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ARTILLERY SURVIVABILITY IN MODERNI^lAR
( Phase 0ne.)

I  ntroduct i  on

l lL l {0  l r . rs  l rc t : t l . t 'L r ( lu t . :sLcd b.y  5. r r rc l  ia  Lobor ' . rLor ies to  unc ler [ake a s tudy ofAr t ' i l ' l e ry  Surv ivab i l i t y  in  l4odbrn  War .  I t  was  env ' i sageJ  inu i -1 ,e  f i rs tphase of  th is study would be a two-month ef for t  to locate data and datasOurces .  I f  the  resu l ts  o f  the  Phase One data  search  war ran ted ,  in  ph ise
Tt ' ro  add i t iona l  da ta  wou ld  be  compi led ,  ano i t re  expanded and conso l ida teddata  base wou ld  be .ana lyzed in  tFT:  o f  s ign i f i cance to  bo th  a r t i l l e ry  vu l -nerabi  I  i  ty  and art i  I  I  ery survi  vabi ' l  i  ty .

HERO's terms of  reference for the Phase One study were as fo l lows:

.  
"Ag.omp1r 'sh  research  to  p rov ide  a  h is to r ica l  da ta  base o f  a r t i l l e rylosses  in  combat .  The da ta  tb  be  accumula ted  fs  a  l i s t  o f  a i l  known enemy-in f l i c ted  losses  o f  a r t i l l e r .y  ba t te ry  assets .  The da ta  base is  to  inc ludethe extent of  the damage, esl imates br the amount gnq type or iounterbatteryf i re ,  loca t ion  o f  the  damaged e lements  on- t [ . -uu t t ]e f ie ib ,  ana-o ther  per t i -neqt  in fo rmat ion  cont r ibu t ing  to  the  event .  

-  '  e ' l v

"Campaigns  to  be  ana lyzed are :  ;"1 .  0c tober  1973 War ,"2 -  Eas tern  Fron t  l ' l o r ld  War  I I  ba t t les  where  da ta  i s  ava i lab le ,"3 .  Korean War  p r io r  to  s ta lemate .  .
'  " I t  i s  recogn ized tha t  the  de ta i l  o f  the  repor t  i s  a f fec ted  by  the  t imes p e n t  i n  r e s e a r c h .  1 2 0  m a n - d a y g  o f  p r o i e i s i o h a l .  e f f o r t . ; - - -

A t  the  ou tse t  bo th  HERo and Sand ia  rea l i zed  tha t  the  t ime ava i lab le  fo rth is  s tudy  wou ld  no t  permi t  t ime-consuming,  labor ious  e i i rJc t ion  o f 'da ta  f romthe bas ic  sources :  un i t  records  and repo i i s .  Thus  i t  wou ia-u .  n . . . ssary  tos e e k  c o m p i l a t i o n s . o f  a r t i l l e r y  l o s s  d a t l - - a t  d i v i s i o n  t e v e t  
' o r - n i g h e r - - o v e r

s iqn i f i can t  per " iods  o f  t ime.  I t  was  fu r ther  recogn ized tha t -such compi la t ionsw o u l d  b e  s c a n t v . , ,  i p . f a c t ,  d s ' c l i s c u s s e d  i n  p a r t  I - o f  t h f  ,  . . p o " t :  , , T h e
search  fo r  Dat i , "  t66re  *u t  uuun less  da ta  uuu l t lab le  than n ib  ueen expec ted .

N e v e r t h e l e s s ,  w h i l e  l . e s s  s p e c i f i c a l l y - d e t a i l e d  t h a n  h a d  b e e n  h o p e d  f o r ,a  number  o f  f ragments  o f  da ta  rvere  ava i la l le ,  and have u . .n - .0*p i led ' ,  
. - ' '
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permi t t ing the detect ion of  c lear  pat terns ana t re las in  ar t i l le ry  lossesand vulnerabi l i ty from world l , lar _I i  through ihe October tgzj wur. Further-more' the existence of substantial  raw dala in unit  records und ,eport i  igsand German) was confirmecr, indicat ing thai an adequat;-a; i ;  iase can uecompiled and analyzed in phabe Two.

The fol lowing members of the HERO Staff  were engaged in this research:John  A .c .  Andrews ,  co r . ,  usAF,  B . t : ; - J .N .  Dupuy ,  co r . ,  uSA,  Re t . ;  Grace  p .l laves;  v iv ian E.L.  Lyons;  Pau ' i  tn tar te l l ;  and i ; ; i r ie  l , t .  F . t iur ion.  Researchvras conducted at  the Nat ional  Arch ives,  wadnlngton,  D.c . ;  a t  ihe Federa lRecords Center, Sui i land, Maryl.and;. i t - tne nrmj.Uateriet Systems AnalysisAgency, Aberdeen proving-Grouirds, MarylunJ; rr 'ar ining una t6;; ; lne CormandHeadquarters, Fort Monroe, virqin. ia; in. n*y' l iu.ury, The pentagon,
Wash ing ton ,  D .  C .

The unders igned assurr res fu l  I  responsib i l  i ty  for  the repor t .

Dunn  Lo r ing ,  V i rg in ia
0ctober 13, 1976

T.N.  Dupuy
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Part  I .  The Search for Data

Relevant  Pr ior  Stud ie!

In  order  to  prof i t  f rom prev ious work 'done on the subiect  o f  ar t i l le rysurv ivabi l i tv  and avoid dupl icat ion of  er ior i ,  .on. r r rent  wi th  the searchfor  ar t i l le rv  loss data ror  tne Ociober-wur , - in .  Korean war ,  and the sov ie t -German theat;r  in wortJ wir i i ,  HER0 reseurin.r,  attempted to f ind otherstud ies on the same or  s imi lar  top ics.  uot  ontv  d id  ah; i ;  i ia rcn in  us,Br i t ish,  German,  and Russ ian sourbes fa i r  io-v ie ld  any compi la t ions of  datao r  quan t i f i ed  ana lyses  o f  h i s to r i ca ' l  . *p . " i "u ie  o f  l o i s  o f ' o " i i l e ry  o rcounterbattery performance, conversations wjth members of the US ArmyMateriel  Svsteml nnatvsi i-ng.n;v-tnNini i- .ni" in. Art i i lery Section at theus Armv Training and 
-Doctr i ' ie 

ci ,mri ,ano i lnni ioci 'qna correspondence with the
l;.t'TI.:r:l: |;:ll];i:. 

scrroor ar Fort'si I i , 
-orr 

ano,a, i;ii;;;.a ciei,rv..-

In addi t ion to staf f  v is i ts to MSAA at Aberdeen proving Ground ( twovisits each bv two HER0 staff memuerJ)-.na-io';Rff i0;".; ' tort 'mfnroe (onevisit by one Hrno si i i i  f f i ; ; t ' i^ano corr.rpono.nce with ttre-conmanding
$:ffi ': lr:l. jn;r[]erd Artii i;;v'scrrooi, rh;";;i iowins aocr'.niiry searches

A computer document search 
111 maag by the Defense Documentation center.Inipect ion'of microi i in. ; ;- i l ;  oocumenis- i t  v ieraed produced no generalstudies on the subject.  Arthough three aocrmints appeared to have somematerial  on specif ic losses, i i  proved to be insuff i t ieni-to,^ i l . , .  purpbsesO f  t h g  S t u d y  
r  v v  v L  r r r J r r r  I  r L  r s l l L  l u r  t  

.

