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‘the Rand Corpora t ion

4~ 
‘Ibis paper  dea ls  w i t h  the impact of a new g o n o r a r  ion o~ n o n n u c l e a r

~ ‘3 ~~. f l S — — O S p e C  ial lv precision—guided w e a p o n s — — o n  m i l i t a ry  af ai r s , on

‘j forei~ n poi icy , and on arcs  control . For Au st r a l  i i , as fo r  t h e  F n i t~J
St a t e s , caiiv o f these  d e v e l o p m e n t s  w i l l  u l  t i c at i e lv  dec rease  the e f f e o t s

d i s t a n ce , s i n c e  mans ’ work  v e ry  e f f e c t i v e l y  over long d i s t a n c e s .

I h i u s  we b e l i e v e  these developments  have an impor t an t  bea r ing  on the

fu:i.i ,i:~’nta1 assuapt ion of past  ye a r s  t ha t  A u s t r a l i a  i.s of i e c t i v o i v

del ended by d i s t ance  f rom many of the  t h r e a t s  t ha t  concern  o t h e r

I 

in d u st r a l i ze d  n a t i o n s .  Moreover , t he  new weapons are  l i k e ly  to e n h a nc e

Au s t r a l i a ’ s a b i l i ty  to exerc i se  her  own c i l i t a r v  power ov e r  great

d i s t a n c e s — — b o t h  her own d is tances  and d i s t a n c e s  e x t e r n al  t o  her  shere~~.

• At t h e i r  best , the new weapons hold out p r o s p e c t s  (1) f o r  ~~~~

4 :~or 1ev , ( 2 )  f or  increas ing  s t a b i l i t y ,  and (3)  f o r  r e d u c i n g  the b r u t a l  L t v

of war th rough  decreas ing  damage to u n i n t e n d e d  t a rg e t s .  But these  are

‘ :1 va lues , and it is q u i t e  t rue t h a t  the  importance of the  new ~~~~~~

has been ove r s t a t ed——when  the r e f e r e n c e  is to the near term. Thus t h i s  . ap e r

begins  by examining  what  has happened in convent ional,  weapons technology .

r:cCEL\s i N ( ; L Y COSTLY ~1’:,’\i ’UNS AN O I N C N E A S J N G L Y  COST—EFFECTIVE WEAPONS

A su p er f i c i a l v i ew  of the new conventional weapons spect ru m s u g g e s t s

