the design and development of Force XXIsystems and concepts.
The chapters on the future strategic environmentand the nature of
future land operations were particularly useful inhelping to define
the expected strategic, operational and tacticalenvironments that
the future artillery will operate in. The chapter onmoving from
concept to reality identified general and specificimplications for
the TRADOC domains of DTLOMS that are raised by ForceXXI
operations. These DTLOMS implications provided a general
frameworkfor the evaluation of Vision 2020 artillery material,
organizational anddoctrinal initiatives.

TRADOC's technical memorandum TRAC-TM-0194, Mobile Strike
Force2010, prepared by the TRADOC Study and Analysis Center
provided an-excellent source of quantitative and qualitative data
and analysis. Thisreport is the final report on the Prairie
Warrior/Mobile Strike Force2010 Workshop (PW/MSF 1994). This report
describes the observations andanalytical insights developed during
the dual session MSF 2010experiments held in May and June 1994. The
purpose of the workshop wasto provide input to the senior Army
leadership to support decisionsregarding Force XXI developments and
to assess the impact of futuretechnological capabilities and the
organizational variations enabled bythese new te chn ~lo gie s.~
RAC used the Computer-Assisted Map Exercise
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(CAMEX) to model the south west Asia (SWA) PW 94 MSF scenario
with theMSF force structure, systems and threat updated to reflect
expected 2010capabilities. TRAC ran a base case scenario and six
alternativeexcursions that varied the MSF technologies, tactical
employment andorganizational structures. These excursions provided
force effectivenessdata for selected artillery systems,
organizations, and operationalconcepts in the context of Force
XXI.

The PW/MSF 95 AWE Scripted Brief (September 1995) prepared by
the~ o r t eavenworth TRADOC Analysis Center (TRAC) provided the
final resultsfrom analyses conducted in support of the PW/MSF 95
AWE. The purpose ofthe experiment was to assess division level
design principles andoperational concepts, and provide input for
decisions regarding thedevelopment of Force XXI.4 The scripted
briefing provided only the mostsignificant analytical results with
regard to Force XXI division design.The results were summarized
according to the most applicable Force XXIPattern of Operations.
Each pattern of operation is further describedbelow:5

1. Project the Force--Deployment of the Force XXI force,
rapidlytailored using mostly CONUS-based forces to overseas
theaters, usingprepositioned afloat and within-theater stocks.

2. Protect the Force--Protection of the Force XXI is
enhancedthrough early warning provided by real-time intelligence,
multi-dimensional joint air defense, limited visibility operations,
anddigitally supported Battle Co mand systems.

3. Gain Information Dominance--Force XXI wins the informationwar
by providing continuous real-time intelligence preparation of
thebattlefield, "smart" jamming, automated sensor-to-shooter links,
andprotection of Force XXI information operation systems and
activities.
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4. Shape the Battlespace--Force XXI sets the conditions
forsimultaneous, decisive operations on the non-linear battlefield
byemploying systems with enhanced lethality and mobility, and by
leveragingthe advantages gained through information dominance.

5. Conduct Decisive Operations--Force XXI defeats the
opposingforce by delivering decisive blows with stunning force made
possible byour ability to move decisively within his decision
cycle.

6. Sust a~n nd Transition--Force XXI maintains the momentum
ofits operations through split-based operations, predictive
logisticsenabled by real-time monitoring and feedback, and rapid
transition tofollow-on missions.

The PW/MSF 95 AWE organizational and operational
analysissummarized in the scripted brief provided force
effectiveness modelingdata used to gauge the results of the future
artillery material,organizations and operational concepts. This
analysis used the Vector-In-Command (VIC) analytic constructive
model and a series of TRACdeveloped force tailoring tools to
evaluate MSF tempo, lethality, andsurvivability and develop Force
XXI design applications in a north eastAsia (NEA) S ~ e n a r i o .
~ RAC examined additional MSF organizationalconcepts and technology
alternatives beyond the base case portrayed inthe PW exercise. The
Center for Army Lesson Learned (CALL) formed aCombined Arms
Assessment Team (CAAT) to collect observations on issuesidentified
by TRADOC battle labs and proponents. The briefing concludeswith a
summary of the systems or initiatives that can be
confidentlyrecommended for integration into Force XXI, those
systems or initiativesthat require further experimentation, and
those that can be discarded.

