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Introduction 

Dunn« the 1990s, defense spending was cut m 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 gam 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 jFYi 2001 science, technology and development funding levels throughout the 
Future Years Defense Plan (FYDP). 
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Throughout the Cotd War, the Limited State* 

and its allies relied on technological supremacy 

to counter the numerically superior 'Wassaw 

Pact rmlnary forces poised to strike into 

Western Europe. This highly successful strategy 

O'veraiged America's enduring strategic advan■ 
ta-^e'- in the fields of research arid develop- 

ment, it also helped to bankrupt the Sever!. 

Union   wb'.ch hae no choice but to attempt to 

■matcti Arne-rsea "s t* :hno'l-ogi-cal advanoements 

..«■'id in so doeiS;. hastened' the end of the Cold War. 
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act..3th DvgJ.'   r-\viy ye3''r hetore.  in t".0 riveje 

et Vit eia ~ an; "he era e- the "holler " "rmu-y 

ere h-jo =•.? a trowing So-'c! ..|i.ointitaf*e viper 

i;.'it.-  :n i.i-opc.  the /V-'i'v set  mi!   ':;;  :mp:rive 
(UäT'äiCA,^   the   qual'ty   of   its   < enve-tiena:. 

fr:i:.ev Cun-eramed by s limited rKivle^irdtiiM-, 

huC^r-t   trie Army leadership pnontece < aretü. 

iv. •'rjCi.ism;; es aeve-;-:.vn>eir.a! 'esouiices on eve 

o-oe/an; they eeiMdered >: reeat te the fut ..>■ 
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The Army"«, commit 
rnent' Co the "Big Ftve'h 

was constantly tested. 
Each program was sub- 
jected to intense coroiires- 
S'lO'ial scrutiny during all 
phases of acquisition, and 
each   was  sub jet: teed   at 
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varying points., to witheein-g J 
criticism. But unwavenng sup- 
port of the. Big Five by the 
defense industry, the Army 
acquisition system and! the 
Army leadership rooted in a 
lon^-terro vision of the kind of 
land force the- Army knew the 
nation needed was vindicated 
by the sue:cess of these remark- 
able systems irs Desert Storm 
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The U.S. -led coalition's 
margin of seperiority over Iraqi 
forces du run s. Desert Storrn would have been 
siit;:is.tai"it'!.a!,ly thinner had »t not, p-ossesseü the 
le a p- shea c! combined - arm s capa bd i s:.y p ro vi ded 
by the Bi-g Five. Coalitson forces hkety would 
have prevailed, but the conflict probably would 
have lasted longer, and friendly casualties like- 
ly would have been higher. However, the seeds 

««     iTd"v 



n* tnr qualitative superiority that c-i-a!::i!.^d U S. 
tout's to win quickly- dectSKely arc! with <e>Pr 
is^'ngi.v fo* casual.'-f:'s were ">OVVP well heon,:. 
anyone cou.c nave pre-ciu.tod i;hu Lnited States 
and Iraq v-'OjhJ out day come to blows in the 
Kuwaiti aeiri't. Indeed,, the 6is, Five were made 
posvrD.c by t-vo der ados eP to:used R&D dünnt; 

fit: 196ü> c.r:\ -i-37üs when the Department of 
P-oust OoLP »vas among the national leader;. 
11 RttiJ -nvestnient and had! the whoievuittia; to 
shape industry and university reseat; h to r-u-et 
nat1o-na: secur 1 fy '»-ed •■ mcay"s Arn:vcontirm«:^ 
to reap the Denents ;>r" P&D Investments it made 
s:.)ir.i:' line..- 01 ro..i dec.jdor-ago 
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The end ed the Coid War led to a strong pub- 
lic demand for a long-promised "peace divi- 
dend!, " arid defense budget cuts t taling $765 
billion »n the 1990s were the primary bill-payee 
figure 1 traces this, dramatic trend that ul.tt- 
mately reduced Del) budgets by 25 percent 
tue Army budget falling 3G percent over the 
course of the decade. The1 Ar my force structure 
would also i>e trimmed from 18 to 10 active 
divisions. The other services fated similar 
reductions to their budget, and force structure. 
IheDoD budget as a percentage1 of gross domes.■ 
tic product tGDP? fed from 5.2 percent to just 3 
percent dunrtc the 1990s, the lowest such figure 
since before the 7 December IPs«!'! attack on 
Pearl. Harbor. 

