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(U) FOREWORD (U)

This vo lume presents the models which compose the ammunlt.oti rates

nethodology . These models are exercised w i t h  the basic datd presen ted

in Vol ume V to generate the ammunition rates for Europe as included iii

Vo lume II and for the Pacific as included In Volume l i t .

I.;
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V at t~ tf . I V

C. METH LEIAX Y

1. INI IHUt  I UN. Th is annex I’rt~~tmts a ~~ i I cal desc r i p  Ion

eac h of he :h iI - is ni I uded In the an~~unj t ion r at t s  me I - - i ~ I - . I lu

mode ls i t  i ~~~~ w i t h t h ’  basic d a t a  -nt l i l a- I in  . I : - , V

deve lop the ~ii~uti , i i  i i an rates p r t s  .~nt cd i i i  Volume I • t ms in bod y at

this report

2 .  PU RI~OSt. . Tb -~ ~~ l iii,- ~ t rv1- s - pi wide an hr  ant i v ,  I,,-

mode l desc r I pt Ion and ‘iso a discuss ion of it -~ li anal vs is . I pa-- .

used t.,’ dt- v~- lup the . i i :~::~u r i i t  ion rates ur hulk al lotme nt items .

3. GENERAL . Li Ii a! the models j~~ presented in an appendix

d i rected Cxi 1 t i - . i v ~ 1-: to t he model descri ption. The conc luding part

of each mode l Uev. , t i pt i on  c u n s i st s  of the princ ipa l assumpt!on~ :~,,I,

in developi ng and using the model.
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APP EN D I X I

TANK/ AN T ITAN K SIMULATIUS MODEl.

1. IN I RUDICF I UN

j .  The Tank/Ant itonk S imulat ion (TM 5) M1.d-i  Is an

Va L a  ~ombat simu lation of the fo l lowing types of weapom. :

( I )  lank weapon svstu :- i~ • Ii pr im.isrv and sci ‘t ,dat -

(2) Anti tank guns and guIded miss i l ts .

( I) Armo r t-d p~- r ~ iiint 1 c a r  ri~ r and infant r -.- ~
- ocilij t - i-I, Ic I~-

weapon syste ms .

(4) I)trec t lire assault weapons .

I b . The model simulates a two-s Id , d engagem ent tnv olvir.g

p latoa t i - t o—batta lion sized t orces . The principal products of t~~t- s imu-

lation are the ammunition expenditures and the weapon losses  ‘I var ious

engaged weapon types.

I 
2. THE SIMULATED ENGAGEMENT. The general concept of the battle

simu lated by TAT S is a s ta t ionary Defense lorce under a t t ack  by a t orce

I consisting of an At tack  force element and a Support force element. Figure

V—i dep icts the bas ic combat situation in which the Support element ad-

vances to an overwatch pos ition and provides a base of f i re for the

At tac k force.

1 3. GENERAL MODEL METHODOLOGY

r a. Initial Condition lnpu~~~~~~j~reme~~ s. In order to simulate

an engagement , certain elements and conditions must be specified for the

r beginning of the ba tt le by the user of the model.

(1) Force Specifica~~ ons. The attacking force is composed

f of an Attack elemen t for all engagements and a Support element which can

be played optionally. There must be a stationary Defense force. Each

- r
C—I—i 
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Figure V-I-- Movement ot Forces in the TATS Model 
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I

of f l it ’ oppi s itig I or e e i, -n , -i, t - - - I re S~~i. it I t- d by t ine m iii ,.-n ,m (lie in

wt-a i oti t i  - its - i t s . wl Ich can he .n maximum m t  10 weapons I or .ini - in .- l i - a -

and iv th e dept in at ine~ I

( 2 )  I~~- mp. ii I I enie t 1. • i i t  L- .it 1 ins . l am Ii n - lemenat at -~ . p - -

I vp. must have t ne following m l  tint ion spec i t  led :

(a) ~t iitt .’ r of weapons in each t ypt~

(b)  Whe the r  or riot the wi -p t typ e Is aux( 1 Ian -

another ~~
-
~ lPi i l I  type , and it so . to which type .

(c) Thu maximum and minimum range i t  which ann , e l i ,-

five prohabi 1 lt v of kill; i.e. • at least 0.01, ex ist s •ng .a Inst an. of

opposing targets.

(d) Sustained rate ot tire.

(e) ~ht- ( lit - r or not tine weapon t --p .- is to be m i i . i i  - in

terminat ing the battle due to combat b asis.

(3) Target Priorities. the priority of t i r e  t or e n i ~~, - i , - -
type against each target type of an opposing force is specit led by a

number from 0 to 10. The greater the number the higher the p riorit y . iwIi.- r.-

a zero Indicate s no firing at the target.

(4 )  D~~~~~t!~p_ Liin
i
~~~

. The maximum range limits of d~ tc (ion

3 of each target type by each weapon type of an opposing force are spec it ie -d

in metri c units. These limits should be indicativ e- of the maximum dete -
tion ranges for unmasked terrain with vegetation representative of the

battle area .

(5) Force Relative Location. information . The initial

center—to-center distance between the Attack force and the Defense force .

and the Attack initial movement rate must be input . If there is a Sup—

port force , the initial center—to—center distance between the Support and

Defense forces , and the Support movement rate must be input . From thet~ c

ini t ial condi tions , and subsequent conditions of a similar description

f C— I—3:1 _ 
_ _  4



updated h~- the i t  i t  it Lye opt n a t  tons 01 the model • ii’. m u i u i u u . Ing I I  -

e lements that are capable of i nigag.-mt- nt in t in t - t ime inte rval  are ideni -

t i f ied . The d is tance b utw t - t - t t  t i . -  opposing elemeints is n l - u l . i . d  ant

the basis of their ~0S it IOflS at t I e  i-nd ‘it the pr .- ed it 0  ime I ta t m-r va 1

I t .  maximum e l  t i-c t Lye r ntig es of the weapons on i n  I sIde i n .- ui.ant-i i .1

determine’ ~- t.  I h ~- ,-o p i n tv les  w i th in  each I l l  c- can f i t . - on t -~~ uppo~~ i t  I -a

and tlic- depth into the opposing m r . .  wli ic i t t he y nr . -  capable .t I ring .

A t this point , it is known which weapons can t i r e .

b. Princi pal ~-Io~
4 ,-l i~ - i i i  i - ti - . To s i m u l n t , -  an cng.ngt- tI .- tlI • ti n .-

model app lies , in t ime se ’ q u r ’ tm t . a r , - m - I r s i v e  t ime—step a t t r i t i o n  (a - .  ii~

nique . An interval of one second or h a s  is selected b r  t i -  all - , - - . I-- ~

time steps , and the inter act i ons between the opposing for ~
- i s  , - x . c - l iIa-d

at the end of each Interval. These interactions are determined by I lvi-

principal algorithms or operations which determine the - t m i i i s l t i o n  ol

I targets by weapon systems , calculate individual weapon sv~ t &-tt rat -- - 1

I 
f i re , distribute the tire among the various ta rgets ,  assess casua l t ies

among the targets , and describe the movement of tine maneuve r ing t orce .

I (1) Ta r~ c t A ~guis1tion . Th is operat ion determines t i t ,-

number of targets by type acquired by each tirer. Target acqui sit b i t

de pends bas ically on the number of targets present and the dt- t .- tb o r

f 
probability associated with the observer—target dis t irn e and the deter—

tion limits of the observer—target combination .

f 
(2) Rate of Fire . A rate of fire is then c~i b. u 1at~-d b r

each weapon type that has acquired targets in the preceding step. This

rate of fire is based on several factors. These f m t o t s ref bei t the

desirability to gain and maintain fire superiorit y, the des i rn i - il it y I.

I conserve ammunition for the latter stages of the battle , and Iii.- tend-

r ency to fire more slowly at targets at the extreme range of a t~,-a pon.

The actual number of  ro ’ -- -i c t a t  a firing element expends during an

r elapsed time interval is a function of the rate of fire for the int .-tv~m I ,

C—I—4
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t t i ,-  number oh targets dut i-c t .‘d , atnd the e’Ape- m ft - ti i,umber ol r . , mimd ,, I (om

I irti r to achieve a t ,nrg ,-t  kill. For t t - ~ ~
- et’apon t - - pt.. el fin dual i -n iii’-

t’ ipal llnnmunit ton capabil ity , Cl. , rat .- of I Ire ci (he annumit ton t - -
~~~

‘-

more npprupr I at e at t in.’  closer ranges Is i t  roduc.~d ~ t Lb. - ‘ roshuv~-,

range t a r  this ammunition type .

(3) Diet ributi or’ at Fire. lilt’ rounds t i red  Ii- . . it in ~~‘ -ipun n

ty pe a re d i st r  I t a  i- it  among flit’ var ious t . irge n  s on ( Inc baa I - is ~~~~ numi n ,

01 ta rgets  acqu i red  and the req:irements b r  target k i l l . It it,.’ tot.i l

numl t’ r t ired does not exceed thi.’ capability it it.- .- •- - iponi to I it.- at i t -,

current rate over the current t ime interval. It t i t i-  target bull  requi re—

mer its cxcced the tiring capac i t v . 1  the wu.nI . .ii . the -i i t i t i  nuzabn’r of

rounds tired it the various target types at e limited to the t - r i • a-

pacit- .’ , ,,id these adjusted numbers of rounds are wcIgt i re .h by ~e1atIv ,-

targe t pr io r i t ies .

(4) casii~j~t~~~~ sessnent. The number i t  rounds li t .-u by

each weapon ty pe against each opposing (-ir cet t ype is combinm’ J -.~ tt t I c

appropriate probability of kill to yield expec t ed . . n s , a l t  i,’s, con-

sideratio n is given t o  the overlapping detect ions and t i r e - . occurring

among individual wripons of the same generic type simultaneously dirt- - t ed

at the same target , and to the overk i ll tha t may lu exerted among the

several weapon types capable of firing at individua l targets common to

t hese weapon types .

(5) Movement Rate. The rates of advance of the maneuver-

ing force elements are then adjusted to reflect t i e  effe cts of the volume

of incoming fires. The velocities of the moving elements are adjusted

in the same direction as the change during successive time intervals of

the ratios of primary weapon k i lls among the Defense for ce to the total

kills of the Defense and the respective moving forces.  That is, if the

r
C— I— s
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rat it. of Ut- i ense force wi- -i pons kills to tb.. sum 05 Del .‘na.- .intd A n I n .

f o r c e  weapon k il ls  increases , t he rate at .ndvon t- b r  t in ’-  A t t a~~ t i e

t nt.- re ,is ,-- , • S tat lar b y,  if the rat to of t i n -  Def , - t ia , -  ton e weapons i l l

t o the sum of kil ls among tine b).’t,-t,-.e and Suppor t force d.-. re’asea. the

rat.’ . 1  moven enat for (lie Supper i t orce decre.nat-’~ . II an overwatci,

position has been spec-fl ied t a r  (lit’ Support force. t i , -  a~ de) w i ll -.,- t

the Support movement r i te equa l to ter . when ( l it -  S I p p i t force has

advanced to this position. After Cii.’ movement ra f t ’ s  are ad just ed , ti,.-

position of each moving f o r c e  Is id i- - i n-d~ and t i le  r~s,d.- l p roce.-d

the next time interval.

c. otmim lat l ent it’r rni n ,nL ~~~ii Criteria, flit’ ~te ’rlat ions . 1-0 into-

until one of the following user s , e’c it ied criteri a Is ful l flied :

(1) The Attack , At tack and Support , or Def ense f orce i-I c—

ments have been att rit. - .t to a specified fra. (ion of theIr or ilinal  s ize .

(2)  The Att ack eJ.ement has penetrated to within a specified

d istance of the Defense element.

(3) The specif ied maximum duration of the battle has been

exceeded .

4. PRUCRA.M I.aCI C FLOW. The following fl ow chart Figure IV—2 Il—

l u strat ta the logic flow of thti TATS program discussed in the previous

paragr aph.

5. INPUT FOR TilE TATS MODEL

a.  ~~~~~red In~~mt. In addition to the user input requirements

d iscussed in paragrap h 3a , a req u iremen t of probabilit y of kill (
~k) 

data

is requ ired for each ammunition round type fired with each weapon—target

combination to be played in the model. The form of this data is in two-

digit probability values as a function of range from zero range to tIn’

maximum range considered in intervals of one—tenth of maximum range .

As targets are considered to be exposed while attacking and in hull del—

ilade while defending, a set of data for each of these target profiles

is used .

C-i-b



r- 

--
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Figurt’ IV—2—— TATS Program Logic Flow — Coit t innit’d

i t  ME Increment bat t It’
TIME + DELT tim e .

RANCE —

R.ANCE — 
Advan&-t ’ t r,,ni,.-,iv.’ r

(VELOCITY X DELT) m i n e  el.’men,ts.
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Targets separation di .-,t,i nn - n- .

Compute Rate kate of fire nil-dated

of Fire based on inten ’ it - . of
conflict and stage of
battle .

— Cal l  OLAP determines the
f ract ions of opposing
force capable of
engaging each other.

- - DETECT calculates proba—
Call b il i ty  of de tecti on of
DETECT each target by each weapon

type as a funccion of range .

• 
— Call FIRE determines the dig—

FIRE t r ibu tion of rounds f i red
for each f i re r—target
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I Call ‘ PKIL calculates the proba—

PK IL bility of kill of a weapon
, firing at a target at a

given range .
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Casua lties -

I
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f
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Figure IV—2—- TATS Program i,ogic Flow — Continued
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I

b . ~p t lot
_li t ! lnput . opt ionii l refinements in tine p la -.- .,1 the

model can h~- introduced by the input it  ~inv i t t ite ’  following data

options by t i le  ust- r . Uui ,-ss otherwise indicated • flit- data can Ii. input

to Jpp lv to c- i titer tit.’ At tack , t ine Support . or tIne bet i-usc- force.

(1) W ait in~ Time , rite game t i m e  spent l i - f  lire the ten t-

begins to f i re .

(2) Maskin~jj~istance ,  if ,e d is tance between ti le i t lie r

maneuver force and t he Defense force when th is force stop s f i r ing.

(3) Overwatch Distance. The distance to t i l t-  Defense force

at which the Support force stops advancing so as to provide a base of

f ire for the A t tack  fo rce.

(4) Hold Fire S ec,if cation

(a) In the case of the Attack and Support force , this

is a distance moved by an individual weapon type or the game t ime elapsed

before this type weapon can open f ire.

(b) In the case of the Defense force , this is the

distance moved first by either the Attack or the Support forc-~ or the

game time elapsed before the Defense can open fire.

6 . OUTPUT FROM TIlE TATS MODEL. When any one of the three termina-

( tion criteria discussed in paragraph 3c has been satisfied for a given

situation of simulated battle , the battle will terminate and the model

will execute the next battle situation . After the last battle is run ,

the model produces ou tput in both pr in t and punch card form . The output

is organized according to the sequence of individual battle situations

f played .

— a. Printed Output

(1) All model input data which were discussed in para—

graphs 3a and 5 are printed out .