ST 71-100-2010 (draft), Mobile Strike Force 2010: Concept
ofOperations, took the organizational and operational concepts
establishedin TRADOC Pamphlet 525-5, Force XXI Operations, and
establishes
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preliminary principles, tactics, techniques, and procedures for
thedivision level digitized force as of 2010. ST 71-100-2010
provided theprinciples, tactics, techniques and procedures for use
during PW/MSF 96AWE. ST 71-100-2010 provided a detailed single
source document for dataregarding Force XXI material,
organizational and operational concepts.ST 71-100-2010 is organized
with chapters on MSF organizations,operations, battle command,
information operations, offensive operations,defensive operations,
and annexes detailing specific organizations andtechnologies. Six
essential combined arms functions are identified:

1. Find and track the enemy throughout the battle2. Deny
friendly information3. Fix the enemy4. Maneuver the main effort to
strike a decisive blow5. Exploit the successes of the main effort6.
Facilitate transition to the next missionSpecific division level
tactical methods (TTPs) to accomplish

these functions are derived from the MSF organizations and
operationalconcepts and system capabilities. This reference
provided most of thedata regarding MSF organizations and
operational techniques for combatoperations in the twenty-first
century. For the purpose of this thesis,ST 71-100-2010 defined the
division level TTPs that must be supported bythe future
artillery.

Brigadier General Leo Baxter's article "Field Artillery
Vision2020" in the December 1994 issue of the Field Artillery
magazine helpedto frame the scope of the transformation the
artillery will undergo as itmoves into the twenty-first century.
Vision 2020 provides the conceptualbridge between the artillery of
today and the artillery force of the year2020.' Vision 2020 is the
intellectual "catalyst" for the Force XXIartillery, identifying the
doctrinal, training, leader, organizational,
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material, and soldier developments required for the artillery
oftomorrow. The driver behind the initiatives of Vision 2020 is
thepotential of new technologies. Brigadier General Baxter
describes thefuture force in terms of specific capabilities that
the artillery mustsupport: unified combat power, an expanded battle
space awareness,relevant common knowledge, and unified execution.
Brigadier GeneralBaxter then describes some of the conceptual
requirements and materialcapabilities of the future artillery. This
article provided the broadconceptual underpinnings for the systems,
organizations, and operationalconcepts examined in this thesis.

The Army Science Board's 1994 summer study final
reportCapabilities Needed To Counter Current And Evolving Threats,
released inApril, 1995 provided an excellent source of data and
analysis regardingthe evolving security environment and the
capabilities the U.S. Army willneed to counter them. This Army
Science Board study was sponsored by theAssistant Secretary of the
Army for Research, Development, andAcquisition (ASARDA), the Deputy
Chief of Staff for Intelligence(DCSINT), and the Assistant Deputy
Chief of Staff for Operations andPlans for Force Development
(ADCSOPS-FD). The specific terms ofreference for the study were:
(1) review the new worldwide threatsituation; (2) identify and
develop illustrative threat scenarios, bothMRC and LRC, in terms of
threat technological capabilities; (3) identifyU. S. Army
capabilities to counter the threats with emphasis ondeployment,
early entry and follow-on forces; and (4) prioritize U. S.Army
capabilities needed to achieve decisive victory with
minimalcasualties.

The key recommendations from the Study Panel were that the
Armymust: ( 1 ) develop/obtain more strategic lift that can deploy
thenecessary force structure faster; (2) reduce the risk to early
entry
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forces by the massive suppression and exploitation of enemy C4I;
(3)defend early entry forces and follow on forces against enemy
tacticalmissiles, artillery and armor by proliferating missiles and
RPV defenses,and expanding the battlespace for counterbattery and
anti-armor systems;(4) continue to develop the twenty-first Century
Land Warrior as aneffective dismounted capability; and (5) continue
to digitize the ~ r m ~ . 'This study highlighted the need for the
Army to take immediate steps toimprove the deployability,
lethality, and survivability of its earlyentry forces. The study
also brought out the contribution the fieldartillery could make to
address the combat deficiencies of the earlyentry forces.

The Army Science Board's ad hoc study final report Innovations
inArtillery Force Structure released in October 1995 provided an
excellentsource of data and analysis regarding artillery force
structurerequirements and initiatives. The study was sponsored by
ADCSOPS-FD inresponse to senior leaders' concerns about the near
term availability ofFA force structure; lessons learned during
Operation Desert Storm (ODs);

10and the continued downsizing of artillery force structure. The
specificterms of reference for the study asked two fundamental
questions:

1. How much FA force structure is needed in the Army for
theFiscal Year 1996 time frame in order to accomplish the National
MilitaryStrategy?

2. If more artillery is needed, how should it be structured
andresourced?"

The study made a number of recommendations, to include:
(1)increase the Corps Artillery allocation rule from one FA
Brigade, ascurrently structured, to two for each of the ten active
component (AC)divisions; ( 2 ) affiliate Army Reserve National
Guard (AFNG) FA Brigadeswith AC divisions or Corps for training and
deployment; ( 3 ) ensure the
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Department of the Army Master Priority List (DAMPL)
appropriatelyreflects an increased priority for early deploying
ARNG FA Brigades; (4)modernize the early deploying ARNG FA Brigades
to ensure interoperabilityand sustainability with their supported
AC counterparts; and (5) increasethe CS/CSS force structure within
the ARNG, with no change in ARNG endstrength, to support the
revised FA structure." This study provided anexcellent analysis of
artillery force structure issues at the macro leveland was one of
the primary influences in shaping current FA forcestructure
decisions.