that at one end ([uproved rep lacements for aging weapons), th e trend has

-‘ been for conventional weapons to get bigger , more sophisticated , more

‘This  i s  an ex p a n d e d  v er s i o n  of a t a l k  p resen ted  at the  C o n f e r e n c e  on
~~~H v  D e f e n c e  of A u s t r a l i a :  Fundam enta l  Ne w Aspec t s , S t r a t e g i c  and Defence
St u d i e s  ( o u t  cc , C a n b e r r a , 2 8 O ct o b e r  1976 . Much of t h i s  paper  is t o k e n  f r o n
ar Rand R e p o r t  R — 1 9 5 7 — ,5ü )A , ~~~~~~~~~~ .~~.

‘. ‘ ‘: ‘o~~:”~
c’ c ’ ’ : ~~“ - . .~~‘ , . 1’ ’ , ’ ‘. , J u l y  1976. The r epo r t  was p r epa red  foi  the

M ilit a r y A f f a i r s  Bureau  of the U.S. Arm s Control and Disarmament Agency (ACDA)
which proposed oar p a rtici pation in t h e Canberra  Confe rence .  The v i .ews
ex~ r&’s. ’cd ou r  cur own and do not necessarily reflect those of ACDA r
The Rand Corporation.
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powerful , and sometimes more provocative——without necessarily providing

equivalent advantages in terms of military effectiveness.
2 

(To be

hess superficial one really needs to consider certain weapons in certain

circumstances.) But , recently, several technical developments and their

use in practical military hardware have resulted in a variety of develop-

ments at the other end of the spectrum (i.e., entirely new weapons),

which suggests that past trends may be in the process of reversal.

What are the most important of these new technical developments , and how

are they affec ting conventional weapons technology?

In the past several years , an unusually large number of significant

technological changes have been introduced into practical military hard-

ware , changes that in some cases have already resulted in what we might
ca ll  quantum jumps in the performance of certain conventional weapons

systems . By quantum jumps we are referring, for  example , to improvements

in kill probab ilities on the order of 10 to 100 times , and to the ability

of a pilot on the ground to control , accurately, a remotely p iloted vehicle

fly ing hundreds of miles away . Improvements such as these may well

h era ld a per iod of break throughs in the third category above , which could

result in fundamental changes in conventional warfare capabilities. This

hypothes is is reflected in a recent statement by Dr. Malcolm Currie :
3

The technology of conventional warfare is undergoing a trans-
formation. We are on the threshold of a new era in which
evolv ing new capabil it ies will profoundly influence the nature
of nonnuclear wars and the way they are deterred .

This as~jertion arises from recent and rap id developments in such cl asses of

weapons as precision—guided munitions (PGMs), remo tely piloted vehic les
(RPVs) that can be launched from a var iety of p lat forms , and ef fec tive mobile

air—defense systems . New designs of efficient and hard—to—track cruise

missiles can be either PGMs or RPVs. This overlapp ing of designations

suggests that some definitions v~uld be useful. A PCM can be de ined as:

2
Those who argue that the big new weapons are more provocative do so

bo th on the bas is of their killing power and because their multipurpose design
makes it difficult for a potential enemy to foresee how they will be used .

3u.s. Sena te , Hearings Before the Committee on Armed Services on S.920,
Par t 6 , Research and Development , 95th Cong., 1st Sess., March 7 , 1975.
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A g u i d e d  n iun i  t ion whose pr obab i  l i L y  of making a di r t ’c  t h i t
on i t s  t a r g e t a t  l i i i  1 range  (when unopposed)  is g r e a t e r  t h a n
a ha If. According to t 1w t ype of PCM , the t a r g e t may he a
t a n k , s h i p ,  radar , brid ge , airp lane or other concentration
of military value .4

Note that this definition does not exclude PCMS of long range——even

intercontinental range——hut it does assume a mission ending in impact ,

with the munition generall y guided all the way to impart.

An RPV is prohahlv best defined in a very simple way:

A vehicle that is p iloted f rom a remote location h~’ a per-
son who has available much of the same pilot ing information
t h a t  he would  h ave i f  he were  on hoard .

The t e r m  “RPV , ” if u n q u a l i f i e d , u sua l l y  r e f e r s  to an a i rbo rne  m i l i t a r y

veh ic l e , th ough  the same techn i ques are d i scussed  fo r  submar ines , t anks ,

and o t h e r  veh ic le s .

By these  d e f i n i t i o n s , some RPVs are a lso P GMs.  O t h e r s , i nr i u d i n g

some t h a t  c a r ry  reconna issance  devices or laser desi g nat o r s , arc re-

coverable  and are not PGMs . Both to convey the breadth of the two

classes and to i n d i c a t e  s o m e t h i n g  of the  progress  tha t  has been made ,

some illustrative examp les of PGMs
5 and RPVs are l i s t e d  in Tables 1 and

2, respectively.

It is beyond the scope of this paper to examine any of these new

developments in technical detail or to exp lore the details of counter—

measu res  and c o u n t e r — c o u n t e r m e a s u r e s .  We s h a l l , however , d e s c r i b e  in

broad t erms  w h a t  appear  to  he t h e  most i m p o r t a n t  t e c h n i c a l  d e ve l o p m e n t s

and g ive some e x a m p l e s  of how t h e y  have i n f l u e n c e d  m i l i t a r y  h a r d w a r e .

Three technic al developments seem to  be of p a r t i c u l a r  i m p o r t a n c e :

1. ‘Ih e use , in pra cti ca l systems , of elec t romagnetic t ransmitters

and receivers (or  sensors)  opera t  ing a t  much h igher  f r e q u e n c i e s
r

4
lhis definition is sligh tl y modified from one given by ,Iames Di gbv

fr i  1! ”  - ‘ . ‘ a— ~a ‘
~ :

‘
~ i ~~~ cc , Ade I ph i Paper No. 118 , The Internationa l

Institute for Strateg ic Studi es (London), Summer 1975 , p . 1.
5
For bri ef discussions of these PGMs , see .Iamcs Di ghy, ‘ PGMs — —

Lbi i ng i n g  We apon P r i o r i t i e s , New R i s k s , New Op p or t u n i  t i e s , ’’ ,k ’’ .’ i’ ~~:a
A ?‘ a : 4 ~~~’ a , V o l .  14 , No. .1, March  1976 , pp .  36 — 4 6 .
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hi l l )  t l O O t ’  U St ’ tI 111 t l ì e  P i l o t  ; ,‘ i f l i C I f l ) ’  1 1 t h 4 .- ! ’ t I i  i i i ~~ o , t i ~~ ’ ( ‘ 0 1 1 5 4 ’ —

h I I i 4 . ’ t l t  impr ovement i n  ;in g ii l ;i r r & - o o  l u t  1 ( 1 1 1  I’ L ) k C ’ ’ ~~) )  1 4 1 , 1 ) 1 ) 4 ’  s v s t  t ’ I)I0

more  , I I ’ c u r , i t t ’ .

1 )  i t  i iflied d e vi’ I op inen t 4 ) 1  in I c roe  lee t ron 1 4 . ’ c i rI ii it s (not ab 1 ~ ‘

l . S l — — l a r g e — — s c , i h t ’  i n t e g r a t e d  c i r c u i t s )  t h a t  p e r m i t  h l i g l I l ’ ,’ eo n—

p lc’x sign d—pr ocessing and s t o r a g e  l unt ’t ions t o  t ~~~~i’ p l a c e  i n

s m a l l  , r e l i a b l e , and relativel y rugged d cv i  c eo .

3 . ‘ t h e  d e v e l o p men t  ( I f  h i g h l y  e f f i c i e nt  w ar h e ad s  t h i t  l I . ’ I V C ’  g re at

ties t rIle t i ye potent i .11 bu t  a re  L i ghi t in w~’ i ght -

i’hie se t ct bin i c a l  developments * used i n  conci , ’ r t , h a ’ ,’ , rio))! 1 ed i n

m i t  i t a r v  h a r d w a r e  w i t h  e a p a b i l i t  ies u n h e a r d  of in t h e  re t - n t  p i o t  - F r

e xam~
) I e • t h e  oh eve 1 opmen t of p r a c ti c a l  a i r  bo rne  1 asi’ ro  t h a t  I I  ~e I r I ’ q  1 1 4 ’  n—

C ies 51) h i g h i — — i  . e - , w a v e l e n g t h s  so s h o r t — — t h a t  t lie ’.’ a re t v p  l ea  1 1 v ] l i S

be low t h e  s p e t - t r u n i  of v i s i b l e  l i g h t , b i a s  ma de i i  p o s s i b l e  t o  ~‘ l i i d e we i p —

ono w i t h ) a n g u l a r  ;O’ c’li r a( - ies approach i rig t h ì ose of  a ii I gh—powt- red r i t Ic -

When t he  si g n a l s  ref  I cc -ted  f r o m  a l a s e r— g en e r at e d  spot  t h a t  an m d  i v  i d u , i  1

has p o i n t e d  a t  a t a rge t are  processed by ml c r o c i  cc t r on h e  c i r e n  i t ! ’  V , a

v e r y  comp a c t  and e f f e c t  [ye gu idance  s y st e m  can he used to  s t e e r  a ‘ ) I i S —

si  Ic to  w i t h i n  a few f ee t  of a t a r g e t  f r o m  a l a u n c h  d j o t  , ln c e  on t h e

o rder  of  11) m i .  I t  is j u s t  t h i s  c o m b i n a t i o n  t h a t  t o  b e i n g  h O C - I l  i n  t i l t ’

new l a s e r — g u i d e d  M a v er i c k  a n t i t a n k  weapon .sy s t e a .  R u t  ~~~~~~~~~~~~~~~~~~ . ( r r i c s

a ve ry heavy w arhead  f o r  i t s  task , abou t  l 30 lb , and t lie w h o l e  r I  1 ) 1 ) 11

we [ghi s a b o u t  460 l b .  I I  t h e  th  rd deve I opinen t i t t  ed al )  1 V ’  , ane l v flew

e f f i c l en t  des i gns f o r  h i g h — e x p los ive  warheads , had been i n c or p or . it  ed in

t h e d e s i gn , a m i s s i l e  w i t h  s i m i l a r  l e t h a l  i t y ,  b u t  s i gn i  Ii t ’ant  l v  I i g h t i r

• wei ght , con ld h ave been b u i l t

N w  t y p e s  of  RPVs (see  Table 2), not  mans ’ v t - ar s  f r o m  f u l l — s c a l e

t e st  i n g ,  w i l l  t a k e  . i d v ; i n t a g t -  of  new t e c h n o l o g i e s  t o  p e r m i t  t h e  c o n s t r h ) )  —

• t i o n  o t  I i g u t , and l i i  i t  e sina i I v eh i c  l e o  by t ’omp ar  i son  W i  t h i  t a r !  i~~’ r —

gene r i t io n  RPVs such  as C o n d o r .  These sy s t e m s  , wh I ch c ou l d  he 1 aunc -hed

f rom ‘ a r g o — t y p e  a i r c r a f t , f r o m  t h e  g round , f r o m  v e h i c l e s , or f r o m  s h i p s ,

w i l l  h a v e  a remote operator who w i l l  t o f u  i n I l a l  l v  m o n i  t or t h e  p e r f o r m a n c e

and ~) l ’I ) g T e 5 5  o t  t h e  v e l i i c  le  ; d t ’ t  o I L , d i s c r i m i n a t e , and choose  c or r e ( - t

• t a r g e t s ;  . 1 1 1 1 1  o v t ’ r r ibt’ he automa t ic  gu i d a n c i - i t  nt~( -v so , i r v . h i t’  f a c t  
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that t h e  v eh i  I c  h e  i s  t~II j ded dii rin g its t e m i i  na I p hase makes i t  re la t  I ye 1 y

i n sen s  it i ye t o  ct~ nd i t  I 1 1 1 0 ;  i t  L I  I C - ’  t i uie and  
~ l ace  ol  1 a u n c h i , p r o v i d e d  a

d a t a l i n k  cai  he in;i i iit;u i no-d between the y ( ’ h l I I ’ i i ’  and i t s  r e m o t e  p i l o t .

‘l’he po te ll t i i  I i m p o r t  once of some of  t lo st ’ 1. ecl no l o g  i c c i  I a d v a n c e s

w a s  b r o u g h t  d 1 , 110 , 11 1 c .i liv t o  w h r  ld at tent ion
6 

by t h e i r  use d u r i n g  t I l e

l a t e  St  ages  01 F .  S. i f l V t ) l V o flI eiI t in V i e t n a m  and d u r i n g  the Arab—Israeli

W a r  o f  Oct  ohe r 11 1 7 3 . For examp ii’ , in  t lie last days  of t l ie ~ar in V i e  t —

non , ia s e r — ,~h ) l d e d  bo mbs h a v i n g  CE P s  on the order c’f 10 to 20 ft we re

us e d  * as t ’ o b f l h f l . )  r~’cl wi th approximately 1000 ft for u n g u  ided bombs • ‘liii s

r e s u l t e d , I or c c r t , i  i n  t a r g e t s , in an ach ieved targ et kill in two or

hire e sort i c ;  * w l i e  r eas  100 or more had been r e q u i r e d  f o r  u n g u i d e d  bombs.

‘l ’he A r a b — I  sr a ~- i i  War  o f  October 1973 provided many co re examp l es 01 t h e

operational imp i i  c a t  ions  o t  advanced weapons. There we saw how shaped—

charge w a r h e a d s  made relat ivel v small ant it ank  weapons —— not ahi v , t h e

C o V i e t  ~u 1gger  m i s s i l e ’  and tde unguided RP(;—7 rocket —— ver y let h a l  ago i nst

I s r a e l i  t a n k s  eVi l) t h o u g h  these ‘~eapons were quite small in s i z e  and were

t a r r i e d  by i n d i v i d u a l  Arab  s o l d i e r s  or mounted on r e l a t i v e l y  s m a l l  y e—

h i d es. l iii- s h o u l d e r — l a u n c h e d .  F r a i l  h e a t — s e e k i n g  a n t  i a i r e r a f t  m i s s i  les

(5 ,.\— 7)  cau s e d  some changes  in I s r a e l i  a i r  t a c t  i i ’s , w h i l e  o t h e r  e l e m en t s

u t  the Soy ict—h u i It mobil e air defenses , such  as the  ZS I ’ —23— 4 radar—

d i r e c t e h  gun and the- SA— 6 heat—seeking missi le , p r o v i d e d  s u r p r i s i n g l y

( L i,) t i l e  Isr.i ~’1 is) 4. 1 1  t O t ive  a i r  cover f o r  t h e  advancing Arab ground

I r~ e~~. 501Cc , b l  the w e ap on s  used in t h e  Oct  oher  W ar  w i - r e  ear  l v  m o d e l s

and un d~- r d e - s i  gned f o r  t h u  I r tasks ; n o n e t h e l e s s, I s r a e l i  o f f  j e e r s  r e p o r t  i’d

t h a t  t h i t  i r s Ia ’ ’r numbers  p r e s e n t e d  I s r a e l i  f or ce s  w i t h  an exceed i n g l v

- - ‘ -N ot e ’ , ho w e v e r , t 1 1 1 1  maii o- of t h e  / 1  1 , ’ ,’ , ‘ ‘ -
- of currently stt cco ’s st ul

) w eap o n s  ha v e  t~~’en a r o u n d  f o r  101100 ’ y e a r s .  The Germans developed t h e
w i r e — g u i d e d  .~— 7  ‘‘Ruhi rs tah l ‘‘ a n t  i t an k  m i s s i l e  in  W o r l d  W ar 11 and t h e
Fren ii  ant i ci  p at ed  t l ie Sagger  an d  TOW rn i ss i  les w i t h )  t l ie  i r  55 Si ’) ’ ies of
w ir e—guided ‘m t  i t  c ink  m i s s i l e s .  Wr I g hi t F i e l d  eng i n e e rs d e v e l o p e d  t h e
\/ ~~~ \~ and F,\,~b 1N St cc r a b l e  bomb s • and t h i t ’so ’ were  used a g a i n s t  h r  idges  by
t i l e  ( ‘ SAM’ i n  1944 . A d d i t  i on a l  l v , mos t  of t h e  air d e f e n se  m i s s i l e s  p r o —
( I I  I i ’d s i nc e  Wo r I tI W a r  I I have  been  ot  cc red a l l  t l ie w i v  to t h e i r  t a r g e t s
What  has  changed  in  many case-s  i s  t h a t  new t e c h n i c a l  d e v e l o p m e n t s  have
pernitte (l practical applications of the principles in the  d e v e l op m e n t
and product ion of n ew  W eapons  t h a t  p e r f o r m  much  b e t t e r  t h a n  t h e i r
;in~~ c ’h i  ronoI,s p red#’i ’ (‘5.51) rs

S ,. —
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d a n g e r o u s  l I r - , m t  .
~~~ ‘ I’bo’s - t’x onp he’s m t - p I s t I l  wha t  m i g h t  hu -  t I l l ’  I t - a d  i n , ;;

edge of  i W i  0 1 ’  o t  q I l c i n t  um j ( i l l lp s  i n  c o n v e n t  i s i , u  I Wt ’;ip IIli p 1 1  I o r rro ”iln’ e