During the 1990s, as defense resources 
were declining precipitously, the United States 
embarked on an ambitious national security 
strategy o* global engagement that has resulted 
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ii:i an unprecedented and ever-expanding list of 
worldwide military cornmrtments. While the 
higlh operatiofial tempi;) sOPTEMPOf has been a 
strain on all of the service, it lias affected tue 
manpower-smensive Army drsproportionately. 
with respect, to both its people and its equip' 
ment. Toddy the Army must support close to 
30,000 soldiers or1 contingericy deploynients in 
76 nations in addition to the roughly 120,000 
soldier's routinely stationed abroad. Figure 2 
illustrates (.ho Amnyd recent overseas actn/ity 
and captures the high pace of operation«,.. Since 
1993, the Army has averaged one contingency 
deployment every 14 weeks, in 1989. that fig- 
ure was one every four /ears,' Army Secretary 
Louis Caldera expressed concern over tim* trencl 
tn a June 2000 letter to Defense Secretary 
William Cohen; 

[Tjbe requirement of being "on point .for me 
notion*' have .Been cnreienOny. , ., The P.?c 

ond pace af 4» my 
deployment $ , 
ranriet 40 pe'xeni 
of some .(ocüie? 
component} units 
nondepiayäbie. The 
{reserve component) 
depiOj/rvtent Pays per 
.soraie' was .rri' reces 
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decade, DoD has substantially downsized the 
laboratory system; the Army alone has closed 
three Laboratory sites and two test and evalua- 
tion sites and hailed nine distinct laboratory 
activities. In 1992., the seven Army Materiel 
Command corporate labs were co n so lid at.ee) 
into the Army Research Laboratory fARL); since 
that time, the ARL workforce has been reduced 
approximately 4Ü percent. Additionally- DoD has 
iricfeasingly   outsourced   's^PT-related   work, 
Tod ay urn era ties and pn vate ? rejiistry perform 
more than half of the Army S&T function. 

it is also becocr "H§ increasingly difficult for 
the Army to osirpete with the rapidly expand- 
ing commercial technology sector (m top tech- 
ri:i(-jsS talent A recent Defense Science Board 
<;DS:Bi study found that salaries at defense labo- 
r atones are $10.ööO S20,000 below industry 
salanes fo" engineers with I'naster's and! doctor- 
ate decrees. Clearly, we are in the endst of a 
"brain drain" 'hose our Labs due to a decade of 
do^nsirim;»; frerce corn.petit.iori from the boom- 
ing commercial sector for electrical, soft.ware 
and fo 'Tip uter engineers; and the inflexible 
civican service 

These challenges are not limited tc govern- 
ment RStC investment. Traditionally, defense 
industry independent RAD, orlR&D, lias funded 
trie development -of many of the- United States' 
niost advanced military technologies and inno- 
vative integrated defense systems, industry has 
historically put. about 3 percent of the DoD pro- 
curement budget back into IR&D. However, with 
a 70 percent, decline in procurement budgets sn 
the past decade, contractors not only have less, 
to spend on I R&D. they appear to be focused on 
a near-term horizon, using a rising percentage 
of these funds to secure new business. 

