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Workshop on Asyn.i~etries in Exploiting Technology
as Related to the U.S.-Soviet Competition. This
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for the workshop. Or. Robert Love discussed how
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acquisition processes undermine this notion .

• James Digby enumerated eight potential character-
istics of precision -guided weapons that , if ex-
ploited, could greatly improve force effectiveness.
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PREFACE

This report was prepared at the request of the Director of Net

Assessment, Office of the Secretary of Defense. It contains four un—

classif led papers prepared by various participants in a Workshop on

Asymmetries in Exploiting Technology as Related to the U.S.—Soviet

Competition, held in Rand’s Washington Office, 18—19 May 1976. The

Workshop Prospectus, the Agenda, and a List of Participants are in-

cluded.

Thirty—two people participated , including experienced military

commanders, present and former defense officials, research planners,
Soviet specialists, and analysts. The purpose of the Workshop was to

consider how the United States and the Soviet Union exploit new tech-

nology for military purposes, to examine the comparative style and ef-

fectiveness with which they do this, and to assess which factors con-
trol the efficient use of technology on either side, now and in the

future. A complete report on highlights of the Workshop’s activities

is contained in R—2060—NA , Asymmetries in U.S.  and Soviet Exp loitation
of Military-Related Technology : Workshop Summary ( U) , Secret.

Views expressed in the contributed papers are the authors’ own

and are not necessarily shared by Rand or its research sponsors .

I
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PROSPECTUS

WORKSHOP ON ASY~ThIETRIES IN EXPLOITING TECHNOLOGY AS

RELATED TO THE U.S.—SOV IET COMPETITION

The United States and the Soviet Union are engaged in a long-term

competition , a compe tition with a fa i r ly fixed stream of resources sup-
porting their military establishments. If one looks at the rivalry in

this way, it is clear that the efficiency with which each side converts

its resources into useful military strength is of great importance .

Whether it is the United States or the Soviet Union that makes best use

of the technologies that develop in the next several decades will , in

a major way, determine which is militarily ahead at the end of this

century .

The particular task of the Workshop is to examine how each side

may exploit new technology in the effort to convert resources effi—

ciently. The Workshop will survey present and upcoming technologies

on both sides and ask wh ich are mos t wor th exp loiting. It will examine

past cases where technology was quickly and efficiently used , and some

where it was not. It will draw on these histories to identif y the

dominant factors that determine whether technology is effectively cx—

ploited . It will look at U.S. development style , at the assignment of

roles and missions, at how doctrines and tactics are developed , and at

other organizational aspects. Then it will consider the same matters

on the Soviet side. The panel sessions will endeavor to see how the

two sides compare , and what are the controlling factors with respect to

efficient use on each side now and in the future .

To date little work has been done on these topics. Thus this meet-

ing will have a pioneering role and will stress the problems of identit y-

1mg relevant factors and making preliminary judgments about how well t h e
United States and the Soviet Union are likely to use emerging technol-

ogies. To facilitate this , substantial portions of the two—day meeting

have been set aside for  d iscu ssion , panel meetings , and pane l reports.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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May 18 and 19 , 1976

AGENDA

Tuesday, Ma~j 18

Morning (session begins at 9:00 a.m.)

1. Opening Remarks : The Long—Term Competition and Bureaucratic
Impediments , I-f r. Andrew Marshal l

lA. Discussion : Goals of Meet ing

2. Getting the Most from PGMs, Mr. J~ nes Digby

2A. Comment: Admiral Worth Bag ley, US/V (Ret.)

3. Technology and Modernizat ion in Sovie t Armo r , fir . David c~~nc11

Lunch

Af ternoon

4. Bureaucracy and the Exploitation of New Technology : The
Sea Powers and Naval Aviation in the Era of Disarmament ,
~~~~. Rober t Love

5. New Technologies and U.S. Land Forces: Past Examples and Future
Opportunities , Colonel John T. Burke, USA (Ret.)

5A. Comment: Brigadier Genera l F. P. Henderson , ( ‘L~f-~ (li ~.)

6. The Capital—Intensive Military Production Process and Perverse
Incentives , Dr. J. A. Stockfisch
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AGENDA (con t ’d)

Wednesday, Ma~i 19

Morning (session ~in~ at I~:00 a r e . )
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All have the following assignment: How Well Are the Soviets
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9A. Comment: On Strategic Uses , Yr. ~
‘ra~~- Eartecil

9B. Conment: Where the Soviets Stand on the Technologies
Disc ussed and Their Exploitation , ~r. - rt ~ ur J - ; ~

- -

10. Panels (divided to equalize numbers)

All, have the following assignmen t : How Well A r~ the Soviets
Likely to Exploit the New Technologies; How Well the U.S.?

Chairmen : Pr. John Beling and Brigadier General F. I’ .
Henderson, IJSMC (ic t . )

Ambassador Robert Komer
i-Ii~. elOhf l Morse

11. Report of pane l reporters

—— fir . Be~ ~~‘~- i n  L~ rit ‘0
— —  :i.. ;. ~~~~ Lo~~U
— —  -‘r. 1 . P . ud.~-fns~7i, Jr.

_______________ ___________________ -



-~~

-xi-

CONTENTS

PREFACE iii

LIST OF PARTICIPANTS v

PROSPECTUS vii

AGENDA ix

Section
I. BUREAUCRACY AND THE EXPLOITATION OF NEW TECHNOLOGY :

THE SEA POWERS AND NAVAL AVIATION IN THE ERA
OF DISARMAMENT, Dr.  Robert Win. Love, Jr.
United States Naval Academy 1

II. NEW TECHNOLOGIES AND U.S. LAND FORCES : PAST EXAMPLES AND
FUTURE OPPORTUNITIES , John T. Burke , Colonel ,
U.S. Army (Ret.) 21

III. THE CAPITAL-INTENSIVE MILITARY PRODUCTION PROCESS AND
PERVERSE INCENTIVES , J. A. Sto~kfisch, American
Petroleum Institute 61

IV. GETTING THE MOST FROM PRECISION WEAPONS , James Digby,
The Rand Corporation 125 

- -~~~~~-~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~



- _ _  

-- ----------- •-‘- -------—---- - -  - -  -

~~~~

----

—1—

BUREAUCRACY AND THE EXPLOITATION OF NEW TECHNOLOGY:
*THE SEA POWERS AND NAVAL AVIATION IN THE ERA OF DISAF..MANENT

Dr. Robert Love, Jr.
Department of History

United States Naval Academy

Historians of naval affairs in the era of disarmament from 1919

to 1937 mostly agree that differenc es in military organizations proved
critical in the decline in the position of British naval aviation

relative to that of her rival Sea Powers, America and Japan .

Clark Reynolds and E. B. Potter, eminent naval scholars who strongly

differ on other issues , accept this interpretation . They especially

point to the fact that from 1918 through 1937 , the Admiralty lacked

total control over the Royal Navy ’s Fleet Air Arm . Consequently , they

argue , the British Navy failed to appreciate and profit from the rapid

progress of the new technology. On the other hand , they maintain that 
-

‘

both the United States and Imperial Japanese Navies, because they
retained control of aviation within their traditional naval establish-

ments , enjoyed significant advantages. Whereas the British wrongly

treated naval aviation as a component of Air Power , Americans and Japanese
treated it as an element of Sea Power.’

Naval leaders of the disarmament era confronted aviation within

the context of peculiar historical circumstances which merit brief

examination. For a variety of rather complex reasons , two of the

three Naval Powers sought to maintain the postwar status quo in 1919

but the third , Japan , sought a change in the balance of power in the

Far East of an annoying and destabilizing sort. This provoked American

naval off icers who sat on the General Board of the Navy, a panel which
advised the Secretary on war p lans and shipbuilding, to conclude that

Japan was “militaristic ” and “aggressive.”2 British naval leaders

concurred . Lord Jellicoe warned the Admiralty in 1919 that all evidence

pointed to “Japan as the nation with which trouble might conceivably

arise in the future. ”3 Japanese naval strategists , who hoped to rid the

*The views expressed in this paper are the author ’s own , and are
not necessarily shared by Rand or its research sponsors.
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Orient of the Occident, had long noted the restraining hand of the

Western Democracies, of which they believed the United States to be

the most dangerous.
4

Therefore, one yardstick for any new military technology would

be how well it measured up to the perceived needs of a war in the

Far East. Most observers accepted the assumption that a conflict

between Japan and one of the Western Sea Powers would be naval in

character. Statesmen who believed such hostilities to be inevitable

enc ouraged fleet preparedness , but they were a minority. The

majority , who hoped to prevent a Far Eastern War , wanted to limit the

means, i.e., arms, with which that struggle would be waged. As one

student of the era noted, in the interwar years, arms limitation
meant naval disarmament.

5

The impulse to disarm found stimulus from a number of sources.

After the German Armistice , each of the Naval Powers promptly embarked
on a major program to build capital ships. These were costly plans ,

and the postwar depression had taken a toll in the declining revenues

each government expected from taxation. Moreover , postwar disenchant-

ment with the fruits of belligerency had begun to accelerate . These

motives to limit naval arms prompted London and Tokyo to accep t an

American invitation in late 1921 to negotiate the matter. Of the

agreements signed by the conferees in Washington early the next

year , the Five Power Treaty was the most important . It set an upper

common limit on total capital ship tonnage for America and Britain and

allowed Japan to build up to 60 percent of this maximum. The Naval

Powers agreed to a ten—year “holiday” on capital ship construction

and pledged not to improve fortifications of their Pacific possessions.

Each of the delegates readily concurred with a proposal to limit total —

aircraft carrier tonnage to 135,000 for both Britain and the United

States and 81,000 for Japan . These figures comported with the overall

ratio of 5:5:3 for Naval Powers.6 Eight years later they met again

and signed the London Naval Treaty of 1930 which applied a different

ratio formula to auxiliary types and extended the provisions of the 1922

_______ ~~~~~~~~~~~~~~~ -— - -—.~~~~~~~-- - ~~- - — —-~ ~~~~~~~—-
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Treaty for anothe r five years. Because verification was a fairly easy

matter , the signatories honored their p led ges with only minor violations

on all sides. 7

The Battle of Jutland had mesmerized all navies , but the Five Power

Treaty capped the ability of each to optimize the military utilit y of

their central weapons systems , the battleship and battle cruiser. Few

interwar naval chieftains would have disputed the claim of Admiral Henry

Wiley, Commander in Chief of the U.S. Fleet , that “the battleship is the

final arbiter of naval destiny.”
8 

On the eve of the German invasion of

Poland , the Chief of Naval Operations , Adm iral William D. Leahv , warned

Congress that the battleship remained the “backbone ” of American nav~i1

power.
9 

Moreover , the Washington accords did nothing to dampen the

anticipations of many that war in the Far East was inevitable. Naval

officers argued that the reduction of tensions which followed ratifica-

tion of the treaties was temporary and artificial.

Restrained by the Five Power Treaty from exploiting the preferred

technology of the naval long gun and armored warship , the navy of each

Power sought to supplement the striking power of the cap ital ships

already afloat. They constantly improved the combat efficiency of exist-

ing battleships. Building in subordinate types proceeded with suci an

increased pace that the major issue of naval dip lomacy during the dis-

armament era began to center around the displacement of cruisers. The

1930 London Treaty put caps on these programs .10 At the same time , new

military technologies were exploited. By funding research and develop—

ment of new submarines and aircraft carriers , for examp le , interwar n;ivil

establishments succeeded in thwarting the hopes of the economizers and

in keeping real expenditures for naval weapons fairl y high . In practic e ,

the arms limitations agreements tended to encourage rather than di~ —

courage navies to imp rove their fleets by exp loiting new techn l~~~ie~~.

As such , they provided an unexpected but decidedly perverse incentive .

Nonetheless , res is tance  to t echno log i ca l  change was vi~~~rous. Within

each naval  b u r e a u c r a c y ,  r e l a t  l on sh i p s  had long ago conformed to  t h e  needs

of the battleship fleet. Even the most prominent and ardent proponents of

a v i a t i o n  had to avoid  c h a l l e n g i n g  the supremac y the hat t Ic 1 inc doe—

t rine . American naval aviators , I or e x a m p l e , bas ed their ca s e  on t he

— — 
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thesis that air power would extend and amplify the range of seaborne

gunnery . Obviously ,  anxiety over technolog ical change involved con-

siderations of rank and status . Naval officers emphasized that aviation

was ancillary to their profession.11 
Aviators tended to be younger

because of the demanding physical standards and since many had not under-

gone the normal rites of assimilation of the naval establishments , line

officers often regarded their advancement as threats to careers built

around service in surface ships. If aviation were to be acknowledged

as tactically dominant , years invested in such service could be easily

discounted . Change also animated efforts to contain the consequences.

In all three navies——especiall y in the American and British services——

the era of disarmament proved to be a period of increased centralization.

In the U.S. Navy , central budgetary authority was established at a pro-

fessional level within one year of the formation of the Bureau of Aero-

nautics. Under Admiral ~eatty, First Sea Lord until 1927 , the Admiralty

increased its influence over the commanders at sea and the Naval Staff

system was strengthened . In Japan , the authority of the Naval Staff also

was r evived , although this was at the expense of external restraints.

Sanctions against eccentric behavior were more obvious and more success—

fully implemented . By comparison with other , analogous periods , however ,

the willingness of the interwar naval establishments to accept this new

technology and all of its ramifications is remarkable.
12

An attempt to measure relative achievement in this area involves

some cal ibration of the tolerance each bureaucracy was willing to grant

for unconventional behavior , for experimentation. The fundamental rela-

tionship between the navies ’ officer corps and civilian leaderships was

an important factor in the equation. Political habits , constitutiona l

traditions , and perceptions of the appropriate roles of the professional

military governed these relationships which were expressed in the organi—

zations of the higher commands of the Naval Powers .

Americans held that political authority and militar y power were dis—

crete elements of government. During the disarmament era , political

leaders refused to acknowledge a strong correlation between the use or

availab ility of military power and the achievement of forei gn polic y aims .