(2) At specified range separation points for either the Attac k—

f” Defense separation range or the Support—Defense separation range or both ,

~~~~~ -.~~~ ;~~

~ I C—I—b —
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a print—out Is made of the .nc .-iimu hnted dist r I bitt ion ii rounds S I .-i

I or all we.npan- t;irg e- t combinations in the opposing I . rc.’-, and t h e

b .c  umul it liii, i t  t , i  rget casua It i t- s  to t ill weapon—tii rg.- t  comb I nat i ons

in the opposing forces. Ili,- number of these rang.’ print—outs is

limited to six for each the AUa.-k force and the Support for ,-t - .

(3) At the end oh t h e time interval in which a bat tl e

tutt flination criterion is first satisfied , a statement is printed -~‘hIic - tl

identif ies the termination criterion which was met, I lIt - battle time ,

the Attack—Defense separation distance , and the Support—Defense separa-

tion distance. This is followed by a block of print—out which gives

the final accumulations of rounds fired and target casualties for all

the weapon—target combinations played in the battle. The rat ios of

fina l strength to initial strength are displayed for each of the oppos-

ing force elements. A final strength status of the primary individua l

weapon types is also listed . -

b .  Punch ed Ou~2.~~~ Output data to be used by an au’cili~,rv

program is punched out on cards. This program , named Tank/Antitank

Accumulaticn (TATA) prograr~. it discussed in paragraph 7 which follows.

For each tact Ical situation , a ,~ard is punched showing the identifica—

f tion number of the situation together with the number of w-- ipon tv; es

in each of the Attack , Sepport , and Defense forces . This card is to!—

lowed by a card for each weapon type in each force. Each card shows

two identification codes for the weapon type , one numer ic code and one

al pha—numeric code. Also shown are the initial strength of the weapon

type , the number of casualties inflicted on the weapon type , and the

number of rounds of anunun ition f i r ed  by the weapon system; in addition ,
p

if the weapon is an auxiliary weapon, the primary weapon 4~ Identified

for accounting purposes .

~

C—I—ll
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7 . TANK/ANTITANK ACCUMLJI.ATION (TATA) PROGRAM . The TATA pi

accepts the punched output from the TATS model and converts it into

to ta l sty lized ammunition expenditures and weapons losses .

a. ~~~~~ In addition to t h e  punched TATS output d&’s , r i i , ,-J

in paragraph 6b for each situation , TAT.\ requires the following input :

( 1) Sty l ized  period ln~ orm ,-it ion , inc luding per iod  ident I --

t ication, the number of d i f f e ren t  type battle situa t ions in the sty lizi -d

per iod , and the frequency with which each of the type Si tuat ions occurs

in the stylized period .

(2) Basic load composition for the various Blue weapon

systems .

(3) Factors which represent firing of other rounds in ti l e

basic load at nonarnbor batt le targets in proportion to what wcs hired b y

TATS In the simulated armor battles .

(4) A factor representing the fraction of total destruc—

tion or K—kill losses to the number of mobility—or—firepower (M—k ilJ or

F—kill) casualties of the weapons systems generated by TATS .

h . Pro&rani 0a~t~~~on. For each battle situation , the numbers

of Blue auxiliary or nonarmor battle fire are computed for each ammuni—

tion round type based on the factors input and the number of rounds fired

by TATS . The K—kill factor is multiplied by the number of M—or—F weapon

casualties for both Blue and Red weapons . For each Blue weapon type the

numbe

~ 

of rounds fired is subtracted from the total initially available

in t flC basic load to obtain the expected number of rounds remaining on

the weapons. the number of weapons suffering K—kills is then used to

multip ly by t h.t number of rounds remaining with the weapons to obtain

the number of rounds by type which are considered lost in the battle .

the situation frequencies are treated as multip lIe rs of the number

r
ii- I
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of rounds f ired and the number of weapons lost fo r both H—or—F ki l l s

and K—kills. The resulting products of rounds tired and weapons u - I

f are summed over the entire stylized period .

c. ~~~~~~ The sty l ized period sums mentioned above are tabu-

I lated by individual weapon and ammunition round type according to

number of rounds fired by TATS in the armor battles , by other n o n a r u ~ Ii

fires , by the sum of total rounds fired , by the number of rounds lost ,

and by the total round expenditures . The number of casualties of bot h

the Blue and Red individual weapons types is also tabulated for the

entite sty l ized period according to mobility—or—firepower (M—cr—F)

- casualties and comp lete (K) kills.

- 8. MOD EL A SSIiMP TION S AND LIMITATIONS. Certain assumptions and

- limitations are designed into the model to develop an expected value

combat model that is realistic , fast , and economical.

a. Assumptions -

- .  (1) Defensive weapons fire before being fired upon .

-
~ (2) Once initiated all actions and interactions are

continuous . Such actions include:

(a) Target Acquisition

I - -

(b) Maneuver Force Movement

. (c) Weapon Firing

1 (3) The movement rates of/A~e Attack and Support forces

I w ill range between 66 percent and l~9 per~.~~j of their initial velocities .

(4) All probabilities are treated as expected values in

I deterministic processes and no t random var iables in Monte Carlo processes.

(5) Terrain masking reduces the target detection probability

I beyond the mask of zero , bu t doe s not a f f e c t the de tec tion probabil ity in

- f r o n t of the mask.

1
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(6) The probab i l i ty  of target de tec t i on  is a t un ction i,t

three var iables , the maximum detec t i on  limit on unmasked terr ,iin t o t ’ t h ii -

weapon—targ e t  comb ination , t he weapon—target separat ion d is tance , atnd
4

the tine interval. The general form of the detection probability c-i p ii
r 

tion is: 
—

E X P  -
, —K • R2 •~ iT

where 
~D = Probability of detection

K = An emp irical constant that determines the s i i i 1 e

- ——-- -5 /
of the detection curve. (1K 6.9)~

__ ,~ 7 
-.~
—

R = Separation range between weapon and target.

L = Detection range limit for the weapon-target

combination .

4 T = Time increment

(7) The width of all forces can be ignored and a sing it-

axis of approach for the attaching forces is app l icab le .

b. Limitations

(1) Ten weapon types per force element.

(2) Two maneuver forces and one defense force.

(3) Uniform movement of all weapons within a particular

f o r c e .

(4) Hold f ire for  a par t icular weapon type is app lied

against all targets .

I - (5) Casualties are assessed for only one kill criterion ,

depending on probability of kill input data .

(6) Only direct fire weapons can be simulated .

(7) No defending weapon can be fired upon until that

weapon begins firing . At that time , the def end ing weapon becomes

avai lable as a target.

t 1~
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(8) Reconstitution of reinforcement of either sid .- i t-. nut

permit ted in the model.

f (9) Ammunition resupp ly to either side is not cons ide red .

Eac h weapon is provided an unl imi ted supp ly of ammunition .

I-
I
.1

U
I
.

I
I
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I tiPPENDIX ii

INFANTRY ANT IPER SONNL I. W EA l’l)s~-; MODI-,I.

I
I. INTRODUCTION . The model used to simulate antipersonnel wea

organic to infantry units is known as t he in fant r’ .- combat model (1CM)

f 2. GENERAL METHODOLOGY

a. The general concept for this simulation is based on a

description of two opposing ground forces which are composed of varying

- 

sized units. The unit size for a given situation may vary in specific

numbers but the small arms and indirect fire probability of kill and

ammo expenditure tables are based on platoon—sized units. The resu lt-~

from the model are generated primarily from these tables , and the unit

- 
s izes should be described accordingly.

b. Each situation is evaluated on the basis of assessing

casualties and ammunition expenditures for both sides in successive

- 2—minute intervals. At the end of each time interval , casualties are

assessed , weapons are attrited , expended ammunition is accumulated ,

attacking units are advanced , and a decision is made as to whether the

action should continue or cease .

c. Each engagement is repeated a number of times (replicated)

• in order that a good average of results can be obtained for any given

situation.

d. The factors which af fect  the assessment at the end of

each tine interval are : time of day; type of terrain; distance between

opposing forces; type and number of small arms weapons available ; type

and number of indirect fire systems supporting each side; detect ion

capability of opposing force; movement rates ; number of personnel in

F each unit; reserve forces; and mission type of opposing forces . These

factors define how the model simulates the close comba t exchange be tween

opposing forces .

C— II— l
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i. F (1 RUI -  l L l h~ I i I i l ) N S

. i.  i n  on,1, -r to achieve a weapon/target comh l nat ion t .,r Ill ,-

I OppoSjflg I o i e - - , it is necessary to develop a method of di s t r i b u t i n g

the small arms weapons and personnel for a given infantr y situ.i t ion.

This Is accomp lished liv dividing the front into ~a_nes and distrIbuting

the fore. -- - thr l~t h! lt the lanes. The concept of lanes is used to allow

the scenarios to I.- p layed with different combinations of Ior , -~’s b eillI

- engaged ~t t h e  same time .

b .  l i nt- s are developed from two aspects , that of the atta k€’ r

and that of ilte dt-le nd er. Each side is divided into the same number of

lanes . Each lane for the attacker must define the personnel and sm~ilI

arm s weapons oh which a p latoon—sized unit is comprised . This definition

- is important be -d ltt ;t - of the manner in which the 
~k 

tables were dt-vt- l 1 1.

The at tac king force is the only side that advances during the simulation.

4 Each at t a c k i l li~ lane (p latoon) advances at some determined rate based on

a movement ratt- formula such that the individual movement rates vary;

thus , the distances between lanes vary dynam ically as the sim~,larion

progresses.

c. The defender forces can be divided into units smaller than

a platoon such that a given number of lanes make up a platoon—sized unit.

The number of subunits the defending platoons can be subdivided into can

vary by p lat oon but the forces they are comprised of should be evenly

distributed if possible. This is important when the lanes are augmented

by reserve forces .

d. The simulation is controlled such that each lane is primari ly

engaged against the lane directly opposing it. This situation can change

in the condition where a defender ’-i sublane is 100 percen t killed and its

-- opposing attacking lane can direct its fire at the adjacent subunit of

tha t defe nder ’s platoon. This means in effect that each subset engage—

men t of attacking platoons to a defending platoon is an independent

I
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I
r engagement w ith It -.10- i t  to  the close c ombat b a t t le ,  Figur e tV— I pro-

vides a I o r t t t i - r  . - s p  I .I l,i t ion of tht i s concept . As t ime i nt t’n v , 1 pa- --

i t t ac king platoons . i- l ~~ince and attrition Is calculated . I f  at i t - .- t ic - .-

a defender ’s lii. - is totall y killed , i t s  opposing p latoon i - It .- . t lv t - i ,-

• attacks the -i ~- t i n i i i g  - i h I l l l l  i t - - of that platoon . If itt any t im~ an

attacker ’s p latoon is tot o Ii ’ - k illed , the e l I c i t s  i t  its opposing lane

are no long . -r ((‘11.5 i cit-red

4 - I ~D I REC I FIRE

• (a) In addit jon to t h e simulated 1-lIgii~. s-nt bet  w ,- . -u cl -omh,at

infantry , i - i - h i  l o r c e can have a system of m int- i t fire b- .i~ t.- r ~~ support —

ing them . Ibi s support is applied to the opposing force continuousl y

during the engagement. The effect of using tile indirect fire ca p ibil itv

in the model i~~~~~~ - i - .-s the casualt ies of t I lt- opposing forces thus i~ I i i  I -

ing the movement rot .- of the attackers and the small arms t-~~t t - e t i v ,-n~~--S

of each sjd~~, 
-

(b) Indir ect fire is app l ied b y a rank ord er of prior it ’-- hi.

system type . Each system can have any number of batteries assigned

it. The fire control states tha t only one hat tt -rv can fire on a p lo t l - .- li

during any given time interval. The selection of which p latoon Ct- tS

• fired on is determined by the firing history of each battery m d  the

detection ist i r -- of each lane .

5. RESERVE FORCES

a. The rt-gil lar on—line forces are augmented by reserve forces

based on the user selected critical value which can be varied for t iCil

S specific engagement. There is a critical value selected for both t i e

attacker and defender. When the specific side ’s critical value is h ir - - .t

exceeded this triggers the reserve routine for that side . The reserves

U are delayed a given number of minutes from this initial trigger t ime

until being added to the front lines . This delay time is an Input value

and can vary as the uier desires.

6 C—II—3
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I

h. When the delay time has pa -~~. f , the 1.-s. - r v . -s  an .-  - ,Id .-d t o

the I r u t  ii nt’s on -i lane—by— lane bus is considering .~-at II 1.111.- ’ s needs

f hos ed on .i rat  to of lsu,ilt i t - - . t i  ini t ia l  pe r so n ri - I - The order of dug—

mentat  ion adds the same amount t . each lane augmented .

6. ‘labEl I- IMIFS . Figure V - 4  def ines the l imi ts of the I(~~ as

— letermined by • he comput .- ! r igi l i t . ~omt- or all of I he limits can b.

changed but such ~h i ingt-s would lU-Ct - so j t  a te  prligran- mod i t  I c o t  ion . Some

of the elements listed r i -ten to data tables that are part it tb. program

c dt- . The other elements ri-for to input values -

7. DYNAMIC LOCIC Ftl )W

a. The 1CM mech iodo log ’ - - is structured in -- uch a way that t h e

scenario descr i b i s  the initial force s t  r u - t ii r , - s and other fact -n a  ~: h I C h l

define the parameters at fec t  in~i t i t  t- IIgager~t - 1 t  . This m l  irryl t ion is

read in from l ormatted punched c a r d s  and t b . -  .- ng l g t- r nen t  begins. P fer—

ence should be made to Figurt- I,V—5 I I  an overall view of the decision

and information flow .

b. I h e  evaluation of the exchange is made at the end of each

2—minute time interval . Some information which af it - e t s  the engagement

in t he next t ime interval is calculated and stored for use at that t ~~t- .

Time intervals are best thought of as the activities that rake place

between the beginning and ending of a 2—minute exchange . Thus , time

Interva l one is the a - i  ivities between 0 and 2 minu tes w ith the results

being evaluated at the end of the interval.

c. The first event evaluated during each time interva l is to

calculate the force ratio of the attacker to the defender and the casualty

- . fraction for the attacker. These values are used in the critical

value formula later.

d. The second event is to use the subroutine SMA RMS to evalu-

ate the effects of the exchange of small arms fire between both forces.

- I Ii C—I l-s 
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Fi gure IV—4 —- Lmmitation*i of 1CM
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Ihis evuluat ion deterniines the number of ( - 0 0 1 1 1  k-s 1 t - t  ian .- , t lit - t y l i

and number of sina i I arms lost per lane and t i l t -  ~u Iflmun i t  b i t  expetided I-i

sma 11 arms t ~pe’ per lane . lh-se .-a leulat I 1100 u n -  based on s u i t  I a’ ii r

Os the d is t anc .- be twe e n lanes , the- 11k and rat - ? t I ni of i-at-Il slat!

arms type , ter ra in , t ime of da~- , small arms we-upon d- ie t ion rates , c- t i

Cas ua l ties arid weapons los t are- subt n — ic -ted iilit ol t lie- i -ll rren t I nyc- li t  u r y

in addition to accumulating the casualties , weapons l ist , and ailullui n itbOit

expended .

e. ihe third even t is to use the subrout ine I N F I R E  to  i 0 1 1 1 1 i I ,

the effects of each force ’s indirect fire support. Th e- firing ,t i- a t

l o t t e ry , determination of the p latoon to he f i red on , and  evaluating thu

resu l ts of such fir.- are the tasks of this routine . Each ba t t e r y  f i N - s

on a p latoon—sized ta rge t .  Only one ba t te ry  can f i re  on a given p latoon

during any one t ime interval. Whether or not a batters - can fire is di-—

termined by its firing history and the detections of the opposing lo r e-s

front the previous period . The casualties and small arms weapons lost

from indirect fire are subtracted out of the current inventories , and

accumulation is made of casualties from indirect fire , small arms lost

from indirect fire , and indirect fire ammunition expended by system .

f .  The fourth event is to use the subroutine DETECT for the

detection determination of opposing p latoons . Detections made in a

current time period affect the indirect fire systems ’ firing decisions

during the next time period . Detection is based on a probability of

detection curve developed for a given movement rate , dis tance between

f orces , and terrain.

g. The fifth event is to calculate the force ratio of the

attacker to the defender  and the casual ty fr ac t ion fo r  the attacker

for the end of the time interval. These values are used in the critical

value formula later.

I
C—II— 9
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h i . The sixth event is to use subroutine CRITIC to determin e’

it the cser—s~ 1eCce- d critical value for either the attacker or defender

has hi-en exceeded . The c r i t i ca l  value is a funct ion of distances moved

and the - beginnin g and ending force ratios and fraction casualties. The

- i l - d o ted c r i t i c a l  value is used to determine whether the exchange is

t ’  continue or stop. It also determines when reserve forces are called

in if tht- v art- available.

I. The seventh event determines if the closest distance that

can be ri-ached before protecti -’e- fire power commences has been reached .

If it has , the exchange is stopped because this evaluation is outside

the limits of this model.

j. The eighth event calculates the movement rate using sub-

routine MOVE and decreases the distance between opposing laner accordingly .

- 
The defending forces do not advance as they are assumed to be in fixed

I positions . The distance moved represents the distances the t roops will

move during the next 2—minute time interval. Once an attacking platoon

is stopped due to a calculated movement rate , it remains stopped for the

I next three 2—minute time periods before continuing to advance

k. The ninth event is the augmentation of forces based on the

I critical value calculation for each side. The first t ime the critical

value is exceeded for a specific side , that side ’s reserve forces are

I started toward the front lines. After a user—designated time delay , they

I are added into the lanes based on an order of most need by lane . The

order of need is based on the fraction of personnel remaining f o r  each

I lane . All reserves for a side are added in at the same time . The ex-

change continues from this point until either the critical value , the

protective firepower or the maximum game t ime has been exceeded , a t which

I 
time the action stops.

1. The output routine can be called under a number of options.

f but primari l y is called at the end of the exchange after all replications

I C— h — b  _____
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have- b een  accomp l ished . The out put ave rage’s t lit - i -a situ it j€ ’ 0~~ smu I I 0 i t ’

w 1-a p o l cu~ lo s t , small arms ammunition expended , and ind in t -c t  f i r e  ammu—

nit ion i-xpended . The averages are- printed in report readable format

and give the average results from the engagement.

8. PRINCII’AL ASSUM I’ I IONS. The principal assumptions made in the

infantry combat model are listed In the following paragraphs.

a. The average opening range is 800 meters; all attacking pt-r—

sonne l are dismounted by t his range .

h . When a target comes within the maximum effective range- il

a weapon , the weapon starts to fire. (Maximum effective range is di-? m e d

as the maximum range at which the weapon ’s 
~k 

is non zero.)

c . Only one battery of t ile supporting ind i rec t  f i r e  sys tems

wi ll fire at a given lane at any time .

d. No battle will terminate in less than 6 minutes.

I e. The movement rate of the attacking units is functionall y

related to the casualties sustained by these units.

f. The commander of the attacking unit will utilize the number

of casualties his unit has taken so far to predict casualties expected

to achieve the mission . It is further assumed that the unit commander

will base decisions on such estimates .

I 
g. The commander of the defending unit will als” base decisions

on his estimates of strength for the defending and the attacking units.

( h. The princi pal threat to the defending force is the advancing

enemy in f a n tr y .

I
I
I
I
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A1’PENDIX III

HELICOPTER ANTIAR1-IOR MODEL

I INTRODPCTION. The mode l used to simulate helico pters in an

antiarmor role is known as the helicopter versus armor model (HOVARM).

2. GENERAL METHODOLOGY

a. The general concept for this s imula t ion  is t isi -d upon an -1 r u n - d

he l icopter  f i r e  team engaging an armored ground force- -

b. The armored ground force may be composed of any nuimbe t and n i x

of the fo l lowing categor ies  of armored vehic les up to the mode l limi-

tations on the number of elements (20) - tanks , Quad-23 AM, T w i n  - 57 AM

and APC vehicles.

c. The entire targe t array is assigned a cover status if pen

or partial defilade as initial mission input. This cover status rct-uuins

I constant for all passes and is used to govern the helicopter-launched

I 
missile probability of kill selection . The expected pass-to-p ass int ~-r-