Eventually, the decline in long-term DoD 
research will also adversely affect the direction 
and rate of c omrne rci at - sector tee h nologica!. 
advancement and thus, IDoD's ability tc shape 
cornjinerccal. technology development and lever 
age commercial'sector products and services for 
military advantage, in the past, the commercial 
sector has leveraged DoD research to rapidity 
develop and produce innovative new products 
and sei /ices (e.g.., microelectronics, composite 
materials, lasers, the Internet, the global posh 
tionni'ß; System or GPS. etc.J   However',  DoIDH 

research investment rate has slowed! drarnats■ 
catty, relative t - b th its, Cold War peak and the 
c ü T"i'i rner cia I. sec t.or "s c u r r o n t rat.e 

As shown in figure 5„ federal R&D funding m 
1963 accounted for 66 percent of the national 
total: by 1999, the federal share had falten to 
2? pereervt., Whereas Dot) previously controlled 
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 corrwTiercial technology standards, this is no 
iorsaer the case. Moreover, there is now much 
less DoD-developed technology for the commer- 
cial sector to leverage, Tinas, over time the 
commercial sector will focos less on the 
exploitation of fundarnenitally new technology, 
wihich is relatrvely tirne-ooosundng and expen- 
sive to develop internally, and more or tie? 
profitable evolution on exist nisi technology. 
While this, may be good for business, it serves to 
st u n l: U. S. mi li t ary - tec h n o Logi c a I d e ve lop ■ 
merit precisely because DoD «s more depend- 
ent than ever on the cccnrnercial sector for 
advanced techoology, partic:a!afiy in the- areas 
of microelectronics, software, cornputatson and 
biotechnology. 

The combined result of goverrainent and 
defense industry R&D reductions and the skew' 
iriG; 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 rrtnovatiori has 
never' been hieher. "":i 

34% 
Nonfeetecai 

Rao 
661 

'iPiKteral R&D jf 

# 

17%       ■, i-'tzurt  S 
Federal RfrD'y       ^ 
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1 tu e Tran sfo r rn at i o n I nn pi e ra t i v e 

Why is miUtary-tecbnotogical innovatiom 
niore important than ever? The answer is two- 
fold, first, the globalization phenomenon is lev- 
eling the international military-technological 
playing field, i.e., providing all states-, not just 
the great powers, with access to much of the 
technology (both defense-unique and commer- 
ciially de,velopeei} uncfeopi«mi n% the modern rrnI ■ 
itary.  Consequently,  the  Unit d  States, must 
"run1" even faster   accelerate the1 development 
of tomowvA u tetralogy   to stay ahead of its 
competitors. 

Second, America's potential adversaries are 
leveraging their Fiewfound access to militarily 
useful technology to present U.S. forces with a 
fundamentally new set. of threats designed not 
to rnatch our strengths, but rather to exploit 
o ur vu I. nerabi: I i ti es. Spec i f 1 ca ti y, polen fia I 
adversaries will seeik to capitalhre on the great 
distances U.S. forces roust travel to engage 
them, and on U.S. forces' reliance on unimped- 
ed access to and use1 of ports,, airfields, bases, 
littoral waters and airspace in the theater of 
conflict.. Gone are the days of six-month theater 
force buildups, urteontested access to the theater; 
and operational sanctuary once in-theater. 
Tomorrow's adversaries are expected to attack 
with, tittle or no warning;, and to attempt to 

physically deny U.S. 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.. 

.Meeting these new challenges requires U.S. 
forces to adopt a dramatically different 
approach to warfare. It also requires a new 
Army a dramatically more responsive1 and 
sorwvable force able to deploy decisive 
combat capability to a theater in days rather 

than months„ and to operate effectively 
in an increasingly threatening environment. 
Tomorrow's Army roost be capable of more than 
just prevailing in major theater warfare. To 
continue supporting a national security strategy 
of global engagement, our Arrny must retain the 
ability to respond effectively at the "lower" 
end of the contingency spectrum, which is char- 
acterized try increasingly frequent humanitari- 
an, peacekeeping and peace enforcement oper- 
ations, Irs short, the nation demands an Army 
that: is strategically responsive and dominant at 
every point on the spectrum of operations and 
-capable1 of providing the National Command 
Authorities with a fa-road range of options 
for peacetime operations, deterrence and 
warfiehtiing.. 