TFADOC's Early Entry Force Analysis Final Report prepared by
theFort Leavenworth TRADOC Analysis Center and released in
September 1994provided a good source of data and analysis in regard
to early entryforce capabilities and limitations. This study
addressed the LouisianaManeuvers 1994 issues of determining how to
make light forces morelethal, survivable, tactically mobile, and
sustainable and determiningthe potential contribution to the
battlefield by middleweight units,light enough for rapid force
projection, yet tactically mobile andlethal.13 T T ~tudy evaluated
various force packages were and thenprovided recommendations for
improving the designs of the quick responselightweight force and
the follow-on middleweight forces. This studyprovided data on the
contribution that several artillery systems made toearly entry
force lethality and survivability.

Robert H. Scales' Firepower in Limited War provides a
historicalstudy of the use of firepower in recent conflicts. Scales
provides fivecase studies taken from post-World War I1 conflicts:
the French-Indochina War, the US involvement in Vietnam, the Soviet
intervention inAfghanistan, Britain's Falklands War, and the
Persian Gulf War. Scalesstudies the effectiveness and limitations
of firepower given the natureof the conflict, the physical
environment, the character of the enemy,
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and the types of firepower and specific employment practices.
Scalesstates that a nation should never contemplate involvement in
a limitedwar without a clear understanding of what firepower and
technology canand cannot do." Scales shows the problems of an
overreliance on the useof firepower to achieve military objectives
in limited war. Scalesargues that a tactical strategy of attrition
through the use ofoverwhelming firepower is generally inappropriate
in wars of insurgency,because the enemy rarely remains in place
long enough for effective firesto be brought to bear. Scales argues
for a more balanced and integratedcombined arms approach to the
conduct of limited wars.

Scales' arguments provided much of the foundation for the
portionof this thesis that addresses the adequacy of the future
artillery foroperations across the spectrum of conflict. In his
book Scalesidentifies specific problems that accompanied the use of
firepower inlimited wars. Among the noted problems were:
unresponsive fires,inaccurate fires, ineffective fires, and an
excessive reliance onfirepower. The thesis examined the specific
shortfalls that Scalesidentifies and looks at the future artillery
material, organizations, andoperational concepts to determine the
effectiveness of the futureartillery force in limited wars.

The National Research Council's STAR 21-Strategic
Technologiesfor the twenty-first century is an excellent reference
regarding the keytechnologies identified by the Army for the
long-term future. STAR 21provides a detailed analysis of how the
Army can ready itself for thebattlefields of the twenty-first
century. This book summarizes currentdevelopments and emerging
technologies with major Army applications ineight areas: (1)
Computer Science, Artificial Intelligence, andRobotics; ( 2 )
Electronics and Sensors; (3) Biotechnology and
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Biochemistry; (4)Advanced Materials; ( 5 ) Propulsion and Power;
(6)Advanced Manufacturing; and ( 7 ) Environmental and Atmospheric
Sciences.

The STAR Committee then identified seven focal values to
furtherevaluate the technologies examined above: affordability,
reliability anddurability, deployability, joint operability,
stealth and counterstealth,casualty reduction, and support system
cost reduction. 5 The STARCommittee then provides recommendations
for developing and integratingappropriate technologies into the
Army force structure. The informationregarding system applications
of advanced technologies and thetechnological assessments and
forecasts were particularly insightful.For the purpose of this
thesis I crosswalked the STAR committee'srecommendations with the
artillery force modernization plan to determineif there were any
significant discrepancies.

The FY95 Army Science and Technology Master Plan (ASTMP) was
aninvaluable reference for analyzing the Army's plan to develop
andmodernize its forces. The ASTMP details the Army's strategy to
applytechnology in the design of a well equipped strategic force
capable ofdecisive victory in the uncertain world of the
twenty-first century. Itprovides "top down" guidance from the HQDA
to all Army science andtechnology organizations, and it establishes
critical linkages betweenDoD technology planning and the master
plans of individual Army majorcommands, major subordinate commands,
and laboratories 16 In short, it isthe common reference that
focuses the efforts of scientists and materialand combat developers
in support of tomorrow's soldier--it is the roadmap for developing
Force XXI. The ASTMP details the collection ofadvanced concept
technology demonstrations (ACTD), advanced warfightingexperiments
(AWE) and other technology venues that comprise the JointVenture
axis of the design of Force XXI. The ASTMP allowed a review of
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CHAPTER 3RESEARCH DESIGN

Smaller is not better--more lethal is better;more deployable is
better; more sustainable isbetter; more versatile is better--more
effectiveis better--better is better.'General Gordon Sullivan,
Seeing The Elephant

I used a simple, but comprehensive research approach in
thisthesis. I examined the capabilities and limitations of the
future FAforce structure to determine if we are building a "better"
artilleryforce for the twenty-first century. A "better" artillery
force structureis generally defined as one that is more flexible,
capable of operatingat an increased tempo, more lethal, and more
survivable. This futureartillery force must support Force XXI and
its patterns of operations.At the same time this artillery force
must be capable of decisiveoperations across the entire spectrum of
conflict, while avoidingtechnological obsolescence during a period
of dramatic change. These arethe most critical force structure
challenges facing the future artillery.These are the things the
artillery must get right if it is to retain thetitle of King of
Battle during the twenty-first century.

