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Introduction

During the 1990s, defense spending was cut in order to provide a "peace dividend.” The United
States also embarked on an ambitious national security strategy of global engagement that would
see American forces deployed worldwide on an unprecedented scale. Increasingly scarce defense
funds were devoted to maintaining current readiness at the expense of investment in research,
development and acquisition. Shortchanging future readiness in this way is particularly dangerous
in light of the fact that current equipment is wearing out and threats to our national security are
changing. Tomorrow’s Army will need new capabilities to protect American interests. in recognition
of this fact, the Army has unveiled a bold transformation vision designed to counter the full range
of emerging threats.

Research and development (R&D} funding cannot continue to fall if the Army is to gain the capa-
bilities it needs to deter future conflicts and fight in a rapidly changing strategic environment.
Recent events provide cause for optimism on this issue  Congress roughly doubled the administra-
tion’s request for funding of Army transformation. However, no single congressional plus-up can
reverse the effects of a protracted R&D holiday. The government must sustain the appropriated
Army Fiscal Year (FY) 2001 science, technology and development funding levels throughout the
Future Years Defense Plan (FYDP),




The Desert Storm Force:
A Legacy of Research and Development from
the 1970s and 1980s

Throughout the Cold War, the United States
and its allies relied on technological supremacy
to counter the numerically superior Warsaw
Pact military forces poised fo strike into
Western Europe. This highly successful strategy
leveraged America’s enduring strategic advan-
tages in the fields of research and develop-
ment. 1t also helped to bankrupt the Soviet
Union  which had no choice but to attempt to
match America’s technological advancernents
and, in 50 doing, hastened the end of the Cold War.

Hever tested in combat against the Warsaw
Part, america’s superior military techrology
was finally unlesshed during the 1990 1991
Persian Gulf War, The LLS. Army's heayy forces,
designed originally to defeat much larger
Warsaw Pact armies in Central Europe, per-
formed britliantly throughout the campaign,
demonstrating overwhelming lethality, sunviv-
ability and adaptability to desert warfare,

The path to success in Desert Storm had
actually begun many vears before. In the midst
of Yietnam and the era of the "hollow” military.
and facing a growing Soviet quantitative superi-
ority in Europe, the Arowy set out o improve
dramatically the guality of its conventional
forces, Constrained by a Umited modernization
budget, the Army leadership prioritized careful-
Iy, focusing its developmental resources on five
programs they considered critical to the future
heavy combined-arms force: the M1 Abrams
main battle tank, the M2/M3 Bradley fighting
vehicle, the AH-64 Apache
attack helicopter, the UH-
#0 Black Hawk utility hel:
wopter, and the Patript
air defense system

The army's commit:
ment to the "Big Five"”
was  comstantly  tested.
Each ‘program was sub
jected to intense Congres-
stonal scrutiny during al
phases of acquisition, and
sach was subjected, af

varying points, to withering
criticism. But unwavering sup-
port of the Big Five by the
defense industry, the Army
acquisition system and the
Army leadership rooted in a
long-term vision of the kind of
land force the Army knew the
paticn needed was vindicated
by the success of these remark:
able systems in Desert Storm.

Apache proved instrumen-
tal in both the air and ground
campaigns, often paving the
way for ground forces as a tank-killer with its
Helifire missiles, and for air forces with its
opening-night attacks on key nodes of frag’s
integrated air defense system. The Army's 1018t
Airborne Division {hir Assaulty, transported
largely by the Black Hawk, performed the
longest-range helicopter assault in history
Armored forces, their skills honed through
advanced training simulation at the National
Training Center, leveraged the dominant, com-
plementary capabilities of the Abrams tark and
Bradley fighting wvehicle to
deliver a decisive blow to
fraq's elite Republican Guard.
Al the while, the Patriot
antimissile system provided a
critical shield both physical
end  psychological  against
ragt  Scud missile  attacks
desipned specifically to shat-
ter a potentially fragile coali-
tion and draw brael into the
conflict.

The U.S.-led coslition’s
miargin of superiprity over lragh
forces during Desert Storm would have been
substantially thinner had it not possessed the
leap-ghead combined-arms capability provided
by the Big Five, Coalition forces likely would
have prevailed, but the conflict probably would
have lasted longer, and friendly casualties like-
ly would have been higher. However, the seeds

UH-60 Blach Hawk
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of the qualitative superiority that enabled U5,
forces to win guickly, decisively and with aston-
ishingly few casualties were sown well before
anyone could have predicted the United States
and lrag would one day come to blows in the
Kuwaiti desert. Indeed, the Big Five were made
possible by two decades of focused R&D during

the 1960s and 1970s when the Department of
Defense (Dol was among the national leaders
in R&D investment and had the wherewithal to
shape industry and university research to meet
national security needs. Today’s Army continues
to reap the benefits of R&D investments it made
some three or four decades ago.