! Of  •:. ;! 
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To provide such ä force within the shortest 
possible time frame, the Army, under the lead- 
ership- of Chief of Staff General Eric K„ Shinsekf, 
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 
120 hour's; and five divisions within 30 days. 
The central goal of this "Objective Force" is to 
achieve this level of responsiveness without 
sacrificing either lethality or survivability, A 
parallel goal is to substantially reduce the 
Army's theater logistics "footprint*" the slie 
and weigh!, 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 Shins-ekl, in a recent 
address:, captured the essence of the .Army's 
transformational challenge: 

We mast provide eariy-entfy forces that can 
operate jointly without access to fixed for ■ 
were:! .bases, but we sfi'i need the power to 
Siiuy it out and mn dedrivFfy Today, our 
heavy forces are too *ie5i!»<y end our n$M 
forces lack sfeyiny power. We wiiS odciress 
those ffii$mctcf>esr

<: 
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The centerpiece of the Objective force is 
the Future Combat Systems IFCS) family of 
vehicles, ROW iin the very early stages of devel- 
opment. As currently envisioned, the PCS wilt 
be capable of multiple roles, overwhelming 
lethality, strategic deployabiUty, self-sustain- 
rnent, and very high survivability on tomorrow's 
high-threat, battlefield a true "system of sys- 
tems" in which the individual soldier is a criti- 
cal component. With these attributes, FCS 
impact on Army warfighting capability in the 
2T>' century could well be as significant as the 
introduction of the tank during World War I and 
the attack helicopter in Vietnam. Goals for the 
FCS 20-ton combat: vehicle Include: 

■ light, weight (less than 20 tons) for C-O0 
transportability; 

■ a 33-50 percent, decrease In logistics 
sustainrrient requirements and a 50 per- 
cent decrease in fuel consumption; 

Hi a continental' United States (CONUS|-to- 
theater response time of less than 96 
hours; 

■ the ability to sustain ÖPTIMPÖ for fiv  
days without resupply; and 

■ very high battlefield speeds {100-kUorme- 
tors -per-howr bu rst;: 6 0 • ki lorneters - pe r- 
houir sustained cruiseJ. 
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DoD invests in S&T to (11 develop technolo- 
gy solutions to known military needs and ill 
develop technologies that may have substantial 
military potential, but. whose ultimate military 
application is yet to be defined, In the case of 
the Objective Force and the PCS the embodi- 
ment of the land force the Army again knows 
Che nation requires the military need could 
not be clearer 

With the majority of the technology under- 
pinnins, the FCS yet to be developed, the suc- 
cess, of the Army's- bold transformation: strategy 
rests squarely on the shoulders of the Army S&T 
community, in partnership with the Defense 
Advanced Research Projects Agency (ÖARMj, 
Indeed. Army transformation efforts will focus 
on S&T until the FCS-enabling technologies have 
matured to the point where the development of 
systems with the above-described characteris- 
tics can besjiiri in earnest.,. Today, the S&T 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 survivabiify 
is increased? 

■ How can FCS deployabiUty he increased 
beyond today's standards without saeri- 
fianst its survivals!Itey and lethality? 

■ Ht..v.' CH": the Army KOIKY- urtfu^t.er sup- 
pr.it meteh, anc thereby r ech..i-: e vt rateg'ii 
lift it-qLiiremersts? 

These and other' questions are gindinf 
a major effort to develop technologies that 
will give the Objective Force its desired charac- 
ter! st ic s re soon si ven ess,. agi 1 it y, ve rsa I i t i I y. 
deployabitity, lethality, survivability and sus- 
tainability, the Army and IDARPA have combined 
resources of $500 million per year to dehne and 
explore the FCS concept in time for the Chief of 
Staff ifCSA) to decide in 2003 whether the tech- 
nology will support realization of the FCS 
equlpped Objecti ve Force. 