The overall research design is graphically depicted in figure
3.Research issue one is the primary topic of this thesis and the
bulk ofthe analytical effort is focused on this issue. Research
issues two andthree are intended to be supplementary. These issues
complement theprimary issue by examining the future artillery force
structure in the


	
7/27/2019 Force XXI Field Artillery

39/146

context of two additional areas of major operational consequence
for thetwenty-first century.

The research design explored the thesis topic through an
analysisof the material systems, organizational structures and
operationalconcepts of the future FA force to determine if we are
building anartillery force optimized for the many challenges of the
twenty-firstcentury. This research design allowed for consideration
of quantitativeand ,qualitative data in the analysis of these
issues. The data came froma variety of sources. Especially valuable
sources were severalrecent Army Science Board studies, the series
of PW/MSF AWES, and themany studies and analyses supporting the
development and acquisition ofnew artillery systems and munitions.
This research design allowed forboth subjective and objective
analysis of the issues.

The primary research issue was to determine if the
futureartillery force structure will support Force XXI operations.
Theresearch design for this issue focused on an examination of the
Force XXIpatterns of operations described in chapter 2. These
patterns ofoperations are the operational tasks that Force XXI and
its artillerycomponent must perform. These patterns of operations
became theyardstick by which I evaluated the capability of the
artillery to supportthe future force. The ability of the future
artillery force structure tosupport each pattern of operation is
treated as a subordinate researchissue, which provided a detailed
analytical structure for examining themost operationally critical
aspects of the future FA force structure.Flgure 4 depicts the
research design for the primary research question.

I then examined each pattern of operation in greater detail
todetermine if the future FA force structure - its material
systems,organizations and operational concepts - supports Force XXI
operations.This required identification of specific artillery
material functions and

3
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capabilities, organizational structures and operational concepts
thatwould support the execution of a given pattern of operation.
There isnot a lot of written guidance for translating the patterns
of operationinto specific tasks and functions. My efforts at
characterizing andcategorizing these future artillery initiatives
in terms of Force XXIpatterns of operation is not intended to be
definitive. Sometimes thedistinctions between operational patterns
can become vague. For example,the pattern of gaining information
dominance is also a means of shapingthe battlespace and could even
be considered the decisive operation ofthe conflict.

ALSO, a given artillery capability, organization or
operationalconcept may support several operational patterns. For
example, theartillery capability to maneuver could be considered as
supporting thepattern of force protection, or enhancing the ability
to shape thebattlespace, or even enabling the ability to conduct
decisive operations.The artillery Deep Operations Coordination Cell
(DOCC) can support thepattern of force protection, gaining
information dominance, enhance theability to shape the battlespace,
or even enable the ability to conductdecisive operations. Emerging
TTPs such as sensor to shooter and jointprecision strike are
similarly flexible, supporting many of the patternsof
operations.

The research design evaluated each pattern of
operationindependently and considered the effects of a given
artillery system,organization, and operational concept in the
context of that specificoperational pattern. If the force structure
initiative made a strongcontribution to supporting a pattern of
operation it was analyzed anddiscussed in relation to that specific
pattern. This methodology allowedfor a comprehensive and organized
approach to examining this complexissue.
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The analysis of the operational pattern project the
forceevaluates the ability of the future artillery force to
deploystrategically. The intent is to determine if the future FA
forcestructure supports power projection operations. This issue
centersaround the amount of strategic lift required to deploy the
futureartillery. In this case, smaller is better, or more
specificallysmaller, lighter and modular is better. This issue
could be evaluatedobjectively using comparative analysis. It is
possible to quantify andcompare individual system weights and
measures, gross unit movementcharacteristics, and the amount of
strategic lift required fordeployment. The ability of the FA force
to be rapidly tailored forcontingency operations is a function of
the modularity of the forcestructure. Modular force design allows
detaching functions andcapabilities from a parent unit and
tailoring such functions andcapabilities for deployment in support
of a power projection operations.Modular design seeks to optimize
unit capabilities and strategic lift.

The analysis of the operational pattern protect the
forceevaluates the contribution the future artillery will make to
the abilityof Force XXI to survive on the future battlefield.