The "Peace Dividend” Leads to the "Death Spiral”

The end of the Cold War led to a strong pub-
e demand for a loeng-promised “peace divi-
dend,” ang defense budget cuts totaling $765
biltion in the 19905 were the primary bill-payer,
Figure 1 traces this dramatic trend that ulti-

nately reduced DoD budgets by 25 percent

the Army budget falling 30 percent over the
course of the decade, The Army force structure
would also be trimmed from 18 to 10 active
divisions. The other services faced simitar
reductions 1o thelr budeet and force structure,
The DoD budget as a percentage of gross domes-
tic product (GDP) fell from 5.2 percent to just 3
percent during the 1990s, the lowest such figure
since before the 7 December 1941 attack on
Pearl Harbor,

During the 19%0s, as defense resources
were declining precipitously, the United States
embarked on an ambitious national security
strategy of giobal engagement that has resulted

in an unprecedented and ever-expanding list of
worldwide military commitments. While the
high operational tempo (OPTEMPO} has been a
strain on all of the services, it has affected the
manpower-intensive  Army  disproportionately,
with respect to both its people and its equip-
ment. Today the Army must support Close to
30,000 soldiers on contingency deployments in
76 nations  in addition to the roughly 120,000
soldiers routinely stationsd abroad. Figure 2
lustrates the Army’s recent overseas activity
and captures the high pace of operations. Since
149493, the Army has averagod one contingency
deployment every 14 weeks; in 1989, that fig:
ure was one every four years.' Army Secretary
Louis Caldera expressed concern over this trend
in a June 2000 letter o Defemse Secretary
witliam Cobery

[Tlhe requirements of being “on point for the
nation® Bove teen unestenting. .. . The size
ord poce of Army
deployraents

render 40 percent
of some  Jactive
camponent]  units
nendeployoble. The
freserve component }

deployment doys per
solelier was 29 Himes
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The reduction i Army force structure,
shown in table 1, was accompanied by what wag
imtended, at the time, to be a temporary
Defensewide “papse” in the proturement of
new equipraent, The scope of the "procurement
higliday" is shown in figure 3.

inivially, DoD was able to lower the average
age of its equipment by leveraging the force
structure cuts and simply retiring the oldest sys-
tems. This might have proven an effective
intorim measure had procurement resumed as
promised. However, the procurement holiday
continued throughout the 1990s. forcing the
services to rely on equipment longer than
planned, often well beyond a system’s intended
service life. As systews age, they boceme
expensive to pperate and maintain. To cover
the rising operation
and maintenance costs,

g“: _services  Degan  sjue/Reserve Division
ipping into the pro- e geserve Separate
curement  accounts,

Brigades
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modernization funls, the services have often
deferred the recapitalization of current systems
and/or reduced the quantities of new systems
purchased. In both cases, but especially the lat-
ter, this increases systern unit cost and further
reduces the number of units procured. The
Under Secretary of Defense for Acquizition,
Technology and Logistics referred to this vicious,
self-predatory cycle as the "death spiral.™

The latest casualty of the defense draw-
down-triggered "death spiral” is RED the
foundation of our technological superiority and,
thus, of our global military dominance. Just as
the procurement accounts have been ralded to
maintain and operate aging systems, R&D fund-
ing has been siphoned to help pay for both the
recapitalization and/or upgrade of legacy

3 pemarbs of Jares Ganstes, Under Secrprany of Deforu thraaisiton Technafogy B Logistiogd at 3Lba% BRatiefield Wissatization.
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systems and the acquisition of new systems in
the final phases of development. As illustrated
in figure 4, Dol R&D investment declined 13
percent between FY 1930 and FY 2000; Army
RED investment declined 17 percent over the
sarme period.

in addition, the services, seeking to ensure
the acquisition of new enuipment after the long
procurement holiday, are applying a rising per-
centage of the remaining R&D funding to these
near-term priorities {e.g.. upgrades ta fielded
systems and final development work on follow-
on systems) at the direct experse of the
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development of fundamentally new capabili-
ties. In the President’s FY 2000 budget request,
for example, more than 33 percent of the total
Deb-wide FY 2000 Research, Development, Test
and Evaluation {RDTRE) request was for modifi-
cations to fielded and, in many cases, aging sys-
tems. In that same request, the 5&T accounts,
which underpin the development of new capa-
mitities, were reduced by nearly 25 percent
from 1999.4