They frequentl y drew distinctions of clarity between “politica l ” and

-- -- - -
~~~~~~~
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“militar y ” decisions. The prevailing political ethic demanded some

distance between militar y professionals and their civilian leadership.

Moreover , the Constitutional imperative of civilian control of the

military discouraged efforts to improve interservice cooperation and

-~ 

- 

tended to restrict integration of the policies of the two service

departments to the Cabinet level , where each was represented by the

service Secretary . Thus , the prospective aegis of centralized military

policymaking, the Joint Board of the Army and the Navy , never gained

more than an advisory role. Attempts to coordinate policy in specific

areas , such as the Joint Aeronautical Committee , were consistent fail-

ures. The highly decentralized character of the American defense

establishment militated against efforts to insure uniformity and almost

guaranteed a great degree of tolerance within each service for experimen-

tation. The lateral alliances of each department with legislators also

encouraged  t h i s  l a t i t u d e .13

L I n i  ike Americans , the B r i t i s h  believed tha t  the use of force was

so integra l a part of the business of governing that they blurred dis-

tinct ions between foreign and military policies. With a few exceptions ,

inter—war British political leaders regarded a reliance on military

power as essential to the achievement of foreign policy goals. They

believed that they could best satisfy their constitutional requirement of

civil control of the militar y by integrating military and foreign polic y

decisionmaking at the highest levels of government. Coordination became

the imperative. When an older organ , the Committee of Imperial l)efence ,

proved to he inadequate to execute this task , the Cabinet formed the Chiefs

of Staff Committee as a body subordinate to the Minist ers. From this

rudiment , sub—committees under the Chiefs were formed to  decide po l ic y on

shared concerns , and as an arm of the Cabinet the Chiefs of Staff Com-

mitt ee wielded significant influence. On paper , mu ltarv leaders g a i n e d

g rea t e r  access to civilian councils. In p r ac  t i ce , integra t ion o the h i gh

command inc reased the oversi ght of the military by the po I i t  i c l a o s .  T h is

re I at lye] v greater coo rd I n a t  ion  meant I esscned to Ic r an c e  I or p r o j e c t s

lacking immediate pol it icai benefit

In Japan  , hot Ii po Li t  i cal and in i i i t  a rv c i  i t  es si’ rved t Is-  same mast -

Pol i t  li inns t e n de d  t o  ac cep t  the thesis that the use ol tor t -c was an

appropr j U t  u,- . l l o ,  of ;it -h i ev ing t o r e  ign pel ic\ ends. l e n  ect lo g  t~~o’ pL T I t  i o n
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among the various agencies of government involved with either became an

important aim. On the Supreme War Council , the Throne , the Army and

the Navy , and key Cabine t Ministries had representation. However , both

the services claimed feudal loyalties within partisan politics which

transcended these arrangements. These alliances allowed each force to

be largely sovereign in its own realm. Naval leaders , f or exampl e,

decided the mix of their force structures within the constraints of the

central government ’s budge t , but the final level of funding was seldom

imposed . Instead , annual expenditures were the subject of protracted

negotiations between the Cabinet and the Navy Ministry . Of the three

national organizations , Japan ’s Navy had the greatest autonomy and free-

dom from centralized control. By allowing the military to solve “military ”

problems , the arrangement encouraged great variety of experimentation.

On the other hand , conformity with norms was such a strong part of the

prevailing military ethic that it tended to mitigate what was otherwise

an apparent advantage.
15

The American higher military command was most divorced from the

process of making national security policy. This was reflected in the

structures of the military bureaucracy. Within the Navy Department ,

authority and responsibility tended to be both fragmented and yet

strangely centralized . Encapsulation probably describes this situation
well. The great Bureaus , the offices of the civilian Secretary and his

nominal assistant , the Chief of Naval Operations , and the sea—going

commands all shared power. These relationships were so well established

that it was natural that the exploitation of a new technology such as

air power would to a large extent be dictated by existing bureaucratic

habits. The several Bureaus had been established in 1842 to improve the

management of the Shore Establishment and were satisfactory for a sailing

Navy . The system weathered the squalls of agitation for a strong general

staff in the Navy following the Spanish—American War in 1898. Politic al

leaders favored decentralization since each Bureau Chief reported only

to the Secretary and this seemed to assore the continuance of civilian

control. Critics charged that this was a charade because the Nav~’

Secretaries , few of whom were notabl y competent , lacked the technical

expertise to evaluate fairl y the claims of competing Bureau Chiefs.

-~~ - - - -  - -  — --~ —— --- - - - --- --——~~~~~~~~~~~ -- — - - - - - -~~~~ -~~~
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In 1915 , desp ite the opposi t ion of Secretary Josephus Daniels , Congress

created the Office of the Chief of Naval Opera tions , but the legisla-

tors failed to define his duties with great care. In practice , each

CNO cemented a bureaucratic alliance with the Secretary , the first

established by Admiral William Benson who became CNO in 1916. However ,

the Bureau Chiefs  reported not to the CNO but to the Secretary,  a sharp

thorn in the thumb of all those who t r ied to centralize professional

authority in the department over the next two decades. The Bureau Chiefs

managed their affairs much in the manner of feudal lords , jealous of their

fiefs and eager to preserve their rights. They husbanded their preroga-

tives with an ingenuity that would make their modern counterparts blush .’6

The storm created by the establishment of the Bureau of Aeronautics

on 26 July 1921 has been recorded with great precision. During the First

World War , naval aviation had grown to the status of a Directorate within

the Off ice of the CNO , a catch—all for tasks unwanted elsewhere . Benson

paid little heed to his aviators, and a number of others complained that

the Navy ’s efforts to exploit air power were lax. Admiral David Taylor ,

Chief of the Bureau of Construction , charged that “slugg ishness” charac—

terized postwar air policy.
17 

Other critics were more influential.

General William Mitchell’s attacks on Navy aviation induced Benson to

give way and urge the creation of an additional bureau to oversee air

matters within the Department. Mitchell’s criticism forced other Bureau

Chiefs to drop their objections to prevent all air policy from being

withdrawn from Navy cognizance. A dispute arose over whether to give

aviation a status similar to that of the Marine Corps , but this was beaten

back by the argument framed by the powerful Commander in Chief of the

A tlantic Fleet , Admiral Henry Mayo. “Any attempt to form a special

Av iation Corps ,” he warned , “will add to the agitation for an Aviation

Corps independent of either the Army or the Navy .”
18 

Congress at t h i s

time also sought some compromise on the issue and some in the House and

the Senate opposed an independent air arm on the grounds of cost.

Admiral Coontz, who succeeded Benson as CNO , was eager to detach aviation

f rom h i s  o f f i c e  fo r  reasons which  remain obscure.

Rear Admira l W i l l i a m  M o f f c t t , who , as D i r e c t o r  of Naval Aviation

in 1920, had fought for the creation of the Bureau of Aeronautics , became

-a- ---- -------~~ ~~A S ~~~~~~~~~~~~~~~~~ ~~~~
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the f i r s t  C h i e f .  His was the f i r s t  Bureau e s t a b l i s h e d  in over  h a l f  a

century and it clearly differed fro~u earlier arrangements. Moffett

claimed authority over personnel , training , construction , supplies ,

design , contracting , testing , and a host of other matters relating to

naval aviation. He also influenced fleet operations and shipbuilding

plans . By statute , the Chief of the Bureau of Aeronautics was the

princi pal adviser on air policy to the Secretary of the Navy . With

the traditional authority of a Bureau Chief plus this added power ,

Moffett also tried to enlarge the func tions of his office in other wa s.

For examp le , by the end of the decade the Bureau of Aeronautics assigned

all naval aviators and even refused to allow the Bureau of Navigation——

responsible for personnel— —to inspect the records of aviators.
19 More

often than not , Moffett found that his bureaucratic interests paralleled

those of many of his fellow Bureau Chiefs. He established lateral

alliances with key Congressmen on the House Naval Affairs Committee.

He fended off efforts by the CNO to gain command authority over the

Bureau Chiefs instead of the coordinating function he had been granted

in 1922 . Moffett also struggled with the new Bureau of the Federal

Budget and the Navy ’s Budget Officer , for both exercised great influence

over naval aviation through their control of requests for appropriations.

The Imperial Japanese Navy organized naval aviation in ways which

were similar to , but not imitative of , those of their American rivals.

The Japanese Naval Air Service was founded in 1912 and continued as an

integral part of the estabi ished naval organization throughout the Great

War. Wartime operations included only seaplanes , hut sufficient atten-

tion was given to the new technology that an Aeronautical Committee was

created in 1916 . This panel evidently coordinated the work of the

agencies charged with procurement of aircraft , personnel training, and

management of the naval air stations. The Japanese endured a postwar

dispute between a few Army airmen and the older services over t h e  issue

of an autonomous air force , hut the resolution never seems to h a v e  be en

in doubt. The Army and Navy cia imed strong feudal I ov a l  t i t -s w i t l~ i~i

domes t ic p01 it i c s w h i c h  ( loomed any c ha l  I enge to  t h e i r  ni l  t hoc i t  v I ron t he

st art . I n d ee d  , the Army was so power ftil that it coot  i t iued to coOt ro I

la  p a n e  se (iv Ii av i a t  ion not ii the end of t h e  Second \4or lii 14a r . W i t  ii in

- - - -- . - —..-- --- --- - . - -- - -- -- ~~~-~~~~- -~~~~~~~~-- -- - - -~~~ - - -~~~- -~~~~~~~~~~~~~~~~~~~~~ --~~~~~~ -~~~~~~ - ‘-- - -~~~~~- - -



~
-.‘-

~~ ~~
‘- , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

fl - --

—9—

the J a pan e se  Navy , the M i n i s t e r  was charged w i t h  o v e r a l l  p o l i t i c a l

c oO t  m l  , b u t  a r i v a l  , the  C h i e f  of  t h e  N a v a l  G e n e r a l  S t a f f , o f t en

challenged the Minister ’s authority. Since most Navy Ministers were-

r e t i r e d  A d m i r a l s , t h i s  r e su l t  was not unexpected. Control of aircr aft

desig n and procurem ent was given to the Technical Department of  t h e

M i n i s t r y ,  h ut  a new section , the  A e r o n a u t i c a l  Depa r tmen t , took over

most a v i a t i o n  f u n c t i o n s  when it opened in 1921.  This  r e o r g a n i z a t i o n

p r ecede d b y a f ew  months  the  a r r i v a l  in Japan  of the  29—member  B r i t i s h

miss ion  headed by the Mas t e r  of Semp h i l l . They came under  contract at

Japa nese r eq ues t  to or gan iz e and t r ai n Japa n ’s naval  a v i a t o r s .  S e m ph i l l

s t e r n ly  warned his  hosts  aga ins t  e s t a b l i s h i n g  an i n d ep e n d e n t  a i r  se rv ice

on the B r i t i s h  l ine , bu t  the issue was a l r e a dy  dead . By 1927 the  Navy

had g iven the  A e r o n a u t i c s  Bureau a s t a t u s  which  made the  Chie f  a V ic e

Admira l , and had c rea ted  a Combined Nava l Ai r  Command w i t h i n  the

Imper ia l  General  S t a f f  Head qua r te r s wh ic h coor d i n a t e d  t h e  a c t iv i t i es

of fleet and shore—based aviation .
20

While t h e  Japanese developed naval av i a t i on  w i t h i n  t he  c o n f i ne s

of the  t r a d i t i o n a l  naval b u r e a u c r a c y ,  t h e  B r i t i s h  c r ea t ed  a newer f o r m

of m i l i t a r y  o r g a n i z a t i o n  pressed b y the  advoca tes  of a i r  power.  A

w a r t i m e  exped ien t , i t  las ted t h r o u g hou t  t he  d i s arm arn en t  era and r i- I i n —

qu i shed  o n l y  pa r t  of i t s  c o n t r o l  over  a i r  poi i cy  and forces i t  sea on

the eve of Wor l d  War I I .

Throug hout  the  d i f f i c u l t  year  of 19 17 , Prime M i n i s t e r  I)avid

Lloy d George expressed annoyance  w i t h  the  l a c k  el a c l e a r  a h r  po l  i cy  I or

the  Navy . By the  end of the  year  an i n v est  igat ion of t h e  p r o c u r em en t

p r ac t i c e s  of the  Royal  Fl y ing Corps ari d t he  R oy a l  N a v a l  i\ir S e r v i c e

revealed not o n ly  w a S t e  hu t  al so such c o n f u s i o n  among a i i -  1 rame I i m s

t h a t  p roduc t  ion had f a l l e n  below quo t as . Li ovil Ct - t t r ge  a p p o i n t  J l i e  I d

Marshal  Smuts  to  head a comm it t ee  to evaluate t l i e p mob I em and p n o p e  ~~~~
- -

SO I U t ion . Genera  I T rench i a rd  , Cli ii ’ I of t h e  F’ I vi ng Co rps , u rged ~ i~nt I s t o

recommend  an ‘‘ ama l gamated’ ’  a i r t o r c e  , r espons  ib  I c lo t  a ir opt- rat i o n - -

both over l a n d  and w i t h  t h e  F l eet .  The o b j e c t  ion s  to t i  i s  i dea  t o o  t i e

Adn i i r a  I t  v were t r i v i a l  . Ad ni i r a l  bl eat  t v • who had  r~- I I -v -d le  I I I c t  i n

the  Gra n d F l e e t  , do u b t e d  ‘‘ t h e r e  w i l l  be a ny  l iv e  d i i  I h u h  t l ( S  . i t t o i i t

It i s  pr ey IS 100 ot  a d e q ua t e  ass i st : i n ce  t o  t he Ni ~-~- by t Is- n ew - c l  v i  c~~. 
- ,
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Indeed , on only one point  did the Navy ba lk :  it would not turn over air-

plane carriers or tenders to the new Royal Air Force. Lloyd George

liked the plan and his punitive nature took a fancy to Trenchard’s p lan

to bomb German towns. In early 1918, the Prime Minister persuaded Parlia-

ment to pass an Act giving the R.A.F. responsibility over all military

aviation. Both the Admiralty and the Imperial General Staff clearly

believed the R.A .F. to be a temporary wartime organization and assumed

that command of their air units would be returned when Germany surrendered.

Aware of these expectations, Trenchard ref used to d isband h is bureaucracy

when the Armistice was signed . W i t h i n  a year , the Navy sharp ly expressed

displeasure with the state of affairs. The Sea Lords complained that

Trenchard ’s devotion to long—range bombing meant that  naval av ia t ion  had

been discounted . These pro tes ts  went unanswered and little was done until

Earl Beatty became First Sea Lord later in the year.

Beatty decided to recapture Fleet Air Arm shortly after taking office ,

but he held back from strong protes t  to the current arrangement until 1922 ,

when Trenchard announced a plan to cut back the number of squadrons assigned

to the Navy . The Admiralty raised objections not only to the specifics of

the plan but cited it as an example of the general disability under which

naval aviation operated. The Sea Lords most objected to the fact that

they had no voice in design specifications for new aircraft to go out to the

Fleet. Winston Churchill tried to bring Beatty and Trenchard together on

common ground by proposing that the Navy “should have full and unfettered

control over ... a i r c r a f t  while emp loyed for  naval purposes” but  insisting

that the Air Ministry remain “the supreme professional authority on aerial

warfare as a whole.” Beatty replied that the Navy should be allowed “to

say what they want, order it , and pay for it.” He did , however , admit

that the Air Force could continue to be responsible for the “actual supp l y

of aircraft to the Navy ,” thus avoiding the dreaded “competition in the

markets.” Lord Trenchard rejected this idea. He rested his case on “the

unity of air” and maintained that all that was needed was “the real good

will” of the Admiralty to make inter—service cooperation a reality. The

fall of Lloyd George’s government a few days later forestalled any promp t

resolution of this conflict. The immediate political crisis notwithst anding .



the result was largely inevitable . The Cabinet found the wrang ling to be

petty and treated it as an annoyance rather than a major concern . The Ad-

miralty ’s demands lacked the urgency of an overseas flareup which might

have provided the backdrop for serious consideration. Moreover , the con-

clusion of the naval limitation treaties at Washington opened up a new

dawn of hope for disarmament , within which the dispute between the R.A .F.

and the Navy seemed churlish and outdated . The new Cabinet under the

Tories told both sides to muffle their discontent.

Within a few short months , however , the brouhaha broke into the open

again and the Prime Minister , Stanley Baldw in , appointed Lord Salisbury

to chair a committee to resolve the issue of the control of air forces

operating with the Fleet. After a promising start , the Sub—Committee on

Aviation under Arthur Balfour became distracted by newspaper campaigns

mounted by allies of both sides and by charges , mutuall y exchanged , of

leaking secret information to the press. The force of the Admiralty ’s

case was spent when a dangerous spat with the French erupted and concern

within the government shifted to building up the R.A .F. Home Defence

Force to protect Britain against French bombing raids. Meanwhile , Beatty

and Trenchard prepared lengthy papers restating their respective posi-

tions in detail. Balfour ’s Sub—Committee conceded a few points to the Navy

but largely favored the R.A .F., arguing that the Fleet Air Arm should re-

main within the Air Ministry. Baif our based his conclusion on Trenchard’s

theory of the unity of the air. The full Salisbury Committee agreed with

Bal four ’s report , but  encouraged a firm accord between the two services

on several specif ic  issues. In the spring of 1924 Trenchard and the D e p u t y

Chief of the Naval Staff , Admiral Roger Keyes, met frequ ntl y together to

negotiate a truce. Their final paper marked the close of the Admira lt\- ’s

early effort to recapture Fleet Air Arm and a notable bureaucratic victor y

given the odds against success. The Trenchard—Ke yes Agreement provided

that the Navy could state the number and characteristics of the aircraft

it wanted but left final design specific3tions and a c t u a l  procurenient ot

the aircraft to the Air Force. A si gnal change iii command was a c h l i e y o t l

when Trenchard  gave in to Keyes ’ demand that air squadrons opemat jog f r o m

c a r r i e r s  would be under the o p e r a t i o n a l  c o n t r o l  of t h e  s h i p s ’ c a p ta i n s .

In a d d i t i o n , up to 70 percent  of the  R . A . F .  personnel  ‘mp lo ved i n  the

_____________________________________________ ____________



— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —---- - -~~~ —- — _- - —

—12—

Fleet would be drawn from the Navy , although during their “attachment ” to

the Air Ministry they would receive Air Force ranks. On the issue of

training , Trenchard remained obdurate. The Air Ministry retained f i n a l

responsibility for training all naval aviators .
21

The Trenchard—Keyes Agreement served as the basis for relations be—

tween the Admiralty and the R.A .F. through the remaining years of the

disarmament era. There were some gradual changes , but the contention

that the unity of the air dictated certain essentials of military organi-

zation usually prevailed. The thesis was never truly disputed by the Sea

Lords until the crisis of 1934—1935 when , under Admiral Ernle Chatfeld ,

they began to mount a vigorous campaign to regain complete control over

naval aviation. In 1937, an Assistant Chief of Naval Staff for Air was

appointed , and , in that year , the process of transfer began that was com-

pleted on the eve of belligerency by which the whole of seaborne avia-

tion was given over to the Royal Navy .

In fine , both the United States and Japan chose to allow , for differ-

en t reasons , their traditional naval establishments to supervise nava l

aviation but found it necessary to create new and small staffs , respon—

sible for most facets of air policy. On the other hand , Britain decided

to hand over one part of naval aviation , the airborne part , to a new com-

bined military aviation agency, although the traditional naval bureau-

cracy retained some influence over selected air matters. Other factors

enter into any estimate of the success or failure of these arrangements.

For example, during the first decade of the disarmament era , the Japanese

were building up their airframe and ancillary industries , whereas the

United States and Great Britain ended the First World War with several

firms fully qualified to fill postwar orders. Indeed , one of the strongest

comp laints of American airp lane companies during the decade centered on

the failure of the Army and the Navy to exp loit their p lant and skilled

manpower. 22 
The Japanese scoured Europe for better aircraft d u r i n g  t h e

192 0s , the Navy buy ing p lanes from Britain , France , and Germany . As t he

Depression neared , the Japanese i nc reas ing l y began to secure licenses to

b u i t d  a i r c r a f t  of European desi gn in f a c t o r i e s  in t he  Home I s l a n d s .  By

the t ime the  Army i nvaded M a n c h u r i a , the  I m p e r i a l  Navy cou ld  r e l y  almost

—
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So l e l v  on i i  r t  r i f t  p roduced  in  J ap a n .  Wh ile Japanese firms coot inued to

im i t a t e  t h e  be-st W e s t e r n  des i gns , t h e y  seem to have been w i l l i n g  to exper i -

ment  w i t h  t h e i r  own improvements .  To a c e r t a i n  e x t e n t , t h i s  may have been

due to t he- f a c t  that t h e  Za ib a t s u , t he g r e a t  i n d u s t r i a l  combines  w h i c h

dominated  Japa nese m a n u f a c t u r i n g ,  q u i c k l y carved up the  ml Ii  tary aircraft

business  and no real competition remained after about 1922—1923. The

absence of true competitio n meant that the Navy often received art infer-

ior produc t , but it often also allowed the larger firms to test new inno-

vations with some assurance that the contract w o u l d  a l w a y s  r e t u r n  art ade-

quate profit.

In all probability, a major cause of the British lag which developed

around 1927—1928 was the inabilit y of the Naval Air Section of the Admir-

alty to influence the Air Staff on issues of design. Communications between

the Fleet——or the user——and the aircraft firms was discontinuous. In

America , on the other hand , Moffett kept in close touch with his aviators .

He had no authority over fleet operations , but he could quickl y trans-

late the lessons derived from naval air operations at sea into contract

requirements. Once naval aviation joined the Japanese Fleet , the same

prompt transmission of technical knowled ge seems to have occurred. The

case of landing gear provides a good examp le of this contrast . Am erican

and Japanese naval aviators cop ied a British scheme to attach a landing

hook to the undercarriage of the aircraft which would catch a wir e stretched

athwartshi ps on the deck of the carrier as it touched down . lu c y  ordered

aircraft which had their undercarriages strengthened to stand titi- shock

of these “controlled crashes.” The Fleet Air Arm was full y aware of t h e

potential of this system , but the Admiralty could not force the Air

Ministry to order  a i r c r a f t  unsu i t ed  for land—based operat ions. Consequent lv ,

the British lost about 10 years of practice in t h e  use of the ’ more advanced

and relatively simp le system , being forced to turn to it onl\- in 1930

when airspeeds had made alternative systems unworkahl&’.
3

Another contrast suggests that the uni que Bri t I sit o rgan  i i i  ~en of

a v i a t i o n  p r o b a b l y c o n t r i b u t e d  to her loss of n a v a l  s i l p e r i o r i  I V . A l l  l i v  i c s

coot r o l l e d  the  d e s i g n  and spec i f  ica  I ens f o r  t h e  I r a i r e  r i  i t c ir r  h e r s  m d
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in the disarmament era , none seems to have achieved any part icular advan-

tage during any of the three phases through which each passed.

TIme first phase of the development of the aircraft carrier was “ex-

perimental” and was inaugurated by the British with the conversion of

HERMES , EAGLE , and ARGUS . I n t o  this category fell the second h ERMES ,

the first ship built from hull up as a carrier. Shortl y thereafter , the

Americans converted a collier into LANGLEY , while the Japanese launched

the conversion , HOSHO , in late 1921. All were small carriers: HOSHO ,

fo r  example , displaced on ly  7~~7O tons and HERMES about  3500 tons  m o r e .  The

B r i t i s h , who en joyed  an earl y lead , hoped to bui ld  more and at the Wash-

ington Conferenc Admiralty representatives obtained an agreement under

which each Naval Power would be allowed to co nve r t t wo cap ital ships

into carriers and still remain within the limits set by the Five Power

Treaty. This second generation of “treaty carriers ” included the American

LEXINGTON and SARATOGA , both made over from battle cruiser hulls which

otherwise would have been scrapped ; the Japanese AKAG1 and AMAG I , also

cruiser hulls , the latter of which was damaged in the Tokyo earthquake

and had to be replaced by KAGA , formerly a battleship hull ; and the

Br itis h COURAGEOU S and GLORIOUS , also cruiser conversions . All of these

ships disp laced at least twice the tonnage of their predecessors . In

fact , the Japanese and American carriers all exceeded the maxima provided

by the Treaty and each Navy was forced to hide their true size. This

second generation of carriers allowed each Naval Power , after about 1927—

1928, to attempt to integrate air operations into the scouting forces of

their fleets.

The th ird phase of aircraft carrier development was closel y tied to  the

Five Power Treaty limitations and in each navy produced discussions over

how the remaining tonnage allowances should best be used. For examp le- , t im e

combined disp lacement of LEXINGTON and SARATOGA wits roughl y half el the

t o t a l  of 135 ,000 tons which the U n i t e d  S t a t e s  c o u l d  b u i l d  w i t h i n  T I e i t \

limits. Similar constrictions f a c e d  the  B r i t i s h  and Japanese naval s t i l t s .

Wi thin c ,cht navy ~i dispute broke (lilt between those who favored ho i Ed ing 1

large number of sma l I c a r r i e r s  and t h e  proponents of prog rams  emp has i z i img

a small number of la rger  c a r r i e r s .  A f t e r  consid erable et t o r t , Mot t e t t
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persuaded the General Board to alter the provisions of a previous direc-

tive and announce in 1927 that time United States would build a small

carrier. Congress delayed construction for two years , but the result of

Moffett ’s endeavor was instantly dismissed as being too small. RPNGER

displaced only about 14,500 tons , and was viewed by Navy airmen as inade-

quate for protracted operations in the Pacific. WASP , laid down after

Moffett ’s death , simply used up the tonnage left to ti-ic United States under

the Five Power Treaty.

By 1931 , the Admiral:y had arrived at the same conclusion as had

Admiral Moffett : a large number of small carriers meant that a lower per-

centage of the carrier striking force could be sunk in a sing le attack.

Oddl y, Trenchard ’s preachments about the utility of bombing moving ships

had influenced the Sea Lords , who felt that larger carriers also made

larger targets for land—based aircraft. However , when the  A d m i r a l t y

proposed building a number of small carriers in 1931 , the government of

Ramsey MacDonald refused on the grounds of economy and the program was

shelved. When the next carrier was laid down four years later , the retire-

ment of ARGUS meant that any ship under 20 ,000 tons would put Britain

under the carrier tonnage allowed by the Treaty. Thus , the Admiralty

specified that the ARK ROYAL should disp lace slightly more than 22,000

tons upon launching. The Japanese also turned to a third ge-nerati on of

small carriers with RYUJO , which displaced only 10,600, but by the time

site joined the Combined Fleet Japan had decided to seek parity with the

other Naval Powers or abandon the disarmament system. Moreover , fleet

operations during the Shanghai crisis of 1932 convinced the Naval General

Staff that Japan needed larger carriers. In the waning years of the dis-

armament era Americans and their naval counterparts in London arrived at

similar conclusions .

After 1933—1934 , the attention of British militar y p lanners shifted

f r o m  Japan  to Europe and the rise of Hitler. Strugg ling to get ou t  o f

the  Depress ion and f a c e d  with a new and more potent threat , the Bmi t ish

felt unable to maintain their e a r l  i cr  lead in aircraft carriers. Whi li-

the Un I ted S t a t  c-s and Japan (- t i n t  i nued  to b u i l d  up  t I m e  I r n a v a l  f o r c e s  in

pr e -pa  r i  L ion f o r  a war  in t he Pac if I c , t he Adm i ra I tv was I ocked Iii bureau—

c r i  t I c  h a t  t 1 e w i Lb t i m e  Roy~m I A i r  Fe rc - over  ~m n n u a  I ~-s I I ma t i - s  . li m e , \ lm g i 0~~
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German Naval I’ rc atv 01 1935 seeme d to proflusc pe rpetua l Brit ishi S u p e r i o r —

it v over a puss i 1)1 e~ Germa n surfa ce- I lee t . l i me agree -nit-n t i nel n e e d  - i  se

sense of securit y among p0111 ical leaders , as did ti lt Admir a l tv ’s c-la i n

two yea rs l a t e r  that time use- of a s d i c , or sonar , could c i s l l v  check  a n o t h e r

German U — b o a t  of f ens  lv ii . Me re -ove r , u n L i  shi ~~0 l i t  i e a l  1 c - ache - c s  cor e - i

t i me  g rowing  s t r e n g t h  of the Luftwaf fe more titan H i t l e r ’ s Navy . W h i l e -  t i l e

A d m i r a l  t v f i n a l  ly r egaimu - d conL ro l  over  ih~- adm i n i s t  r at  ion ol Flee - I

A i r  Arm in 1937—1939 , I. he Br it ish N a v y  could still not  op e rI Ic ;iitv lzmn d—ba s d
- 14

p a t r o l  p lanes.  fri the United States , tlm e Army Air Corps and time Navy

wrang led over roles and m i s s i o n s  w i t h  t Ime lot te-r usual lv be-~ t ing t h e  forme r

because of the suppor t  01 the Nav y— rn i nded lt res idemi t , F r a n k  l i i  1). R o o s e v e l t

N o t  u n t i l  -1938 did Arti er ican mi i i ta m - v st rat e-g ist s  b e g i n  t o  v i e w  tie nin~mnv

as a poss ib le  enemy , bu t  th e- t w i t  l a r g e - n a v a l  au th o r i  z a t  i o n s  passe- d h~’

Congress in  1940 s t i l l  aimed at b u i l d i n g  a f l e e t  to figh t in t h e  P oe  i i  ic

Onl y t he onset of American  be l l  i g e - n e n c v  a I t e red  t h i s  trend . T u e  J a p a n e s e - ,

on the  o t h e r  hand , had onl y one mar i t  inc I r u n t  . Al th oug h time Army II t c - c

1937 was bogged down on the Chinese mainland , the N av y  Ge ne r a l  Staff I on—

t inued to  look to the  e a s t  and p r epa re  accord ing l y .  More- than atm liming

else , these politico—strategic fac tors lost the British their earls- domin-

ance and a l lowed  Amer ican  and Japanese  naval  l e a d e r s  to e x p l o i t  nova I av i a—

tion most successfull y. Given British jnd iffere iice to antisubmarine-

opera t ions  b e f o r e  the o u t b r eak  of the Second World War , the- se- disparitie s

com po r ted  w i t h st r a t e g ic p r i o r i t i e - s .

In conclusion , the i’rc-at v sy s  tern  p rov ided  the-  g r e a t e s t  incer it I ye  for

al l  of t i m e  N o v m I  Powers to exp l o i t  new m a r i t i m e  t ec hm n t t l o g it- s t o d e s t ; m b i  1 i : e -

a h~m l a i n - c- (if power that each oat  ion p e r c e i v e d  to he a r t  i f  ic i i i  a m i d  cli  s ul —

v a t m t a g e c t u s .  By c o n t r a s t  w i t h  th e- Am e-ri can and  J a p a n e s e  m i  I i t a r v  o r g a n  i y 1 —

Lions , B r i  t i s l i  m i l  i t t r v  b u r e a u c r a - v o f f e r e d  g r e a t e r  opp ort imn it ic-S tot-

t hose- unsympim t h e  t i (~ to niiV~l 1 ~1V i at 11 )11 to c-xe cc i Se C his ks on e-xpe l ime-nt 1

me l i v  i t  v . Time l mp e - r i a  I J a p a nes e  N i v y  c-xe- ri - i ned po 1 i t  i c a l  I 1-ve-r Ig - t m i i i v . i  i I —

~m I) h e Lu i t s  c o u n t e r p ~m r t s  in  (i n i-at B r i t a i n  or t h e  Bit  i t t - c l  S t a t  en b it t Am& -r t i l t

m m - t v i l  ;~v jot Irs a c h i  j e-vc-d I lit- gre - i E t S t  cu -gre-c- c i t  Ou t  ( ) i I t t f l I V  liv It t ept  1 m g

severe- re-St r i - I  ions on t h e  I r v o l  i c  i n  n a t  i ona I Se C u r i  I V 1)11 1 i~~~~ p I :1mm I n g .

l i i i -  I i t t  that thi- Rn t isi m dc -c - Ieit- d I t t  div ide- c o n t r o l  ove r n a v a l  iv l i t  1 111

~
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be t w e e n  t h t e  A i r  F o r c e  m u c h  t i m e  Rowi  I N a v y  w o r k e d  to the- disadvant mgc of

time p ropo tmeim Is of h it- new t e e  m o  l o gy  . None-ti m eless , ot lien f:mc to rs Were

mo re i m p o r t : u m t  in do oming  t he  lead in this s v st c - m  t im at ti m e - Bn it ishi en—

j o v e - cl f o r seve-r:m l \- e-:mrs a f t e r  t i m e  A r u m i s t  ic e  of 1918.  lhe b r e a k d o w n  of

t ime l r e -at ~ svs t  em in t i m e  e :mr  l v  19 jOs and the r Ise 1t f a new Coot i nent :m I

th r e a t  sh m if ted Br it i sit m t tent ion aw :mv t rom t h e  Far East. The need t ci

de v e l op l o n g — r a n g e , c~i r r  i c r — b a s e d  S t r i k i n g  power l e s sened .  F u r t h m c r m o n c ,

the A dmmmi ra ltv viewed time :mdv e-nt of a i r c r a f t  and submar ines  w i t i m  alarm.

B r i t i s h  se-a pc)wer in the ages of sail amid coal rested on the c o n t r o l  of

c-hokepoints , b ut the new t ec h n o l o g i e s , even in th m e ir infancy , threatened

this tr :mdit ion:i I ma r g in of  suprenmacy . Even d u r i n g  t i m e -  I 9~ Os , d i s i n c i i no-

tion tended to shadow pol i c y .  However , Arti er jean nava l off leers in ti me

era of disarmament inc roas ing l v v i e w ed n a v a l  mv lot  ion  ~is  o m i t -  means 0

ove r c o m i n g  the  i n t e r  ion i t v  they be- I ieved time-  F i v e  h t owe r I re- : m t y  h ad

i mposed c-itt t i m e - Un i tech States. Likewise , leaders of time N a vy  of J a pan ,

as t h e  p e r i o d  of peace drew to a c l o s e - , agreed  t h m : m t  t i m e - i n  e-xp l o i  tat m u
of t im i s  new t echno logy  promis ed  a n i l  i t a r y  s o lu t  ion to  tlm ei i r older

po l i t i c - a l  p r o b l e m s .

__________ - ~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~t , j~~. L ’  -~~-~~~
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BUREAUCRACY OF THE EXPLOITATION OF NEW TECHNOLOGY:

THE SEA POWERS AND NAVAL AVIATION IN THE ERA OF DISARMAMENT
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NEW TECHNOLOGIES AND U . S .  LAND FORCE S:
*PAST EXAMPLES AND FUTURE OPPORTUN ITIES

John T . Burke
Colonel , U.S. Army (Ret.)

THE PROBLEM

That the United States cannot hope to match the Soviets ’ quantitativ e

advantage  in m i l i t a r y  power is a basic precept of U . S .  defense p lann ing .

Time numer ica l  Imbalance being an una l te rab le  r e a l i t y ,  we look to

technology fo r  salvation , reasoning that qualitatively superior combat

sy stems , the  product  of an advanced indus t r ia l  base , and sop h i s t i c a t e d

management techni ques will at least f i l l  the gap . Considering existing

asymmetries between the two forces  it seems clear that , regardless of

what might  have been , this offset has not been achieved . The Army of

1976 is , in many important ways , not great ly d i f f e r e n t  f rom the  Army

of 1945. WI-mere meaningful progress has been made , notably in nuclear

munitions , airmobility , guided missilery , and the like, it is matched

in Soviet achievements , or in no way closes the net gap in land combat

power. It is natural , even inevitable , that the Soviets exhibit

superiority in selected technologies and systems . But , as we shall

see , their quant i ta t ive advantage is now coup led with qualitative

advantage in many key land combat systems .

The paradox is that technology is, and has been , advancing at an

exponential rate , and the United States has demonstrated a unique

ability to apply its benefits whenever government or industry chose-

to do so, whether in massive , i n t e g r a t e d  e f f o r t s  such as the space -

program , or in broad areas of homogeneous technology such as sol idi—s t ;~~te

electronics , automation , and chemi cal p lmm stic s . Ye~ critical mi litar y

research and development programs costing billions of dollars i s i F e -

abor ted or produced equipment far behind the requirement mind t he  s t a t e

of the art , sometimes decades after program initiation. 01~ - iei m ~ 1v , it

*The views expressed In th is paper  are tIme au t im o r ’s own , and are ’
not necessarily shared by Rand or its research sponsors.
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the initial assumption of technological superiority was correct , and

surely it was, something went seriously wrong .

The shortfall must be viewed within the context of a remarkab ly

turbulent period , one characterized by virtually no continuity in

technology R&D. First there was the exhaustion and military apathy

following World War II, then an expend iture of billions to rebuild

Europe and Japan . There was the unanticipated Korean War , the Berl in

blockade and Cuban missile episodes , the exorbitant demands of the

Vietnam conflict , and influences of the Arab—Israeli mideast wars.

An early strategic policy of massive retaliation had a major impact ,

along with the belated shift to emphasis on conventional land combat

power. The space program devoured resources , though it also provided

valuable technological spinoffs. Enormous sums were spent on foreign

economic and military aid , again with both benefits and penalt ies.

The period ic crises too often generated knee—jerk reaction and shift

of priorities at the expense of what should have been consistent

technological object ives .  Meanwhile , technology was moving so rap idly

that systems were sometimes obsolete at the time of delivery. The

conditions called for shrewd selectivity and lo~mg— term persistence ,

which , no matter how logical in hindsight , proved extremely difficult

to imp lement.

The central questions now are apparent : Is the original assumption

of the 1950’s valid in 1976——that the United States can establish an

acceptable balance in land combat power via technological superiority?

Should we not assume that  Soviet progress wi l l  continue , that sequential

crises affecting U.S. progress will occur in the future as they have

in the past? Is circumstance the cul prit , along with time very nature

of the U.S. political system , or is It a matter of built—in , arti t ieia l

obstructions that can and must be removed?

To exp lore the matter we will review developments app licabl e

to selected battle systems over the past three decades or so, try to

identify the dynamics at work , and from these derive ;~-avs in which ti m e

United States might attain a genuine techno log ical advant iyc . 
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THE EXAMPLES

The Bat t le  Tank 1

Deficiencies in U.S. land force combat developments are in

many cases attributable to defective perception , planning, and stated

or implied policy rather than to technology per Se. This appears to

be the case in tank development , judging from past and present

asymmetries in U.S. and Soviet progress.

Design differences in the U.S. MÔOA1 and the Soviet generational

counterpart , the T62, reflect striking differences in implied (a) tactical

technique , (b) attitude about crew survival and related human factor

engineering, and (c) the balance between quality and quantity. Main

armament capabilities are about equal at ranges of 1200 meters or

less; in long—range engagements , the M6OA1 is superior , largely because

of precise ranging and f i r e  control .  Ballistic design and s i lhouet te

of the T62 are probably the world ’s finest (it is about one meter

lower than the M6OA1), and the Soviet tank is more nimble. The T62,

however , is f i re—prone  and much more susceptible to catastrophic

des t ruc t ion  because of external fuel  tanks , inferior armor p late , and

(though there is some disagreement about this) a magnesium alloy engine

housing . The U.S. tank has a much roomier turret and carries more

main gun ammunition of greater variety .

These differences are not simply the product of technical

tradition or design accident , but rather reflect basic differences in

tactical perception and economic choice. The Soviets rely on the

synergism of massed tanks in the short—range engagement and reduction

in hit  probabil i ty by the comb ination of low silhouette , excellent

ballistic design, speed , and mass. U.S. tank designs emphasize tank

and crew survival as well as precise, long—range gunnery , considerations

that mean fewer tanks for given dollar resources , but not necessarily a

net advantage in tank surv ivabi l i ty .  What ’s more , technological trends

would seen to favor the Soviet attitude on balance. Terminal ly guided

antitank missiles , not to mention more advanced precision weaponry of
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th e near future , w ill not only supp ly the long—range attack m 1jb il i tv

h u t  g r e a t l y  inc rease  t a n k  a t t r i t i o n  at a l l  r anges , and do t h i s  in  sp i t e

of protective shielding . Another major factor is t ime  c o m p r e s s i o n  of

battl e t ime——short , furious engagements provide little opportun ity for

tank retrieval and repair , a process in wh ich the U.S. has invested

mu c~i more money and manpower than have the Soviets.

The U n i t e d  S ta tes  has a r ep u t a t i o n  in some q u a r t e r s  as tb-me

“world ’s worst tank designer ,” and , in historical perspective , the

reputation seems well—deserved . In view of time enormous dollar

resources , time , and e f f o r t  the Army has expended on tank development

since the early 1950’s one could reasonabl y expect that by 1976 F. S.

land forces would be equipped with either a technically superior

battle tank or at least one on technical par with those of Soviet and

other forces and in competitive quantities. Yet , over the years , U .S.

tanks have lagged many others in qualitative design (e.g., many armor

experts consider the M6OA1 to be inferior to both the British Chieftain

and the German Leopard). First there was the  l~or ld War U Sherman ,

greatly inferior to the German Panther and Tiger. Then came the T95 ,

a so—ca l l ed  “m e d i u m/h e a vy ” t ank  t i -mat  ( f o r t u n a t e ly)  neve r  achieved

se r ies  p r o d u c t i o n  and was an e a r l v  sign of wi-mat many consider an

illog ical obsession vi t im mr c~i’r shieldin g and crew prot ection at the-

expense  oi~ mobiUtv. Tim e-r e - f t ~ l l ~~vc-d during the 1950’s a parade of

mode’ 1 s and :10db if i c m t  i ons- — ’l-,i , ‘1- 7 , ‘l- , - ~ , ~i-. 1 \ i  , ~l- , 8A2 , and f i n a l l v

time basic ~hb () and ‘-~t~~\1 . H~-r I . - s  p r - r,-s s \~-m s limited pr imari lv to

u~~~ c un n i n g (76mm t o  ‘lUH : . t o  10~ nm’: ), m  11 m- ~ Se 15 e idv mnoc s in fire

con t r o l , mm rnor  si m ~- ld m o  , n-h i i i  iv , m :i o • I : :  t i i - m oe ci the M60, in

the diese l e-n Oimmei trm iis:-liss i om. :‘ -‘-~, -m j i ~~~ . ~-~~- . m n w h i  i h e  t h e -  So v i et s

relied upon three bas ic nmo eieis — -- : s c e i ~ 
1 - r m t e d  T • c i  ~or 1d \sar  11

(wbt icim the United ~c t  - I t  , - - - ,-mm - o -o: t r - .~ mu bet_ t m Eor ,m and Vi e’ tnmmm ) , t h e -

154/155 sen ies , m ud t h i s -  I -l i s -  L l

An i n t e n s e , - s t  I v , i m i b I h u e - —  c l i O l I t i i i i  s - i  le nt to b i mild a I nmml v

-m dvanc ed tank , m i t  i - mi Iv ms a j o i n t  1. 5 .  / ;~ ::-u m mi c -u - n i  , was m h o r t e - d

in 1971 on time- b i s i s  t im a t i t n m - c i - 1  m i s t  fca t e5l at too gt- e m t  a u n i t

c o S t  . -\ p r e s i m m m i i~~I v  l e S S  -n sth- -‘ 1  1 i t m i t - , t h is \F-- I • ~,- i 1  I c:~ e - i i : e  I 1 c m ::

- -  - -  — ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - _______
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the  c o m p e t i t i o n  of two U . S .  p ro to types  dur ing  1976 , fo l lowed by

comparative competition with an advanced German Leopard ; neither

would be available in the field for several years.  To cunmplicate the

matter , the Soviets are now moving into ser ies production of a new

b a t t l e  tank , the T72 , and beginning to phase out  the  T62. This , as

reported to the Senate Armed Services Committee , has “ser ious

implications to U.S. defense planning .”
3

Analysis of these events suggests questions such as the following :

o Why did the United States adopt what seems to be a ser~ es

of “shotgun ” programs , ra ther  than hold stead y on a sing le

interim model (possibly based on more advanced foreign

technology) with minor modifications insofar as they

of f ered mean ing ful improvement at reasonable cost , and

meanwhile engage in a carefully considered , long— range

program to field a truly advanced battle tank?

o To what ex ten t  did the  “arsenal syndrome , ” the  urge to

perpetuate an in—house design and production capability ,

in f luence  tank concepts and programs ? A p r e v a i l i n g

view in Army Ordnance was that the tank is so uni que ly

mi l i t a ry  that  c ivi l ian industry had little to contribute .

except perhaps in engine and power train tuchnolog\- . Yet ,

some well—qualified observers express confidence in the

~ 4— l program precisely because of the  ro l e  of c i v i 1 i mm :~
industry in the undertaking .

o Why did Army , the Defense  Depa r tmen t , and time Cong re-~ s

pursue  an adversa ry  a t t i t u d e  r e g ar d i n g  the  NBi—7 0 p r c:rmiun .

one resulting in enormous losses in bo th  t i nm e ~~nd Inc - l i e  v .

W h i l e  the million—dollar unit cost d - : m Iumc  mis  some - t h i n g  c i  m m

shuck to some members of Congr e- ss , t ime de v c i  C 1 ’m e f l t  m l  - r e . r am: .

was by no means a secret  to t i m e  Cov er n n mc -nt  -c zuu::mmn i t s -  in

general .
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o Wh y is there a confusion between requirements , technology,

and doctrine? The alleviation of this problem depends

upon a clearer Army statement toward both doctrine and

technology , the development of imaginative but realistic

programs in which all concerned can have confidence , and

the clear, unambiguous articulation of requirements. We

are now committed to the X~1—l , which , jud g ing b y prel iminary

indications, will be an excellent system. Follow—on or

complementary systems are another matter. Even the armor

community is divided in its view of the future——the impac t

of precision missiles as well as sensor mines and other

antitank threats, the i’otential of light , inexpensive ,

highly mobile, small fighting vehicles armed with advanced

sensor—guided ordnance, the essential requirement to adapt

to logistic realities by a quantum reduction in ammunition

quantities , and the distinct possibility of practical

remotely guided robot weapon systems . So can we

capitalize on these potentials in spite of the drag of

“sunk costs”?

o To what extent has the U.S. approach to tank development

been influenced by the presumed doctrine (actually a slogan)

that “the best defense against a tank is another tank”?
4

This might well explain our concentration on an extended

range gun capability, as well as on protective shielding ,

since it encourages the view of armor b a t t l e  as a

“one—on—one” engagement rather than maneuver. Paradoxically,

maneuver has long been fundamental to our armor doctrine ,

the concept being to envelop and deploy against weakness,

to avoId when possible the tank—on—tank engagement , and to

strike with massed formations against the enemy flanks and

rear. Technology, and specifically high performance infantry

weapons, lend additional logic to ti-mis concept. Yet , in
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practice , both U.S. tank design and dep loynient ( i . e . ,  in NATO

plans are essentially geared to a comb ination of localized

counterattack and the one—on—one gun engagement.

5Anti tank Systems

The basic technology for terminally guided missiles was available

as early as 1945. The German Ruhrstahl air—to—air missile , which was

still under development at the close of World War II, is believed to

be the inspiration for the French SS—lO antitank missile system

fielded in the mid—1950’s. The SS—lO was followed by the SS—ll , a

greatly improved version , which the U.S. adopted .

Surel y the advantages of guided missiles over guns and rockets ,

at least for long—range engagements , was clear enough. Why was the

United States , and for that matter many other nations , so slow to

produce viable systems? It was not entirely for lack of trying , as

indicated by the U.S. effort with the DART vehicle—mo unted missile as

early as 1952—1958 , a program cancelled at a cost of about $40 million

when the product proved so unreliable and otherwise unacceptable as

to require complete re—design . Of interest is the vignette supp l i ed

by a senior retired officer involving the S1-1ILELLAGH. He was greatl\-

impressed by the potential of the SHILELLAGH as an advanced heat-seeker

missile as early as the mid—1950’s, and urged the then—Chief of Army

Research and Development to give its development high priority ,

which the latter promised to do. The Ordnance Corps , however , was

determined to give SHILELLAGH a dual , gun/missile configuration , and

also prod uced a very delicate , unreliable mount , the NYu

SHERIDAN tank. Thus , mm superb early recognition of what was later

app lied as TOW technology was evident in time mid—1 950 ’s , but was not

established as a forma l program until 1959 , nor delivered t o  t ime- h e l d

until 1965 , and has been cursed by troops in the field ev e r aft e r— —at

least until its latest “overhaul.”
6

Some sources state ti-ma t the United States dci ibe rmm t s-I v bc ’mm chmt this -

French SS—1 1 and ENTA C systems to avoid hasty deve I pm ncnt ot s t i l l  ne -n
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technology and to allow fo r  ini t ial  observa t ion  of ex i s t ing  sys tems .

Perhaps so , but it hardly explains the opportunity lost. 1’lany are

of the opinion that TOW could have been fielded long before it

was, and that the United States by now should be well on its way to

development of much more advanced systems . What ’s more , a serious

void in short—range antitank capability was revealed during bo th

the Korean and Vietnam Wars ; shortcomings of both the 3.5 in. rocket

launcher and the 1172 LAW cannot be explained as just “poor discipline

and training ,” at least according to highly qualified professicnals

who personally engaged the Soviet light T46 and medium T34 tanks.7

That the Soviets took a more productive approach seems clear.

During the 1950’s, they relied much more than Western nations on

antitank guns , had little use for the recoilless rifle approach ,

and relied upon the RPG—2 rocket launcher for short range . The

latter was followed by the formidable RPG—7 , a considerable advance

over the RPG—2 by virtue of a sequential rocket principle that

provides good range as well as relatively high accuracy since it has

a flat trajectory and an excellent hollow—charged warhead that

reportedly penetrates about 23 centimeters of armor. Soviet antitank

missiles appeared at about the same time as the French SS—ll , first

the SNAPPER , then the SWATTER (which apparently is still something of

a mystery) and finally, about 1965, the SAGGER that proved so effec-

tive during the 1973 Arab—Israeli War .

One gets the impression that U.S. developers tended to look at

tank and antitank technology as separate elements , rather than as

parts of a dynamic interface. Major efforts were made to up~ rmmde-

tank shielding and armament while antitank technology lagged , vet it

was becoming increasing ly clear , starting in the early 1950’s , that

probabilities favored advances in relatively cheap antitank missil es

and warheads over improvements in tank sh ieldin g.

As fo r  the f u t u r e , the  next  quan ~ unm advance  in a n t i t a n k  we ap on nv

is most likely a family of terminal rocket systems linked to ace-ur mm te ,

- - 5 - -
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r e a l — t i m e  t a r g e t  a cqu i s i t i o n  and/ o r  r e ly i n g  on the  “fire and t e rg e t ’

princip le. Ti-me United States is working slowly in this direction

(e.g. , w i t h  the cannon—launched  guided p r o j e c t i l e  I CLCPJ  and

H E L L F I R E ) .  A c a p a b i l i t y  fo r  t a r g e t  d e s t r u c t i o n  at J o n ~ r mn ~:e f r o m

the ve r t i ca l , r a t h e r  than h o r i z o n t a l , aspec t  would in e f f e c t  b l u r

the distinction between “direct ” and “indirect ” fire; providing it

can be done routinely (as opposed to “special purpose”), this would

mean a revolutionary change in tank—antitank dynamics.

Artillery

The most obvious c h a r a c t e r i s t i c  of today ’ s “ tube ” a r t i l l e ry  i s

that i t  represents  l i t t l e  change in World War II (and even earlier)

t e c h n o l o g y — — a p a r t  f rom the organization and fire direction systems——

except insofar as pieces are mounted on armor—protected , tracked -mo unts .
8

The self—propelled concept itself is of more significance than an-mo r

carriage technology , and in this respect two points are worth noting :

o In recent decades the United States has emphasized the

armor—shie lded , s e l f — p r o p e l l e d  mode as essen t ia l  to

mobility and crew survivability in the mechan ized

environment . Converse ly , an d desp i te  t h e i r  n I l - L l m m m n i m : e -d

orientation , the Soviets have emp loyed towed artiller y .

This asymmetry has sparked many an Army studs ’ , m o s t  o f wh i c h

concluded (a) that the Soviets simp ly relied on massed

artillery echelonned in depth rather than f i r e - unit

s u r v i v a b i l i t y ,  (b) t h a t  the  Soviet  m idvantn ~:t- in c i m m - .-~g

manpowe r is a factor , and (c) that t i m e  i r “ s l t i i m l t io n ” i s

d i f f e r e n t , o p e n - m t  ing as th ey  mir e on t h e 1 - u r i s  a i m l m m n d  m i s s

and on i n t e r n a l  supp i~ - l i ne s.  Non - th e -  So v i e t s  are

dep loying  sd f - p r o p e l  led a r t  i l l  er , pr~-oimnih v in I m ery -

q u a n t i t i e s .  App aren t  lv n e i t h er  t colon-logy nor  tact ics n - i s

the  answer , but s imnp ] y re-sour ce prioriti es .
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o It should be noted that while the United States had armored ,

self—propelled artillery, it had no infantry fighting

veh icles and the Soviets did. It seenms paradoxical timat

while the United States was content to move infantry

forward in armored carriers , then dismount it to fight on

foot , the same logic did not app ly to the less exposed

(though still vulnerable) artilleryman . The comparison is

not exact , of course , but it does reflect the doctrinal

attitude that infantry is a close , personal combat element

while tanks and artillery naturally avoid “physical” contact

and engage by stand—off fire. The effect of this rationale

is evident  in la ter  discussions  of i n f a n t ry  f i g h t i n g  vehicles.

Technology ’s gift to artillery thus  far has been in the Com m oi~
increased range and lethality of warheads——the former , for instance ,

in the rocket—assisted projectile (RAP) and the latter in impro v ed

conventional munitions (1GM) having far greater destructive effects

than the standard artillery round . Automated fire direction (TACF1RE),

properly used and with adequate manual backup, greatly facilitates

art illery responsiveness. Yet , on the wi-mole these are marg inal

improvements in standard capabilities , wimich doubtless tim e Soviets

can match and possibl y better. In  no way are t imey  a quantum advance

in long—range point or area effects , a t  least  not w i t h  ‘ c o n v e n t i o n a l ”

as distinguished I ron n u c l e a r  munitions. A genuine leap in capabiliti e s

would be dependent on: (a) time technologies timm it can prov ide pre -~ iSe-

t - m r g e t  a c q u i s i t i o n , ident i f  ica t ion , and “C i x i n g , ” mm long with a

re al —time communicat ion l ink to delivcr~’ systems; (h) lmi ghm l ie- r i ornate- c

t e r m i n a l  l v  g u i d e d  n iun it  ions , in c l u d  I tic des igns t i m a  t a r e in d e p e n den t

of  an exte rna l des igna to r  requ i rors -nt ( i n  o t i m e r  y r d s , a l e - t r u l y

independent ‘‘fire and forge t ’ m i n i m  it ions) ; inch ( ) r o c l - m .~~t — l  i k e  p r e ) p I m  I s ion

m i r i - t e r i s t i c s  t h u  p e r m i t  d’ - l i v & - r - .- by a toni l v ol in exp ens iv e - ,

i m igii lv  mob il.e 1 ann- i r s . ~ia:m - \rm’-.- el ’\s - 1 opt- u m i t  anal v s t  5 , inc 1 m m d i  ng
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experienced artillerymen , are of the opinion that the on—going CLGP

eff ort is not the correct approach , unless it is viewed only as an

experimental , special purpose system.9 For one thing , the missile

must withstand very large G—forces as it emerges from the rifled

tube. For another , even if the development is successful , in the

sense that it produces a pinpoint hit capability, it in effect

becomes simply an augmentation to existing artillery guns and

ammunition inventories. Apparently CLCP is inspired primarily by

concern over “sunk costs” in existing hardware , which in the past

has f req uen tly thwarted promising technologies. As for rockets , the

Army dismantled its free flight rocket capability f ollowing World War II ,

and , unlike the Soviets and most other armies , saw rockets as too

crude in range and accuracy to be worth the investment. Only

recently ,  based on further study of the matter , has Army decided to

develop a General Suppor t Rocket System (GSRS) and field a blend of

tube and rocket artillery. Whether this might be the prelude to a

viable precision (terminally guided) rocket  sys tem remains to be seen .

Why so much attention has been given to artillery range capability

while limitations in target acquisition detract seriously front its

value is difficult to understand . The Army Combat I)evelopmnent Commmmnd

conducted numerous very detailed studies of artillery dynamics amid

requirements , but  never generated an in tegra ted  approach to the

app l icat ion of advanced technologies.  Yet such an approach  is t ime onl y

realistic hope for a qualitative advantage.

Armored Fighting Vehicles

Two new systems of t h i s  ca tegory  are e n t e r i n g  time Soviet  i n v e - n t or ~-

in increasing numbers :  The a i rborne  amph ib ious  armored combat  v e h i c l e

( BMI) ) and an amphibious armored i n f a n t r y  combat  veh ic le  (8141 ’). Both

sys tems f i r e  a n t i t a n k  guided miss i l e s , r e p o r t e d l y  of v e -vv  advan c e d

design. The U n i t e d  S ta t e s  has onl y recently chosen a contr m m - tor I or

It s  Mecimani z ed  I n f a n t r y  Combmmt Ve im Ic i c  (Mi C V)  . The MICV w i l  1 p r esmi m ab i

be armed w i t h  m e 5mn automatic cannon (BUSF~1AS1I-R) , h u t  time -\rniv lie s

______ —— — — - ~~~~~-5 -- 5- —-  -5 -- -5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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y e t  to d e c i d e  be t w e e n  two p r o t o t y p e s  f o r  t h i s  neapon , and n il 1 h e

to equ ip  t ime initial p r o d u c t i o n  M IC V n - i t h m  an i n t e r im  n e a p u n  S v S t e :  - .

This r ep r e s e n t s  a ve ry  i mp o r t a n t  as m:u mm et r \- bctwc~- n U.S. amid

Soviet force structures and fig h ting concepts. Time Soviets long mm- -

en mp imas ized  the  v a l u e  of mounted , mmmmo r—protect ed , fight ing infantr y ,

a concept  that  recognizes t h e  need fo r  i n f a n t ry  ( t o  supp l eRe - f l t  t O l l s )

“ shock e f f e c t s , ” as well as the  e v e r — i n c r e a s i n g  l e t i m a l i  t Y  01 t i m e

modern  ba t  t l  of ield .  The Uni t ed  S t a t e s  bias been con ten t  to f t e l  d no

moo re than an armored c a r r i e r  ( c u r r e n t l y  t ime M 113) f o r  t i m e  f on -o i r d

transport of infantry , then re ly  upon d i s m o u n t e d  i n f a n t r y  f o r  t i m e

a s s a u l t .  This obviousl y is a v i t a l  d i f f e r e n c e  in t m a c t i c a l  pe-reeption ,

not  t echno logy .  N o t w i t h s t a n d i n g  i t s  poor r ecord  in t m m n k  d e s ig n , t h e

U n i t e d  S t a t e s  c e r t a i n ly  has had the  c a p a b i l i t y  to d e s i g n  an i n t t ~ - r a t e d

i n f a n t r y  f i g h t i n g  veh i c l e  had i t  ch osen to do so. Of cc m m r s e - , c a l l  i c r

deve lopmen t  of advanced a n t i t a n k  m i s s i l e ry  and m m u t e o m m a t  I c  can rmoti

mi ght  have helped tUm e concept  a l o n g .  l i m e - r e  are  comp l m m i n t s  in  some

q u a r t e r s  t h a t  even the new ~‘h lCV is assent  ial lv  the  o l d  “ i r o n  I x

concep t  w i t h  mounted cannon , or perhaps TOW , ins tead  of a m mcli l i m e -  gu n .

V l m i l e  do l l a r  r e sources  are a lway s  mm f a c t o r , t h is doe s ne l l

exp la in  time s t r i k i n g  di f f e r e n c e  in U .  S. and Soy i -c t ~oncepts. i~rme i-i~~e

in the S o v iet  a t t i t u d e  someth ing  akin to  B r i g a d i e r  G e ne r a l  F. I’ . emm ~h c -mson ’ s

prop os i  t ion tha t i n f a n t ry  has ga ined  v e ry  lit tm 1 e ron i e c i m n o  I ogv desp it~-

the o b v i o u s  p o t e n t i a l s  f o r  c o n v e r t i n g  u n r e w ir d i n g  c l o s e  c c - m : m h m m t  i n t o

a s t a n d — o f  I ighting capability. 11 
j~ one puts gr o a t  s t o r e  by Sil l

duct r I mimi1 si ogans mi s “ c 1 ose w i t h  th e- e nemmmv ,
“ ‘ sc ice the hi gim f -r o emncl

mind t i m e  ‘‘ h i  l anced squm i d  is eleven men’’ (on s omoe ot lie- n I i xed  ntimmmh e r

i men  one is m d  m e d  to  deve- lop am - nm red t n icks  m n m t i m e m - t i t an  ii i~- h m

p e r t  o r n m m m n c e -  i n f a n t m - ’.- f i g h t  ing ve h i c l e s ,  T I m e -  f i t  i s  t l m a t  d u r i n g  t h e

em j od  i i m m d - - r 1 e V  l o w  t im e  A r-mv spen t  h uge sum - is  on sonic - Se Vell m ode l s ‘I

c ommli m mlmm - a l p  - t ru  - ks , coo h i gr ew id ing mm m m  rg inal b one - l i  t in mip ;mh ii i t ~
h i t  - t l m e , n  i so  oomp h i i t  ing  t i m e  nut i n t e m e e m m - e - ~m n d 1 Cit - I  pr~ h 1cmim . l i m o  I °7 .

t a c t  i m e l v e -im i c h e  S t l i c l \  (named Wh EE LS)  sho w- s no t  cml  ~ q m m m m l I l i t  i v -  b u t

e - m l o n i m l e -~ m S 9u.mnt~ I t i t  lye prol t ( - 1- m t  i on  m l c o m m u m ~~n v e h m i l s i n  t i m e  A m - i - v 
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i m u v c n t o r v  of the t ime . In th i s  and n m imnv o t h e r  i n sl in  e S , t im e

a l l o cat i o n , and no t  simp ly a v a i l a b i l i t y ,  o f r e -s o em rc e -s  i n d i c a t e - s m u

d i s t o r t i o n  of p r i o r i t i e s .

U n f o r t u n a t e  exper iences  wi th  several  o t h e r  d~- v e l o p n ~-n t a i  p r o - r i m s

not  only consunmed va luable  resources  but  most  li i c - l v  damp

en thus iasm for  combat vehicle  e x p e r i m e n t a t i o n .  A n o t a b l e  e :-: - .p l e  i s

the M 55 1 SHER IDAN reconnaissance veh ic le  niant ioned p r e v i o u s l y .  S t i l l

ano the r  is the M1 l4  scout  vehic le , wh ich is essen t i a l  iv a tim i n—- - k - innme d

n m a c h i n e — g u n — e q u i pped runabout , mechanical l y u n r e l i a b l e  and p r a v i t i -

t ional iy  uns t ab l e .  One mi ght also r e f l e c t  on t ime e a r l i er  ~l~ 9 p er~~~- m 1 n e - i

carrier , the one that replaced the half—track and featured s\-nchroni zed

engines tha t  h a b i t u a l ly  f a i l e d  to synchronize , as w e l l  05 t h e

14151—1/ 4—ton “ j eep , ” which has been an un re l i ab l e  and s om e w h at

dangerous  veh ic le  f rom the beg inning.

Looking to the  f u t u r e , it seems a p p a r e n t  t ha t  the  s u m r ~’ t v _ i l _ _ i l  i t  V

and overall viability of infantry nmust be of paramount concern .

G r a n t i n g  ti -mat i n f a n t ry , b y d e f i n i t i o n , w i l l  m m l w a v s  have to eng 11- e - in

the d i r t y ,  c lose—combat , h i g h  a t t r i t i o n  e n v i r o n m e n t , s u r e ly  t i l e

o b j e c t i v e  must  be to m i n i m i z e  such engagenment s  to the extent th at

both technology and tactical concepts will permit. F e c C m n u l o g v — - n o m m b l v

p r e c i s i o n , t e rmina l ly guided weapons , the  i n c r e a s i n g  v a l u e  0 1 ~i~it 1 I

f i gh t ing  vehic les , and e x t r e m e ly  l e t h a l  n m r h e a d s — — s m m g g e s t s  t h a t  t O e

t r ad i t i ona l  com ba t  arm d i s t i n c t i o n s  are no l o ng e r  ne- m e n  i n g f u l  

a r t i l l e r y ,  and i n f a n t r y  tend to blend in fig hmt i n g mode and t i ~ t i c m m i

t e c h n i q u e , ami d on ly  w i t h i n  t h a t  c o n t e x t  c m  one p r o j e c t  f u t u r e  c ’ im mh m mt

development programs .

S u r f a - - e- — t o — S u r f m i c e  M i s s i l e s

I - o r  some 15 years  U . S. p ro gr m:m is wer e  hie av 11 v l i t  C 1mm ~~i cod i ‘ mm

st r m m tt -Jc - concept of massiv e r e t ul iimllOii , mt O1 ) c O1i t p r o m p t e d  1w t h e

I e t s ‘ a d v m e n  t age In convent I onm mi comb m l  p o e t  r , mis \~‘e 11 -I s  U .  S

n u m c l e m m r  su p e r i o r i t y . i h i e -  A r m : m v  v i e w o -~l t m m c t  i o u  n e m c l e e r  s t r I k e - s  u s

t Im e h l g i c m m l e’X t e n s i o i l  of  s t r at e g ic  p o i  I C V  Oflel , t h e r c l o m e - , l-~- t I :  . m e - v

and t~ - - h m m t o i o g v  \s- , - r e - c o n u - e n t r m t e d  on c ot fo al flum e I u - A r h I iv e -rv -

_ _ _ _ _ _ _  - - - 5  - - - -~~~~ -~~~~~~~~~~~~~~~~~ — —-- - - ---- - _~~_ -  -~~~~~~~~~~-
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Hence the development of costly su r f ace—to—sur face  missile systems

(SSM): The early long—range CORPORAL , HONEST JOHN (20 nautical

miles), SERGEANT (75 nautical miles), and PERSHING (400 miles) for
the very long range. Complementing these were short—range rocket

systems, the LITTLE JOHN and DAVY CROCKETT, as well as the 280mm

artillery gun. In 1963 the Army began the development of LANCE , a

system designed for a much higher rate of fire and much more mobility

than SERGEANT and LITTLE JOHN , which it was intended to replace.

LANCE , however , did not go into service unt i l  1973.

While perception improves remarkably wi th  h inds ight , several

aspects of the SSM objective are d i f f i c u l t  to understand :

o The “conventional” warhead feature of the systems is

essentially a fringe benef it , not a basic rationale. In

fac t , these systems were built to provide a surface—delivered

nuclear strike capability , functions that can to a large

extent be furnished by both air and naval p l a t f o r m s . Roles

and missions aside , many analysts were (and are) of the

op inion that Army should expend i ts dollars and energ ies

on more “natural” ground force battle systems .

o Distant target surveillance and acquisition were , and ar e,

extremely difficult functions. Such systems as PERSHING ,

SERGEANT, and LANCE employ inertial guidance, which ,

technical accuracy aside , depends upon precise data as to

both target  and delivery system location . Thus , the utility

of these systems for the delivery of nonnuclear ordnance in

particular is highly questionable——unless , that is, they

become the delivery vehicle for precision delivery of

multiple sub—munitions . Otherwise , such missiles are surely

the most expensive possible method of target attack from

land platforms. 
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To the extent that the Army does pursue advanced application

of existing SSM systems (the PERSHING II concept as a first step ,

for instance), difficult decisions remain in terms of ti-me optimum

benef its and related priorities)3 Assuming that one cannot fund

both long—range and shorter—range applications (although basic

technological research would in many respects apply to both) , and

in recognition of the fundamental requirement for target acquisition

and a reliable signal link , would it not be best to concentrate inc near

and mid—range capabilities , rather than targets at beyond fifty

miles , for instance? The important evaluation is of the total ,

closed—loop performance——acquisition , precise delivery , and counter—
14

measure resistance.

o The rather sorry history of LANCE developnment is of

special significance because it is replete with technical

failures and delays as reflected in the ten—year develop-

ment and re—design period. As late as 1972 the d e s t i ny  of

LANCE as a “conventional” system was the subject of heated

debate. Considering the potential for perfection of t im e

“precision loop ,” however , it may be tha t LANCE ’s future

is much brig hter than its past.

Air Defense

Even a cursory comparison of U.S. and Soviet air defense situations

reveals serious asymmetries , to the l a t t e r ’ s advantage .
15 

A capsule

his tory  of selected U . S .  systems is i n s t r u c ti v e :

o N IKE— i-IER CULES : This has been the Army ’s nmain high—altitude

air defense system since 1958. A major modification program

(SAMCAP ) began in 1972 , ti -me ob jec t ives  being to improve mmmi s s l .l e

maneuve rab i l i t y  and resistance to e l ec t ron ic  jamming until

SAN—D be came ava ilab le in “th e  la te 1970’ s. ” Keep ing N I K E —

HERCULES in the field is an expensive proposition hue - e -m e u s e

- - - 5  - -  --— — - — - - - — ~~-—- - - - - -- - -- - - --~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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some components had to be redesigned and renmanuf actured

as supp lies of spares ran out .

o The low—medium altitude HAWK has been in service since

1960, and , while very cos tly, it is one of ti-me most widely

used air defense systen~s in the world . An improvement

program began in 1964 to provide a larger warhead , a new

guidance mechanism , an improved solid prope l lan t , and ad-

di t ional  counter- counter—measure features. But the im-

pr oved HAWK was not released for full production until

1972 , some seven years la ter . Or ig ina l ly towed b y stan-

dard Army t rucks , some HAWK units are now self—propelled .

o CHAPARRA L is t he  Navy ’s air—to—air infrared seeker nmissi le

adapted to ground launch , and was orig inally intended to

be an “ in te r im ” system , pending development  of a more

advanced LOFAAD (low altitude , forward—area air defense

system). Just recently the Army chose the German ROLAND 11

‘~~r this role, and is already finding costs to be touch

greater titan expected , ostensibly because unexpected design

m o d i f i c a t i o n s  are r equ i r ed .

Ti-me Soviets have assembled an i n t e g r a t e d , q u i t e  s o p h i s t i c a t e d

f a m i l y of s u r f a c e — t o — a i r  systems : the i - m i g h t — a l t i t u d e  SA —2 , c o u n t e r p a r t

to ti-me NIKE— IIERCULES ; the medium and low—level track—nmounted SA—4 and

SA— 6; two recent  systems , the self—contained SA—8 and SA— 9 , both

mounted on lightl y armored , wheeled amum p hm ihiou s vehicles ; and , of

p a r t i c u l a r  si g n i f i c a n c e , time Soviet  g S U — 2 3 — 4  r a d a r — d i r e c t e d  gun

system. The net value of these systems , as vo l  1 demn ons t  r a t e d  in the

1973 A r a b — I s r a e l i  c o n f l i c t , is the synerg istic effect of time inter-

facing high and low a l t i t u de  cap ahi l  ities. Titus , w h i l e  r e p o r t e d l y  t i me

SA— 2 (being suscep tib l e  to c h a f f  and j amming)  a c c o u n t e d  for  t i-v

Isrmee I i p lane losses , the SA—6 , a mach 2.8 integra l rocket rainj i t ,

e x t  r o o t e d  a heavy t o l l , as did  the  ZSt 1~~23~ -’u , v I c e -n mci  r o r a f t  ~erc dr i v e n

down to its low—level envelope.
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SAN— D is intended to be the Army ’s all—around antiaircraft

weapon of the 1980’s (originally the 1970’s), and its chronology ,

too , is instructive. Formal statement of the requirement goes back

to 1964 and the development came under project management in 1965.

High costs and technical risks had killed the earlier MAULER

effort. SAII—D was flown eight times during the advanced development

period 1967—1972 , and began subsequent full—scale development in

February 1972. After this considerable “gestation” period , ti-me

advanced system intended to replace the 15—20 year old NIKE—HERCULES

and HAWK systems is now under “austere development .”
16

As with other systems , it is difficult to compare U.S. and

Soviet progress in terms of resource allocations , and it is reasonable

to assume that the Soviets , like the United States , exper ienced many design!

developmental failures. Still , considering the U.S. technological

advantage in the 1950’ s and 1960 ’s , notab ly in electronics , it seems

clear that the air defense gap should be attributed to factors other

than technology as such :

o Definition of a SAN—D requirement in 1964, fo l lowed by

considerable achievements , if not “breakthroughs , ” in

the 1960’s and 1970’s, yet we find a vital system still

under “austere development” as late as 1976.

o Cos tly modification programs to “fill the gap”—— the NIKE

SANCAP program beg inn ing in 1972 , and a modification of

HAWK , though begun in 1964 , not fielded until 1972.

o A difference in perception , as indicated by time Soviets ’

development of highly mobile , track—nounted systems wh ile

HAWK was until recently pulled by mm truck . Perhaps time

rationale was (a) economy , and (b) a sufficiency of roads

in Europe. In any event , ti-me Soviets took a broader

view . 

-—-——-———____ - -— --~~~--—~~~ - - — •- — - - ---—-~~ --— - —  .
~~~~ — ———-~~—-——--—-— - - .- --
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Army in—house problems aside , one must look to more fundaimmental

in f luences  if h inds ight is to be u s e f u l :

o The ori ginal  concept of an advanced , hig h performance

SAN—D air defense system was correct , and had it been

vigorously pursued as a national objective , re cogn ized

as such by both the Defense Depar tment and ti-me Congress ,

SPM—D would be well advanced , probab ly already fielded.

However , development procrastination , failure to define

requirements , and ever—increasing costs have subverted

the Stu}I—D program.

o Air defense should have been viewed at ti-me outset as a

family of mobile , integrated systems. Perhaps it was in

the abstract (SMi—D does fit this view), but the “shotgun ”

approach indicates that the concept was not shared and

supported ct the national level.

Air Mobility 17

The paradox in this area is that helicopter technology and

airmobile doctrine and organizations developed so slowly desp ite time

early enthusiasm of Army aviation experts. The Army—Air Force conflict

over roles and missions was a serious obstacle , of course , St ill ,

it is reasonable to speculate as to why the air mobile potential was

not recognized ea r ly  on as a na t iona l  o b j e c t i v e  and t r e a t ed  as such.

thus , despite the confidence and enthusiasm of not only Arnmy experts

bu t  such renowned p ioneers as Sikorsk y ,  U . S .  d e f e n s e  p lanners  we -re

c o n t e n t  to let  Service d i f fe r e n c e s , rather than technologiemil and

tactical potentials , rule.

The long s t r u g g le to advance a i r m o b i l e  c on c e p t s  i s  w e l l  known

wi  t h i n  t ime  p ro f e s s iona l  c o m m u n i t y  and w i l l  not be- de tmm i led here - .

B r i e f l y ,  i t  invo lv e d  formall y imposed restri ctions elm heli copter t~- e -ig im t

;mnd ro 1€- s , m c i  omi g w i t h  o the r  obsta c-  les that severe- i \ fm am!ipe -reel both

i ce 1 i c op t o r  t e chno l ogv and emp l oy m e n t  u n t i l  t I m e  1 9 6 2 — 1  9 h 5  p e r i o d .

-- - -- - -~~~~~~--- -~~~~~~~~~~~~~~~~~~ . 
-5. - -- --5 
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Progress during the Vietnam conflict , while considerable in terms

of organizat ional  concepts and tac t ica l  techniques , was r e l a t ive ly

l i t t l e  in terms of helicopter technology . There was an imaginat ive

use of “bailing wire” techniques such as the at tachment of weapons

to the workhorse “HUHY ” vehicle , and , of course , the evolution of

one integrated system , the COBRA gunship. Development from zero

base , so to speak , of a t ruly advanced f i g h t e r  helicopter began

during the 1960’ s , but Congress rejected the resulting proposal ,

a $ 2 . 5  mill ion unit cost CHEYE~~ E. Of interest is the unsolicited

e f f o r t  of the helicopter industry to develop a less costly vers ion

such as the Sikorsky BLACKHORSE , which early displayed quite impressive

speed and mobi l i ty .  Army has now lowered its sights to a lighter ,

less sophis ticated , and far less costly version than the CHEYENNE, to

be chosen from a competitive run—off.

A brief word on the heavy lift helicopter is in order. Some

25 years ago the Soviets held the world record for helicopter payload!

speed combination . Yet , in 1976 the Army cancelled its heavy lift

helicopter program as too costly relative to other material require-

ments.

To this wri ter , at least , several conclusions seem proper:

o In helicopter technology the United States lags well behind

what was entirely possible by this date .  The advantages

of (a) v is ionary concepts at a very ear ly t ime , and

(b) an excellent technological base coup led with a

competent helicopter industry were dissipated by the failure

- to establ ish long—range , rea l i s t ic  goals in an area of

great promise.

o Qui te  apart  f rom in ter -service  d isputes , many Army peop le

obs t ruc ted  hel icopter  and airmob ile progress, ostensibly

because they questioned its tactical viability , but , at  leas t

subconsciously,  they saw time p rospects  as a t h r e a t  to their

t r ad i t i ona l  branch roles .

~

-- ~~~~~ - - -—-~~~~-— . ~~~~~——- J
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o Too little attention was given to the imp l i ca t ions  of

the q u a n t i t y/ qu a l i t y  r a t io .  Thus , regardless  of t ime

mer i t s  of a high—performance  sys t em such as CHEYENNE ,

its unit cost would limit distribution to the extent

that its cont r ibu t ion  to overall combat power was

quest ionable .  In e f f e c t , the program envisioned a heavi ly

armed and armored vehicle providing what , by analogy ,

is the shock e f f e c t  of armor.  This seems to be an

extension of the reasoning tha t  produced large , heavily

armored tanks ra the r  than small , light ones in greater

q u a n t i t y ,  and depending upon mob i l i t y  and low s i l houe t t e

for survival . Enhanced helicopter maneuverability is

now a prime ob jec t ive .

Logist ics

The most obvious facts of logistics are that U.S. land

forces have not yet made more than marginal improvements in logistic

land mobility , and that the transportation , storage , security~ and

time ly delivery of ammunit ion are b y f a r  the grea tes t  cha l lenges .

What is discourag ing is the huge investment in a famil y of cargo

vehicles that  provide not much greater haul capability than was

available during World War II , and that relatively little progress

has been made with technology that night provide meaning ful progress ,

such as air  cushion techniques.

High intensity combat today consumes a truly monumental anmount

of artillery and other ammunition , as reflected in consumption rate- s

in Wor ld  War II , Korea , and Vietnam . One had only to watch ti -me

l o g i s t i c a l  operat ions  in Vie tnam , p a r t i c u l a r l y  t ime m i l e s  of h i g i m l y

vulnerable low—boys winding into ti-me hills , each load ed by back-

b r e a k i n g  labor and unloaded in s imi la r  f a sh ion , to rea l ize  that. t o r

logistics time literall y stood still. ’9 It is extreme l y dit t icu l t to

conceive of operations of this nature in mid— or hi gh— intensity e ’o n t i i c t s

of t ime f u t u r e - . Even if i t  could be accomp h i s h e e i  d e s p i t e  e v e r — g r o w i n g

- —~~~~~~~-- ‘ - .-~,
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threats to sea and aerial transport , the manpower requirements

and supp ly losses would most likely be exorbitant .

The trad itional attitudes about logistics are themselves

serious obstacles. The doctrinal concept that “logistics supports

the operat ion,” even when log istic considerations should , log icaillv ,

govern the choice of tactical options , is very harnmful. So is the

notion that one can habitually employ massed artillery fires , which

directl y contradicts trends in technology that favor interdiction

over supp ly. Among the rationales for precision weaponry is time

“fringe benefit” of reduced munitions requirements , but even moore

compelling is the distinct possibility that neither adequate ammunition

nor the capability to deliver it will be available.

Log istics might well prove to be the Achilles heel of Soviet

operations , in that their doctrine apparently envisions a quick war

icc recognition of , among other things , the vulnerability of stores

and supp ly lines. If the assault can be slowed by the rapid attrition

inflicted by precision systems, and if those sante precision systems

demolish supply points and supply col umns al ike , that doctrine would

lose its attraction .

SOME CONCLUSIONS

The conclusions suggested by these comparisons mus t be q u a l i f i e d

itt impor t an t  r espec t s :  F i r s t , c las s i f i ed  systems and t e chn o l o gy  are

exc luded——such  areas as nuclear , chemical , h igh  energy  laser ,

smooth—bore  weaponry,  and cruise miss i le  t e c h n o l o g y — — c o m m m p m i r a t i \ - e-

anal ysis of which  could wei gh heavil y in the v e r d i c t , not  o n ly  in a

net assessment , but in evaluating the rationale f o r  r e s o u r ce - pr i o r i t i e - s .