This issue addresses the ability of the FA force to
provideprotection to the rest of the force, as well as its own
ability tosurvive enemy attack. This issue could be evaluated
objectively becauseforce and system survivability can be quantified
using data from approvedand accredited combat development computer
models. The primary measureof effectiveness for this issue is the
Loss Exchange Ratio (LER). A LERis an aggregate measure of the
number of friendly combat systems lossesversus enemy combat systems
losses (Red combat systems losses divided byblue combat system
losses). Combat system losses are generally definedas the total
number of tanks, armored fighting vehicles, artillery pieces
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and helicopters killed. The FA force structure that enables a
higherforce LER provides better force protection. The FA force
structure thatachieves a higher field artillery exchange ratio (AER
) is moresurvivable. The AER is generally defined as the number of
enemy cannonand rocket system losses divided by friendly cannon and
rocket systemlosses. Also, the contribution of the FA force
structure to Force XXIearly entry survivability and lethality is
examined under this pattern ofoperation, because the survivability
of early entry forces isfundamentally a force protection issue.

The analysis of the operational pattern--gain
informationdominance--evaluates the contribution the future
artillery will make tothe ability of Force XXI to conduct and
dominate information operations.The evaluation of this issue is
primarily a subjective analysis of thecontribution to information
operations made by the material systems,organizational structure,
and operational concepts of the futureartillery. Information
dominance is best expressed as the differencebetween the friendly
force's ability to acquire, share and useinformation and the
ability of the enemy force to do same. In order toachieve
information dominance a force must pursue two complementary
axes:friendly forces must maximize their ability to use
information, whilesimultaneously degrading the enemy's ability.

The artillery contribution to maximizing friendly
informationoperations is a function of its capability to acquire,
integrate, and useinformation both vertically and horizontally.
Vertical integrationrefers to the ability to acquire, share and use
information internallywithin the FA BOS stovepipe. Horizontal
integration refers to theability of the artillery to acquire, share
and use information externallyacross the force, to coordinate and
synchronize with the other BOS. Theartillery contribution to
minimizing the enemy force's ability to conduct
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information operations is a function of its ability to use
lethal andnonlethal methods of attack against the enemy information
network.

The analysis of the operational pattern--shape the
battlespace--evaluates the contribution the future artillery will
make to the abilityof Force XXI to set the conditions for decisive
operations. This issuerequires both subjective and objective
analysis in order to evaluate thecontribution of future artillery
material systems, organizations, andoperational concepts to shaping
the battlespace. Shaping thebattlespace is a complex concept that
is difficult to quantify or qualifywith any degree of specificity.
Force XXI efforts at shaping battlespacewill be situationally
dependent on the factors of METT-T. However, allactions taken to
shape battlespace will require the capability to spanthe
battlefield dimensions (physical, mental, and temporal) and
effectsome specific enemy function or formation. This implies the
ability toreach out and touch something. This in turn implies the
capability tocover the battlespace using a combination of fire and
maneuver. Theartillery's capability to perform these functions can
be quantified. Thefunction of battlespace coverage examines the
amount of battlespace theFA force can directly shape by examining
the capabilities of the weaponsin terms of their range, accuracy
and responsiveness. The capability ofthe future artillery to
conduct tactical maneuver contributes directly toshaping the
battlespace by allowing the commander to rapidly shift hisartillery
about the battlefield and to place high volumes of fire intoareas
previously thought to be safe from artillery attack. This portionof
the analysis will also examine the contribution to shaping
thebattlespace made by the Deep Operations Coordination Cell (DOCC)
andselected artillery TTPs.

The analysis of the operational pattern--conduct
decisiveoperations--evaluates the contribution the future artillery
will make to
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the ability of Force XXI to conduct decisive operations. The
ability tofight with fires is central to the Force XXI concept of
decisiveoperations. Analysis of this issue centers on the lethality
of the FAforce and its capability to fight with fires. The conduct
of decisiveoperations encompasses the traditional roles of the
artillery: closesupport fires, counterfires, and interdiction
fires. The ability tosupport decisive operations requires the
capability to deliver massedconcentrations of highly lethal fires
quickly over wide frontages and outto great depths. It also
requires the capability to displace rapidly,keep pace with the
maneuver arms, and maintain a high rate of operationaltempo.
Decisive operations also requires the ability to surge anddeliver
concentrated pulses of firepower to shock and break the enemy'swill
to fight. This issue could be evaluated objectively because it
ispossible to quantify the contribution of the MSF artillery to
overallforce lethality. It is also possible to examine other
tactical functionsand performance characteristics that enable the
FA to deliver decisivefires. This portion of the analysis examines
the effects of proposedartillery organizations and operational
concepts on the ability of ForceXXI to conduct decisive
operations.