A computer document search by the Defense Intel I  igence Agency producedn o  s t u d i g s  o f  v a l u e .  
- J  '  v " r s  r r r u E  |  |  r 9 t r l r L c  n g e  

)
'  Search  o f  the  f i les  o f  the  Research  Anarys is  corpora t ion  (now theGeneral  Research.corporat ioni  proouced two i tuai . ,  in l i  r " . . " l r lspected by astaf f  member,  but  thbv containbo nJi [ ing 'J i . . . i rv  rarevani ' to ' i r , is  subject .

The 0ctober l. lar

The most accesible source of  data related to the 0ctober ! , lar  was the f i leso f  HER0,  v ' rh ich  conto in  a  subs tan t ia l  co l lec t ion  o f  c lass i f ied  and unc lass i f iedmater ia l  gathered for other studies.  Al l  0ctober l , lar  data in th is Unclassi f iedversion of  the report  came from HERO,s un. i i i i i i l .a f i le; :

j
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The Korean War

HERo's  s tud.y ,  "His tor ica l -Analys is  
o f  war t ime Replacement  Requi rementsrExperience for sbfecteo M;j;; 'rtems"or-coruii rgufpme[i; ' iHii inn), .w.S 

revieweo,and some of the sources used for ' fh.-;r ; i l t i t  ot the experience of the twodivisions therein were . . .rur in.a. r t  wai- iouno, none;;; ; ' i i iut  tnis experiencer.,as too atypical to be of value for iri i i-itrjv.

Two members of the HERo staff consulted the^officiat records of us Armvunits in the Korean war, lni tuoing ih;-Fir"Eurt.command,.Army Forces pacif i l .E ighth Armv,  I  corps, - t i  i ; ; ; ; , .a id  vJr rous-J iv is ions and f ierd ar t i i le rybattal ions at the Federar f teioiai  c.nt." l - iui i runo, Nu.vi. i l .  The corelt ionof records is  rarse and not  inaexd:  
- i ; ' t ; ; ' i r * . - iuui i iu i . -6nry 

sampringscourd be made. T[e resu] i i  * . .u o isappoi ; ; ;d in in i t ; ; i ;  "u,  insuf f ic ientfor anv valid q:g i 'n this-ituiv. I;- i !-; i ' .ur ' tnut onry a systematic ir ivesti-gati on of a' f  i  r es perti i ; i ; ; '  to. g1!i i  r.rv-rni t .r .  lF experr-.ence cour d gi vea real is t ic ,  useful  p icture oi  ar t i l lery-s i r rJ ivaui l i ty  in the Korean ,^ ,ar .

World l . lar  I I-

Data pertaining to exper ience.on the eastern f ront was sought in bothGerman and Russian sources.  seventeen Russiun-prur i .J i iJ^ i l r .  . rur ined,but  no data ' rerevant to th is s iuay * ; ;  i ; ; ; ; l "  nt  the Nat ionJi  Rrcnives themicrof i lmed recoros oi -ee* in"r i i i t ; ; i  ; ; i i ] 'n ." .  consul ted. '  I t  was,decidedto concentrate gn.Army e.orp cfnter, ind init i irrv on it , .- i l inth Army. Asampling of records oi, ir, .-5.i irr""v ;;,r;; ; ; ;  of .that army yierded nostatist ics on art i l  lerv rossei. nrier-a i i i ; ; ; .  discovery of art i lery reportsfrom the Fourth A*v, i pitii.^ of the r.ifrii 'ol 
lhat airny were searched, andsuff icient data was retri .v.a-[o make it-posiiure.!o.anaryle [ ire Fourth Army,s:ilil;'ii'oiil li: I'ijlr:l i:**.'"rgir1".iiil.-ri'itJiii,l i.ev.nted acqur-.-

|Iffi0!,1fi$;IXi$



A thorough^revfew of  data. in HERO,s f i r : : , - ! lo . !  fg"  earr ier  studies onIther subjecti. 'rrom irre-t i . iot i lr . i-e'.rrun' i . .o"dr, proouceJ.a large colrec_iron of  miscei lurugr:  data,  or l .non.  or  i t  ia"qrut6 ior ; ; ; ; rngfur  presenta_t ion.  However, , ,  suf f  ic i "nt 's iut i i i ics-on' i r ,J 'sdrengtni 'unj*r ,orres 
of  theentire German lfehrmacht-it i  worra-wir"l i"".. I  uuuirabre. for three months of1944'  s imi lar^stat is t r tcs tor  a ronge" 'p; i iJa .un ue out i rnJo. f"o,  the source?l ll8'i;,:n:,liil;l.d;;l';i,;:l#i.i,oFil?8u,"g, FRe,-u,i,,[tis was imposiiure

I  rhe data in HER0's HArrlRR s!u!v, Thi.f 'had_origir?rJ.y been compired fromufficial contemporary recoros, augmented by iome. statist i .cs in HERO,s database'  was reviewea aio; ; ; l ' i ; r  t t re por i i ; ; ; f  the report- jear ing wi th theUS First, Fifth, 
-unJ"i.ni i"n., i , i . ; .  - 

f i ;" jJiu'on the Siventn_nrmv in thatreport was obviously intotpiui. ano wai Ji i .uro.a.^ Data on ln. Third Annvwas taken from.the Armv;; I i ; ;".nciron-n;;; i l 'ancl from "u.o.j,  of the lzt-hArmy Group at  t t re nat l6rJr 'n i in ivgs.  and f rom record:

Manufacturing Data ,
'  

In the absencg.-9|  any known-body of  data on real  wor ld art i l lery surviva-bi l i tv  in combat ' .AMSAA-I ; i t ' ' i .u . r rp. i  J , ,  nr i i r lery Force s imurat ion Moder(AFSM) ' AMSM siieniistt"unilop.ri t ions .esei.cr, analysti niu. introducedtnto th is a l l  oossiu i t -utp. t i r . ; r tut  t ; ; l  oui i "on tne surv iuuuir i ty  and vurner_abir i tv or individuai-r i . , i r 'oi 'unit" i- i iui .J"u?1^;; i . ; ; ; ; i i i "nort i le 
equipment,on the ef fect iveness or  reth i r i tv  cnir i ; ; ; i r ; ;9s of  our owi  ano potent iarvhosti le weapont-?l l  

ryrr ' ;#gn, ;na ;.; ; ; ; ;biJ opera_tionar asiumptions baseiupon known doctrine and tactif i  ot our-oi;-; i l  hosti le forces.

0d om Il J "fr:fi I ? i'i f :ffi iil :'o,f;:^ ili, ili T[,'j. ;ifi oll *1,,*lll, or, Ii, : [,,lilliJ.tn:,,lfff^,,*;dfli*, j:;{F$;;il,uou, they_havI_io nuy or var i_
M o r e  D a t a  i s  A v a i l a b l e

'  HER0's  exoer ience in  research. Ig .  i ts  1966 HAWRR Study and for  th is  s tudv
have demonstrated,.thgi u; A;; 'urt irre.v-ioi i"dut; 

$ ;;; ; i . ; i ' .  in primarys0urces for both t^lorld t.t ir" i ' i 'und the-r6..Jn"r,rar. 
^ Ther._i;_;iso considerabledata  ava i lab le  on  Germun- i . i i t i e "y  to rs . r -Jn  u i t  r .on ts  in -w i r rd  war . I I .turthermore, i t  seems reasonabr. ro .1n".t- i l ,ut-t lg djscrepancies noted inj i:,liji.:TlJ'if,;jiD;;;;;.l"Jn *,.-oiiJr","ilu" can be reioniired with

To get the da-ta'irom the American and German records wiil take a majorresearch effort ' .  .NeGrtn.i. i t ' '  ror-"uuioit"orinted out berow and in theconclusions of  th i ; - ; ; f f i ; ' ; ; ; i  a noov-o;" ; . i ;  is_essent ia l  to- the deverop-ment of  re l iable '  reat-wortJ- iutu on- i " i i r i " rv uurnu"uoi i i iv ' ]no surv ivabi l i ty .