v is ib i l i ty variations between the helicopters and ground targe t elements

I can be reflected through an additional individual pass inpu t

d. Each pass is ecaluated on the basis of assessing expect ed

I casualties and ammunition expenditures for three distinct engagement

phases. These phases are defined by the expected time for the helicopter

crew to perform specific tasks - targe t detection and missile launch tine ,

( missile guidance time , and helicopter re —mask time , Each phase is stepped

through in 0.2-second time intervals to continuall y update the he l i—

( copter position for purposes of assessing the results of the ground

el ements firing at the helicopter~

I 
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C’ - The f o e  to rs  wh ict i in I iuence t h e  assess ment at the end of eac h

t i m e ’ and/or phase interval are: ground target cover status; intervisih il ity

hetw e - e- n the- bc. - I i c o p t e r  and individual targt- t e lemen ts ;  number and mix of

t i l ’g1-t  elements; detection capability of opposing force ; time length of

$ each phase ; he l ie -opter speed during eac h phase ;  and d is tance  between the

he l i cop te r  and each target e lement.

1 3. ENEMY FORCE DESCRIPTION

I a. The ta rg e t  e lements for a given s i tuat ion arc placed on a

common gr id and the locat ion of each element is coded for input y m e a n s

of a coordinate location system ( le f t - to- r ight , bottom-to- lop) . The

I 
h e l i c o p t e r is a lways assumed ‘:0 be a t tack ing from South to North so the

ntap targe t array may need to he skewed before it is transferred to the

I common g r i d .

b, The number of elements in the target array is limited to a

f ~ttaximum of 20 elements. Since the helicopters are assumed to normall y

I 
be committed as a f i re  team of two each car ry ing fou r miss i les , it is not

d i f f i cu l t  to se lect those 20 or less elements from a given array which would

r 
either he t a r g e t s  for til e helicopters or influence the batt le by firing

back at. the alt c r a f t .

c .  The assign icue nt of u cover s ta tus to the ent i re array p lus the

designation of helicopter—to—targe t element intervisibility on each pass

is based upon the military ~udgemert of the gamer.

4. HELICOPTER FIRE TEAl-I DESCRIPTION

a. The norma l armed helicopter versus armor engagement was

assumed to consist of a 2—aircraft fire—team with each aircraft making

four passes at the target array . The two aircraft may attack individuall y

or simuitaneou sl y. Each pass beg ins when the aircraft breaks terrain

masking and ends when the aircraft is re-masked following missi le impact.

I ‘ -
- - 
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Ii . Each pass is broke -n in to t h re e -  d i s t i n c t  t ime- phas ‘I’ l l— Sc

lihases l ie det eir m i i-.ed by the expected t i rcue requ r e d  for certain i-vents to

take p lo~~- t 
- The f i r s t  phase he-gins when the a i r c r a f t  bre aks mask and

t’e 1 ins the t jree-t detecti on process and ends at n u t ss i he capt ure u ttlre-e -

secuiruds at ter missi It launch) - The- second ptia si- he-g i  is at phase u-n e -

termination anti ends when the missile impacts on the tar gt -t - T h u third

phase beg ins  a t the t e rm ina t i on  of the second phase and ends o n - i- til t-

a ircraft has n,- —ma ski-d ,

c .  The r i t e  at which ind iv idua l  targets  fire- at t h .  air c raft

during each phase - of a pass is gov ,- rn ed by suppression f ac to r s  which arc

part of the input set - These fat-i is are based upon m l ii t a d y  ~ud gement

and past studi es~~. These factors can he varied fron pass to pass by input

hut are normall y i npu t at the st a rt of t h e first pass and the -n up dated to

re fit -ct expected destruction during prev ious passes .

d, The helicopter can be expected to abort the firing pass under

certain conditions in an anti-aircraft weapon environment. In thi s stu dy,

t h e - helicopter aborts in those cases where anti-aircraft fire is r ~ved

prior to m iss i l e  capture .  The probabi l i ty that this occurs is also based

upon past studies 3 and military judgement and is input for each pass of

the mission . Thus , the entire expected f r ac t i on  of an a i r c r a f t  t t iat  is

still alive at the beginning of the pass is suscept ib le to losses in—

fl icted by the ground weapons during phase one of the pass. However , at

the comp letion of phase one , the remaining fraction of an aircraft which is

expected to abort is temporaril y removed for the remainder of the pass.

This limits the aircraft ammunition expenditures and losses during the

second and third phase of the pass . The expected aircraft abort fraction

Is then added back in prior to the initiation of the next pass.

1”Attack Helicopter Survivability as a Function of Exposure Time ,”
USACDC-Sys tems Anal ysis Group, For t Be lvoir , Virginia , December 1971 (C).

V 
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- Ttue ’ se-cu u ii d ary alnt ame ru t expend i tit res for tie a i r c r af t  a

computed for i u i iu t ics - However , it is assumed that these expend ft c r c--;

- I r e - S c i p p i e S s  l i - C  iii  ita tune and do not resli It in any target e lenient at t r it h u n  -

5. MODEL I.IMETS. Figure IV—6 defines the limits of the HOVARM n i u u t e l

as dete rmined by t h ue- compu Let program. Seume or all of th e-rn can he- changed

I 
bu t requ i r~- I i i  .1111 nod i t i Ca t i on .

6. DYNAMIC lk)CIC FIIIW

a. Thu HOVARM methodology is  s t ruc tured such that the t a r g e t

array , h e l i c e u p t  c i  t i -am makeup, and other f ac to rs  which def ine the para-

$ met e rs  a f f e c t i n g  the - engage ment arc read in from format ted punched cards

I 
and the engage - eli? begins.  Reference shou ld he made to figure IV-8 for

an overa l l  v i e w  of the- decis ion and informatior- f low,  The f l ight path and

I phase d e f i n i t i o n  arc shown in figure tV — i .

b. Thue - i t l u a t i o n  of the engagement is made at the end of e-ach

( 0.2—second t hin - inte rva l for purposes of determining the current p o s i t i o n

I 
of  the aircraft antI t a r g e t e lement expenditures . Some information w hij i

a f f e c t s  the engage - t ie i t in the next time interva l is ca lcu la ted and s tored

I for use at that  ti:ne- . Addi t iona l evaluat ions and data storage are made at

the comp le t ion of - - i e l l  phase of the pass .  A summary of the resul ts of

each pass is d e t e r m i n e d  and printed following the termination of phase- 3.

I 
and a mission summary is calculated and printed followi ng the last pass

of the engagement.

I c .  The - first event eva luated during each time interval is to

compare the prec ut range from each target e lement to the hel icopter  w i t h

the maximum e l i - c t  ivc range of the targe t e lement weapon system . If the

a i rc ra f t  is w i t h i n  range the number of rounds f i red by eac h targe t element

I is determined hast- d upon the app licable firing rate and suppression f a c t o r .

This information is added to previous expend i tures during the phase.

C-hII-4



d . The second event is to ci p da t e the POS I t ion of thu ;u i rc raft ;ln(I

et c terrn ine new targe t —to—hue ii copter  range-s for each t si- get element . Ito

t ime a inc - c- the phase s ta r ted  is updated , and two t ime c luecks ar u-  pu- i f cui r ,eni .

F i r s t  • a check is made to see if the mid—p hase range is s to red  for cacti

tai - geL e lement - T ue  second check is to determ ine i f  the phase- l a s  hui - ~-n

comp leted.  As a re s u l t  of th is ch eck , either a new cycle is initiated

t hrough the above time eve-ruts or f ina l phase calcu lat ions are- iu,Iul u - .

e- . The end of phase calce ihat ions consists of determining a

c-arn ui ative probability of kill value resulting from the expendi tures of

all targe t elements and assessing damage against ttuo target array

I 
resulting from the helicopter—launched n issile at the comp letion of phase

2 . The se lect ion of a probabi l i ty  of k i l l  value for a given target  weapon

I system is based upon the average target-to-aircraft range and average

crossing v e l o c i t y  during t i e  phase.

( f. The comp letion of the above calculations for phase 3 results

I 
in the end of pass summary, This cons is ts  of updating ammunition expendi-

tures and losses for both the targets and the helicopter and printing a

f 
pass summary . If additiona l passes are to be flown , a new pass cyc le is

in i t iated ; otherwise , the end of mission computations begin.

I g. The end of mission summary consists of determining to ta l

targets kills , helicopter losses , and the exchange ratio. A fina l summary

of mission resu lts is then printed.

7. PRINCIPAL ASSUMPTIONS. The principa l assumptions made in the

— HOVARM mode l are listed in the following paragraphs.

a. The arme d helicopter can fly nap-of—the-earth to the missi le

launch points withou t drawing enemy fire .

b. A t the launch point the aircraft unmasks and after a pre-

determined time can locate a target to attack.

~ 1~
.
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c - If ground fire is u _ c -C e ved by the ii re c  iii t , the mi s s i o n  i s

aborted on iu ’sS th e- missi le has been la u nched and captured at wit ichu point

I the m i s s i o n  cont inues.

ef . Fire- from the secondary arma ment ca r r i ed  by the - 1 1 1 1  ra ft is

$ ad e q u a t e - t o  su ppress ill ground weapons e x c e p t  tanks • AAA , a n d  APC ‘s -

I
c- - At missile impact , the - a i r c r a f t  can remask w i t h i n  a short

period c ut time SO that ii r e c e i v e s  no a d d i t i o n a l ground f i r e  wh i le c -n—

I l ou c te ’ to tti~ next launch point.

f. The d e t e c t i o n  times and prohahi lit ies determin ed huy the-

$ p rev ious ly m e n t i o n e d s t u d y ° w i l l  I i t  t h u  terrain and weapon systems being

I 
considered in this s t u d y .

g. The a i r c r a f t  wi ll not ~t lss t he PEBA during t h e  engagement

‘ 
and w i l l not he vu lne rab le  to ~:na II arms f i re .

h . The he l i cop te rs  wi ll list ’ different launch points for each

( pass. Thus , th e- a b i i i t v  of the targe t elements to detect  and f i r e  at

t he a i r c r a f t  is pass independent.

I
I
I
f
f
I’
I
I
I

I -— 
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Figure - f V — 6 — — L i m i t a t  ions uI ~{OVARM

Mt ru mmiii Man: imium

Numbe r of distinct enemy wea pon types I S
Number of spe- c i i i c  enemy e lements in the

I targe t array I 20
I Number of aircraft involved in the mission I -O

Total number cu t passes by all a i u - c r.cft I .‘r)

I 
Range points which define thue probability

of k i ll table for antiaircraft weapons 1 0
Crossing velocity points whicht define the
probability of k i l l  table for anti-

$ a i r c r a f t  weapons 1 iO

I
I
I
I
I
I
I
1’
I
p.
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F i g c u i c -  V — i — —  I ’ 1 u - i ” c s of  .u II OVARM Pass
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APPENDIX I V

HELICOPTER ANTIPERSONNEL MODEL

1. INTRODUCTION. The mode l used to simu late helicopters in an anti-

personne l role is known as the huelicopt er versus personne l mode l (HOVER).

2. GENERAL METHODOlOGY

a. The gene ral .oncept for this simulation is based iport an

- armed helicopter fire team engaging dismounted personnel—type targets.

I b. The engagement begins wi th  the lead a i rcraf t  in i t ia t ing the

first iiring pass on the target. The aircraft are considered to be

f l ying in a closed loop in pairs . As one aircraft terminates a pass ,

the second begins the next pass. At the comp letion of all passe s , the

model computes the ammunition expended by the a i rc ra f t , the ex pected

$ aircraft losses , and the expected percentage casualties to the targets .

c. The numbe r of rounds to be fired from each aircraft weapon

system and the sequence of the firing are input for each pass . However ,

I 
the mode l restricts these expend i tures to that which the weapon can fire

at a given rate for the time involved. Rounds left over from previous

• passes due to the above time restraint are made available for firing on

subsequent passes.

1 3. ENEMY FORCE DESCRI PTION

f 
a. The personne l targets for a given situation are p laced on a

common grid , and the location of each target is coded for input by means

I of a coordinate location system (left-to-ri ght , bottom-to-top~~ The

helicopters are always assumed to be attacking from South to North so the

f map target a~ ray may need to be s kewe d before it is transferred to the

commo n grid.

I
I

t i p
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b. The t a rg e - t s  can be def ined as hei tug ci t h uu r rectangu lar or

c ireti  lar in shape’ - The pos i t  ion and s i ‘e c u t  t Ilt- r i -c tangli lar tar got is

c oded fur input by de’I ining t he posi t ion of the lower l e f t  corne t tin t he-

commt utu g r id  togett ier wi th  the dimensions . The c i rcu lar  ta rge t  is cu ud e’d

for i tipu t by pea i t  ion i ng tlue Center on ttu e comnton grid together w i t h  a

radius.  The e lements  w i th in  eachu target can he uni form ly cur ranth uuuul y

d is t r i but ed -

c .  The a i r c ra f t  are not considered to he v u lnerable- to small arms

groeind f i r e .  However , the provisions are made for inputing thìe p robab i l i t y

tha t  the a i r c ra f t  is ki lled on each pass.  Thus , if there are a n t i a i r c r a f t

weapons present in a g ivo tu  targe t a r ray,  the necessary  k i l l probab i l i t i es

c~ ui ld be- obtained by f i r s t  exerc is ing  tlue antiarmo r lu e - l i c o pt e r  mide l

(HOVARI-1) u t il iz ing thue same speeds and pat tern t hat w i l l  be used in HOVER .

d, The targets are considered to be s ta t ionary  during the ent i re

mission. However , provisions are made for changes in the posture of the

targe t elements as the mission progresses. The fraction of the personne l

$ 
in the targe t comp lex that are standing , prone , and in foxho les are inpu t

together with the time that this change will occur during the mission.

4. HELICOPTER FIRE TEAM DESCRIPTION

a. The normal armed helicopter ve rsus personnel engagement was

assumed to consist of a 2—aircraft fire—team flying in a closed loop .

No provisions are made to separate passes by the lead aircraft from passes

by the wing aircraft. That is , the wing aircraft is assumed to fl y an

identical pass to that which was just comp leted by the lead aircraft.

Howev er , the expenditures of the wing aircraft are reduced on the last

pass to reflect an ear ly breakaway from the target comp lex.

I

p
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I h. Thu. ’ f i r i t ig  port ion of each h IS S  is d i v i d e d  into f i v e  regions .

I T h e  re -g l e ns l i e  es tab lishued for the purptuse of u s a  Ic - ha t  ing a i r c r a f t  vuu 1—

- u - i - ability t i c a n t i a i r c r a f t  f i r c - during a s1i, - c i f i c  engage-ment. - Th e’ v u l —

nera bi  Ii ty of the a i r c r a f t  dur ing the a t t a c k  can be- di. t e rn c i  ned n t’acfi

r eg i o n  by exercising t h e  mode l HOVARM . The ca l cu l a t e d  prohahi I lt y  that lit

I ai i -
~~i-af t is lost at a spec i t ic range is introduced fo r  cact i  reg i u un c ii each

pass .

c.  Subregions are es tab l i shed  w i t h i n  the above- re- ;’ ions d u r i n g  tite

c a s u a l t y  .lasi - ssuu ue -nt phase of the pass .  Boundaries for subregions are

c u e - . i t c -d by th e ’ gu-ap h of line’ 0 tlue following events:

(1) A change i n  troc Ip pos lure occu irs

I 
(2~ The f i r ing  of one weapon sys tem ends and the f i r ing  of

O t t O )  h - i  wc - Jpc uu u  as’s tern hog ins .

(3) The a i r c r a f t  breaks away from the target.

(— c t  A region boundary is reached .

d. The number of rou nds to he f i red  from each weapon S y ’ u t c n

I 
and the sequence of the f i r ing are input for each pass.  However , the

program automaticall y f i n - s  two rockets just prior to the break on cacti

f pass for sucppre ssive purposes . Weapon system five is the onl y system which

is allowed to fire in region five . This weapon system is normall y a

f machine gun.

e. Delivery errors associated with the weapon system and

ballistic error associated w itl u tne munitions form part of the inpu t

f Set  of e r r o r s .  The de l i very  er rors  consiSt  of target  locat ion errors ,

targe t centroid errors , .,; i we a pon system sighting errors , The ballistic

f error is defined through the dispersion ang le for the weapon system.

~~I 1
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- The ui  nupoi nt f cur the weapon systems i s taken as ut- ce - tu te  r

cii I ui -~~~- I l I d - I l ) - r tune eir a po in t  o f f s e t  from th i s  c e n t e r .  A separate

o f f s e t  i s  p e rnu i tte-d for t- .uc - I u  pair i i i  p a s s e - s  that is , the wingman uses

the same- a i mpo in t  as t h e’ leader on the p rc - c - c - t - u t i i u g  pass - The o f f s t ’ t s

are .t f c ituc t i cuu u c u t the w ea pon sys tem -

I ~~ . MODEL LIMITS, Figure IV -9 def ines t huc  l im i ts  of the HOVER model

as det.e’rnu in ed by t ilt- c c i u l p u c t c - r  program . Some or a l l  of those u r n ,  ts can

he -h. inc u- ih but rc-qu I re program mod if i ca t i  on -

6. DYNAMIC LOGIC FLOW

a. The - DOVER methodology is s t  rc ictured such that the t a r g e t ar ray  -
the ai rh e rn t - weap on s v s I u - m s  and pr u j ose-el expendi t uures , and c ,t her fa e- t o rs

which def ine the parameters a f f e c t i n g  t h e  engagement ar- r e - a d  in from

I f o rma t ted  pcinched cards and the eiugagement begins .

I b . Th~- model is composed of a main program and nine i n t o r t u c i n g

subroutines or f u n c t i o n s . The purpose of the main ui rograi I i s  te c id

i np u t  v a lu e s  to b e  used , to set c e r t a i n  e-alluCs , to lis t the inpu t i tems as

I 
t he f i r s t  i tems of output and to c a l l  i n — t u r n  other subroutine -s . Figure

IV—lO provide -s an overall view of the decision and information flow.

I c, The first subroutine called deiring the simu lation is TGT. The

function cu f this subrout ine is to dimension and array targets and to

create elements or sample points within tho targets upon which effects arc

I 
determined. Up to five targets can be created and input as circu lar or

rectangular. Targets cannot be mixed . Up to 400 elements or samp le points

I are distributed uniforml y or randoml y, and spacing of e lements is specified.

d. The second subroutine called during the simulation is DELIVE .

This subroutine computes the percentage coverage of the targets by the

areas of effects of the weapons fired.

-- . - Pt ‘ C-IV—4
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(1) The’ cen t c - r  of t he u - i fe e’ t s  ut - s is located on t I c-

e’c )c i r d ina te  sys tem.  The aimpoint is ti l l- center of target  number one or

.u j o i n t  c i t  f s t t t rom t h i s  cen te r .  A s e p a r a t e - o f f s e t  is permitted for each)

pat r cit ~~i ,se  a , th us t  is , Ihue’ wingman usia the il itnu - a impoi nt as Lb . -  leade r

on t hu i n - c I - cl ing p u s s .  T lte ac tua l  center of the e f f e c t s  pa t t i - r u  is

Iuc n iI,u II y d i  sp l iced i ront t h e  a i mpoi nt as i resu it of the de l i ve ry  and

ha I ll a t  i c s  c t  re’ rs

(Ti The spec i f i c  l o c a t i o n  of the c e n t e r  of the e f f e c t s

- pat tern is  cc imp u ited for each weapo n system and cacti o f f s e t .  Fuur cact i

ranec p m t . weap on sys t e f l I  - and offset combination , tfie location of

ea~ I ~
- lement of eac lu targt- t is then compared to thie houndar ic -s  u~ the

ei  L et s  p a t l - ’rn lu de r er m i uuu - if it l i e s  within the- pattern. The preceeding

i i r u uc c durc - is  re pea ted , c- t e l l Lime s e l e c t i n g  a random nu mber to app ly to the

delivery and ballistic errors. When t u e desired number of rep lications

a r e  cu ifllp l e t c - - the number of  target e lements of each targe t and the t o t a l  of

all targets that are contained in tti~- effects patterns of each range point ,

I 
weapon system , and o f f s e t  combination are divided by the poss ib le  number of

points . This yields thue fraction of e-~ ch targe t and of a l l  targets

I cov ert -ct by the pattern for each combination of range points , weapon

sySt ems , and offset.

e. The third subroutine called during the simulation is PASSES.

I 
This su broutine utilizes inpu t range points to create five regions. A

region may be described as mere ly a subdivision of a pass, It is created

I 
for the sing le purpose of associating aircraft vet Inerabi lity to anti-

aircraft fire with a specific attack . The vu lnerability of the aircraft

f in attack is determined in each region by exercising the mode l HOVARM.

The calcu l ated probability that the aircraft is lost at a specific range

f in a specific antiaircraft environment is introduced for each created region .

I
r
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f .  Th1- fourtfu subrou j ti uic - c- a l  led during the -  s im u i a t i on  is AMNODI.

Thuu.’ fuinc I on u f  th u  is suhrou t i n e  is I hue d i s t r i b u t i o n  ot ammu n i t  I u n  Anumui —

fl it  ion Iii b i - i r i  an att.tu -~ i n g  air e -c al t not vui l n erahit- to a n t ia i rc i  a f t  f i r e

1 111 be’ c i i  s t  r I ho toc i in to two  ecu t e g c u n  ies : auumluni t inn that is expe n ded , and

li- IlI - l i t io n  t h a t  tS fe’t u i h u b  t o  home base- w j t l t  t h e’ a i u r u - ift. AI’~4ODI is

S t rIh etu c r e d to ,ul 11 1W the in t roduct  ion u t  a pr euhahi 11 ty that  the a i r c r a f t

I 
i s  l~-.su . during u a c l u  reg ion of  each pass of a targe t a t t a c k . This proba—

b i l it v  n c c e s s i t a t c - - -1 the c i t a t i o n  of other categories of anmuuuniti on

I d is tn ib iit  ion to include ammu u iu it ion that is lost as a result of thu e ’ loss of

the aircraft to enemy tine . The distribution of ammeunition is computed in

each region and summed over the number of regions and passes for each

I 
~~~5p1- s y s t e m .  Aj usncinition is distributed into four categories: ammunition