4 national security strategy based on tech
nological superiority naturally requires superior
techpical  talent. This s essential not
only for cutting-edge
research and technology
development, but also
for expert acquisition
and integration of the
advanced commercial
technology upon which
Dol is becoming more
reliant, As RED funding
has been slashed, s0,
too, has DoD's 58T
workforce, In the last
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decade, DoD has substantiatly downsized the
laboratory system: the Ammy alone has closed
three labaratory sites and two test and evalug-
tion sites and halted nine distinct laboratory
activities. In 1992, the seven Anmy Materiel
Command corporale labs were consolidated
into the Army Research Laboratory (ARL), since
that time, the ARL workforce has been reduced
approximately 40 percent. Additionally, DoD has
increasingly outsourced S&ETrelated work.
Today universities and private industry perform
e than half of the Army 38T function.

i s also becoming ipcreasingly difficult for
the Army to compete with the rapidly expand-
ing cammercial technology sector for top tech-
nical talest. A recent Deferse Soience Board
{DSBY study found that salaries at defense iaho-
ratortes are S$HL000-S20,000 below industry
salaries for engineers with master’s and docior-
ate degrees, Clearly, we are in the midst of a
“hrain drain” from our labs due to a decade of
deswrsizing: fierce competition from the boom-
ing commercial sector for electrical, sofvware
and computer engineers: and the inflexible
civilian service.

These challenges are not limited to govern-
ment RED inwestment. Traditionally, defense
industry independent R&D, or IRED, has funded
the developrment of many of the United States’
st advanced military technologies and inno-
vative integrated defense systems. Industry has
historically put abaut 3 percent of the DoD pro-
curement budget back inte IRED. However, with
a 70 porcent decline in procurement budgets in
the past decade, contractors not only have less
to spend on 1R&D, they appear to be focused on
a near-term horizon, using a cdsing percentage
of these funds to secure new business,

Evertually, the decline in long-term Dob
research will also adversely affect the direction
and rate of commercial-sector technological
advancement and thus DoD's ability te shape
commercial technology development and lever
ape commercial-sector products and services for
military advantage. In the past, the commercial
sector has leveraged Dol research to rapidly
develop and produce innovative new products
and services {e.g., microplectronics, composite
materials, tasers, the internet, the global posi-
tioning system or GPS, etc.). However, DoD’s

St g 22

research investment rate has slowed dramati-
cally, relative to both its Cold War peak and the
commercial sector'’s current rate,

As shown in figure 5, federal R&D funding in
1963 accounted for 66 percent of the national
total; by 1999, the federal share had fallen to
77 percent. Whereas DoD previously controlied
a large enough piece of the national R&D invest-
ment pie to drive the national research agenda
and exert major influence on the establishment
of rommercial technology standards, this s no
tonger the case. Moreover, there is now much
tess DoD-developed technology for the cornmer
cial sector to leverage, Thus, over time the
commercial sector will focus less on the
exploitation of fundamentally new technology,
which is relatively time-consuming and expen-
sive to develop internally, and more on the
profitable evolution on existing technatogy.
Vhile this may be good for business, i serves to
stunt U.5. military-technological  develop-
ment precisely because DoD is more depend:
ent than ever on the commercial sector for
advanced technology, particularly in the areas
of microelectronics, software, computation and
bictechnology.

The combined rosult of government and
defense industry RED reductions and the skew-
ing of investment toward near-term priorities
is, in the words of the Defense Science Board.
“severely depressed U.S. military-technological
innovation when the premium on innovation has
never beer higher, ™

Figure §
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The Transformation Imperative

Why is military-technological innovation
more important than ever? The answer is two-
fold. First, the globalization phenomenon is lew
eling the irternational military-technnlogical
playing field, i.e., providing all states, not just
the great powers, with access to much of the
technology {both defenseurique and commaer
cially devetpped) underpinning the modern mil-
itary. Comspguently, the United States must
frun' even faster  accelerate the development
of tomorrow’s technology  to stay ahead of its
competitors,

Second, America’s potential adversaries are
lsveraging thelr newfound access to militanly
useful technology to present LS. forces with a
fundamentally new set of threats designed not
1o maich our strengths, but rather to exploit
our wulnerabilities. Specifically,  potential
adversaries will seek to capitalize on the great
distances WS forces must travel to engage
them, and on U5, forces’ reliance on unimped-
ed access 1o and use of ports, airfields, bases,
littoral waters angd airspace in the theater of
conflict. Gone are the days of six-month theater
force buildups, uncontested access to the theater,
and operational sanctuary once in-theater
Tomorrow's adversaries are expected to attack
with little or no waraing, and to attempt to

physically deny U.5. forces access to the the-
ater with a wide range of so-called “antiaccess”
forces such as ballistic and cruise missiles and
weapons of mass destruction.