Second , emphasis  in t h i s  paper has been on net r e s u l t s  in a \-ariety

of sy s t ems , r a t h e r  timam i s t ep—b y — s t e p  deve lopmen ts  in a 1ei~- . N~-v~ rt Ic ~- ~~~
ti -me h i s to ry  r e f l e c t s  a wide gap between tec imno l og i e - m ml  p o t e n t i m m i s  mu le1

I~.S. land force capabilities , and suggests c e r t a i n  coroi l atv -or

alternate conc l usions as to wimy th is t~m mp exists :

- — -- 
-
~~~~ 
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o Both choice of systems and technolog ical emp hases were

heavily influenced by the sequentia l  crises typ ica l  of

the era , as well as by major , fundamenta l  changes in

U . S .  s t ra tegic  concepts and t ac t i ca l  percep t ions  f lowing

from those concepts. Hence , Army developments , such as

the battle tank , became piecemeal , “shot—gun” affairs ,

rather than methodical app lications of technology toward

longer— term objectives.

o The military let—down following World War II created a

five—year or more lag in the land force posture , which

(a) explains to an extent the failure to capitalize

on advanced technology, such as the German Ruhrs tahl

missile ; and (b) prompted a leap to regain momentum to
— the detriment of mm~ iodical progress.

-o Within the context of the 1950—1960 era an immediate

tactical nuclear capability was considered essential. While

no doubt influenced b y parochial considerat ions (namely ,

that  this was an Army , not air or naval , mission) , the

ground forces  had l i t t l e  fa i t h  in the re l i ab i l i ty  of such

alternatives , particularly for close—in nuclear strikes.

Hence , the u’-9ent and cost ly  e f f o r t  was in i t ia ted  to develop

land _based , including long —range , miss i le  de l ivery  syst e~is .

Whether or not resources al located to such systems would

have been approved for programs to achieve genuine

“breakthroughs” in such seeming ly mundane items as tanks ,

infantry f i g h t i n g  vehicles , and a r t i l l e r y , or f o r  t ha t

m a t t e r  the then vis ionary items of high technologica l  r i sk

such as terminal homing m issiles , is quite another nm atter.

Probably not.

o The i n f l ex ib i l i t y  of bud get mechanics ensured t i - ma t  a

program in motion remained in mot ion , even wimen t e c h n i c a l

failure or emerging pr iorities call ed for pro gr anm t e r m i na t i o n .

Also , since resources were tied to mission package s, m i s g i v i n gs
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about  a 1er ~ g~r mu ~ mn ig l m t  j e op a r d i z e  t i m e  e n t i r e  fund all ocmtt ion

aci d were  t im e r e f o r e  not likel y to be e x p i - e-sse d .  Ar :- . v

e n t h u s i a sm  f o r  t ime  a n t i — b a l l i s t i c  m i s s i l e  p r o j e c t

d o u b t l e s s  would imave waned early if that $4 billion , or

a r i a j or  p a r t  of i t , could have been app l ied Lu  u t I m e r  l a n d

coimmbat  r e q u i r e m e n t s .

o fe t a l  A r mmm\ -  r e sou rces  are so 11mm-m i ted , r e l a t iv e-  to  bo th  t I i ~~~c

of o t h e r  s e r v i c e s  and val id  r e q u i r em e n t s  (a s i t u a t i o n  ne\-;

mmadc-  worse by  growing personne l  co s t s )  t I m m i t  1 l~-x ih ii i tv  in

r e - source  a l l oca t i ons  to va r ious  d e v e l o p m e n t a l  n~ e-d s is

ex trem ely l im im i ted , and an e r ro r in e i t i m e r  s v 5 [c -u c h o i c e -

or deve lopmenta l  t echnique  and cos t s  is gr e a t  lv mm1m m ~ 1l i t  i e d  -

I h us , o f s-on-c ~6. -~ b i l l i on  involved  in mmii i  i t ar v  p r o g m m m : m m

c ancel l a t i ons  between Wor ld  liar II and 191-4 , onl y a b o u t

S7iJ0 m m m i i  l i on  n as  app lied to A n -m v pro g ra imm s , of w i m i c i m ~21tt ) mmi i 11 ion

was I or M A f L E R  a l o n e,  l e t  t l m a t  $700 m i l l  ion h a d  m m f a r

g r e a t e r  p r o p o r t  iori~-m t e- k ; m ; i i a e - t o t t  tim e -\n-m -C - than d i d  t he inuc ’l m i n i :  e~

c a n c e l l a t i o n s  on ti - me o t he r  a i r y  m ~ea .

o Because o t t i m i s  r a t  io , l ) e p L m r m - n t  o t~ t i m e  i r n m v and t i c -  l on g  le s s

te~~d to  L ake  a m o r e  j a u n d i c e d  v I ~~ of t i m e - .\ r n  ‘ s eo h n Ic a

dilurems . ib is im as been a s e r i o m m s  s t ; m m m m m - l i n g  b l o c k  i n

~i~- f  en d i n g  t ime  SAM—i ) a i r  defens e - avu t . c l m m  , as I c c  11 d~~- t i e

limit tic tank and time ~ l l t. ~ NN ! .  a t  1 :m i I~ i c -I I co gt

wou l d he  rc-g~m rem I e 5 5  o f  I ; -  t i -o lin i e . t  I em 0- l b i I i t  v e m  ~0 I i 00

l o g i c  I o r  L i m o s e - S V S L e l i m -  -

l i m e - m:o m m e - i l m s i o n s  t i t u s  t a r , i t  v i i i  i i i , ~s~ i 1 m ld  exp l a i n in  i - m m : - - - I e n u ; m l t c  —

time t t c  h t m l  cmi i d c -  I Ic i t - n c  ies ~ue1 I - mi mI mm m ccc iii l und to ret svst - d - ~
mmme -nt s - ~- t i i I , t i m e - ’ , d n o t  e n t i r e l y  e - x g  imi j i m m~- )m m t m ; e , :  . 0 t o  hem

‘ re- I ‘ m i n  on l m i - ; e - s l m m ; c m i t ’ ci ; \ m - m v  La!) I m m imd : . ~iO I  do 11m e v e m i t  m m c l v  . i O e O ) i i t t

t . or  p e r c - g t  i o l m s  1 L m 1 1  neg l e - e - t c  ci i m : l e e r t  a i l t  n - I ’ c -r t s Ot L~ i t i c -a l a n - :

t~ - o i m n u  log t c . l  1 c V 0 l  cit i om .

C - g e - m u m  im me - ” r e l ic t~i 1 On t~ I )  ii; ye ;; I t i e - i t t  s im c i i  - - - - - O S i m i  - e iii I • i - u-

0! iI~ - ‘ :c -  I - ‘ m c - u t - t I C- ( j mi I il-i -nt I Ii , i t  i s m m i  ml - - - -
~~ 0 m I v C - ! d , - : , . ,m, - - t m m ; t i
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con t r ibu tes  mater ia l ly to increased combat power.  In this sense- ,

the Army r e tu rn  on investment is not  good , a p a r t  f rom t i m e a f i r e —

mentioned factors , evidently because of:

o Excessively ambit ious e f f o r t s  to produce  op t imum e q u i p —

nment , in the sense of incremental sop h i s t i ca t ion  that

great ly increased technological  risks yet  o f f e r e d  onl y a

marg inal bonus in system capab i l i t y  or in what the sante

resources could otherwise have provided . The DART miss i le

is in this category.

o The “patchwork ” approach to co r r ec t ing  system d e f i c i e n c i e s .

While ini t ial  technical  problems are a n a t u r a l  b y — p r o d u c t

of advanced technology ,  i t  is d i f f i c u l t  to r a t i o n a l i z e

the long and troublesome h i s to ry  of such equi pment as the

SHERIDM 11551 reconnaissance vehicle and the  LANCI-

surface—to—surface missile systenm . In both cases

t echnic ians  t reated the individual symptoms r a t h e r  t i t an

engage in a wholesale  recupera t ion  e f f o r t .

o Unrea l i s t i c  t e s t i n g .  SHERIDAI cI , fo r  ins tance , was e v i d e n t l y

tes ted in a “hyg ienic ” environment , w i t h  too l i t t l e

considera t ion fo r  f i e ld  real i t ies .

o In some cases the land forces could have “made do ” w ith

equipment  on hand ra ther  than e n t e r  new deve lopmen t s .

no tab l y in suppor t  equ ipmen t  such as t r u c k s .  [‘her ’- - we - re -

many new nmode ls of s tandard equi pment t ha t  p rov ided  l i t t l ~-

or ito advan tage  over the old , f e a t u r e s  l i k e  nmu l ti—i mit -I

engines and a u t o m a t i c  t r ansmiss ions  be im i g  of q u e s t i o n a b l e -

m e r i t , not to men t ion  p r o l i f e r a t i o n  of mod e l  t Yp e s .

o Force s t r u c t u r e  desi gns tended  to f o l l o w  o ld  p r a c t i c e -s

regardless of a c t u a l  r e q u i r e m e n t s , t h e  r e s u l t  b e i n g  ~-c

q u a m i c i t a t i v e  p r o l i f e r a t i o n  of  su c i m i t eut ms as tactic al t rm ick m-m

mind rad ios .  In t h e s e ’  p a r t i e  i m l a r  ~ ses t I m e -  e X c 055 \tvi s

dec term m e d  i~ v n u m c ’i m l a t e r  In m l  y ses 
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o Vi s iona ry  bu t  u n r e a l i s t i c  v e n t u r e s  t h a t  absorbed  too

mm m uch imi r e sources  and e f f o r t  r e l a t i ve  to t ime i r  poten t ial

c o s t — e f f e c t i v e n e s s  or t u e  s t a t e  of the  ar t . ‘l ime OTTER

land t r a in  and the  GOER articulated cargo  vehicle seem

to fit this category. Conversely , time Arrm\- has failed

thus far to fully capitalize on tecimnology with r i - a l

t ec imnolog ical po ten t ia l  fo r  overconm ing the twin forces of

-
c 

gravity and friction , such as air cushion power systems

and vehicles.

o A fragmented , cumbersome , paroch iall y oriented , and

t r a n s i t o r y  (in terms of personnel  t enure)  combat d e v e l o p m en t ,

R&D s t r u c t u r e  and , corol lary  the re to , l i t t l e  l o c a l i z e d

expertise.

o The tendency to gear bo th  p rogram choices  and deve lopmen ta l

— 
methodology to the “ in—hous e ” c a p a b i l i t y ,  w h e t h e r  in t e r t ;ms

of U.S. technology or the Army arsenal comp lex. Even

such events as procurement of the French  SS—l l  a n t i t a n k

nt issile was more of a d e s p e r a t i o n  move than  an e x e r c i s e -  in

o b j e c t i v i t y ,  consider ing p a r a l l e l  e f f o r t s  w i t h  the - DART

nmissile -

COMBAT DE V ELOPMENTS

Around 1972 ti -me Army Combat Development  Coutmumand pr o dm m e - e-d a

two—part stud y entitled “I~and Combat System (I t S) I and II. ” I’a m t  I

was t ocused on the nea r  t e r m , and Part 11 on the period 1h m ’~O mmcl

beyond . The conc lus ions  and recortmnm endmmtions we-re - m m cormside-r mmble

deoarture f rom traditional imind combat d o c t r i m m e  m ind  t a c t i c a l  cOlic i g t s

and , in c o n t r a s t  to tIme u s u a l  Arnmy approach , visual I z~~- ci a c l v u m m i m m i  i-

imitegration of new tecimno logv with rcvcclut im’n,jrv force- s t r u c t m m m , -s .

I’he stud y suf fe-red cc r t a i n  s i m o r t e -o m i ng s  , such as ~m tende nc y t i  - m t t~. h’ I m i t

and c i rcul ar log ic , but n e v e r t h m ~- l ess re-presented iii in p o u  taut e l i f l i e

in approach. In a m m y event  , LCS evoked no nc- r e - tit an cursory ml t mit i - - ut

_ _ _ _ _ _  — -~ 
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by the Department of the Ar ;-m \- (one analyst tagged it as “not hm in im

but a wish l i s t”) and , when las t  imeard  of , LCS r e s t e d  in t !mc ‘hmm ~ is t or

additional stud y” file.

Such was the fate of time Ar tmi ~’ ‘ s only known effor t to p r o j  cci. a

“grand design ” fo r  i ts  developmental requirements , unless time Training

and D o c t r i n e  Coj rrnand has r e s u r r e c t e d  the  e f f o r t .  in the  absence-  of

a projected grand design , Army systems have , as a r ule , been ti me

product of recognized technology , app lied essentially as “itnpro e-: ent s ”

to standard equipmen t w i t h i n  the framework of existing tactic al

c o n c e p t s  and doctrine. Several f a c t o r s  tend to e n c o u r a g e  and p e - r g c  t m m o t ~-

this approach , one being time sheer comp lexity om g r a p p l i n g  w i t !  t h e -

imp lications of r a p idl y a d v a n c i n g  t e c l m n o  L-gv . - ‘i m m o t i m e  r is the- i: p i t

of “sunk costs ” in existing :mat-oriel , s i n c e m  e - ;e f l  i i  t . c -‘,r::.- o r e  i . e

cu mi n -g e  d i r e c t i o n  it would have to be don e-  cmr adaa llv , a j-r~ - - e ss m~ -qu ir i t ;g

dup l i cate and incremental resources that t m c  Ar :- . v C u U k - ~i - - - t - o s s i b l y

s u p .  - rI ui t h i n  i t s  e s t a b l i s h e d  bud g e t  p r o g r a m ; , and m~~~t ne i t mm e -r t O e

i t m em ~nse h e m p a r t m c n t  nor the  Congress  v o n i d  be- i lk  el c a 1 -p ro’.c - .

b r i e t  h i s tor i c a l  r ev i ew  provides some insi ght into t i m e  ; m a t t ~~- r .

During the post—World W a r  II years L i m e  A r m y  re-lied c - m m  a \ e - r v

fr m m m:en t e c ie ’:elopme -ntal structure , i-ie :: ents ot wi m i m mi m -m e-re- C ontin ental

c\ rI : m ’  I i - : ; ::. m ; i c m  (C ‘,-\K( ) and its branch—oriented agi -fi - his ( e m  . . t cc-

l i i !  - e n t r y  and erm ;or Boards) ; t h e  (dmiefs of Ten lm :lical Si- rvim c , who h a d

bot h m A r m . tv special staff status mit -md supervisory ~;m th m o r i t ev e r time-

arsena l - - c -m a p I c m x ;  and , at Ar i :mv General Staff e v i l , time- Dc c ii i. v ( Ii I c!

of S ti; t or Operations and time Assistant C h l e - t of  S t m i  m f o r  P ou t -

i)evc I o p m : : c n t  . h~~i. unnaturally , this organiz~m t ion t. e -midem d to per -e-Im m a t

tr aditi — -ium l , h r a n c h — o r i e - n t c -d c o n c e pt s .  A l s o , ~e-h m i h e- t i m e - i- re - I irall v

- OARC and t i m e  p r i n c i pa l  o v e r s e a s  c c - m - m m i m m d  e-xp r c sse- eh t h e e  t~ i- rS ’ r~ qlm i t t

: - - - a t s , in rmi , - L ice time Ch ic-ts c - I  u - h u h cml in- rvi e -e e m -:e r cisc- 1 - r i - a t ,

some- I hoc- s p r e d i m i n m n t  , m u  i t e I l C e m  o v c - r  e q u i p tme t m t  dc - c i gn m u ~h p r m - e m c m o t  m m - i t

- r lcrit Ic- S .

i n t I l e -  c -an y i.e- m l i i -  i i  sc- i’: l e e -  I i m u m i  l ion s u-i-u - ,- c ‘ i m a - - l  l : e t  c- Cl

i f l t c m  me , - n t  r u I  st  u m - - t ‘ i t t  , t l ie A rm - ’.- ~
-‘ i t  c -ri m -I P o m o m - ;mnc l  ( - \ ~i(:) vii i i~ - L, - m-: ! - t
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Development  Com mmuu am i d (CD C) was assigned time central f u n c t  lO~1 of

reco rutmending system mm s and f o r c e  structures , heco tuming in c- f fe-ct t i m e -

user ’ s r e p r e s e n t a t i v e  under  time staff “cognizance ” of time A ssistam i t

Chief of Staff for Force Development. Wimile this was atm i utm h e r o v m-u m meic t

the fac t is that AMP was usually nmore influential titan CDC , at i c m i s t

in ternts of developmental priorities and progress , and i re-quentlv

channeled technology along routes of its own choosing. M u c h  of time

CDC work was imaginative and otherwise useful , hut was seriousl y

impaired by excessive analysis. Nor was CDC alone . Quite frequentl y

recommendations fo rwarded  by CDC were s u b j e c t e d  to  r e p e t i t i v e  “ re - \ - ie \ s ”

at Army and Defense  s t a f f  levels , then  revised f o r  “ f u r t h e r  re -v ie w ’

under entirely different guidelines. Such treatment u-as almost

hab i tua l  if tim e proposals  en t a i l ed  no t i ceab le  increases  in e i t h e r

personnel  or mater ie l  requ i r em imen t s , which  they u s u a l ly  d i d .

The CDC s t r u c t u r e  eventual ly became en t i re ly too large . w i t i t

too many o f f i c e s  assigned to review and a d m i n i s t r a t i o n , n a u m u e l v  a t

f i e l d  agency ,  i n t e rmed ia t e  group , and head qua r t e r s  levels .  Jus t

how th is  was expected to produce tinmelv , imag inative , and de finitive-

solut ions is not , in r e t ro spec t , c l ea r .

There were other obstacles , such as an unwarranted comm fide- n ce c

in compu te r—dr iven  ou tpu t , w i th  too l i t t l e  regard  f o r  t i - me source  cr

ambi gu i ty  of the i npu t .  Another  hand icap  was time “ p r o o f  sy n d r o m e - ,“

name ly ,  an insis tence upon de t a i l ed , nm a t h e m a t i c a l  or erm p i n ic a l

demonstration if a proposal was p a r t i c e m l a r l v  c h a l l e n g ing .  An a n e - c d c ’t e -

i l l u s t r a t e s  the  po in t :  In about  1971 a voum ig elf j e er  cml Live r a g e - u m c v

level was assi gned the  task of r e — ev a lu a t  ing !~e- re’qui re - n c -mi t I or t it o

ex t e n d e d  range ar t i l  l e ry  (RAP) round , time proj C i t  he in g  u n d e r it e vy

a t t a c k  on a c o s t — e f f e c t i v e n e s s  b a s i s .  His i n i t i a l  mtmal \siu4 u-mtc m t e - d

tha t  an o b j e c t i v e  mm mat hem a t i ca l  eva lua t ion  was not poss Ph Ic Ic -n l ,mch

of meaningful target structure and acquisition matcm . One- “c - - m r m u d

three versions later he cent Inued to ins 1st timat t mt m 1 -ct mi cqu I sit i e ’ u m

was f u n d a m e n t a l  to t a r g e t  a t t a c k , t h a t  acquisition d a t ;m  u i - n ,  still

missing, t h at artiller y had all It could do to l i x  t he - s h m o m t — u - m u m y t  t~~~u -

- -- ——-—-— -~--------- -- ~~- - - _ e m~~~~~ ± ,~~~~~L -4 ’~~”-~~~~ - -
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and ti m ~et undi existing conditions 1~~1’ should be viewed as an

e- : c;- er i m -e n t al and special—purpose requirement if pr iorities permitted .

bit - s- m c g t - s t e -d , w iti t considerable logic , that meanwhile Army would do

wel to  iu-~ minc e r on target surveillance and acquisition.

n: 1 - ‘ c  :h- -. ( I i  ‘ -dP E_CON F LI CT

~h~~: is re r-~ -ntl v lacking in Army program recommendations is

~~~~g rem ~ c ivt ( it t-:c I 1—balanced) confidence in requirenments

t ot :lm m :uc i v id ual sv s te :u s and the  program as a whole , togetimer

w i t h  or it ~-d ~- c  r-:ic e position. To an extent this reflects what for

T m ~ k of he e-ti.e r :e- rrminologv one mi ght  call a “ techno logy  neuros i s , ”

- , : c r c e m h ’ t m  -i ; tl m t tecitnologv on the one hand offers grecm t , even

rem ’.- o I m i . i o n m r y opportunities for increased combat power , but on time

- ‘t h e r  pos~~~ rn h i g h  t echn ica l  and monetary  r i sks .  The decades  have

h e en  m~~m -k ~~d Dv too many disappointme nts and frustrations of realizing

that time potentials so r m e bm ou ’  seem to escape. This creates a sort of

approach—avoidanc e comp lex , time perception that no matter how

attr active the potential , caution is the better part of valor.

Automation and sensor mines and barriers , f o r  ins tance , cou ld prove

of enormous value , but derision of time sys t efis as so rim uci u exotic

gad getry is not un cotm ut mon .

itt e f f e c t , much of time Army coumn urm itv L-~ now gun— sims- . i’crhaps

t imis  exp lains , at l eas t  to an ex ten t , why ti-mere is not m or e  mmp p r e -ci atiom

f o r  the  poss ib i l i t i e s  in p r e c i s i o n  w e ap o n r y .  Dv i t s  very nature

th is tecimmiology implies t i m e need fo r  d i f f e r e n t  d o c t r i m m a l  at  t i t u de s  ant i

e n t i r e l y different battle s y s t e m s .  But the des ign  and ch e -c isionmm m kin g

process can be v e r y  p a i n f u l , hence the  t e n d e n c y  to  a d l m e r e m  to thc -  o l d

tried and true.

As of 1976 ti-me A r t m u y  is painted in a corner , so to speak , by v i  r t  ne

of a f eu- -;e r v  cost 1 v p r o g r m m u t m s  no m a t t e r  how “a l  Id mi nd v I t ct l , that w i l l
— co n sml; mmcm smi lu a h i u g c -  s l i ce  of the budget pie timat re l cm ti v e- l v  l i t t l e

Li 1 e f t  a f t e r  p e r s o n n e l  cost s  f o r  more  t i t a n  very limited , mmii st e-u e - ne-u

i , ’ - I ‘ im: ue r m t S .  Ye t , somehow t i m e  A m i n v  mus t  c o n v i n e e  t i m e -  l i e - I  eu i sc -  l ) e - p a u t t u e -n t

- - _ _ _ ,~4_ - _ - 
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and time Congress t h a t  t e chno logy  cati prov ide  what  is o the rwise

impossible , and that costly new initiatives must be supported as

a national effort.

PROPOSITIONS FOR THE FUTURE

Without a doubt the United States could attain a quantum leap

in couuubat power——within a decade if not sooner——b y concentrated ,

select ive employment of its enornmous technological capabilities.

This prognosis , however , is meaning less if attitudes and procedures

are merely an extension of those of the past timr ee decades.

Internal shortconming aside , the Army has for too long be en

the “poor man” of the armed forces , severely hampered by unrealistic

resource constraints , not to mention program turbeilence that makes

methodical development impossible. Nothing in the paper is meant to

suggest that time Army itself was in practical control of its develop—

nmental  des t iny . The inflexibility of budget procedure , for instance ,

and the policy of linking acquisitions and missions to funding

“packages” prompted the Army to perpetuate programs of questionab l e-

value , even after circumstances had altered the initial requir c - :m ue -n t ,

rather than run the risk of losing the entire fund allocation . li m e

Army must be given a moore adequate share of defense reso tmr cc -s , mind

it must be given time flexibility to reprogram fund s as conditions

dictate , provided that basic objectives are well defined .

What is also needed is a change of perspective , at t ime tt~ ti e~u uc m h

as well as Army leve l, along with a set of g u i d el i n e s  f o r  w h i c h  t u e

following propositions might serve as a starting point :

Time present Soviet advantage and deve-i ’prme - n t m l

momentum is such tha t the U n i t e d  S t a t e s  can m i c i m i e v e  an ac e - p t m i b l c -

balance in land combat  power onl y by adoptin g c-xtraordinarv l m m c - ; m s m u  r , -s .

t e c h n o l o g ical  p o t e n t i a l s  are such t ima t  an e x p o n e n t i a l  l e a p  in I m nd

combat  pow e r can be acim i eved witim in five to  sc -y en  ~‘ears , p r ey  i l  h u g  i t

is suppor t ed  as cm national pr ior ity .

___________________ - .44
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lime prinmary obstacles to ful t illumm ent of

Proposition 1 are (a) delayed cimoice from m.uimong ti-me multitude of

existing and potential tecimno log ical opportunities ; (b) indecision

fostered Dv skepticism , reluctance , and parocimia l and political

influences. It is possible to minimize the effects of these

factors , but only if major changes are made in the deve loputmental

a p p r o a c h .

~j~position_ 3: Att ainummen t of time objective requires accept anc e-

of formidable technological risks. Time approach must be to d e f i n e

these risks at the outset , and concentra te on the early , imitense

testing of sub—technologies.

~~~ position 4: Progranm s must advance on an ems tab 1 ished scim edu l e

re gcmrdl ess of intervening political and militm m rv events. If

progress is aborted by shifting objectives amid priorities it will h o

impossible to attain an exponential advance , regardless of t ime  m e r i t s

ot interinm acimievements.

2position 5: Exponential progress depends upon full use o t

i u i t e r l  ac j ag  technolog ies , p r esen t and antici pated. Time li r e -si-nt

dependence upon a cooperative excitange 01 data si-mould he rep la ce - e l by

: : m n d m i t e d  p o o l i n g  sy s t e m , f o c u s e d  on a c l e a r  d e f i n i t i o n  of na t iona l

t e - - i l n o l o g i  cal obj  cc t i v e s .  A t e c h n o l o g y  “ a l e r t ” n e t w o r k , aim i me ed a t

f o r e - i g m t  (including Soy j e t )  as well as 1 .5 . teclmnology is a natural

ceu ro l I m v  of t h i s  p r o p o s i t i o n .

~ i~ posit iomm 6: Nat ional policy : ; mc mst  m a n d a t e  a f o c u s i n g  of

talent and dim 1 1 cmr re-sources on those se 1ec t ed  t echmno i ogles (m ) in wit lob

t h e  t n i  ted ~ t m t e -~ has  t i m e  g r e - i t e s t  p r e s e n t  and potential advant age - ,

m l i i  (b) in wi m i ci m bre- mmkt lm rou g im s offer time g r e a t e s t  p o t e n t i a l  f o r  a

q u a n t u m  tdv au ; ce ;  in qual it.m t lye - land co mt tb m m t p o w e r .

P r op 2 s i t i on : Marg inmm l iutmprove :mment : s in stmm nd m mrd svstet uu t ies  i g m i s

;ci 11 riot , a l o n e  or in corml )ination , co ntribu te - tumat e - r i a l  lv to time

obj c-ct ive as state-U , and sucit progrmmm s simould ~e c ~ e n t e r e d  - m m l v  i n  s j ’e -  1 m m 1

— - t  e s . C o n v e r - c o l  v , t i m e  ‘‘ h o  lid ing blo c k ’’ pr Inc ip ic , w it e r ebv m m

~~
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V
capability can be greatly enhanced by attaching an advanced sub —

element to an existing system , will soutme times offer great potential.

Pfppos ition 8: Small groups of innovative individuals ;- : i t i i

broad military experience are much utmor e likely to produce con—

ceptual breakthroughs in app lied military technology , as u- e l I  as

relate new technology to op t imum t a c t i c a l  o rgan i za t i ons  and

techniques , than is the forummal combat development structure. S imm m lati e ’ns

and other automated tools , wi -mile invaluable as sorting and it crm ti on

devices , are of little , some ti ;-mem-m ne ga t ive , value in arrivin g at

advanced concepts.

Proposition 9: P o s i t i v e  e n c o u r i g e m u m e n t  and s up p o r t  of A rnm v

efforts is basic to fulf illnt -nit of Proposition 1. Conve rsely , tim e

burden of present ing hold , imammi nat ive  p r o gr a m s  h a v i n g  hi g im p r ’ h m m b  ii it I es

for overall success regardless of interi om risks rests with t i m e  A m ;

community .

Proposition 10: A propos of P r o p o s i t i o n  h , it is unlikely t i u m t

more ti-man a marginal and v e ry  g ra d u a l  i n c re a se  in t i - me  A rnu v ’ s net c- - :;LiO

power can be c m - h m i e v e ~3 w i t h i n  n r c - se n t  b~m d c o t  and p r o g r iuum c u n s t  n . m  l i t  S.

R e q u ir enme n ts f o r  e s t - t i ’  I isht-d , st i i  ~ e - s s e n t  I :m i d e v e l o p u t e n t a l  ‘ r o g r m t - ; s

su ch as t i me “ Bi g F ive , ” a l o n g  wh im I i x e d  op e r a t i n g  re- m u i r e u c u n t s  . l e i v i  - -

little for parallel developnments of  ; mma j ’r con s e q u e n c e .

The Log ic of “ e1iher~ t - u n c - t m ~ ”

P r o p o s i t i o n  1 speaks 0! m m c i m i e v  m u g  “an i c c c - ~’ t a h i e - l ’~ i l l l i l c c i n  i mt ; d

combat power. ” The elet m i t  i - n  o f  “c m cc c I u t :m h u lc h c m l m n ~ c
’ i s  n o t  ea~ -;

but time object ive seems more rem a h i st I c  t l m m m n  ‘‘ c l o s  i u m g  time g m p  , ‘‘ i i i  1 d m

in ci s e - m i s c  imp lies a utmc rr ot - — i :- age- e f f o r t  to  er m s c - m s \  n o t  r i e s  m i n i

tr~- for a nmatclm in quant itm mt ive cmtpah i I itv. ndmr ei v time t. S. goal

must he to  lu ster deliberate ms vt -nne - t r i  l’s h e t u - t - e -n 1 .5 . i_mulch S y  I , - t  c~~nh at

s vs  tents anti t m c  t ical enmp lovment c on c e p t  ; h e -s  ign st rod tur ,-s c m p ; i h  I

of inflicting quick , simultaneous , uct u l t i p ie—a t tr iti ~-n ; a v o i d  c u r  m u l t i  L . i~-

t h e  l o c a l  i z e d , simort — rcm n ;c; en ca- e-nm ent , p a r t i c u l a r l y by mmlmss , - - l I o t ; ; c m t  1, 11 ; -

titat c-i n only ic-ad to unace-ept ib 1 e p -  r s o : u n e l  ~m nci  S - s t  e l ;  m i t  t i t

time - n move- into t I me- c > : 1 ’ l - i t c t i  t e n  liv 1 m v umc -rg ist ic m ut t e -gr O lou e ’t  p m -  I i -  - u ;

III 
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firepower , high tmtobility, and surprise. Such an approacim gives new

dimensions to the fundamenta l  p r inci p les of war , i n t e rp r e t a t i o n s

implicit it-i technological trends. “Mass ,” for instance , is not a

phys ical conj unct ion , bu t rather the discrete, precise , simultaneous

app lica tion of f irepower coup led with vertical and horizontal

mobility. “Surpr ise” is ti-me utter unpredictabilit y of wimen or where

one will suffer sudden system attrition. Quantuitu reductions in

ammunit ion consumption as well as the uitobility and intense combat

power of small elements are classic app lications of “economy ci

f o r c e . ”

What was once a pipedream is now technically possible and

pragma t i ca l ly  f ea s ib l e .  A recent paper by John H. Morse stresses the

revolutionary implications of rapidly advancing technologies tlmat

furnish more destructive energy in smaller packages , quantetm increases

in warhead delivery speed , vastly improved mobi lit’- and conutmu nicatiom is ,
20and enhanced ability to destroy quickly whatever can be located .

He acknowledges ti-me challenge of target acquisition , as has tlmis

pape r ;  bu t  t i -mat , too , can be mmmet with innovative advanced tcmchnol ’gv .

(Remotely piloted vehicles , for instance , are not only weapon plat-

forms but offer dramatically new dimensions to battlefield

surveillance.) Morse , too , is less than sanguine about real—world

prospects because , as i-me says , “cmn v sugges t ion  fo r  s i g n i f i c a n t  c imm i nge s

in military systems or thoug imt a lways raises a imo st  of questions amid

leads inevitabl y to a serie s of investi gations whose el f e e t  is o f t e n

to s tud y n ew proposals to death , thus preventin g or immt cr ummi na hlv

de lay ing  t i m e i r  adopt ion . ”

James Di gb y of The Rand Co rporat ion has cclvi - red time imu mp I i ccl t I o u t s

of p r e c i s i o n — g u i d e d  m u n i t i o n s  (P GM s) in  some d e t m m i l  , wit im emp h mci s is Ott
‘1p r i o r i ti e s , risks , and op p o r t u n i ti e s .~ WI -mile d e s c r i b i n g  time-

revolutionary potentials , he q u i t e  c o r r e c t ly  s t resses  t i m e  p r e s e n t

l i m i t a t i o n s  ot  l ’CM— r e l a t e d  t e c i m n o l o g i e s  , as u-eli as time numerous ,

f o r n m i d m m b l e  obs t ac les  to p r o g r e s s .  ln consiei c- rm m t  h - m m  e f  ou r  j u m i s t

p e r t  ormm mnc e  in hand 1 ing ( e v e - m m  I C - u s sop imi st lumi t e d )  N - e L i m o ]  e u g y

i’ r op os  i tion 2 h e r e I n  u- t m i d  mm p p e a r  t o  h a ve  i m i g i m  i - u - l i l t - t i c  ~ : t l m w .  I

_ _ _ _ _  
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choices and interfaces are so numerous and complex that both the

analy t ica l  tasks and pract ica l  decisions are vulnerable to

interminable procrastination , not to mention wrong choices , and

thus a d ras t i c  change in developmental methodology is called f o r .

Paradoxica l ly , one can make a strong case that the most obvious

objectives and the simp lest methods are likely to be the best.

Neither the present configt’ration of the U.S. Army nor its

developmental program fits what we have defined as “tu e logic of

deliberate asymmetry .” Neither can we adopt it without major cl-manges

in weaponry , tactical and support concepts , and doctrine . If one

accepts the rather common attitudes that (a) the technology , whetimer

or not possible , has not yet been proved ; (b) sunk costs in preset-it

pr ograms, as well as the momentum of on—going developments , are so

great that new programs are infeasible; and (c) that in any event

it is unrealistic to expect quantum change , except possibly over a

period of several decades , then Propositions I and 2 are v i o l a t e d

at the outset. it is even more unrealistic , however , to believe tima t ,

shor t  of a ca t a s t rophic event (when it will be too la te) , na t iona l

p r io r i t i e s  wi l l  permit  the  m a t c h i n g  of Soviet momentum w it im t r a d i t i o na l

f o r c e  s t r u c t u r e s .

Fundamental to the proposed , asymmetrical approach is wi-mat we

define here as ti-me “precision loop,” a closed system of launcimers ,

terminally guided projectiles , target acqu i s i t i on  systems , and

integrated counter—nmeasure resistors. Evaluation of such systems as

a primary tactical mode will show them to he comp letely in hzmrm ttonv

with the classic principles of war , but also th at timey call for
22

entirely new tactical perceptions :

o A target hit depends upon neither human o h s e r v c m t  i on  nor

projectile velocity , imence ti-me distinction b e t w e e n

“d irect ” and “indirect ” fire would tend to lose signifi-

cance.

_ _ _ _ _  __________ _~~ ~~- - -2�i~~ c~~~~~~~~~~’ ~~~~
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o Terrain conf igura t ion, while st i l l  relevant , takes on

entirely different significance . High ground , for

instance , owes its importance to the observation it

affords , its value for cover and concealimment , and its

channelization e f f e c t .  But If observation and accurate

f i r e  are relatively independent of terrain , the ob jec t ive

of “seizing the high ground ,” historically so very

costly in lives and lost momentum , will lose its

rationale .

o One could depend upon a famil y of re la t ive ly inexpensive

launchers , mass—produced and fielded in large quantities ,

blended into organizations that blur the distinction

between “infantry” and “artillery ” modes. This in turn

would permit the concentration of funds and quality control

on the projectile , and on the target acquisition—guidance

loop. The imp lications to strategic and tactical mobility

are apparent.

What seriously hampers acceptance of such concepts is ti-me

poss ibi l i ty  that the Soviets , with their  demonstrated technolog ical

competence and persistence, would f i e ld  comparable forces  and t itus

neu t ra l i ze  any advantage .  Also , the Soviets mi ght  be w i l l i n g  to

expend the resources necessary fo r  a dual conventional/precision

capab i l i t y ,  while the United States  gambled every th ing  on new

technology and revo lu t ionary  fo rce  st ruc tu res . A c t u a l l y ,  t h e va lue

of alternative structures is a function of conceptual v a l i d i t y ,

lead—time , and system quality, to include counter— ntemmsure capabilities.

With  s u f f i c i e n t  conf idence  and aggress iveness , ti -m e U n i t e d  S t a t e s

could seize an insurmountable advanta ge . What ’s more , ti me Soviets

cannot easily shift the monmentum of their present effort , nor is it

l ikely ti -mat the mono l it imic  Soviet s t r u c t u r e , i ts advan tages  n o t w i t h —

s t a n d i n g ,  can adopt revolutionar y change as well as could ti -me tufted

States , assuming of course the national, will to do so. Ti-m e [niteel St a t t-- ~

has over comn e the  earl y Sovie t  lead in space , desp i te  t i m e i r  c u r l y  Sp u t n i k

s i t  e l i  i t  e - m u  an i n t ense  c o n c e n t r a t i on  i f  e l  f o r t



_ _ _ _ _ _ _ _ _ _ _ _  
-~~ -- -

--55—

In any event , it is quite evident that the capabilities to

f i nd  and des t roy are rapidly exceeding the capabil i t ies  to hide and

pr o t e c t , and there is every reason to believe that this trend will

cont inue .  The great  f u t u r e  o p p o r t u n i t y ,  t h e r e f o r e , is to not only

bend with the wind but to harness its power. It seems to be the

only ra t ional  way.

- - _ - - ~~~
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Ni-W hiCIINOLOGIES MD U.S. LAND fORCES:

F l-XAMJ~LES AND FUTURE OP1’URTLNITIES

Endnotes

1. General J. i-I . Polk , “We Need a New Tank ,” 4~” , June 1972 . An
impor tan t  anal ysis of t ime 1.  S. tank s i t u a t i o n  from ti -me v i ew—
poin t  of one of t h e  Arm y ’s mos t experienced armor c f f i c e r s ,
inc luding comparison of the Soviet T62 and U.S . M6OA1. 

—

2 Ib id .  General Polk r e f e r s  to demise of time MBT — 7 0 as “ t i - me
la t e s t  act  in this  t ragedy of e r ror s . ” C o n c e r n i ng  the
m i s s i l e — f i r i n g  M60A2 he s tates , “ In 1966.. .1 recounniendemi that
we cut our losses and drop th i s  p a r t i c u l a r  p r o d u c t  h u t  u-as
overruled because the  sunk costs  were too hig h and , besides ,
the problems could be ‘fixed . ‘ We are still fixing them ,
and the sunk costs have doubled .”

3. ~. - ..~r o c c  Be-~:~-~ ~*c ; ‘‘~~~~ cc :n -
~~~~

‘- - ‘
~~ - -~~~‘ s’o~ ~~~~ o-

ucoto , 94tit Congress , 2nd Session on S.2065, Part 1,
January  29 , 1976 , S ta tement  of the Cimair man , JCS , p .  53.

4. The infantryman habituall y views ti-me tank as his defense
against enemy tanks . For instance , in an article entitled
“Give  Me a Tank ” ( A p i : - , November 1 9 7 2 ) ,  L t .  Col .  A .  N . Ga r l and
says: “The old line infantryman wants sounething that will
stop armor cold at ranges up to 2l~~0 nmeters , no t  s o m e t h i n g  t h a t
mi ght  work at 20 m e t e r s .  I know what  t imey c l a im fo r  t h e  c u r r e n t
a n t i t a n k  weapons.  But  I p i t y  time poor ‘gru nt ’ who must  depend
on t imem.  And the  issued f l a k  vest  is not made to w a r d  o f f
lO5nmm h i g h — v e l o c i t y  rounds .”

5. The chronology and system details in ti-m is paragrap im are based
la rge in ’  on John Weeks , , ‘ -

~~ 
, - - ;  - ~u~~~, , - _ -  •

:;‘ ~, m :  a -  m i - c
- _ -_ : , -~~ z - - (Mason/Charter Publ ishers , I n c . ,  1975).

6. Acc ording t o  I-lark S t ewar t  in “A rmy R& i) S i m o u l d  Pa~’ O f f — — B u t
Ha sn ’t ” ( - I ! ~’. e ’ . : - o m o -  mi ‘u~”ujZ [

~:~c : o ~~ - ‘ - ;  , August 1975)
“Sher idan  s t i l l  exper iences  such poom mechanical re-I iabil l i v
that  many an armored c m m v a l r u n t m a n  w i s i t e s  he u-as a s t r i d e  h i s  o l d
M41 . So does more than one f o r e i g n  c o u n t r y  who s t i l l  imp lore
t ime Army to reopen the 114 1 p r o d u c t i o n  li t -m e while none b mav c -
p rocured  S h e r i d a n . ”

7. B. F. i-ialloran , “Soviet Armor Co m ; mes  to  \ ‘ i e t n a m n , ” -1 :-’- - , A u g u s t  19 7 2 .
ilalloran recounts an attack on a Speci al Forces o u t p o s t  in
\ i e t n m m ; m  (1968) and s t a t e s  t ha t  of a m i x  of l 06 mm un re- c c m j l l ess
r i i  le~ , 5 7nm mn RR , and 1172 i AL ‘ s , on lv time 1 O6utitt m ‘s we’ me d l  ec t  i v  t-

even agains t  time Sovie t  I’T 76 l l c - i m t  t a n k .
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S . I t  is t rue , however , tha t  bI -- increas ing  t ime p r o p e l l a n t  clmar y o

as w e l l  as f r a g m e n t a t i o n  e f f e c t  of the standard artiller y
projectile l05mimm a r t i ll eu - v of t o d a y  h a s  abou t  t ime c a p a b i l i ty
of l55ttutm artillery of World War 11. Accord ing  to an Art u v
Colonel  who per sonal ly observed opermmtions in time 1973 Sinct i
u-ar the I s r a e lis  c o n s i d e r  I’ . S. a r t i l l e ry  f r a g m e n t a t i o n
super ior  to t i -mat  of the  Sovie t s .

9. Of interest in this respect is an article b Prig. Gen . A. R. h o t  H e m
and Maj . R. B. Mu icr entitled “Art illcrv Puncim ” C- - - , Nove - ;c,gc r
1973) in wit lo b  t im e -v j d ’,- c tnce  ti -me hypothesis ti-mat a blend of
CLGP and s t anda rd  a r t i l l e ry  would be c ore c o s t — e f f e c t i v e  than
an al t e r n a t e  c ou u ;p o s i t i o n  of a n t i t a n k  nt i ss i l e s  and o t h e r  svst-o;c ,,-e .
What the  arti cle Se emu s to  n e g l e c t , imowe ver , is (a )  the  p o s s i i u i l i t - :
timat rocke ts , not CLCP , are  bes t ; an d (b ) t i me inmp l i c a t i o n s  of
p r eci s i o n  c o u n t e r — h ’ a t t e r v  by  o p p o s i n g  f o r c e s .  Time art i d e - is
m-me yertime less a valuable basis for further analysis.

10. !!C-o:- - , - - - - - ~~;,
- - - - - f -  -

. 
:-  ~ o m ,: - 

-
- - , ‘ -

. , (op .  c i t . )  , —

p. 143. The Cimairm mman ‘s JCS report also i l o i m - m t s  oemt t i m e
i m p o r t a n c e  of t i m e -  S o v i e t s ’ l iMi t  and hiM i ’ m l  a n t r v  I iglm t ing
vehi c l e s .