5
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I  Most of the art i l lery weapons in World War IJ 'were towed weapons.
B.y the t ime the United States had conrnit ted small  but signif icant numbers
of  se l f -propel led ar t i l le ry  p ieces in  Europe,  German a i r  and ar t i l le ry
counter-battery retal iatory capabi l  i t ies had been signif icantly reduced.
In the Korean and Vietnam l, lars, al though most American art i l lery was self-
propel led,  the enemy had l i t t le  counter-ar t i l le ry  capabi l i ty  e i ther  in  the
air or in art i l lery weapons and counter-battery techniques.

It  is evident from vulnerabi l i ty test ing of current Army self-propel ldd
wea-pons, that these weapons--whi le offer ing much more protect ion to cannoneers,
and providinq tremendous advantages in mobil i ty--are much more vulnerable to
hosti le act ion than are towed weapons, and that they are much more subject to
mechanical breakdowns involving either the weapons mountings or the propulsion
elements. Thus there cannot be a direct relat ionship between aggregated tr lor ld
l , |ar I I  data, or even aggregated Korean War or October War data, and current
or  fu ture ar t i l ' le ry  conf iqurat ions.  0n the other  hand,  the body of  data f rom
the 0ctober  War where ar t i l le ry  was se l f -propel led is  too smal l  and too spec i -
a l ized by env i ronmenta l  and operat ional  c i rcumstances to  serve a lone as a
paradigm of  ar t i  l le ry  vu lnerabi l i ty .  However ,  analys is  o f  the raw data f rom
these prev ious wars,  combined wi th  the resul ts  o f  recent  weapons vu lnerabi l i ty
test ing and the operat ion of AMSM's AFSM should demonstrate trends and rela--
t ionships that  wi l l  permi t  the development  o f  good data on ar t i l le ry  vu lD€Fi l -
b i l i t y .

-  
Just as this study was being completed HER0 learned that there is some

art i l lery loss.data from the Vietnam War in the Army Maintenance Management
Systems (TMMS) Loss Data at Letterkenny Army Depot. This data starti in
Fiscal Year . |967 

and continues through 30 September L974. Apparently some
effort  has been made, either at AMSM or at the Army's Concepts Anatysis
Agelgy (Cnn1,  to  re la te  the TAMMS Loss Data for  a l1-equipment  ( inc lu i ing
ar t i l le ry) 'w i th  the RAC model  on combat  equipfnent  losses 'which was basei ,  a t
least in part,  on HER0's HAWRR Study .  

: '
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Par t  I I .  The Data
%

.  Tt  pr i  nci  pal  probl  em encountgpg_ i  n.  . t ry ' ing 
. to -  put  together i  n meani ngfulfo rm the  subs tan t ia l  number  o f  ava i lab le  u i t i  a io  p ib ies  o i -J r i i l l e ry - io r f "  

- '
data was thi i t  of  context .  The loss of  ten ai t i t lery pieces to enemy act ioni s . c a t a s t r o p h i c ,  i f  t h i s  l o s s  i s  i n c u r r e J  u v . ' O t u i s i o n  i n  a  w e e k .  I t  i s  c o n -s iderab ly ' less  s ign i f i can t  i f  i t  i s  a  lo t r  i .por ted  by  un  u" ry -over  a  per iodof two months.  Thus, to have relevance in tn i t  report ,  a body of  datarequ i red  the  fo l low ing  charac ter is t i cs ,  a t  a  r , t in imum:

a.  Ident i f i ca t ion  o f  the  fo rmat ion  to  wh ich  the  ar t i l l e ry  be longedoincluding overal l  personnel  strenqth at  t f re-uegirr i ig 'of  the dataper iod .  ,

b.  Exact length of  the data ner iod in days;

c .  To ta l  personne ' l  losses  o f  the  fo rmat ion  to  wh ich  the 'a r t i l l q ry
be longed fo r  the  da ta  per iod ;

d .  Number  o f  a r t i ' l l e ry  p ieces  berong ing  to  the  fo rmat ion  a t  thebeg inn ing^of  the  da ta  per iod ,  by"ca i iber  o r  by  we igh t  cnarac ter -i s t i c s ,  i f  p o s s i b l e ;

e .  To ta l  losses  o f  the  fo rmat ion ,s  a r t i l l e ry ,  by  type  or  ca tegory0r  weapon,  i f  poss ib te ,  and w i th  ind ica t i6n , - i i "bJ r i iu te ,  ine ineral l  of  the losses were cause{ !y host i le act ion or  whether acci-dent  losses  are  inc luded,  and i i  ; ; ;  
-hou,  

,uny .

General

US Data World l . lar  I I

In i ts  HAWRR.Study HERO compi ' led considerable informat ion about lossesof  var ious. .s igni f icant  i tems of_equipment,  inc ludinq r ighi-anJ meoium howit -zers '  for  wortd t^rar  I  (one br ief  combat per ioJ for  one aiur i i6n; ; i t i , ; i ; ; "Korean ldar (brief combat periods for two divi i ionr onivi; ' ; i l"fu..rd t^rar II .
The world war I I  data surveyed in that  study covered extended per iods ofcombat for the forl0wing unitsr 

-f irst.Aimy, 
i ir ih_nr*v,-seventn R.ry, TenthArmy,  and the  fo l low ing- in fan t ry  d iv is ion i i ' l s ! ,  7 th ,  25 th ,  z8 th ,45 th ,  and96th;  and the 6th armoied Div is ion.  n revi .* -ot ' tn.  i tuJv inJ- i ts  backgrounddata revealed that  (wi th some addi t ional-aai i  on Fi . r t  in l  F i i tn Army opera-t i ons  i n  Europe  ava i l ab le  i n  HER0 f j l ; ; ) , - i h ;  Ja ta  on  the  F i r s tn  F i f t h ,  andTenth Arrnies bould provide useiur lntor ir i t ion on the art i l lery ' losses 

ofthose armies over extended periods of .o*uui,  ino i iso (;_;; ; i  for the Tenth

Ldi$$il:iiil
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4.*y) for  some br iefer per iods of  more intensive-combat.  The data on the
lgyqnl l t  Army was obv' iously incomplete,  and there was no addi t ional  data inHER0 f i les f rom which this could 'be augmented and no t ime for fur ther
research

-  
The da ta  on  the  d iv is ions  showed one th ing  re levant  to  th is  s tudy :art i l lery losses of  towed US weapons in World t , lar  I I  were in i requent.  0ther- .w ise  th is  da tan  compi led  fo r  an-en t i re ly  d i f fe ren t  purpose,  was  no t  adaptab leto . the purposes of  th is  s tuc ly_wi thout  addi t ional  cons iaeraOt .  re ie i r ih : - -F; ;

this reason the data on t tre Tzttr  Division in world t^lar i , - inJ the 2d and 25thInfantry Divisions in the Koiean war, was not adaptable io frr is stuoy in theb r ie f  t ime  ava i l ab le .  )

'  Information on personnel strengths and losses and art i l lery losses forthe First,  Fif th, and Tenth Armies ias taken from the HAWRR siuiy and from l
o t h e r  m a t e r i a l  i n  l l E [ t 0 ' s  c l a b a  f  i l e s .  A r t i l l e r . y  s t r e n g t h s  w e r e  n o t  i n c l u d e din . tha t  ! !udy :  bu t  par t ia l  da ta  on  tha t  was  found in  o ther  sources  a t  HER0.Data on the uS Third AtT.y_was taken primari tv f iom ir ' i i  u*v; i  nrt . .  Act ionReport-- Eigures on art i l lery strengths tor ihe four armi.r"".r .  not readi lyavai lable for the entire periods covered, and i t  was n. i . i iurv to extrapolaiesome-f igures f rom orders of  bat t le ,  which are more l t ie iv  io  6 .  ava i lab ie ,and f rom other  h is tor ica l  ev idence.  Had t ime permi t ted fur ther  research i tis  un l ike ly  that  the f igures used would prove to  be as much u i  rb l " - in ' ; ; r ; ; .