The analysis of the operational pattern--sustain and
transition--evaluates the contribution the future artillery will
make to the abilityof Force XXI to sustain and transition. The
analysis of this issuesfocuses on the sustainment requirements of
the future artillery force.This pattern of operation can be
evaluated through a comparison of theprojected force support
requirements. In the case of sustainmentrequirements, less is more.
The artillery force that requires the leastamount of combat service
support to sustain is better. This portion ofthe evaluation is
highly speculative and is based entirely on currentdesign
requirements and performance specifications.
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The research designs for the supplementary research issues
arenot as structured as was for the primary research issue, nor are
theyintended to be as comprehensive. The intent is to conduct a
broad brushanalysis designed to surface major issues that may have
significantoperational implications if not considered.

The international security environment of the
twenty-firstcentury will span the entire spectrum of conflict, but
operations at thelow end of the spectrum are likely to be most
common. The researchmethodology for evaluating the suitability of
the future FA forcestructure for operations across the spectrum of
conflict uses theanalysis from the primary research issue, and
additional analysis basedon examination of historical and
contemporary uses of field artillery inlow intensity conflict and
MOOTW. The research design focuses on anevaluation of the
capabilities and limitations of the artillery inLIC/MOOTW. I relied
heavily on Lieutenant Colonel Robert Scale'sFirepower in Limited
War, recent Combat Training Center (CTC) andCombined Arms Lessons
Learned (CALL) publications, and FM 100-20,Military Operations in
Low Intensity Conflict, to develop the researchdesign for this
issue.

The analysis consists of an evaluation of the contribution
thefuture artillery will make to the ability of Force XXI to
operate inLIC/MOOTW. In these settings restrictive rules of
engagement are thenorm and the avoidance of collateral damage and
casualties is oftenparamount. Conventional artillery capabilities,
such as the ability toattack enemy formations at depth, the ability
to rapidly shift and massfires, and to cover large areas with
volumes of lethal fires are oflimited tactical value in LIC/MOOTW.
In LIC/MOOTW environments othercapabilities become more desirable,
such as increased responsiveness andprecision. Some specific
criticisms of the artillery in LIC/MOOTW
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scenarios are that it is of little utility, too slow, too big,
toodestructive, too much. Some have even gone so far as to suggest
that ifthe artillery fails to adapt to these new conditions that
the professioncould simply 'go away."'

The research design for evaluating the appropriate application
oftechnology to the future FA force is structured to accomplish
two~bjectives: identify areas of technology that may be excessively
risky;and to identify emerging or potential applications that may
have beenoverlooked. The research design for this issue is
subjective and isbased on a review of current defense and
technology related sources todetermine if the future FA force
structure has a sound technological baseand can integrate needed
technologies that will provide operationalsolutions by the year
2010. A detailed consideration of cost factorsassociated with the
development of a potential technology applicationexceeds the scope
of this thesis.
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CHAPTER 4ANALYSIS

GeneralThis chapter is structured in accordance with the
research design

outlined in chapter 3. This framework enabled the use of a
combinationof analytical techniques in answering the primary and
secondary researchquestions: (1) use of military judgment to
evaluate subjective issues,(2) se of comparative analysis to
evaluate objective issues, (3) use ofmodeling/simulation data to
evaluate force effectiveness issues, and (4)review of assumptions
made in force structure analyses and decisionprocess. No single
analytical technique was considered moreauthoritative than another.
The use of a combination of analyticaltechniques allowed for a
thorough examination of the available data.

The artillery systems and organizations shown in the
followingfigures and tables depict the future force structure
design analyzed inthis thesis. The division artillery (DIVARTY) and
FA Brigade artilleryforce structures shown in figure 6 and table 1
include the most currentartillery force design initiatives. Major
General Randall Rigby,Commandant of the United States Army Field
Artillery Center and School,provided a recent briefing (6 March
1996) to Command and Graduate StaffCollege (CGSC) students on the
changing field artillery force. In thisbriefing Major General Rigby
presented many of the specifics of thefuture DIVARTY and FA Brigade
design. For the purpose of this thesis Iassumed the future
artillery force structure would be as presented inthis
briefing.
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The briefing disclosed the recent Army decisions to
restructureheavy cannon battalions under the 3x6 configuration, to
add an additionalbattery of MLRS to the heavy DIVARTY, and to
change the allocation ruleof one FA Brigade per committed division
to two. The briefing alsorevealed there were no changes planned to
the light DIVARTY forcestructure in the Force XXI design process.1
The final decisions on theexact composition and structure of
artillery force structure in supportof the light divisions are
still pending the results of the DA directedLegal Mix VIII study.
For the purpose of this thesis I considered thelight DIVARTY force
structure to be unchanged, as was stated in MajorGeneral Rigby's
briefing. For the purpose of this thesis I assumed thatlight
divisions would receive the same amount of additional
artillerysupport as a heavy division. I used the Army Science
Board'srecommendation of two FA brigades per committed division and
postulatedthat the light FA brigades would be structured similarly
to the heavy FAbrigades, except they would have light versions of
the 155mm cannon andMLRS systems.