11. B r i g .  Ger m . I- ’ . P .  H e n d e r s o n , “ l” m e - 1- I - l i -  , An Al  t e ’m at e  i-utur c am -m el i l -c - ,

to Get  ‘i ’h ero , ‘‘  - ,‘ u -  - 
-
. 

~~~~ , July 1m ~~7 1 He S t c t t e - s :
‘‘W hi l e  t r a i n i n g  m a n ua l s  ma~ ’ co -utol  time \ ‘irtues of ‘ e’vehatl to
e y e b a l l ’  combat  and t h e  ‘ sp i r i t  of t h e ’ b c m v o n e - t , ‘ tlmeir
audience has always thought time-re - mus t be a b~-t  t er mmmd l e s s
t r i c k y u’a\- to e l i m i n a t e -  L i m e  o p p o n e n t  . ‘‘ lie q u o t e s  A t d a n t  dem i ’ i c q
“ h o  f i g i m t  f r o n t  a d i s t , m n c e - is i nst  i nct  i - - c- in uc ci t i. ‘ re - cc tim e
I i r s t  d u t y  he h’mas worked  tm - u t h i s  ct -mc i , at -m d It e  e’oui t m m m c ’s to do
so • “ Henderson c-nv is ions an ent j re  i v  d u f f  c-re -u - mt ce - c m i-ul t 1 0 F c c ’

t ime > l a r i u m e  Se - c m r c i m  and A t t m m c k  B a t L , m l  ion , a comb i t - m a t  m e t ;  C t
c moic;ia ad , sea r c i m  and t c m r g e t  ; m e u ; ; m  s i t  i m - n  , i n :  ~m n t  m y  ~ e ’a t ’ cit  m o d
a t t a c k , , m i r  s e a r c i m  and a t t a c k , t , m r u . e - t  ; m t t  c m c k  , , u H - ,m t se rv ice -

sm mpp ort , and at taclmeci c- lem~-m i t s .

12. See J . S. ‘fem;-mp k i n s , ‘ u- - u _ : - .- ‘
~ ~

‘
~;y - , m ’ — -

- 
(~~l m u t i i -  he-d ut y ~e

(;~~. , 1905) . Tompkins c i m , m r ~ ei; t i t ~~t t h e e  l n i t ~ -d - t ~~~l~ - - 1 c m : - ;  f , u m
h elm m e l  i t t  O c ’ , l ; u u l t v  e’sse’nt imm i to cm I Lxii ’ Ic uju ’ i’oi I C ’’,’ bc - u - e mmm ee ’
ot  I ts “absolute m’ c- 1 lance- omm mmmi imi f i c x  iii Ic- mm u c 1 - - u 

~s’ I icy .
id mil , - d oh a t u t h  Ic irm d i t t y  r e s p e c t s , t i m e  w o t k  J ’t’ o\’ tOe ’s m o m: m o m m s
vc m lmial ’ le Insi gh t s  intci e ie ’v elu u I i: c -l ut a,l cibst i, ’ u S  , t i l e  i t m c l  i n c  t i e ’
,\:cc ’r i aum m m f fe- ct i o n for soplIistiu - ,m I ion, p r e ’ - t  m~ m r , m , - : - ;c - mm t cm t l o u t ,
I I~ t’ s’ t ’ ei s t r m t o g i c  and t , m u t i c c m l  ic ’r s p e e  I i v e s , 1’ .e!e’c ’ i t t , i i  is ;- - .

t r e i d i t i o nu m l ismu t , btt r ec m mm , r cv , mind t m - e q u e n t  i - mi l u t e - to g r m S~u cc
j u p  I I ’ d c I m ’tm of cmv umi l a l ’ 1, - t e - - l m m l i -  I c’e ’ v .
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13. Pershing II is an in teres t ing  examp le of the  i n t e r a c t i o n  of
technology,  s t r a t egy , and i n t e rna ,t ional  po l i t i ca l  dy n a m i c s .
It is qui te  evident tha t  technology is closing ti-me gap
be tween nuclear and “conventional” e f f e ct s , which , paradoxicall y ,
is viewed in some quarters as a serious ti-mreat to militar y
stabilization. H. T. Simntons , in an article titled
“Persh ing  II ” (mit ’m: , , August 1974) , cites ti-me need to verif y
radar area cor re la t ion  (RADAC) t echno logy , am -mci goes on to say :
“But the (Senate Armed Services) Committee ’s main objection
did not appear to be any of these. What seemed most trouble-
some was the concept of a highly accurate , low yield weapon
which might  ac tual ly be emp loyed in war figimting , and time
attitude of the NATO countries toward the new development. ”

Once again , attitudes are more important obstacles to new
technology than is application technique.

i-’c . Ibis refers specificall y to Army priorities. Tecimnology ,
including the use of existing nmissiles as a vehicle for
precision delivery of sub—munitions , can vastl y alter tim c
c o s t — e f f e c t i v e  qua l i t i e s  of o t im erwise  i m p r a c t i c a l  s y s t e m s .
Ti-mere remains the question of imow best to focus techno1og ical
initiatives within the Army ’s ve ry linmited resources. What
counts is the entire “precision loop ” (as defined in this pmmper )
re la t ive  to t a rge t  range p r i o r i t i e s .

15. See comments  of t h e  Cha i rnman , JCS , b e f o r e  the  S e n a t e  Art imed
Services Commit tee , op.  c i t .  For an e x c e l l e n t  s u u u u u c m r v  o f  A r m y
missiles and their developmental history see “Arnmv M i s s i l e s , A
New Gene ra t i on , ” by E.  C.  Lud v igsen , ,- i ~ ’: , June 1973.

16. ic’-_ a~~co3 mi-:’~, r~- ~~~ ;~~~~‘:‘,~~~ es,- on -ii~’:- - :  ‘ :
‘
~ ‘ e ’~~- , e, St m mt eu tme - n t  ol

thie Chairman , JCS , op. cit., p. 54.

17. General H. H. Howze reviews airmohility and time Howze Board e f f o r t s
in “Windin g U p a Great Show , ” do” - , Ap r i l  1974 .

18. Wimile this paper does hiot address Soviet airm imob ile c m pab i li ti es ,
the Cima lrm iman of the JCS r e c e n t l y r e p o r t e d  t e l L ime  H c ’ tm ei t c —

Armed Services Corumnmitte e ~op . cit. , p.  55) that “fl-mere arc
d r a n t a t i c  i m p r o v e ’m - m i - n t s  in ti - me Soy jet imel  I c e u p t e u ’ f e m r c c ’ s

19. See the A. ; u  - 
0’ : - . ‘ : ‘:~‘ , a seven—vo lunme , ext re -m u me l y coutm prc’ime -u m o I

report published by ll q U.S. Ar mm mv \ ‘ie-tmim m m n , i n  1 9 7 1 .  V o l u m e -  I
is an u n c l a s s it  ied s u u : m u l m c m r v  • l ime  r e-port femrn i shm e -s st  a r t  I i u m g
da ta  on t ime  n m onumen ta l  log i s t  h - s  i f  f o r t  L l m r c ” m e i l m o u t  t h e ’ V i  c l  m m , m c ,
ope r m m t i o n , as wel l  as cm d e s c r i pt ion of , m uune r ou s  L ’x I i e ’r 1 , - u t - cs ;immcl
i n n o v a t i o n s  of g r ea t  v a l u e  t o future lc~-. 1st ics ope m m t iomm s mind
technolog ical developments.

L - -- --~~ --  ~-— -
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20. J. H. Morse, “New Weapons Technologies: Imp lica t ions f o r  NA b ,”

J~’i. ~s , Summer 1975 , p. 497. The examples cited in ti-mis paper
tend to verify his thesis that “Since 1945 Western military
leaders have made no major changes in their military concepts ,
methods of operat ion , doctr ines , t a c t i c s , or fo rce  posture-s.
They have improved tlteir armed forces  p r imar i l y by develop ing
better versiors of familiar weapon systems.” He also states:
“The trends in new weapons technology are favorable to small
units, swift movement , and rap id communications. Ti-me tlmrust
in these directions comes from such technical developmetits as
the following : More destructive energy in sn-mailer packages...
Ti-me revolution in delivery a c c u r a c y . .  .‘ihe r e v o l u t i o n  in
delivery speed.. .Vasti y improved mobilit r- and cor ,tnmunication s .
and enhanced a b i l i t y  to des t roy  q u i c k l y whatever can he
loca ted . ”

21. James IJigby, “Chan ging Weapon Priorities , New Risks , Nem~’

Opportunities ,” ,-o t:’v zat eo A c ~~~Je:, -
~,- u , , y  , Mar c- it  1975.

Digby discusses in some detail the implications of wh~mt lme
def ines  as “ prec is ion—Guided Mun i t i ons . ” He points out ti-mat wi t l m
these systems accuracy is no longer a f u n c t i o n  of range , and timat
“if a target can be acquired and followed during ti-me required
aiming process it can usually be hit. For many targets hitting
is equivalent to destroying .” Among the implications he
suggests are : The value of more , inexpensive combat systems
over te~mer , more expensive ones , since it will be much less
des i rable  to “concen t ra te  a grea t  deal  of m i l i t c m r v a l u e  itt
one place or one veh ic le ” ; the increased importance of
concealment , thus concentration of men and veh ic les  becomes
less practical ; that even small units can be very power ful
when equipped with PliNs or designators that can cal l in amid
guide remote PGMs ; time potential requirement for nmuci m less
ammunition for the sante efie-cts .

22. Note that these perceptions , which are only fragmuemits of m u c h
broader  impl i ca t ions  to change in todemv ’s tactical p rin cip Ie -~
and doctrine , are in e f f e c t  an extension of concepts o f fered
by Morse and Digb~ (Note’s 20 , 21 ab o v e )  . If time: lo ne - f i ts  UI
revolutionary tecimno logy can be demonstrated to time sat lot act i o n
of  the  p ro fess iona l  soldier , such m i s c m c a p a i m i l  i i  v h e ’  sct i ’ot I t t m t c
p r e c i s i o n  f o r  c a s u a l t i e s , then he is n m u c l m  ‘ co re  l i k e l y t o

and strong l y support t h e  l i e - c e , - u s : m r v  an;m i~ ’t Ica l  am -m d , i e - ’ ,’c I o 1iiuic umt a I
programs .
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‘l i i i :  CAl’ I]’Al — I N  l E N S  1 VE M I  LI ‘I ’ \ l i Y I R O D UCT I O N
*I ’RO CE SS ANI) I’ERVERSE INCEN ‘ii v i-:s

I . A . Stoe’kf i s e -h
Attic -ric an Petroleum Inst itute-

SOME COMI’~~RI SONS OF RECENT U . S .  E X P E R I E N C E S

From 1965 through 1970, time United S t a t e s  en gage d in a l a n d  war

equ al to roug l ml y 46 d iv i s ion  yea rs .  A “ d i v i s i o n — y e a r ” is t ime commit-

ment , in the  t h e a t e r , of a “d i v i s i o n  f o r c e ” (Army or Marine) for a

p e r i o d  o f one ve-mtr. Roug hl y s p e a k i n g ,  ma d i v i s i o n  f ree ’ p o s s e s s e s an

a u t h o r i z e d  s t r e n g t h  of a b o u t  6500 c omh mm t i n f a n t r y m e n , 200 combat  v e i m i c - i e - s

(hel icopter gunshi ps and trac ked c ombat  v e -h i c - l e s )  , arm d b e tw c - e ’mm 60 t o

100 a r t i l l e r y  p icc-es . 1 Behind t hese  f i g h t i n g  e l e m e n t s  m i r e -  add i t  i c ’ m m m i l

men and e q u i p m e n t  th c m t b r i m i g t he  t o t a l  nmmm np o w e r  in cm d i v i s i o n  f o r c e ’

to a round  4 3 , 000 , to inc lude  log i s t i c  suppo r t  t r o c u p s .  2

T ime 46 d i v i s i o n  v e - c m r s  exp emmde ’ d in I n d o c h in a  compares  w i t h  10 d l v  i—

sion years of U.S. e- f f o r t  in t i m e  N o r t h w e s t  E u r o p e a n  Cu mmpa i gn w i m i c h  cent—

menced on Jemne 6 , 1944 , a t  N o r m u m n d v  (se e ’ T a b l e  1) . Tim ims Indoe -l m i mim t m c , l s

a s i z a b l e  land w a r .  However , co mm i t m e n t cml combat units to ‘~ j - e ’ r l t  i o n s

p rov ides  onl y a gross c r i t e r i o n  upon w i t i ch  t o  nmumke contpc trise un s be -too - e u

w a r s  m -mnd t h r o u g h  t i m e

One c r i t e r i o n  is i n t e n s i ty  of e c i s t m , m l t  l i ’s take ’ ui . D u r i n g  the I SoS—

1970 per iod , U . S .  land force- s e x p e r i e m m c e e d 215 ,000 e ’ c ms mmc m l t  i c ’S (see ’

A ppendix B for derivation of t i - m i s  e ’ s t i n t u m t e ) .  By t i m e  e ’ m t s l m c m l t v  c r i t e ’ r i - ’ m m .

t he  Nor  thw e ’st  European cm -m m p mm i gn wmm s double- the- m c mgn i t  t tde - - of I mmd cci mm mi

S i n c e  t h e u m t c - r  e h i v i s j m u n  f o r e - c’ s i z e ’ p e r  d i v i s i o n  w c m s  r u u u m g h m l  v t h e  sm ir i m e - i t t

h o t i m  wars , t i t e  Nc’rtitwest i - m m r u u p e m i m m  e - a m pcm gum w cms more  t im m i u m 2. t ins’s as

intensive in terms c u t  l o s s e s i n e -c i r r ec i  f o r  t ime m im e- n i n v ,~~ ve ’ cf . If a

f i g u r e  u t  43 , 000 p e r  d i v i s i o n  f o r e - c’ i s  emp lu uve -d m i s  r e - p r e - s u - u l t  I t l y e - I

N cm r tfm we ’st i- Strop e-  ci m mel  I n d o c h i n a , t i m e -  l o s s e s p e r  v , ’ m m -  pe’ r 101 ) 1 1 uu , - uu l e t -

012 and 118 , r e s p e c t  ive l v .  lI m i t  t i l i Se’ ram I c u s  mask  t i l t -  h i gh I v  ,m um , -ve -u l

inc j clc u m e ’ c ’ o f  u - c o - m u m c i l t y  ch istr i bm i t i , ’ m i i’u ’ t u’e’ e -n d i f  t ’ ’ ’r e ’nt n il i ! c t m  sp u ’ , ’ i u l —

t i s .  -‘ er exm mn m p ie ’ , c m h omt t 80 p c r ’ e ’n t cu t Wu ’r I e h W i r  I I  i ’ .S. \ m ’ i u u \ - ’ - m , - m t i l t

we re tjke -n b y  1 m m - m i t t  rv , ‘~- ‘ t i u m t .m n t r v  c - n - ct i t u m N ’ c h  1,i-o , tim un , ‘um , ’ - -’ u m nt I,

*The v iews  expresse d in this pu lper are the a u t h e u r  s own , mum I t r u -
not ume ces sari ly s i m t r c d  b y Ran d cur  I t  -e r - ‘ e d  rc hi sp e u u sd u  t o

- - ~- ‘ e e —  H -“ L  ~~~
• 
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Table 1

LAND FORCE CASUALTY EXPERIENCE , U.S. WORLD WAR II EVROI’E AN
CAMPAI GNS AND IND OCH I NA , PER DIVISION—YEAR OF l -N O A g - M i - N i’

Killed - m m d Division Cm isu um l t ie ’o , ’

Theater  Wounded Years  D i v i s i e u n  Year

Wor ld War II , European Campaigns
Northwest Europe 462,470  35 .5 1 1 ,027
Italy 125 ,277  11.2 11 ,185
Sicil y 6,675 1. 1 0,1)0 )

Total 594,422 4 7 . 8 12 ,701

Korean War (Army only) 97 ,141 19.5 -~,982

lm m doch ina  ( 1965—1970) 235 , 365 4 6 . 3 2  5 ,083

SOURCE: For the derivation of tT te “Division—Yecmr ” e s t i m a t es , see ’
Appendix A ; for the source of European Canmpai gn and Korean W:m r c- mmsm t cm i —
t ie:s , also see- Appendix A. Indochina War casualtie ’s si-mown in timis
t a b l e  are about  27 pe rcen t  lowe r t i - man  the f i gures  r e l e ’cm se d an d pmm b l i c  h - e d
dur ing the war .  A ppend ix  B p r e s e n t s  the reasons and rat ion cmle feu r ti me
a d j u s t ment t h a t  was u n d e r t a k e n  to make ti - m e c a s u a l ty  e ’xpe ’ r i e n c e - s b~’t is’ u e ’n

wars  rough l y  c o m p a r a b l e .

of authorized troop strength . A similar pattern was evident in Korea.

At  th i s  t im-tie , time Imdcmchina ccmsua ltv data hmmve no t  bee -mm a nmt l \ ’ / c -d -m o

to provide cm basis t e l  determimie incidence e f  c c t s m t u t l t ie s  he- t o- c - c - m m  \ ‘ar i c m u s

c-c- ~ions and combat spe’cialt ~e’s . However , i t  wou ld  he ’ s u r p r i s i n g  i f  t i - m e ’

l rmdoc i m Irm a W c m r  re - ve a l  ed s eib s t a n t  i , m l  dep mm r t u re s  f r o n t  t h e  w e L l  — c - s t a h l  i si ted

1m , i t  t c-ru c u f  r el a t  ive c’,m u-o ,m cm I ty i m c  ide n c e o f  p c I o  t l c tmi cl o’ , i  u~ c

‘lim e data e 1  l’ c i b l e -  1 im ’md i u ’ t t e -  some cml  t l m e -  i n t r i e ’ t u i h l e ’ l s 1u t ’ u t s  of  m~’ mm

I iu ’ u ’ i gli pol l i v , mind m i l i t c m r v  m i c i m i g e m e n t  . Howeve r , i t  i s  t I m e  1 m r m ~sp e ’c t  e e l

p u ’ s  ic-u-m i i Ft u t t v  t i  peop le cirmd timings b~’ w l m ie - h war  am i d n i l i t m m m ’v e p e r I t  i - -m m - -

I m m t  l u e n c e -  dc-c i c e  Iuni c-; , am-md are t i m e r e ’ i m y  mt i ‘‘ i m i s t r u n m e - r m t ‘‘ u ’ f  f o r e i gn p o t  i cy .

Y e t  t i m e  e ’ x p e - m m d i t m i u e -  c ut iimui te ’ m’i e - l ui ttd nt imm pc ew e- r is an ms~’ e-ct c i t  O’cm r i t se ’ I I

h e - u ’ x i e - u ’ m e h i t u r , - o f  n m c i t m p e l w e r  is wl t ,m t e m sumi l t i c ’s  n m e - , u s C m m e - . ‘t h i s  l i t  t e r

e ’ l u u c o m i t  endows u t m i l i t m i r y  i t I - i i r s  w i t i m  e e ’ r t i i u m  l e e - c e l l i a r  q i m m i l  i t  l u ’’i w i t i e ’ I u

e’(lTli(~ t e l  a l t e , i e i  in  t h e ’  I i c - h i s  a l  ‘‘ n m i l t j m ’o’ u ’ u  ‘roe - u i m e - n u c - f l t  . ifld ] mn i , m i - ’ t i i ~- mmt -

Om me - .m t te ’ mpt e’ch W.iv to c o u p e  with t i m e -  p r e ’ h l e - mn h l m m f ’ o c u e -e i  l iv  
~~~~~~ ‘ ‘ es , ’ I - , l i S t t It h’i~

i s  I o t u , ’ t e ’  d c - y e - I l; ’ ecp m l p n m e m l l  .111 (1 we ‘ m f e e  ‘ T i ’ - , um ,I te e c-np h e y  ci r t i I l e - m  - i m d

I r powe r t c m  d c - I  l v ’  - t - e m c  i i  i c l um — p i- e d u c e d  1c mt e - r h - I  , t e ’ s t i l i - , t i t  i t  ~ ‘ I - m m m m m n t t u , -  m

I, ~~— ~~-—- --- - -—-
~~~~~~

--—

- —— — — — ‘c~—--- - —— — - - ____ ,s__. - -~



-6 3-

of 1 g Il t  I mm g manpower , amid t lm er e b y t ry t u i reduce ’ ccmsu a i t Ic’s. But mode-rn

sop lt i st  Limi ted W eu mp o ns  have c r e m i t e d  sonic- ‘‘ m u muipo wer p r c b l e m s ’’ m e t  t i m e- i r ‘ o u t .

At  a mim -mimum , weapon d e v eb o p u n e n t  and de s ign  a p p e a r  to  he ’ c r  i t  i c - a l l y

i n t e r r e lat e d  w i t h  manpower  m a m i a g e m e m t .

Another p o i n t  sugges ted  by Tab le  1, and t ime  Ind cmc i t i r mmm W i r e ’ c m s m m . m  1—

t i c ’s in p a r t i c e m L a r , is t hat  U. S. a t t e m p t s  to f im i d  W O V O  t e l  s u b s t i t u t e ’

c a p i t a l  and m a t e r i e l  f o r  manpower  m im ay h ave been l ess  t i t a n  w c ms hope d I e r .

The Indocimina War cutsual tv  e x p e r i e n c e , p c -r i - m a p s  more t iman  m m n v t i m  [mi g e l s e ’ ,

b rought  about  a bas ic  change itt militar y mmanpowo-r procurement , by wc m v o t

ci i n t i m a t i n g  p e a c e t i m e  consc r ip t i on .  Yet  the future of tim e ’ “cii 1 v o l u n t ee r ”

-
- armed service is murky and ti-me periodic difficulty in meeting monthly € ‘nl ist~c c~-nt

quotas for ti-me Armmmy and Marine Corps , the service’s  WltIc ’it bc-ar the’ lie -l v ic’ -~t

i n c i d e n c e  of wartime casualties , is cited to support time idea that

an “all volunteer ” system may have been a m i s t a k e . T h i s  sc ’nt  i t u m e - u t  • i n

t u r n , lends a d d i t i o n a l  f o r c e  to time-  ques t  tel t i t -md w ;mvs t e u  s u hs t  I t u b

e’api tal  f o r  labor .  But if  we lmav e not  done mis w e l l  ~ms t n i g l m t  be’ 1lciss i b l e ’

thus far , ways to improve the weapons acquisit 1 c m p r o c e s s  nt~~ i im t t l mc ’r , t  c~ i ’ c

he even more criticall y related t e l  manpower  pd 11ev.  i t  Wemu ld he mtn t’ c m r —

tunate to reinst itute time old manpo~ e r  p r o c u r em e n t  s vs t  em b e t  cu re - t i m i n k  iu i g

t b m r o u g im or  unders tumnding sorute of these i n ter r e e l a t  i e n s i l  1 h i s .

Wh u m t e ’vc- r may be the ftm tur c- e e l  t ime  ‘‘ cml  l — v e u l e m u i t e - e-r ’’ , m r n t e ’ ei I ‘ t e e  cc u mice -p t

t ime  h i g lm er  bud g e t e m  rv  c o st s  of  mi l l t a m  o m u t u m p e u w e ’ r l i v e ’ be -e n e ~ f i - - I  t - s e m p —

p o r t  it ig im l e v e l s  of  Rc - se’ m i r e ’ii and Deve I opme ’mi t speitd  I t m g  . ‘ l i m e  - m n g m m n m e - m m t I : ;

t l m m t t on Iv by t echno  log ic-ca l s u p e r  h -mr  i t  v c aum we e e l  f set  t i m e - I d r - . -, r m m u m m i u e ’ r o

t in t  t our  o p p o n e n t s  possess .  Ore - c- ise 1 ~ wl mm i t i s  me ui m - m t by  t e e  m u i ~ - I og i c . u  I

s u p e ri o r i t y  in t h i s  c o n t e x t , hc weve r , i s  not  c ’ h e ’a m - . l~~ e ’ e~~e m 1 - ~e - - I t t e - u m c c -s .

i m u e W e V c ’r  , c d i m m  l i e ’ mo r e ’ c o t  iy  weapons  c i m m d  .m m o r e -  c ap i t a l —  i l m t e ’ m m s i v e - I ‘n e c-

st reid’ tur e- . ‘ I ’ hmm mt  i s , t i m e  m m d v u m u m c e s  I mm t e ’e ’I t m e e  l o g y  m u , ’ ‘‘ e mi i ,u e l I c c l ’ ’  i u i F t c ’S’

o’e m l . e ’ m t s  , or m o r e - ‘ap i t  m i  — h m m t e n s  jVe ’ I e m r e ’ e  e i c-me - n t  s • e e r  b et  I t .  , \ l  t i m e ’eq ’, h

t h e re - i s  m e e t  t i e ’ cc -; s t r i l v  a ‘ e t r i  I nc - h i t  i e ’ u m s l m i p 1 , - to - c - e n  t u - c i m n i c c i l  i n l i e m ’ c l v , -

cue - n t  m i m i e l  c c i i i  i t , i I  i u i t  e - n s i  ‘,- • t i m e - - -  I e’umd I - l e e ’ r e - I  mi t e -el .

l I m e s , ’ t w i m m  i t e m- c  j u t  m i h i t , i i ’ :  m I t , i i r o  c u e - e l t , -n just it m e l  by t ic , ’

‘ c l  I c t  ( c ’r  - I ‘ - ‘~~. 
- i t  I e e u m  I t I c .  m t e l ; -  i t i l  - m m c l  c - ‘ m u m ,  I e ’ IIV ‘ i i i  I- , h e m ’  - - I i i  m i t  e e l

I e r  c c . l u q - ’o- e - r  i m m  0 u m ’  . ‘h. ‘ f e - c i T  c ’ , I - ’ s i c  1 d m  cci h - - uib ~~t i t  i t t  ‘ m i , i n  I m m c i

f - i  , i e ’h i e ’ v c i b h e ’ , l i e ’ s- c - c - c ’  r , c ’ c ’ i t t , i i t i - i  c - l i e ’ ,’ c m u m k u i e ’ o u m - . I t  i s  ‘ c u t  l v  , c  n u , m t  u -

- -~~~~~ - — ‘  -~~~—-~ -
~~~~~~~ ‘ ‘~~~~ 
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of tecittiole ug’1’ or km -mee s ’le’cl gc ’ a b o u t  nmm t cmre- . It is c i l s e ~ mm I l m m i t t c - r  c i t  mc c v

goo d the- Wc ’ m i u o n s  arc- , sI m h e l m  d e ’p erm d s not c l um l v  e m i t  t i -c li u m e u  I eegv hut m u so dI n

how we ’ll  tile we ’d pc um s  are’ des i gu m e d .  1- c m i m I 11 v , i t  m s m i m m m cm t be- r cut ime ’s ’

good t ime - me-n mire ’ , I-me -mw We’ L I  t h ey  im’ e’ t ra inc’d amid I ed , mi nd Iio~ t hey cu r e

melt j y m i  t ed . En t m i l l e d  in  t It ese ’ t l m r e - e’ e ie ’m im emm t s — — t  e ’ c l imi c u  I e e g v  , s’e - c m p O m t s i

des igmi , mind mimanpowe ’ r qu em Ii t v — —  iS t me ’ e m i t  i r e ’ g c u n m u t  e l f  mim i l i t  ar~’ mllcurm m tge- —

m e -n t .  Jus t  l i e - m w wel l  has ti m e itt it ed St it c - ic  done on t i m is -ic ; re ’?

,\ m im p o r t a n t  r e l a ted  q u e s t i e u t m i s :  Wl m ,m t is t i m e ’ p e t  i’m - mt h-il te e sub-

s t i t u t e  ca p i t a l  and technolog y f o r  labor in war? Nor is time cm ul s o ’ c’r t ’

t h i s  e luc - s t io n  s imp i e , cml timoug lm it is  ou s c ep t  I h i e ’  to c-np ir I cul l uim e ’t lm cm ds

Al  t h o u g h  ti-me data 1mm Tabl e’ 1 do not u n s , 5 -e r  t bc-sc quest iem m is , t h e y  u m l f e u r e l

a bas i s  to pom -mder  t h e  f i l l leew i ng

o Time u mh ii i ty  to subs  t I t u t  c’ e’ :m ;l it cml t ’ ;u c -  I i gbt ins’ m cm c m m i l mc .s’e r

is o b v i o m t s l y  s u b j e c t  t e e  l iumi ,i t c m t  i m m u t s

o D e s p i t e ’ b i l l  ions spe ’u t t  rum n i l  i t m m r y  tc-ci tno leog v by tim e

U n i t e d  S t u m t  c’s S j u i ce  O c e r  I d K’ ,i r II , tO in igs  m m lv mio t , in

Idle t , h t m mve~ c i m m i n g e d m u e ’ it  w i t  it respect te l com i ve c um t ic imi a I

war . Al, titcm em gh mitt dmr gemme’ui r n t i gh t  be - m m m d c-  t i m u m  t our Immel e e —

cli 111mm e , m s m i c i  i t  i c - s  We ’ re l e s S  t h m u m n  ima i t ’ t lie) se exp e ’ c i  c - F t c ’ ed

i n  l - m m r c u p e ’ , c -y e -n  t i t o u g im t i m e  w c m r s  were ’  o f  e q m m c m l  s I , ’ c ’ i t t

t e’ r u ms o f  ‘‘d iv  is  ion y c - - m i r s  , ‘ ej i mi c’ O m I T ’  Oc m o \s’ e u i m  mind the~

e i t h e r w c ms  1 eu - I

c m Ai mmu ’ r i c i a m m  pc i  i c v n m c m k c - rs  and t i m e ’ c i t  i z e ’ m - m r v , m m r c e e i m i e l  I Ol m u ,

did n e i t  m i t - m t  I c  i p u m t e ’  t i m e - c , i s u u m l t  I c - s  we’ we ’re ’ t e e  d - > u ; u e - r  i e u ce ’

j i m I m m d c c c ’ lm i n m m . R m i  t i m e r • m,u m e’xp c’c t u t  iomi p m’c’vm u I I e e l  I e e c -  ls’ u ‘i i  I d

lee ’ I ceW amid b i t e  s i r  c i t  s h o r t  d u r c m  t i omi  . ~\ r m i s c -  c mii i  be’

mmm c tc le ’ t l t c t  t t me-c u e ’ e x p e c t m it ions  we’re- m ’ u’ e- ; l  te’el by tim e ’ i -me - I l e t

t h a t  c i t ir “ I c ’cl mnc 1 ce g i c i i  I y collIe r le e r ” mmmiii cctp it , uI h I l t e n s  i ’, , ’

I c u r  c e - c -; wentlcl enable- us to m iv emi d tm i kium g l e d - I c - v  c loi m i I t ~~~~~

li e -c m , - m i t iei p t m s s i b l v  c, L lme ’r po ittts 5ti c~gc ’ui t t i mcmt p c i - u  ;-x ;ec ’ct iI lu’uic , u l c ’—

r i - c - cl  I r emit i m u  i m m i p l  I c ’ I t  l , i  It It 1 m m , e l v , i m u u ’ e’ei t c c ’ I t m i e . h c e gv mu ch ci ssou ’ i - m t  c-e l e q u i t  uI

i t i t -  u e c ; j t v  i c r u ’ ,’ t i ; u v t ’ l e e - c - m m  u C u ’ c s ’ - i\ ’ c ’ I I  ~,u u , (b um ‘ ‘ I i i , ’ d e ’~~’ i l l ’ , e ’ x , l t u t i u t m i ie ’ ti

I t l i e - rt - I ~, u ie ’im sh ip lo t we- -ic I c e ’ t m n c m  I ‘u ’, I c i  I e ’ h , e i m c u  - t u m eh t Im e mu m i i  it t

- ia i l - - t i ‘t ~~~
,- -” Il l _ i ’ , ’ ‘c ’ i J l i e ’ u l  t e u r .

- 
. m - ~~~~4 -i
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‘ 1110 M I l I T A R Y  l eROl ) [Cl ’ i ON V O N O T  I ( I N :  I S WAR A l A B O R —  OR CAP I ’l’Ah,— I N l ’ i -~N~ I Y L
AO l’ 1\’ I Ii’?

Lmuh or \‘e rsems Cmm p i tmm I — Intc’ns ive’ Mode ’ is m c f War

Time Proddtcti eun Fune -t lomi . A key Ide - m m we’ - ; I m c u l  I emp leuv is  time-  (‘ e i mmc ’ e- fi t

ef time produc ’ t ion I elm - me’ t ion wit ic -it take -s tI - m e- ge- n e ’rmu I f o r n m  cu I

-
‘ 

I’ = (L , K) (I)

WIme ’ cc’ “I” dc-no t cc s Soumm e d e s i r e d  ;i roduc t eir oitt pemt ummi d “L” m m m d  “K ’ d c’ ne ut e ’

t i-m e in p u t  of  scarce ’ services of prod uc t lye 1 c m - tors • spec it I cmi i lv  lumb er

mind cum p itm il goods , respective ly . Capital goods e’, mmm be spec- i lj e ’d j u t  t c - r u m - ;

of part ic -u I ar t ypes  of nm a c l mim i es  a n d / o r  iu m v c -n t o r  ic ’s umppre ’pr lm m te - be ’  t i i ’

product ion process , as c-mimi labor in te’ mmms of special ize’d oc’cupmtt Ie l f l u 4 — —

e . g .  , c l e rk s , l aborers , el e’ctrie’mt l eng inel e’rs , cund su m c-mn. ‘l’ime’ e- s se~t t e ’ c’

o f ‘‘ t ec hm -m o l og v ’’ f r o m  mtfl ec onomic  V i e W p o iu m t  d e s c r ib e -s ( a )  tIle’ mumme r ic ,m I

coe f f i c  i e n t s  tha t s p e c ’i ly  t i - m e au t toetm its  c m l  ti -me d i I le’rc-um t kim ic I s cm l I, ’ s m i n d

K’ s nec essary to ~rodue’e’ a ci t -m it ci f a part m en I m im ocm t pem t , , mt i e l  (0 )  , c ’spe ’u ’ 1 —

al l v , t h e  a b i l i ty  t c m make suhst itettic uns ,ms be tween time - d it I e’rc -n t i mm p c i t ii

or f a c t o r  ser v i c e s , to produce ’ ,m g iven anmoumi t ut e i e i t p u t  . I n p u t  s , t i m m i t

is , time L ’s mmm d K ’ s , c a n  be spec ill e ’d in mis t’ in e ’— g r ~m i t m e ’e f mi s’, iv  m m i i  is

tie’cessmlr v tel dc-a l w itl m cm particular problem . ‘the’ m m c l iv ’i t v  ~e t  ; m r e i ; m ,  t i - -n ’’

is t h a t  elf t ruins fortuing time se - n v  icc-s  of  prc ciuc t i c - c  e g c ’n t o  ( e r  “ I , m c  t ’r - - ” I

jim tel dc-s ircd c-mu t put S. ‘h ’ hl e ’ bits li-me’s s of re ’ s ; i m t r c  e ’ t i mumn m u g e m e ’tu t I a t I m , i  t e e l

cont hi i ’ min g d i r  using the’ diverse - preedu c ’t  ly e ’ f ’ c m ; t e e m ’ u-, i t t  S d l c ’ii ci w m m v , c i i  i i ,  r

by s e l e c t  h -mg and c omnhin  ir m g im rceel uc t iem m ’m process e s c-m r I -m v m u mik 1 um g s mb s t i t  u t  I ‘ nc ;

mi s betwee-n di f f c -r e - u m t  f m i e c t e u r s , so ,m5 t e l  p r e e e l i m ’ u ’  m m giv e -m i eo mt pi tt ~mt tIm e

I c ’Js t c - e u -i t

it is c -imuur me -t e ’ r ist Ii ’ c m l ’ ium e , s t  p r o d m u c t  i d m m i  p m ’ e ’ ’ c - - i ’ i c’’i t l m , m t  t i t e ’ ‘ t e e— ’

due t ion t ’ un c ’t  I e u t l c ;  t i mmmt el c - s c r  ihe ’ t h en m I r e ’ “ Id I e i s \ ’ t i c  rut Ic ” u i t l i , m t  u t

g iv e’ml re’ I c i t  lye re - s em ui r ce’ pr ic e’s t bc -v  c- tm -m il l c i ’ , ’  c ’d lml t h  l i m i t  m e u m m - ~ o t  I m u e ’ t e ’ r s

pc-c-ui m m  t e ,  thic -n tsc -h ic ’s. h e n c e ’ it IS 1~e ’~~~t hh - ’ t c ’ cl e ’ m- me u lice- a m ’ l f c i e  t ci ’

prd -m du e’t iom t proe’e- ss m t - i  “l u ih or — i imte ’i m si v e ’ ,’’ - i ’  ‘‘ I g u m  t , u i —  I i I t e ’i i~;I\ ’ e ’ ,’’ c’F -c - mu

‘ ‘ i u m m c i — i m i t e m i s i v c - .’’ But i mm eli l’c ’ r t - n t  d u e t ’ s , i t  is pee ssi hi , - t e u m.d-_ c -

s m i l ~ c t  I t o t  I c mm - t i -u  - i s  h e— i  o’, -u-i m t’mu c ’t ‘- t ’ s I tm t i m e -  - i  ‘li n t l i e n  e e l  n m e e c c t  ‘ i i i  p m i t  me .

Thui is , t lie ’ c - - i cc ’  e e l  oub - - I  It mit mc ’ t i  • is  ‘‘ - f  u~ - - e  - n i ’ p i t  m , I g e l  ce ,m ei  h a l - i

( - t o  n i , - , i u i m r u ’ e l  hi’ t l mc t r~~’ i l c ’ , i ’ t  c i t  I in - ‘‘ . ‘ l , i c e t I c ’ m i v  c u t  - i i i ’  - I  It ( i t  i n i ’’ ) m m m i’ I -

~~~~~~~~ -- —— _ ,  ~~~~~~~~~ ‘- ‘ —‘• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l Ø j ~~~~~~~~~~~~~
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l im i t ed  in sonic- a e-t i v i t i es  ( e . g . ,  live’ e.immterta uu mmm e nt) m it-md r e l a t i v e l y

c’m m s v  in o t h e r  ae tiv it ic-s (e.g. , wemmving cloth ) . For t h i s  puurt i cu l mmr

redlson , all production premc esses cuumi not be unamb I gueeuc- uiy classified

as labor—intc’ns lye or cap itum l— intc’um s i ve ’ , unl ess cit e also spe c’ i f  ic’s time

price r cmti -Js of th c -  relevant factors. But under cc’rtain conditions ,

i t  is poss ib le  te i  describe sonic- processes in teritis cu t f ,i cte ’r— imit ensitv .

M i l i t m u r y  act  j v i t i es  ttm ci y also be desc r ibed  as “ l a h c m r — ” or “ c a p i t u m l — ”

intensive. Such models arec imp licit in two promnin ent Streams elf m i l l

tarv literature , wimic -im will be labeled h ere the “Com -mtin ental ” and

“Maritime ” models.

L a b o r — I n t e n s i v e  Land Force ’s and Manpower  E xc - i td l tge ’ . W r i t i n g in

1830—1832 , Karl  von Clausewi tz , cm l thou g h ignorum u i t about  t ime ce m nc c ’pt of

a production function , provided the following descri ption of cm-me’ mm - i

i t  i)e’rtaim Ied tc) lutnd war , as well mt -i semite of time Lmp ortm int , then—

prevailing cost fmmctors . Infa m trv was the most iniportm ’cui t mi n d ume st

independent of time tlmr c-e’ comhumt arms , artiller y was entireiv depe ’tle le -nt

upon infantry to protect it , amid cavalry could niost  e a s i)  i he ’ d i s i l c m i ’ o e ’ ei

with. However • a combination uu f the three arnis gave’ time mutest met i’e ’ n g t l l .

In modern jmtrgon , these’ tim re’ c ’ inputs mi re “conm p l ementarv .”

Ac cording tei him , mm Prussian SOO—man infumti t rv hat tm mi ic-m n , a I SO— iu , r-c c-

cavmm Lry sqummdron , at-md an 8—gun batter ’,- of 6—pounde- rm-m “e~~m st neutri v the

same , wit it r e spec t to  b ot h  time inm it i ct 1 e -x I -me t i s e  of  equ i pme ’rmt m i t - m d i t  s

main tenance. ”
7 

Thus infantry was the most labor—intensive combat spe—

c imm i ty , art ill c’ry t i-me most e’ip ltuml—Iii ten siv e , mi nd e’m lv m m l rv s’ms i c r —

med iumt e be tween ti -me first two . If erie imitended or w a—i e l i  1 1 god t i  lig l t

in c q)et ’m d’ c uuum t r y , wh ere time hm utt Ic c ’~ t t l  he’ dc ’e ’i s i v e  , t h e n  t lit- m m m iv s he m im id

lm ,m y e ’ u m mpl e-  e’av cm l u’ ’,’ to oe - i ’ c ’c’ m i i n c ’s nmmuu ie’u v eni mi g m in d  tc i i t , mvc’ t i m , ’ m uh i I tIc-

t -  t uru t mi mic- c-Ftc-mv t a c t  ic-al w i t h e l r m m w m i l ifl tuu mm r , u tmt . An e -lcc ) u lu c ts is rum

d c l  , - u m ’ i c -  mmmd ie a s s  l y e -  wu m rfmirc ’ d ic t ‘ i t  ed ci gre - cmt e- r mtm d u u mi t e u f  m i t  II I cry ,

whui e -l m , ht_’im ig c u ic- t lv , mi gh t  cdiii ’ he e ’nm 1 uieivc- d n erd -  m e  : m c u f c - d ’ I ’ , ’  by  i r e - u i  t h y

e u  ‘ii u t r I c ’ S . Bitt it t lie’ s t a t  c -  We’re’  S t  rcem l g In t h e ’  -ie ’nc- e’ t l imi t t i - m e ’  I l d e p t i  h i  —

t I e c r i  I ci t -nt it ’ ic-cl W i t  Ii i t  • mm iii i i it iuu m ind an m mci i i I -  m mmi t I e i m - t u i h  i c - c - ’-; I I . ‘ -

c e e um i-i c ’r i p t  i o n )  u ’ u u m m i d  ; i c - r i u i i t  m u I e l re ’ ( ’  t e l  l e e ’ i u i t c ’ u i s j v c’ l m l i-m t ,m ntr v . oc~ t b - u t

lie- r ,m t I , .  ee l  e d i t  8 — m ’ i m u t  f i c  Id mm r t I I I c - i — v I - m ci  t b c - I ’ ’; t ‘ - ‘ii, ’ butt t e i  I I e e u i c ’

I mit a im t r ’; ni l  0H I c ml I I c ’  eon- ‘ cit t i - n v  i ce’ r t wi e er  t O  i’ - ’ - I i t  t m l  i t - m i t .

________________________ — 
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Thmus , Clausewitz——in terms of the concepts of modern productio n theory——

recognized substitution possibilities . He emphasiz€- d that lack of

“the two subordinate arnm s” (cavalry and artillery) cmmn “be c:ottmpensated

for , provided we are so much stronger in infar-ttrv , and time bette ’r the

infantry , the ummore easily this may be done.”
9

On the other hand , there were limits on the amount euf artiller y

one could have relative to infantry because it required infantry to

protect it. Moreover , it necessitated m l larger logistics apparatus am -md

thereby encumbered mobility. It simould also be pointed out that t h e

cavalry ratio entailed some delicate balances. A larger number of

horses necess i ta ted  th at an army keep melving f o r  rem i sons  of I ced i n g

the animals , or that fighting be confined to mtre as (uind in sc’m m seins)

that provided lush forage . (However , as the Frenc -Im illustrated whm emi

they a te  their horses in the 1812 ret remit from Meuscow , the cavalry and

artiller y arms provided e-ertain le’g ist ic-s advantages.) But ove’raii , in

terms of modern production theory , Clause-wi tz assert c-el ti-mat Immn d fore cc ;

(and land war )  were “ i b r i n t  ‘Ive ’1 In the sense tiucit labor (iu i fu m m tt r ’ ; )

was clearly a ilmitational fmme’tor. It  ce -m ul d be u u l m e , s t  c o m p l e t e l y  sei b —

s tit u ted for artillery and cavalry . Although artil le ’rc- arm d cavalry

could be substituted for infantry, a minimum amount of , j n l , mimtt ’ , ’ wm ui -m

necessary to protect artillery , t e )  a dc-gre -c det c-mn mim m ed by te ’rrmm hum mind -
‘

ti-me natur,cul obstacles it might mml ford . Ccmvmt I m v  could i)e’ emi t ir e-ic - dis-

pensed with in mountain country , and it c ould be’ it n U i s c l t i e ’ e’ in m c c i v  l i v

wooded country. 
10 

Titus t e rrmmin wmm s a e ’ r m t i d - u u i  c-omp l c - mne mi tt r v fm i c t l -r

m u f fee ’t ing e-m mv utl rv mmnd art ii lery iu ’m t e’rt m- elt v

To capture this pe eint , Eq . (1) mm hcuve e’cm t i lcl h -me ’ r u - m e r i t  t e n mIs

*
P f ( L , K ) (2)

wit Ii
*

K = g(K , N) (2 .1)

wh e r eby  N dc-no te ’s ‘‘l and , ’’ m mm c i , in  part h’tm hmur . Sp e c ’ i t  Ic n il II em ’ -- qu mu l i t  I c — c

c e f  t lie ’ t e rra in. Tm tim is c’censt reme - t l i e n , i t  is I m iii i c  i t  t limit t li t ’ I- mr li - mi - i p m

Uo Ige’ of c ’ mu l e it ml occemr s t h ~’e o t m - , iu I n e t’ e ’ i s i u i g ,  t i m e -  l I t  I ’  ‘ f  tIm e ci t , c t p i  t m l —

intetm i-il v e ’ cm i vmi l i’’, and urt II i c - ri’ t ut u ’, , lime ’ mm m e e timi t c ’ t ’ e . m h u  l i i i  t b i t t  e c ” eild

l e e ’  put j U l i e  I u u u , t  i , i t m i mmtr ’ , ’ was (ni l s t i l l  Is ) I a l I t - c l  by , i  s e ’ l e l i e - i ’ ’s
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w e i g h m t — c a r r v i n g  a b i l  i t y  . Equm i t  ion  (2. 1) eulip imums IZe’s titmut bi t e ’  d e g r e e- t e e

wh ich capital can be u’mub stitute’d I cur labeur (infant rv) , by  u m t e m u u i s  of

ecavmm lrv mind ar t  i l l c - r c -  , is sensitive tee tc’rrum imi m it-md gc’ogrc ip h my . I t  c i i  Sc ’

Incorpora tes  the  po in t  t h a t  if c u f l e ’ d d e ’s tie -m t i m m i v e -  m m d e q e i u u t  e ’ nil it ,m rv

terrm m in , it can be sub-it ituted fe-m r by InveSt in i g cap  i tmu l in fort if I c - i —

t ions , p r e p eu s  i t  ioned s t e i c k s  , m m mmd so om-m .

C ,laus ewitz  u mi see emphas ized au -moth -me r inmp elrtm int point whil c’l~ migh tt he-

incorporated in to  t ime general  c o n c e p t  of m m product hun Iuumct iom ’i as it

app lies to land wuir. When mil i tm m r ’ ,’ force ’s mire regarded frouti tIme v i  c i , ’ —

point eel  use in war , u-ms contrmms ted with tlm c - ir p e ’ m m c e ’ t i mtt e e x i s t e n c e ’ , b l u e ’

fec-its turns to  the subject eel “f l i t ’ Emigmmg emeui I . “ An mu rrest imig c u t  cmi c-u cme ’ui t

is : “Now it is kn e-mwn frot u m exp c -r  tc ’fl d ’ e ’ t im m mt time I. e i s s e ’s imi p lm~ s I ccii I c i rc e -s

in tIm e c’e m u r s e’ c m f  an engagement  seldom sh ow a g r e m i t  d iffe ’reu ic ’e be’t S’ d’ c ’f l

ti -me vie- b e-m r mum -m d vanquished , o f t e n  nom e c ut  m i l l  . ‘‘ T ime dec I s  i c - c -  1cm-is

I cur  the vmmnqu i shed takes time form of i-mr isom-mer s and umbandomied nmcm t eric - I

which is fum e il itmmt e d by cavalry c-em tt ing up retremiting buuttmmli ons. ‘Ihe

importmtnt ce -mum -mt is prisoners mind captured guns.1’ It IS i mp e e r t  ,m nt

bee’m m em sc - p r i sone r s  mire ’  um proxy Ic-m r shmit tc-red morm i l e of enemy t r e m e u p s  , ac-tel

,m ccem rros ion ccl time i r wil 1 to I ig im t . Nc-vertIme l e s s  • lu -m t -md w,mr flc -e’ e’SS i but t c ’S

its minimum ante’. 
12 

Timese are’ time c ’,ms uc ii t ic ’s cml ti-me engageme’mi t , c ’r  ‘f

wha t  t e u e l m m v  i s  the  comp lex of smmm l I unit fire- I ight, ii t i t m u t  c e u u i s t  i bel t e ’ m m

m cm i d i r  engmmgenmemmt . It wcus n e c ’ e’ s m e m m  r v  to  lime -or cas imu m I tic’s in orde- r 1, 1

m l  lie t t h e m  on an c’ t m c ’nt c ’ wimo , in t u r n , fee’ lie c-ern st ra I ne’d to  wit hm dr ,ime’

eit lmc - r to y iel d gremumid dr to lose’ pris oum e’rs mmm d n tmutc ’rie ’ l should ti -me

wit lmc i ruuwm m l g e t  ; ‘em t c m l  c o u n t  rc il

‘l’he gr o u n d  , if e’ e’ntc’s t ed • Is c j t  I te ’ r we- mr t Itwh i i e ’  I or it o e -mwn s c u k e ’ , u - m r

i t  m i ght pc e sse ’ss nii l it cmr y value t l i m u t  e’e t t l d  e n i i m i m m c e ’  c - I l  c i t  lv e ’ i m c ’si’ e e l ’ stm b—

seqdlc ’m l t eep ermmtion s . B u t im e ’c ms i m , m [t i c ’ s  j u t ’ I j e t  c-el i tt mutt e ’n gm ge’ tum e ’m i t m d  t h e ’

p ri o ’m i e - rs take-n m is a re~stiI t e e f  ci m e i t e - c e - s s f i t l  c ’ n c m g e ’ u m m e ’ n t  w e l t ’ i i - m t c ’ r i c c , - el  i - mt e ’

out p u t  s t l i m i t  e ’ e m m m t  r I b e t t e d  t e e  i t  t a [mi i t - m g  t i m e ’ t i l t  I m c i t e’ g e e m u  I ‘I e l  liii l i - m i t  lug

cu r g r e - u t  l v  r e - e l i t e  h u g  t i m e -  c -m p h-m uiR-n t ’s m m h i l i t ’ , -  te e com eletc ’t m ill i t - u i ’ ’’ I - m e - r I  I O u , .

En t i t i s  e’v e ’ f l t , t h u e ’ j m , c i t  h e r  l u l s  t e’ u ’r lt ,,m ’ ’ ,’ c - t n  be ’ tm u k c - n a t  I c ’ ’ ,,’ co me t , u ’r

new e ’ e e n t r u i c t u , i l  r e l  i t  j e ’n s i m  i ps m i t  l~~’ e ’ t i n g  t r m u e l e -  , m m l i  i , i m i c ’ c ’me • m nmel 5’’ l i i , c m i i i

he’ ,-s t, m l e l  j c c I i , ’ c t . I n  m c l i i , ’’,’ l u i g  b i t e - i c c ’ l m i ’ i i , u e l t ’ r  mu i iits , 00 ’s i’wit d’, I ci t , i  I t I e ’5

if l t ’U r u e- i l I I I  t lie ’ e ’ l m c ’, . m i , - c c c l - mt (s ) we ’ u i -  mum I np u u t . Si i l - c - I mmcl I , !  c e  ‘ - W e t ’ ’

- ‘ - _ _ _ _ _ _ _  
,~~~~~~~~~~~~~~~~~~~~~~~~~ ,.
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(amid mIre’) re- I mit lve-iy 1 m i l a i r —  i n t en t s  I ye- , t I m e  i r  c-n ip 1 d u c - m l m e - m i  L 1m m war c O t  ii i  ed

a sc-c me ’w im a t pee - u i  iar u s m m g e ’  c i f  I mtbcu r c- mr t f la np ewc - r . In  mieurmui l p t  I em i l

prc cessc’s , it 15 ti m e ’ serv ice- s of t he pre duct iom umgem t , labor , ti -mat is

used. Deaths mit-md thjur ~~ej u-i w l m i c l m  c c - c - d i r , mind which di i I c r  , m s  b e t wee n

mmct ivit ic-s ( e . g .  , coal mim ling versus sc-I-moe -mi temmc lt ’ing) , mire mmc c ideu tal

Itmmp pc -mm ings. In wuir fare’, hemwevc - r , mu me CI miemsew i tz ‘ s remark setggc ’ - its

C1 ienent s  of t i m e ’ m a n p o w e r  m u s t  he meere- c-mr .1 ess purposeful lv c’xpended .

A rec-ogm iit 111m m ccl tim is point c-a ises time quest fern of h o w  t i - m e ’  p r e m d u c t  to i l

f u n c t i o ti  of Eqs . (I) m m m m d (2) nti glmt he specified so mis to buike d c - count

c t ~’ th is pc -c-uI im i r a-il-m e-ct of  m l l i t m m r y  r c ’s c i u r c e ’ t l m m m n m m g e’met t . But f u e l  l i r e ’

try i n g  to t a c k l e ’ t h is p r o b l e m , le t  us turn t e l  t h m e  c - m m p i t u m l — i i i t e ’ t m s  ic-c -

t t m e u d c ’l

The Cap i t a l  — Imi t c’ns lye Marl tIme Nd lde 1 . In ccitt I ruist t e  t i m e - C c m n t  I u me ’n—

t ,i  1 1 c m beu r— m t  em -ms ive model dc-sc ribed above • Eng l m i n d — — bc - a r eue t r m d t i m e ’ t e m r n

of  t ime l 8 t i m  c e - t ’ mt u r ’,’ — — e v c m l v e d  wh a t  tn m iy be dc’sc-r il-med as a ‘‘ e ’ c i f u  1 tm i I —interns i ve ’

m p f e ro cme ’hi b e ’  time ’ subject of wmm r u-mm -md Ice reign mm I fm -il rs . lm ’isu 1 m ir it v , t i m e

bec - bi mm i cmi i mmdv emi r of ti m e ’ deep wmtt er , le rn g— hu lied sim 1 11 , ummi d time- grcm ’,s j im-

revenue’s umnd gross nut t iomiai producu t obta m um ble from e’e-mmmc’rc’e (mi tm e l 1c m t “I’

uimanit lute turin g sus t a iuie’d by fc re igmi trade) ceumb Ine’d in flub umi 1 1~ ’ cee mum p 1 e’ttic ’tt—

1 , 1  r y  w ci ’ , -  5 be ) t e e s  t c r  t i m e ’ cmt i l i tmi 1—it -m t cutS ive app re-m ac -li t i e  esmt r mmt m e h Icere I gmi

1)01 I c V

Prc-mspe ring e -o nt tmm e’ rd’ e’ mt nd mutt -m c i I , m c  t eir ing pc nit i t t  e’d l- um g I and I c e  c-nj c’’,

I ui ve ruth 1 e’ t rmm dc ’ ba 1 m inc e’ wlme-re ’bv t ime ’ rc-sim It lug gel  I d lice lel i m mg c ; c c l ii I d bc

u se-d , t h r o u g h d i p l e u m m u t  I c ’ r m l e ’ m u m m s , t o  c t c ’ q d m i r e’ c m l i  h e ’s c-mr umtt xi I im u r v m uu ’ mmiIc ’s

t hum b woo I d mmh s cm r b a cUsp i ’d l p d r t  I c u m i c u  I e ’ sl t mu t - c c l  time ’ k II I I m l i i  l i t  s i  m . l i m e -

Royal N c i c - v  , , m e ’ utp it i i —  Im tte ’ ii slc -e ’ m l I if - e r - v imist rt lntc ’imt as e’ott ip m u t ’ c ’ cI t o  l m m b , u i ’ —

i nt emi s lye Im im ic i I c l i ’ m ’ v s , imi c ’e’I v c ’ e m m i m l e i i m c t m t e e l  t i m e ’s, ’ ci i p l e e m i t i t  I c ’ t e ’ e ’ I t m m i ei m m e ’ ’ ’

‘ l I m e ’  N , u v v  , m t l u m m g  w i t h  c u t i m m u l  1 Br it is h u I m i t i c i  I c ’ i ’ e ’ e ’S • c c l i i  I d be ’ t ’t lm p l e ’\ ’ e ’ ei t o

s e i Z e  i- c t  r m u t e ’ g i e - p i e - c c- s  c-m t  i _ c _ _ i l  e ’ st i l ’ ’ I I k e ’ I h m t c - , i u i . i  m u m i d  l , c e t t I s b e ’ m m t ’ 1’_ l i i i

e c ei m l e l  he - use ’ t u l  ‘ i s - i t s  i m i  p e m s t  —s ir mi e ’ ge e t  I c u t  I c u l i s . I b m e se n m i  1 i t , m u ’ ,  ‘ f i c - r m t  ‘ i t - ; ,

licuwe’ ve’ r , we’ re- - ol j imm ie ’ t 5 1 e u  f l i mu  c m i ’  c c  ‘ m i t  j i l t - l i t  - i I I - i i i i h  wmm is , I i kc - t l ie  g - i ~ ‘ i

Spam i i sit Smie ’ e ’ , ’ms j i m  eum me i t i t t - i’,, ’ l , ’ , ’ u m  di i , m i  i_ cl W a r , in ‘,s’ I u  I c -li b i t e ’ l i , ’ , i ’ , ’ ’, ,‘ m c - i m , t  1 1 V

P~ 
‘elite t jie n m ite ! muiec ; c ’ m’ ~’ i l i e u I - s - m e ’ d ’ -

~ i ’ e - r i c ’ l i e - e’d l i v  u m b c : i rs , The’ u- mt I e ’ li , i i . c , , t  i c ’ti

ee l t h i s  mi i~ cIc -I I imt u— imt- sse ’eh A l I re el b ’ h c i c ’ , i ’  ~‘ I , u I u , i i i ’ s I n t e l  l e e  t i m , e  I t i l t - m i t  s i c  I c  I i ,

in tom — n , t e e u u e l  _ i  e ’ c ’ m i m ’, i ’ l i  I d 1  t e e  u - l e t  1cm i i i  ‘e n l , ’ r  I c ’ .i tt nil 1 i t  m i t  \ t c ’ i  - t ’ ~i~~i i U i  m m m c
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and foreign policymaking around the turn of the century. M c t h c i m i  mmsserted

that ti-me payoff from seapower was to secure a “disproportionate si-mare ”

of the benefits from seaborne commerce and colonial h oldings .’4

Alt h ough there appears to be no evidence ti-mat Mahan studied Karl Marx ,

the miffInit ,c- of 1-mis thinking to Marxian doctrine is striking , and has
15

ne-mt geumie unnoticed .

The techniques and instruments which could permit the British te m

c- hmi rc i c- t c ’r f / c ’ land war as “our old s ty le of e x p e d i t i o n — — a  landing , a shor t

marc -it, and a good fight , and then a lounge home again ,”
16 

broke down

during l914—lYl8. The British professed to be shocked by this experienc ’e

with lmmrgc ’ infantry casualties. However , the case cart be made that witcm b

was new tee the’ British was “old stuff” to Germans , Austrians , French ,

Russians , and Turks , who had been engaging in l a rg e — s c a l e  c a s u a l ty  e’x—
- 17 -changes tor centuries. Even Americans , within the short span of ti -me

Republic ’s his tory , acquired from t h e Civil War an insigh t ti -mat had m~ere

in common with continental culture than what was availab c from t h e ’

- 18Eng lish heritage that dominated most aspects of American out lc icu k.

It must nevertheless be acknowledged that this maritime , cm m p ibmml —

intensive approach to military policy worked quite well f i r  Eng i m mnd f r d l t c c

the 16th up to the 20th century. For wimatever it was worth , it acquired

an emp i re  mis  m b y—produc t of  help ing maintmm in a balance of jc lw e’r on the ’

c o n t i n e n t,  I t s  suppor t  of allies plus the hiring of mercen cmrie -s (u-mm-md

Se poys in I n d i a )  enabled i t  t~ i n f l u e n c e  the  course u I  m m m j c m r  l and  s - m r s

to a degree greuit1~ c)ut of proportion to time Brit isim fcer cc ’mi t l m c i t  w, ’ re-

engaged. Naval engumg emem mts dId not entail the h rmrge ’ i i m m m l m p e ’ s ’ c ’r lc’ ss ,’s

t h u mt c -h a r c i c t e r i z c -d land b a t t l e s  and cmmmpn i gns; and British l a n d  l i e s ,

when used , we’re employed omi a mode-st sc -mule .
19

Blend in ~~ the  M o d e - I s  umnd Expand i~~~ t i m e ’  P r o d u c t i o n  Fui’ic t±on. l’he’ usc ’

of cap it mi I —in t ens ive mi ii b dir ’,’ inst rumemi t s——part I c ’i l  I mmr lv umcmvmu 1 mind I a I ‘ -

‘i I r forces——co mm Ed enable u c ount rv bee  c iv i c  Ic1 l a rge’ — su ’cil e’ manp c-mwe-r c-xe im, iii

I t iioug im thic ’ intensity of  c ~is mi m i I t ic-s fcc  r c ’ r m g , i g e u i  c’ombm i t mm nt , s e’m irm he ’ m e r e ’

severe t h a n  it is l e e r  c c m m h u m t  i n f a n t  c-v . He-mwe’ver , t h e  e- x cl mu imi g u- c c i  un it c r 1 1 / I — —

sp e c ’ i l l  cc ’ l i  y the- ‘‘w e a p o n s ’’ th e -m i sc’ I c - e s— — r u i n  he ci e r  I t  I ‘ m u  I part eel  t i-m o st’

m -m perm u t li e u - ms . Tn air war , when it ae ’ql m i re-- i the ’ qual It ’ , ’ re f m u t t  ri t Ic -m n mis

hetwc’emi o~m p i e iei n g mu i r f u u r c ’ c-s , ‘ c ’ n m l m c i t  c ’re ’w cut t n t  ion , m u mic l , e me t i c-u ’ i c t l  l v ,

IilIk~ _______________  
‘ - , ,, - , - -~~~~-..-A Lf’ ”