S ince the data re la t i !9  to  the US Fi rs t  Army permi t ted i t ,  i t  has beenposs ib le '  for  that  army on]y ,  to  show st rengths ind losses for 'heavy ur l i i -I ery.

.  . .A l though  the re  i s  da ta  on  the  causes  o f  l osses  ava i l ab le  fo r  i so la tedinc idents ,  i t  was not  poss ib le  wi th in  the l imi ta t ions of  th i i  s tudv to  com-pi le  i t .  In  order  to  make some assessment  i t  has been arb i t rar i iy "u i i r rea
that 20% of the losses reported resulted from accidents and B0%'wire ah;--resu l t  o f  enemy act ion,  

' i .e . ,  
combat  ' losses 

;

Data for  determin inq the approx imate ra t io  o f  ar t i ' l1ery  p ieces wi threspect to enemy strengths is readi ly avai lable only for t tr !  Ls f i i tn nrrvfrom Apri l  through August 1944. I t  is est imated that the rat ios for theFirst and Third Armiei and their opponents would rrJve ueen iomiaraute.

US First Army

Two sets of data are shown for the First Army. The f i rst of thesecovers the entire period l  August 1944 to 22 February 1945: The second isfor the f i rst ten days of the-Batt le of the Bulge, in December'1944. i te
3I! l l lery strength for 16 December has been est imiteo but is-considered byHER0 to be accuiat6 within 5/".  I t  was ascertained from secondary sourcesthat in those f i rst ten days of the Bulge, the First Army wai iorced toabandon about eighteen 105nrn howitzers (mcstly from the iOOtn and 2gth Infan-
lry Divisions), and about four 155nm howitzeri .  These numbers have beenl is ted as "other"  in  F igure 1,  and the rerna inder  o f  the combat  losses

|J1{c!"0,$$.lix[B
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(es t imated  a t  B0 l l  o f  to ta l  losses)  have been l i s ted  as  losses  to  a r t i l l e ry ,
s ince  they  cou ld  no t  have resu i ted  f rom Gernran a i r  a t tacks .  They  are  a lso
assumed for the longer per iod to have been the only losses in the First  Army
to causes other than counterbattery f i re,  because of  the nature of  the com-
bat exper ience of  the army dur ing those months.

US Thi rd Army

Data  fo r  the  US Th i rd  Arnry  i s  jnc luded in  F igure  1  a l though i t  i s  fa r
f rom comple te .  Personne l  s t rengths  and losses  in  HER0's  f i lesn  taken f rom
the records of  the 12th Army Group, were avai lable only for  the three months
shown.  S ince  on ly  overa l l  a r t i ' l l e ry  losses  were  found,  there  is  no  break-
down by types of  weapons. Causes of  losses were not discovered and have not
been shown.

US Fifth Army

Three sets of  data are shown for the US Fi f th Army, cover ing these
per iods: (1) 9 September 1943 to 16 Septernber 1944; (2) 21 January to 30
March  1944,  dur ing  the  per iod  o f ,  in tens ive  opera t ions .  a t  Anz io  and a long the
Rap ido  R iver ;  and (3 )  14  May to  10  June 1946,  the  nros t  in tens ive  per iod  o f
the Rome campaign. I t  has been necessary to rely on widely separated orders
o f  ba t t le  fo r  the  ar t i l l e ry  s t rengths .  The breakdown o f  causes  o f  a r t i l l e ry
losses  is  based upon in fo rmat ion  on  the  in tens i ty  and charac ter  o f  the  opera-
t ions  in  secondary  sources .

US Tenth Army

The data used for the Tenth Army
is that  assembled for the.HAWRR Stud*yJ
oh- knovrn ava i I abi I i  t i  es i n the Pdii iTi

German Data

i n  the  pe r iod  1  Apr i l  t o  30 ,  June  1944 .
Ar t i l ' le ry  s t rength f igures are based

Theater. ,

The stat ist ics on personnel  strength of  the ent i re German Wehrmacht
shown in Figure 2 were taken f fom, or extrapolated fromo several  Gennan
sources  used in  HERO's  s tudy ,  "German and Sov ie t  Rep lacement  Sys tems in
l^ lor ld War I I . "  S' ince approximately 19% of the overal l  Wehrmacht on the ave-
rage dur ing the war was in the Replacement Army, Bl% is shown here as the
s t rength  o f  the  f ie ld  a rmy.  0n  the  bas is  o f  cons iderab le  exper ience w i th
oersonnel  strengths for  other HER0 studies i t  is  assumed that about 6A% of
the  f ie ld  a rmy was in  un ' i t s  ac tua l l y  engaged in  combat  miss ions .  These
f igures are combined^- in Figure 3 wi th data f rom another source on total
art i l lery strengths and losses by type of  weapons for the ent i re Wehrmacht
dur ing the months of  August and September 1944. The f i rst  of  these was
probably the most d ' isastrous month of  the war for  Germany. I t  has been
assumed tha t  these s t rengths  are  weapons ac tua l l y  i ssued and ava i lab le  in
combat  un i ts .
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From miscel laneous other sources and bi ts of  data, ,a typical  or  average
fontft 's experience ' in 1943-1944 has been computed. In both'lases the same-
breakdown of 80-20% was assumed for combat and.noncombat lo.sses.

The German Fourth Army in November 1943 was under Soviet attack near
Orsha, north of  Mogi lev,  in the center of  the German Eastern Front.  The sta-
t ist ics for  th is pqf lod were assembled from several  of f ic ia l  reports on var i -
ous  ro l l s  o f  m ic ro f i lm,  inc lud ing  descr ip t ion  o f  the  cause o f  lbss  o f  each
ar t i l l e ry  p iece .

.  ^Thg only readi ly avai lable rel iable data for  comparing approximate Gennan
and Soviet  ar t i l lery tube rat ios is for  one sector of ' the dat l ie of  Kursk
July 1943, where the Germans were making their main effort. The ratio there
was 0.48/1.00. I t  is  therefore est imated that the average rat io on the Eas-
tern Front, and elsewhere, in 1944 could not have exceedEd that for the
I ta l ian  Fron t  in  May 1944 where  i t  was  0 .38 /1 .00 .

0ctober l'lar Data

Locat ing Israel i  and Arab data on art i l lery strengths and losses in the
0ctober [, lar presented many problems. There is some clissif ied data on Israeli
s t rengths  and losses  ava i lab le  in  documents  made ava i lab le  to  US mi l i ta ry  in -
vest igqlqls af ter  the 0ctober l , lar .  There are,  however,  ser ious discrepairc ies
aqolg di f ferent documents on these losses. Actual ly nnre unclassi f ied'est imates
of Arab strengths and losses than of  Israel i  strengths and losses have been
located in var ious newspaper and magazine accounts-of  the October 1, lar .