1 w , ,  ot h er  i m p o r t a n t  t , o ’ t , t r s  ru ’gci r u h i n g  t l h  0 0’  ( I I I ’ i l l t I l f l i  j u m p s  in  b t ’ r ’ —

f o r l n a r l e t ’  al’ ’ t h a t  ( I  I n in ny i i i  t h i t -  new w 1 ’ q o h s ;  ;i r e  r i - l i t  i v l ’ h v  i n t ’ : - : pu ’ n si v e ,

and (2  ) f l t a ) l v  u l t  t t h e n )  . i  re  ccl at  i ye l v  si m pl e - to ope’ rat t’ . N ’  t ‘ t i i  i t  we- s;(  ‘
~

ie - xp e ’n s i v e  and ~“ I ;~~~ .‘ ‘  . , ‘ s i m p le  t o  op e r a t e .  M a n y  of t h e

new W e a pons (ri ’ fairl y sophi st ie~ited and can o n l y  he c a l  l i-cf i n m ’x p e n s i ’~’ 1 ’

r e l a t i v e  to  manne d s vst e -m s  or earlier guided miss iies
R 

or t ’ ’  t h e  co st

of  t h e  t o t a l  numbe r of o t h e r  weapons  t h a t  m i g h t be used to a c h i e v e  in

e q u i  Vii i en t c- f  1 c it  . Or t I w v  may be i n e x p e n s i v e  ri lot  ive  t ci t i l t ’  t a r g o ’ I

t hey  a re des I gned to kill . But t h e y  are’ no t  too ex p t ’ns i vu- t o  p r o ’) ’ I h i d e

au a b u n d a n t  supp  i v — — a n d  t lie poss [h i  1 i ty  of ab u n d a n c e ,~~ t ’O l i i ) t  5 f ’  t’ mu c h

of  t h e  s i g n i f i e a o ’ t- of t h e s e  newl y p r o d u c e d  weapons , as ho ’ aflc ’ c l e a r  i i )

t h e  A r ; i h — I s r ; i e l i  War  01 O c t o b e r  1 9 7 3 .  Thus t h e  n e w  t e h ’b l n o l o g v  hi l l s  ; ( 1~
r eady  bee- n u sed  in  t h e  mass p r o d u c t  on and  mass  use of  pr e ’c i s i o n — g ) i i d c I

r fluni t ions t h a t  were  s i m p le enoug h to he ope r a t e d  by  III )  i t  s t h i t  had

l i t  I i~~ ’ ra ch i t 1 1) 0  ot dea l i n g  w i t h  .comp I i x  sy s t e m s — — a  Ihe i t  t h e  A r a b  so ld  i cr 0

who used t h e m  W e r e  s p e c i a l l y  s e l e c t e d  and h i gh l y  t r a i ned .

I N  (~~iST~ OF C E W f A 1N  SYSTEMS

On the  ot he r  s i d e  of t h e  c o i n , many new and i m p r o v ed  c o n v e n t i o n a l

weapons  sy s t e m s  r e p r e s e n t  q u a n t u m  j u m p s  in  cost  - I n  each  b r ,iu chi of til t ’

7
Thi e is’ 1 r e also  numerous e x a m p l e s  on the  Is  r a t ’ I i s i  do t h a t  Ii i g I l —

lig ht the pace at  w h i c h  new sv s t  ems are now being i i i t  r I 1 h 1 I I , ’ 4. ’ , l  i n t o  m i l i -
t a r y  f o rc e s.  P r .  C l i r r  ie ci te ’s t e n  e x a m p l e s  of sy s t e ms  t h t , i  t w e r e  n o t
o p e r a t i o n a l  a deca d e  ea r l  i e r _  Most  of  t h e s e  W e r e  p r e c i S i c b o — g t I i d i ’ d  ;i ir—
t o — g r l m n d  w e a p o n s :  Wa 1 I ey e  , ci I 067 T V —gi t  ided  g 1 j i l t ’  bomb ; 111)81 15 , a 10115
e I o ~’ t r o — o p t i c ’ a i l y  gu i d e d  bomb; Maverick , a 1 97 3  e l e c t r o — o p t  F i l  l v  g u i d e d
w e a p o n ;  S h r i k u ’ , ;i 1964 ant  i r a d i a t ion m i s s i  I c ;  and  ; i i r — t  , — .h i r  wc.’Ip ~~ns
A T M — 9 1 )  and A I M — O F , 1964 and 197 1 v e r s i o n s  of  t h e  S i i l e w i n d t ’ r ;  . \ l ~ 1 — 7 F— _ ’ ,
a 1964 vers ion o t  t h e  Spa rr ’)w ; 01(1 S h a f r i r  * 

a 1969 b rat- i I I c y , ’ l , O l r b , ’I ; l

based on Side-wind er. (From U . S  S e n a t e , l ie -ar  i ng s  on S . 9 2 0 , P a r t  0 ,
Mar’ li 1975 , t ’ [ t e d  on p .  2655.)

( ; I l t l s i d t ’ r , f or  e ’xa mp le ’ , t i l t ’ Y I W ; M — l 0 9  t , I c t  j e i l  c r u i s e  m i s s i l e ’  t h a t
I b i s  ci t a r g e t  c o s t  o f  $ 5 2 5 , 000 l07 ’~ (101 l irs i n  (-ootrast to t l i t ’  s omewhat
s i m i l a r  R u m o r ’  a i r — d e f e n s e  h t I i s s h  1 t h a t  w o u l d  c ost  , i b o i t t  5 2 . 3  m i l l  ion

a • if I t ‘I ’) t I n !  I a  rs I 0(1 7 , l)00 ) w e r e , nvt ,- r t t ’ c t  to 10 ,5 d o l l . i  rs  -

on g i  r t ; i l  l v  l O t  i n t : i t  ~-( l I C )  hi ;ivc’ ci in t t ’ o s t  o f  o i i lv  a b o u t  ~H , 011() i,, ’ .11150

‘i i t o  ‘s imp I ’ ’ r a i - ~ ‘t  eng ine ’ in ch  “ 51119 ) 1 4 ’ ’’ a i r — I ’— ,) i r r id - in s t o k e r  - Was

pI )lg)ied wi I h m a ny  p r ) ! )  I u-Ins hes  I u h t ’~- t i n d e r - ’ , I m a t  c i  ‘ ‘ c t  S
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nil I it, i c y , se - i c  r , m  I oh I c Wt , i p  ‘u s s ~‘ ,s t e’mS whose’ c h ” ’ t ’ ]~ p r l l t h l  i s  g i V t - t i  t he

hi i , ’, i h e a t  p r ’ r i t v  , ( t e  o j g t i i f  i e , i n t  l y I t i l i l t ’  t ’ X p e t l s l v e  t h a t t  t I l e ’  e- .- : i s t  l ug  cys-

t ’ u s  t l i t - v  r e p 1 us ’ - ‘ l ’ hi  a I ~ ~
- . 1 i a 110’ 5 ) )  whit’ Ft  a’ - ‘a p o n -  sv  St  ( - 1115  have-

lI m i t  ip l e’ I i n l e t i o n S  i to h . 0 - ’  itt i ntegral , in terwoven p a r t  of  l l i g b — p e - r f - b r n . 1 , c i ’ I ’

vu ’liii ’ It _ s i ti t e -ndt- th for h i - I ’  t j j  IS - t l v  i n  t h e  t i r e - n a  of  , ‘ c b t h c h t i t  - (‘c uc;. jcio- r 1

t t ’ ~ s i i t ’h i t - i n s  i n  ( ‘ l i t  c a t a l o g ,  o f c o n V e n t  i ’u a i l  w i ’ ; c p o I i S  : - I t ’ i ’ p — p e n c ’ t r a t  j O T )

I I , ;Ic t er hotich t’r ’, , new I , i i ik s , -‘i t i d  t i u t - l e c i r — p o w e - r e d  c i i  n e r d  t carriers. I h e

l , i t o ’ , t  ittoi h i - I s  of a lOe of I I b c ’ ; , e -  O’e’;ipOilS sVst t ’tbba , a l  t h o u g h i \ S ’ t ’ V ca~~c i~lt’ , cost

a gre-at d c i i  hO ,O ’e t l b , i m ) t h t ’  uvstenis t h e y  we-ri d esi gned t o  rc i bltici ’ . h r

e ’x a m p l 4 . ’ , a s i n g l e ’  Ot ’W nt i e ’ I o ’ I r — p o w e ’ re’d a i r c r a f t  ‘ ‘ , I r r i e r  c o s t s  abo u t  S I _ S

b i l l  i OIl Os u ’ uOhjl ,l red w i t hi  ci pric e ’ tag 01 a b ou t  IFS ) utt i I i i  on 1975  dub 1 1 c c  rs

(or 11( 1 m i l l i o n  th te- n —’ ,o ’ ,ir d o llars) for air c r ;i lt carrit.-r s  i n  t h e  m i d — I 9 h I b s .