~~~~ ’~~~~’l’ -
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a b i l  i tv te e trumimm hi ghl y skilled pc’rse l t i tm c ’l t el re - i - m i m i c - c ’  c c i m b m m t c- r e ’s’ l e e s s e ’ c - c ,

c-mimi he a d c c ’ islve I,mc ’ t u er m m ff ~- e ’ting time ’ e ’~ m t c - O n i c - . S i n c c e ,’ s uch  t rmm liming is

ee lS t I’, ’ , dm ggre -g mm b e - t l ta t e  r i c - I  re  su e t i re- c-s——in tIme- I c )  m i  c - mt eump it mil I i i  vcc — ; t e’d

iii t l t e  we ’ape fls mm n d t lme  spec imu 11 zed e c on ib um t u l i m m n p o w e r — — c u  I ti ’t e -  d pp onemit s im mum v

be e m i t  i nma te ’ Iv d e c i s i v e  lm air mm m d mm umvu m l war.

Once cm sing le ’ side ’s n u m v m m l  d c -  air force- dominmmnce is established ,

t lm e s e  f o r ce s  mmm y be usc-cl i m e ’ it lee -c - cu r  scm nme ’ c’ceutm b tm -m m -m b iomi eel t so s c m vs.

First , they mum y be used in the- lu -mm -md wm m r. TI-mis u smm ge mac- be regarded

is ami mt t empt to subst i t u t c -  c-api  tmil f o r  luibor in the lunc i li ght i r ig ,

iliulifl l v  in the  t e r m  e e l ’ s h i p — b o r n e  i - m r  u m i r b e m r m m c ’  t i r e  s u p p o r t  . Sec’ernd , th~-v

m m c m v  be emp l ov e -el b e )  I c -v  te l  dc - sb r c i v  t i - m e  c’flc’fli’,’ ‘ S ph ysic -al cmssc ’  t s . Tim is

Icit b e c -  u m-l m g c -  mi ght t be emi l 1 cd ti -me ‘‘re-mi I c-s tutte busting ’’ app  rc ‘se - i t .  It

i j-m pc ’ m m r s  to  hm i ve he’ e’n d c c l i  I v e ’i~mb c’cId e d  in Br i t  i sim t r m ud i t  i o n .  The’ i-mu c-ui lu g

of W a s i m i u m g t c e n  , D. C . in 1814 provides au examp l e .

l i m e ’ Eng l ish and Frc’ne’im • pr l u m  r t e l  t he  1 f-m t It centur y , bob  it l c u c usc-d cl ii

l e ’ c t l  c ’s b u t t e ’ e t c - s t  remet ion by cc-u m ’mduc t ic -m g op er at  ‘h i t - m s  wi - mi  c’h one’ hi s Ic ’ i Lmn c’u i

the Br it isim Nay’,’ termed ‘‘ c’ r e u s s  r a v u m g i n g  , ‘‘ whereby port t os’tt s 1,- c -r e  ,t t I I ke e l

ami d usual lv smmcked . The s a c k i n g  p immse’ of t h e  ope ’ r m m b  i c - m u m  lm m m d t h e ’ im mc - iden—

t i l  but very iuu iportu mn t hv— pre -m de m c -t il l rio t i ‘, ‘It ic-mg t ue t c - c u e - m ~ m s  . I mi I d ie ’ t

It m m i v  l m , u ’ , ’ c ’ bc-c -tm ml f l eCe’Ss m i i ’V aspc ’c- t of e lp e ’r , m t ions  I c - e f l  t i m e ’  co m t  t i - m u t t

I h s c - m l—t u i x ing svste-ms were- vc’rv primib i ve ’ mmm d utire ’l ju mb l e- in those - dc iv s

and mu t e ’ ru -mut t lye w ic-s b e ’ Ii numnc c’ nil 1 I La c-’, cepe r ,t  t j c u m m s  had t eu be e’nip i i cc - c - c l

C r e u s  s r u m v a g i m m g  d i ed  down • ic ‘- ic c-c r • mm f t c ’ r t i m ~ - u m d y e -mi t of time ’ r I c’h tumm i c - It l i e

t r u m d e  t e l  t h e  e ie ’is ’ wee r 1 ci . Se-u imc ’n I ike l l m iw k  i n s  mind D r m i  kc ’ i-mm -m el more’ lime ’ c-m i t I y e ’

opp re rt em ni t I e ’-~ t i tm iui did t I me- I r ‘c-edec - e ’sseers , a c ’ , ’ l m e l  i t  ion wit i e l m Ito do m mbt

iso sc c-c-c- cl t e m  e m m h m m m m i c ’ e- l u,und v u m i  etc- S in C l m u i n n e ’l — c e e m i s t  tos ’it s . l I c c Ve ’

time-re - w c m s  a distm m n t  m i t  I’ 1 m m  i m i s t c ’r id _ m i  l e i ’e, ’ ,’ ecd eul t t ’ l m ,m t c - c u l t Li il-me - I htt c’ t I m e ’

B rit ish te e  w u i r t  i t ’ d’ that t’ec c ’ ums e ’d e ’ c-m p l I c ’ i t  1’, ’ e cu p r o p e r t y  c l m m n m , i g c ’ .

-rho pre ’d l i e - c - t ie -mn I ’ ’ eiesti’’’v r o i l prc -m pe-c - b v c c e i m l d  c l e ’ r i v e ’ - m sI i c - n u t i c - n e - cl

i t t  i m ’ e n m m l e ’ I m ’ c ’m time- m l  l e t  t h m m u t  i m i c h i m s t r i m u l  c ’ c t p i e ’ i t v  e u e u t i ’ i l ’ i m t c ’’ - t c i  m i i i —

t i c - ’ , ’  c ’ , m ~ u , i h i  h i t ’ , ’ . l” re miim t ime ’  B c - i t  i s im v l e ’s- 1 ue ’ m t  , t l m i s  e ’ c e umf l e ’ c ’ t i i ’n  ~e t s  c-St i ! m —

1 jshc-d since t i m e ’ 18th  ‘ ‘ i ’ m i l i m u ’v ; luu u w , ’ vc - r , ih murin g t i m e -  c - i rk ’  p - c -  l i d • l’ ~i ’ I I  - u i m i

w , i s  served in t i m is manne r by me’, i mi- - e e l  t l i t ’  ge e i e i l i c e  I c i i  n i ’s  ,mrs i , c ‘ c ’ h cmi

e -re -di I - I i e lm its indims t u’ i , i 1 e ’ m p m u i m  II it v e u ,  i’ m t , ’f  , m u c h  t i l e ’ - ’ ’ I I t u , m t t e ’ i i i

ru-sc um U ,  - e s  pe rth i t t e e l  t l i e ’  h I r I ng c u r si qd - ’ i 1 “I e e l h m , - r me ( , l  I I c - hi . Bu tt ‘i s

_ _ _ _ _  - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~
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oth er court tries he- e-umnte m d  cmst r 1m m 1 I z~-d , Br I t mu m ’ s e- eem pu m rc m t lye m ci ‘,- - m m u  m m i i - ’ , ,-

lee’lined . Indus tr imml cm u pm m c - itv , alomig s it u  tile ’ t r m m u m s l d l r l c l , m t  l e n  eel m m , ’ r l —

c u l t u r e , t i -men  p e r m i t t e d  coun t r i - a s  t cc  r , t i s c - and c - q u i p  rc - I m u t  I c - c ’I v l i rgc’r

armed f e u r c - c ’ s , \rt ii lc’rv rat leeS simei l t , mt - m c ’ u e u t s l  V iem cre ’m ,mse’d . lime scu lpt i - e l i

(cu r development) c c l the ‘‘hu ng re -coil ’’ prirmci p le in u m r t i l  Ic ’r ’ , -’ — — c ’ l w h i e h

the  F’r enc lm ‘ 75 c u f  1896 ecu-i t Ime’ fc ’trerunn er—— re-volut j ul 11 ize’d c r 1 ii ic - c-v
20 , - - . . -t ,mc ’t ic-s mind usage ’. time i c m t ’mg rec-ei ii , by vi r t u u u i  I c- c i  m mii i i-mum t tug d i s—

p lm ue- e-ment eu f a p l c - i - c- ’1 upc-m n limit - m g (and timerefore ti -me need tel relay alt

f i r i n g ) , p e r m i t t e d  f i r i n g  rolling and box b a r r a g e’s l i v e r  t i m e  heads of

friend lv mind , d v c m n c  imig infumnt rv . Al I ti m e - - i c -  n c - m i n t  i n i , i n v  b I d  I f l e ’ ree m i s e

in u :mmnuunit i u u u ’m c - o n s m m n m p t i e u m ’e , wh i ch  t i ’m e ’ i u t c i i m s t r i m m l  c ’ , m l c , u c - i t v  s’m m ~~ s t  r u  l i m e - cl

h u t  ab l e  tee p r o v i d e .  TIme ’ n 2 ’ --’” ’ - , 1 ~~~~~~~ uI W i n d  N’ c m r  I wmm s ci m - mm i turm i l

c e l t ’ m c~c l l c m e ’ m i c ec c u t  t h e s e ’ de- vc’ l e ep m e n t s . Amid so i t  “ c e - c - m e - i l  b l m m u t  c ’ u u m t s t r m m  ini rm g

an opl’c ’n e- m i t ‘s immdustri ,i l c - mmputcit v mi ght mtssis b ,u wmmr e’lfort . N e c - m c i

blockades mind - mi mbii m u m rin c ’ s - c r )  , m r c ’ e e l  W o r l d  W u r s  I mind Ii , u-mt -md m e t  r u l t e -g i c

bombin g of Wu ’ i -I cI W i  r II , we c-c ci cc li -m s eq c tem -m c ’ e’ . l~ut tlme’s e spec ic -m i i c,-d

flu i i i L ~u r y  c - I  l e u c - b s , t l m e - n e c ’m e l v e s , r e - q u i r e d  in cr c ’ i s i u g l~ ’ c - ’ c p i t m i i — i n t e - n s i v c ’

mm i i  i t a r v tim e -art s .  Hi-mw much th~’ir e x t e n s I v e ’ min d t , e c t l c ’ ut l I ’ , ’  sttc-c ’ e ’si - m t i t l

emp i e’- ’,’ l l l u ’fl t by t i m e ’ Br I b i sh and Ante’ r ic ’miu ’us in tb - me-  t wee  wmu c-i-; - i c - mi i m c - u  t G e r m i m c m n ’ , ’

r c’ mm llv u’m f t e ’c t  c-d ti - me ’ o t i t c - u ) t i m c -s c cl t h o s e ’ wutr s , mdis’ e -c - c ’r , 1 , 9 1 1 c m  h i s  m unl b l )l iid l Ims .

Lb Is ummh igu,eits be’ c - a et s e  m m c’ c ’ c ca n b~- unu md c ’  b i m m u t  Ce ’ r m i i , m m m ’ c ’ s t h e - f e - m t  i t

both w ar s  cumn be’ m t tri i’t ut c ’d I c ’ t ime ’ l u - m e t  t h a t  i t  simp ly c- dun c l o t  o f

m il I t t r v  m d t t m p c e c c e ’ r ic-i bhe ’  ‘ , e e u n g  m e g  g c - c l t i r u s .  Amid t l i e se ’ we ’r e ’  ti m i i n  I v

c -i m e ’S’ e - c i  imp by mill ic-cl i mi l mun t  ry whc , i i i  L i m e ’  , i ; ’ m ’ t ’ u ’ ’ ’ , u l  c , c m- p ie r i , ’n c- el s c ’ii m c — - -

s ’ h c m t  lii g l m c ’r c-asci i It Ic-s than did I h ’ ’ Cc ’r n t a t m s

Ne - c - c u t  lielc ’ss , i t  shoi m l el be- , e c k i mc us ’lc -di- e ’ d  t i m m u t  I n e h i m l u t  r i c h  c ipac ’ i t ’ , ’

p I - m v s  , i  re e l , - i n  c -- ir. ,\u - c ’ ,i r i l i r tgl v , t ime prc ’ u li m c ’ t io u I mmu i c ’t i e e u i ccl Eq. I ’d )

nil g lut b e , - e’xpmun dc ’d m is
* *

I I I . ,  K , I ) 1 1 . 0)

= , ( 1 , 1 )
* 

5’

I = 1 ( 1 , ,  K ) (1 .,’ )

*
Wl u e m - , ’ I n i l l , ( 1 .0) ch m m c ’ t , ‘ b i m u l m u e b  ri - il c a p — i c - t v . I , u ’ ’ ,~ ’~ ’ , ’ I I  i c u t  i O I t  ‘ I

*
I imi l-:q . ( b.d) , mme — ; , ’r — t ’-u I l i i i  m t  c - m l i m o -  t I i i  c t  m c m l  m , m u u — c l c ’ c ’ I . c ’ h  I , , i i i e l

K , t e e  ‘ - t i e ’ ’ ‘ i ; m j  - i - e s  t l i e’ ic, I i ;  I ‘ - 
- ,  i ‘ e l m -  I c - t i  e e l  c m tmtm it I c ins , I e ‘c- I - mc ‘‘‘ ‘ ‘ m i t
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cc i t t  ipm l me ’ m t  mmm d spare- p cur t s , mind so d c i i  , uu m v  he e i t h e r  cap i t  mu 1 — or I abe,m r—

lfl t e ’t ’mS I C e ’ , de’pemm eh iug oem resourc e ’ mi mm ui tci g c ’ ,ul e’mm t in t h e  i l v i l  i u m m i  ~‘ c ’ c d ~ m c ~~~ ’, -c-

in  g d i v c r i i u i l c -n t, umr s c ’m m t l s  , m,m nmmuumi t  ion 1 eeu m e l I tic- p lamit s , and sd on •

‘ l i m e ’  r i m - i c e f  im i dus  t r i~ m l  i / u t  ic-m n at - md i t s  ,us som -  i u m t  c d  cum p i but I m m c c  cu r io !  cm—

t i c u m m  have made nmost production processes mu~ore cap ital—intensive , am-md

nmuc i m c c -  I c ,ic ’i ,  ( b o th  c re ’ss— se ’c - t ic i n au-md t m mci - t r e n d )  can i- me- marsha l  c’ei

t~ ’ s em p~m , m r t  t i -me asse’r t ion  titat most cu im unt r jc ’s armed fe m n c ’ e’s re - f l e e t  t I m e ’

i c c - c - c c ’ of c , i i - m i  tmm l i mit eu-ms i t  c- eel  t h-me u-mat iomla I ec-ouom ic-s t limi t support time -lI e

Wli m tc ’ l.’ct ’  impa c t in d u s t r i u tl i z a t i o n  and imig i t e n  c m q e i  t c u  I i n t e n s i t y  i m a v e ’ imad

c-mn t i m e ’ m i l i t a r y  p r c e d u c t i e e n  f t ,i uic’t  ion , t ime ’, lm mmv e - a t  le’,ist th ree u m pp m mr c-mi t

cut - md pe ’ n l m c m p m e  m I x e d  e f f c ’c’t s .  F i r s t , as i l l u s t r u u t c - d  i - my W~u r1d c - c u r  I umr t d

p et ’ l m m m p - i  c-c m’ ld le ’ ,i r I I , t h e y fs c- ii i L mm t c-d c i i  l i c c ’ m m t  i tmg mm muc ’Ii l a r g e r  p or t  ~e i f l

cc l  u n at  icrn ’ s nmamipc -m w e r t e e  f i g ht  j u g .  Time ’ i nnovul t ions in mint i ll  e’r ’, ’ t m i c —

t i e m - e  ( p e r m i t t e - ,l bc a r a t h e r  n m o d e s t  i m p r e - m v e m i t e m - m t  i t t  gun dc-s  I c-mi ) led t me c m

rimmtnv fold m c  c-c m m -m e in amltmumm i t  ion expend  i t  t ire’ , wIt  ic- it wool  d m c ’ t hm m uv e’  bce ’ u m

I ie ~m - i 5 1 b l c -  i f  b i t e - r e ’  i m m i d  i - meet  um i  sic bc -e n r a i l  r oad (m u - m d h m t e ’r ) t i t c i t e u r  t r c i c ’ kme

ti c m i u~’vc - t i m e  t 011mm ic-c - . F i i - mum 1 I v , i t -md us t r i c m l  c- m ip a c  I t  v (ec stib inc -tb s i  t i m  b l u e

i m m t e r m - m m i  1 eonmbus t  ~oc-c eng in c  ) p c ’rmi l i t  t e c h  ni e ’c-ltmtn l zat ion i d  i m i m d  f e c  r i - c ’s m m mcl

l i m b  c -n d - l ive  use e e l  a i r c  ru m ft . ‘rime t a n k  s u p p i m i t - m t  eel t h e  h o c - i - cc ’ , mr t i l l  c m v

eIem ms  I t ies  i t i c ’ c - e m  sed , and t i m e  c -al )  i t d m  1 i n c - c’s t ed pe- r f i c-l i t  ing ntui n I t i e ’ i ’ d ’ , i - - c cl
- e ‘)

g r e i t  I

S into 1 tu imiec ’uu s  I v , i i iumupeuwc ’ r reci em I rc .’men I cc te l m mm i i u itmt i i i  t l i e ’ eqti I I 0 n  m u n c h

c c - c - c - c i t e ’  t i m e  l e u g i s t  I c ’ u m p p m m r u m b e i s  sc as t i u  I c - c ’ ,1 t i m e ’  t u m l - m e ’s ( m u m - m d  t i e , ’ b eet i tb

rm m e ’ks) mu scm c - c - c - cut I v  in c ’r e ’ u m s e d .  Time - c - c i t l i i  l i t  m c - t ume - e I I c u r ,  e m ,  e l f  um c e m i c - e cm li , e t m mlii s

t i e  I i  ‘gu t c c - - i  ( t I m e -  cc ’ m m t m  I c ’ r 1e i r I e e l  I ~)l ii cc - l it imr v i t t  ‘ m i n t  c- ‘,‘ , I to  c - sem e n , m im el

g u m m m n e ’  r s )  i s  umow m c  ‘ l i m e  ‘s- I c-c - , - in  t lie- i - m e -  I cli I c - - i  m c , ,  c u t  I ‘ ‘ I  - l  t u e  I I I  c c i t t

fo  l i t  s j mm u ’ c miilu , i t  d i i n  e’ rc’s’miie -n i n c h  i i i ’ lea - c ’  l e e r— c c eni m - - I , t i t t - l i t  l e e  e e l mm , m i—

I g l u t  e u ’ -- t i e  I ig im te ’rs Ini’ i’ ,’ tsc -- sh um mr l - m 1 v is m m I et c - i c - b  l e O l  c ’l  t I-me ’ um u m m i ml ee -r te l

cm i i’ w i  i - m g i - ;  I c r  d i v  Is l e n .  ~\ I t hec t i c - hi  t h e r e ’ I me inch i c - tilt v m s  t ,e  I bc e ’ ’, ’ c - i  - m l  I

c - I  I c - c t  e e l  I l ie -  l i m e  c - , - , u  ‘ c c - ui c - m p  m t - m l  l i l t  u - l i  - I t v e e l  e, - r t  m h i m  m m r n u e ’eI I ‘ - I c - i ’ m -  . I I Im mime

c ’c - e’ m m t ’ ” I  u m e ’ q m m i i ’ e’ml e - i m l  I ’ m ’ m m s i m b s L m m i t t , m b  m i u i l  i t u i v ’ - l q d ; u d ’ u  t mm ~e~u u m r , u t i m - , w h i c h

I t s ,  I I m S c ’ c i l ! l ~~~c ‘ m e - C l  c m l  I’’ ‘I I c ’O c- I e m mmi c l c - _ i l l  I I i i e ’ d 9 i i l - m d - c h i t  . c\ i ’ e ’ e c t ’ c l I f l ~’, I ‘,- , t I i , ’

1e rce , h u i e ’ t  i c c i t  I m m i i , ’ t i i  ‘ i t  c c  c i t e ’ , - i i  ii i g l u t  I ’  - i - _ l e e  - I I t - e l  m i s  I , c  I I c ’ s - c-

- - 

~~~~~~ —- ~~~~~
—
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P = f(L , K , I , S~ ) ()

K = f (K , N)  ( 4 .  1

I = f ( L , K)

*
S = 1( 1, , K ) ( ‘- . 1)

S S

*
S denotes  mm mU i t , t r y  s u p p o r t  a p p m m r u m b e i s  compeesed i~f sum ~

c
~

c c r l t eem ’ —

sonnel  , L , umnd t i -me e q u i pment  t i m e -v use , K - , t o  m u t i t i t a i m i  t I - me ’ s’c ’ dm l lem mis
S 5

nmove the ’ m m i t e n i c ’ l , provide time’ pe, c sonne i  si r’,’ I c - c’s , m um - md see on .  ‘l i m e ’s, ’

c-c’ r si ’nti el  sh eu l  d he ’ d i  f fe ’rc ’n t  iu m t c - d  f re - mm L * 
‘‘ c - on - mi - mut t I c u b e r  , ‘‘ like ’ r i b l~ - —

men , gu n n c ’rs , tm ii mke -rm - ; , and m u ir crews mi u mel t lie’ c ’ c-e ’c-ifle’fl 0mm c o m m - b -  it s h i l l - ms

1 r d - m m  s u p p u - m n t  or c ’r v i c -e  i-m e ’ ns onm i e l  , K .  —~~ K a mid K sc’ p m t r m t  c - i ’ ip i t : u I

I ti c-c’s te ’d in w e u m p o i m s  m m m d  c’o mha  b ye-l i  ic I c - i - ;  I r~’umi t I mmm t r e q u  i r e - cl f e d  r So c -b -m e l  r t

e q u  I p ta eu it  , w h i c h  r c m n g c -s f rc - mnm e’ h c ’ c k e - m e i t  gc ’ , m r t h r c l u e m m l  t rem e’k s  I c - mr t hue ’

log ist  Ic ’S u m p p a r m - m t u S  to  c’otu m p t m b  c’rs rc’c 1u i red Lcd l imi t - md I e’ i n c - e mi t , e  c-v d i d  ,i t  l u ,

data pree-ess [rig. I is r e t c i  limed to t , e k ~ - j n t c c  , uu ’e’oium ’mt t be e ’ c- - I c ’ c u f j u t —

elus tni ,mm l i l u t r e l m t  , im w l u c l i n g  m u n i t i o n s .  ‘l i - m e ’  c ’m’m ;’u r~ ’ m-c s i o f l  K IS te e ,‘Ilp’l - m mm c-,I/e ’
1-V ’

t m m ; m t  u ms c ig c ’ c m l  impor tant c-ap l t u m l _ i n b c n cc i ’,lc mm i i i t m m r v  e ’Ie ’ m m - ii t s l i k e ~ u m u ’ t I I  1 c m ’ ’ , ’ ,

c i I’ m - i c -, m mt i d  si r  I c — s e n s i t i v e -  b e e  I c r u - m i u l , c~ r “ I u m n d ” ( N ) .

‘l ime-  h e m e l d e i c t i o n  l i m n c t i c - m n  c c i  Eq. ( ‘ c )  c;e ’e ’k t c ’ c , u l i t e m r e ’ I i i , -  I c - i  l - ’ w i m m g

argimm e’tit m e .  F i r s t , cm s h u u r p  d i s t  i n c - b  j e u n  s i m u u u l c l  m e ’ ni m m e l c ’ b e t  I c e i  i m 1 . ,  c ’ c i l m i i d , i t

i m b o n , mum - mel K , c - m r mu i b u i n v  mc ’ - c- ie t im i c s l slu m pc ’rft-m rn i i - , i m ; c j mc l rt I m m i t c t  i e c m m s  .

A l t i t e e u g l t  t Ime-  cl i c c t i n c b i e ’it m , c ’i - q l i - c i m e i  l v  h u t  i c - d u e s , I s  n o t  c u r t  i c - b u t , mm m e t  r u m - m g

c - du s t ’  c~mm mm l e e  mi mu tche - b u t t  t l i e ”,’ m t c - e ’ f u t t c h t i e i e - i t  I m I  I V c-c l’ ’- d i l  I , - r , n t  “ I i 1 - d c - -
c

c l  lr’ d um l i m e - t b um. i- ’- ’r example- , c ii \-sii- al ‘,t a n e l m m r e j u-i f l e e ’ ,1 u t e ’ t  bc ‘m m - c c m - u i ’ I l i i i ’,

Ic- c- I. its f e e  r I.  , m iu m e l m u m  ill -merit i ec u  I c ’ : - ,l c-us i o m m  c f  I , m e t  m l  i c - c l  s i c c  I. m mmv

c - c- chi t’ th e’ put c - l I t  j u l  sm tp pl ‘,‘ ( m i n d  lie-mic e- i ii - ’ c - c - - u s e ’  t l ie  ‘ t t p ~u I \‘ ; ‘ c -  i , ’ , )  e e l ’

m m u r m p e e w e -  r , c v m m  i i  u b l  e t e m  pd r I c e rmn t l i e ’ I . I n i l e  t I ,  ‘i i ~c . M l  - c ’ ’ , , ’ c- , t l ie i ’ m l i e , ,  v I
5

, m m, ’ , ’ i ’ ’,’ h i g h  m c m i i  b i t t  I i I c I c I e -um c m h u l u c m r t u m m m i t \ -  c ’ , m s t  m e - s u I t  i n c . I rc ’ iim t h i f , —u -, i c c , I I , ’

( i v e — r m  I i i , -  v e ry  b u t ’ ; ’ ,’ r c ’ I m t t i v t - pm ’ em i uc i ’ t i e ’n  t i t u m t  I ,  is ‘ I  t o t m i  n i l  i t - m i  -

uliut i - ‘ - 5’, - m’ , t i m e ’  p i e  - , - I n me I t en c c l  - c  ‘ f lue  - c e - c- I c  I I ’ - - i ’m t I i ’  - 
~~~~~~~~ 

i - I 1 t I c  - S c I f l  c - e c u  I - c -

- i ou v ~~I u c ’ me ‘m ild h i ’ c - r i  ci , ’ c c  , i mui u ,c I ic -u - ‘ - m m m c -  I c- c ‘ I  I i ’  bc - i - - i  I l ,’ ub I e - I i  - i’ i lim i t

I -  • I I  i i i  I I v , b , ’ e . t e m c ’;, I _
C 

e m - m u m , ’ u i c - i - m e  ,- ‘ , I l e e  m mm i ~ e - i I t V c t  c m ; e e t , m  1 i I c u d

- I ‘ ‘ i t  - - md cc c t i i  u i - u t  I ‘,‘ c ’i -i , m n c h c ’ t  l u - i ’ ‘in I i b e m e ’ 1 v I I i t ui v ni u u~ c- c  - m m : e - u i i

t-m nu c l ei, - 1 1 m m ;  - - d c _ c e , ’ I - u I t c h  u, I t Ii i It I me s u m ’ c

-— 

i - -
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Second , Kw 
is time’ p rlmm m ry Iee e-us ee l ’ prese-nt day we’uipc’n c’ngi uc-enlng

deve lopmmmemit. Time subject of substitutability betwe-e mn it um c-m d c e t i u e ’ r

elements of Eq. 4, especial ly K , is central to mat-my prcib[en ts e u l ’ nu l l—

tm-try manumgemermt. Time composibion and qualitie s of K lii l a r g e  c - m i n t
* * 

w
drive the magnitude of I and S . ‘i lie more sophisticated bite’ w e - c c - e e c - is ,

* *ti’me larger S and I tend to be. The more memnitions K can expend ,
* *

w -

time larger is I , wh ich , in turn , requires mm lmmrger S t e e  m ove ’ t lme ’
*

tonnmmges. As S grows , it buttresses its I urther expansion he ’ u ’ ,mc t sc -

more d r ivers  and repa i r  peop le need more cooks , deuctors , and drivc’c -s ,

wi-mo also need cooks and drivers.
*Third , S has anotimer inmportat’m t facet whiec h c -mitt be ii lust rmmt i’d

ti-me following way. Consider  two e q u a l l y — s i z e d  mind e q u m i l l y — c o s r e - e l  m i i i —

t a ry  forces , l ike a fj c ’ i d  ‘mrt i iv or a t hea t e r  m m i r  f o r c e , w l m I c b m  i c e ’  cIt-mm - be-

by subscrip t s  “b” arid “ r ” f o r  “ Blue ” and “Red.” I , c ’t  e a c h  f o r c e ’ s  conuhmm t

elements be denoted as “C.” Hence ,

* *S > S
b r

C < Cb r

Both  f o r c e ’s cou ld h ave equ m - t i f i g hmt  ing eapabil itv , w}uc’rc- I ic -lit Inc c , i i l , i _

bil itv is measured as an integrum l eu tinte . The F = f(t ) e ’’etc - c - c’’ - c
_
cull

f u r t h e r  he specified as slim e curves Sin ce’ cul l  l , ’c - e ’ e ’s m m ; u j - m e ’ d d c -  t e e  c - m - m l i i b i t

su r g e  c- ,m i- ma e ’ I ty mmci behavior. Al thoug h F
b 

= F 1
b 

wil l  posse ss , m i t  I l e , c-

“ st e ’ t u b ’, ’ s t , m t  e” c m p u m b i l  i b v  ; wluerc ’mms F
r 

will be c ’ m c - i b l c  c m l  hi :li~- r e ’ ’ ’um ml ’ ,e t

(or c i h u c ’ t ’ ,it I c u lm m ul surges) but will c’xpc’r le ’u uc ’ c- l,cwe’r t r cctm g h us. ‘lIm e- re ’ ,csem
*

is t h u mi t he - c - co t  Se ’ F has mm re  I c u b  ly e  I’, smimum I I S 
* 

it is I tic’ mupab I c c c l ~ii t i - - I  - e i n —
r

11mg l u t e - m u s e -  e l p e - r cmt  ions Ic - m r its othte’rwts c ’ h’ eum ’nmi du thle ’ it i c-it ncut j , c  e e l

c - i  cme ’i’i t m—m . ( i’e’ r ltc m ps Red d c c c ’ s m eet em - mu’ ’ - cmbee u t 11 th ;; 1 1  I cc ’ Is  i ’l l  I i e l , ’ h i t

l i i i ’  e’Xmimuu he ’ , t l i m i t  h~- c ’ , u tm r e - _ t i - li t h e ’  k I t  I i i ~ ’ ‘u’ tIme ’ l’ ;uugl i melt ( i i , u i u u m e - I ‘I e e l

ime St ,irt s ehc’scemiel ing t c ’  b u s  t u - -n i l .) lInt wbi u tt u -v c ’r t Ime ’ l e ; t m ;  is I - m m ’  t h e -

e l i , ’  I - c ’ , II is en sh i ,euld i i, ’ m m mu lL te- r c m i  Sb  c - u t  c c - I c ’ p u e i  Ic’,’. , -\u mc l I e e c -  t i e  Is

t’e , m c d c m n  , t ime S 1 u i m m ’ t I on c i i  time i- mt ’ c c e h i t c ’ t I c m im I tt t te ’ t I on c c h c m ~ i l e t  i c c - I  l e e - , m’ ii 1 , 1cc , ’ th

or e ’ V m i l u m , i t e ’ c I  in i gi t e i r c i h i e c ’ e e l t i l t . ’ w ,i m ’ tli (ccr dc’ u ’ue ’i i t s )  c- m i “sic  ,i c i v i-~t , u t e ’ ’ ’

\‘, ‘t ’ s l I  l i l t ’ ; , ,’ ’ I I g l u l  m m ,, - , i’~m pumi’ e mh its’ .

* *- ‘ m m i i  Ii , t l i e ’  t r , c i i , ’ , ’ I I 5 t S  h e ’ I w , ’ u - m i  I - i m l  S , m m mcl m u— ’ 1’ ’ -I e~’ c ‘ i -ui I m uo l

K wit tIn 5 , ;tr e p m ’ i ; , t l l S  111 i r e -a w i m e u c - tb , c ’ mc c em-t ; m , ; i  m mmlii i l l , t i V i  i c - m u

-—
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pre-mb lems 11mm -my be f.m I ml u- st nm -m i c-I t t  f , c r w m m r d  
* 

mum - md w imc ’ re’ i’ ce nve’nt I c enuml mun ,m I c - t I —

cm ii mode Is ( immc- lud ing t he  ruc oc lu is s  ic- ui  I pnc ee lue -t iomi funem t i . eemm ) U i I  g i l t  i t , i ’,’ c ’

their maximum fru itful mupp i i c u t  iom , I f  i-m ob be de~vc m Id  i d  e’r e,mt i im g nt i s—

chief. Bett ti-me t radc ec-mff s as i-metween L mm cl K ’ are mm d i I Ic’ re-mi t m utt b e ’ r .
c

Ti-mis subjc-e -t entmuls time fields of app lied tac t i c - m e , we ’ m u p e ’u m m s  d e - c - ; t  gum ,

am-md nu ll t ar y  o p e r a t i o n a l  r e s e m m r e - h .  Bc- mi  1 ttarv eupc -rm u t leum mu I re ’sc ’c i r c i u

we memmti wlmmu t c-time’ rgc’cl fri-mm World Wuin II 
* 
wh ic -lu was  t l ie ’  pu rpose- fui l c l i —

deavor to idemi t I Iv and understm -m m-md nih itar \- pne -m d emc’ t iou f u n e ’ t. louis at bite ’

level c- m t t h e  bati k teirr e t and ce de k p i t  , ne c  t t hue ’ mmp p lied ma ti - me -t umu l t I e m - i

model—bui ld it-mg , and c’c-mmp ut c c -  me j m l m l  m i t  leltis t hm um t u -h ut rae ’ b e ’ m l ~c~- , um m cI - I - - mm ; in, i t

t h e ’ suubj c-c -b toclumv . Tim is i me not t c c t s s e ’r t b limit thee- c ’c ’ ,cu i om l  m c ’ c u u i ,  ‘ ‘ 1  c m l

mm prcudue - t ion funet ic-mn has mice re ’ I c ’’,’ c c i d e ’ c’ t o  war cit -md Iecre - c ’ p la immi I mu g .