The fol lowing unclassi f ied est imates are bel ieved to be reasonably accu-
rate for  overal l  Israel i  and Arab personnel  and art i l lery strengths ani l  losses:

F i g u r e  4

Personnel  Strengths,  overal  I
f ie ld forces

Personnel  losses, k i l led and wounded

Percent loss

Arti l ' lery strengths (tOOrmr and rnre) 
'

A r t i l l e ry  losses ,  overa l l

Percent loss

*  Does no t  inc lude approx imate ly '50  Sov ie t
t967 .

620* 2,055

112** 550

18.04% 26,76% .
( 4 . 8 1  x  3 . 7 5 )  ( 4 . 8 1  x  5 . 5 6 )

L22nm and 130rm u,eapons captured in

Israel  i  s  Arabs

300,000 505,q00
250,000 400,000

11 ,639

3 . 7 5 %

28,077

5 .s6%

** Israel i  art i l lery ldis est imates based upon Arab factors, and relat ionship
of Arab art i l lery percent loss to Arab personnel percent loss.

T2



-Assuming, that  ?0% of the Arab and Israel i  ar t i l lery losses r ." .  n#.or-
bat losses'  th is leaves Israel i  combat losses of  90,  Ar ib combat losses of  440.
0n the basis of l, lorld f, lar II experience, approximately 25% of total loss waspermanent conbat loss. This results in total permanent contbat loss of 28 for
the Israel is,  and 138 for the Arabs

It  is  know that approximately 80% of Israel i  ar t i l lery personnel  losses
were to Arab counterbattery, !rt. that approximately half I lr ieli combat damage
to art i l lery pieces was from Arab air  at tack.  I t  is  a lso understood t t ra i  i i i -
to eight Israel i  ar t i l lery pieces were knocked out by Syr ian tanks. Causes of
Israel i  losses can therefore be rough' ly al located a!  t i r i lows:

Losses to ai r - 45%
Losses to counterbattery - 45%
Losses to other ground act jon -  L0' / ,

TOTAL

Applying these same percentages to the Arab
causes  o f  Arab  ar t i l l e ry  losses  as  fo l lows:

0veral I Permanent

losses, we can est imate the

L2
L2
4

28

40
40
l0
90

198
198
44

Losses
Losses
Losses

Based upon quant i t ies
to major weight categor ies
as  fo l lows:

Heavy art i ' l lery -  15%
Medium art i l lery -  25%
Li ght art i  I ' l  ery -  60%

TOTALS

Heavy :  93  (a l l  SP)

t t ledium: 155 (al l  SP)
L i g h t :  3 7 2  ( h a l f  S P ,

hal f  towed)

air - 45%
counterbattery - 45%
other ground action - l0%

17Smm gun,
155rm gun,
\!5rm how,
105rm how,
160nrn mor,
120mm npr,
120rm mor,

shown in  F igures  I  and 3 ,  the
for both the Israel i and Arab

Is rae l  i
93

155
372
620

Arab

205s

Overal I Permanent

6 1
6 1
18

a l loca t ions  o f  weapons
armies were estimated

308
514

r233

to
to
to

Within the Israel i  totals,  fur ther est imated breakdowns were made, as fo l -
l o w s :

SP 33
SP 60
SP 155
SP 50
SP 6?
SP 62
towd 180

1 3



I t  is bel ieved that the Israel i  Army had approximately 50 addit ional Soviet-made_13$m guns,.and^122nm gun-howitzers, all tbwed, captu'red from the Egypaia;;and Syrians in the 1967 l{ar. It is assumed, howevei, that most of ttreseliiuta 
-

have been deployed on the static Jordan River front, and they have not been con-s idered in  th is  analys is .

.  B. lqd upon.the above assumptions and est imation, Figure 7 has been prepared,
to provide stat ist ical comparisons of art i l lery strengthi and losses of f tre'
Israeli and Arab armies in the October tlg1, comparabli to those of Figurei-t ana
3 for US and German forces in I' lorld l ' lar II. :

l3a



par t  I I I .  Anal .vs is

General World l,Jar II Analyse.s

The data conta ined in  F igure 1n se lected Ar t i l le ry  Losses,  us Forces,wor ' ld  [ {ar  I I ,  re la tes * .uponr ' .onrbai  losses- io  ou. ra l l -ar t i i i . .y  s t rengthsto amive at  a_f igure of  percent  loss p; ; - ; . i .  Th is  pe icuni  ross per  dayf rom a l l  host i le  act ion. i rs" i  is  fur t i rer  ur 'o t .n  down,  to  the extent  datais  ava i lab le ,  to  losses r rom- i i r  a t ia i l ,  r r . r 'a r t i l le ry ,  and f rom , ,o ther
causes ' "  Th is  is  shown for  per iods o i  extenJeo combat"1g i " iuvr  to  373 days)for  four  armies (us F i rs t ,  r i r i ra ,  F i f th ;  ; ; ; - iun in l , - i r i - io i - !nor ter  per iodsof  more in tens ive operat ions for  the F i rs t  and F i f th  Armies.  personnelstrengths and losses for the same period are shown in each case.

I  The data conta ined in  F iqure 3"  se lected Ar t i l le ry  Losses,  German Forces,l{or ld l^ lar I I ,  provides stmitui  outu-ror ine-iomuat forces of the wehrmachtfor August 1944, September tg+q" l l ,g p.r ioj  ig+:-rgq4,-uro-in. Fourth Armyon the  Eas tern  Fron t . in  November  1943.  
4Jr r r  q , ,u  L r r

F igure  5  i :  a  g raph ica l  p lo t  o f  the  Amer ican ind  Gennan da ta  in  F iguresI  -dnd 
3;  the symbots-rei l resent '  the tof  ior ingi '

1.0a:  , t  l i rs t  Army, !Q6 !avs,  ar l i lJ .w losses to a l l  causesl.0b: US l lrst Army', 206 days, art i l lery 1oir. i  i .  i . i i i i .rv1.01a: uS First Army, zoa J;i ; ;  ; i l ; i i . i . i  rori. i  f i  ; i l ; ; ;  and l ishtweapons only
1'olb'  ' ; .5ff i1 

i lTV'206 
davs, aFti l lery rosses ro medium and l isht

1'1a: us l i rst  Army, 10 days, Battre of Burge, rosses to ai l  causes1.1b: us f l rst  Army, ro oays, suttr .  or srr i l ;  i ; ; ; ; i  io urtnler j r ,3a: US Il itg 4.rJ,, gi Juyr, losses to all causesl5'0a: us fi*| 4*j,, l ls-days, losses to all causes5.0b: us l i l l f , 4-i ' , gz3 da!s, i;;;;; i i  i .t i l lery5' la:  us f l f th Armv, 6g diyi , -Anzio-c. i r ino, rosses to ai l  causes5' lb:  us l ! r th Armv, os Jivs, nni io-ci i i i l ro,  roi i .s i i  i . i r rery, 5.Za: US Fitlfr frmV, ZA Jii,s, nupiao-nome, af f causest10a: US Tenth.A.mjr,  gf Jivr,  losses to al l  causeslG-'a: German Ii . ]g-4r*, i i  q.vi,- lrd;r- igq+, rosses to ar causesG-la: Gennan l i . l9 4rr!, ig qui;; sdff iber-1944, losses to al l  causesG-2a: German Fierd. nrmv, io^aivi; ; i l ; ; ;  1943_1944, rosses to.a, causes4a: German Fourth l-i, r qivi,-nou"'iu.r J!aa, rosses to ail causes4b: German Fourth A*i; 30 J;i;, r,i;;#;r te44; i;;;;; io artillery
Based upon these plots two curves. have been tentat ively drawn ref lect ingthe weapont oercfl! Jo:: p.r-aiy_lwpiol"iJ-p.i]ljnner perc;;i i;;, per day

: l l i3l ;:l| j l""nto' 
The'relaiion or-eairr pio[i.a poini-io-tni-curves is dis-

UIIt iJ$,)uo; i*.-

I'Art i l lery 
counterbattery was the only signif icant cause.
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1.0a:  The us F i rs t  Army ar t i ] rery  rosses { incrud ing hgavy ar t i le ry)  toall cGs in a period of moieratety uitiu"-ior6ut u". l6nriJeraotv lower thanthe average' The reason for thia- i ;  tni t , i i ip i te an extremely intensive butbrief period of combat in December, the-i i r ; t-h*t,6-gl ig; la 'against an enemy
i l l lo?'i l ;:tot"tblv 

lower than averaee artinery ina ;. i i i i ; ;t counterbattery'

1.0b: sare comment as above for rosses to art i i lery.