fired and delivered on target , ammunition fired and lost , amnuuni ’ ion lost

I 
when the a i r c r a f t  is lost , and ammunit ion returned unexpended .

g. The f i f t h  subroutine ca l led during the simulation is CAS UAL.

This subroutine computes the fractiona l casualties in each targe t f r o m

each weapon sys tem in each region fur each pass as well as totals and

subtotals of these.

f 
(1) Due to the changes in troop posture the submode l maintains

surveillance of elapsed time beginning with the Start of the first pass.

f (2) The submodel utilizes the firing regions created in the

PASSES submode l as well as the rounds fired. The reg ions are divided i u ~~e

subregions for computational purposes when

(a) a change occurs in target troop posture ;

(b) the fir ~ng of a weapon systetut terminates ; or

(c) a range po in t is reached.

~~1

2

I.

— 
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As the - ttutu de l s t e p s  througt i re’g iot is i t cal c lilatc- s which of t t u &-sc - e vc’nt s

w i l l  ot’cuir ne x t , The number of rounds f i n e d in the subregion is in

d i r e c t  proper t ion to t h e ntunther of ri)unds in the f i r i n g  region atud I b ut ’

let ig rhi of the s u i t i r c -g iou and in inverse preuport ion to the length c u f  the

firing rogion . Thue’ mode l then c a l l s  upon submodel COMBIN to ut i U z o  the-

current I roop ;uuu5 I t ire , the numbe r of rounds of a specific weapon system

u ire ’ d , and tbue mid-point of the subreg ion to compute thue fraction a l

c a s u a l t i e s  in tb t t - s t ibregion.

I 

(3) Time is incremented by the time required to fl y the

subregion at optim um speed for firing the weapon systenu u sed in each

suluregion . When an attacking aii cra {t flies port ions of a pass witt iout

I 
f i r i ng  m y  wt-apon sys tem , t his is incremented by the time requ i red to

f l y that  d i s t a n c e  at the opt imum speed fc c r  the last weapon system f i red .

( (4~ Finall y, this submode l combines the fractiona l casualties

for each subregion into accut uuulative casualties for the n-g ion , the pass

and Lh~ mission from each weapon system individua l l y and all combined.

‘ 
This is dc unc I c u r  each targe t and the t o t a l  of a l l  targets .

h i . The sixth subroutine called durin g the simulation is COMBIN.

This submodel computes the fractiona l casutal tie s from a weapon system in

a subregion for the targets individuall y and in total , and is called by

subroutine CASUAL. Subroutine COMB~N , in turn , interfaces wi th subroutine

I 
EFFECT to produce the fractional cas u alties . It accomp lishes three

specific functions : the computation of fractional coverage at the mid point

I of the subregions , the computation of effects area dimens i ons at an inter-

polated range for input into subroutine EFFECT, and the cottuputation of

expected casualties in each subregion .

I

~ 1
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- i’buc - SC l\ l l ilI fu  Sc u I )m— elu I t i t c - -  I I li.’t h chum i og t h u . -  S itlIiI b u t  I t i ll i s

EFFECT. T luis sui bu u u u u elc - I is  e m  l i e - tb  by s u u l u r c u c m t  Inc COMBIN an u cf is  u u S u t i  tcc

e u i l i l i t c t c  thu I I d l  j ui l ) , i  I . cisum ; u  It i c - S  w i t h i n  a gi vu u u s umh t - c p  i c u l l  - h u t -  e’I f e - e - t s

si- c -as of a l l  w u - I j I i O  ~ystenis I iit’ cl in the se - h r t ’g i u ui  ure i n t c - g n c u t e- d t u u ~ tt u u - r

t o  d c -  tt ’rtni ne l it . - expected f rac t i ona I ca s u ia  It y e uuvc -  rage- -

Suh nuc uuh - Is RANDOM and XNOIN art’  c a l l e d  upemn a t  var i uu u i5  p lace --

I in the previ  ouu -s suihunode Is to generate d i  tIte r a on i fornn ly cur nor uruc u 11 y

di St  r i hu ed i ancb om ncimhe’ r

I 7 - PRINCIPAL ASSUMPTIONS . Tf me pr inci pal  aS summ pt  i o n s  made in th ue

HOVER mode l Jr.- l i s t e d  in t h e  fo l lowing paragrap hs.

I i - Tb. - c r - l u - u t  helicopter is tuot vu lnerable to smal l  a n u s  grounud

I 
h i r e ’ .

6~ Thu . - i i- me d h e - l i  copter  never aborts a f i r i n g  pass .

I c .  Ti c-I S flown by the wingshi p is a lways identical to the

p ri ce- - u t  I u u -  pa Iu.ucic - by the- lead a i r c ra f t  -

I d. ri, ~~~~~~~~ systems on the a i r c ra ft  never malfunction .

I
C. - Thu . - I ,m r l~e ’ t s  and elements w i th in  each target  are stationary

ch in  ing t h u  ent ire muss  ion

I
I
I

I
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Figcmre I V — 9 — — L i m i  t a t  ions uf HOVER

Minimuc un h-iaxfru um

Nunuber of targets i n  t h e  targe t comp lex 1 5
Number eu { e lements in tIl e - tar~~c t  comp lc-x 1 400
Number of passes the aircraft make at t t ue

3 target  com p lex 2 6
- Number euf weapon systems on the air u a l t  1 5

Number of ground personne l posture’ ch au iges
during the mission 1 10

I
I
I
I
I
I
I
I
I
1 4 -
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- ;  
_ _ _ _

I ;i l I h ’ t .  ~~~~ i~ ~~~ EN TA(;
cot- ’ u 5< Al I-. I li-~ Tb-IC TARG h-:TS

tcf Tt lC WI - : \I1ONS t IE I NP Fl REI)
(GAI L 01-l IVE)

I 
_ _ _ _

I ESTAIIIISlI R b G T O N S  FOR 1
Al RCRAF’T lOSS (5)MPI TAT I ON

(CALl1 PASSES)

I 
_ _ _ _

I 
DISTRI [lUTE nh -: u’u~INhN1 ’FlON

lN’I’O PAT I~GORIES
(PAI L u\i’hMOI)l

I _ _ _ _ _

COMPOT I THE FRACTIONAL

I CASUALTI ES IN EACH TARGET
(CALL CASUAL)

-~
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API’ENI)IX V

( A I R  DEFENSE REQI:IREMEN-l S

1. IN’tROl)lIC’! ION. Inpu t ac t ion5 from t h u e -  A i r  Del e ’ i ust-  Ap t -n c  ,- I now

part of the Air I)u fense School) in support of this stud y pr cuvi ul ed tbi e

combat ra tes for the air defense weapons . ~~~~~~~~~~~~~~~~ t hu .- ra te-s

‘ 

provided by thue - input ac t ion  is made for the VCIX AN to ref lect tb m e

ground support role requirement . Ground support expenditures arc’

derived from the Infantry Combat Model and t h e  Tank Antitank Modt - l .

(t~er tain_recompu tatio~~~~were per f ormed on the above input act ion to

correct mathematical deficiencies and to introduce an updated air threat.

I 
2. GENERA L METHODOLOGY. The methodology used to compute non-

nuclear ammunition requirements in this stud y is essentiall y the same

as that used in previous nonnuclear ammunition combat rate studies

including the following refinements.

a. This study utilized an attrition factor to account for a

I 
rcduccjon of th e air threat due to ~~~~~~~~~~~~~~~~~~~~~~~~~~

b. Limited redistribution of ammunition in FY 79 was considered

( for the Mike Hercules and Hawk systems . Any significant , timel y large

sca le redistribution would nece~ sitato air transport , the availability

of which is questionable during the FY 79 time frame .

I
C. The sing le-shot kill probabilities for the Hawk and

Hercules systems were refined based upon best available current firing

r date.

d. A “Q’ factor was introduced to account for logistical losses.

1 3. AMMUNITION REQUIREMENTS. The basic equation used to determine

I 51,etter , CDCSAG-AG3 , Subject: Inpu t Ac t ion in Support of Non-
nuclear Ammunition Combat Rates , (S) ,  16 August 1972, and Letter ,
CDCAD—PC , Subject: Input Action in Support of Nonnuclear Anununition
Combat Rates (S) , 26 October 1972.

-
~1
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flotifluic Ic -u - Air hi t - l ens , - auunnunit ion qilant i t  I Pu) is :

N = Q .  I

I 
SSKI’

a. Q b - ae’ to r .  Aungtutunit io n re ’qu~~t~ c - n t  S I. r A ) A  I . s L t t i .s or.-

basech pi- i nuai- i lv ci l u the’ thre-at c i h u h ucusi t tp I b m . u i  system I I i and I Ic-  - - 
~~

Sinc I~ - s luc ’ t  k i l l  T r oD abil ity (SSKP). lu , u l l l t  re ’a l ism 1 I  thu.- anml uuiu ition

requirement , uc u iu s i b~-ra I ion hiss been g iven to t he fol  huw i  n , t a c t  ( c ES Li i

s-h i c -ti decima l values h a t  been a-Is ip iue- - t  based t in previous air b e t  e ns-

st  out es and c ‘ Pe r i onc e- .