Meoting these new chatlenges requires U.S,
forces to adopt a dramatically different
spproach to warfare. It also requires & new
Army a dramatically more responsive and
survivable force able to deploy decisive
combat capability to a theater in days rather
than months, and to operate effectively
in an increasingly threatening environment.
Tomarrowe's Army must be capable of more than
just prevailing in major theater warfare. To
cantinue supporting a national security strategy
of global engagement, our Army must retain the
ability to respond effectively at the "lower”
end of the contingency spectrum, which is char-
acterized by increasingly frequent humanitari-
an, peacekesping and peace enforcement oper-
ations. In short, the nation demands an Army
that is strategically responsive and dominant at
every point on the spectrum of operations and
capable of providing the MWational Command
Authorities with & broad range of options
for peacetime operations, deterrence and
warfighting.

The Objective Force and the Future Combat Systems

To provide such a force within the shortest
possible time frame, the Army, under the lead-
ership of Chief of Staff General Eric K. Shinseki,
has embarked on an ambitious transformation
strategy. The new Army Vision, released in
February 2000, calls for an Army capable of
placing a combat brigade anywhere in the world
within 96 hours: a division into theater within
130 howurs; and five divisions within 20 days.
The central goal of this "Objective Force™ is ta
achieve this level of respomsiveness without
sacrificing either lethality or survivability. A
parallel goal 5 to substantially reduce the
Army's theater logistics “footprint™  the size
and weight of its theater deployment  in order

to reduce its dependence on large theater bases
{and thus its vulnerability to enemy antiaccess
strategies) and to minimize strategic lift
requirements, General Shinseki, in 2 recent
address, captured the essence of the Army’s
transformational challenge:

We must provide early-entry forces thot con
aperate jointly without gocess to fixed for-
wored bases, but we still need the power to
slug it out aod win degisively, Today, our
heavy forces are too heavy and our light
forces fuck staying power. We will address
those miamaiches.s

& pevey Chief of SEa¥f Gonpral Eric K Soesede Spovsries 37 R of Stalf ovival Corpranmy, Fort #heer, V8, 31 June 1959




The centerpiece of the Objective Force
the Future Combat Systems (FCS) family of
vehicles, now in the very early stages of devel-
opment. As currently emvisioned, the FCS will
be capable of multiple roles, overwhelming
lethality, strategic deployability, self-sustain-
mant, and very high survivability on tomarrow’s
high-threat battlefield a true "system of sys-
terns”™ in which the individual soldier is a ¢riti-
cal component, With these attributes, FCS
impact on Army warfighting capahility in the
2% century could well be as significant as the
introduction of the tank during World War | and
the attack heticopter in Wistnam. Goals for the
FLS 20-ton combat vehicte include:

m licht weight (less than 20 tons) for C-130
transportability;

Wz 33 50 percent decrease in logistics
sustainment requirements and a 50 per-
cent decrease in fuel consumption;

m 3 continental United States (CONUS)-to-
theater response time of less than 96
hours;

® the ability to sustain OPTEMPO for five
days without resupply; and

m very high battlefield speeds (100-kilome-
ters-per-hour burst; 60-kilometers-per-
hour sustained cruisel

Science and Technology: Enabling the Objective Force

Dol invests in 3&T Lo (1) develop technalo-
gy solitions ta koown military needs and {2}
develop technoiogies that may have substantial
military potential, but whose ultimate military
application fs ye! to be defined, In the case of
the Objective Force and the FOS  the embodi-
ment of the land force the Army again knows
the nation requires  the military need could
not be clearer,

With the majority of the technology under-
pinning the FC5 yet to be developed, the suc-
cess of the Army's bold transformation strategy
rests squarely or the shoulders of the Army 587
community, in partnorship with the Defense
Advanced Research Projects Agency (DARPA)Y.
indead, Army transformation efforts will focus
on SaT until the FCS-enabling technologies have
matured to the puint where the development of
systems with the above-described characteris
tics can begin in earnest. Today, the 58T com-
munity is working hard to answer such critical
technical questions as
® How can the armored volume of a combat
vehicle be reduced while its survivability
is increased?

® How can FCS deployability be increased
bevond today's standards without sacri
ficing its survivability and lethality?

m How can the Army reduce in-theater sup-
port needs, and thereby reduce strategic
lift requirements?