- l '01a: same conment as above for medium and l ight art i l lery losses to al lcauses

1'01b: Same corment as above for medium and l ight art i l lery losses toartilTEill "'vv'u"' q'

l ' la :  The est imated F i rs t  Army ar t i l le ry  losses to  causes other  thandir and art i l  rerv were consi,r ;1p'!v. h;; ; ;r ' l i in , ,nomrar :  in periods of suchintensive combat, .ano iugg.i i  t te"truiv-oi i i i t rous effects br the Gennansurprise achieved in the gi i i ie ur i rre 
"guig.. .

1' lb: The First Army art i l lery losses to German counterbattery duringthis otherwise disastrous'perioo ipi . i r- io"bJ-no.mar, prott ing very crose to 
.the est imated curve (whi in ' is 'a  s t ra ight  l ine) .

.  
.  3a: The US. Third. lrry art i l lery losses, ?. l l  or most to.German counter_battery' were low for tt,e iate reason as were those of-tt.-Firrt Army for as imi lar  extendea pei ioJ. -  

- - " ' -  'sqJvr !  qr  wsl 'e  unose or  tne F i t ,

5=!a: Fif th Army-art i l ler i- losses for al l  causes plot somewhat belowthe est imated curve, i in..  *oi i" l j l ih- irmi ' t i rs.s in l tary, save for a shortt ime at Anzio'  were caused uy-derman counterbattery.
5'0b: Thanks mainly to the terrain, the Germans were able to ex.ploi t  thepotential effectiveness 6r-ineir lf l i .rrerv-tJ i lr. ,troii ' in-i iury asaihst theus Fifth Armv' .Thus t!.-pro[-or FiI! 'Ari ly"iorr., from German counterbattervtn the re lat ively low intbnsr i tv  combat or  i  vei . 's  operat ions. in d i f f icul tterra in is  very L lose to ah; . i t i , i i i . j  ; ;d. :sdr '  

s  oPeratrons. '

'  5 ' la:  The intensi ly  or  the-German react ion to the Al l ied tanding atAnzio' plus more effecti ie-i ir"ctoie srpp*i"t i lan was.possible croser to themajor All ied air bases' uppi..ntrv permii;;  #*a1 air to influence Aliedartillerv losses !o u.gt;iI.;^-;xtlnt tnun-in iiv of the other uS-German com-parisons. This prot i ;  ; i ; ; ' . ior. ro the estimated curve
5' lb:  The Anzio-Rhpido bat t lg.wls a typical .st ruggre between two croserv

Tiff!:o.ll'ii';r.]hus th6 piot-"ourd b; ._i6ii.a to rir,i.;.;;-ihe estimated

5'2a: In the Rome campaiqn All ied air superiority was alrnost complete.tnus the "al l  causes" p lot  *or io.u"-" i ie l i .o" i f  tut r  considerabry below theest imated "al l  causes," .u iu" l -and c lose- io- in." . r i i ru i i l - ; ; ; i ; i lery curve. , ,I ts location somewhat-uuou.-ir,.  art i lrerv-crrve, suggests that German counter-batterv f ire. took skit i i ; i- .&;ntage ri tn.-r, igl,rv defensibte terrain.
-..- -10q The us 

lrth Aryv grf i 'n9ry.rosses, agains.t an enemy with no crosealr support capabil i ty, and with relui ir. iy-giude and ineffective counter-fi: l::'x. :t ?i ?:l.Jt' ff ;,::t i i, *,$:;.i.i' io' pioi .oni ia;;;;i ;";;r ow - 
irre -ii 

tr -
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.  qgg:- The German art i l lery losses during thd catastrophic month ofAugust  1944 would be expected tb  represent  ty f l ica l  , 'a l l  cause, , losses inin tens ive combat .  Th is ' is  conf i rmed by a pt6 i  very  c lose io- tne, 'a l l  causes, ,l i n e .

G-la: The German art i l  lery losses during t ! ' re much less intensive combatof  Se[Fmb.er  1944 would a lso be expected to  p lo t  near  the, ,a l l  causes ' ,  l ine.The fact  that  i t  does not  is  not  rbadi ly  exp i icab le.  po is i6 i ,  t t  was due tothe fact that combat in that month was inteirsive for the Germins, and wasintens ive l .y  waged,  whi le  the Al l ies  on a l t , i ronts  were to  some extent  re lax-ing,  and devot ing the i r  pr inc ipa ' l  a t tent ion to  preparat ions ior  coming of ien-s i ves

' G-2a: The p' lot for average German art i l lery losses for 1943-1944would-Ei lexpected to plot near' the , 'al l  causes,, curve. I t  does.

4u :  Ihu  p ]o t  g f -a r t i l l e ry ' t osses  o f  t he  German  Four th  A rmy  to  a l lcauses in  Novenrber  1943,  woulc l  be expectec l  to  p lo t  near  the est imated, ,a l lcauses"  l i ne .  I t  does .

,  1b ' .  The p lo t  o f  Four th  Army ar t i l le ry  losses to  counterbat tery  wouldbe.  expected- to  p lo t  near  the est imated "ar i i t ie ry , '  curve.  i t i  rocat ionsubstant ia l ly  above that  l ine mere ly_suggests  in i t  sov ie t  counteroat teryf ire that month h,as a l i t i le more erteci ive than usual .

i r  - .T .1.  Apl i l ' le ry  Loss Dis t r ibut ion Anarys is ,  shown on F igure 6 ,  covers onryworld war I I  data, for reasons discussed 6etow with resp.. i - to ir ; . ; i ;" l rp. i : i ' -ence in  the October  War.
.  .  : ,'  The purpose of  th is 'analys is  is  to  ascer ta in  the re la t ive vu lnerab: i l i tyof : the three or inc ipa ' l  categor ies of  Wor ld  war  I I  weapons ( l ight ,  medium, andheavy)  - to  host i ' le  act ion.  in  the. l . ight  o f  ine var ia t ions in  the d i f ferentsets  o f  data,  the compar ison cons ide is .not  on iy  the re la t ionsrr ip  o f  losses inthese three categor ies to  each other ,  but  a l fo" the ra t io  o f  l iqht  to  med. i .umar t i l l e rv  l osses ,  s ince  mos t  o f  t he  da t i  i ;  t i r i l . o ' i i ' i t . i . ' i i o  ca tegor ies .The rat ios in each of.  the examples^are *" igl .r tuJ ir- t .r*"oi"gu;-oays of expo-sure '  normal ized to  the gun-days of  the F i is t -Army in  the-gai i ie  i?  g , .  g ; i i . ,which was the lowest total gun--days of our t ,or ld f tar Ir  eximpies. The com-par isons were made only  wi t i  respect  to  losses f rom a l l  causes.