I )  Inc- f t i C  i u -t h  
~ of red 1st r i but ion ci I miss i len and t lie 

-—

l o g i s t i c  sV SteO . his III t I u r also take-s into account losses wh ich u may

take p lace during t i le  movement o h  munitions from CONI S to the t b u c - . m l u - r

of operat ion.

I 
(2 )  Axruiuunilion losses due to host i le  ac t i ons .

(3) 1n~-fficiency in th u t- control and coordination s’,-stems

I a,se~ j a t ed  w i th  Air I)efensc ’ A r t i l lery .

The “Q” t ac to r  is , thus , considered to equa l I plus the sum of c’ie

f decima l values of the above mentic irm e .u h factors.

I 
b. Threat Mission Assignnuc- rm i. ih i -  number o f  t . rpe ’ ts  a llocated

t u  each ADA weapon system was determined us in g  the fo l lowing procedure :

f (1) The Intelli gence Thr eat Ana lysis Detachment (ITAD )

provided air threat to each theater of inter e st. Additionall y, ITAD

f uica~ e prov is ions  for a t t r i t i o n  to the threat by other non-army air

defense means (interc ~upt ors , counter-air , and air  bas e st r ikes) , and

provided an estimate of the direct threat to the Al)A systems6.

(2) An allocation of the d i rect  threat to ADA was made to

each C the ADA systems based on threat capabilities , emp loymen t ,

dep loyment , and force levels.

1’ 6Letter , CDC SAG-AC 3 , Subject: AI)A Input Action in Support of Non-
nuc lear Ammunition Combat Rates for the F? 75/79 Time Frame (S),
15 January 1973.

~-- ) I
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c .  Sing le Shot Ki l l  P rohah il it y  (SS~j~). The a i r  t t i r e - ,lf fa cin it

each ADA s c - s t e - t a  wan broken clown into two c rc - o t i s :  t a c t  i c-a l  m i  I ra f t  anei

bombers. l tu ~-s e- groups comb i t u e a i tc ra C t  buavi ng similar f l i g h t  t profiles

and ~m L ir /vi - ;uc :u l c b ua r a c t e ’ r i  ~t i c - s . A SSKP was then tier I v u - h for - -tub

sc-stem u:~m i n y t  both of tb ut’ ~ e’ two ta ru- -t - u u i u u 1 l s . A b c - u t  u i - i  ref inement

in the ua - ;e- c u b two s - -ste-ms (Itawk anut Vu lcan)  wa -  n e ’ c e - su Ium r to reflect

thu l i i  ing doct r ine’  which was as s u i ruc-d Ic be used . Tha t i s , both t h e s e

s c - s t e m s  wi ll t i r e  more than a sun u -l e -  round at c- ac - tm u i u c - r a t u therefor i- ,

the- SSKP wi l l be a jo in t  k i l l  probability.

( 1 . Arusuu unit ion Requirement. l’he artuuiunition requirement for

t h e  Recleye was computed in a sl i y h t lv di flc - i- e nt manner. Past stud i~ g

( have established a b u m y i c  load of  N miss i le-s  per Redeye team. A d d it i iu u a l l y,

in a massed air strike type engagement , onl y approximatel y one- h ifth

I cif tb ue - teams in a d ivi s i e un would be in a position to engage the strike .

I 
The re  I - r - , t h u -  fo liowinu : equation was used to determine the number

m i s s i l e - s  (N) required tc ’ r thuis s c - s t e m :

N = 1/ 5 (Q . T ) + 4 / 5  0’) (W)
I s s g P

I Where W is the average weapon density for the- theater

under consideration.

4 .  PRINC IPAL ASSUMPTIONS. The following assumptions were made in

I 
the preparation of t h t c air defense weapon rates:

a. The results of prior air defense studies are applicable

r to the scenario and time frame used in this study.

b. The helicopter and transport aircraft which are part of the

overall threat , will not be a direct threat to ADA .

c. A portion of the air threat will be attrited by non-Army

air defense systems .

I
d. Large scale redistribution of ammunition for the Nike Hercules

and Hawk systems is not practical during the time period the air threat

f ex is ts .  
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APPENI) I -~ \‘ I

lARGE! ACQI - I S t i l t  IN MODEl, uj AM

I. PURPOSE. I’hc purpose of t lu is  a p p e - n u i l - . Is to ltt. - 5 e  n b c  the’

met hodo Lop used by TAM in promluc m t  acq cm i ri-ct ta r 1  lists for ui- -

by the F i re  Planning Mo uue- l (FPM ) . The uucouf t -  1 is used t o  sense- both Red

and blue arrays and Iiroduct-s tar~ u -t l iS t - s fm u r c-npau - e - u u e - nt b- 1 both Reuf

atid Blue a r t i [ ! e - r v  b a t te r i e s .

2. METHODOLOGY.

a. Map Analysis. Exercise of the methodology begins with a

map ana lys is  o t  the opposing forces whuich must be laid out b~ unit in

pos i t ions  which u they would occupy in a stylized situation . From this

array , a target list of all forces eli~ ible for d et ect ion must bc

prepared and resolved to platoon or higher level. Each L ine on the

target list re fe rs  to one target unit and completely defines that unit

for the model. Data for this definition inc ludes:

(I) Unit identificati on.

(2) Location (6 digit coordinates).

(3)  Target category code. 7

(4) Distance from the FEBA.

(5) Mobility code.

(6) Env ironment codes.

(7) Number of troops.

(8) Identification of the princ ipal type of equipment that

the uni t employ’. (trucks, tanks and APC ’s, artillery pieces , missiles ,

mor tars).

(9) Number of such elements of equipment .

(10) Identification and quantity of all major items of

equipmen t (as desired by the user), and

— (11) Target radius code .

7See Basic Da ta , Annex E.
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I
h. Sensor—Target  Conf ronta t  ieun. t h e -  model ad d resses c a c t i

j line of thue ’ target list individuall y. l’his confrontation between the

se nsor sy s t e m s  and each enemy target occurs onLy Once - during a 1)-hour

f stv l i z e c f  period At  tbmat time , the model makes provis ion s ft’r si tuu ui at—

ing anet record ing all relevant history about that in d ividua l t a r  c-I and]

the sensor sc-stem. When the model f ocuses  on a given target , It set-ks

teu answer the question: “Wil l  this target be acquired bu r i n~ t his

b—~ ou~~~~eriod?” This determ ination is made as fo I1ow ’~.

c. Individua l Target Acquisition. The a c q u i s i t ie u n  of an

indiviehual target is a multistep process. This process starts with dis-

tributing the sensors across the FEBA and , for each type sensor combin-

ing the probability of line of sig ht , probability of the sensor covering

the target , and , finall y, the probability that the target is detected

by the sensor given line of sig h-mt and coverage . Once the probability

of acquisition has been determined , the inclusion of a specific target

in the acquired target list is based upon a random number process.

d. Line of Sig)it Probabilities. The probability of line of

sight for a ground-based sensor is shown in Figure IV-ll for Europe.

The curves identified as B, C , and D ar e for three di f ferent terrains

and are taken from the Legal Mix IV stud y8 . The curves used in the ammo

rates target acquisition model are taken from the TARS-759study and are

believed to be a reasonable composite of the three curves taken from

Legal Mix IV. Additional curves relating line of sight , probability,

and range are used for airborne sensors . Furt hermore , a set of curves

for bot h ground and airborne sensors character ist ic of Korea is used

in d eveloping ammunition rates for the Pacific theater.

Mix of Ar tillery Uni~~ 1925—SO (U) (Short Ti t le : Legal
Mix IV) , US Army Combat Deve lopments Command, Field Art i l lery Agency,
June 1972 , SECRET.

9Tac tical Reconnaissance and Surveillanca (Short Ti tle: TARS-75) ,
US Army Comba t Developments Command , Institute of Combined Arms and
Suppor t , July  67 , S~~RET.
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I

e . Cmuveral .,e for St a t i uuna m~~~ Sensors . The’ ex t - moe t a t  loll o f

coverage c u  stat ionary Set iscirs is ceumputed from the- lot lowing Icurmula
- 1/ 2

= 2 * NSEN [R2 
- + K)j

( WFEI]A (U
I

where : / 
1) 

~ -

I E
~ 

is the expec ta t i on  of coverage b y a g iven type umi  s c - n s d u .

Wh en Ec is less tbtan or equa l ti c 1 f rom equation (1), it becomes the

coverage probability directl y. TI-me treatment of coverage probab ility

wh en Ec as computed from equation (1) is greater than I is discussed

Later in this section of the appendix. NSEN is the number of sensors

c i t  the type w t uo sc coverage expec ta t ion  is desi red . rt w i l l  be noted j .

- that a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ acrQ~ s the FEBA is tacitL- -~ -~~~~~~~ l -~ 
-

-

assumed.

- 
R is the detection range of the sensor.

- 

\u~~~ \ B is the distance the sensor is set back from the FEBA.

- 
-‘ ‘D i s  the target distance from the FEBA . - -

- . ~ ‘c~~~~’ W FEBA is the width of  the FEBA

f .  Coverage for Moving Sensors. ‘flue probability of coverage

( for moving sensors is computed from the following formu la:

~‘- = _R.A~E * T IME * RANGE * NSEN (2)

F AREA

where :

~c 
is coverage probability for moving sensor.

RATE is the average movement rate for the sensor wi th in TIME .

TINE is the number of hours within the sty l ized 6-hour

period that the sensor is moving

NS EN is the number of sensors being considered .

j AREA is the total area within which the moving sensors are

operat ing.

F RANGE is the maximum distance at which the sensor has a

detection probability greater than zero.

I
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I
p . largc-t De tec t  ion Probability. fl ue- proh ahi l i ly i t ta rge t

det c - c t  ion by d e t e c t  log vehic les contained w i t i min I t u t -  target is:

~h) 1 — (I - 
~dv~ 

JV~ H /~3)

The ’ p r o b a b i l i ty  of d e t e c t i n g  the target by d e te c t i ng  personnel contained

w i t t u i n  th~ ta rge t  is computed by: (_ l

P1) = 1 - (I - p ) JPER 
i i )

where : \,,~
Pj) is pr obability o f  t a r g e t  u l e t e c t i o n .

JVEII is ttu e number of vehicle- s contained within the tat - get.

~dv is p r cu ha b i h it y  of d e t e c t i n g  an individual v e b u i c L e .

JPER is t I l t -  n umber 0] pc’rscunncl wi th in  the t a rg e t .

IS the probabilit y of ulc- Le cti n 1 - a sing le person.

It will be noted that a target is consj re~l t~.c~~ cJ_jLat l~ asL ane

— element is detected . 1~~te r  d i s cuss ion  will show tha t thuis deteyted

element i-an be a vehicle or an individua l person.

h. Target Acquisition Probabili~ y. ihue probability of acquir-

ing the target , PA, is the produc t of the probabil i ty of line of sight ,

taken from a curve similar to Figure lV-ll given the range from

target to sensor , the probability of coverage , P~, taken from equation

( 
- (I) or (2) as appropriate , and fina lly t he probability of detect ion

from either equation (3) and (4). The numerica l value of the probabili-

( ty  of acquiring the target is computed from the following formula : p

r ~A 
= 1’C * 

~L * 
~D (5)

where all the quantities in equation (5) have been defined in the

preced ing paragraphs.

i. Target Acquis ition. The procedure for determining i f  a

tar get i s acquired and , hen ’e , Is added to the acquired target list is

to select a random number from a uniform distribution betwen 0 and 1;

if the number selected is less than 
~A , 

the targ et is included on the

C—V I— 5
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I

acquired target l i s t .  t h er e ’ are certain mod i f icat  ions t mu (h i is pr u ucc- lu iru-
1~

eti -pe -neli tl g u pon the- numerical values (- f coverage computed b y e-quat sun

(1) or (2) and t ime use o f  t i - me-  d e tec t i on  p r o b a b i l i t i e s  express e u t  b/

equat ion (3) cur ~4 ) .  The procedure w i l l  be c la r i fi , -d w i t h th~ aid o f

r some illustrations.

j. Illustrative Example o f  l a rg et  A cq u i s i ti o n  - Case I. F i r s t ,

assume- that e’quatieu n (I) produces a number less than I wh ich  can be

taken as the coverage probability. A numerical value for 
~A is ceumpute ci

from equation (5~ utilizing a value ot the detection probability, Pd,

c onuputeet from equation (3). In other words the acquisition of a targt- t

is first considered through the de t ec t ion of vehicles in the t a rge t .

The random number procedure- is followed ; if the target is acqu i r ed , it

is added to the acquired target list and the next target is considered .

Howeve’ r , i t  the random number is greater than 
~A 

or none of the “c-h id es

in the t : m r e e t  are d e t e c t e d  the procedure� is repeated with the va~ue of

~D computed from equation (4) .  Thus , target acquis i t ion is f i rst :

attempted through detection of vehicles and if acquired the procedure

stops.  However , if acquisition fails through vehicle detection , the use

of personnel detection is used and if the target is acquired throug h

personne l detection it is added to the acquired target list.

k. Illustrative Example of Target Acquisition — Case 2. A

second case is where the numerical value of equation (1) is greater

than 1.0 indicating that the target is covered b, more than one sensor

of the sensor I:ype being considered . For examp le , i f th e numeri cal

value of equation (1) was 1.6 the random number procedure described
. ‘

above would be followed bu t firs t with P~ in equation (5) set equal to ‘

one and 
~D as computed for ve hicles. If no acqu is i t ion  occurs the V

procedure is repeate d b~ t wit h 
~~ 

now e-ua l to 0.6 in equation (5). If

t~r~ acquisition does not result from this second step the random number )

procedure is continued but now with 
~D computed for personne l from

equa tion (4).
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1. Kst ima t jog ( hu e -  C, m u e-gp~y of thu e -  Targe t. ‘Ihie la r ge - I  a q u i s i —
1~
p tion model recognizes 16 t a t ~~e - t categoric- s of which rour are dumin a t e d

h~- armored ve h i c l e s  w h ile tlue remaining 12 are ei ther a r t i l l e r y  b a t te r i e s

cur targets whose t-lemc’nts are primari ly personnel. Of tbue four f a r ~- - t

categories dominated by armor vehic les two contain armored vehicles

only , hence it is assumed that th ese targets could not be mistaken for

-‘ personne l t a r g et s .  The remaining two t a rg e t s  which are primaril y a rmo r

do contain some personne l and it is possibl e- that a target in these

a(egormes could he’ acquired on the basis o t  t b te  ule tec t ion  o f  personnel. -—

It this occurs then the targets are taken as personnel targets (t . e . ,

cate’sorv one targets) for purposes of weapon selection and anti-?ersonne l

ammunition is f i red  at theso misidentified targets. Casualty assessment

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ truth and not estimate~~.

m. Estimating the Radius of  t he Target . I,e- t t he probabil i ty

t hat the sensor d e t e c t s  a single element wi th in the target be P0. If th e

target has N e lements then the estimate of the number of elements de tec ted

is obtained by drawing a random binomial variate out of  B(N, 
~D
)
~ 

For

purposes of illustr ition assume that this procedure identifies S elements

as being de tec ted .  The model now calculates the probability that exactl y

r S e lements are de tec ted  if the target is platoon sized , company sized ,

or batta lion sized. The ta rge t  size w i th  the highest probability is taken

as the estima t e’ of the size of the de tec ted  target .  This is easily con-

verted to target  radius since for eac h category of target a radius has

been ident i f ied for the t hree target sizes used.

n. Multip le Detect ion.

(I) The target acquisit ion mode l does not provide multiple

sweeps of t he batt le area but rather considers each target on the battle

area and de termines that it is or is not acquired. This leaves the

problem of multi ple detection to be resolved.

C—Vl—7
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(2) Mu It ip Ic ic- t c-c t i oils are m t  roduc ed into the acq u i r e d

target l j~~t with the aid of time - curves of Figure IV-12 wb mich shows

the d isti ’ i bu ( ion of multi ple detect ion for day and night. These

curve’s an- c u :e-nt ’ rated from t h e  acquired target l is t  published in the

he- g al Mix IV report .

(3) Let IT IME (1) be def ined as the number of targets

detected I t imes. Thus:

ITIME (I) = l)ET 1)1ST (1) (6)

where:

DET is the number of detections taken from the target

acquisition mo d el.

01ST ( r )  is taken from the ordinate of the curves of

Fic ure-  lV l2.

I is the number of t imes the target is detected.

(4) tti lizing equation (6) the number of targets contained

in the final acquired target list is:

ACQ I * ITIME (I) (7)
I

The f inal  acquired target l ist is developed by randomly shuffling the

list of singly de tec ted  targets from the target acquisition model and

} then assigning the f i rs t  ITIME (1) targets to be acquired once , the

next ITIME (2) targets to be acquired twice and so forth. The target ¼

list which now contains multip le acquisitions is shuff led randoml y a g a i n

and t he order in which the targets now appear is taken as the order

within which they are detected.

o. Time Distribution of Targets.