W h e r e - a s  an 1— 4  c - - s t  ab o u t  11) n i l  l i o n  in 1975 dol  l ar s  (5 n i l  l i o n  t h t e ’n — o ’ e ’ a r

di i  11 c i r s I n  i ’ l l )  S ) , t h u e ’  I c_ I  5 des i gned t i~ re-p laci -  i t  c O s t  5 l i a r  I V ) c c i i i  101’)

I n d e i - d , as p o i t i t t ’ d  o u t  , a c nr s or \ ’  l o o k  at  t ile d o m i n a n t  t c a t  h b r t ’d o f  s l i m ’

01 ou r  n i ’w c ’st  c o o v e t i  t 0110 1 w e ap o n s  s y s t e m s  (a n u m b e r  of ’ w l i  i c ’h t a l l  in to

li e  c c  t i-go  u’ ’ ’  o f  imp  rove d r e - I )  ic i ce - tu ent  S fo r  ag i n g  is’ u ’a p ons  ) stiggu ’s; to t h a t

tflti t lV of t Ibt’c ~e ’ a’i ’ ; (p Of lS  a n ’  i n e x o r a b ly  g e t t i n g  h’i ggt ’n , lo o n ’  sop h i st  i c ’ a t i ’ d ,

1010 F t  powe r i i i  , n b c - r i -  p r ov o c a t  os’ * and more exp e-ns  i o’ e — — w i t  h u l l i t  ibl’ ~ c-Ss ,IF liv

p r o v i d i n g  us w i t  Ii as gr c  it an ed ge’ over  t h e  S o v i e t  i n i o n  as  m i g h t r e - s u i t
- - 9

I ron more ’ no I t s  I ’ l l  s it up  I e’r d e s i g n .

‘ f l i t - s i ’  e c h o s  i l l , ’  r d  i u n s  a re’ n o t  made cas  icr by t l i e ’  p r o sp t ’ t - t o  t h a t  b i g ,

e xp e n s i v e  S v o t t ’ f l b s  m , c v  s e r ve  ‘is ;c no ’’ e ’ ss , i r\ -  p l a t  t o r t r  f o r  s-’ r ; , t I l , ‘ sa p

sa at  ‘105 ; - l ’b ie ’  ( I l l ’ — I S g I I cit  bomb ca n he’ ‘ a r c  i t ’d by  an F — i  5 , I ’ m ’ ‘ s l op  i c  -

‘f l i t ’ F — 1 4  ;i i r i ’ r c i t t  w i t h  ci M o ’e - n i x  a i r — t i - — a i r  m i s s i l e  c a n  l i i ’  c a r r i e d  by ci

K i t t y  l lc i wk c la s s  ( 1 0 0 1)  e’ a r r i u  r g i v i n g  a i ’ o n o i d e - r c i h l e  ,p °, ’ -I nu -~ ’ i n  e a p a —

1) 11 i t  ic’s . S oc  h h v b n  i d so ’ - . t I C ; ’ - w ii I he p a r t  i c i i i  111 - 10 ’  1 ‘ c ~ sc i r r d u n  I ng t lie ’

t i c - t  10 o r  15 ‘-‘e’ ,Irs .

F i g u re s  1 * 2 , and I on t l ie ’ f ’ ol 141 W ng page’s i n t l  ( ‘ I t o  I l i t ’  t ’o n S i  st en c\ ’

w i t b i  w h i i c b h  t h i e ’  c ost  ot  c ’ , o ’ h of t h t r e - i- b a s i c  k i n d s  of n i l  i t c t r v  b i a r u i a ’ ,i ne ’

S i  m l) I ~‘u ’ u t - si gfl ’ b l e ’ re  nhe ’ ; iuio t lin t t l i t -  p e ’ T i t -  t r i  t i o n  i Ti to t I l e ’  c om b a t
(i nca  is  done ’ hi ’ t li e’ si ttlp l est ~~ ss i h l e  we a p o ns ;  d l  t o n  t h i s  TIt€ ’a n s  t hat
th e- v w i l l  be’ desi gnt ’li Ion t h e- cm in t’xpt’ cte ih u ’ i r 1 ’ u r ; - ; t a n c, ’s 

* 
t i n t  t o t  a l l

l O t t I e i v a h l e -  one-s. f l i t - i r t i - e l m  h e a l  de’~~j gn wou l d  no t  be ’ O i l  advant ’ e ei 10