The most  s ign i f icant  numbers in  F igure 6 are those in  the f i rs t  twol ines of Part B, showing the overalt  average iomparisons oi r .Jlrr  weapons tol ight  weapons to  heavy weapons losses,  as io l lows:

l ight  weapon t is r .s  ,  Z .Z t imes as great  as heavy;
Tgdjym weapon- losses,  1 .9  t imes as great  as heavy;  andl i gh t  weapon  losses ,  l . z  t imes  us  g i .a i -a i .med ium.
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Figure 8n Relat ionship of  0ctober l ,Jar and
is the same as Figure 5,  for  World l r ' |ar  I I ,  but
from Figure 7 superimposed on the t^lorld l ' lar II
represent the fo l lowing:

These comparisons ref lect  the fact  that  standard American and German
doct r ine  fo r  a r t i l l e ry  dep loyment  in  Wor ld  l l l a r  I I ,wou ld ,  on  the  average,  pu t
lhq  l igh t  a r t i l l e ry  w i th in  2 -3 ,000 meters  o f  the  FEBA'  med ium ar t i l l e iy
3-5 ,000 meters 'beh ind  the  FEBA,  and heavy  ar t i l l e ry  usua l ly  a round 5rgbo
meters behind the FEBA.

To make such a  compar ison fo r  Is rae l j  fo rce :meaninsless, because oi the israeri response tos irit'SaJf.TT+H,l;rUeill8rb'
of that war. The need to neutral ize Arab SM sites, in order to employ air-
power in close support,  caused the Israel is to move their long range hlavy
ar t i l le ry  as c lose to  the f ront  as they d, i .d  the i r  medium and l ight -ar t i l l l ry .
(For  instance,  e i ther  the f i rs t  or  second'ar t i l le ry  un i t  that  c iossed to  thL
east bank of the Suez Canal on 16 October, into a bridgehead less than 2,000
meters in depth, was a battal ion of 175nrn SP guns.) The presence of theie
heavy, long range guns just behind the FEBA natural ly attracted Arab counter- '
measures,  by both a i r  and counterbat tery .  As a resul t ,  Is rae l i  losses in
heavy ar t i l le ry  were propor t ional ]y  h igher  than in  any other  pr inc ipa l
category.

General 0ctober l,lar Analysi.s

. .  Fig.ure.Tn Estimated Art i l lery Loss Data October l , lar,  1973, is organized as
is the tlorld trlar II data for American Forces in Figure 1., anO for eerfran forcei
i n  F igu re  3 .

l , lor ld l ' lar  I I  Art i l lery Losses,
with the Israel i  and Arab data
data.  The addi t ional  symbols

I -0a :  IDF,  19  days ,  overa l l  a r t i l l e ry  losses  to  a l l  c4uses
I -0b :  IDF,  1 .9  days ,  overa l l  a r t i l l e ry  losses  to  a r t i l l e ry
I - la :  IDF,  19  days ,  med ium and l igh t  a r t i l l e ry  losses  to  a l l  causes
! -1b :  IDF,  19  days ,  med ium and l igh t  a r t i l te ry  lgsses  to  a r t i l l e i ry
I-2Er IDF, 19 days, towed a?t i  I  I  ery I  osses to al  I  carJses :
I -Zb :  IDF,  19  days ,  towed ar t i l l e ry  losses  to  a r t i l l t i r y
I -3a :  IDF,  19  days ,  se l f -p rope ' l led  ar t i l l e ry  losses  to -a l l  causes
I -3b . :  IDF,  19  days ,  se l f -p rope l led  ar t i l l e ry  losses  to  a r t i l l e ry

,  A-0a' :  Arabs, 19 days, overal l  ar t i l lery losies to al l  causes
A-Ob:  Arabs ,  19  days ,  overa l l  a r t i l l e ry  losses  to  a r t i l l e ry
A-1a:  Arabs ,  19  days ,  ,med ium and l igh t  a r t i l l e ry  losses  to -a l l  causes
A-1b:  Arabs ,  19  days ,  med ium and l igh t  a r t i ' l l e ry  losses  to  a r t i l l e ry

The relat ionship of  these twelve separate plots to the t rJor ld t {ar  I I  est i -
mated curves for losses to al l  causes, and to art i l lery counterbattery,  is
extremely i  nterest ing.

I -0a :  0vera l l  a r t i l l e ry  losses  to  a l l  causes  wou ld  be  expec ted  to  p lo tsuostanFial ly.abo0b the wor l i  wur I I  curve, as a resul t  of  more ef fect ivemodern air  and counterbattery techniques, i f ,e-higher vufnera5i i i iv  o i - ie i t -p rope l led  ar t i l l e ry ,  and the  semi -deser t ,  opun te r ra in  env i ronment .  Th isplot  is  indeed substant i .a l . lv  h!gher than' thb wor ld hlar I I  curve. For reasonsshown be lown th is . i s  undoub ied lv  due more  to  the  na ture  o f  the  te r ra in ,  andt ! tg . : . l f -p rope l led  na ture  o f  mo i t  I s rae l i  a r t i l l e ry ,  than to  except iona l  Arabs k i l l  i n  a t t a c k f n g  a r t i l l e r y .
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I -0b:  Th is  p lg t  o f  losses to  host i le  ar t i l le ry  is  very  c lose to  theldorld-[ET II  "art i l  
]ery" curve, oespi ie ir 'e-rr igh p. i ,port ion"oi Israel i  spguns' only because Arab counterbattery wqs ret i t tvelv in. i i . i t ive overal l ,and because of Arab concentrat ion of i t tent ion and e?.roris; i l inst Israel iSP ar t i l le ry .

I - lb:  The corrnents for  I -0a and I-1a combine to explain th is plot .

I -Za: The p' lot  of  losses of  Israel i  towed art i l lery is c lose to the"dl1 cauFes" Horid.l ,Jar tt curve mainty-ue.ir i .-niuu ui. i . i ion and groundact ion (other than counterbat terv) ,  o?r ie i - th;  retat ivel t - i i ; i ; t  and re la-t ively inef fect ive Arab ar t i l lery. iounterbat tJry f i re Jgulr i i ' israel i  towedweapons

I -2b:  Th is  low,p lo t  is  a  d i rect  re f lect ion of  the l ight  and inef fect iveArab E'FTTIlery counterbattery-against Iiraeii ' ioweo weaponi. 
- ' ' ' '  " '-. 

;i, ';\

J -19:  The p lo t  o f  d l l -cdus€S
lery is Tower thin that for overal l
Is rae l i  heavy ar t i l le ryn due to  the
as c lose as poss ib le  tb  the FEBA to

losses of  Is r i re l i  l ight  and medium ar t i l -
losses s imply  because of  h igh losses of
IDF pract ice of pushing long range guns
attacft  Arab SAM sites

lesser degree. The
operation of compar-
the other three plots

I -3a :  Th is .h igh  p lo t  i s .be lJeved to  re f lec t  th ree  th ings ,  in  the  fo l -towing-loFder 9f_ imp6rtancei --  (1). the muin gi. i i . .  vurneriHi i i tv ot self-
PIRp:l led art i l lery to host i le air  and couiterbattery than towld art i l lery:tzl  Arab counterbattery concentrat ion agginst Israel i  se]f-profet iej  ;rai i :le r l t r -par t icu lar ly . long rangg guns; .and (3)  s l ight lJ  greate l  v l ineraui l i ty  o far t i l le ry  in  deser t  or  semi-de ier t  ter ra in .  rne pt6t - l i  i .sz  i i r .s  the es-t imated losses of t ' lor ld lJar t I  art iJ lery in an op!.ai ion oi-.orpu.able inten-
! i ty;  i t  is 1.89 t inres as high as the aierage of ' the other thre! prot i  oi--Is rae l i  losses to  a l l  causes.