(1) The remaining operation to be performed on the acquired

target list is to distribute the targe t in time so that the time

“bunching ” of targets in the tactical operations center can be simulated .

The procedure for bunching targets uti lizes the curves presented in

I
C—V I—8
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Figure TV-t i which again are generated from information pubh isb ied  in

t u e  Lega l Mix IV repor t .

(~~) Figure lV—13 si -mows the cumulative d istribution of

target acqu is i t i ons  as a function of t ime . In th u s case t ime is for a

6—hour per jod ,‘uti ct is divided into 24 fifteen—m inute- segments. Icirpet s

from the acquired target list are assigned to cacti I [me segment in

accordance wi t h  t he curves of Figure IV-l3. It may be seen from th is

figure that a distribution curve corresponding to each of the four

h-hour periods used in ammo rates is presented. Once the number of

targets for a 15—minute int erval has been determined they are distribu-

tecf within the interva l by a random number procedure which assumes the

uniform random distribution 01 acquisition times within the 15-minute

interval.

p. Model Replication. To prec lude the possibility that the

list of targets acquired by the model is not representative of average

va lues the model is replicated a minimum of ten times. Af ter  each

rep lication, t he model establishes if the average values for NTNI< the

number of armor targets acquired and NINF the number of non-armor

targets acquired are both within 10 percent of their averages ccumputed

on the basis of all previous runs . If  so , the last replication is rein

for record and the final output is prepared. If not , mode l rep lication

[ continues.

3. ASSUMPTIONS. The following assumptions are inherent in the

met hodology employed in TAN .

a. Because the exercise of the methodology addresses sensors

against the enemy or friendl y array on a nominal bas is onl y once during

a 6—hour sty l ized per iod , the analysis is basically static . The

methodology is thus dependen t on outside da ta for de term ina t ion of

multip le acquisi tions of the same target and on the distribution of

~ 
I-.
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acquis it e m s  cuve r t ime . ‘lh~ data u is c ’d t ci g enera te -  mu I t ipl u - - icqu is it i mit - ms

and to distribute acquisitions over lime has been obtain cul h,y ana l ysis

em f the Legal Mix IV stu ih y, mmci this analysis is documented in the Nu n-

Nuclear Anumunition Combat Rate Methoeto logy lmprovement Program (PHASE I)

study report . Basic data used in this study is contained in vo lume’ V .

b. l’he metho dology assumes a linear FEBA and does not hm ’ ate’

both sensor and target for detection purposes. The sensor is assumed

Lcl be located at a reasonable vantaBe point , and all sensors of s given

type are assumed to be dep loyed at fixed intervals across tt u e front and

at a given constant distance from the FEBA . Targets are described by

their distance from the actual FEBA as p layed in the map array, and the

distance from tat-get to sensor is p layed as the sum of this distance

and the setback of the sensor.

c. The methodology does not play cl-manges in location of targets

over a given 6—hour sty lized period . The description of a target as

being in the open and moving , for examp le , is taken to mean that it is

open and moving at tb -mat instant of time when it is confronted by the

sensor systems .

d. The methodology assumes that no significant attrition of

sensors occur~ within a given 6-hour sty l ized period. A stylized

period is defined in terms of full strength forces; and the effects of

attrition of acquisition capability are played in the exercise of the

Theater Rates Model , not in the Target Acquisition Model.
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~ / (
‘ . f . • CASUALTY ASS ESSMEN t MODEL (cAM )

I)- ~~~~~~ I
’

r~ ~~~~~ 1. PURPOSE. The purpose of this appendix Is to describe the

methodology used by CAN in producing ar t i lle ’r - .- effects data for u se in

ti ne Fire Planning Model and in the Infantr y Combat and Tank/A ntitan k

Models . The outpu ts  of CAN are  used to determine preferred~~~~~~ns

lis ts , prefer red rounds list, bat tery and vol ley requirements , and

e f f e c t s  obtained, used by the Fire Planning Model in t u e  a l locat ion of

artillery and other Indirect fire weapon resources to targets acquired .

TI-me general logic flow of the methodology is presented in Figure IV- 14.

2 .  METHODOLOGY

a. General. This model simulates the firing of artillery

weapons at targets which can assume up to three postures simultaneously

and whose overall posture can be changed once during the fire ni~ s~~~n.

The model uses a lethal area me~ hodo1ogy and is designed primarily to

simulate improved conventional munitions (1CM) . It can be used also to

( approximate the firing of HE type munitions by proper set—up of ti-me

input data.

( b. Situations. The methodology used in the model is app l ied

to all possible arti llery situations . A situation is defined as a

speci f ic  set of cr i ter ia which uniquely defines the relationship between

the target and the firing battery (batteries). It is defined in terms o f :

(1) Type weapon system firing.

(2) Type munition being emp loyed .

(3) Accuracy of t he weapon system.

(4) Lethality of the munitions vis—a—vis the target.

1 
(5) Number of batteries firing .

(6) Number of tubes per bat tery .

(7)  Sheaf of the firing bat teries.

~ U C—V I I-- l

- !



(8) -h vpe target he log engaged .

(9) 1k-si r ipt iomt of posture-  c u t  I l l  s- I  u - l -m e-nts

(10 ) tu escrip t iu n ot cti ,i muge - s c l  t u c u s t u r m -  of tat , .  t - -le m et ut

( 1 1 )  Targe .t s i ze .

1 12 )  Targe t  env i ronment .

ibicis , a s i t uat i o n  def i n i t i o n  mig h t  he , fo r  e-x - m u , l e :  t l u r m - e  b a t t e r ie s  0!

$ 
155—mm howi tzer tiring unadjusted, using HE (M1O7) ammunit C i j u , f i r i ng  r - :

I ot f s e t  parallel sh e-aye s , at a t a rge t  in the- open w i t h  80 percen t  r ut t roops

~~~I .-
- standing, 20 percent prone in a 50—meter radius are- a . liv ttue time of the

‘t \ second volley, a l l  t~~~2ps are prone . Time model is used to t i r e  and a s se s s

I e t f e c t s  for  every Red and Blue type art i l lery system , using every type

I 
munition played , at all possible combinations of target cat e- gu -r ,10 target

s ize  (50—meter , 100—meter , . .. 350—meter radius) and target environment

I (open , woods) ,  for up to four bat ter ies t i r ing. ‘- ‘

c .  Simulation_Methodo~~~y.  For each situation def ined , the

model rep licates the following procedures SO times.

I 
(1) One hundred (target element sampling points are

d istr ibuted randomly within ti-me target area which is either circular
it

I or rectangular . Distribution is in such a manner that the probabi l i ty

of two sub—areas of equal size containing the same number of elements ,

( Is equal; i .e., if target area is X and X1 and X 2 are areas of equa l

f 
size less than X , and if P(Z:N)  is the probability that exac t l y N < 100

target elements fall in an area of size Z, then : P (X 1 :N)  = P (K 2 :5) .

( (2) Target category specifies that A’, B~~, and C 1% of the

target elements will be in postures 1, 2 , and 3 , respect ively ,  in the

~ 
Initial posture , and that AF, B1’, and c~z will be in postures 1, 2, and

-~ 3 , respect ive ly, in the final posture. During those volleys in which

- the target elements are in initial postures , e lements 1 to A’ w ill be

‘p ~~~~~~~~~~~~~~~~~~~~~~~~~ -~

- 10Se e Basic Da ta , Annex D.

t f
r C—VlI—2

I
I 

— --- - _ _ _ _ _



/
~~~~~ 

~~
- I

- 
L !~~~~l

- 
in posture 1, elements A ’ + 1 to A ’ + B1 wi ll be In posture 2 and

elements A 1 + B’ + 1 to 100 will be in posture 3. The procedure f o r / .  /

f inal posture is analogous to the above procedure~--’ . ~ 7- ~

I (3) If the number of batter ies firing is NBATS , the

number of tubes per ba t te ry  is NTUBES and the number of vol leys f i red

is NVOLS , the model ca lculates impact coordinates for NR OUND rounds

I where :

NROUND = NBATS * NTU BES * NVOLS

( The model generates target element locations in cartesian coordinates

( and assumes that the base tube in each battery is aimed at the orig in.

Tube 1 in each bat tery is considered to be the base tube. The follow—

( j og perturbations are then made for each round impact.

(a) Sheaf Ef fec t .  If the battery is firing a con—

I verging sheaf , no corrections are made to impact coordinates (set m i —

, 
tiall y at the origin) . If the battery is firing a para llel sheaf , the

impact of each round is a mirror image of the tube positions within the
/ _

( battery and the round from the base tube impacts at the origin. ~~‘ n -

(b) Centroid Ef fect .  A random centroid error is

f drawn in such a manner that there is equal likelihood that the error is

greater than or less than 0.707 of the target radius . That is, the error

made by the sensor in locating the center of the target Is cons idered to

f be distributed in such a manner that 50 percent of the time it will not

shift the aimpoint further away from the or igin than the rad ius of a

concentr ic circle (or the dimensions of a concent ric rectangle) having

half the area of the target. In the case of a circular targe t with

rad ius R , the random centrold error for the target center will be given

• in polar coordinates by:

~~Postures 1, 2, and 3 can , but need not be , stan ding , prone , and
foxhole , respec tivel y.

P
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Angle = V
1~ 

2 i1 and

Radius = \1V
2 * R wher e

V1, V2 are random numbers out of R(O ,l). In the casa of a

rectangular target wi th  d imensions W and D the random centro id error

wi ll be given in cartesian coordinates by:

X = V 1 * .8493 * ~~~~~~ and,

Y = * .8493 *

where V 1, V 2 are random numbers out of N(O ,l).

(d) Battery Effec t. A random battery error is d:awn out

of a norma l distribution such that the error in the range (Y direction)

is distributed according to the probable error (FE) in range , and the

error in deflection (X direction) is distributed according to the prob-

able error in deflection . The variates drawn are in cartesian space ~ct d

are given by: 
- 

.

K = V 1 * ~~~~~~~~ PE deflection and ,

V = V 2 * ~~~~~~~~~~ PE range , where:

I V1, V2. are random numbers out of N(0,l). Each battery firing is given

a distinct battery error.

I (e) Piece E f fec t .  A random piece error is drawn for each

I 
round fired out of a truncated bi—norma l distribution having range and

deflec tion irean point of impact (MPI) equal to piece error range and

I deflection MFI , respec tively .  The cartesian variates X and Y are drawn

analogously to those described in the battery e f fec t  section above .

f (4) Individual round impact coordinates are obtained from

t he above perturbations as follows :

(a) Each round impact is perturbed to account for the

r 

sheaf e f fect , volley by vo lley .

(b) Each round impac t is perturbed to account for the

I centro id ef fect , t he same perturbation being app lied to every round .
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(c) Each round i5 perturbed to account for the

sensor e f f ec t , the same perturbation being applied to every round .

(d) Each round is perturbed to account for the

battery effect , the same perturbation being app lied to every round

fired b y the same battery.

(e) Each round is perturbed to account for the

piece e f f e c t , a different perturbation being applied to every round .

(5) Casualties for the mission are assessed in the fol-

lowing manner: Let:

(a) PCAS (I , J) be the probability that element I

is a casualty on the Jth volley, given that he has survived all previous

volleys.

(b) PATRA be the pattern radius of the submumitions

of a given round .

(c) LETHA (K) be the lethal area of one submunition

against a target element in posture (K).

(d) K be the posture of target element I.

(e) RELY be the inflight reliability of a submunition.

(f) TOTAL be the number of rounds in a volley that are

within a distance PATRA of target element I.

(g) NSUBR be the number of submuni tions in a round.
- ,-c,~~ r. - 

-

Then PCAS (I, J) = 1 — e ~~~~~ where: 
~~~~~~~~~~~~~~~~~~~~~ 

1’-~~

X = TOTAL * NSUBR * RELY * LETNA (K) / (‘Ti’ * PATRA2)

But given PCAS (I, J): I — 1, N

J = 1, NVOLS

where : N = number of target elements (Sampling points) and 0

NVOLS — number of volleys ired - ~-‘

N ~ I m

ECAS (1) — PCAS (Ij.1~) -
~~~~ 

-

ECAS (J) tCAS (J—l) + PCAS (I,J) * -~~~~~~~~ (l—PCAS( I ,K ) )  ~~~~~~
- - I—i _ - - - -~~-- K—I.

f ~~~~~~~ 

i~ / -- / ‘~~ 
- 

u
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whe re ECAS(J) is the number u u t  casua lties expected hu v time end of

a the ith vol ley .

(6) The resu l ts  of the above simulation and c& c -ula —

tions Ire- accumulated over a minimum of 30 replications (that is, the

fire - mission is sbmu lat ed at least 30 t imes) and Is reported as

average expected fraction of casualties (or losses If the target -is

I other ti-mart troops ) on a volley by volley basis fm -mr each volley fired .

3. AS SU?~~TL0NS . The following assumptions are inherent in the

methodo logy employed by the CAN .

I 
a. The methodology assumes the val id i ty of the letha l area

roncept of estimating casua lty e f f e c t s ~. This imp lies that the expected

fraction of casualties (E) from a given round is adequately expressed

as ti-me rat io of the lethal area , of the round (L), to the area of

f effects of the round (A), i.e., that E = L/A , and also , that end

I 
effects are negligible. -

b. it is assumed that error in range and deflection are

normally distributed .

c.  It is assumed t hat a centroid error ex is ts , and is

I randomly distributed over the area of the target.

f 
d. It is assumed that all targets can be adequately

represented by a circle.

r e. It is assumed that the composite error of all sensors

Is represented by a CEP of 25 meters .

f. It is assumed that all targets can be represented b y

100 elements .p. -‘\_I J ’~ ’- -- ‘— ‘ - ‘- ‘-
-

/ ~~~~~~~~~~

I
-
p.
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Figure IV— Vm - —  Log ica l  Flow ot Casualty Assessment Model
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APPENDIX VI~~~~

FIRE PLANNING MOllj~L_J

1. ( I )  b’rRb’ tsh: - The- p u rh lua c- of t b m i  s appe nd ix  is t o  d c - s c r i b e  t hi -

metitodo lmugv um se l by the I-’! re Planning Mode- I ( Fl’M) to  si nul ate - t hue-  m - n F u m g m - —

me-ui cu t t m r g e t s  w i t h  ind i ct -u t f i r m -  weapons.  ib i m - s imulat ion lu-u used to

en gage- ho t ii Re- el and ill mme t m  r g c - t s  to - m r u u t u m u c- st \-1 i zed ca s uc m It  v and eqcu ip—

I~I c f l t  lc m su, da ta for misc cs a t t n t ian ta c :t c u rs  In ti - me Theater Rates  Model

(TRM ) and Imnunit tori expend it ur,-s data for use in c-stabl ishinp expected

expend itures c m l  amm un it tori ( I - 1 b - A )  and c ombat consumpt ion ru m t i s .  T u e

c o n e - r u E  l o gi c  f l ow  of the m et h -mc -md ol og v is sheuwn in Fig -mire IV— l5 .