R a t h e r  i t  is tc  sitgge’st tita t a f a i r  muu i m o etn t  o f  d i m-c e g g r e g m m t  1cm is c m i i  I e d

I cu r h c ’ l ’c u r c ’ I t  e,e ’~n h -me re ’e - u e u i s b [tut c- d c -me ’ c m s  t i c  be itse’ lu l s ’i b i t r e -c - sc - e l  t e d

t h e ’ f i c-le t it-mg s ide ’ c t l  t I - me ’  lc mms I c-m ess

TIm e ‘‘ Em-m c. ’Im ~uu mgc- Aspc’c-tc- ’’ ee l  W,ur , t l i e ’ c ,)m u c - st i c mm ’m e l  Sutbsb I b u t  h e l m , m mmcl  blue ’
C m t c - e u t m t l t i e s

c\ S i m g g e ’sb ~ ’~ ‘I i c e l c ’ l  e u f  W u m r .  ‘Fl -me p r e v i o u s - c ’ i t  i e e m m  cle ’sc ’r  Ibe -d  C l c e i m ’ - c ’;c’I t z ’s

la nd I c r  c c - c -  ‘‘ p r o d u c t iomi  I urm c’t i- i i , ’’ ,mumd it e ’rm ul c cl m i s  m u s s e - n t  l i en t h a t  b I t e

land l , ’r u ’ c - s  i - m r e - m d u m c - t  i c u m m  I e t ne - t  ion  w , t s  i c t b o r— i n t e ’tm s i v . - cinch , sp e c ’ I I  i c c t l  l v ,

it was imi fu m ntr v— int c- m -msiv e . But  hm ’i s  1c c - m i s  d u n  t h e ’ “cnc - ,in, c- I ’ i u - i u l  ‘‘  e ’ntp l i i -c i m’ e e i

ti u mm t s-m m wmms mu “ l ,m b c - mn —iu - mt emsive- ” , u e ’t  l v i  I v  in m p e - c u l  icur s- i’,’ in t l i m i t

c’ c m c c - e t c i l b  [Cs e ’ons t  i t u t u ’d mm I i t e- rui l spe’imd imi g of p c - c c -Ic ’ . ‘FIle- c ’ n ’ g i ; c ’u t t c ’ u i t  mu h i -mo

c- n b a  I led m mii cxc ’htmt nge ’ wit le ’h , mc e ’ cur e h  l u - m g  t e e  Cl  , u u t s c - i c ’ i t z , wcis  r e e t t g h t l  ~ ‘ e ’ q u t c i  I

Cl  d i u m s e w  i I z mm ci c h e i t i b  I b u t s e d  uum i m e ’h c i t  im is time - cc  r v  d e n  Ii is ‘vii I l i s t  — m i t e 1 c - u - , —

b e e - r i e ’ m e d ’ c ’ i n  I l i e -  N i p e u h c ’ e u n i c - \,‘ , m u - s , I d c -  w l m I e d u  c i  I’m ml u ’ u t u i l c u e m n t  e e l  i ’ v i c h e ’ m m c ’ e c ’ , u i u

b - me- u a ar s lma l ed  to s lt p p o r t  t I m e  h y p o t h i e s  is .  l l d ’ic’ c ’’, ’ , ’ r , a more-  c m j ’ p  c - c ’ c - c -  ic - i t  e’

rc -u m ehe- r i n n ,  e e l  hi 1 ‘‘ ni ,c c l c ’ l  ‘‘ h it i g h i t  he ’ us c m i  l ’ ’ i ~’ m~ m v - m i  , e b l t l , e u m e - n t  s - i  i ’ , ’ I m —

t iv t_ -lv u—i i u i mil , u u ’ s e c t - m I m i - I  i e ’ u t  li en ,mmicl i c , u ’ c c size , , uimd ii i t  c, ’ c ’ i c ’ , i  m i l e - c t i t t 1 ,

e ’ i l ’ , , i g e ’ i l i , ’ nt  ( m m : i m i m n ’ , -  ‘ i t t  I , ’’ i n  t I m e ’  ~ , u l e u c I e ’ u m i u I e ’ w,mr ic’- i c ’). n, ’ :‘~ Ii

si m i t  Id h u e  c i  u i w  I dc ’ t e e  I c-v I c ’  j u r t  ‘ci l e t  w i umu t I h u e’ c - c  sit u I I v e u - m i ’ h e m  mc - , ’ r a t ’ ’ s’ ‘ i i  l e t

hut ’ . I i c - I , - ,  - , I , u se mis ii ’ I ,- ut u l I iI , ic - ’ , ’ mcmii ~~, ‘i t I eI le t - s- i m - ;, ’ I c ’  - m I n i  ot t  I hue-h r I- ,

e ’ j i t u l  . I t  ‘ - m m , - h u b  l u c k i i i  i e ’ c ’ c e u n i , u  l u - ic - itt ’ ’ ’- , or h - m v i i m r i l  t u m u c - c h i  I n n ,  c ’ e m u i b t l

e ’ , u t , ’h t h u e ’  m ’ ~ep i  ‘ i t t -  i t t  ‘ - mut i t v st c - tutu cc - ‘ i i  I - ml , ‘mc- t Ii ’ i ‘ ‘ - c i ’  c i ’ i uc - I - - u e’  Ii 1 me I - ‘ I - c -

- 
- _ c , .’~~ ,~~~~~ c- ’
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c- d u e t  Id be’ ch rmmwm i imp in limit t i c ’ e e r d e - r (mis d id N i p ’ I e- ’ u r m  m u g , m I l i s t  tIme ’ i’rume s icmm u s

cml , I e -n ,m-—Ae t c’ c - st u u e l t) , t h e -mm mi I ; m v c u n m t b l e  c- m- m c’i i c i ug e ’  r c u t e -  c ’ c ’ u l d  c- c -St i l t .  h u t

it s’cis b Ite d I sic c-c -mum i zc’d mmmd unem oci rd imi ci t e’d w i t  hid  u’ mwmu 1 t m e t  c- i-m ci 1 ci 1 c ’ me l

to re -mm I iy Se ’ r ieuus loss (cit-md see wut s time’ c-russ immn Army u le ’ -,t m c - u v~ -~I m l  , l e ’ u m m u

it w m m s  lurt lien jim-ic-lie -it In Cl mmi cs c ’s ’ibz ‘ me t i m ink immg th u mm t mu

I e e r c ’ c’ rmmt icc s i u d l e t i d  he soug h t .  h i s  re’ dc si ’mm itmg s’cms nec deuuht uute eri- su t l mt Ic-

b I u c m m  d i  S [nil) Ic ’ inte npretmmt iom -m of Lmunc ’i m ~-s t en ’ me Law . In uicld it il i um t c ’ p n e —

vi d I c - i c- more gum-ms , a l a r g e r  1cc re - c ’ 1 u ru’v ide’ m m mm , ‘ c - c -  whue - i c - i c ’  I Ilium I t e m uummi tme-d m ’ ,’,- r

and , c-spec - jail’,- , ne-se-murc’e’s lee r mu c-c ’ sc- c-’,’c ’ wh u je ’h is mu nc ’ce ’ss l i v  i I m m cc ‘mmm —

11mm-nich e’ r is L u ’ re’ bum ic-i opt ieeui s dur ir ’mg b i t e  c - ngumge uuu e’ut . I-’ ium m - m I lv  , c m 1 m m c-ge- n

- cc.  ~ ‘ “ u - - m n s  t, limi t one’ cc ,u c -m mmhsorb mimorc casual i ies h~- l u c r e ’ t c c l  ic -m g celli-

st rmu in ed tel br eumk id I tIme engageniet i t , wimi c-h em bmmi is time cic ’ I i c - m i t e ’ r i s k

of leising mumcun e troops in time withidnawa l (incleud it -m g dc-se-nb ielm i s )

c- Icj e’ t t  the’ view t !tm ut tIm e -mmsuut i by e’x ehcm ii c - c’ will be’ rc - mu g b t l  y c’qumu I

wim helm in time 19th century mmm y humve be e-n vmi l Id hee c-mumee ’ mull c - curt ic-s  h u m i d

reiug lm i v me imi I mm l u c  r u : e ’ u-i t reic-tuc -e’s mmnd chimp 1 c ’v c ’d rdlug hi l Y bite-  s e-lie ’ k imel s e e l

wem-mpc lmis (or which nm i ght be ti-me ecu’,’ a prudent ml lit cc - ’ , ’  p l m m m u m e ’r n c -i t t  cu r

oug lmt to  think , given unc. lear cvi eh e’nc’ e to thee c e - nb rut rv ) , t lie ’ re sc u ll 1 ci ‘ c ’

mm nc-cd to inc-onpo nutte im a uuiodel eel wumr din ’,’ um l l cewmm m c ’e’ Ic-m r d hi ’fe ’ c-t ,’mi t i d

c-cuunhat eli cc - b ivenc-ss . e\s Wc’lllmigton i- mcm t it v i  t I m r espe ct to  h i me c - d i m ; p a m  ~- c -~

jim li - m d Ia * 
‘‘ ‘if 11 imach r I c c ’ munch hum i l u c c ks  , I Imu u d men , am -m d if I bus ch c-c - u i I

kn e’w I cc -eu 1 d b e ’ , i t , tIme emmenuy . ‘‘ ( Ncu tic- c’ We- I 11 nc-i i - mum l u ci d bee  t h  u n u m t n h l c  ‘s’ c ’ i

, s m u i c i u l v  ‘r i c e  ut t - md a prc l dute ’ t l i e n  lu n c ’t i e c n  m e d e ’ l ium ee mic  s e ’ n t c m m c ’ e ’ h i u - m cs ’vc -r ,

lie ’ m ilw ,t ’,’s wm u s ,m rm m t i mc - r te ’nse’ Ic- i low.) Butt im m mode -i - mm I bite ’s \ ,e u - u I  e c - tct Iii

th m c ’ I c b s  b i m m m t  ‘nc ’ side’ c-an gut In mu c ’ e e n s  I met e m i t  ,-d~~ i i i  I i c - i t t  j il t ’, 11 c - e d i t , ’ —

t i c - i t ’ , -. (‘c ’t ’ re’spe cudim ’t g l v , mc chc ’ls ee l w m u r  s i h , u m u l d  h - me ’ mi ~e iu i’ ’ ’ j u ’ l i t  c - i ’ , ’  c - , - I  I c ; ,  1

t i e  cc - c ’ ‘m u m u ime c el - c te ’ b hm u ’ Ii’,’ p e t  lie-s I me

I t t  i mum el c - r t - m k i u i ; ’ , I i m i s  t ,m c ;k , it [u-i m ulso ~~~~ il c i , ’ t e e  c uei eh i ’ , ’ c - c ;  .u m m , u g g i t u g

g u t - s t  I c m i i  c u t ’ u u s t  h m e u w  t l i e -  h e r m e e h u e c  t I c m l i  I c m i ’ t l c m u i  u c i c m e i i  1 me ~‘l I c j s  . I ‘ c mi i i m ci i i

- mc i’ c - l , u t c ’ e h  t e e  w ,ir. I’h ie ’ s1ei ’c- II l e ’ q u e s t  i c c u t  I ’ -: c - l i m i t  is “I”—— i  .“. , c - i ” e e h i m c - t

e e c -  c c i t t  p i t t  m c c i ’ , ’  I, e t l i e  - l c d l  l i i i  
* 

whi t t ,u r, - rc ’ I c ‘c ,- , tm u t lie ’ , ic- _ ui i’ e ’ c- c ’  I I ’  ‘ ,‘ ,\ I I ‘ml

- t n  he c e  I I c u e - e l , .uu u, I c i t -he m I c - u ;  c ci i  t l i e -  h uc ~ in I - - i n  l e e - e’ ’m t c -mist c-c- . 11 , -mu c h I uu g i i c

l ist m i g h t h - me- t hi m- ,m l e st i t t  i e e i u , ‘‘ N u t  i c ’ u m . m l  S c - u i’  l i v ,’’ m m m c l  n e x t  e ’ c ’ m m l c i  b e t -

t h u  t ’ ’ - - ’ ; ’ ue ’ w l m - i I  t i t u s  I c - c -  ‘‘ \ ‘ l c ’ I  ‘ u  v. ’ u i r  It ,‘ c u i t i c h  I ’ ’  ‘ u - n o e l  t ,cke im c u ’ h, 1 - 1 ,

11c m t Iu ~ ’ u _ c - i t  is ,u r g ttt -eI I It , , I ,u h - m i i It ’,’ t c c lcd I I , ’ t c ’ , i c ~ c m , m  I I I c ’ ’ ’ ‘n e ’ h i c ’ l i l ’ ,’ ’ - ’ i , ‘ ‘S

— —- _‘
~~~~- -~~~——~~
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in war , and pmmrt ic-ui mm 1-v in c ’ n g c u g c ’l ime ’ u u t  s , shmeu ul d be blue’ rc’ I c ’ v , t h m t  ui lc ’ , d s u r c ’

of the prod u ct c u r  ti-me productivity t r e a t e d  in Eqs. l— -~. In lam d s - m m r —

fare- , our c-asuuml ty criterion weu ld measure troop lO sseS mmumd tm-ink kills;

in muir war it Is um i rc - rm m f b shot dowmi ; In nu-iva l wmmr , it is e’eumb uut si c ips

and cure raft lost. It seems sufficient bed re -c - d ec -ni Z c -  timmut the’ cmb ii i ty

te e i n f l ic t  casualties on at-m opponent is a necessary condition to  con-

duct  war s u c c e s s f u l ly .  But  one g e n e r a l l y has to  inc-un casualti es t e l

do this. The immediate obje’e’tive of the force p l a n n e r , eec-u p o n  d c ’s i c - n e c- ,

and the field commander cami thus be narrowed to strive to attain favor—

able casualty or damage exchauige rates. In a battle , c u r  sc-er , c-e- l u t l c - c’

casualty exchange effectiveness then impacts upon mcer ale in sue’h a c~- m m v

as to y ie ld p r i soners , o r to reduce the oppone ui t ‘ me e f f ~’c ’t I y e- n e s s , o f t e n

in  s u b t l e  wumvs— — c ’ . g .  , i nduc ing  a i r c r a f t  to  re l em u se ’  bombs f r o m  h i gher

umititudes ‘cm at shallowe r d ive angles. Thus cmiptured p r i s emnc ’rs (and

sloppy bombing tm ict ics ) are’ a p a y o f f  f r i m i u m  t h e  s t r c m i g h m t f u c r w ,u r d  k i l l in g

business. TI-me larger t he p r isone r cou n t , t i m e ’  nuore ’ f u i v e e r u t b i e ’ s i t b l m e c ’ q U e ’t ’t b

force ratios will be’; or the quicker time opponem ’tt runs um l t en siuc ce c ting,

t im e more t e r r l t c u r v  one a c q uir e s .  Of cou r se , blmese’ cumu l mit ic-c’ ccl ’,’ mu ’m I , m c c ’s

cc-mn be offset by si-moving more resources Intcu the pre -m e- e’mes . But tim e -n

increasing cost is incurred to attumin m i litmmr v o h l e c - t i v e ’s , wI’m i c ’ h m

c’ve’umbua l l v  impmm ct s on the tutxpayers .

It could he a s se r t ed  b u t t  p r i s o n e r  e’ouu ’m t  au-m d sl c ’epp v b o m b i n g  or

ue ti -me’ n ‘‘h- me -c - cut jom’mai tm-i c’ I ic -s mire ’ red 11 v I lie’ rc’ I e’V,ili I. mem t surc ’  e’l I c 1ut e ’ ‘ me

e’ I I c e ’ t j ‘.‘e’u ’te-sS . We would ume c t d I s_mg re t- . H eew e ’ve’  n , t l ie’c; c’ h i m e - m u s c i  re’s hue ’ b

clii i Y sm iy someth ing umbout time c’ I fee’t ivene-ss e - m f  d u n e -  ‘ me f e e  c - c c ’s , hu tb cm I

i c -v  c-an spe ck most  l o u d l y  m i h c e u t  the c  eve ’ r m m l I lime-rut ‘m e’ cinch I Il c - i ’ e m - I  I h - me’

c, ’ i l e l l l ’,’ ’ S I roops m c i  crews . [us uumor , ul c’ , c u l  c - e ’ i tc - -;,’ , I s mu func -t i e c mm ccl , ‘i mc-

c’I t ’ c c - ’t  iV emm c’ss . l i m i t  i t  i s  m u sic  d l i  i m p o r t m t n t  i u u u e ,- t helm C c i  ,c t hu e r tl uiim gme

beyond c c ulr e c u - m t  r’ ‘1

- ‘ c r  th is c-e ’ ,iseeu , we ~;m, - i’,,’m - ct t b - u t  c- , m s i m , i h  t v  , mn ~h u l , m u c i , u e ’ c- c - c - -d i m  I jc ’u ’i

i n t i m e ’  e -u ig m -ugt~me ’tm l - ‘ire ’ mu e’ u i p p r cc l u u ’ I , ,.u t  e ’ i i i e - , c s i t i ’ e ’  c f  c - I  f e - c t  iv e ’ ui , ’ c c c - ; . Thu is

memisu ri ’ c u t  see btcm me tI ’ - i- m t-i i t eel i c  I ii, emet i c - i l  ed I mm p c i c ’ c t  I me- c ’ x c ’ c - c - i  c e - m e ,

m uuu e t me t mu I .u I c - t i  l i e - le t t r i - m i m e , in t i e , ’ I m ’nm -ml it It me m i t -mel ui - - c u ’ n u i  m e s t ’s c - c - I  mit lvi’

I , ’ b c - c - c - c - I  sc-st , ‘ mc - m m ’, l i t  ar c -  d i e - S i  ne -el i c c  c - m g - c u  ,umm e l i mc ’h i .uv , ’ l i k e ’  t h e ’ m e - m i

l i m i n g .
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I mi advu inc  lug tb -me [dec-i t h i c i  t c’uusu m -u it y p rodeu c- t lee-i in blue’ m ,’ tmgmuge ’ hu i e u m t

is thu, pr e ferred produc -tiv i Lv (c-m r eII e -cm tive m ’tc-sm ” corumbat nm edmmeurc c ) 
* 

i t

shicleild mmc ’vc ’rt lu c clc -me s be re ’c-c gnized t h a t  casualty exchamige rmmt eme imm m u etuium l

s’~m r mind c’ngmmgemen t me c- c u l t  O f t  enm re-I l em-c - I t h e  e ’ eerm se ’qU e mic e ’ S cc f an c-cl c-c’ ic it Ii

t ’ e ’ c’c p c ’c ’b to troop on crew mitotivab I cn , mind  r u morui le ’ . For e ’xanlp  I c ’ , t e e  time ’

e’xte imt tlmat Red’s t r e c c e p s  cowc- r ic-u t h e i r  f o x h o l e s , or do ne -m b met ick t e d

t l m e l r  guns , or di.) i-mob expose t i i c ’uc isc .’lves  so th at th e-v caui see’ wimmut time” ,’

,une  shoot itmg at  , ti -men t i m e - v will inflict Iewe’r e’um semalb ics cell Blue’. H e n c e ’

on e side , l i ke  t h e  I s r a e l i s , ca n reveal  umn i m p r e s s i v e  engagement  ex -

ch ange r a t e  re l a t ive to Egyptians. Time essenticm l dif lc ’renm c c’ , cef e’euu c-se’,

is like- that of a I iglmt between two nuemi in wh ich ee c -mi v c.’ne’ Is -u ft c- h ub c c - .

All this smt yS , c m - f course , is ti-mat u .’ m t s u m m l t v  p r o d u t e ’b 10mm Iii t ime ’ emmgm mge ’nme - t m i ,

is an imperfec t measure’.

TI-mis concept of product also enconupm-tsse’s, c-mr i, s c -- u i - ms ist c i i i is’ i t l u ,

whmmt most planners and an m - ul,vsts m it ,cpear to  nec-mum i-mv “c’IIe ’c-b ive’mi e’ss .”

TI-mat is , t ime ’ effec -tivenc -me s i l l .i s’e’ mmp o t i  (and i t s  associated o r g a n i z c m t ,  icun al

d r  f o r c e  me t  n u c b u r c ’ e ’leme ”u’m t ) contribute s to th m e’ ‘‘pre cd cmcb iv it y ’’ , u f time ’

I cc t ’ e ’ c’ ; i - m r  our  ‘‘ P ’’ is m i c - t u a i l v  t ime -  consequence ’  of m u n a c -gr e - c - m c i  i e n  e ’f t i m e ’

ef f e - ct  iveness  u - m I  the wc -m i pe-mn s  mit - mel t u m e  t i c - m i  I umn i t s  cou pe-S Img the - 1mm c- - c- c ’ r

i c - c - n c - c - c u t  ic c ’ m of  u c r g m m n i z e d  em i t s .

‘rite’ f o c u s  i - mn t h e  c ’ u m s u u u l I v  e x e h m u m n g c ’  d m s p e ’i ’ ts  i i  c-c- m u- am ’gu c -c - t i m , m t  e d u c e

c i i  sic c o n l r m u u i t m e  t i - me  “ p r e l c h u c t i v l b ’ , ” e e l ’ an ccppe lu ie ’n t  ‘ S I u ’ c - c - c’~’ . ‘ic c e -icu i c l e c v

‘end ’s wc ’mm p ous  mm m d t r i c e - m i - m s  ne ’ce ssmi r I ly  n e c - u i  i r e - s  t h a t  t hey c - cc - c t e m - m g - s c ’ b i m e c - ’ c - ’ e ’ l  ‘ ‘ e ’5

t i c  c’ nc ’ uu i ’ , ’  I i re- . lIe- u i l s o  h u m s  a u ’itu ’ c m t i g  i u i c m e n t  l ’, ’c ’ t e l  Ii’ ’ ,’ I c -  d c - s t  u’ , ’ , -  u m m m t ’ r i c - u - mil l ’,’

I o r e - c-s . i c r  t e e  d i s r u m p t  t h e ’ i r  o p e ’ r m m b  ~~e m u i . ti nt’ n u u s t  t l m c - i ’ , - f c e r c  be p c - c  , u u  c i

t e l  t , u k c -  m en  ‘‘ a l ccc , ’ c - I , ’’ c - m m s u , m l  t i e ’s or lo ss , ’s

Re- c - ic c - u i  i I i c e u ’m em I t h i ’ e’ m t s u t c u l  I v c - u  i - d uc t i c - m u m  u t u m e l  di b m ; e e i ’ i ct I ecu i c c - c d - c ’ t me c c l  ic’,,r

c’c m m i ’, m c - c - m e t c - m  t h e ’ I~i ’ I h e w i n g  ‘‘m c m e l e ’ I ’ ’  c c l  t l i e ’ s t u b  j , - , t

i)~ , = I 
( 

~~ ~ -m 
~ )

r rj

lie - re- I Ito h e m ,  - ems i l-u c c li c- - c l I c e s  me’ I u t  c- c ’ ’ ’ ‘ c ’ ’ I I , - e ,~~d h- m ’ c ml , i l  me c - l i t , ’  - i c - e l  l u  ci a m c ’

d , - uiem t i  by t hu e- c-iuhse — r h u t s  i-m , m m m l  m’ . ‘l ime ’ c - mu l e I t - u i  I i t  I t ’u ’ u-i i’ c - I - u  c - - c - l i  I t i e , ’

vu m r i i  b i ’ s

_ _  _ _ _ _  -~ -~~~~ ~~~~~~~~~~~~~~ 
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I’, productivity in inflicting casualties;

A , willingiiess to absorb or dde - ce -pt casualt ies;

F, ~ on c c size specified in te rm s o: con mb at  or  i i g im t i f l c -

eieme ui t s  l i k e  infantry , arc-cored , or artil lery ~‘~ctt - cll o as;

or a ir  w ings ;  or con mbat  s i t i ps.

OF’ rc’presents the outcome of an engageutment , in te’ ru m s ou probability

of wint-ming or losing . The uumodel , can also be extended t o  time’ outc ’o l:m c’

of um war ,

“Productivity, ” as argued above , is t~ e ability be ’ infll~-t

caseialties on an opponent. Al thought b rutally it call be Sc-c- c - I l  led in

the forum of Eq. (4), it can also be’ rc’ c-a rded  us mc function of timn e e ’

se m b t  le e l e u i m e n m t s :  (a)  comba t  sk il  i s , i n c l u d i ng  ab ii its’ to I e c u 1 au md

I m a n d l e  s um m ~c l l  u n i t s , t ime cjem al f ri e s c e l t i c - i ’m are t ime  p r o d u c t  of b r a i n  i n - , ,

i c - d c - c t  r i na t  ion , and o t h e r  i ng r c d i c ’ m b s  1 i k e ’ t i -me bas ic  s k i l l s  o l  rm moum ’i t ue i u c ’ c - c - m e

and f,cr::m boys t h a t  c o n t r i b u t e-  to  b e i n g  c-clOd I ie ld  s o l e l i e ’t’ s ; ( b )  L i m e ’

reluet ic-c, et fectiveness of c cma te t ’ie’i ft c -mums (equipuitent and nuuuiit i o n s )

t h i ,u L c - c m m m l c t ’ i m e e c  t h e  ‘‘too ls  c cl the tc - ,m e lc -’’ ; and (c)  gc’nc ’ral sh i~m at -md h i g h

lem ,’c’ I c l u u u a c -, e ’ c m e e ’ n t  skills , wit ic-it inc-I uche ti -me selection (uuc-ud c-c’cccc m - ’ ,’m ul

c c ’ gene’ r im I s .  ‘l’I mu s  Pres  ide-ti t L I f l c e m I n , c -v emp loying ti -me’ exp e-d ient 0 1

I i r in g  lose rs u n t i l  lie f o u n d  w i n u i c cr s  , t m c e ’ r i t s  c - c’ i ; e m gn i t i o n  c-me m m firs t — c - c t  e’

m : m i l ,i t mm r v u i m a n a g t r .  c - m ’ i 1 m c -  ro c- Franz Jm m -me c Ti m , on time otluer 1mm -m d , re- c - c-m m I ed

, umm opposite ’ tendency wi-men lie 1 a m 1 c’cI be ’ dc ’s i c -n a t e ’  cm r o v m m  1 c - u’ ~ t e ’ c ’ I \c - b m cc

ce’ i cm perbtaps tim€’ most ab l e- I jec l,d ge’nc’r mm i ~ ti c c’ ontuumujnd time ’ 1- c -mug it- c ’s

f e - n c - e s  d ’ c ’n i  rout I n c . bite ’ [‘ russ janus in the 1866— i i’itu 7 mi mic - Ice ’ c ’a cm c - c’ Im e

mmp [iarem ti v 1 c - m u r i el e l m a t a poss lb 1 c’ dIe-fe -m u t would unu h ii v d m c’ cegt ’ t h e’ pc - c-sb m c-

ci i t d c ’ Royal 11cc -u se -Ito i d  . It is imnp i ic- It in Clause’s -it ‘ me vi e - ic ’  L l i c e t  t mc ’

i r eueh u c ’I iviti c ’s in  l e t s - c- en o p p o m -m e n u t s  s’cou ld nob ch i l e - c -  c- i e ’ , e t  l v , u l  i t

c i i .  Cc l, , c - e r , t h i s  is arm eu um pini cm u i question.

‘ l i c e -  m i l e l l  I t ’ ,’ I c ’  , m l e m - , c m r b  c - , c -e u , u l t  i c - s  h i t  , t l m - c - e c l u m t c ’ t u-c - c’ , - -, , is p .ui ’t l v

m i i i ,  I I c u t c c l  t i m e ’  l e e r ’ ” , ’  r u t i os m u m - m e l , c u l t I ;” , c t  u - I  ‘,‘ , ctv , u I I mi’ l~- n il ii , u rv uu m,mnj - ’ -c-

I ’ I c , u l is , hue’ s i , i ’ ’ wi tIc ,u I c c - - c r b c c m p e i l , u l  i c u u e  ( c ’ c -  I c ’i ’ c-~d c - lc u ’ c tleh c i ,  1 c - u t  the ’

-c - i c - il Ic- c- ,-, I e h c ’ (- - 1 1 , - c -  - - t ’ ) ,  p r c m ’ , ’ I l i ’ch b m ,m t lm s i d e ’ s  i c y ,  e ’ ’ p t t b  t u u l l  i t  i c - - k i l l s

- mid  - mu c - c h u m  - u I m e l, ‘unmic - hi t e e  mb c u r  be , i , I - c- I i c ’ t  ‘ me c- - i - - m m c l  I V - i oii tic I I , c f l  c- - c - e l’ 1 1 it v

I i c c ’ c c i t t  c ‘ m i i i , ’ , ‘ l  t bit ’ i c - c c ’  u Ii ’ , c ui t iv i I ‘,~ i i  c~t’~ mc, c- ’,~
c l , m I n il e I - l i t  l m c ’’- c - I e i - mci . 
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However , ec t e si-mould separate’ oet t the fee rd ’ c’ rat io umnd n i l  i t u i r y  m u t m u l u c ewe ’ r

v a r i u m b l e ’ , and I’ u e c - i t s  on time- c - im pu t e  i t y  to a b s o r b  c - m i s u a l t  Ic - -ic p er  sc- .

C a s u a l t y  a b s o r p t  ic -mn u e b i l  i t y  w i t b m i mm t i -me c - c u t m t e ’xb  of  t ime n i l  i t , m u ’ \’

s e c t o r , t imus  d c - f i n e d , encompasse s such  a b s t r a c t  q u a l i b  ie m- s as n u i e r m i l c ’ ,

v a l o r , and d i s c i p l i n e .  Th i s  c a p a c i t y  is producc ’d b ’, a v a rl e ’t V c c f  b e - c - l u —

m i i ques and c ssoc i ,u t e d  i n c e n t i v e  sy s t e m s .  Somehow , to th t c -  a d n m i r  i ng  d i s -

may of c o n tc ’mpc cr ~e ry  o b s e r v e r s , t ime O t t o m a n  Turks  Imbued t h e -  l l o u s c - i m c u l  ci

‘l’ n c e e c p s  w i t h  ti -me n o t i o n  t h a t  i t  was b e t t e r  to  die ’ ecu a c- arm p it  ic-u  in  mm

t ’ c u c - c ’  i c-n land t itan to d i e -  in bed a t  lm onue . By t ime ’ n m i d d l e  of  t he ’  16 t h

c - e ’ l m t  m t r v , bands of Swiss  p ike-men in p u r s u i t  01’ p n e e f i t s  me t  I I  f en e ’ d t i m e ’ in

mem t c - m i  r e - s c m  l~~e and I n c en t i v e  b y p r o m p t ly  k i l l i n g  the  co i l  c’ m i g m t e ’  wh i m

w , c ’ , ’c ’rc ’d . I t  was the r e su l t i ng  solid l i n e  of p ikes t b m a t  deposed  b I t e ’

m - mrnme - mr e d  k n i g h m t  in W e s t e r n  Europe’ , not  gunpowder  m i s  scene t e c h i u e - m l o g i c - u u l

i n t e ’r p r e - t a t icens eef h i s t o r y  would  have us bel ieve . The ’ b u t t  t Ic’ e el

Wm-m terloo (or army of Wellington ’s victe cri c’s) was not “won on t h e ’ p lu u v tm -mg

f i e l d s  of Et oui , “ b u t  r a t h e r , i t  wit s won in I l - m e ’  g u t  t c r 5  e f  c-i m u s g e u s ’  m u n c h

London that prod etc-ed ti-m e infantry wimi cit posse ssed met Ic-must ‘c-c ’ Bc - it, i s l m

virtue : “steadiness. ” (Wellington also described that “article ” m m s

“the sc-tim of the  earth. ”) Final lv , belie- f in ml cause , ,u le ’,m i lc ’ r , c ’r ‘ice ’s

organization can affect time -mu b i l f ry  tel a b s o r b  e c u s u a l  t i c ’ s . ,  is t t ru c e ’ m, ’ c - mm t

on 
* 

N m q c e m  1 eon ex t r u u c t c ’ d t ime c - re-u - mum ee l tiui ’ F r e n c h I nf mmm t n, t e e  f c i  run h i s

Cuuurds Reg i m e n t s , of  w h i c h  tb -me c-c ’ wu-Is an Old , ~Iidd 1 c ’  
* 

mind ‘m’ec u tul g (deic irc l

Desp i te ’  fe-arsomc ’ c a s u a l t i e s , b h me ’ v I c - t i l e d  t u e  turn t Ime trick in tIme- I i mm , m l

a t t i c -k  m i t  W u m t e r l i e o ;  n e v e r t h e l ess , t h e y  n um u nmt c - e’d I c c se m i k c ’l  f t im e I i c ’ i d

- u , ut nd t l i e - r e - b -m v  d i s p l u u v e - cb to t b m c -  umu i uu i ’ i-e’d U r i t  I me h u ci pie Il -m t ee l m h i c ~ dd I

p lay bite c-mime’ .

I t  wumr  e’n b a i l s  c a s u u m l t  v exe ’h m t n g e ’ , in wh ich c - ,i su iuil t ’ ,’ , t i c ’ c c c r 1 l t  i cem i

e’umpumhi l it ’,’ is a crib iu ’cil va ri c -ble ’, bite - n I e ’ru ’ c- c - c u b i c ’ s  tu c i m ’, I i I I ce-met i ’ ’

spec iIie- d in terms ‘‘I t hme e se’ c - I c-u i-me -mi t s c c l the’ le c u ’ c ’ e ’ met c - etc - bitt’ ,’ w it le ’h m u

nicest [ikt’l ’,’ t u u  be ur blue- i n c ’i c l e ’ u c e ’ c ’ c c l  u ’c m s e m m u l t  I c ’S. 81 1 c c - i l i c ’ m t l k’, I I m e l u c e e t l u l

on I ~
- I rn 1 emde ’ c’e mhuu I t r oe-p s  m i n d  c ’ n e w s  , c c i ’ blue- L , in l - c j  (

t ee n e e l lee r pu r lee ise s, su ch mi s tIme umumu I vs I e e l  ml I u l cm m t I It ’s , c ii i c u

we ’ u l c m n ,s l i k e  u i  u - r a t  t , e e c -  t m m u uk c e , h i d  bit - i t t ’ , ’ F, c c l  I d . ( e 1 , e m Il I ’ , ’ - j ’ m ’c  h I  u , - d .

F’cer i m u u t c ’h i II ned most se - i’ he ’ uus ,tm ,’el vcmi s . i t Ic - u u i , ’ , e ’ ’- —m , u i ’ \ ’  I , ’ ‘lis, t , ’g u ’  e l - m i ’

h-’ee i ’ ic -mi d t i c - c ’ s , it mel te ’ti I cI he ’ m ut I c - t m - i  , l l m e , m ’ c ’ i e  c - t i c - el  m c ’ t I l e ’ t bu i ’ t ’ e ’ uu ia ~~~c ’ i’

- , ,, 
~~~~ ,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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combat arms : infmmntnv , mmrmor , at-md artiller y ; mund , often , femnb lme ’r dis—

aggregation is called for mime be tween , scm ’,’ , bc -W e’d mind s e l f — I c - c - m c i led

artillery , mechanized and fumeet iuufum rm tr v .

One reason for speci fviumg F in Eq. (5 )  is because ” cml ~i lm u um g— stand m c -

concern with “numbers ,” or relative force size, in b a t t l e , campai gn
and f c u r c - e ’  p l a n n i n g ;  or “force- rmmc - i c u s .“ ‘ I b i s  conce rn  is also e”,’i chenced

in analytical literature centering around F. icc- L a n m c h m e ’st e r ’ s mode- i ,

which is sinmpl y the F elenments in Eq. (5). Lanchester further me i u c’c- iffr’d

that engagement damage or casualty ex cl mm m n c- c - rmmtes we’ c- c’ cm I c - tic - b ieum c c l  t h e -

squares of the opponent ’s fo r ces , fcc r wbmi c- lm lie and i’ther student cm us ed

time umotation “n” ; b-me -nc-c, ti-me fummc eems n—sq emc m re ’ law of ceunmbab

Atte’mpts to verify Lanc-itester ’ s hy p o b l m e ’ m e I s , I u m c - l u d i n g  an ccl te’n umuti v c ’

l i n e a r  law , have not be -en en t i r e - I ’, ’  successful , c-m r at b e s t  tui i > m c ’ ul ( i n d e e d ,

scene stud ents contend ti-mere is nc) evicl e’ m t~’e to s u p p o r t  i t ) .  One’ reu tselum ,

In c ’ mmr view , fe -mr tit ,ime unresolved issue may be time pce int  t b m m m t  i n u u d e q e m a t c ’

,ec-cOUfl t is taken of ti-me r e l a t i v e  p r o c l u c - t i v i t i e s  be tween  o p p o n e n t s .

N o r  lm mm v e ’ any emp i r ica l st ud ies  we have sc-en separated eec -b rm m b ic ’s mi me

betwe emi , sciv , artillery and Infant r v .  For the ’sc ’ re - mus eums , and  Ic c ’ c - c t use-

force rat iel s continue to loom important in the minds id  1 i cc-I d c- i uc - m mc mmc iid c ’ c - s,

it is argued that force size and hence r a t i c e s  nc-m t he i gnore-cl in an mul vs i s

of war .

‘I’he P r e m d u c - t i o n  Func t  ion mmuud  tim e’ Casualty Exc-hiau1’,e Rate. ‘l’hue fo rnmemlcu—

b f e - m n  of Eq. (5) is intended tie mmsmee ’nb that , witim re spect t i c  i c 1 c p c m l i e ’ u m t s

i t  two sides are equal withm respect to twce e d t ime vu mrim mhlc ’s . ti -me me I- ic-

t ht mi t imas t b -me - edge ’ j u l one ee l them w ill wiu  . Fe-m r exantp I e , it one ’ s i d e

e’i m~ i’vs mu productivit y m’udvmtntumge of , scm ’,’, I . ‘~i t o  I , it is ,m h le ’ I ’  ic c - ; ’’ ’ c -~,-

15 ,000 c-m i sc -mi It ic’s witile taking 1 0 , 0) ) ) ) . B it t  i f  time’ 5 i e i e ’ c ’X b l e ’r I c ’ m l c -  I u t g  I mc ’

15 ,000 e ’,m sumu l t j e s Is able umm ’ud will ing t e e  u m b s o r b  m m m c ’ c - e -  t h umtuu 15 ,00)), it s i l l

p r c - v a u l  or c s,iu te 8 
Th is ,umese ’rt u r n  is nm ere- l ’,’ ;tuotiue ’r sc-mv i ll s c i c - l u e l  I h u c i t

e t c -h n i l  i t cmr v ope’rm m t ‘ion h -m ,ms “ “r sh’mocjld lm , t ’ ,’ c’~ mt rm ol’t1e ’ c ’ I  l y e ’ , amid a c ’ u ’lliill ,i l i clc’ i ’

d c-c e’s not norma l i v  m u t t  i c - l u  I u f  ium I t  e ’ vii i ti e’ t e l  i t t  - in i u u g i t  . (1~e’duc i ng imi me

I ‘‘ c - c - i ’ t ee ‘c c - u ’  * m e d l  t itut  lie ’ Is i nc ’c i p u i b l e  u - m t  h u r t  lit - c - opert t ions , i s  u t u t e t l u e c -

w m i - ,’ c - m i  i e m te ’ r p r e - t  ing t ime idea i f  mit t ‘‘ i c - m t m i t e ’  v u t l i u c ’ ’’ ) . ‘the ’ mm m i ,- cusse ’i ’ l i e”fl

c i i i  he’ c’:.mt e ’nde’d t , - ,c war * 
Imu wIt Ic-lu e’,t se’ t I - m e ’ ‘‘ [mm I I i’m I t  c ’ Va lime’ ’’ imp I i c e d

de’st ru m e t ieen e e l  t i l e ’  ‘ m i c e ’ l , - t V .

- — m~ t ~~‘ 
- -~~~~~~
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Let us now turn to the Eq . (4) formulation of ti-me production func-

tion and try to re-late it to Eq. (5). Two key relationships can be tic—

veloped as be tween these formulations. First , L , u.m r  “combat labor ”

c-i cc - sb I lu t e s  ti -me t roops  t i - m a t  are expended . icr casualtie s m ibsmurh ed , A , in

Eq. (5). Second , mm number  01 substitution p o ss ibi ii ti c- me in Eq. (~c )  m civ

be ~u vmi ilmt b te so m ime to ,cffc ’ct P, cr pre edu c-t ivitv , sec m ime to pr ev i ch c- m

favorable exchmmng e rate , m is c’xprc ’me m-i c’d jut Eq. (5) . Among the-sc’ mire- :

cm Cu p Ita I I tmves ted in m~c’~mp ons , K 
-
, c- .me exemp I i  I i  eel by h ighmc ’ r ,c c- t ii —

lerv densiti es , may per nm i t  i n f l i c t i ng  m o r e ’ c - m t s e t m m l  t i e - s  c l i i  t i m e  en eunv

o Indus t r c- ,m l c-~mpcm c - It y , I , wit cc -h i , amceng o t h t e c r t h i n g s . pc -~m v ides mind

pernmits muni ticens expenditure ’ f e - m r the smmr um e end .

o Hi c-her sim s t,i ined rmmt e s u - mf 1 Ire ’ per  gui m’m (ic r I , ‘ c c u h s  c-mr s- - c - b i t ’s c -c ’ r
*airc - rcmft) or I , mmm v be substituted t o n  numb e r ec f we’m l p u i u ’ms , K . c’r ‘ , ‘ I c - e’w

versa .

0 ‘l i m e  w i’,’ weapons min e- d e s i g n e d , m i t  mm c, ’sI  , t i c  I ci mme mec’ss gri’ .e tc -r c- c -—

liab i lit ’,’ mmcl c-mi sc- id tc m Lt iu ’it c ’n,c im c - e’ en t umil S se m) mst itut i d m ’m p e m s m e I ’ic  i 1 it i c -s  s - i  t i c

*re - s p e c - b  be e  t he  s u p p c l n t  ccu tpemts  exp c - e’ssc ’d by  I l - me I e m u . c - t  i e e f l  I
*

o [ m u~hu ts L ria l cc-pa citc- ’, I , uutm iv he’ s c u b s t i t e t b c ’ c h I - ’ r  m u  i c - i l ’ -,’ scmp u - ’i’ c
*S , by d i s c - m m m ’ch in g  d u t it igc ’ cI c -mr weerm s v s le -’uuu ,s , m i m d  r e - I - m i t e’ i m ~ig t i m e -nm w m thu mmc ’s’ ~‘m me ’s

1mm this I , c s h c I e u n , more’ e e f a giv e-it mm mc c e mu mt c ’l m u  lit - cr ’ ,’ c ui , m !h l c , ewe’ c- c - e e c - i d  I~c ’ I , ,

w h i c - I m  a f f e c t s  t i m e ’ f e e r c e  ratio , m ,  in  C c - .  ( 5 ) .  c - c- , , u m e u e t h m c ’r S m ’, ’ , ‘ I  l cccek i i ig

mm t these r ehm e tion sh m i i c s  i s  t l m , u t  ci u n i l c e r n t c ’ d  n i l  l i t - c r y  b u c ’ c - sc ’ mm him tim e - (Ic ’l ’ ,h

is re-p l c - c ue - el by c’- t p i t t l  c-itch Im el cor Sc c - v i c e’s ic-i t i m e  c i v i l  i c - i  se ctor.

‘time el it e -st iecu ’ms c m~ ju st whu , c L , t i ’c ’ the c -c - I c ’d- ’, u t i t  stmbs l i t t u t  i ecuu p ues u’ cibi 1 1 1 1 , - m e ,

~im ’ieh imow I m i -v m i g h t  be , u t ’ t’ e ’ c’t e d  1ev t e’ c ’Im ni c ’al c l i e- i c- c’ cuui el d c-vt’ h i e l c tl i e ’ m u t mi

ye-nv im Iecc rt~umu t I ’ m ’ r  c- c ’ S ,u itI ’ c ’ d’ fl um lrimu m l m - m m m e - u i t  . i’erh ,u jm m - , t ime ’ utmost i uu mj ec ec - t ii tt slm t )lle ’

i j i i e - s t i ’ m t  is  t i m _ u t  w i  t h u  r’ i - i l , t r u l  I ’ ’ L , ,  i c r  , ‘ e~i i b ,t t  h , u h e , e r .  W i t b t  m ’ c- s j ’ e ’ c t I ’ m I , uiiel

wuir , it mm c iv  be e-xtr c ,’ntelv di l l i c c - I t  t e e  substit u t e ’ e ’ ,uje i t , t I  (nu, mc ’ tm iu ue -s ) l e d ’

i c - b i e r ( i u l m m m m t  c - v t  in  ni I c r  be) ii u upm ’ccvt ’ tim e ’ c - mi s c - u t  V e ’xc ’hm ct iig t - r , u t  i c e . It

r t ’ i j i m i r ’ e ’ me sop h ist l u - i t  ion out t i m e ’  ‘ i c - u of uI ] peu u ’tic i~’ammts 1mm t I c  cmli it ,irv

eI, ’c ’ ime iee m m a k iu m c - pr’ c ’ u ’ c - s m e . us w e - l i  us c-e e -uis i t  jm ,’ i i v  ‘ m um b lue’ c - c u t  c c l h i g h  I t ’ ’ , m e - l

d l v i  h i , u m m  nid i li - ui l e ’i’5 . ‘l Ime  ‘ ‘ m u t ’c ’ c ’ c c i ’ t h i c ’~~c ’ c i i  I t  i c - c u l t  i t ’S Is t w e e t  ‘Id.

______________ - ~~~~~~~~~ ‘-~‘
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First , time - Ii imetc e rv e e l  u m t i l i b m t r v  c u r b  r e ’v c ’u m h s  c - r e m i t  c - , c l c , t c - i t v  t i e  r e - v i m e c -

tact ic -s in s’ mm y s Id) cem um l t e - r tie-w equi ptumenb and b c - ct ic - me , b e e  im -mc 1 ude’ ‘.c,evs b e ’

spc-cee l setisu’t’s, t e e  operate- unde -m r e’ e iu mdit i e u n s  s ic - c - n eer s- I c-c-re’ s h uc uc im ul I~~e’d

ec -q c - I p m u t e u t is I c - m u s t  e’ f f c ’c t i v e u  , tel avoid c - re - dub iumg iuc - rm u t lye’ t c r - g c - t  s v m - , I c ’ u i m c - c
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*turn , permit a smaller S function In the Eq. (4) specification.)

If one takes a “long view” of warfare——of about 100 years or so——

a clear consequence of technical change affecting weapons and tactics

has been to acce ntuate the impor tance of individual and small group
motivation in land war . With aircraft , individual motivation in combat

was a critical ingredient at the outset. The rapid—f ire , high velocity

small arm (both permitted by the advent of smokeless powder) necessi-

tated troop dispersal and thereby eliminated the ability to “command
and control” large groups of men in actual combat. Hence the squad

and even the fire team became quasi—autonomous tactical elements; and

the initiative of “leaders” and individual soldiers at these levels

became Increasingly important in war. Hard upon these changes came the

aircraft and tank. With both kinds of weapons , the “team”——either of

a gunner and tank commander , a bombard ier and pilot , or a single pilot

of a dive—bomber , become the key combatants. The tank and airplane

were followed by the anti—tank and anti—aircraft weapon , with their

crews consisting of one or two key individuals. Each of these weapons

or small tactical units necessitates that individuals expose themselves

to fire . When employed in larger aggregations , like a platoon , tank—

section , or a ircraf t flight element , a degree of coordination resembling

that of professional football is required . [n virtually all instances

there is both necessity and ample opportunity f or key individuals to

make judgmen ts and hence decisions regarding the degr ee to which they

exercise maximum skill and effort in performing an assigned mission.

Incentives impacting on these individuals thereby acquire a critical

role in determining the end—output——or the “quant ity ” of the service

expended , if one wants to be sticky or arbitrary about the concept of

a “production function.” Equally important is the matter of discovering
(or “stumbling upon”) the individuals who possess the comparative ad-

vantage in wartime operation of these systems . On both the matter of

discovering the  fighters (i.e., those with the comparative advantage)

and motivating them , our performance has been less than systematic.

In the case of land forces——as evidenced by U.S. World War II and

subsequen t  b e h a v i o r — — t h e  very sharp  r i se  of t e c h n i c a l i t i e s  simu ~ taneous 1y

operated  to cause a Uirge proportion of the  more in t e l l i gent and a s t u t e
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peop le to be allocated to (and have an opportunity to join) the technical

services , including the Air Force, Navy , and the Army ’s own technical

services. These services, incidentally, provided a much lower

probability of being a casualty , as well as an overall nv~re p leasan t

daily wartime working life——what with closer access to supp ly

depo ts, quasi—permanent living f ac ili ties , to say nothing of the

gratitude of liberated civilian populations. (Thus there emerged

the dichotomy , in troop lexicon , between “f ighters ” and “lovers.”)

A consequence of this development was tha t a dispropor tionate share

of the less—g if ted peop le ended up in combat arms. At least in

World War II and perhaps to a greater extent in Korea, many of these

troops had a chance to be led by combat—wise officers and, especially ,

noncommissioned officers. In Indochina, given the officer rotation

policy , the average enlisted man in a rifle battalion——with a

one—year tour——had more combat experience than did his bat ta l ion

commander. Thus the combat skills of f igh te r s  and their  leaders may

have had an uneven but downward trend .

With a i rcraf t , a fur ther  problem arises when they are used in

land war . Accurate bombing requires both target iden t i f ica t ion  and

making a careful  pass , which necessitates some minimum but uncomfort-

able exposure to enemy fire. It is easy to reduce this exposure and

thereby enhance bo th probability of survival and of missing the
target. A frequent reaction is to do just that . If the designated

targe t is not destroyed , ground troops will still have to take it and

incur casualties doing so. If it is a heavily defended deep inter-

dic t ion targe t (like a brid ge), the same target m ay be assigned to
another unit tomorrow , and still another the day after. Each bombardier

(or dive—bomber pilot) understands this procedure. Some missions

later , the target might be destroyed . (Recall , all of this horizontal

bombing was done in World War II with a Norden bombsight , with which

it was highly feasible , with six aircraf t dropping on one, to hit

the target on the first m ission.)
29 

The practice actually empl oyed ,

however , served to maximize sorties flown and bomb tonnage dropped ,

and it also hel ped main tain an “acceptable ” (or controlled) attrition

rate. An alternative approach might ha~~’ been to assign a given leadcrew

I. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___ __________________
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a particular target, to go after it on successive missions until

destroyed. Such a harsh incentive could have been sweetened by

cash bonuses (or extra leave, or mission credits). The overall

effect of such an incentive system would have no doubt been a

higher attrition rate per mission, but it could have meant a sub-

stantial increase in mission effectiveness.

It is therefore possible that the increased technicalities of

armed forces have been accompanied p are pa ssu with increased

opportunity for negative or perverse combat incentives and , especially
in the ground forces , placement of a disproportionate number of
people in combat situations who may be either casualty—prone or

lacking in combat comparative advantage , or both. Simultaneously,

weapons have been designed with little idea of how their technical

performance characteristics may provide combat utility . The real

war—making production process, as contrasted with the perceived one,

is thus a peculiar animal. At a minimum, identification of the
combat comparative advantages of peop le mus t proceed simultaneously
with designing weapons. This same process——which would require very

heavy doses of empirical operational research and field experimentation——

would necessarily and simultaneously have to address the old—fashioned

subject of applied tactics . When these things are done , it is then

necessary to design combat incentive systems to motivate the troops

and crews. Only then will there be a chance to uncover a relevant

production function.

Under taking a program designed to “find the fighters”——that is,
those individuals who possess the composite of skills and ability to

perform various functions under extreme stress——would seem to be an

effort worthy of high priority. Next, experiments could be conducted

to determine , for example, whether a simple or austere system

manned by a top individual does as well or better than a sophisticated

system operated by a person of lower capability. Entailed in this

kind of tradeoff analysis are varying degrees of prac tice and tra ining ,

normally cos tly ,  because they necessitate equi pmen t opera t ion and

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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munitions expenditure . The pr.~icess of testing can , and should ,
be integrated with testing undertaken to ascertain and specify

what the engineering and design specifications of new systems

should be.

The Unknown Casualty Prospects

If present day weapons and their associated capital—intensive

force structure elements possess an unknown , if not dubious combat

utility, productivity and hence the casualty exchange rate will be

unknown. Wartime casualty prospects are unknown for a second

reason distinct from the uncertainties inherent in production

functions and the associated exchange rate. Given whatever exchange

rate that does materialize , the total number of casualties tha t Blue

must incur depends on how many Red is prepared to take. Thus if

Red is prepared or able to expend 100,000 , and if the exchange ra te

turns ou t to be 2~ l in Blue ’s favor , then Blue must expend at least
50 ,000 , p lus some “small” increment . Ex ante , Red may be willing to

expend mere or less. But in reality, probably neither Red nor Blue

knows what his actual manpower budget might be. As the war goes on,

objectives , troop and civilian morale , and the “production functions”

change and shift. Thus both the supply price of f igh t ing manpower

and the exchange rate shifts further .

Th is uncer tain aspec t of casual ty behavior arises from the
“open—end ” nature of warfare. Either the objectives themselves are

scaled down , or one side manages to expend most of its manpower in the

relevant age groups. One roundabout way by which objectives become

“sca led d~~.n” but which initially impacts on the exchange rate is

through troop behavior itself. As their morale sags , or as troops and
crews come to feel that particular missions or assignments are not

worth the coat of exposure to risk , they do not pursue their assignmen ts
or carry out their missions vigorously. Combat effectiveness falls.

In the infantry , this Is called “leaning forward in one ’s foxh ole” ;
with armor , more tanks tend to veer off the road to get stuck In the
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mud just prior to presenting one ’s silhouette on that “last hill”;

with aircraft , bombing runs tend to be shortened or the release

altitude heightened .

It should be emphasized that these effects are more likely wi th
modern , “capital—intensive” military “production functions .” The

squad if no t the f ire team has become the key tactical element and at
critical poin ts in opera tions these very small un its are vir tually
autonomous. Initiative and motivation at these small unit levels are

the critical ingredients that determine effectiveness. With crew—served

weapons , tanks , and aircraf t, the gunner or the commander is the key
actor , and the effectiveness of these systems is again sensitive to

personal motivation and attributes . One of the consequences of these

kinds of behavior is that operational effectiveness and the casualty

(or damage) exchange rates become major unknowns but dependent variables

that fall out are troop (and crew) motivation and morale.

One of the major consequences of this condition , paradoxically ,

is that “volun teers”——who are sufficiently motivated——may be a
necessity for modern , shooting war . Moreover , these same vo1unte.~rs

should be the individuals with the combat comparative advant3ge . The

situation that characterizes air—to—air combat, in which a very small

portion of the pilots (“hawks”) shoot down most of the enemy——and , in

turn , the majority of the remainder (“doves”) are the “mea t” fo r  the

enemy ’s “hawks,”——may be equally app licable in land and air forces.3°

If one could assume that two or three “hawks” are in ea ch r if l e
squad , that tank and anti—tank gunners and crew commanders as well

as aircraf t p ilots were so cons tituted , and that forward observers were
people who possess keen target—sensing abilities , then the casualty

exchange rate might be drastically changed in a favorable way. We

would tentatively estimate that 2000 people per division force , including

suppor t aircraf t p ilots, would nicely cover this requirement. Precisely

which specialties should be encompassed within this “figh ter category ”

is a matter that should be the object of further deliberation , including

field trials. What the rest of the division force , as well as its
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comparable air component “slice” might look like, is wide open.