add gr e .  it 1 y t ‘ - in it i ;i l co st or 1101 i t )  t~ ’ !1c iT 1c€ ’ -

~~~~~~~~~ 
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Fi g - 1 — Unit cos t increase with time — Tactica l Aircraft

has risen in recent decades. 1° (Note that the o r d i n a t e  in cacti t i g o r e

is a logarithmic scale.) With regard to these- fi gures , A u g u s t  i nc corn—
-

‘ 
ments  t h a t

I- ~~. The unit cost of major items of militar y hardware has b een
increasing at a significantly faster pace than t h e  Del) bud get
itself or , fo’ that matter , the Gross National Produc t . -
[if the trends continue ] we will reach a point in the year
2036 where the Defense Department will liter a ll y he able to
afford only one aircraft . [p. 34]

‘0 Fi gures  1 , 2 , and 3 are  t aken  f r o m  Norm an R .  A u g u s t  ( 0 0 - , ‘ 1 1 1 1 0 ’  Plane ,

One i ;ink , One Sh ip :  Trend f o r  the Fut l i r e ? ”  . - .- - - ‘ /-~ o. :, “ - “~ - - - ‘

Vo l .  11, No . 2 , Apr il 1975 , pp . 34—40 . August i , now U n t i e- n  S e c r e t a r y  of
the  Army , doe-s not spec i f y t h a t  t h e  cos ts  in  e a ch  of t h e — ,  f i g u r e ’ s i n c

- ~~‘ 
“ t h e n — y e a r ” p r o c u r e m e n t  cos ts  h u t  p r e s u r n ’ i h lv  t h e y  a re . We’ have t-onrect ed

appa rent er r in the ordinate of Fig l iv- mu I p lo in ~~ t li t c 

— -rn
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He t h e n  c o n c l u d e - s  h i s  a r t  i d e  wi t ili

A G l i m p s e  a t  t h e  ±1u~~ r~’

it is i ne- v i t (11)1 e’ t f i at  t h e  pcis t t r e - n d  i n  r i s i n g  e’q l i i i ; t C e ’ t ’ ,

t oO ts must decelerate and t h at numo ’r i c - a l  s u f f i c  i & ’ t l c v  eci n—
not inelef m i  te ly cont inue to p l a y  a secdlli da no’ roi t ,- i n
q t i a i  m t a t i v e  superiority. Nonethe- le-ss , se- h e’e’ t i v e ’  qua l it o—
ti v e gains remain an essential goal , with especi ally h i g h
te-verage bei ng achieved  t h r o u g h  re -search and deve Ic b i c : : b e -n

dedicated to the reduction of manpower and otlit- r support
demands  w i t h  t h e  e f f i c i e n c i e s  t h e r e b y  r e a l i z e d  b e i n g  t r ; i n s —
formed i n t e l  additional fighting elements. Thus , in t h e
years ahead , we- could profitably shi ft the  f o c u s  of our
R&D I rem ne’ar—to tal concentrat ion on i n c r e a s i n g  p e r fo r m a n c e -

to  a mo re’ ha l anced  ,it  t ack  w h i c h  i n c  hide ’s , as one ’ c- len i ent ,
a ma b r  ass oil t ~t t c  s u p p o r t  cos t s .  [p .  4 1 ) ]

Cci le st 1 u t  i o n s  of  toot and effect iveness t h a t  c o m p a r e  t lie V ;c 1 111’ 0

• different ~~c , i ; l ln s  systems are exceedingl y difficult and , a t  bes t , ~s i h —

~e ’ct to  r ; i t i v  I l t i u l l i f  i c a t  ions and arbitrary assumpt ions. The- re  are’, of

course , expe- rt s who state a very impressive case- itt favor o f each of

the complex is v -S t i-m s up fo r  d e c i s i o n ;  these  are a m a i n  f e a t  u r e  of  ser-

vice’ testimony at Congressional hearings . On t h e other side ’, three

oppos ing  a rgumen t s  seem r e l evan t :

(1) In the Brookings Institution review of t h e FY /ll budge t , it

is pointed out that a nuclear—powered aircraft h a r r i e r  c o s ts  ;ihout 50

percent more than a comparable conventionall y pr opelled carrier; thus

t h r e e  convent  ionall y powered c a r r i e r s  can he l c q u i  r e d  for t h e  price’ of

-
- 

two comparable nuclear—powered vessels.
U

(~ ) En his recent book ~n Watch , 12 
Admiral Elm o P. Zumwal t said

t h a t  ci p a t r o l f r i g a t e  can p e r f o r m  c e r ta i n  mniss il )ns as w e - I l  as a n u d e - a r —

powered c r u i s e r .  But f o r  the p r i c e  of  one n u c l e a r - p b ’w e ’r e d  c ru i ~~t -r , t h e

U n i t e d  S t a t e - s c o u l d  buy f i v e  p a t r o l  f r i g a t e ’ s .

11 B a r r ’,1 B le ’chman , Edwa n h  t ;r aml  i c - I t , and Ro ll er t lb nt nt ciiiii , - - - -

it’ ,‘ z~ ~ ‘ ‘ ‘ c ’  c ’ ’  ‘ ‘ ~ m :  ‘1, , j d ’/ ,~ iIo,h ’ ‘ , ftc t i r o o k i n g s  I n s t  i t  S i t  i t l T ’l , W a s i o —

i f li~~~ t l T 1 , D . C . ,  1975 , Pi ’ ~:J 1—l nS , ‘t he- c - o s l o  T l ’ i erred t o  t h i e r l ’  i n c l u d e ’
onl y i’on str lii’T 1 1 ) 1)  e’o i st  p l u s  1 0— y e a r  f u e l  ( s h O t .  F t i l  I s v t ; t ’;-’ c o s t  t ’O f l i —

pan —cons a n ’ niort- e- omp lica ted .

b ) t i ; I d r a n g L - /  I l l ’ N o w  Y o r k  ‘l i mes Book Contp uo nv , Nl ”, ’ York , ~~~~
p .  1W~.
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( I )  D r .  R i e ’ h i u i t ’ ,I I . . (b i r w i t i , an IBM l-’e l  low at l i c e  ‘ l i c o t n a s - I .  W a t o c l I c

Re -se-a r c - h i  - I c i e r  and c o n s u l t  l i l t  t o  t t ie ’ h)e’ p a r t  n i t - n t  c c l  IS- f cn s l ’  , w , c s  qu o t e d

( I ,  “ ‘ b ’ : ,,  ( . \ j i i t l  I ’ , I~~7’ , I I .  ,~ 1) ~is s av i n g thi c it ‘‘Wh il e ’ t i c e ’  F—l a ~~
lie til l !) r c ’o ’ e ’ c i  ~I t O —  dl ,,ti - i ‘ ‘b It — t o -—t i ne ’ has is , an c-qua  1 — c c ~s i I o r  c i -  o f

> i i l d s  w o u l d  ~its t c-at  up t h e  1 — 1 5  i c e e . c ; i s c -  thie advant ,ige of nc t r nb>e rs is so

g r e - a t  . ‘‘ ‘ f l i t -  sami- a r t  i d e  est  in c i t e d  L h i , i t  th i e ’  p r i c e ’  o f one I-’— l S  w o u l d

b uy  s c o t - n  M i G s  in t tie ’  G u i  t e c h  S t a t e - s .  ( h i s  s t , i t c ’ n i i ’ n t — — w h t i  eli may  n o t

q uo t e ’ ; a r w i n  i n  f t i h i — — i - s  more-  iT1 t t b - I  in~ is ,in ex amp l e- c~~t pt- n - ‘ C l i t  c , l c ~

t h a n  as analysis , S in c e  i t  e v i d e n t l y i c - h c , - r t ’s c ip e r a t  i n g  c ’ i - s t s  an d ,,‘ c l p c—

pa re- s t lie  F — )  5 wit hi a M i  o of IcnS p e’c ’ i f  led v i n ta g e -  wi t it otit saving in’’ —

t h i ng a h u t i t  t y p e s  ol armame ’nt

Thus , f o r  t he- f o r e s e e-ab l e’ f l i t  ure , a ma jor di lemma ) c c r  t he -  [:11 t e l

S t a t e s  will be t h e  need to  rec ;onc i  Ic’ d e m a n d s  b r o u g h t  on ho ’ a ch ang i n g

cond n u m e r i c a l l y i m p r e s s  ive t b t r e a t w i t h  p r e s sure- s f o r  nonm i Ii tarv pro-

grams , w h i l e  a l l o c a t i n g  mu i t a r v  f u n d s  be t w e e n  e x p e n s i ve  sy s t e m s  in

smaller quantities and c h e ap e r  s y s t e m s  i n  l a rg e r  q ua n t i t i e s .

I Nc :REASED hMIb)R ’I’,’cN CL OF THE SUPPORTING STRU(~’I’URE

For the new p ro d  is ion weapons , t h e  s u p p o r t i n g  St r i t e  t u r e  in whi  cli

t h e y  are  used may he crud i a l  to t h e m  success in a large - — s c  a le  w a r .

‘fhi e c o n t r o l  over  t i l L s  s t r u c te t r e  has  some m a j o r  i m p l i c a t i o n s  f o r  arms

l i m i t a t i o n s  and for b i g — p o w e r  c o n t r o l  oven arms t r a n s f e r r ed  to s mal l e r

p o w e r s .  Y e t  it is c ommonly overlooked as anaivsts describe the ~c r t - c i t

i m p r o v e m e n t s  a p p r oa c-h i  r ig  “ one’ sh ot , one- kill ’’ t h at m i g h t  app ly in one—

o n — o n e  e n g a g e m e n t s .  In a l a r g e - — s e c i t e  c o n f l i c t  , t h e  c ’ h i a r a e  t Cr  l o t  i es of

V i n d i v i d u a l  weapons , t cik e ’ n o n i - — c i n — o t i c ’  , c o u l d  he’ d o m i n a t e d  by t h e  sa y

t h ou s a n d s  c ’ f W Cci~~O t lS  of  -c - -v  , ‘r ,cl t v p t ’s are made- Ic ’ work t c i c ’ , ’ t h i e r  in  a

m u t u a l l y  su p p o r t i v e  w a y .

This  s u p p o r t  i n g  st  r ue  l i r e  b ia s  se ’vt ’ ra l  *-lcme ’nt is : ( I )  t i n ’  advance-

r e c o n n a i s s a n c e  t h a t  ] c ’ c ’ : i h i ze- s t a r g e t s , ( 2)  t h e ’  t a r g e t c c ’ q u t i s i t  ion S’,’ S —

t b;; that ident i f Cl’s iodividit a l ic irg e ’t s ni ght up t o  t r i ~’,~ e’ r— p itl 1 , (3)

t h e- command  I un t ’t  LilT ) t h i c i t  ci I b c  , i t c ’ s  cinch m a r sh c i  I s  t i c , ’  n e w  W’’-iptl t )S t o

he- p l a c e  wh e r e -  t I c - V  are ’ tv - i -d i sh most  , ( 6 )  t h e  comb i n e - c i — , i r n b i ~ p a r t  n e r — , i c  I~
t h i c i t  p r o t e c t s  t h e  c r e w s  of t h i e  new weapons  w l i j l t , - t h c o  do ( b h c i r  t ib s .

( 5 )  t h e ’  t r a n s p o r t  (p e ’r b i c t p s  l i t e r a l l y  i i ’  a f r o n t )  of the -  n e w  l i g b t t w t ’ i .G h l t

h u t  p o w e r f u l weapons  o v s t  t ints , a n d — — m o s t  i m p o r t  an t  — — ( 6 )  t h e- ic  t w, ’rk t h e e

ne- p I - t i  i o b c e - s  e x p e n d - t  w l ’ I p o n s

-. - ---- 
— —- - ‘ ‘ ‘ — -—- ‘-——‘~‘ - - ‘ -  — -.4
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The importance of this support ing st r e id  u re  e’,t;c h i , , aI~i-rcciated

whe n one t-o nsid e rs  that a b r i g a d e  coumiiande-r i n  W o r l d  W : t r  I I m i g h t  ( I d )

h i s  job  from ,i situation map that showe d where s i x  enemy motorized

rifle battalions and three tank companies were’ located. In 1980 , he

and his staff mi ght need to keep track of 500 to  1000 individually mev—

ing and independently powerful squad—size units. ‘jo fully e’xp loit h i s

PGMs, each of these targets would have to be acquired on an individua l
- 13basis.

For a large-scale war , along NATO ’s Central Front , b r  examp le ,

or along the Sino—Soviet border , the decisive aspect mi ght turn out to

be the battle to destroy the enemy ’s supporting structure. ‘thu s ea-h

of the six elements named will need to be as invulnerable (or nondis-

ruptable) as possible. For instance , U.S. air conm anders would need

to ensure that replenishment supplies of Maverick missile- s ( ( h r  t h e i r

successor) would continue to arrive at loading points du n inc ~ battle’ ,

and that the quantities on hand and pathways for resupp l y were- designe d

to hold up under the attacks that would undoubtedl y be pressed against

them.

For a small—scale war , where the numbers of targets presented per

day were in the tens rather than thousands , the single—shot kill prob-

ability or one—on—one weapon performance might be the dominant f , i c t c - r .

But there is an intermediate case of considerable interest in connection

with the consequ ences of arms transfers to the noni ndust n ial countries ,

where recip ients mi ght acquire hundreds of the weapons themselves , but

not be e-apahl t - of dealing with all elements of t h e  s u p po r t i n g  s t r u t c —

tutre . Another war in the Middle East might well be of this intermediat e

size. As a p a r t  of U.S. polic y on arms transfers to t h e  Middle East , it

is important to think through the extent to which our government c o u l d

exercise ’ some continuing control over the large—scale emp loyment of these

- ‘ arms , such as by controlling reconnaissance or rep l e n i s hm e n t  f u n c t i o n s

essent ial to the full exploltat ion of  the w e a p o n s  -

1
Somc senior American officers , having sized sip thi~ sit uci t Ion , are

now calling on the research and development roilmnuin itv to impr ove- non-
nuclear weapons with area coverage . This is of considerable imp ort un ec
with respec-t to arms limitations , since It might make constraints on
weapons emp loyment desi gned to reduce collateral damage’ more d i t f i c i u l t .

- .
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IMP ORTANCE OF INCREASIN G MAJ-~POWER COSTS 
~~~~~~~~- ---~~~ ~~~~~—~~ -—~~ —

Desp ite order—of—magnitude increases in costs of some weapon sys-

tems , that pi)rtion of the DoD budget devoted to procurement of military

equi pment has been steadil y shrinking. In 1955 , 41 per cent of the de—

fense hudge t—— $l 4 billion——was spent for aircraf t , ships , tanks , and

other military hardware . Twenty years later , in 1975 , the absol ”te

amount was almost the same—— $l4.8 billion— —but procurement of these

ite ms accounted for only 18 perce nt of defense spending . During that

same period the cost of military personnel increased from $10.6 b illion

to $25 billion even though the number of persons in service decreased

from 3 . 2  mi l l ion  to 2 .2  mi l l ion .  Put another way, the average annual

cost per person in the armed forces increased from $3350 in 1955 to

$11 ,500 in 1975 , wi th the greatest rate of increase occurring after

1970 as a re sult of the transition to an all—volunteer force .