Focused investment of scarce S&T funds 
should provide the development of the mini- 
mum essential component technologies needed 
to support the on-schedule start of FCS devel- 
opment. Unfortunately doe to the decade-long 
'S&T decline, program nisik will be higher, and a 
number of high pay-off technologies such $& 
loitering attack munttiorrs., autonomous ground 
robot i cs, thi rd -geoer a tu oo f or w.a rd -1 ooki in g 
infrared ijFlJR), and the Joint Transport 
Rotororaft will not be available' HI time for the 
start of FCS development in 2006, This, is a tan- 
gible irnplication of the decade-long procure- 
ment/ROD holiday, 



 hat Must Be Done 

He fever, no single congressional  plus-up 
car« reverse the effects of a protracted R&D hot- 

meel  emerging  challenges.,  the  government      iday. Nor can the services count on Congress tc 

If    the    sei »'ices   and    the    Army    in 
particular   are to  transform successfully to 

must   immediately reverse  the   decade •long 
decline and stabilise defense R&D investment. 

continue redressing the R&D deficiencies in the 
President's  budget request,  The adrriirastra- 

This year; Congress took a bold step in the right      ti n's Futur- <■ fears Defense Plan, highlighted in 
direction, adding S3.3 billion in Ra.0 funding to 
the President's if'V 2Ö0! OoD budget request, 
Sl.l billion of which will go to the Army, 
figure 6, which plots Army R&D funding through 
2001. helps illustrate the scope of the increase. 
Congress alsc appropriated S'l.6 billion for Army 
transforrnatron, roufbly doublsng the adrrairris- 
tration's request. 

figure 7, must be increased as well or RStD wli 
continue to be shortchanged 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 CSA's vision of a lethal, 
su rvi vabile,   d epic ya b te.   a gi le.   ft exib le ' an cl 
responsive  Objective  Force,  and to  protect. 

future    readiness,.    We 
therefore, urge the gov- 
ernment   to  sustain  F¥ 
2001 R&D funding levels 
throughout    the    FYDP 
and,  together  with the 
Army, focus thn invest - 
(inent on: 

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

5 11  3i:.:i::'ii'. 

1990   199 t   1992-   tW 

Figure 6 
Amir RUTS:' 

000 

Ftxurt ? 

FV2O0' 
ppfopri* 

,iA 6000 - !   :■:■:. :. '■•■' ■■■:* 

: ||sS|| illilllll 
8 5000 ■ 

i^imi 11111 ■r'WSs 
>„ ■; ^yr'SU 
u... 4000 • ^J-K'* 

Cl IJrag •  ■ JT -X 
- 
n 3000 ■ § ^ ill ilüll |iiiljtifl|i 1 2000 ■ HH 

tooo 
■a 

fiscal ''fear 



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

Restoring project manager funding for 
development risk reduction to meet 
cost, schedule and performance, firs*. 
reduction funding was. often a casualty 
of the modernization' death spiral. 

Leveraging non-Army DoD,. defense 
Industry, comrnercial and university S&T 
to meet the needs of l:he Army and Joint: 
visions as articulated in the DoD and! 
Army S&T plans. 

Bundling on the emerging Army./DARRA 

land warfare advanced technology col- 
laboration. DARPA excels at: high 
risk'payoff research and technology. 
The Army excels at technology demon- 
stration, transition, and wa.rfight.ing inno- 
vation, if: is a win-win relation ship, 

Taking 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 vulnerabilities associated 
with speed and knowledge. 

Providing Army Laboratory Directors and 
Program Executive Officers with sufficient 

funds to invest in technologies and prod- 
ucts especially commercial products 
that, will provide an order cd magnitude 
return on investment by reducing system 
operation and support costs. This will 
arrest the rising operations and support 
IOIsS) costs of our aging legacy forte and 
help redoce the logistic footprint (and 
thus the Ö-&.S costs! of the Objective 
force, thereby reversing the current 
migration of modernisation funding to 
pay for rising OlitS costs, 

7. Expanding cooperative research with 
academna and industry, particirtarly the 
increasingly important commercial sec- 
tors of information technology, electron- 
ics,, computers, visual i zation, robo ti c s 
and biotechnology. Sound models for 
such linkages already exist, including the 
institute for Creative Technologies, the 
National Rotorcraft Technology Center. 
the National Automotive Center,, and the 
ASH, Federated Laboratories. 

8. Expanding the Army's use of university 
and contractor researchers in an open 
laboratory environment while retaining 
the ability to hire world class govern- 
ment scientists. 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 more asite, competitive wort, 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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