For this reason, incidentally, studies that examine the current

force structure (especially in the NATO context), and which make

strong statementS about support elements being drastically reduced

(our component) so as to increase the ratio of existing weapons
and combat troops , may be somewhat roundabout if not off the mark.

Seemingly very high supply prices——including combat performance

bonuses——for these key individuals might have to be paid . But the

productivity of force elements and hence the overall cost of producing

military force might shift in gratifying ways.

Macro—Incentives

Although modern technology poses critical incentive problems

at the micro—level of combat, it presents more difficult if not

pernicious ones at the macro—level of military decisionmaking . These

macro—incentive problems have the unfortunate and important consequence of

causing the system not to acquire adequate information on how to

design the forces and weapons, and to formulate tactics. As a

result we do not really know much about the military production

function. Rather, we adhere to the idea that a capital—intensive P

describes nature. This may be partly a result of the laudable aim to

minimize casualties in war. But this adherence is also compatible

with a political model of representative government that places

emphasis on procurement and R&D contracts that deliver payrolls to

specific locations. Elements of Congress and high political officials

in the Executive Branch thus receive the support of grateful constituents ,

and these officials , in turn , reward administrators with budget approvals

and authorizations. The system is made operational by requiring military

departments to justify their bud gets by detailed line items.
Given this detailed line item budgeting , the incentives impacting

upon the military services and their managers are such that most new

weapons developed in the United States over the past 25 or so years

have been political—budgetary tactics designed to carry out one or more

I
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of the following object ives:  (1) maximize the tota l  mi l i ta ry  b u d g e t ;

(2) aggrandize the services’ missions ; (3) protect a par t icular  service ’s

or a narrower combat specialty ’s mission ; and (4) preserve the

“validity” of self—serving combat doctrine . In some instances , some

of these motives are also combined with or superseded by (5) catering

to powerful members of Congress who may be friendly in

future budgetIng deliberations , (6) a desire to keep an “in—house”

laboratory or arsenal in business. Sometimes, all these forces

might be overridden by the recommendations of outside but influential

technologists who, by means of direct access to high—placed officials ,

successfully advocate what seems to the technologists a technically

attractive way to cope with a difficult tactical problem. That a

weapon might turn out to be a good fighting instrument is possible ,

but if it does, the result is more accidental than purposeful . Most

of these developments are consummated and quickly procured and fielded

by means of large cost overruns . Also , many of the often irrelevant

technical performance specifications are not fully met , and there

are even time delays in development and subsequent procurement.31

Seldom are the technical performance parameters describing most

of these conceptual systems subjected to operational tests or similar

tactical simulations to determine, e.g., whether Mach 1 plus might

be the “optimal” “low altitude” dash capability for an attack aircraft.

(Nor is “low altitude” adequately defined , except that it is apparently

sufficiently low to warrant, given the speed , a terrain—avoidance

radar.) Nor have tests been conducted to determine , as a further

example, whether the lower profile of a proposed Main Battle Tank,

permitted by an automatic gun loader that eliminates the fourth crewman ,

provides an increment of combat survivability worth the cost increment

or whether the lower silhouette may even degrade combat effectiveness

by virtue of reducing crew visibility and hence target acquisition
32capability.

Such conceptual systems , in turn , are generally programmed fo r

development engineering , further programmed for procurement , and often
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procured and fielded by means of waivers with respect to troop or

crew acceptability in expectation that subsequent retrofits will

cope with the unsolved development problems . Sometimes , however ,

these may take a long time . For examp le , for a number of years the

newl y developed M—73 coaxial—mounted machine gun for Army tanks was

not reliab ly opera t ive , and when it did shoot , it required special

ammunition lots of U.S. NATO “standard” 7.62mm ammunition . The main

consequence of this particular shortcoming was that U.S. Army battle

tanks were inadvertently converted to tank—destroyers , because tanks

without a coaxial machine gun cannot adequately cope with enemy

infantry or provide covering machine gun fire for accompanying foot

infantry who are also necessary to protect tanks from unfriendly

infantry . (All the while , the Marine Corps stuck to the .30 cal .

Browning machine gun for its tanks.)

This behavior pattern of the U.S. weapon development and

acquisition process exemplif ied here has a number of diverse

“causes” which come to a head in the macro—budge t ing  process.  One

seeming ly plausible motive is to try to find ways to substitute

cap ital fo r  labor in war .  However , the macro—budgetary  incent ives  are

such as to permit the motives described earlier to drive the  process.

Given the pervasiveness of this bud getary—political—mission

aggrandizement——an d related motives , which spawn the creation of

military “cap ital goods” and an increasingl y “capital intensive ” force

structure——the idea of substituting more of this kind of “capital”

for labor verges on the banal if it were not a bad joke. Indeed , the

concep t of a “production function ” in this framework acquires some

peculiar properties. Whatever exists that might warrant that term

is not 100 percent relevant to war and foreign policy. Althoug h thcrc

may be many oppor tunities to substitute capital for labor , there is

limited , if virtually no , knowled ge on how to go about do ing  i t .

Conversel y ,  there  appears to be knowledge on how to s u b s t i t u t e  l abor

in war for cap ital goods that fall short of expectations or do not

work . However , t h i s  may en ta i l  casual t  los tha t  great  v exceed expectat ions.

L -—~~~~~~~~~~
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In such an event , the supply price of manpower rises sharply (as

evidenced by campus riots). To try to substitute more of thc~ came

kind of capital goods to mitigate this situation or to implement the

idea of an all—volunteer armed service would seem to be an approach

that possesses flaws.

At best , it might be wise to accept initially the idea tF~at

there is “no such thing” as a well—defined production function

applicable to the fighting side of military affairs in a setting

where a mindless bureaucracy appears driven by a mindless technology ,

but where the process nevertheless “makes sense” if the “missions”

(outputs) and the capital Inputs are specified in such a way as to

wage bureaucratic and budgetary rather than real war. The negative

implications of this assertion are that most new weapons are second—
33

arily means with which to conduct military operations. At most

there is a “perceived ,” capital—intensive production function . Whether

the real, war—fighting production function is labor— or capital—intensive

is anybody ’s guess.

The extent to which technological change can induce shifts in the

production process is even more uncertain in a setting where it is

pursued and promoted without adequate knowledge about fine—grained

anatomy of combat. To acquire the latter information requires

extensive and rigorous operational testing . Unfortunately, such

testing can reveal that a new gadget or idea does not work very well

under field conditions and in the hands of troops. Hence , a future

planned procurement might be jeopardized . Thus, there is a negative

incentive to do much testing. The price of this condition is an

information failure that attenuates ability to take advantage of new

technology, and excessive casualties in war that are likely to be a
34

consequence of that information failure.
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Appendix A

MEASUREMENT OF LAND FORCE MANPOWER USAGE:

THE DIVISION YEAR AND OTHER MEASURES

In Table 1 of the text , the metric “division—year ,” along with casu-

alty data , is employed to make some broad comparisons as between recent

United States land wars. This appendix provides the information building

blocks from which the division—year estimates were made.

Table A—l provides a detailed breakout , by year and as between Army

and Marine Corps , of estimated division—year employment in Indochina .

For these calculations, an independent brigade or attached regiment was

assumed to be one—thi rd  of a division. For the period of 1965 through

June 1968, estimates of the number of months for each brigad e or regiment

were obtained from Source (2) cited in Table A—l. These data are pro-

vided in Table A—2. For the second half of 1968, it was assumed that all

brigade or regimental units listed in Table A—2 were present in the Theater.

It was also assumed that all (or equivalent) Army units were in the Theater

during 1969. For 1969 fo r  the Marine Corps and for  1970 fo r  bot i  the

Army and Marine Corps , division estimates were scaled down from the June

1968 level as shown in Table A—2 in proport ion to troop s t rengths  as

shown in Table A—l. In all these calculations , three regiments or brigades

were assumed equal to one division .
35

Derivation of the division—year estimate for  U . S .  Army forces in Korea

be tween July 1950 and July 1953 is presented in Table A—3. From the period

early 1951 onward , there were roughly six and two—thirds U.S. Army Divi-

sions in Korea. Overall, however, some eight divisions and 28 regiments ,

including regimental combat teams , were employed at various times in Korea .

Average regimental strength was 3457; number of regiment days was 20 ,568.
36

If this regiment day figure is divided by 365, to derive 56.5 regiment years ,

and the latter figure is divided by three , the result is 18.33 division

years. This 18.83 figure is probably closer to the mark than the 19.5

f igu re  shown in Table A—3 . However , the method of derivat ion shown in

Table A—3 more closely compares to the method employed to estimate

Indochina division employment.

__________________ ~~~~~~~~~~~~~~~~~ 
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Table A—I

DERIVATION OF U.S. DIVISION FORCE ESTiMATES , INDOCHINA WAR , 1965—1970

Average Troop Strength
(000) Division—Year Equivalent

Year 
- 

Marine Army Marine Total

1965 51.2 20.8 1.06 .75 1.81
1966 178.1 53.7 3.94 1.89 5.83
1967 279.4 73.6 6.64 2.25 8.89
1968 351.4 78.0 8.30 7.64 10.94
1969 352.3 73.9 8.33 2.25 10.58
1970 29 8.5 37.1 7.03 1.24 8 . 2 7

Total 35.3 11.02 46.32

SOURCE: (1) D i r e c t o r a t e  fo r  I n f o r m a t i o n  Op e r a t i o n s , O f f i c e ,
Sec re ta ry  of Defense  (Tabu la r  Release) , “U . S .  M i l i t a ry  Personnel
in South Vietnam ,” n.d.

(2) W. C. Westmoreland , Report on the War in Vietnam
(as of 30 June 1968), 1: Report on Operations in South Vietnam ,
January 1964—June 1968, U.S. Government  P r i n t i n g  O f f i c e , Washing-
ton , D.C., n.d., especiall y pp. 275—278.

METHOD : Average troop strength estimates are derived by taking
the average of beg inning- and end—of—year  s t rengths  fo r  the years
1966—1967;  q u a r t e r l y  f i gures fo r  1968; and month l y f i g u r e s  fo r
1969 and 1970 , as given in Source ( 1) .  For 1965 , Source (1)  end—
of—year strengths were averaged with strengths given in Source
( 2 ) ,  p assim , fo r  March , May,  and October .

Div i s ion  fo rce  es t imates  were derived f r o m  Source ( 2 )  wh ic h gave
a r r i v a l  dates in Theater  by month of Brigades and Regiments through
June 1968. The Brigade or Regiment “months ” were add ed f o r
totals (these are shown in Table A—2 below); and a l l oca t ed  to each
year; and divided by 36 to estimate “division years. A Bri gade
or Regiment was reckoned to be one—third of a division. All Bri-
gades or Regiments in the Theater as of June 3, 1968 were assumed
to be in the Theater for the remaining six months. Maximum divi-
sion force for the Army was 8.33; for the Marine Corps , 2.66.
For 1969—1970 for the Marine Corps and 1970 for the Army , the
latter figures were scaled down in proportion to troop strength ro—
duction relative to 1968 to estimate division force strength.

~~~~~~~~~~~~~~ ~~~~~~— — —~~~~~-~~~~~~ — -— -~~~~~~~~~ 
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Table A— 2

U.S. LAN D FORCE EMPLOYMENT I N  I N D O C H I N A . 1965 TO J U N E  1968

BY BRIGAD E OR RE bIMI :NF

Bri gade or Regiment
U n i t A r r i v a l  D a t e  M ot h s  to Ju n e  1968

1st Infantry Division
1st Brigade October 1965 33
2d Bri gade July 1965 36

3d Br i gade Oc tober 19~~5 3 1
1st Cava l ry  D i v i s i o n

1st Brigade September 19~~’
2d B r i gade Sep tember 196
3d Bri g~ !e September 190>

4th Infantry Division
1s t B r i gade October 1961 2 1
2d Br i gade Aug ust 1966 2 3
3d B r i gade December  1~~h h  19

9t h  I n f a n t r y  D i v i s i o n
1s t Brigade December l Y n o  19
1d B r i gade l a nu ar v  I 9h 7 18
3d Br igade  De cember  I 9 6 b  19

2 3 d  I n f a n t ry  D i v i s i o n
11 th Li ght Infantry Bri gad e December 1967 9
196th L i g h t  I n f a n t r y  B r i g a d e  A u g u s t  1966 2 1
198 th  L i gh t  I n f a n t  rv Br i gade O ct o ber  19b 7  9

2 5 t h  I n f a n t r y  Di vis  ion
1st Bri gade April 1906 ‘7
2d Brigade J a n u a ry  19 a’ 30
3d B r i gade O c t o b e r  1996 21

101st Ai rborne  D i v i s i o n
1st Br igade  Ju 1~ 196 5 Jo
2d Bri gade Decembe r 1’0’7 7
3d Brigade De cember 1967 7

173d Airborne Brigade Slav 9 9~ 38
199 th Lig ht Infantry Brigade November 1966 20
3d infan try Brigade

Task Force , 82d Airborne Div. Febr uary 1965 5
11th Armored Cavalry  Reg iment  Se p tember  1966 22

Total  Army 5 7 7

MARINE CORP S

1st Mar ine  Divis io n
1st Ma r ine Reg imen t Feb r ua ry  1966 29
5th M a r i n e  Reg i ment  A p r i l  1966 27
7th  Mar ine  Reg iment August  1965 35
26 th  Mar ine  Regiment  A pril 1967 15
27th  Marine Regiment  Feb rua ry  1968 5

3d Mar ine  Div i s ion
3d Ma r ine Reg iment  March 1965 3’)
4 th  Ma r ine Reg iment Max - 1965 3 7
9t h  Mar in e Reg ime nt Ju ly  1965 36

T o t a l  Ma r i n e  Corps 2 2 1

SOURCE ; U. C. U es tmor c lj nd , ~~~~~ n tho War in ‘ iotn am , H : Ropor
on Operat ions  in South V i e tnam , January 1 9 6 4 — u e  1968 , 1> . S. Government
P r i n t i n g  O f f i c e , Washing ton , D.C.. Appendix J , pp . 275—2 78 .
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Table A—3

U . S .  ARMY DIVIS iON (AND SEPARATE REG IMEN 1’)  EMPLOYMENT I N  KOREA ,

JULY 1950 THROUGH JULY 1953

Uni t A r r i v a l  D e p a r t u r e  Div . Year s

24th Infantry Division 2 Ju1~’ 1950 4 Feb . 1952 1.58
1st Cava l ry  Div i s ion  18 Ju l y 1950 30 Dec. 1951 1.46
25th  I n f a n t r y  D iv i s ion  9 Jul y 1950 —-- 3.08
2d Infantry Div i s ion  30 Jul y 1950 —— 3.00
5th Regt ’ l Combat Team 3 Aug .  1950 -— l .OO a

187th A i r b o r n e  R e g i m e n t  17 Sept  1950 27 June 1951 •26
a

12 M~iv 1952 17 O c t .  1952 •14
a

22 J u n e  ——
7 th  I n f a n t r y  D iv i s ion  18 Sept 1950 —— 2 .88
3d Infantry Division 10 Nov . 1950 —— 2.83
45th Infantry Division 5 Dec. 1951 —— 1.66
40th infantry Division 11 Jan. 1952 —— 1.58

Divis ion  Years  19.50

SOURCE:  Frank A. R e i s t e r , op.  ci t . , p .  1.

~ Re gim ents assurtied to be equal to one—th i rd  of a d iv is ion.

The basic data for the World War II d i v i s i o n — y e a r  e s t i m a te s  in t h e

th ree  m a j o r  European e f f o r t s  are shown in Table A — 4 .  Da t a  in  the ’ sour ce ’ ,

however , were  provided  In terms of average manpower strengths for the

d i f f e r e n t t ypes  of d iv i s ions. Our c a l c u l u s  to d e r i v e  d i v i s i o n — y e a r  equiva-

lents employed authorized TO&E strengths. Since divisions are seldom at

f u l l  s t r e n g t h , our es t ima te of d i v i s i o n —y e a r s  i s  l i k e l y to be s I i C l i t l v  on

the low side and our  e s t i m a t e s  of c a s u a l t i e s  per  d i v i s i o u — \ c - i c  w i l l  be

s l i gh t l y hi gher than those derivable from a more’ refined estim ate.

Casua l ty  data shown in text  Tab le  1 a r e  those  r e - p o r t e d  is ki ll ed and

wounded d u r i n g  the period of con f  I i c t  . The~’ do not i n c  hide “missing and

captured. ’’ For World War II in  Europe , t h i s  l a t t e r  category t onal j t utt ’d

about an a d d i t i o n a l  14 p e r c e n t .  Table A—S provides this more inc lusiv e

da t  a for World War I I , Europe an  e x p e r i e n c e .

U.  S . Army Kor e an  War ca s ua l  t I c-s were :

K i l l  ed in a ct ion  l ’J , 3 5 3
Wound ed in ic ’ ¶ i o n  77 , 788

t ’om p ;i r ~i b l e  e s t i m a t e ’ b r  I i i i h t u ’ h i i  i s  d e v e l o p e d  i n  A p p en d  ix  H .
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Table A-4

TROOP STRENGTHS AND DIVISION YEARS , WORLD WAR I I :

NORTHWEST EUROPE , ITALY , AND SICILY

(1) (2)  (3) ( 4 )
No. of Estimated Average Division Year

Campaign Days Strength (Thousand) Equivalent

Northwest Europe 337
Divis ion

Infantry 346.3 24.7
Armored 96.5 9.0
Airborne 25 .2  1.8

j All types 468.0
Corps 218.1
Army 218.2

Total , Nor thwes t  Europe 904.3 35.5

I ta ly  608
Division 90 .5  11. 2
Army 182 .8

Sicily 39
Division 100.J 1.1
Army 18 .1.5

Total 4 7 . 8

SOURCE: Columns (1), (2), and (3)  f rom G i l b e r t  W . Beebe and M i c h a e l
E. DeBakey , Battle Casualties: Incidence , M o r t a i i ç y , and Lo~~is t i c s
Considerations, Charles C. Thomas , Spr ing f ield , Illinois , 1952 , Table’ I S ,
especially pp.  52 , 54 . Column (4)  was der ived  b y d i v i d i n g  T . O .  t roop
strengths into “div ision ” figure , and adjusting the result by the pro-
portion of the days shown in Column (2) to 365 days . Division strengths
used were: Armored , 10,670; Infantry, 14,037;  A i rb orne , 12 ,979 . The-se
were authorized strengths and were taken from Kent Roberts et al.,
Uni ted  S ta tes  Army in Wor l d  War I I :  The Arn ~~ Ground Fore-es : The Or ,~an-
iza t ion  of Ground Combat Troops , H i s t o r i c a l  D i v i s i o n , D e p a r t m e n t  of  the
Army , Washington , D.C ., 1947 , pp.  306 , 320 , 349. For S i c i l i a n  camp a ign .
one a i rborne and one armored d iv i s ion  was assumed , the  r e m a i n i n g  t o r t e in-
f a n t r y ;  f o r  I t a l i an  campai gn , one armored d i v i s i o n  was assumed to d e r i v e
the division year estimates. 
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‘ l a b l e  A-5

-

‘ 

LAND FORCES COMBA’l’ CASUALT I ES , WORLD WAR I i , EUR OPI - ;A N ‘I ’I IEAI ’E R

(1) (2) (1) (4) (5) (h) (7)
( C a su ; i  i t  i e 9  p e r

l J i v i s i t ’n  Y e - i r ,
D i v i s i o n  C a s ua l t i e s  per  i n c l u d i n g  M i s s i n ~

• Campai gn Killed Wounded l’o ta l  Y e ar s  Divisio n Y e ar  and c a p t u r e d )

N o r t h w e s t  Eu rope  89 , 268 373 , 2 02 4 62 , 470 3 5 . 5  1 3 , 064 ( 1 4 . 79 ’ )
I t a l y a 29 , 665 95 , 6 12 125 , 2 7 7  1 1 . 2  11 , 185 ( I  l , -~So)
S i c i l y 1 , 439 5 , 236 6 , 675 1 . 1  6 , 068 ( 7 , 0 8 ’ )

Tota l  120,372  474 ,050 594 , 4 2 2  4 7 . 8 12 , 436

SO URCE:  Beebe and DeBake y ,  op.  c i t . ,  pp •  53 , 55 .

~~I n 1 d  Sou t h i e r i i  France-  to O c t o b e r  1944 .

I t  s h o u l d  be emp h a s i z e d  t h at  t I m e  D i v i s i o n — Y e a r  measure  emp l oy e d

here  is an ag g r e - g at  lye  m e a s u r e - . I t  s h o u l d  no t  he ’ use- el w i t i m o u t  some- lde i

of the  size of a division , and especially its cornposit ion as I)etween

v a r i o u s  combat  and s e r v i c e  spec ia i t  les t h a t  make  U~~ ti me ’ di i I c ’ r e m l t  k i n d s

of d i v i s i o n s .  I t  s h o u l d  be eve-n more - f o r e - i b l y  emp lias i . ’ e-d t h a t  c , i su a  I t  ie5

a r e  d i s t r i b u t e d  ve ry  une v en 1~’ as b e t w e e n  d i f f e r e n t  com p o n e n t s  and sp o t - i . > I —

t i e s  t h a t  compose- a d i v i s i o n  and a f ie  Id a r m y . For Lb i s  r ea s o n  • casu m 1—

t i e s  per  d i v i s i o n — y e a r  (or  d i v  is  ion  d a y )  , as w e l l  as per reg iment or c-ye n

b a t t a l i o n , a re  t bemuse I ye- s a g g r e g a t i o n s .  I d e a l  l v  , casua  I t  ies shm o ci  1 d be

re I a t  eel to  sue-li a base as ‘‘per 1000 men per  day ’’ b~- o r g a n i z a t i o n  and  by

military specialt y . T h e  l a t te r  measure - , however , r e q u i r e s  d a t a  on u n i t

~~~‘ t ’~-r S t r e n g t h m s , wI de- h themse  ly e-s  are- Ii i g h i l  v v a r i a b l e -  w i t h  r e-ga rd  L i

s m i l  l e r  m i n i  is , l)e(-ause~ of t i m e  n a t u r e  of c a s u , i I t v  b e 0 m a v i e m r .  ‘l hm e ’ se- r e f  i l m e - —

me -n Is  ar e  v e t  1, ’  he -  made-  f o r  t lie I n d o c h i n a  W a r .

ItIlII___ — —_ _---- . -—— -— -—— - —--- ~~—-~ — -, - --- -—-- — --
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Append ix B

THE ANALYSIS AND INTERPRETATION OF CASUALTY DATA

In the text  discussion center ing around Table 1, an “est imated
• and adjusted” figure of 235 ,365 is shown for  U . S .  ground forces

(Army and Marine Corps)  casualties in Indochina for  the years

1965—1970. The o f f i c i a l ly reported casualty total  for  the same

• period for  the  Army and Marine Corps from which this est imate was

derived was 321 ,164. One object ive  of this paper was to make some

general  comparisons about casual ty  behavior as between various U . S .

wars .  However , f o r  purposes of making such comparisons , the casual ty

data released for the Indochina war appears to overstate “casualties ,”

compared to data on past wars. This overstatement centers around the

category of “wounded. ”

Although casual ty  da ta  are in cer ta in  ways perhaps the “hardest ”

informat ion available about war and mi l i t a ry  affairs , they also

contain certain elusive qualities. Even though this point is

well understood b y many s tuden t s , it warrants  more general appreciat ion .

In the above tex t  some general quest ions  were posed about the “meaning ”

of casualties as an aspect of a t t emp t ing  to app ly the analy t i c  concept

of a production function to defense management. Analysis of casualty

data may provide some ins ights  about some of these ques t ions .  However ,

casua l ty  da ta  contain and present a number of fine—grained questions

that are troublesome in their own right. Appreciation of this aspect

of casual ty  data  appears u s e f u l  if one seeks to use those da ta  to

anal yze war and o ther  elements of m i l i t a ry  management .  The d i f f e r e n c e -

between 321 ,000 and the 235,500 f i gure cited above h igh l igh t  th i s  p o i n t .

This Appendix develops the r a t iona le  fo r  a d j u s t i n g  t ime o f f i c i a l

s ta t i s t i cs  on casua l t ies  due to hostile action during the period of

1965—1970 , to arrive at time 235,500 figure used in Tab l e 1. It also tn t- s

to provide some general information about wartime casualty d a t a  t h a t

may be useful to integrate such information .

4
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Table B—i shows reported total casualties due to hostile action

for each of the Military Depart~uents for the 1965—1970 period , as

tabulated and released by the Office of the Secretary of Defense.

The table also shows deaths due to other causes , which include

those resulting from illness or “normal” mortality——e.g., strokes and

heart attacks, as well as accidents, suicides , and so on. Some of

these latter deaths , as well as nonfatal injuries or disease cases,

although not “caused” by hostile action , may in certain ways be

related to military operations. Or at least there are correlations

4 between the two major categories that are relevant or useful for

certain aspects of manpower management.

Table B—i

TOTAL REPORTED CASUALTIES DUE TO HOSTILE ACTION AND
DEATHS DUE TO OTHER CAUSES , SOUTH VIETN~N ,

BY MILITARY SERVICE AND TYPE, 1965—1970

Cause Army Marine Corps Navy Air Force Total

Due to hostile action
Deaths 28965 12873 1353 791 43982
Wounded 191334 87922 13665 2875 295796
(Hospitalized) (91429) (51020) (3984) Q~~

) (146156)
Total 220299 100795 15018 3666 339778

Other deaths 6025 2433 798 504 9760

SOURCE: Directorate f or Information Operations, Office of Secretary
of Defense , release entitled “U . S .  Mili tary Personnel in South Vietnam .”

“Deaths” as a casualty category is quite unambiguous .
38 

It is

the “wounded” category that is troublesome . Notice in Table B— i that

sl ightly over half of the total wounded were not “hosp italized.”

Tables B—2 and B—3 provide further detail on deaths and wounded for

the Army and Marine Corps. Notice the 321 ,163 figure for total casualties

in Table B—2. It was this total that was adjusted to 235,536 that is

. -~~~~~~~~~~~~~~ -- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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Table B— 2

• REPORTED ARMY AND MARINE CORPS BATTLE CASUALTIES , 1965—1970

Combined
Army Marine Army and Marine Total

Year Killed Wounded Killed Wounded Killed Wounded Casualties

1965 898 3,639 335 2,000 1,233 5,639 6,872
1966 3,073 18,574 1,638 10,310 4 ,711 28 ,884 33 , 595
1967 5,443 33,573 3,452 

- 25 , 525 8 ,895 59 ,098 67 ,993
1968 9 ,333 59 , 838 4 ,618 29, 269 13,951 89 , 107 103 ,058
1969 6 ,710 50 ,543 2 ,254 16 ,612 8 ,964 67 , 155 76 , 119
1970 3,508 25 ,194 533 4,275 4,041 29,469 33,510

Total 28 ,965 191,361 12 ,830 87 ,991 41 , 795 279 ,352 321 , 147

SOURCE : Directorate of Information Operations , Office of the
Secretary of Defense , n.d.

Table B—3

COMPOSITION OF NON -FATAL WOUNDED , ARMY AND MARINE CORP S ,
INDOCHINA , AND DERIVATION OF “ADJUSTED” ESTIMATE OF

WOUNDED AND TOTAL CASUALTIES , 1965—1970

Army Marine Corps
Year Hosp. Non—Hosp. Hosp. Non—Hosp .

1965 1965 1674 1241 759
1966 10030 8544 6186 4121
1967 18271 15302 13088 12437
1968 27405 32433 17833 11436
1969 21811 28732 9890 6722
1970 11947 13247 2782 1493

Subtota ls  91429 99932 51020 36971

Total wounded 191,361 89,991
Percent Hosp. 47.8 56.7
68% total  wounded 130 ,125 57 ,632
Deaths 28 , 965 12 ,830
Adjusted casualty
estimate 159,090 70,402

Total 229,492

(Ratio of deaths
to hosp. wounded) (.317) (.251)

SOURCE : Di rec to ra t e  fo r  Informat ion  Operat ions , O f f i c e  of m~ ie
• Secretary of Defense.
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presented in Table 1 of the text . Since the text made some comparisons

between Indochina and past U . S .  wars , it was necessary to d e f l a t e  or

ad jus t  downward the wounded category as reported fo r  Indochina .

Before lay ing out the rationale for the specific adjustment , it

may be useful to point out some aspects of casual ty r epor t ing  and

data as it relates to land forces.
39

In armies , ba t t le  casual ty  repor t ing  and the data  it produces

is carried out by two separate entities: the A d j u t a n t  General (or
40

similar personnel accounting entity), and the Medical Service. The

Adjutant General ’s focus is on personnel records for purposes of

keep ing track of individuals and , particularly, unit strength. Time

Medical Service maintains medical records , and the data f rom these

are re!evant to med ical workloads and logistics , including echelonment

of medical facilities , evacuation policy, and the design and manning

of medical un i t s .

A characteristic of any nonfatal medical case (including disease

or illness) is that it can range from an incident that does not

impair an individual ’ s abi l i ty  to per form his work to one that  is

comp letely incapacitating . It is similar with battle wounds. But

the concept of “ incapacitation” is itself relative to the kind of

work an individual does, or an organization ’s mission. In military

organizations , the medical “work load” that results from operations

varies markedl y ,  both through time and as between similar and different

kinds of organizations . Any military unit that has administrative

(as compared with purely tactical) capability also has some organic

medica l  re sources . 41 But time amount of medical  c apab i l i t y  organic

• t o  any u n i t , like a battalion or division , can vary as de te rmined  by

organizational design , and hence there can be differences in unit

medical c a p a b i l i t y  as between services ( e .g . ,  Army and Mar ine  Corps ;

U . S .  and Soviet armies) , and over time . These var iab les  can in te rac t

in comp lex ways to  a f f e c t  casual ty  r ep o r t i n g  and s t a t i s t i c s .

To illustrate some of these interactions , it is useful to examine

the focus of the Adjutant General as compared to that of the Med ical

- -~~~--~~ - - ~ -- — - -~~-~~~- - •- - ~~~~~~~~~ 
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Service. Toward the end of World War II the definition of a

“wounded” case from the Army ’s Adjutant General ’s viewpoint referred

to one which entailed a loss of one day (or more) of an individual’s

availability to his unit. The Morning Report count was the

relevant measure. This meant , roughly speaking, that if a man was

hi t  but  cared for  in his ba t ta l ion  or divisional medical f a c i l i t y ,

he mi ght not be c lassif ied as wounded in the Adjutant General

report ing system . In e f f e c t , he was still under the “control ” of

his unit , and was regarded as available for duty should the need arise.

This method of accounting , therefore , ruled out report ing as

wounded those minor cases that could be taken care of by a bandage

and an aspirin. But it could also exclude some of the more serious

cases whereby a man could receive a form of outpatient treatment

from his battalion or squadron surgeon but be permitted to recuperate

in his quarters.
42 

The outpatient treatment could also be obtained

from a nearby hospital. For the more serious cases treated by the

outpatient method , the Medical Service (including those organic to

tactical—administrative units) established and maintained records.

Accordingly, the Medical Service ’s record and tabulation of wounded

cases exceeded that of the Adjutant General . By the end of World War II

and during the Korean War there emerged a Medical Service category

called “Carded for Record Only” (CR0) to measure this work load, it

would usually but not necessarily exclude minor wounds .

During most of World War II and at the very beginning of the

Korean War, there was also some amb iguity in Adjutant General reportin g .

In some units, cases treated in a unit ’s med ical facility were

reported through command channels and were interpreted as “unit losses ,”

even though the incidence of some of these may have been minor .

During the  Korean War , the  t erm “admission ” as applied to medic al case- s

referred to one where the individual might be either hosp italized or

treated on an outpatient basis when the individual remained with h i s

unit but was excused from duty. in the latter i n s t a n c e , the  A d j u t a n t

General repor t was supposed to report the loss of a v a i l a b i l i t y  f o r  duiv .

_ _ _ _  
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A “CR0” case entailed a medical workload and report, but no Adjutant

General accounting of loss of unit strength .

For the Vietnam war, a dichotomy of “hospitalized” and “non—

hospitalized” wounded was instituted by the Office of the Secretary

of Defense. It apparently became a policy to require that all

wounded cases be reported through command channels—— to extend to

minor ones many of which, during past wars, would not even have been

carded for record . Yet some of the nonhospitalized wounded were

cases that entailed a loss of time and required treatment in a

medical facility (as contrasted with a hospital). Accordingly , the

Army Surgeon General estimates that 32 percent of its total, reported

by OSD as wounded , were “so minor that they could be trea ted and

returned to duty immediately without admission to a medical treatment
1,43

facility. On the basis of this 32 percent fac tor , it can be

estimated that 68 percent of the total casualties reported as

wounded in Indochina compares with those reported for Korea and

World War II when the non—CRO (as reported for Korea) category is

excluded.
44 

For our purposes, the same factor was also applied to

the reported total wounded of the Marine Corps.

App lying the 68 percent f ac to r  to the Marine Corps ’ to ta l  wounded

may not be appropriate.  However , such analysis should be very care—

fully conducted . One should not conclude , for  examp le , that because

the Marine Corps had a larger portion of its wounded hospitalized the

overall incidence of its wound casualty experience was more severe

or “serious.” Nor should it be concluded that the Marines had a

more lax policy for admitting men to a hospital. (Both Table B—l

and B—3 indicate that a larger portion of Marine Corps wounded were

admitt ed to hospitals than was the Army ’s.)

In adjusting the Marine Corps count of wounded to make them

comparable to the Army ’s, one can employ either of two techniques.

First , one can assume that both services employ a similar criterion

for “wounded ” (which they do), and that the Army ’s exper ience with

“minor ” wounds would also app ly to the Marine Corps.  (This method Is
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adopted here, and is shown in Table B—3.) Another approach is to

assume that both the Arimiy and the Marine Corps employed comparable
criteria for hospitalizing their wounded , but that the Army was

more “generous” Ln reccrd ing  (and crediting) minor wounds. This

method was rejected in making the overall estimate.

The reason for rejecting the second method is that examination

of the ratio of deaths to hospitalized wounded would then suggest

that the Army experienced an overall more serious incidence of casualties

as between deaths and “seriously” wounded , as compared to the Marine

Corps . (The bottom of Table B—3 shows that the Army ’s rat io of

deaths to hospitalized wounded was nearly 32 percent as compared with

25 percent for the Marine Corps.) This great a difference does not

seem credible. Rather , it is likely that a larger portion of the

Marine Corps’ wounded were hospitalized , for two reasons . The most

important reason was that the Marine Corps was involved in relatively

more small unit operations , such as long—range patrolling , than were

Army units. Under these conditions , a casualty evacua ted by helicop ter
was likely to be transported to a hosp ital. With the larger brigade

and division size Army operations , wounded——althoug h also evacuated

by helicopter——were more likely to be deposited first at a division

clearing station, where some may be retained or permitted to retire

to quarters for recovery . It is also likely that the Marines employed

a liberal evacuation policy during the Khe Sahn operation in order to

minimize the number of people in division medical facilities when
45they would be vulnerable to random incoming artillery rounds.

The adjustment of the total wound count employed here therefore

assumes that the ratio of deaths to nontrivial wounds was about the

same for the Army and Marine Corps. This assumption , however , is a

hypothesis that warrants critical examination because it is well—known

that the incidence of battle casualties also varies as a function of

the type of operation and instrumental causes of casualties. Moreover ,

there are some elements of multicolinearity between instruments of

casualties and different types of operations . For examp le , a gunshot

- -•-~~ 
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or bullet wound is more lethal than a fragment wound (artil1er’~,

mortars , or grenades).
46 

Attacks against well—defended positic~ s

where an enemy has been able to register his artillery and nmortars

produces relatively more fragment wounds than does pursuit against

a retreating enemy where the opposition is mainly designa ted r if l e

or machine gun squads. Defense of static positions facilitates

wearing protective vests, which reduces greatly the wound incidence

of fragment hits but which does little to lessen injury from bullet

wounds. (Indeed , a bul let  h i t  may be rendered mo re lethal by an

armored vest.)
47 

However, it is difficult to get troops (despite

“command policy”) to wear six to eight pounds of protective clothing

on ex tended dismoun ted operations, especially in hot weather , and
when the mission requires being loaded down with several hundred
rounds of ammuni tion , a coup le of canteens , rat ions , and so on.

Hence a number of variables affect both the incidence and mortality

of battle wounds.

Tables B—4 and B—S provide some limited information about the

anatomy of Indochina battle casualties. These tables treat deaths

only. Table B—4 shows the breakout between air crews and ground troops.

Table B—4

DEATHS DUE TO HOSTILE ACTION , BY SERVICE AND TYPE OF ACTION ,
INDOCHINA , THROUGH MARCH 1973

Cause Army Marine Corps Navya Air Force Total

Air Action 
-

Air crews only
Fixed wing 52 66 168 744 1030
Helicopters 1752 295 53 64 2164

Sub total 1804 361 221 808 3194

Non—aircrew 704 214 23 43 984

Ground 28087 12361 1126 150 41724

Sea 
_____ _____ 

56 
— 

56

Total 30595 12936 1426 1001 45958

SOURCE : Direc tora te  for  In fo rma t ion  Operat ions , O f f i c e  of the
Secretary  of D e f e n s e .

a
includes five Coast Guard personnel.
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A l t h o ug h Army and Narine Corps helicopter crew casualties mi ght , in

a sense , still be regarded as “gro und casual ties ,” their nature

differs from casualties taken on the ground . Table B—S prov ides some

detail on the “instrunments” of battle deaths. Of pa rti cular

relevance in this table is the breakout between deaths caused by

small arms and f r agment ing  muni t ions .  Given the  higher l e tha l i ty  of

bullet wounds , support would be given to the idea tha t  the service

(or un i t )  which , by the na tu re  of i ts operat ions , incurs a higher

propor t ion  of bul le t  wounds would also experience a hi gher mix of

more seriously wounded surviving casualties. Stated another way , if

one service experienced 20 percent of its casualties from bullet

wounds , and another service experienced 40 percent , the service with

the 40 percent ratio would (1) have a higher ra tio of dea ths to

total casualties , and (2) its surviving wounded would , on the

average , be more seriously wounded . No such line of argument can be

suppor ted  by the evidence in Table B—5 .

-— --- -
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Table B—5

“INSTRUI~ENTAL” CAUSE OF CASUALTIES (DEATHS ONLY) BY
HOSTILE ACTION , INDOCHINA , THROUGH MARCH 1973

Cause Army Marine Corps Navy Air Force

Air crash
a 2508 575 244 851

“Ground action”
Small arms 

b 
l2~ 27 5638 398 22

Fragmenting munitions 13852 6185 653 125
Other causesc 1345 501 106 3

Total, ground 27524 12324 1101d 150

Percent , small arms 44.8  45.8  36.1 14.7

SOURCE: Directorate for Information Operations, Office of the
Secretary of Defense.

a
Figures shown for “air crash” do not coincide with those under “air

crews...” shown in Table B—4 (and which are air crewmen only). The main
difference between the two totals is some 984 “non—aircrew” personnel (of
which 704 were Army and 214 were Marines) who were “air casualties” but
not air crewmen. (Of this 918 Army and Marine total, 820 were on
helicopter flights.) Most of this subset of “air casualties” is therefore
ground troops going to or coming from operations.

b
This category is an aggregation of four categories given in source.

They are “artillery/rocket. ” “bomb explosion ,” “other exp losion (grenade/
mine),” and “multiple f r ag~.ientation wounds.” “Bomb exp losion” was minor ,
totaling only 50 for all services. All four categories are characterized ,
as instruments of wounds , as “fragmenting munitions” even though they
produce casualties by their blast effect as well as by issuance of fragments.

Such classifications as “artillery/rocket ,” and so on , can be poten-
tially mislead ing as tools of operational analysis or weapon system evalu-
ation. For example , does it also include mortar—caused casualties? It
probably does since very careful operational research in the field is
necessary to get even a rough (but highl y useful) estimate of the casualty—
producing capabilities of artillery, rocke ts, mortars (and air dropped
munitions) under different tactical conditions. That this official four—fold
classification is of limited use is further suggested by the point that
8465 of the total of over 21000 in our aggregation was in the “multip le
fragmentation wounds” category. As such , it provides no insight as to
the precise instrument of wounding; it also suggests that other deaths
attributed to artillery, mines , and grenades , wer e caused by a single
fragment, or by blast, which is unlikely.

C I~0ther  causes” in our table is an aggregation of “vehicle loss/c rash ,”
“drowned and suffocated ,” “b urns ,” and “misadventure .” Of these ,
“m isadventure” is the dominant item , accounting for 1318. The word is
bureaucratese for foul—ups that are an inevitable part of operations.
Judging from its magnitude , It would seem to include the known consequences
of fire fights between friendlies , stumbling into one ’s own artillery tan ,
premature bomb releases , and so on. It is lik ely that the “small arms” and
“f ragmenting munitions” categories contain some of this same element.

d
includes four Coast Guard personnel.
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THE CAPITAL—INTENSIVE MILI TAKY J ’RODUCTI ON

PROCESS AND PERVERSE INCENT iVES

Endnotes

1. The rough qua l i ty  of these est imates should be emphasized . Much
centers around the de f in i t ion  of an “ infant ryman ” and a “ combat
vehicle. ” If b y “ infantryman” one means those who bear the
heaviest casualty incidence of f ighting , and pa r t i cu l a r ly
those in r i f l e  p latoons , who migh ’ be categorized as “ combat
infantry,” the 6500 figure given in the text may be on the
high side. United States Army i n f a n t r y  ba t t a l ions  (non—
mechanized)  have three r i f l e  companies wi th  three r i f l e
platoons each (44 men) plus a weapons p latoon (36 men), for
a company s t rength  of 180 , Most Army ba t t a l ions  sent to
South Vietnam , however , possessed a fourth rifle company ,
which brought  to ta l  r i f l e  company au thor ized  s t reng th  up to
720 per battalion . Most infantry d iv isions possessed n ine
infantry battalions . Marine Corps battalions have a normal
authorized strength of around 1200 men (as compared to the
Army ’s t h r ee—r i f l e  company , 829—man b a t t a l i o n )  wi th  much of
the difference being in rifle platoons due to the Corps ’
14—man r i f l e  squad as compared to the Army ’s 10—man r i f l e
squad . In addition , each battalion headquarters company
possesses a scout platoon and assorted crew—served heavy
weapons. Consideration of these diversities led to postulating
the 6500 infantrymen—per—division figure. (This number would
be lower in Europe where divisions possess more tank battalions
and fewer infantry battalions , each with three rifle companies.)

The 200 “ combat vehic le” f i g ur e  takes into account that an Army
n i n e — i n f a n t r y — b a t t a l i o n  division also possesses a tank battalion
with an authorized 54 tanks. The average number of helicopters
per division in South Vietnam approached perhaps 400; however ,
not all of these should be reckoned to be combat vehicles in the
strict sense of the word . Also , armored personnel carriers were
used in a combat role that was perhaps uni que to that war.

2. ~~~~~~~~~ 0;’ t~ c - iP’~ - F~ ~~ ~~~~~~~ - -Y — . , January 1966, pp. ~—29 ,
gives a figure of 43,250 for ~ korld kzir 11 theater “division
slice.” This figure includes Communication Zone troops for an
overseas dep loyment of 89 divisions. The comparable “Worldwide
Division Slice” was 63,250, which included troops in transit
and those in the United States. ihese figures do not include
the World War II theater “Air Force ~ ing Slice” of 7000, which
contained an average of 1000 Arm y Communication Zone troops .
During World War II , the Marine (orps had a peak personnel
strength of around 475 ,000, which provided six specialized

- — —-
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infantry divisions plus air elements , w h i c h  sug ge s t s  a
worldwide “divis ion—air—wing slice ” of about 80,000. in
addition , the Marine Corps obtained much overhead suppor t
from the Navy. During the Korean War , the U .S. Arra- had
about 6—2/3 divisions and a theater troop strength of around
230,000 men by the spring of 1951, a “division slice ”
average of 35 , 600. In South  V i e t n a m , the comparable  i igu r c s
were 11 divisions (8—1/3 Army ; 2—2/3 Marine Corps) and
440,000 troops.

It should be pointed out that in the last two wars , the United
States extensively employed indigenous civilians for many
support functions. But th e same logistics apparatus (mainly
operated b y the Army as cont ras ted  with the Marine Corps)
supported non—U . S. troops such as the South Vietnamese , South
Korean , and lesser allies . “Divis ion slice” f i g u r e s  therefore
r e f l e c t  these and other variables.

3. Some readers have concluded from Table 1 that there is a sharp
“downward trend” in the casualties per division—year . It
should be pointed out that the Sicilian Campaign occurred  in
Jul y—Au gus t 1943 , the Italian - uapaign began in September 1)43
and lasted until Nay 1945 , and Northwest Europe was from
June 1944 until May 1945.

As between World War II and the subsequent wars there is simp ly
a downward “step ,” the meaning of wh i c h  is u n c l e a r .  One
interpretation is that in the latter wars we did not achieve
a “decisive outcome .” Another is that we used m at e r i e l
(munitions) and cap ital more lavishly, and that we ac h ieved a
more f avorab le  casua l ty  exchange r a t e .  The latter a s s e r t i o n
is difficult to verify because of unclear evidence about eneav
casualties. One should not take at face value published
repo r t s  of these , which in the case of Indochina appear  to he
abou t  6:1. We would place it at about 1.5, or 2:1. (By
“o~ cliange rate ,” incidentall y, we exclud e prisoners for reasono
discussed in the text.)

-+ . The dos  ign of an it em e x t e n d s  beyond t ec hn o l  ogv , even bough
t e c l in  ica 1 change p e r m i t s  new des igns .  Good des i gn e n t a i l  s
p e r c e p t i o n  of the f u n c t i o n  or job tha t  th e  c o n t r i \ - inc e  is t o
p e r f o r m . Hence the  desi gner  mus t  b lend knowled ge  of d iv cr ~a
eng ineer ing  or t ec h n i c a l  b i d s  w i th  an u n d e r s t a n d i n g  ol t h e
c nv i r on a e nt  in wh ich  the i t e m  w i l l  be used , t o  i n c l u d e  t in
b e i t ocior o~ t he  use rs  thei-tselves. With rc~ aril to ‘~e Ipons it
is cl i  f i o n  It to ach ieve  t h i s  b l e n d i n g  b ecause  those  possess ittg
cn~; i n e c - r i n g  expert i Sc- sc-I doni have op p or t u n  i tv to d i roe t I V
observe tin behavior of svs tens in usc- in a ct u a l  c o m b a t  . ( on \a  - V
iii i l it a  rv “u s e rs ” do not a I w ay s  d I r ec  ti v c-ollullun i cat c- w i th the
desi gners . R a t h e r , t h e  u ser  r o l e  is expressed by s e n i o r  o t t  i c t r S

whose actual conl> a t exp er  i once in the foxho  1 e • t u r r e t  , or ~och p i t
may h r i v t -  been n one  x i s  t en t  or mriinv yea  i-s r erio~-etl t lea t h e  p i e  St - n t
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5. Karl von Clausewitz , ~~i:-~~, translated by 0. J. Matthijs
Jolles , Modern Library, New York, 1943 , pp. 237—2A4.

6. Ibid., p. 238.

7. Ibid., p. 239. The ratio of men to guns in the a r t i l l e r y  was
about 12 to 15 men per gun .

8. Ibid., pp. 240—241. The latter ratio was evident in Napoleon ’s
armies.

9. Ibid ., p. 244.

10. However , then the men could f i ght on foot , and the horses served
pr imar ily as an infantry personnel carrier. This was the
prevalent cavalry tradition in the U.S. Army , as contrasted
with  European . This sub—branch of horsemen was termed
“Dragoons” (and the first U.S. cavalry units were so labeled).
However , in most European circles , the Dragoon specialty was
held in low repute. In theory , they were to “blend”  th e best
qualities of cavalry and infantry . It was contended by oan~- ,
however , that they could not stand up to bona fide horsemen in
a mounted fight. As infantry , they had disadvantages if o n ly
because some of them (usually one out of th ree)  had to  hold
the horses. However , Union cavalry——figh ting dismounted but
moving by horse——turned the flank at Petersburg, wh ich led to
the fa l l  of Richmond. That they had repea t ing  r i f l e s  also
cont r ibu ted  to this  success.