The Soviet Union maintains active armed forces almost twice as

la rge as those of the United States——4.2 million men and women , of wh om

ab out 2 miflion are conscripts. No matter how poorly paid a Soviet

conscri pt may be , the force s are large , and alth ough Sov iet authorities

may not be as strong ly motivated to conserve human resources as their

Ameri can counterparts , they cannot be indifferent to the opportunity

cos ts of devoting so much manpower to the military .

Hig h manpower costs have several implications for force p lanning.

In some cases , b y sp ending more on equi pmen t , total costs could be re—

duced by increasing the productivity of each man . For support units

- ; that may imp ly the introduction of labor—saving machinery . For combat

units it means procuring more accurate and more lethal weapons to in-

crease firepower while holding manpower constant. It may also imply

designing new equipment to reduce manpower requirements throug hout its

entire life—cycle. Perhaps crew size could be reduced , or higher re-

liability could be desi gned into the equi pment so that fewer maintenance

personnel would be required .

More relevant to the present discussion is the possibility that

inves tment in one relatively expensive guided missile may eliminate the

nee d for seve ral hundred ir on bombs or ar t iller y shells and the manpower
and overhead expe nses involved in transporting, handling, storing , and

a —_  - — . . -‘ ‘ - ‘  ‘ t,,_ — — —
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I ”
load ing  them . A d e cli n e in the need fur su pper t p er s on n e l s h o u l d  have

a b e n e f ic i a l  e l  f e e t on t e e - t b — t o — t a i l  r i !  i l u s , p a r t  ie ’ u i l c i r l y  i n  t h e  g r o u n d

f o r ce ’s. Thus , one c ou l d  envisage an increase li t t lie nunuher of comb a t

units with no increase in military personne l or manpower—associated

costs.

Adding a new combat unit does imply a substantial investment. A

U .S. armored division force equivalent (the division and all combat ,

combat support , and combat service support units required within a

theater of operation to conduc t combat operations) has a nonrecurring

cost , exc l uding RD T&E , of approximatel y $1 b i l l i o n . Th i s  cost  is for

initial procurement of equi pment , supplies , and spare parts but not

missiles or ammunition. The annual recurring cost is about $6O() million

of w h i c h  perhaps 75 percent is for military personnel , increasing the

annual outlay for am munition and missiles (about $30 million) by a fa e-

tor of two would increase recurring costs by about 5 p e r c e n t .  Thus ,

even without possible savings in manpowe r , the incremental cost att r i h —

uted to equi pp ing the divisioir with the latest in conventional munitions

would not be gre a t— — thoug h it mi ght come from tigh t hud ge- t categories.

‘l’hese are factors that must be borne in mind in coui siderin g how

qualitative constraint s might impact on force structure s , since it seems

clear that the United States cannot afford to be handicapped , particu-

larly in attempting to maintain the balance in Europe , by foreclosing

ways tha t mi ght make each man count for more.

~



IMPLICATIONS OF THE NEW TECHNOLOGY OF PRECISION GUIDANCE

The recent and rapid technclog ical develop ments indicated in the

previous sections have resulted in a variet y of new weapons systems

that are quite precise——both in hitting intended targets and in avoid-

ing unintended targets. Many are quite efficient In terms of kills

per pound or kills per dollar when operated under ideal conditions .

But conditions are not always just ri ght , and this section on their

imp lications treats them not onl y at their best , but also mentions the

possibilit ies of poor performance.  We discuss , below , the implications

of precision—guided munitions (PGMs) and remotely p iloted vehicles

(RPVs) by expanding on eight summary points.

1. Many PGMs and RPVs appear to represent a quantwn jump in
mi litary effectiveness (even when compared with qui te expen-

sive alternative systems tha t do not use precision guidance) .

However, there are som e s ’m-tuations in which their effective-

ness is limited--and those shou ld be faced squarel y .

Perhaps the great advantage of PGMs——if they are used under the

conditions for which they were desi gned——is best summarized in the

following statement :

Accuracy is no longer a strong function of range ; if a target
can be acquired and followed during the required aiming pro-
cess , It can usually be h~~~. For many targets hitting is
equivalent to destroying.

Notice , though , that even this brief statement implies that a number of

things can go wrong. For one , the process of target acquisition may

not be easy. Even for targets that are acquired , it may be d i f f i cu l t

to track the target with presentl y deployed equi pments , most of which

14
Slight l y modif ied from J ame s Di gb y ’ s Precision-Gu ided Weap ons ,

• Adelphi Paper No. 118 , The International Inst i tute  for Strateg ic Studies
(London) , Summer 1975 , p .  4 .  

- -~~~~~~~~~~~~- - ~~~~~~~ -‘--- -
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are visual or near—vis ual wavelengths . Bad weather , b a t t l e f i e ld smoke ,

camouflage , or other obscurants may prevent tracking at any but very

short ranges. In some cases , efficien t employment depends on a good

command—con trol system , and some curren t systems are better known for

their deficiencies than for their excellence. Countermeasures can also

be taken against the PGM or its crew——some technical in nature and soae

tactical , such as evasion by the target during the missile ’s fligh t or

attacks on the PGM crew while it is trying to guide the missile . These

targeting and environmental difficulties , which can be parti cularly

severe for long—range PGMs and RPVs , must be overcome before these weap-

ons can be usefully employed in a wide varie ty of operating conditions .

In some cases , this may be ac~’omplished through technolog ical improve—

ments in the supporting structure or by redesigning tactics to exp loit

them effectively ; in others , It may be more difficult.

In sp ite of these difficulties , in many situations PGMs and RPVs

will perform well enough to make a major difference .

2. Many PGMs and RPVs are relatively cheap--cheap to develop,
to procure, and to operate. But to understand the full cost

implications, some context is needed.

As is shown in the selected examples of PGMs and RPVs in Table 3,

the new weapons range in cost from under $5000 f or antitank missiles

such as TOW to an estimated cost of over $500,000 for a long—range

cruise missile . Those costs may seem high compared with the cost of

an artillery round ($100) or a 2000—lb iron bomb ($1000), but they are

low relative to the cost of their targets. The latest version of the

M—60 tank costs almost $600,000; almost any kind of a capital ship

costs over $100 million ; and a nuclear carrier full y equipped with 90

aircraft represents an investment of over $2 billion . Thus the force—

wide coat of adding PGMs can appear high or low , depending on how many

must be bought for each expected kill , and the usual cost comparisons

are apt to be misleading unless they are placed in an operational

context .
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Table 3

ILLUSTRATIVE PGM AND RPV COSTSa

Unit Cost 1
~ Prod uction

Weapon (1975 $) Quantity

TOW 3,000 150,000
Dragon 5 ,000 80,000
Maverick (TV) 22 ,000 30,000
Sidewinder (AIM— 9L) 37 ,300 1,800
Condor 333 ,000 162
Harpoon 436,000 785
SLCM (strateg ic) 525 ,000 (est.)

aFor a discussion of missile costs in general ,
see Appendix A.

bc of fire—control systems and launchers
are not included except for Dragon .

Most PGMs used under the conditions for which they were designed
15

have hi gher kill probabilities than the unguided weapons the y rep lace.

Under good conditions , one Maverick is clearly more likely to hit and

destroy a targe t than one iron bomb , but whether one Maverick does the

job of 10, 50, or 1000 iron bomb s depends on the tactical situation——

the effectiveness of the defenses , weather conditions , t ime of day and

sun angle , p ilot skill , and a number of other factors . Consequently,

while Maverick may be cheaper than the number of bombs required in one

situation , it may be more expensive in another , and may not be usable

at all in some situations .

l5
~~ date , most PGMs have been designed to attack point targets

(individual tanks , ships , aircraft , brid ges , etc.), and our discussion
of cost—effectiveness generall y relates to point targets. This is not
to say that some types of precision—guided weapons would not be useful
against area—type targets; Rockeye and the German weapon Strebo are
examples of PGMs designed especially for such targets. Other PGMs for
area—type targets are likely to be desi gned in the future . In any case ,
since many battlefield targets are of the area type (e.g., troop con—
centrations , vehicles on the move or parked , and repair facilities),
there will continue to be a need for weapons appropriate for these
types of targets , both PGMs and non—PGMs .

a a, - 
- 
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Assuming for the moment , however , that for  ce r ta in  circums t ances

one could estimate that one Maverick at $22 , 000 is equal to 50 2000—lb

bombs at a total cost of $50,000 , he would still not have a valid com-

parison. in both cases, the costs that dominate are those of the air—

craft , aircrew , airbase, logistics structure , and training establishments

needed to ensure that the weapon is de l ivered .  Moreover , in most situa-

tions the Air Force has felt the need to send along a number of supporting

aircraft  with the PGM carriers to aid in defense suppression . The real

savings would come from the reduction in sorties required to destroy the

target. One sortie with four Mavericks p lus four supporting sort ies ,

compared with 60 sorties with unguided bombs , means reductions in crew

losses , aircraft  at tr i t ion , fuel , maintenance , support , and t raining.