These and other questions are guiding
a major effort to develop techrologies that
will give the Objective Force its desired charac-
teristics  responsiveness, agility, wersatility,
deployability, lethality, survivability and sus-
tainability, The Army and DARPA have combined
resources of $500 million per year to define and
explore the FCS concept in time for the Chief of
Staff (CSA) to decide in 2003 whether the tech-
nology will support realization of the FCS
equipped Objective Force.

Forused investrnent of scarce S&T funds
showdd provide the development of the orind
mun essential component technologies needed
to support the on-schedule start of FCS devel-
opment. Unfortunately, due to the decade-long
SaT decline, program risk will be higher, and a
number of high pay-off technologies such as
loitering attack munitions, autonomous ground

robotics,  third-generation  forward-looking
infrared  (FLIRY, and the Joint Transport
fotorcraft  will not be available in time for the

start of FCS development in 2006, This is a tan-
gible imptication of the decade-long procure-
ment/R&D holiday,
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What Must Be Done

i the services and the Army in
particular  are to transform successfully to
mest emerging challenges, the govermment
must fmmediately reverse the decade-long
decline and stabilize defense RED investment.
This year, Congress took a bold step in the right
direction, adding $3.3 bilben in R&ED funding to
the President’s FY 2001 DoD budget request,
$1.1 billion of which will go to the Army
Figure &, which plots Arrry RED funding through
2001, helps llustrate the scope of the increase.
Congress alse appropriated 51.6 billion for Army
transformation, roughly doubling the adminis-
{ration’s request.
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However, no single congressional plus-up
can reverse the effects of a protracted RED hol-
iday. MHor can the services count on Congress to
continue redressing the R&D deficiencies in the
President’s budget request. The administra-
tion's Future Years Defense Plan. highlighted in
figure 7, must be increased as well or R&D will
continue to be shortehanged and thus hamstring
Army transformation. If this is not rectified. the
Army will be unable to research, experiment,
develop and test the requisite technologies and
systems for meeting the C5A% vision of a lethal,
survivable, deployable, agile, flexible and
responsive Objective Force, and to protect
future readiness. We
therefore urge the gov-
ernment to sustain FY
2001 RaD funding levels
throughout  the FYDP
and, together with the
Army, focus this nvest-
ment on:

1 Billinn

Plus-up s

1, Restoring R&D pro-
gram stability, Stop
stretching out and

Figure 6
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delaying the demonstration and devel-
opment of capabilities critical to realiz-
ing the Army and Joint vision.

. Restoring project manager funding for

development risk veduction to meet
cost, schedule and performance. Risk
reduction funding was often & casualty
of the modermization death spiral,

. Leveraging non-Acmy DoD,  defense

industry, commercial and university S&T
to meet the needs of the Army and Joint
visions as articulated in the Dol and
Army SET plans, :

. Building on the emerging Army/DARPA

lant warfare advanced technology ol
laboration. DARPA  excels at high
risk/payoff research and technology.
The Aremy excels at technology demon-
stration, transition and warfighting inne-
vation, It is & win-win relationship,

. Teking an experimental, "spiral” devel-

opment approach to requirements and
concept development for the Objective
Force, consistent with Joint Vision 2020,
in addition, develop models and other
tools to simulate and emulate systems:
of-systems warfare and the capabilities,
benefits and vulnerabilitios associated
with speed and knowledge.

6. Providing srmy Leboratory Directors and

Prograrn Exequtive Officers with sufficient

funds to invest in technologies and prod-
ucts  especially commercial products
that will provide an order of maanitude
return on investment by reducing system
operation and support costs.  This will
arrest the rising operations and support
{085} costs of our aging legacy force and
help reduce the logistic footprint (and
thus the O&5% costs) of the Ghbjective
Force, thereby reversing the current
migration of modernization funding to
pay for rising O&5 costs,

. Expanding cooperative research with

academia and industry, particularly the
increasingly important commercial sec-
tors of information technology, electron-
ics, computers, visualization, robotics
and biotechnology. Sound models for
such linkages already exist, including the
Institute for Creative Technologies, the
Mational Rotorcraft Technology Center,
the Hational Automotive Center, and the
ARL Federated Laboratories.

. Expanding the Army’s use of university

and contractor researchers in an open
laboratory environment while retairing
the ability to hire world class govern
ment scienticts. This will help combat
the compensation disadvantage the
army labs suffer vis-a-vis the commercial
sector and, in the process, help provide
for a mors apile, competitive work force,

This great nation has equipped and trained today’s
soldiers with the best technology and weapons in the world,

resulting in an Army possessing superior lethality and survivability.

Tomorrow’s Army deserves no less.
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