I
I
I
I
I

I -3b: The same coqrnent appl ies as for I-3a, but to aplot TiT.12 t imes the dst imatLh tosses in a-wortd t . |ar I I
ab le  in tens i ty ;  i t  is  1 .35 t imes as h igh as the average of
of  Is rae l i  losses to  ar t i l le ry .

.  A- -Oa;  Th i t  P ]o t  o f  losses  to  a l l  causes  ish igher  than Wor ld  t r la r  I I  , ,a l l
causeflTosses rei l99!s grimari ly the high efrecti ieness or israeti-airpower'in attacks on art i l lery and, to i  lesser'degree, th; ; i ightri-br.ater'vulner-
a b i l i t y o f a r t i l l e r y i n d e s e r t o r s e m i . d e s e i t t e r r a i n . � �

. .Arg! a.rti I I ery I osses to I srael i counterbattery i s
l{orl d |,lar I I "arti I l ery" curve, I endi ng confide-nce to
gros! losses were allocated by category of weapons lost
lending confidence to the analytical mlthodoloby trere

A-0b:  Th is  p lo t  o f
remarff6Ty close to the
the assumptions whereby
and by causes, and al  so
empl oyed.

A-.I.a: Corment for A-Oa ls generally amllcable.

A- 1b : Conment for A-0b i s general ly app'l i cabl e.
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Concl us ions
%

1. In the early wars of the 20threlat ively invulnera6l. ,  und t[ey wereexcept by very infrequent direct hi ts.

2'  This re lat ive invulnerabir l tv  gf- towed art i r rg l .y . resul ted in generallack of attention to the p.ouiers or ir i i l i .w trrr ivabil i ty through worldl , l a f  I I .  
r e ' J  J u l v r v c r u l l l L Y

. '  3' The lack of effective. hosti le counter-art i l lery resources in the.Korean and vietnam wars contriuutea i; ; ; ; ; i iuea rack oi attention to theproblem of art i i lerv survivabil l tv, ;rth;Gh"in..r.uri1grv urri.r-(pJ"t i ir_ alarly the uS Army) were rerying oi ;s1g-proieried art i lrery preces.
4'  Est imated Israel i  loss.stat ist ics of  the 0ctober 1973 l , lar  suggest thatbecause of size and characterlst i i i . ,  ; ; i ; -pi lp.t tra gl l i l lery is npre vulnerableto modern counter-art i l lery means than was'toweo-art i l i . ; i - i ;  that and prevlouswars; this qreater histor i tal  physical ,r in." iUif i t t  ; i -s!1g-propel led weaponsis consisteit  witn iecent .rpiFica] test ing by the us Army.

'  
5 '  The increas ing.phys ica] ,yy lnerabi l i ty .o f  modern se l f -propel led ar t i l -lery weapons is compounobo"uy-otner modern .of iout developments, including:

a. Improved art i l l .ery counterbatterV.techniques and resources;b. rmproved .agculagv-ot i ir-a.i i i . i .[o munitions;c. Increased r ethar i ty of rooern ;i l ir r ery armuni t ion; andd '  Increased range of- art i  1 r ery ana 
-surface-to-surface 

mi ss i  I  essui tab le  for  use uga. i rs i  i r , t t i i . .v .

.  6 .  Despi te  th is  g . reater  vurnerabi r i ty  o f  ser f_propei led weapons, ;Israel i  experfence in ih. oi iober l . lar aemoisirated that self-propel ledart i l lerv not onlv provio.;- ; i ; ; i r i iant-pri , i . . i ron to cannoneers but alsothat its inherent-mbuiti iv-peniits ionitf,u.i-. ir.ctive operatio4 under cir-cumstances in which towed-ai;'tilr."v-ii."l-;;ri; ue forcii-16"r..r. cover, andthus be unable to  f i re  the i r -weapons.  .

7  '  pauc i tv  o f -ava i rabre prg: : : :gg,  conpi red data on ar t i tery  surv iva-bi l i ty and vuJnlrabi i i iv i i r i i t ! '  analysi ;  
- ;ni ' in.  

rJ*r iut i i i ,of  rel iablearti l lery loss experienie tiuies or iormutae.

inotcliest;i l :t l ;Yiri?ilftts or the l imited data avairabre ror this study

a' In "r1ormar deproyment, percent weapon rosses by standard weightclassificarion aie in'the ;; l idi;5-trdiir i ion*
Lioht Medium Heavy

i . ' ,  l :3 1'o
b' Towed art i i lery Josses to host ire art i i lery _(counterbattery)appear in general to very Uireci iy-; i ih ' [ui t ,e rntensity

Century, towed art i l lery pieces wererarely severely damaged oi" Oeiiroyea
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(as rneasured by percent personnel casu'alt ies per day), at arabe somewhat  less than hal f  o f  the pepcent  personni i  
- tosses

for  un i !s  9 f  army s t rength or .greater ;1  th i ;  is  a  s t ra ig t r i -
l ine re la t ionship,  o l  c iose to  i t ;  th ;  s t ronger-o,  *or .  e f fec_t ive the host i le  ar t i l le ry  isn the s teeper  t ie  s lope of  thecurve;

b.  Torved ar t i l le ry  losses to  a l l  host i le  ant i -ar t i l le ry  means
appears ' in general to.vary direct ly with batt le int insi iy-at
a rate about two-thirds of the.percent personnel losses forun i ts  o f .apy.s t rength or  greatbr ;  the turve r ises s i ign i iv
more rap id ' ly  ln  h igh. in tens i ty  combat  than in  normal  o i  iow-in tens i ty_combat ;  the.s t rongei  or  more ef fect ive the host i le
ant i -ar t i . l le ry  means (pr imai i ly  a i r  and counte"uui tJ .v) ; - ih ;
s teeper  the s lope of  the curve i

c '  se l f -propel led ar t i l lg ry ,  losses appear  to  be genera l ly  cons is-tent with towed losses, but at ratbs at rei i t" i l i ; ;  as greatin compqrison to bat i le intensity.

9 '  There are avai lab le  in  ex is t ing records of  US and German forces in[ to i ta  war  I I ,  and us forces in  the rorJan.J i te tnam wars,  un i t  records andrepor ts  that  wi l l  per^mi t  the formulat ion of  re l iab le  ar t i l f " ; t  fos i -exper i - -ence  tab les  and  fo rmu lae  fo r  those  con f l i c t s ;  t hese ,  w i th  cu r iengy ; t ; i i ab le ,and.probably , improved, .data f ror r r  the Arab- Israe l i  w i r i , -u l i i  p . * l t  the formu-la t i on  o f  re l i ab le  a r t i l l e ry  l oss  exper ience  tab les  and  fo rmu lae  fo r  s imu la -t ions of modern contbat under current and foreseeable future condit ions.

lTh.se ' loss 
rates are substant ia ' l ly  lower than those forsmal le r  un i ts ,  see  HERO's  combat  Data  su isc r ip t ion  Serv ice ,  vo l

d i v i s i o n  a n d
I ,  N o  1 ,  p .  7 2 .
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Reconrnendat ions

1. That this report be circulated to al l  uS Army and Department r i '  

c iqT

Defense agencies concerned with art i l t l tv performance, art i l lbry-Giu-t iqs ,  ar t i l le rv  des ignn and the s imulat i6n i .o f  i r l t i i ; iy - i ; ' iu i rent  ogt i  . ,
models of combat.

2'  That the work ini t iated-in Phase One of this study be continue,. inPhase Two. A concept paper for phase rwo ii-annexed to this report.
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