2 . (1) METHODOLOGY

a. General. Tb-me Fire Planning Model (FI’M) 
~ J a v a r I a b l e -  ti l” c

sin u i h ;m t i n  of the artillery fires initiated by a firing force agumi nst a

ta rgeted enemy . The model Is designed to operate  a s ty lized Blue fo rc-e
)

— ug m ins t a Red Combined Arms Army (CAA ) for a 6—ho ur period , but can be f
used to simulate any friendly force with up to 150 b a t t e r i e s , aga inst  any

enemy fo rce .

b. Contro l .  The user of  this model is in d i re -ct  con t ro l  r ut

~

_
At

t he variable t ime clock through the punch-med card ta rge t /event  deck. Each

V card in this deck specifies a l l  of the details about an event to be

simulated and the clock time that the event occurs. This deck must , ~~~~~~ 
-‘ -

,
_ .._. _ /_ (

therefore , be sequenced according to increasing c lock time . Any number ~ ‘, -

of events can be specified to occur at the same time.

c. Events. The model recognizes two tX pes otevents which are

r processed as follows :

(1) Target Acquisition. The recei pt by the fire direction

center of a message from a direct support or general support sensor that

an enemy target has been loca ted and iden t i f ied  to a sufficient degree to

war rant engagement by artillery . 
- 

- m 
~~~~\\ /, 4~, ,
-1’ -

1
_ 
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Fi gure I V — 1 5 — —Log ic Flow of  F i n -  Planning Model
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(2 )  Maneuver Ut iit Di rec t  Suj~p~~t. Th is is a statement t h u - i ’

a pa r t ic - m i l a r  ba t te ry  Is engaged for a speci f ied period of time in d e d i c u m t u - I

s upport  of  a rrt,-u rie rive- r unit and cannot accept ot her missions during tha t

ti mt- ibt c- uutode l Is t m-s igned pn ima ni]v  to hand le target acqu is i t ia n , and

t he durat ion of .m ~ tions triggered by such events is a function of the

, Hut m lu m t i m u ,  The u-m x imum time duration of any other is 6 hours per evenL

d. Target Data. Each acquired target is described as one

m t lim :~ e-nI- n i -  t ’ p c - s  c a l l e d  target_ categories)-2 Also spec i f ied  is

lie c l i v  i r r u u : u u - n t  iii whi ch ti -me target  is located (open , wnods , town ,

m r ui -tv c- u u n b i n i t  ion thereof) , the six—dig it coordinates of its location ,

wheth e r it is moving cu r s t a t i o n a r y ,  what type of specific el~~~~ t was

de t e c t e d  ( m g .,  peop le , tr imoks , tanks , or art illery tubes , e t c . )  and

f i n m i l v  the- number of t r o op s , tanks , and major items of equipment t hat

the targe t unit has at full strength (before engagmen t by any friendl y

arti l i~-r~- ) .  A target can be acquired any number of times during the
/

simulation ; however , if a target has been e f fec t i ve ly destroyed by

previous art i llery missions , it will not be engaged again. Each

acquired tar ge- t event card also must speci fy whet her the detect ing

sensor operates through d i rect  support (DS) or general support (GS) i, r

channels and what_ targe t radius_has been specif ied by the sensor.

e. Weapon Data, Input data must describe all basic infor-

mation relating to each type weapons system that may engage a target.

This informa t ion requirement includes:

(1) Namesad character is t ics  of each type unit (sect ion,

battery) to include :

(a) Number of tubes in a type unit.

(b) Maximum and susta ined rates of fire.

(c) Maxim um range for unboosted munitions.

12Seeas ic Data , Annex 0.
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- (d) Maximum range for boosted munitions.

It
-

I P

(e) Maximum volleys which can he fired at a t :rg et

(based on 4 tons per target constraint).

(2) Type rounds to bm- - used to engage a target as a fiir .ctlon

cut weapon system emp loyed , target category (1—16), target size (50 ,100,...

350—mete-n radii), and target environment (open , woods). For each type

weapon system , ti -me user may specify up to 10 different type rounds (e.g.,

for the 155mm howitzer , one mi ght specif y type l=HE , type 2=AP , etc.).

(3) V - mIl e - v s and number of batteries required to engage a

given target and reach time desired kill criteria , assuming that the
_

desired type round is used. This data for each type weapon is a function

of target category (1—16) and target size (50,100 ,. ..350 meter radii),

and target environment (open , woods). The kill criterion is an inherent

4-
function of target category and for ammunition rates determin ation is: .y -

(a) Fifty percent of personnel or one m i n u s  t i m e  ~~ -

fraction of persons in foxholes at the t ime of last volley, for

personnel targets , whichever is the least.

(b) Thirty percent of armo red vehic les for armo red 

~~~ 

~

(hard) targets within 3 kilometers of the FEBA . ~~~~~ 

~(c) Ten percent of armored vehicles for armored (hard )
~ c 

-r targets beyond 3 kilometers of the FEBA . - 4~ ‘~L~
(4)  In no ca se , however , can rounds required be specified (i

f to exceed the following constraints.

(a) No battery is allowed to fire more than 4 tons of

rounds at a given target.

P (b) No mission is allowed to fire more than 15 tons

of rounds at a given target.

(5) Weapon preference data which specifies for each possible ~‘7
I’ ’

combination of the 16 target categories , two terrains (open , woods) and I

seven target sizes (50 ,100 ,. ..350 meter radii), which type weapon system-

is the f i r s t , second , etc., choice to_engage the target . The criterion
_ -  - -

7
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in lurc h c -n e -nc - e spi c i t  I ca t ion in this mode-l for amntun i lion rum tes u h - t  u- rmin u m—

icm n h i s  been to order the we umj mon systems by their ability to reai’hi t im e

kill ci l t c -ri o , and t~~ break ties in favor of the h c-nst expensive s/stems

i n e - u c h ~ it ul at inn.  Hums , If more than one weapon system type cati um n imi eve

l i i i -  desired resu l ts , the preference data  wotm id rank th e- sc- systems in order

ci least  c o s t .  Sys t e ms  not able to ach ieve the desired assau l t  c r i te r ion
/

would be r a n k e d  behind the se t imat  can , in the order of theii eff c- u -t iveness.

(6) t-: ffc-cts data for ever1_~~ssib1e weapon sy~~~~target

ocumbinat i cmn . This datum includes e f f e c t s  against personnel and tanks for

c ich t ype weapon system p layed  and is entered in the form of expected

c u ~~ i u I t i ~ s or_j usses) g iven t ti um t the desired ~ypc_ round is fired apd

is a function o f :

(a) Nutnber of bat ter ies  firing (1, 2 , 3 , or 4) .

(h) Target category ( 1—16) .

(c) Target size . (50m , 100 ,.. .3 50rn) .

(d) Type weapon system firing.

I (e) Target environment.

- (7) Artillery unit order of battle to include a description ,

f 
location , and mission of eac h section or bat tery  engaged in the simulation

of th e sty lized period . Each bat tery  (sec t ion)  is located by s ix—digi t

coord inates and is described as having a mission of either direct support!

; direct support reinforcing or general support. -

f .  Simulation Methdolog~

f (1) The simulation proceeds fru ,n event to event in the order

ape-u- t iled by the input event deck. As a new event is processed , the

I simulation clock time is stepped to the time specified. At this time ,

r the model makes provisions for all future acti ons which are required by

the occurrence of the event.

1 (2) If the event stated is other than a target acquisJ.~.ion

e~~jU , the model seeks out the particular battery mentioned in the eventr
C-VII1-4
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co rd and places thiat b a t t e r y  on the mission f in i t tg I I st  - Ihe mi ssion

t i r ing  l is t  (MFI.) is a list 01 a] 1 b a t t e r i e s  w hicim wer e engaged at the

time cmi the previousi v processed event , and it spec ii l u -s at wi -mat r h ac - k

t ime eac h o f  t i - me - se ba t t e r i es  w i l l become avai lable t m  ha n dhm - new m iss ions .

Iti the OSO of final protective fire m i s s i ons , the mcmd cl will interr u pt

h m t t e r i c s  on t h u e Mn . to f i re  the mission , as appropr i uc I c - . At t tme su mm e

t ime u.s ba t te r ies  are placed on the mission f i r ing list for u m ~~he r than~~~,.
,

u m c m i u t j red t ;mnget  events , it counts t he round s f in e- ct , by t ype- rout-md and

type weapon , as spee - i f i ee t  by the event desenipt ion.

(3) If t he event s ta ted is an acquired target  event , the ~,I 
-

model determines whether or not the delay involved in firing t h u e- mis sicun

(uidmuii~j~t r a t iv e  deiav~ is excess ive . If the delay is e x c e s s i v e , and if

t im e target  is moving, the mode l causes the target to be lost anuh skips to

ti - me next event .

(4 )  If ti-me target ts not lost due to excessive delay, the

model chec ks to see If this targeted unit has been engaged previous 1~’ .

If it has been engaged previousl y, the model determines whether or not

t he unit is sti l l  a viable ta rge t .  This determination is made based on

f the percent of troop strength and/or tank strength remaining in the unit

f 
a f te r  all previous engagements. If the unit has been e f f ec t i ve ly  destroyed

by previous fire missions , and if the time since previous engagements is

r - less than three hours , tuie target is not engaged and the model skips to

the next event.

(5) If the target is to be engaged , the model updates the

simulation clock to the time of this event and then checks each battery

on the mission firing list. Those batteries on the MFL whose available

r t imes are in the past (with respect to current clock t ime) are removed

from the MFL and placed in a ready status.

r (6) After updating the MFL, the model nex t makes pr ov isions

for targe t identification errors. If the true target category is

C-VIII—5
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desc r ihech as armored vehicles and if the sensor has de tec ted  t roops and

f 
rtot arnmored vehic les , ti -me mm m del con-,ents the target category to u m s o f t

targe t cu mt c -gc cn v .

(7 )  To simulate t u e  human dc-c isb n process involved in

I 
selec tin g ba t te r ies  to engage an acquired target , the model neu x~. genc-r—

r i tes  a dee - i s i c u t u  m a t r ix .  The dec ision matrix (DM) is i nitial l y a matrix

f with one row f o r  each type weapon which is permit ted to f i re -  at a given

t a i ge t , where row 1 re fer;to  ti me most preferred weapon for th is targe t

c a te g o ry , size- , environment combination , ri - mw 2 refers to the sec ond 
—

I 
p n e f e r r e - m l  wecpon , e t c .  Eac h row of the matrix has f ive columns. Column

1 st rc- s time weapon t ype , Column 2 s tores  the number of vo i le-vs required

f 
to f i re time mission , Co lumn 3 stores the number of bat ter ies (minimum)

needed to fire the mission , Column 4 stores tb -me number of batteries

available and in range of I tte target , and Column 5 s tores the e f f i c i e t - m c v

f 
of the weapon system in terms of ability to achieve and in rangc~~~ The

decision matrix is fil led out in three phases. I’hase I operations 
~ 

fr ~~~~- -p - a -

f generate all the data in Columns 1, 2, and 3. Figure IV—l6 shows a
—- ---— —-—— - — J -P u -