Thus a comprehensive f ixed—effect iveness  cost compar ison would fav or PGMs

decisivel y in those situations favorable to their use. But if the weather

were bad , but not so bad that it would ground all a i rc ra f t , Maverick

might not work at all , and this would have to be taken into account

statistically and by keep ing backup systems .

At the hi gh—cost end of the spectrum in Table 3 are such highl y so-

phisticated weapons as the Condor and the sea—launched cruise missile

(SLCM ) , which have both high—developmen t and hi gh—production cos t s .  The

SLCM , for example (in both tactical and strategic v e r s i o n s ) ,  is now esti-

mated to cost almost $1 billion for RD T &E , and over $500,000 per unit in

product ion. Would this be an excessive çrice f ,r a missile capable of

find ing and destroying a surface ship at a range of up to 2000 ml? When

one considers the value of a shi p relative to the SLCM , the t radeoff

appears advantageous to the PGM even if several had to be fired . But a

more complete analysis would require an examination of alternative ways j
to do the same job . For example , what would be the comparable cost if

airplanes with unguided weapons were used? —

Whether widespread deployment of PGMs would actually result in net

cost savings is a different question . Force p lanners may ope rate on a

fixed—cost basis (i.e., fixed procurement budget) rather than on a

fixed—effectiveness basis , and effectiveness would increase as expendi—

tures remained constant. Net costs are found by coru sidering unit costs ,

such as those in Table 3, in the context of a force structure. To do

- -
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of both of these types of weapons can be accomplished in laboratories

and factories t h a t  are e x t e r n a l l y i n d i s t i n g u i s h a b l e  f r o m  a t e l e v i s i o n

fac tory.

On the other  hand , some of the o t h e r  new weapons a re  r a t h e r  d i f f i -

cult to develop and manufacture : some require a h i g h  degree of tech—

nology and some require special manufacturing techniques. An example

is IR Maverick (which can be used at night and in  limited—w eather

attacks against targets such as tanks , trucks , and APCs). This new

weapon system uses hi gh—technology forward—looking infrared (FLIR) sen-

sors for targe t acquisition , and takes advantage of new trim et~il (HgCdTe

detector technology in the imaging infrared g u i d a n ce  unit in the mi ssile

itself . .18

It seems clear that the United States holds the lead , at least for

the moment , in many of these new technologies that have great possihi l—

ities for increasing military capabilities. For examp le , it is doubtful

i f  the Soviets have yet  developed h i g h — q u a l i t y  FUR sensors . M or e~ver ,

it should be remembered that the new technologies have no militar y worth

in themselves. It is only when they have been engineered into milit a r y

develops signals t h a t  i n d i c a t e  the disp lacement  of the  t a r g e t  f r o m  the
missile fligh t path ; these signals are then sent to the missile throug h
the wires to keep it on target. Such a system can be opera ted  f r o m  the
ground , or from a carrier such as a tank , a weapons carrier , a jeep , or
even from a helicopter.

18HgCdTe detectors have largel y rep laced doped german ium detectors
for application in FU R  sensors , primaril y because they require less
cooling, li quid nitrogen temperatures being adequate. They also have
a much hi gher infrared absorption coefficien t , and so nay he made much
thinner; corresponding ly, they have larger quantum efficiencies. T h e i r
impedance is low , and response time is in the microsecond to nanosecond
region . The fahri -ation of these detectors , together with the asso—
ciated preamplifiers , particularl y in the hig h—density arrays required
for FU R  sensors , requires , however , very specialized technology . T h i s
technology invo1ve s , among other things , advanced photolithog rap hic
techni ques; it has evolved over the past several years at a few ind ii s—

t r i a l  l a b o r a t o r i e s  in the U n i t e d  S t a t e s ;  it is hig hly competitive and
protected by t i gh t  industrial secur Ity. The proh l ems ar e  ag g r a va t e d
in the missile app licat ion because of strict cost I imit a t ions. (~-e-
R . B. Emmons , S. R . Hawk ins , and K.  F .  Cu I t , ‘‘ In f ra red Dc t et - t o  rs : An
Overview ,” )~~ t f ’ ; !  ~ : t ~~~~Y’~~~l : , Vol. 14 , No . 1 , . l a n t i a r v / F e h r u ; l r \  l°7~~,
pp. ~~l — h O ;  and H. 1,evin stei n and .1. M u d ar , ‘‘ Infr ,~red D e t e c t  r - i n  R i - m u t t
Sensing, ’’ J ~~~~~O J  ~ ~- / .  , Vol. (‘~3 , No . I , J a n u a r y  Iu 7’-~, pp.
6— 14.)

a a. -
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this , more complex cost consequences must be considered , including

whether one must  have expensive supporting activities and accompanying

forces (as mentioned above for Maverick) or backu p forces b r  cases in

wh ich  PGMs do not work well. Nonetheless , the evidence points to sub-

stant ial efficiencies where PGMs can be fully exploited.

‘-i~~ ef ~hewe new weapo iw could be dc~,c ~ ‘i~ 
1 znd ~~~~~~~~~~~~~~~~~~~~

uair~j xf ~ t. in~j f a c i l i t i e s  arzd curren t i’r io ’l i ~n t~ t t i e n i w.

tJieve , whic h mwJ be very usefu l, require i ’~ e ’. I :n ~ h.~ tr iw

f~~ c~ / t  f t

Consider first the laser—guided bomb (LGB) ; it requires only a

pulsed laser des igna to r , w i t h  a simple quadran t de tec tor  and a “ hang—

bang” control system on the bomb . This equipment is all quite easy

to develop and manufacture . I t  undoubtedl y could be or has been b u i l t

in the Soviet Union , and is probabl y wi thin  the c a p a b i l i t i e s  of several

Third World countries as well. Another example of a precision—guided

weapon t h a t  has already been widely developed and manufactured in sev-

eral versions is the semiautomatic wire—guided missile . Th e rocket

motor technology and the techniques for unreeling the wires (that carr\’

the guidance signals) out the rear of the missile were develo ped by t h e

Germans during W orld War II. The tracking and guidance sys tem t y p i c a l ly

uses inexpensive flares or lig ht beacons on the missile as infrar e j

sources. Both the infrared tracker (located at or near the launcher)

that follows these beacons and sends guidance signals to the missile . J
and the missile system itself , can he easily fabricated using what is

now standard technology. 17 Furthermore , the development and manufacture

16This is a simple silicon detector that measures the laser energy
reflected from the target in each of its four quadrants and sends steer-
ing si gnals to the fins on the bomb to keep the laser spot centered in
t h e  detector , and thus keep the bomb directed toward the target. The
control system has only two posit ions for each fin , thus  the term “hang—
hang. ”

a t yp ical de s ign, th e infrared tracker emp loys an optical en—
coding reticle , infrared detectors made from silicon or germanium ,
electronic amplifiers , and decoding circuitry. Depend ing on the instan-
taneous position of the target on the ret icle , the infrared detector
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hardware which k-an he mass produced that their full potential can be

realized.

Thus , a major c o n s i d e r a t i o n  a f f & - c t i n g  dec i s ions  r ega rd ing  qua l i t a -