11. Ibid., p. 179 .

12. The same point also extends to air and naval war. In air w a r ,
trained crewmen (en ta i l ing  a large cap i ta l  inves tmen t )  become
the critical limiting factor. In naval war , shi ps ( w i t h  t h e i r
long construction lead times) and crews to a lesser extent are
critical . Total manpower casualties are not large as compared
to land war. However , air and naval battle casua]ties can he
extremely intense for the relatively small number of combat
personnel involved . For examp le , when !:~ o~ was sunk by 

- ~~~- -  -
,

onl y three  of H~o~i ’s crew of 1419 survived . Submarine war a l so
entails a distinct “batching ” of manpower losses.

13. This had occurred by around 1600 , and , combined  w ith m etallurgic -al

improvements that permitted “ship—killing ” cannon , t h e  e r lerg enc t-
of true naval warfare and tactics took place. in ancient
through medieval times , serious war at sea was essenti all y
i n f a n t r y  wa r f a r e , and genera ls  c ommanded t h e  troops arid t h e
operat ions . Coastal  ra ids  and p i r a t i c a l  u n d e r t a k i ng s  ~ter t also
major activities involving the use of ships , and enter p r isi la
civilians could usually follow these call ings quite i t  i c  t f \ t l V .
However, sovere igns began to establish and assert fc~i2a1 c I i i a - ~
against these particular subjects. This sc -ems to hi th ’ F t  s on

the  Royal  Navy  never had an o f f i c i a l  c1a~’ 01 it —~ cun i I n c .

___________ - -.--~---- ---
~~~-—~~~~~~~~ -—- -—
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14. Alfred Thayer  Mahan , L2~a i ’~ ’ a ~~~~ ç ! - ~~~i- -

]Cc’2—]?~~ , Hill and Wang , New York , 1957, p. 1.

15. More accurately , it was Lenin who refined the Narxian model to
encompass fore ign “Imper ialism” as a mechanism by which th e
“capitalist engine” could partially avert a declining rate
of prof it— —including increasingly intensive business cycles ,
unemp loyment , and “misery of the prole tariat”——which would
delay the eventual collapse of cap italism . Foreign markets
and sources of cheap raw mate r i a l  could o f f s e t  an o therwise
diminishing re turn to cap i ta l , given c a p i t a l i s t s’ p r o p e n s i ty
to re—invest  thei r  p r o f i t s .  Also par t  of t h i s  model  was the
idea that rival capitalist powers would engage in war with
each other to secure these markets for their respective
exp loitation.

Thus a case can be made that Mahan was a “Marxist ,’ or that I
could have cited Mahan to b u t t r e s s  his theory  of I m p e r i a l i s m .

This Mahan —M arx—Len in model has had roug h going . From a n a r r o w
m i l i t a r y  viewpoint , an argument  can be made t ha t  Mahan
exaggerated the importance of naval operations in the wars
during the period he t r e a t ed , inc lud ing  the  British—French
phase of the 1775—1783 “American War.” A strong case is also
made that colonial holdings were more of a burden than a
benefit to nations that acquired them , and that “t ree trade ”
and international specialization were the relevant external
source of cap i ta l i s t  progress .  As fo r  “colonial exp loitation ”

instances can be found which suggest  t ha t  any exp loitative
nexus——if it ex i s ted——was  one whereby the  taxpayers of t he
mother (or metropolitan ) country were taxed to support a
colonial appara tus  that  b e n e f i t e d  s p e c i f i c  m o t h e r — c o u n t r y
pressure  groups.

16. Sir John Moore , quoted in Philip Guedalla , s t  ‘
~~~~‘ t - : -  ‘: , H a r p e r s ,

N ew York , 1931 , pp. 169—170.

17. A partial indication of this point is suggested by the f o l l o w i n g
f i g u r e s  showing popula t ion , numbers  engaged in b a t t l e s , k i l l e d
and wounded , by decade , for France and Britain , f o r  the
decades 1790—1820 :

Decade Population No. Engaged Casualties % P o p u l a t i o n
— France (000.000) (000) (000) c a s u a l t i e s

1790—179 9 27.5 4748 407 1. -iN
1800—1809 29.3 3065 327 1.19
1810—1819 30.5 3782 47 0  1 .54

— Bri tain

1790—1799 10.4 333 2-i .23
1800— 1809 11.8 225 15 . 1 1
1810—181 9 14.0 -‘flO 52 . 17

SOURCE: Quincy hr ighit , 2 - - , : -  t o , Vo l .  1 ( ( h i  i~ t :  l n i v i r s l t v
of Ch h  ago b r i -ss , I i ~~2 )  , pp . ~58, h60.
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18. Ibid., p. 662, shows for the United States, during the Civil
War decade, 1860—1869:

Population No. Engaged Casualties % Populat ion
(000.000) (000) (000) casualties

38.6 3995 496 1.29

Comparable casualties as a percent of population for the World
War I decade were:

Britain 2.61
France 5.63
United States .14

However , U.S. World War I casualties are decept ive .  Tota l  k i l l e d
and wounded , shown b y Wright , were 150 ,248. About 120 ,000
of these were taken during the last six weeks of the war ,
mainly in the Meuse—Argonne offensive , or at a rate 01 20 ,000
a week. Had the war continued for two or three inure years ,
it is predictable that the U . S .  Army would have rev ised i t s
infantry tactics——as did the French , British , and Germans ho
around 1916.

19. As an indicator to support this argument: In the major four naval
actions between 1799 and 1803 (from the Battle of the Nile to
Trafalgar) the British experienced a total of 4100 c a s u a l t i e s .
At Waterloo, British casualties were 7000 ; to ta l  al l ied
casualties were 23 ,000. Wellington ’s command in that battle was
67,700 (this excludes the Prussian army which came onto the
f ie ld late in the day) , of which 24,000 were British. See
Gaston Bodart , ‘~i l i t i ir —his to i~~o~tco Kr~c o—i -x.~ :o~; (1 t ~ ~~~~~~~~~~~~

C. W. S tern , Vienna , 1908 , passim .

20. This weapon was probably one of the f i r s t  to be purposeful I~-
designed and developed in conformance to a set of p r io r  ideas
about what constituted an “optimum” system. 7hie emphasis was
on mobility, to support attacking infantry , and to he able to
d isp lace and set up business rapidly . It was a fine gun .
However , its trajectory was too flat , and its round too light
to be of maximum effectiveness for the subsequent trench warfare .
A be t t e r  a l l—around weapon was the German 105mm g u n— h o w i t z e r
which the U.S. Army shortly after World War I decided should b~
its preferred caliber. (The board of officers that deliberated
on these issues was appropriately dubbed “The Caliber Board .”)
Some 15 years transpired dur ing which the Ordnan ce Corps
strugg led to improve the Cerman design , and some improvements
were made. However , it was a close thing since the model year
for the U.S. 105 was 1939 .

__________  ~~~~~
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21. A reviewer of an earlier version of this paper refers to this
development as the “innovation of the recoilless guns..
and misinterpreted the  discussion in such a way that we argue
that it was growth in industrial capacity and a b i l i ty  to
produce large quantities of munitions that permitted the
innovation. Two points , one technical and one regarding the

— overall trend changes reflecting the interaction between
tactical usage and industrialization , should be made. First ,
the weapon was ~~ a recoilless gun ; it was an art illt -r v
piece which necessarily recoils. Recoilless heavy caliber
weapons did not appear until World War II. The latter ,
which employ a rocket princip le fo r  prop u ls ion , dif fer
markedly in tactical usage from artillery , a majo r  r e a s o n
being their prominent dust and flash signature which greatl~’
endangers the gun crews by revealing their positions.

The notion that ability to produce large quantities of munitions
led to the adoption of the long recoil artillery princi ple is
entirely backwards with respect to the historical sequence.
Neither the French , nor anyone else around the turn of the
century , anticipated or expected to expend the large artillery
tonnages that occurred in World War I. The ‘75 (as the
previous  foo tno t e  indicates) was “optimized” for m o b i l i ty , and
sized (along wi th ammuni t ion  chest) to a six—horse prime
mover , which could move apace with i n f a n t r y  and cavalry and
thereby preserve the army division concept.

A mo re prec ise way o f putting the historical sequence is as follows:
Without the long recoil principle , the large artillery ex-
penditures of the Western Front , and the emergence of the now
artillery tactics , would not have been possible. The
“opportunity ” for large—scale artillery usage arose from the
breakdown of mobility and the ensuing static trench warfare .
The latter was due to the high troop densities relative to
the short frontal line from Switzerland to the sea. (On the
Eastern front , World War I exhibited t h e classic 19th century
emphasis upon maneuver——a point that appears to have been
overl ooked by many Western thinkers , the Germans excepted , of
course.) The high troop densities were permitted by larger
populations and an industrial capacity which  made it p o a s ib l e
to free relatively more manpower for militar y service , t h e
point made in the text.

22 . The purpose of this paragraph is to emphasize t h a t  i n d u s t r i a l i z a t ion
(and i ts  associated t echn ica l  change and progress) has had
unantici pated if not surprising effects on the  m i l i t a ry
production function ; but that the belief on the part of policy
makers and force  p lanners  t hat  the re  is some r c ’l a t i o n s h i l p b e t w e e n
industrial and military capabil i tv  has given support (or pri’\’idvd
a rat lonale) to try to destroy or hamper an eric-mv’s indust ria ]
capacity. r\l 1 th i s , f o r m a l  Iv  speaking , is an ‘‘a r g u m e n t ’’ abou t
the ‘‘product ion funct ion ,’’ or , mor e loose  1 v , an attempt to j’robe

—
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the animal , and to advance the idea that the possibility of
shifts in the function might create substitution elasticities
that differ from what people might hope for or anticipate
(the apparent intractability of casualties cited in Table 1
being our primary object of concern).

23. There are a number of ways to derive this factor. Our ratio is
that in a theater army , a division slice of 45,000. Assume
5000—6000 in division maneuver battal ions, 2500 division
artillery , 800 in division combat engineers, and 600 in an
armored cavalry squadron . Throw in another 2500 for corps ’
slice of arti l lery and combat engineers. The total  is around
12 ,500.

24.  The d i f f e r e n t i a t i o n  of combat from support  personnel may seem
of fens ive  to some , since it can be argued that  the  support
poep le play a necessary role and are part of the “team .” This
point is not denied. The critical question , however , centers
around the allocation of manpower resources between the two
broad categories and the support they both require in the over—
all force structure .

25. For evidence to support this assertion , and the occurrence of
which posed severe problems fo r  the Army in World War II , see
Robert Palmer et al., The United States Arq ’tuj in WorZj  War
The Arr~j Ground Forces: The Procurement and Train ~n~Ground Combat Troops (Washington , D . C . ,  Government Printing
O f f i c e , 1948) , pp.  14—28.

The condition in World War II was that the Navy and the Army
Air Forces got a disproportionate share of the high—score
(AGCT) inductees , and within the Army , the service forces got
a disproportionate share of the rest. The combat ground
f orces got “the bottom of the barrel ,” wh ich ex tended to
noncommissioned officers. In October 1942, Lt. Cen. Leslie
McNair commented , “We will pay dearly for this in battle. ”
(See Table 1.)

One of the sobering thoughts about the increased capital
intensity of our armed forces is that in combat , peop le from
a lower intelligence percentile of our popula t ion  are go ing
against a higher percentile of the enemy ’s population.
Whether “intelligence” is correlated with combat astuteness is

• an open question . It is our bet that it is. The c o n t r a ry
assumption is at best dangerous , for , if incorrect , it can partly
account for our casualty experience. The assumption , of course ,
is highly compatible with elitist sentiments.

________ -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
-
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26. See , especially , D. Willard , Lccnchester ae k’;rc ~o ~n H i s~-ci~~:
~~ ~nal~’si ~ of Land &zttles of c i e  Years 16J8 - i ~ i~~, R AC—TP—74
(Bethesda, Nd.: Research Analysis Corporation , November
1962). More recent studies are Herbert K. Weiss, “Combat
Models and Historical Data: The U.S. Civil War ,” ~~~~~~
:t~ s~’arch , September—Oc tober 1966, pp. 759—790; and Mart in  J .
Bailey, “Tactical and Lanchester Anal ysis of Combat in the
U.S. Civil War,” Draft MS dated December 4, 1970.

27. Determining what the relative productivities are, however
difficult , is nevertheless worthy of effort.

28. A critic proposed an alternative to the Eq. (5) model which is

= f ( L , K , °R~
where L and K are military labor and capital, and °B and °R are
“output ” of Blue and Red. One side ’s intelligence of the
other ’s force  s t ructure  and tactics then a f f e c t s  the marg inal
products  of L and K. Although he fel t  our Eq.  (5) was not
“terribly illuminating,” we find his alternative less so.
Although it argues that intelligence has value ( i . e . ,  Blue ’s
knowledge of OR and vice versa), that argument seems to be
its sole content ; and , as such , it is not “terribly illuminating ”
either. One of the aspects of war is that tactics (and
fo rce  s t ruc ture )  are o f t en  quickly modif ied as a result  of
operational experience , and casualties in particular . There
is also the important subject of -how one gets knowledge of
tactical usage in peacetime, which is necessary to formulate
coherent technical specifications fo r  engineering development
programs .

The ul t imate test of the value of any model is probab ly its
worth as an engine for empirical effort. If this criterion is
accep ted , then the variables must be susceptible to measure-
ment , not just in “principle” but in terms of whatever real
data may be around or what is capable of being generated by,
say, field trials or operational testing . It is our contention
that P’s, at the appropriate lower levels of aggregation , can
be empirically tackled. F’s can be counted. A ’s can be
inferred from casualty data.

At best , one side can only generate expectations about the  o the r ’s
“outputs . ” We are at a loss to imagine how this might be
measured so as to test aspects of the critic ’s formulation .

29. All  World War II bombardiers , to be qualified , had to ach ieve a
minimum CEP of 230 fee t  from 12 ,000 feet  bomb ing a l t i t u d e .  The
average CEP was ac tua l ly b e t t e r .  A s i x — a i r c r a f t  f l ight , in
two t h r e e — a i r c r a f t  elements , of B—25s or B— 2 6 s could lay
down a p a t t e r n  of 24 , 1000—pound bomb s roug hly 200 x 300 ,
assuming a 50’ bomb spacing between each of the four bombs
per aircraf t , and the second element flying about 100 feet behind
the first. Each ml5sion usually involved 4 to 6 f l i gh t s .  Yet
br id ges h i t  per mission was around .5. The number was also a
sharp ly decreasing f u n c t i o n  of enemy f l a k  In t en s i t y .

— —— ~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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30. For a development of this point with respect to air—to—air
combat, see Herbert K. Weiss, “Systems Analysis Problems of
Limited War ,” Annals of Reliabilit~j co-id Maintainabilit~ ,
Vol. 5 (New York: AIAA , July 18, 1966). Weiss bases his
argument on empirical examination of air—to—air combat
records , which incidentally shows that individual kill
scores of several hundred (as recorded by the L u f t w a f f e )
are not unexpected . He also shows that a probability density
funct ion describing an abil i ty to survive a “decisive combat ”
is U—shaped , suggesting that the concept of an “average”
fighter is rare.

One potential and important implication of Weiss ’ hypothesis is
that casualties experienced may be in proportion to force
size. The larger force provides a higher target density
which serves to reduce the target acquisition problem for the
opponent ’s hawks. Weiss contends the Battle of Britain
supports  this part icular  model which , of course , r e fu t e s  the
Lanchester “N—square” and linear hypothesis. (Elsewhere , we
advanced the idea that the casualty exchange rate in Indochina
may not have been as high as press accounts suggest.)

31. Concern over these three shortcomings appears to be the major
focus of most students of the weapons acquisition process ,
including the Rand effort of the past 15 or 20 years .

32. The automatic tank gun loader has been cited in Rand manpower
project papers as an “example” of substituting capital for
labor. This is a particularly sad (or good) example of the
workings of the quest for “better” (or at least more costly)
weapons. Actually, the automatic loader as a subsystem of
the proposed Main Battle Tank arose from the twin “require-
ments” for rapid fire and reloading , and a lower profile that
would reduce target size. However , the tank was conceived to
launch the 152mm Shilellagh missile and its necessary
associated caseless conventional ammunition . Caseless
ammunition was seized upon to reduce weight by dispensing
with a brass cartridge case. Even so , bo th the missile and
the conventional round were probably too heavy to manhandle
so as to facilitate rapid reloading and firing. Although no
one really knows, these latter points may have been the real
reason for the automatic loader . The manpower cost savings
were subsequently seized upon to support the idea that a
$1.2 million per unit tank would be “c o s t — e f f e c t i v e . ”
Surely happier examples can be cited or at least imagined to
illustrate the idea of substitution .

I

_ _ _ _  . ~~~~~~~~~~~~



-- — - Ti.. 

—120—

33. Even this  unders ta tes  the sorry condition . There are examp les
where good exis t ing weapons are degraded by the workings  of
the acquisition system. The M—73 machine gun affixed to
our otherwise very good tank is one example. Some of these
tanks (M— 6 0s) were later modified to employ the Shilellag h
missiles/caseless ammunition system , the combat utility
of which is doubtful. Even the AR 15 rifle (later dubbed the
M— l6 )  was degraded for  combat use by a number of changes ,
one of which was an ammunit ion—propel lant  change tha t  caused
excessive malfunctions and which nearly undermined the
troops ’ confidence in the weapon. These changes served to
delay procurement in order to provide an increment of time
to permit the “in—house” system to develop an exotic weapon
of its own conception. Even the Air Force was obliged to
scramble to affix a gun to the F—4 when air—to—air combat
revealed that sole reliance on a heat—seeking missile was
not sound . With some of these examp les , it would have been
possible to resolve much if not most of the uncertainty
by operational testing . And with others , like the M—73 machine
gun and the M—16 , attention given to straigh tforward eng ineering
tests would have averted the difficulty.

34. For a more detailed account of how that information failure is
masked by extensive reliance on model building and computer
simulations , which are fed by unvalidated empirical data , see
my ~~~ is, Data, and War: A ‘ri ti qn~~ . the St~d~ - ‘

~~~~- - :  ~ -

~-arces , R—l526—PR (Santa Monica, Calif.: The Rand Corporation ,
March 1975). For an account of how we arrived at this
condi tion , with an emphasis upon the macro—incentive structure ,
see my Plowshares Into Swor ds : Yc t~:o -~~~ idac ’  . ~o
L’st-aL a-~irncn~ (New York : Mason Li pscomb , 1973).

35. This implicitly assumes that an Army Brigade is “equivalent ” to
one Marine Reg imen t .  However , an Army Brigade within a
division is, strictl y speaking , a headquarters unit , and , as
such , possesses no administrative units l ike battalions. But
since the typical U.S. Army division possesses from 9 to 11
b a t t a l i o n s  and th ree  br igade  head qua r t e r s , an “Army Br i gade ”
w i t h i n  the  d i v i s i on  contex t  can be reckoned as r o u g h l y
equivalent to a Mar ine  Corps Reg iment .

N o r m a l l y ,  a Marine  Corps Regiment is larger  ti -ian the Army ’ s
equ iva len t  of a t h r e e — b a t t a l i o n  reg iment , p r i m a r i l y because  the
Marine Corps has a larger r i f l e  squad . However , b y l9~~b , t h e
Army began augmenting its infantry battalions with an additional
rifle company . h ence , for most of the war , this augmented
l’U&E strength of an Army infantry battalion more closely
approx imated that ot t h e Marine Corps.

- - —- - - ---~~~ - ——~~~~~~ --~~~— - ~~ 
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36. Frank A. Heis ter , oa tt ~ c ~‘-a~~~~~t~~o~ and d~d~oal dtc.~ .~~~~ ’o:
L~. ~r’~ - ~cXp ~ : ‘ CncYC ~~~~ ~ .Jr~ o~ Wee , Surgeon General ,

Depar tment  of the Army, Washington , D.C., m.d ., p. 130.

37. Reister , ibid., passim. Wounded in action includes those who
subsequent ly died of wounds , but excludes those wounded who
were “carded for record onlv”—•-i.e., minor wounds. See
Append ix B for a more detailed discussion of this subject.

38. However , the distinction between “killed in action ” (KIA) and
“died of wounds” (DOW) is not clear—cut. The criterion icr
KIA is a death that occurs before reaching a medical facility ,
to include a clearing s ta t ion . The re la t ive  impor tance  of
these is critically related to evacuation capability (and
policy) which, in turn , is affected by the type of operation.
The rapid evacuation of wounded afforded by the helicopter
has reduced the ratio of killed to total wounded , since it is
well established that recovery is a sharply inverse function
of t-he time between wounding and treatment at a well—staffed
and —eq uipped facility . But it has also delivered to medical
f ac i l i t i e s  many cases that cannot recover and , in past wars ,
would have died before reaching a medical facility. This
latter e f f e c t , ceteris paribus, means fewe r KIA and more DOE’ .
The effe ct of rapid evacuation by helicopter , howev er , is tc’
reduce the overall ratio of death-is to total deaths and wounded .

39. The following discussion draws extensively from Gilbert W. Beebe
and Michael E. DeBak ev , F a t t 7 c  ~a : ’ t~~~o: ~~~

c’- ’ort a7 ~ Lt c - , and L a —  o t a  Cans ~~rzt ~~ , Charles C. Thomas ,
Spring f ield , Illinois, 1952; and Frank A. Reister , !ca:~~~

-‘as i-w?ties and -:aal ta~ ~~~~ a: - . - 
-
. •.:j”- - . . ~~~~~~~ ~~~~~ -

.
- -

Korean War, Surgeon General , Depar tment  of the Army ,
Washington , D . C . ,  n . d . ,  especially pp .  3— 9 . 1 am also indebted
to Mr. Reister who , through conversation , provided h el p ful
insights about the subject.

40. In the U.S. Army , the Medical Service has sole responsibilit y
for reporting and records on disease and nonbattle inj u r ~-
( D N B I ) .  In terms of overal l  inc idence , t h i s  c a t e c , cr v  exceeds
battle casualties as a cause of manpowe r loss and medical
work loads.

41. Here we use the d i s t i n c t i o n  between “ad m in i s t r a t i v e” and “ t a c t  i c i l ”
capab i l i ty  to r e f e r  to the i m p o r t a n t  f a c t  that some nil i t a r \ ’
u n i t s — — l i k e  the company , b r igade , and c o r p s — — a r e  p u r e l y t a c t  i c c l
en t i t i e s ; whereas  o t h e r s — — l i k e  h a t t ~~l ion , reg iment , an d d i v i s i o n — —
are a d m i n i s t r a t i v e  e n t i t i e s  a l t h o u g h t h ey  may a l s o  e x er t
t a c t i c a l  or o p e rat i o n a l c o n t r o l  over the  r i - s o u r c es  t h ey  own or
wh ich  are assigned to them. T u e  r e l e v a n c e  ci t h i s  d i a t  m e t  ion  is
t h a t  a pu re l y t a c t i  cal  o r g an l z a t  Ion  mu st  look to some o t h e r
e n t i ty  f o r  a d m i n i s t r a t i v e  “support  ,“ including per sonnel ~-i rv i
such as i ood , supp ly , m e d i c a l , and so on .  An a d m i n i s t r a t  lye ent i t v ,
like a battal ion or divisIon , possesses Its own ad ical and I o~ I st Ic
capabI  1 i t~- , b u t  it Is expected to rd ~

- on o u t  s i d e  and met  c
specialized organizations for peak load or hi gh ly spi -c i i i  i c e d  -~~~
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42. For a f u r t h e r  discussion of this subject , see Beebe and DeBakey ,
op. cit., pp. 7—9 .

43. O f f i c e  of the Surgeon General , I’at ient  Administrat ion and
Biostatistics Division , Release entitled “Statistical Data
on Army Troops Wounded in Vietnam , January 1965—December 1972 , ”
21 May 1973.

44. It should be pointed out that for World War II prior to January
1945 , there were discrepancies between Adjutant General and
Medical Service accounting of casualties which also varied as
between Theaters. (In Europe , the discrepancy was only about
two percent.) Up until January 1945, the Statistical Heal th
Report, prepared by the Medical Service, con tained some of
the CR0 cases , and this amount varied as between Theaters.
Af te r that date , both the Statistical Health Report and the
Adjutant General’s Repor t sough t to adhere to the pr inci ple
of the loss of at least one day from duty as a criterion .
Reporting criteria for wounded (and killed due to hostile
causes) were also changed during the course of the war to
include cases incurred to and from comb at missions , and wer e
made explicit in an Army Regulation dated 10 December 1943.
Hence f ros tb i t e  cases experienced by air crewmen on combat
missions were counted as wounded. Deaths from air crashes——
landings , takeoffs , mid—air collisions in formation f lying——
incurred on combat missions were the major cause of Air Force
KIAs reported during the war. For these and other reasons ,
World War II U.S. Army statistics on battle wounds should be
gingerly emp loyed in any a t t empt  to make f ine—grained  comparisons
as between Theaters.

45. Although we have not checked the TO&Es of medical units organic
to Army versus Marine Corps Divisions , it is a good hypothesis
that Marine Divisions possess less capacity for steady state
medical capability. In amphibious operations , casualties occur
in a surge as a consequence of the assault , and are accommodated
by o f f shore  ships. Army Divisions , on the other hand , have
traditionally operated in a variety of diverse conditions and
at a more steady state. Before the advent of the h e l i c i ’p c e r ,
a division might be required to operate in a setting where-
accessibility to rear—echelon medical facilities was di ii h~u l t .

Hence there was jus t i f i ca t ion  to endow Army Divis ions w i t h  a
greater organic medical service capability . These h i s t o r i c i l
factors are likely to be reflected in present organizat i onal
structures .
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46. This assertion, and ones like it, have been the object of much
emotional controversy that has centered around weapon
(especially small arms) design and even force structure issues.
Only since the post—World War II period has some coherent
research and testing been conducted to shed some evidence on
the subject. Although much of that research has created
additional controversy , some agreement has emerged that supports
the above assertion.

Evidence supporting the assertion has been derived from the
examination of 1173 cases in South Vietnam , where :

Causative Agent Fatal Non—Fata l  Rat io
Small arms 151 237 .64
Fragmenting 72 392 .18

See Joseph R. Blair , “AnaJ yzing Data on Munitions Effectiveness
and Wounds ,” Ar~n~y Management Views, Vol. XV , p. 137 .

47 .  This assertion depends , of course , on how heavy an armored vest
is. In the range of 6—8 pounds , the weight most suitable for
infantrymen , l i t t le  protect ion is provided against hi gh—ve loc i ty
bulle ts (rifle and machine gun as contrasted with pistol). More-
over , upon str iking and penetrating an armored vest a bullet will
be induced to “tumble” much more quickly, thereby causing a
larger wound track and hence a more serious wound .

- --~~~~ - -- —._ .i ~~~~~j  
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*GETTING THE MOST FROM PRECISION WEAPONS

James Digby
The Rand Corporation

Several years ago there was great exc4tement in the weapons analys is

community about the new generation of pr~ cision weapons. The Thanh b a

brid ge was cut in two attacks with laser—guided b omb s , where dozens of

previous attacks with unguided bombs had fa i led .  There were good repor t s

on helicopter—mounted TOW from Vietnam, and the tes ts at Ansbach showed
as high as 28 tanks killed per helicopter lost.

Then the f i r s t  reports  from the Middle East war of 1973 came in ,

indicating that the Arabs had made very effective use of Grail anti-

aircraf t missiles and Sagger antitank missiles , and the Israel is of
Maverick. Ian Smart , Deputy Direc tor of the Royal Institute of In terna tional

Affairs (London), compared the change on the battlefield to the advent of

the English longbow at the Battle of Cr~ cy in the 14th century. He told a

BBC audience:

Soviet technology in Arab hands has consigned
to his tory [an era in which ] the tank and
aircraft ruled the battlefield .

Howeve r, it was not long before arnendatory reports began to come in.
Additional tests showed that the tanks per helicopter  f igure  in the Ansbach

tests was probab ly too high for realistic conditions in full—scale combat .

Analysis of Israeli da ta and la ter repor ts of the of f icers engaged showed
that many Israeli tank losses were due to unguided RPG—7 rocket grenades ,

to the sheer numbers of Saggers launched , and to the earl y absence of

combined arms support . The Grails were a problem , but not as decisive as

the Arab use of a Soviet—style interlocking network of antiair weapons. Then ,

in 1974 and 1975 , exercises in Europe showed that NATO fo rces  would not  have

benef ited greatly from on—hand precision—guided munitions , given both t h e

types dep loyed and the stocks on hand , and given existing tactics.

*The views expressed in this paper are the author ’s own, and are
not necessarily shared by Rand or its research sponsors.
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Thus the revolut ion  has not yet arr ived . The approach of t h i s  pap e r

is to enumerate some of the ~:a~ a~~ -J~~! values of prec ision weapons , to

say something of the current  sta tus  wi th  respect to obtaining each value ,

and to generate discussion on the technical  and institutional barriers

that must be dealt with if the full potential is to be reached .’ In

general , to the extent  we know about them , the bar r ie r s  on the Soviet  side

are quite d i f f e r e n t  from those on our side , and , on the whole, appear less

severe .

I shal l now discuss eight importan t potential values which may be

obtained (by either side) by suitably exp loiting precision—guided munitions

(PGMs ) and remotely piloted vehicles (RPVs) .  In each case I first make a

s ta tement  about the potent ia l  value and then discuss the current  s t a t u s  of

the problems in obtaining that value and the prospects for the United States

and the Soviet Union in that regard . (These values have been discussed in

various Rand studies over the past few years , and my paper Prec-~sion-J:~~~
gives a more detailed rationale for their relevance.)

POTENTIAL VALUE 1: GREATER CAPABILITIES

Many PGMs and RPVs appear to represent a quantum j ump in capabilities

even when compared to more expensive traditional weapons systems.

At their best , PGMs and RPVs can result in improvements in the

probability of killing targets on the order of 10 to 100 times. A p i l o t

on the ground can accurately control a remotely p iloted vehicle flying

h u n d r e d s  of miles away. These systems can be launched from a v a r i e ty  of

p l a t f o r m s  and po ten t i a l ly may resu l t  in a major shift in the kinds of weapons

used on bo th sides , as well as in the vulnerability of t r a d i t i o n a l  s \ st e -mc .

On the o ther  hand , many of the current  systems cannot be used at ni~W t ,

a g a i n s t  t a r g e t s  shielded by smoke or haz. , du r ing  bad w e a t h e r , o r aga ins ’

suitably camouflaged targets. There are alread y available a number c i

countermeasures which will reduce t he i r  e f f e c t iv e - n e s s  and each y e - a r  is I i l ~ I V

to bring others. Their crews are not well protected in many ici- ~~~, mid the

ettectiveness of the weapons systems can be cut tact leillv by atta king these

crews .
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Many of these problems can be solved , part icularly for the one—on—one

CaSC . For example , long—wave infrared (LWIR) systems will permit guidance

at n i ght  and in certain types of bad weather. Crews can be protected

ui-i ctandoff ranges increased .

At present it appears that the United States may have some edge in

exp loiting nonvisual guidance systems such as LWIR. On the other  hand ,

the Sov iets seem to be exploiting the ground—based versions of visual—guidance

systems the mos t .  They have produced large quant i t ies  of an t i t ank  PGM s and

mounted them on armored vehicles , with some pro tec t ion  fo r  the  crews . l u c y

have built surface—to—surface cruise missiles for some years , though many

seemed to hav e ra ther  pr imit ive terminal guidance.  So f a r , Soviet  t e c h n i c a l

progress in a i r—to—sur f ace  PGMs seems much less than our own .

In many respects the prospect s fo r  the Soviets to exp loit PGMs seem

quite good : their mi l i tary  procurement tendency is to have large num he - r s

of vehicles , something which fits well with exploiting PGMs . They h ave

fewer service—centered ins t i tu t ional  ba r r i e r s  which i n h i b i t  the use of

land—based and air—force—launched PGNs against nava l  u~ ssc Is , etc. The~’

have a predilection for planning combined arms operations , which , ag a i n ,

hel ps them to exploit PGMs and RPVs. By c o n t r a s t , se r v i c e -  leadership in

the United States still puts greatest emphasis on p r  c u r i n g  ne -v v e r s  i - n c

of t r ad i t iona l  systems . More will he said on this a~ 1 d iaci ~ss the next

potential value . But a most important point Is that even if the U.S.

achieves desired qualitative goals , it needs greater quantities 01  t l i e s ~
weapons , especial ly o1 a n t i t a n k  weapons .

POTENTIAL VALUE 2: SMALL CONCEALABLE U N I T S

PGMs m ight be best  emp loyed In small  on its which are c o f l e e l  I ci) Ic anu

which do not risk too much value in one p lace . Such  u n i t s  c iii still be

very powerful.

In many respects , U.S. polic~’ currentl y runs In the wrong direction

to realize this potential . For land forces , the Army calls fcr d o v u l i - i m e n t

emphasis on the Big Five ,
3 

all large expensive sys tems , each with m u l t i p l e -

functions. We do not have the equivalent of the Soviets ’ Sagger mounted 

-— - —  ~~~~~~~~~~~~~~~~~~~~ ~~~ .. 
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on various vehicles. Our Air Force has put high p r i o r i t y  on J a r .  ~~~,

multi purpose penetrating aircraft , as well as the AFACS ai rho r :le- ~s t F : i ! i )~

system that concentrates great value in a sing le ai rp lane. Our ~di- .- - - i s

asking for ver~’ large nuclear—powered aircraft carriers and icr

nuclear—powered strike cruisers , and there is little emphasis on

exploiting cruise missiles from conventionall y powered tri gates—— whi~ cii ,

in any case, would require exemption from the Congressional mandate - t

use nuclear  power.  The Soviets , on the  o t h e r  hand , have the  N a n u c h k a — c  ~~~~
corvette and have loaded their larger vessels with numerous missile-s. They

are exp loiting new vertical takeoff aircraft technologies as wol I as PUIs

by putting them on medium—size platforms .

A problem with going to the small—unit structure is keeping track ~i

where each unit is and making them operate  in a mutua l  l v  suppor t  lye and

coordinated way. (See the discussion of supporting structure , below .)

It is too early to tell which side will fully impl ement the .  sm a l l  u n i t s

strategy in a coordinated way . The Soviets will probably have  a g o d

head start based on the practical experience of possessing large numbers

of small vehicles during the l97Os , while it appears that t h e United ~t ct -s

will be inhibited by both service t r a d i t i o n  and Congressional :rcii d ii e

(in the case of naval vessels) from exp loiting this potential u n t i l t h e

1980s.

P O T E N T I A L  VALUE 3: USING MISS iLES F’OR TIlE O F F E N S E

The o f t e n s e  ( t a c t i c a l l y  speak ing )  w i l l  p r o f i t  I ron u t u r e  l o n g er  — r a i l - c

i’GMs ; it will also require the development 01 new t a c t i c S .

The sea—Launched cruise missile (Sl C~-i) and other crii I se i l l i s s  1 I c c  - cc

he p u t  t o  good use o f f e n s i v e l y , b u t  the U . S.  i s  no t  l~1e~ c A t c iv  eo~:p I c : -  oct m l

this c a p i h i  1 i t Y  with a s u i t a b l e  r ec onnai s sance-  c i p i b  iii tv—— c i t h o r  by E1 \’

or - i t  e li  i t o .  (The Sovie ts  , on t h e  other hand , h i , i y ~ a ri- I tt i v i i  ‘- - ad v i n  - c- i

oce i ; i  surv e illance system.) With respect to land—b attle- t ac t icc , t i c

t r i l t - ]  States has not yet developed much in t he. way ci ci l e n s  i ’ i t a c t  i c S

w c i  ii wi u ld  cap i t a l  Lze  on i GMs . The S~ v ie-ts a r e  p r c l - i d I y d o i n g  c c i n

t h i s  r e ar l 1 hr  ugh t h e i r  t -mp l icc ~~; on t h e lG ~- i— e qii i p j t- I I I E P N — . i i a l  };~- I I )

-
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mechan ized f ighting vehicles. On the other  hand , Soviet technical progress

on long—range guidance systems for VCMs aimed at fixed targets seems

f a r  behind progress  in the Un i t ed  S t a t e s .

It might be said in summary that the U . S .  is generally ahead in

the technology for weapons suitable to the offense as demonstrated on

t u e prov ing ground but has not yet dep loyed very many such missiles , and

has not developed and practiced suitable tactics . Sov iet progress on

tactics for offensive use of PGMs is a bit unclear at t h is s t age ; on

the oth er hand , they seen to have made more progress than tiie 1 .5 . in

using a t o t a l  combined—arms approach -i for offensive purposes.

POTENTIAL V A LUE -~+: LATE1~\L MOVEMENT

PGMs can be moved qu ick l y l a t e r a l ly along a f r o n t  and ther ’  can have

great  m i l i t a r y  e f f e c t i v e n e s s  per ton of weight. NAld ’s front titus does

not have to be ~hotended only with weapons in p la ce , an important cutter in

view of cu r r en t  maldep loyme~i t s.  To ti le ex ten t  tha t  PUN s can m a k e  f o r  cc

smaller and lighter per unit of military effectiveness , th is p e r m i t s

weapons (some of which can be v e h i c l e — m o u n t e d )  to be move d more read li v

and placed where the action is.
5 

A second opportunit~’ is to send

reinforcements from the U.S. to the  p laces where  they arc co s t  needed , not

just to back up presently dep loyed U . S. forces.

On the U.S. side little has been done w i t h  respect to  land  wart at e

plans and tactics for lateral dep loyment or for the ea rmarking  of t r a n s p o r t .

Neither are adequate command—control networks v et availabl e on the NA iii

side. But there does appear to be progress. Iwo ~carc ago , a n a i  v s ts  w er e

sometimes warned b y American political authorities n o t  to  even  m e n t i o n  i i i -

U . S .  r e i n f o r c e m e n t  of n o n — U . S .  N A t O  I orc~-s . Now , h o w e v e r , t hese- m at  t e r s

are forma lly treated in NA T O plans or Brigades J~ and 7b. But whtlie- scice

progress is being made in p l a n n i n g ,  t h e r e  is : i t i i l  a m i n i m u m  ci a c t u a l

ph ysical support , and , except for the  se l d o c — p r . -i ised M 5 il , t u e  U . S .  h i t s  n

well—dev eloped li ghtwe ight vehicle on w h i c h  to  mount :  U . S .  . t n t i t a n k  g i t  Leied

In is si 1 e 

5.L
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On the Soviet side there is likely to be less of a problem w i t h  the

command—control network. If the combat s itu a t ion  is Soviet—initiated ,

the problem of where to send additional FCN forces may be handled by the

Soviets ’ usual method of following up success with more forces while

writing off failed thrusts.

POTENTIAL VALUE 5: EFFICIENCY THROUGH CENTRALIZATION

PGMs and RPVs may permit a greater centralization of forces , basing

them , fo r  example, in the United States , then dispatching them for combat

use. This centralization might be more in concept , and may not necessarily

be in tern’s of where they are deployed geograph ically, but involve pulling

forces from wherever they are needed less to wherever they are needed

more. Such centralization is increasingly necessary for the U.S. as

forward bases are lost or become dubious . Earmarked forward forces max’

be a luxury which the U.S. can no longer afford.

While the U.S. has much more experience with the mechanics of fast

overseas projection of force than the Soviet Union , Soviet capabilities

are improving rapidly. The U.S. would usually have some problems of

compat ib i l i ty  with indigenous forces  which the Soviets might  not have .

Moreover , one must ask if the American JCS system is adequate for making

full use of centrally based U.S. forces. One must also ask how well the

U.S. services would work together in a combined—arms expeditionary task

fo rce .  As to geograph y ,  the Soviet Union is be t t e r  p laced f o r  many like l y

contingencies.

For the armies and air forces on both sides , resupply is likely to  be

a crucial  f a c t o r .  Both navies have a f a i r  amount of b u i l t — i n  rep l e n i s h m e n t

capab ili ty ,  but the U.S. Navy is probably ahead . A relatively unexp lored

possib ility is the extent to which the U.S. Navy can support the other

services with forward—dep loyed maintenance and communication facilities.

Being able to use all of its assets Is absolutel y essential to th e

United States in any confrontation with the Soviets. At the present we

are probab ly quite far from hav ing a suitably coordina ted p l an under  w h i c h

all three Services would work together in a dep loyed mobile force. But we
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do have one advantage over the Soviets: the U.S. has superior data

processing systems that  would hel p keep track of reserve and dep loyed

forces , and which would facilitate their control. That is an advantage

which the U.S. must exploit to the fullest.

POTENT IAL VALUE 6: AVOIDING ORGANIZATIONAL STODGINESS

The new weapons are largely indifferent to what kind of platform

carries them to the point of launch . They will probably work best if

tables of organization and equipment (TO&E ’s) are revamped to exploit

them. Among other things , this suggests that  roles and missions may

become blurred and that traditional service assignments should be ch anged

to get a task done .

So far TO&E ’s on the U.S. side have not changed to any substantial

degree.  The Soviets , however , have made a major change in the emp hasis

given , and now include BMPs——some of which are missile—armed-—in their lo st

modern operational units. Moreover , they have emphasized combined—arms

operations ; the extension from those tactics to make full tactical use

of PCMs is not a very big step. On the other hand , the Soviet practice

of following norms and a relatively inflexible adherence to standing

orders as well as field orders , runs counter to the need in the I’GM era

for having and using current battle information on a large number of

independen tly moving small units. U.S. land forces have not done much

tactical or doctrinal development along these lines either , but they h a v e

long followed a doctrine which gives substantial independence within broad

guidelines to junior commanders.

POTENTIAL VALUE 7: COST SAVINGS

PGMs and HPVs can be cheap to produce and cheap to maintain for a ~ lv ii

level of effectiveness .

Curren tly, some PGMs are cheap and simple (like TOW , Pave Way , il l - I

Sagger) and some are not (like Condor). It is beyond the scope 01 t h i s

paper to exp lore fully why some of the longer range missiles are cur~ . c t l ~’

_ _ _ _ _ _ _ _  _ _ _  __________ ~~ - - - ‘ -  - -
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so expensive and so comp lex . One f a c t o r , almost cer ta inly ,  is tha t

these systems tend to follow the long standing practices of the aerospace

industry and its goveri-unent monitors of building high—reliabil ity devices

because the safety of human pilots depends on those devices. A second

factor, for the U.S., may be an excessive use of redundan t features to

counter j amming , where the production of sheer numbers , which is the Soviet

tendency, might , in fact , be a more cost—effective solution . For the

present , though , these are merely speculations, and not the results of

analysis.

POTENTIAL VALUE 8: SAVINGS WHEN MODERNIZING

Weapon systems can increasingly be designed independently of platforms.

This will permit each to obsolesce independently of the other , with

consequent savings. For example, a basic cruise missile vehicle might

have a l i fe  of 20 years; its pay load modules might be changed several t imes

in that period .

Currently most funds  for  D.S. air and land weapons are going into

large penetrating vehicles with tightly integrated weapons systems .

Modularity has been a goal of design engineers for many years, but it is

treated more in theory than in practical designs for production . Still

there are a number of examples on the commercial side, where ARINC

specifications have resulted in a highly practical design for commercial

aviation electronic systems . But in the military, some Influential person

always wants to use that last 300 cubic inches of space. I n i t i a l  pe r fo rmance

specifications usually dominate over designs that migh t be e f f icien t over

a ten—year period . There is no evidence which I have seen that tile Soviets

do any better. But it is worth noting that many features of modern

technology——on which the U.S. has a current lead in terms of production

capability——facilitate modular design: weights are going down , volumes are

going down , power requirements and heat dissipation needs are decreasing ,

and new inicrocircuitry can help m ake interfaces take less space and cost

less.
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THE IMPORTANCE OF i’— SUPPORTING STRUCTURE

For both Americans and Soviets to get the most out of PGMs, they

will need a supporting structure:

(a) pioneer reconnaissance to localize targets ,

(b) target acquisition and designation ,

(c) a command funct ion  to allocate and marshal weapons and

to authorize release,

(d) a combined arms partnership which protects PGM crews and

designator teams while they do their job,

(e) lateral battle area transport , and

(f) a network to replenish expended weapons stocks.

A number of aspects of the supporting s t ruc tu res  were t rea ted  above ,

bu t here I place them all together . It is important to note that even

a weapon with a kill probability approaching 1.0 cannot be used effectively

unless it is aimed at a suitable acquired target , and the task of e f f i c i e n t ly

associating 500 targets with 1000 missiles can be a substantial one .

Fortunately,  many of the tasks noted above are things which the United States

knows how to do well; the problem is that tactics and communications backup

for many of them are not yet even as far as the planning stage. As noted

under Potential Value 5, the efficient performance of many of these tasks

can be helped by advanced data processing devices , a techno logical  f ie ld

in which the U.S. has some advantage over the Soviet Union .

By the same token , an equally crucial aspect of b a t t l e  wi l l  be the

destruction of the enemy ’s supporting structure for his own PGMs.

So far not very much has been done by U.S. forces to prepare to

cap italize on vulnerabilities in Warsaw Pact PGM supporting structures. There

are two activities , though, which may lead the way toward effective plans.

First , the work of the team led by Major General Jasper Welch on Soviet

patterns of operation points the way toward capitalizing on their tendency

to have inflexible plans. The destruction of forces needed to meet artill ery 
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barrage norms may cause a movement to be cancelled , fo r  example.

Second , the debate over the vulnerability of the airborne warning and

control system (AWACS) is a case in point , and its answers may be

generalized .

Nonetheless, on our side , not much thinking has been done about the

design of the supporting structure. Nor is there much evidence that the

Soviets have thought about it in the terms set forth in (a) through (f)

above .

POTENTIAL POLITICAL ADVANTAGES AND PROBLEMS

This paper concludes by noting that the full exploitation of precision

weapons can interact with the design of appropriate political policies ,

some of which, in turn , will require the development of matching militar y

tactics. Perhaps the most important point is that precision weapons

permit precision in the physical damage done , and thus permit more precise

political handling of emerging crises so that the military actions can ~ - 

-conform more exactly to political purposes . There can be a better chance

of securing an objective without escalation due to misinterpretation of

the military signals which convey an adversary ’s intent. I have already

noted that the new weapons can be moved about more easily, and this in

turn calls for appropriate political preparations both with the government

from whose territory they might be moved and with-i the government into whosc

territory they must be received for the military job at hand . Finall y,

there is the prospect for nonnuclear weapons to head off desires on the part

of some powers who now covet nuclear weapons , since nonnuclear weapons may

do the same job. This may help in slowing nuclear spread.

There are also some problems which-i must be foreseen. The small size

and potential for concealment of modern PGMs are making “national means of

verification” a weak reed , and this must be recognized at the political

level it arms control negotiations are to be meaningful. In arms control

negot ia t ions, as in many o ther  aspec t s  of m i l i t a r y  d iscuss ions , i t  w i l l

have to be recognized that the new weapons are blurring the d i s t i n c t i o n
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between “strategic” and “tactical” forces as well as between “forward—based

systems” and home—based forces. It is also a major political factor

that the new weapons are facilitating a dispersal of military power , and

small states can increasingly dispose of powerful forces. This last

factor is evidenced by the current and massive wave of arms transfers ,

some to unstable regimes. There are already multiple sellers of modern

weapons and multiple buyers, and there is an increasing prospect that there

will be third—world producers of very powerful and eff icient weapons .

I have mentioned enough potential changes——many of them of great

importance to the two superpowers——to indicate that military strategy

and tactics may be in for some major revisions. Not this year. Things

are not moving that fast on either side. But many of these shifts are

coming in the lifetime of the posture we are now laying down . Exploiting

our advantages is necessary ; otherwise , this is a competition we are

losing in terms of raw numbers . And the reason for this Workshop is to

chart a course for exploiting these and other technologies.
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GETTING TUE MOST FROM PRE CISION WEA1~QNS

Eudnotes

1. By institutional barriers I mean those like the separation of service
procurement responsibility from combat responsibility, the tradition
that naval threats must be dealt with by naval forces , and so on.

2. Ade1 phi Paper No. 118, The International Institute for Strategic
Studies , London , Summ er 1975.

3. The XM—l tank, MICV armored fighting vehicle, AAII armed attack
helicopter , UTTAS utility helicopter , and SAN—D air defense system.

4. This brief treatment greatly oversimplifies a highly comp lex topic ,
since theater—wide offensive thrusts need good defenses in most
sectors, and the campaign on both sides involves attempts at movements
and counterinovements.

5. The Soviets have several PGN—equipped armored vehicles lighter than our
M551 and have bigger helicopters. 
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