The future artillery force structure reflects the impetuses
ofmodern technology, organizational restructuring, and new
operationalconcepts. Shown in figure 5 are the major force
developments andinitiatives that will shape and define the
artillery force of 2010.These are the material systems,
organizations, and operational conceptsthat translate the
philosophy of Vision 2020 into the reality of forcestructure
design.

Current Force XXI design efforts are focused at the division
level.The maneuver division remains the central element of
landpower, providingthe means to fight and win, to assert control,
and to achieve decisivevictory.' Accordingly, this thesis examines
the future artillery forcestructure that will be in support of a
maneuver division. Shown below is
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a graphic depiction of the current and future artillery force
structuresassigned to and supporting a committed maneuver division.
The heavydivision artillery (DIVARTY) structure is representative
of the artilleryforce structure in all armor and mechanized
infantry divisions. Theairborne DIVARTY structure is representative
of the artillery forcestructure in the light forces, and has
additional significance as the~ ~ ~ y ~ srimary early entry force.
Figure 6 shows the artillery forcestructure under the current AOE
design and the most current version ofthe future Force XXI
design.

Shown in table 1 are the specific types and numbers of
artilleryweapons systems that will be in support of a committed
maneuver divisionunder the current and Force XXI force structures.
The table provides a"tube count" for the organizations shown in
figure 6 on the previouspage. This table is provided as a quick and
simple point of referencefor purposes of comparative analysis. It
is evident that the Force XXIforce structure significantly
increases the total number of artilleryweapons systems firing in
support of the division.

In the case of how much artillery is enough, most combat
veteranswill tell you that more is always better. The tube count on
the previouspage shows that the future artillery force will be
better than thecurrent. Especially significant is the increased
number of rocketsystems in support of the division. The number of
Multiple Launch RocketSystems (MLRS) supporting a heavy division
will double, from 63 to 126.The number of rocket systems in support
of a light division quadruples,from 27 MLRS to 128 High Mobility
Artillery Rocket System (HIMARS). Thenumber of cannon systems
supporting the heavy division remainsessentially constant, from 96
to 90. The light division will have fewercannon systems in general
support (from 72 to 36), but this is offset bythe increased number
of rocket systems.
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The future artillery force will provide significantly
moreartillery support to a committed maneuver division, but the
increase inartillery assets is all external to the division. The
numbers ofartillery systems organic to the division is reduced in
the heavy DIVARTYand remains unchanged in the light DIVARTY. The
reason for the increasedamount of artillery support to a maneuver
division is the allocation ofan additional FA brigades. While more
artillery is always better, thisarrangement makes the division's
combat power more dependent onaugmentation from echelon above
division (EAD)assets.

Project The ForceMy analysis of the Force XXI FA force structure
in relation to

the operational pattern--project the force--examined the issue
from boththe individual systems level and the aggregate force
level. The weaponssystems that will define the FA units and the
units that comprise theForce XXI artillery force structure were
examined to see how well thisfuture force structure enables power
projection operations. The resultsare something of a mixed bag.
Some systems are heavier/lesstransportable and others are
lighter/more transportable than the currentsystems. Some units are
heavier/less deployable and others arelighter/more deployable than
the current units. As a whole the Force XXIartillery force
structure is no more strategically deployable than thecurrent force
structure.

Shown below in table 2 are the specific weights and measures of
theprimary weapons systems of the current and future FA force
structure.Data was extracted from the Jane's Armor and Artillery
1995-96. Figuresfor the developmental systems are either taken from
prototypes, or areengineering estimates. The data is provided so
that simple comparativeanalysis regarding system size and
transportability can be done.
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The Crusader is much heavier and larger than the Paladin
itreplaces. With a projected weight of 55 tons, Crusader's
airtransportability is the equivalent of the MI Abrams main battle
tank.Each system is an outsize load, which requires either a C-17
or C-5 to beair lifted. However, strategic mobility is not
operationally degradedrelative to the status quo, because the
systems it will replace, thepaladin and MI09 series howitzers, are
not air transportable on anythingsmaller than a C-17. Strategic
deployment by sea lift is essentiallyunaffected. The dimensions of
the Crusader are not significantly greaterthan the Paladin it
replaces, and strategic sea lift assets would be ableto accommodate
the increased size and weight. Although Crusader islarger and
heavier than the Paladin, this does not translate to acorresponding
decrease in strategic mobility.

The 155mm Advanced Towed Cannon Artillery System (ATCAS) will
bemuch lighter than M198, but this reduction in weight will provide
onlyslight improvement in terms of strategic mobility. The weapon
and itsassociated prime mover still requires approximately the same
amount ofcubic space to deploy. So, even though the ATCAS is
lighter than theMI98 this does not significantly lessen the
strategic lift requirement.An ATCAS Battalion would require the
same amount of C-17 sorties as an

3MI98 battalion (36). ATCAS would require slightly fewer sorties
ifdeployed using a combination of C-130/C-141 or C-141/C-17
aircraft.ATCAS would be larger and heavier than the 105mm MI19
towed howitzer.The ATCAS Bn would be less deployable than an MI19
battalion, requiringan additional 11 C-17 sorties (36 versus
25).