tive constraints is the degree to which the capabilities of the United

States (and t h e  rest of the industrialized Western world) to mass—pro-

duce large quantities of hi gh—technology weapons (at relatively low

cost) can he relied on to help offset the quantitative superiority of

t h e  Warsaw Pac t  forces.

~~~~ imp or t i nt  ~~( nc ‘(f2 fl( e f ~ r ~;Ic f l o w - b ’rf  - )

~ ~Ubu IL Jr  t j yc i t  effecti cc f the nez-
-,, ‘~~f U.~ .

Many of these new weapons tend to be both small and effective in

comparison with (a) the target they are designed to attack , (b) the

systems they rep lace , or (c) much larger and more expensive unguided

weapons.

For example , the TOW missile is 15 cm in diameter , 117 cm long,

and weighs 23.6 Kg including its protective container , which serves as

a launch tube . The warhead itself , a shaped—charge design , weighs only

3.6 Kg. Yet this missile can destroy or disable a modern tank many

t ines its size , and weighing more than 60 tons , at ranges up to 3750 m .

Functionally, this missile , with its launcher , rep laces the much bulkier

ar1d usually less—effective 106—mm recoilless rifle. Similarly, a Stinger

surface—to—air shoulder—fired missile that is less than 10 cm in diameter ,

152 cm long , and we i ghs 13.4 Kg i-an destroy a fighter aircraft flying

within its -speed and range envelopes——a job that normally would have

required many rounds of antiaircraft gunfire .

In t h e  case of a longer—range weapon , t h e  Navy ’s YBGM—10 9 si-a—

launched cruise missile is designed to he launched from standard—

* sized torpedo tubes (as well as f rom A—6 ’s or shi ps). It is lik eI~ - t h i t

t h e  “tact ical ” SlCM will be able to disable or destroy a variet y ot ma jor

su r f a ce c o m b a tan t s , and t h a t  t h e  “strategi c’ 51 CM wil 1 he able to at t it k

a variety of hig h—value o n — s h o r e  targets , such as power plants , bridges .

and P01, facilities at ranges of 1400 mi or more . in perf orm ing these

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~_ 
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tasks , its predecessor was the A— 6 aircraft arme d w ith 1R !Il ~~ecision

weapons , and the p l a t f o r m  was a CVN i n s t e a d  of an SSN or f r i g a t e .

Because many ol these new weapons are small in size and hi gh in

effectiveness , there is the possibility that the weight and volume of

munitions that will have to be hauled to the battle area to accomplis ;

a given task will be considerabl y less. This wou1d have a major eff~’ct

on the logistics of rep lenishment (although the probability of much —

increased consumpt ion rates needs to be factored in). For examp le , for

air—delivered weapons , if sorties can be cut , then so can the number of -

aircraft required , together with maintenance and associated supp lies.

This “ri pp le effect ” could thus magnify by severalfold the reduction

at the cutting edge : Not only are there savings in direct support for

the weapons and their crews , but additional savings accumulate at each

echelon as the support units themselves shrink and , in turn , need l ess

support from units farther back. This ripp le e fte ct needs to be care—

f ull y studied , partl y because the prospect of hi gher  consumption rates

for a shorter time means a quite different logistics design , and partly

because the logistics system may be a prime targe t itself. But there

still may be a net savings even after the costs incurred by the added

personnel required for PGM and RPV maintenance and supply have been

taken into account .

Lo.n -  ~)f the. cow t~ipos  CV .kc~Z[ n~ c~c ~~ ~~ ccl 
~

~ 

in ~aon t I t a  - the 
~ 

f a w ~ c where tic~ -~ am? ni~~~b ’~ m e t .

Becaeise of their small size and light weight , many of these new

weapons could be moved to defend an area where an offensive threat was

devel oping. This , of course , would require that necessary transport

r be av ai lable , together with tactics to exp loit the combination. For ex-

ample , antitank weapons such as TOW and I)ragon and antiaircra tt weapons

such as Stinger could be t r a n s p o r t e d  q u i c k l y  and in  quantity by he ii—

copter or small cii  rcraft t o  a threatened point where an armor and air

att;l:K was developing; some army planners a l s o  talk of transporting a

lightweight vehi - Ic (sti hi -is lie X R — 3 1  1 l)une Buggy ) to c a r r y  them t n t o
- I. combat. By contrast , this would not he possible for tanks .

L~ --l~±:-:T~~~~~~~~~_ ,IiI _~~~~~~, 
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It would be necessary to develop new tactics fc -r this kind of use ,

since they would differ considerably from those used in traditional

defenses against tanks . The atta cker ’s tactics would also quite likel y

be modif ied both to exp loit his PUMs and to defend against opposing PCMs.

Thus while these comp lications plus som - others involving command struc-

ture and reliable communications would have to be overcome , the possi-

bility of getting a larger quantity of more effective defensive missiles

into the action should be very help ful along NATO ’s Central Front , given

the numerical imbalance there .

‘-lana 0j  he new 1’ 7Mw and :d Ve 
~~~~~ 

or ticu Jar La c e u  1 to

a J e ; ’cnder.

It is quite comp licated to discuss whether a given weapon is ad-

vantageous  to the  “defense ” in contrast to the “offense .” Along a wide

f r o n t , an o f f e n s i v e  involves defensive holding over most of its length .

Especially when forces have mostly short—range PGMs , the success of an

offensive move will depend on being able to defend a vantage point once

it is taken. However , several things can be said about the defensive

value of the new—generation weapons . First of all , most currently

available PGMs are specificall y designed to be primarily defe nsive .

This includes antitank and antiaircraft gu ided missiles. Second , tar-

get acquisition is the key to successful use of most of these weapons ,

and it is much easier for a defender to remain concealed than it is for

the attacker , who is moving through (or fly ing over) un f amiliar ter n —

tory, and who has no opportunity to prepare positions. The very nature

of this kind of warfare makes concealment extremely important .

I t w ill probabl y be easier to conceal relatively small units——per-

haps as small as a three— or four-man individuall y mobile squad . With

PGMs, such small units can represent a great deal of firepower. More—

over , the act of concentrating forces , classically so necessary for

an offensive thrust , would be likely to attract the attention ot  recon—

naissance systems . This may make such thrusts harder to bring off , be-

cause once the concentrated forces are spotted and tracked , great mumbers

of PGMs and RPVs migh t be brough t to hear on the thrust .

T1 ~~~~ ~~H~~-.. ~~~~~~~~~~~~~~~ ~~~ 
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7. Even the ~a.rgest P G~1s and RPVs (e.g., the cea - la unohed cruise
missile) can be hard to detect and their carriers can J~
effective ly di~gu iced. Thej~ can be launched from a wide

variety of p latforms without affecting termina l oow
~roo1i.

A consequence of the concealment possibilities will be the need

for better reconnaissance systems and for real—time fusion of intel-

ligence from many sources. During peacetime , security requirements

have been allowed to block effe ctive , fast transfer of -some ki-~ds of

intelligence. This may have to be changed because of Jhe t.hreat pre-

sented by concealable PGMs and RPVs . A second consequence——of great

importance to the monitoring of nuclear as well as nonnuclear agreements——

is that “na tional means of ver if ica tion” just will riot be adequate a

decade from now. Finally , from the last part of the statement , one can

expec t that weapons systems and launch platforms will increasingly be

treated as independent designs , independently developed and procured .

When a transport aircraft or cargo vessel may carry either cargo or

operational missiles or both , changes in tactics are likely.

8. There are important politica l consequences steJ1~-n ing :‘1 c r ?  the
new weapons.

Perhaps the most important political consequence is the possibilit y of

lowering the damage to nonmilitary targets . 19 Since the new missiles

can be made to be quite precise , they can disable their Intended target

wi thout damaging nearby civilian installations; civilian casualties can

thus be tninimized .2° This opens up the opportunity for agreements , or

implicit understandings , that would s t r ic t ly  limit c iv i l i an  damage in

a conven tional conflict. Abiding by such an undertaking may be an

efficient way for mili tary forces to opera te , as they did for hundreds

ot years , as well as being morally att rac t ive and mutually bene f icial
to both adversaries.

1
~
9For f urther discuss ion see Johan J~ rgen Holst and I’we Nerlich , eds. ,

Besond Nuclear .~etgrrencc : Nc~ AI~-w , .~cw Im’c ’ , Crane , Russak and Co.,
New York , 1976. See especially the chapters by Hois t , Digbv , and
Wohlstetter and Rowen.

e f f e c t , however , is m i t i g a t e d  by the  c o n s t a n t l y and rap i d l y
increasing urbanization of the developed countries , which leads to the
colocation of many military targets with civilian communities.
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Pre cision is particularly important In a nonnuclear conflict be—

tween the superpowers , since one of the most crucial aspects of such

f i g h t ing Is the signal content of the actions undertaken , i.e., wha t

these actions mean in terms of willingness to escalate or conciliate.

In other words , the mi l i ta ry  comma nder could  o f f e r  to the po l i t i ca l

leadership a number of options . One of these could be selected to fit

the tone and intent of the p o l i t i c a l  d iscourse .  (For example , a sub-

marine base could be attacked if it had supported raiders who had

torpedoed friendly ships.) The objective would be to get the opponent

to cease his actions . But this matching of targe t to ob jective would

be obscured if substantial unintended damage occurred , in which case

an unwanted widening of the c o n f l i c t  mi ght occu r .

A second political consequence is that the dep loyment of very ef—

fective nonnuclear weapons can reduce the necessity for using nuclear

weapons in certain cases , thus raising the nuclear threshold. This is

not to say that nuclear weapons would not be much more effective against

some targets. But precision guidance greatly increases the set of tar—

• gets that can be dealt with effectively with nonnuclear weapons , and there

will be less need to compensate for inaccurate delivery by increasing the

warhead ’s lethal radius. Nor does this say that the Soviets will see the

choice between staying with high exp losives and “going nuclear ” In terms

of Western—style calculations.

21Note that a pos tu re that includes a st rong and flexible conven-
t ional capability signals in advance an intent to try to settle matters
wi thout resorting to nuclear weapons . But it need not convey certainty
that they wou ld not be brought to bear at some s tage , especially if
nuclear pre—emp tion were suspected .
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For Austral ia ’s f uture defense plans all of these factors seem

to indicate  substant ia l  depa r tu re s  f rom the  a s s u m p t i o n s  01 pa~~t -~- a r s .

I t  is our feel ing that  the re—examina t ion  which  the  S t r a t e g ic - and

Defence Studies Centre is making with this set of papers is particular ly

well—t imed . Australia ’s neighbors can increasing ly dispose of powerful

m i l i t a r y  forces , and her g rea t  d i s tances  are of lessening s i g n i f! c n nc e .

We in America are now making such a re—examination , and Hedlev Bull ’s

comment that  the present vec tor  in American s t r a t e g y  is not  n e c e s s a r i l y

toward isolationism was——in our view——a correct  p e r c e p t i o n .  R a t h e r ,

we suspect that new kinds of multilateral collaboration in securit :~
involving many factors besides the military——will flourish , cofl~~~orati ns

not along fixed all iance lines , but more ad hoc , forming and re—:c r? in

meet serious problems . These collaborations will stress nonnuclear de~ ens~~,

arms transfers , economic matters , and pol i tical factors. These are

problems on which joint intellectual work by Australians and Americans

can be very influential .
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