HIMARS is a true "silver bullet" weapon system for a
powerprojection army. The HIMARS is smaller and lighter than an
MLRS and isair transportable in a C-130. Compared to the number of
strategic airlift assets required to deliver MLRS units to the
theater of operations,
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transporting a comparable number of HIMARS units saves 25-30
percent ofthe strategic lift. HIMARS provides the commander an
immediatelyresponsive, roll-on roll-off deep attack weapon system.
HIMARS iscapable of firing the entire MFOM to the same ranges and
with the sameprecision as the MLRS.

The recent decision to restructure the 155mm cannon battalions
inthe 3x6 configuration reduces the number of oversized and
outsized cargoloads in the battalion by a total of twelve systems
(six howitzers, andsix support vehicle/prime movers). This will
enable heavy cannonbattalions to close sooner. However, this
decision is so recent that Iwas not able to get strategic movement
data for 155mm cannon battalionsreorganized under the 3x6
configuration and determine the amount ofimprovement this will make
in terms of strategic movement.

Comparison of the Force XXI FA force structure to the
existingforce structure shows that it is only marginally "better"
in terms ofstrategic air movement. The improvement is due to a
combination ofsystem design and organizational restructuring.
Smaller and lightersystems, such as HIMARS and ATCAS, provide
improved strategic mobility.However, the Crusader is not smaller
and lighter. Strategic air mobilityis improved by restructuring the
heavy cannon battalions under the 3x6configuration, decreasing the
number of self-propelled cannons andammunition support vehicles in
a heavy cannon battalion by 75 percent,from 48 to 36. This is a
significant finding, particularly in the eventof a contingency
operation that would require power projection of heavyforces into a
nonlittoral region.

Comparison of the Force XXI FA force structure to the
existingforce structure shows that it is not more strategically
mobile in termsof sealift requirements. Smaller artillery systems
and smaller unitsweigh less and take up less space, but strategic
movement by sea is not
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as sensitive to the specifics of system design as is air
movement. Inrelation to typical sea lift assets the gross unit
movementcharacteristics are essentially unchanged. Sea lift assets
are able toaccommodate substantial increases in cargo weight and
cube. The usualplanning figure for cargo stowage on typical sealift
assets is only 75percent of ~a pa ci ty .~ ea lift assets could
easily accommodate therelatively minor increase in cargo load that
the Crusader system wouldcause. The restructuring of heavy cannon
battalions under the 3x6configuration does not provide any
significant improvement in terms ofthe strategic sea mobility of
the future artillery force.

ModularityModular force design provides force elements that
are

interchangeable, expandable, and tailorable to meet changing
missionneeds. The ability to package specific force elements allows
maximizingof appropriate force requirements and optimized use of
strategic lift.Specific force elements can be projected to meet the
minimum needs of thecontingency operation, while leaving the
non-essential elements at thehome station. This technique of force
design also facilitates the commonpractice of task organizing units
on a short term, ad hoc basis toaccomplish specific tactical
missions.

Force XXI artillery battalions are modular designed
elements,which means they are constructed with subordinate elements
havingspecific capabilities. Each subordinate element (the
Headquarters andHeadquarters Battery, the Firing Batteries, and the
Service Battery, or acombined Headquarters and Service Battery) has
the personnel andequipment to perform only selected tasks and
functions. Each subordinateelements is a discrete part of the
organizational whole and they must becombined to provide the entire
functional capability of the unit.
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During PW/AWE 1994 the Mobile Strike Group's direct
supportartillery units were organized as composite battalions (two
Crusader155mm self-propelled batteries, and one ATCAS 155mm towed
battery). Thisorganxzation of a composite cannon battalion is a
valid method toincrease the flexibility and modularity of the FA
force structure. Acomposite cannon battalion could increase the
options available indesigning and deploying specific force packages
for contingencyoperations. The ATCAS firing battery could be
detached from the parentbattalion and placed separately into the
deployment sequence to providean earlier force protection
capability. However, this organizationalmethod was not pursued in
subsequent experiments. I was unable todetermine why this
organizational concept was abandoned. I can onlyassume that the
tactical disadvantages outweighed whatever advantageswere
achieved.

Protect The ForceMy analysis of the Force XXI FA force structure
in relation to

the operational pattern--protect the force--examined the issue
from theaggregate force and individual systems levels. The findings
wereunequivocal. Every single FA force Structure initiative and
forcedevelopment provides improved force protection: (1) Paladin
protects theforce better than M109; (2) Crusader protects the force
better thanPaladin; (3)ATCAS protects the force bett
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