typical decision matrix after phase I. / 
‘ -~ — . - - - - - - . -- -

~

I Figure IV— 16—— T yp ical Decision Matrix—— Phase I ‘

~~~~~~~ J
Batteries Batteries

I W~~ p~p ~~ U~~~~~
c d 

Required Available E f f e c t i v e

155 3 2 — —r ~~~~~~~i
I \~- fDM 8—inch 4 2 — —

I 
“ 105 12 3 — —

4 .2  24 1 — — 
—

1’ (8) Phase II operations generate columns 4 and 5 data ,

in a row—by—row fashion , until the matrix is contp 1ete or i~ntii s~opp 1ng

I c~~~~~J,~i have been reached . Phase II operations involve checking all

I 
batter ies in the simulation , see ing if they are available for a mission

and determ ining~~ f they are in range . All batteries capable of e n g a g ing

I
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t he I ;mrg . t ire p l u- c e t  on 1 c i on i c lir~t , and summary it u f o r m um t u . n  is

p lu me -ed in time dec is i o n  m a t r i x .  Data generuit Ion itt p t u u m r m c  II s tops  h e fur e

tim e - ma trix is cotnp let&- if cut - me of time following conditions -xiHts~

(a) Ihe timimber of bat ter ies available in a row Is

equal to cmr gre-u -mt 1-n t h- m u m n the ba t te r i es  required .

(b) The c um uou m i t i e s  that can be ach ieved by t ime-  u - -
mv; mi l u mble b att c- r h a  in c u-mt least 90 percent of the kill uniter j u m for 

- * ~~~ - -

t ime I — i r e - c t as aim -mvi i in time effect ivene ss ~ J~jmn.
It t h m e r w i s m , the em -mt ire main ix es filled out. A f t e r  phase II is c o mple t e -c l ,

phase Il l operat c us chel ete all completed rows in matrix that l~~v~ ~e

tnt column 4 (i.e., no ba tteries avaiiab1~ ) .  Th us , after phase III -m -m p e ra—

tion , ii , for examp le , there mrc - no batteries of 8—inch howitzer capable

of engag i n g  the target , the decision matrix might look like one of the

examp les shown in Figure IV—l7.

Figure IV—17—— Decision Matrix Examp les— —Phase III

Batteries Batteries
Weu~~on Vo l leys  Req~ Ired Available Effec t ive

115 3 2 8 100 percent

PM = 8—inch 4 2 — --

f 
IllA l

1
105 12 3 — --

L_ 4.2 24 1 — —

-a

(or)

DM = [
155 3 2 1 80 Percen

~1
IIIB 105 12 3 2 96 percent

L4.2 24 2 -

F 
(or)

155 3 2 1 80 percent

DM = 105 12 3 1 74 per cen t
Ilic

• L_4 2  24 1 1 72 percen~~J
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(9) If stopping criteria have been met within toe first

t~-m ree r~~iji..~?L t h e  phase I l l  matrix , such as in row one of PM or
lilA

row two of DM , oc if the completed phase Iii matrix has only one
I I I B

row (no example shown), then the decision taken is to fire without

calibre mixj~g, that type of weapon system in the last comp let ed row

of the matrix. In the case where battery stopping criteria are met

(such as in PM ) ,  the model selects the ~~Iuired batteries in the
lilA

following manner :

(a) If ti - me mission is from a DS sensor , the first ~ ,~~~~~ /m

battery se lected is the closest PS battery to the target . Additional 
-
~~- 

. -

p ~:-
batteries selected are DS batteries in order of closeness to target. m - - /

/ - p

If there are not enough available DS batteries to fill out the mission ,

the remaining requirements are met with CS batteries in order of

closeness to the target.

(b) If the mission is from a GS sensor , the required

batteries are selected from the available CS batteries in order of

closeness to tha target. If additional batteries are needed , they are

selected from the available PS batteries in order of closeness to the

target.

(10) In the case where efficiency stopp ing criter ia have

been mci (as in PM ) ,  all batteries available of tha t type are fired ;
IIIB -

a,d the volleys fired h-my b iu’ttery is adjusted above the battery

- n s t r  m i n t  to  permit s ue ) f-e rcent efficiency. In the case where no

stopp i - - m e- ri t , -r j a are met and there is only one type weapon system

f r i . e*- impl - - shown), al l available batteries are fired to achieve the

- - r -,n~ t r .itnt .

I i )  .)wn no .mt ap p  t ’ t g  r lt .-r I-i t m I v e  hu e-u met and there is 

• ~ m m - 5.. 1.. l~~I,n ‘ i t  r t~ It  ter u ~m - I l l , an attempt is

- - - u -  ~ • u I ~, f f r - u  three r -w-, c it the matrix



C
(if ti-mere are at least three rows). Onl y two cal ibers are permitted to - - m~

p

be mixed on a given mission and the order of mix attempt Is: a ~~ ~ 
-

(a) First and second row. - 

-
(b) First and third row (if there is a third row).

(c) Sec-ond and third row (if there is a third row).

In each case above , if a pair of rows is found in which ti-me weapons are

compatible for a mixed mission , all of the first type weapon batteries

are selected for firing and as many of the secend type batteries as

necessanv to achieve a combined mission efficiency of 100 percent are

selected accord ing to closeness to the target. All of the second type

are selected also if a combined efficiency of 100 percent cannot be

achieved . In the event tb-mat there are no caliber mix compatible weapons

available , all rows of the decision matrix , except row one , are trun-

cated , processing is returned to the non—caliber mix procedure and all

availab le row one batteries are assigned to the mission .

(12) When the completed decision matrix after phase III

has zero rows (no example shown), then all batteries are busy on other

missions. If the target is a moving target , it is lost an-~ the model

skips to the next event. If the target is stationary, an attempt is

ma de to schedule batteries for the mission in the future. The

previously described decision process is repeated with the following

exceptions.

(a) Battet ics on the mission firing list at present

are allowed to be put on the candidate list if they will become available

within the next~~~ r te H~~ ‘/
(b) Only the first row of the decision matrix is

considered (i.e., the preferred weapon system).

r If no batteries became available within the future 5 minutes , the target

is lost.p

(13) Af ter  the model has selected particu lar bat ter ies for

the mission , it computes the number of volleys tha t each is to fire ,
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I
computes the time necessary iii set up ti -me mission , f i re s t he mission and

allows for tube cooling, and places the batteries on the mission firing

list. These batteries are then precluded from accept in g missions ttmu /

become available until such time as they have completed the mission.

(14) The model assesses castm alt ie~ in the target urcum~~~ d

records cumulative to ta ls  of rounds f ined by weapon and amnrunit ~~~p ty pç

and outputs corn etc de scn ipt ton of the event and all acti ons ta~~n.

Casualty assessment is based on input data from the Casualty Assess:r m-uu t

Model (CAN ) and is corrected by the model to account for errors made by

the sensor in describing target size and type. On every missiot i , cu i s u c c i —

ties are assessed on actual target/weapon information , while decisions

are made based on sensed information. Thus , a target may be

to be defeated and in fact may not be; or a target may be es aad not

to have been defeated , while in fact it has been.

(15) Finall y, the model adjusts ~~~~~~~~~~~~~~~~~~~

targeted unit to accoun t for the~effects of the fire mission. This

U adjustment is necessary to provide the base for assessing casualties

against the unit if it is engaged again at a later time during the

sty lized period.

I. 3. (U) ASSUMPTIONS. The following assumptions are inherent

in the methodology emp loyed in FPM .

a. All events described as acquired targets are not associated

direc tly with the individual battles played in the Infantry Combat Model

(1CM) or Tank/Anti—Tank Simulation Model (TATS). Artillery events from

those situations are added to the acquired list as other events (final

protective fires , prep f ires , etc.).

r b. Engagu�ment of acquired targets assumes MET+VE fires , and

casualty assessments are based on this assumption. This has the general

~ I 
e f f ec t  of increasing the numb er of round s required to ach ieve the def ea t 1 

- 
-

criteria for a given target.
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c. The most cost effective type munition is employed on each

fire mission for each type weapon system emp loyed .

d. There is no constraint on the availability of ammunition to

the tiring battery, except ti-mat no more than 4 tons can be fired by a
j I 

-‘ -

batt en~ on any one mission ; and no more than 15 tons can be fired at , -

any target on at-my one mission.

e. Given that more than one weapon system type is available

and able to engage ii target effectivel y, that system is selected which

can most economically achieve the defeat criteria. This assumes tha t 
-—

I 
decisions are made in the same manner during actua l combat situations

and that consuming units will be effectivel y constrained to make such

f decisions hosed or. the approved rate.

f . No more than four batteries need be massed on a single

mission. This assumption is based on the ability of four batteries

( to achieve the 15—ton target engagement constraint .

g. No significant attrition of artillery firing capability

occurs within a 6—hour sytlized period. The effects of attrition of

firing capability are accounted for in the Theater Rates Model (TRN),

( not in the Fire Planning Mod el .

I 
h. Missions are processed on a first—acquired , first—fired

basis. Battery resources , once committed to a mission , cannot be

f interrupted except to fulfill requirements of direc t support to maneuver

battaltions.

F

I
I
I
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I APPEND IX IX

THEATER RATES MODEL

1. (II) PURPOSE. The purpose of t h is appendix is to describe the

methodo lcugv employed by t ime Theater Rates Model (IRM) to extrapolate

I 
stylized loss , casualty, and expenditure data from the Red Army s l i c e

and opposing Blue forces to the theater as a whole. Sty lized US and

( 
enemy ammunition expenditures , personnel casualties , and tank and major

weapon system losses for each of the 16 styl ized periods ana l yzed in

detail are input to the Theater Rates Model. The model combines this

basic data (the results of high resolution models described in the

remainder of this  volume) wi th actual US and enemy unit deployments data

and firepower capability to simulate theater comba t over intense initial

periods of conflict and subsequent sustaining periods in the European

~a and Pacific theaters. The model produces a summary report at the end

umf each six—hour simulation period and computes the frequ1e-nuv of occur—

rence of the sty lized combat periods in both theaters.

2. (U) METHODOLOGY

a.

(1) The logic flow of ti -me Theater Rates Model and the

methodology used to determine time sequencing of the stylized comba t

periods over the simulated period of conflic t are discussed in time

following paragraphs. The log ic flow is diagramed in Figure IV—l8.

(2) The available US (Blue) forces and either the Soviet

c r  Chinese Communist (Red) forces at the beginning of the conflict are

f 
\ input to the Theater Rates Model. Also , the width of the front for

which the Blue forces are responsibl e is defined . The Index of

I comparative Firepower (ICF) scores of the opposing forces is obtained

and the ra t io of the enemy ICF score to the US ICF score is then combined

I with an input scenario to characterize the activity across the Blue front.

The charac terization delineates the number of Combined Arm s Army (CM) or

C-IX-l
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p

Figure IV— l8— —l m m g ic Flow of Theater Rates Mum d c- l
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I Chinese Communist Armies (CCA) engaged at each of the four levels of

activit y defined by the stylized combat periods. The activity across

the frc )nt is normalized to the CM or CCA to be consistent with the

method used to define the forces arrayed in each of the sty lized combat

periods.

(3) The results u m f the anal ysis of the stylized combat

periods are then multip li ed by the number of CM or CCA at each level

of activit y to produce the Blue ammunition expenditures and tie resulting

friendly and ene my casualties , tank losses, and major weapon system losses

r 
for time first 6 hours of conflict. All estimates of Red and Blue

casualties , tank losses, and major weapon losses for the stylized per iuuds

one produced by high resolution models without use of historical exchange

rat Icus .

f (4)  After the results of the initial index period have been

obtained , the ICF scores of the opposing forces are adjusted to account

for tank losses and casualties. Any reinforcements and replacements or

returns tuu duty available to the forces are considered , and ICF ’s are

increased accordingl y. A new front ICF ratio is then calculated , c hanges

in scenario are considered , and this information is used to define the

r 
t rontal activit y of tbte - next index period.

(5) As the conflic t progresses and each index period is

r 
evaluated , the ammunition expenditures , tank losses , and casualties

obta ined  for the sty lized combat periods must reflect the attrition of

f 
forces on both sides to depict realisticall y the results of the actions.

The effects of attrition on the opposing forces are threefold. First ,

I the casualties and tank and helicopter losses received by the US forces

I in previous periods degrade their ability to expend ammunition during

su bsequent periods. Therefore , t here is a reduction in the US casua lty-

I producing potential. Second , the casula ties incurred by enemy targets

during the previous periods deplete the personnel density of the enemy

I targets on which the US forces can fire. This reduces the casualties

I C-IX-3
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Lncemrred by the- ene- mu uv . The ct  I c ct s ot these- first two -m im &no me n -m cr.-

eva 1 ua ted for et c -h 6— h m -m tmr peri md dc -m r ing the per m d  of e-cmn h i  c t - Time

th i rd  e f f e c t  of  ott n i t  ic- mn c’n tim e rc sm l Its of the sty liz e- cl comba t re- r t ou t s

is r e l a t e d  t o  tank , TOW , DRAGON , and i-mel icopter loss rate- s . A se c m r u t

eva luation c t  these losses for the comba t pe r iod  being ev a l c matc d  is

1c c -n formed.

( (6) A cumul at ive- t c u t  a I of ti - me amm -mmn it ion e~ pend it in - , t -mc i  k.

and tuuaj on we apon lo sse s , and casua l t ies is ~ I c t  for e ; mc h index o r  ic- md

- c yd Is tcc t m ccl it t ime  end of t i m e  durat icu n cu t - c u r ! i t u m t  f a r  e a c t u  t l i e - - c t e r .

I 
(7)  The ur e - cu -u l I u u ~- is onl y an ‘v e ry I e-w of  tb - me p1 av  - cf the

I h u - a t e r Rates  ~l cuctc ~I - ftic r clc-s g c cvc -nn i t ty e~~~Im of  t h e -  St e p s  in t i c -  nu cle i

( will he d escribed in de ta i l  in t b e  succ e e d  irm~ p a r e ~~r - u i ius -

b. Combat E f f e c tiv e n e s s  and Coti~~u rd t i v e  1 -jr we-n

(I) Important te the operat  Ion c ’ f the h e - c t  c r  Rates ‘ i c c e f e  I

I 
is the measure~uent o f the re - l m t  ive s t r e - u c c t  h c u t  o ppos ing t o n es . Ti - me

Index of Cc )u c u i ua rd t VI- Firepower ( ICF) prov ides this - c c c s u r c  - The ICF is

a sc o re  based on tb - me to ta l  H r u - i  -ccWI- n poten t  ia l  c c l  any ut- m it or I uu rc e

normalized tcu  the ICE of  a ES in fant ry  D i v i s l c - m n  wh ich is e~~ t u b l i s l u e d  as

( 1.00. The ICF -c uc-thod has recccgnized limit ations. It assumes that other

I 
f a c t o r s  which in h u c n t u - e - c - c - mc nh~~t e f f e c t i v e n e s s , such as t b- me s t a t e  1c f train-

ing and experience , resuppl y, intelligenc e- , mobility, at - md morale , ccc -

c omparable t c , r  opposing forces. While ne -mt a perfect m e tbmcuc i a !cuesms um n in g

combat effectiveness , the ICF system provides the degree c ut comparis on

between units necessary for this stud y and is c uunsidered su f t  ic lent Iv

( 
precise fe-mr use in the Fheater Rates Model.

(2) Unit firepower potenti als (FPP ’s) used In the calcula-

tion of ICF ’s are not a function ol the recommended ammunft ic-mn rates

produc ed by the study. Subsequent to analysis of the interplay of ammun i—

( tion rates and the expected expenditures of ammunition (EEA) needed in the

computation of FPP’s, procedural changes were made in the computation of

I
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t- t-:.-\ which eliminate the inter—d e~ende-ncv m u ammunition rates and f irepc’wer

pot cml - m l s c or e s. This i - mrc - m c-edur e- jnvm ,l yes det ermiuat ion of EEA as a

I une- t  i e - m n of the high—re-so l e m t  ion St y l  i~ ed per i c - md resul ts compare-cl to the

number c - m t  c- - I  feet ive weapons prc -mdu c ing ti - me s t y lized expen d i t u r e s .  The

ii re -m e- e.dure app i ies to both Red and Blue t c . r c - e- EEA .

(3) Certain limi t ati u un s are- placed on the number of unit s

I 

cons ide red  on each side based on d o c t r i n e  and the c a p a b i l i ty  to infl .ce- n

t I m e  combat. In this stud y all divisions dep loyed a l m n g  the FEBA mi~ f t I u c - i r

i m ic ci i m t e -  reserves are considered when determining the- ICF rat j uc . T i c i s

flue- - m m - m s  f c c n  the Sov ie ts  that al l  01 the em i ts  in the CM deployed along t i c e

F Rc\ one cons idered cc n t r i b u t  ing tel  the to ta l  enemy ICF score. The S c - c - l e t

I
t nc ,nt reserves  - m r e -  not included . I i i , -  s c S I  is t r i me-  o f  the ChiCom in < c - r e m .

Fe t r Blue Ic u n c e s  in both Europe and K c c n e m , tim e -  d iv is ions  dep lc u v e d  along

( the FEBA arid t i - m e - j r  - c un 1 us  re-Se- rves Ire -  cu ll s ic hered c c unt r ibuting Let the

niendlv III sc - cr c- . Tb - me- I ield army r e - s e r v e - s  a r e -  n c - m t  Included in the

I tn iend lv  I C E  sc o ne - .

( L.) To d e t e r m i n e  t h e  t c r c c s m v allahle to  be del l -  - c c i m h c - n -

t im e FEB,\ , a d c c  is i u m  on w i - m a t  t o r t  c - s  w ill h1- commi t ted  by each side is

( nec t e- - F l e e -  re I re -  same- re - s t  r i c t I d o s  on i lie f ront  age o f  units on icc t Ii Si  des

ma d , ,lscu , t he ‘it rength of the un i ts  in reserve must be - e n s  Ide- r e- c f  - in

t hIs c a s e - , it is esse mm e d tha t the enemy w i l l  c o m m i t  - il l  the Ic e re  c-s

I 
m v - m j h a h l e  to them except  ti - mat ti -me S o v ie t s  wi l l  k e e p  one CM and the

Ch iCom one ( L \  in front  reserve unless maximum f r e u c t eg e- c o n s t r a i n t s

arc v io lated . The US fc rces  w i l l  also commit a l l  their available fm ’ rces

except  f uur  one division in army reserve . The other restriction on

ç committing enemy force- s is that the average frontage of the units deployed

along the FEBA does not vio late doctrinal frontage limitations . 
~~ L~

- - 
-

I j~c” ~~
c. Composition of the c~~~t A ~ç4~it

r (1) The enemy forces in both Europe and Korea will usually

have the initial advantage in the ICF ratio . This situation permits the

-; 
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enemy to d ic tate  ti - me levels of combat a c tivity occurring across the from-mt

( the Blue lo re - u - s  are covering. A lthough It is impossible to predict  the

exac t  levels of combat activit y occurring across the front , it is

( peussibl e to preset - mt ti-me most probable combination of combat activities

that could occur for spec i f t c  front ICF rat ios. Ti - mis range of O u t  iv i ty

can be defined by constructing ti-me matrices of front activity l e ve l s

n- .- r suis front ICF rat ios. These matr ices can be determined by exomining

t m c t  i cs  of the enemy and the most logical tact ic s of the US forces in

( - d t t c - f i u ’ t  in g  to defeat ti - me enemy.

(2) When TCF ra t ios  are- used to determine combat ac t iv i ty ,

the n i j lrs e-mployed to define the IS and enemy tac t i cs  and to selec t tim e-

a c t i v i t y  ire as fe i l lowt

(a) Enemy Tacti c- s . Soviet and ChiCom doctr ine ind icates

t i c - m t  tlue-- : will m t  tack cm -mid attemnt L u ’ pe net ra te  whenever and wherever

pos- ; i i - m t . - .

(h) S : h? mc - t _ i~~s - Time IS  forces wi l l  dep loy to meet

the ene m y ’s attac k and , it poss ib le , l I u it  t he enetn\- ’ s penetrat ion. The

[S f ei rc u S  wi l l  m i s c u  seek t o  c o n t l r m uo i ms l y  c C m u u s e -  t i - me enemy - m t t n i t i o n  aid

to  m s cu me t he o r f e n s i v e  in order t i e  regain cont ro l  it the s itua t ion

: - e r . i t
r -

(3)  A ;cp l l c d  ion of li e ~ e - rules has n c -s e m i ted in use- of ti - me

t o l l - ’ w i t c ~ re- lot  i c u n s l e i ps between l e v e l s  of ac t  iv i t v  and ICF.
-
~1

(a) l IE  R~mt ie- ~ ~.25 : Ti-me Red t e e m - c e  a t tacks and the

Blue tore - c- is in delay .

(b) ICF Ratio ~ 2.00 : The Red fo rce  a t tacks  and the

Blue force is in an intense defense.

* (c) ICF Ratio ‘ 1.00 ; Ti- me Red and Blue forces are

both in a 1 j ~ defense posture in preparation for subsequent ac t ion.

(d) ICF Ra tio 50 : The Bl ue force a tt acks and th e

Red force is in a ~~~~~~~~ fense

c~~4 - c 1 x 6
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(4 )  Emp loy ing these rules for tactic s and ICF ratios , the

composition of t he combat act iv i ty is given by the following set of

equations.

- Let

FICF = front ICF ratio (1)

FICF ~ 3.25 p _ f
~~~~1

Then , l~ Q eLcent_ of front is in delay. ~ t - -

1 3.25> FICF ~~ 2.00 ~ (2)

Then ~ I;~~~~
7. 

I

I FICF =~~~~~ 1 +~~~~~)~~1-xY

I x FICF — 2.00
1.25 - ,

I
Where tY ~ ‘i

x = fraction of front in delay \
- 

- 

~~

I 
- 

~~~ ~I l—x = fraction of front in defense intense. ‘ - 
-

If
I — -

~I 2.00 > FICF ~~~ 1.00 
- (3)

Then - -

FICF = 2.00(x) + 1.00 (1—x)

I 
x = F IC F  — 1.

Where

I x * fraction of front in defense intense.

t 
l— x = fract ion of front in defense ligh t .

If

1 1.00 > FICF ~~ 0.5 (4)

Then

FI CF 1.00(x) + 0.5(l—x)

x FICF — 0.5r 0.5

C — T X - 7
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Where 

—

x = fraction of front in defense ligh t .

1—x = fraction of front in a t tac k .

I ii

FICF ~~ 0 .5  (5)

Then, 100 percent of the front is in attack.

d. Ef fect  of Scenario

( 1) The composition of the combat activity as determined by

( the ICF ratio can be modified by an input activity scenario . This scenario

specifies the overall level of activity of the Blue force and is ne f l e c— 
p

tive of the theater plans or intention. An example of such a scenario Is:

US f orces will delay from D—Day to D+5 and will defend from D+S to D+l5 ,

e t c .

f (2) The Theater Rates Model allows for the linear combina—

, 
t ion  of ICF ratio considerations and scenario considerations by use of

weighting factors.

Let:

x = fraction of the front at activity level I, as determined

f by FICF.

r y = fraction of the front at activity level 3, as determined

by FICF.

Where I and J are from the set of activities Delay, Defense Intense ,

Defense Light , Attack

0.0~~ x and y~~ 1.0 (6)

x + y 1.0 (7)
r

and I # 3 (8)

fP Also , let: p = weig hting given to ICF ratio

q = weighting given to scenar io

K = level of activity specified by the scenario

c C- IX -8
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Where

0.0 
~ 

p and q ~ 1 .0 (9)

p + q = 1.0 (II))

I 
K is from the s e t  ee f  Cii t Ivit ies he-la y , l)efense I Ct e- n uu- , l i e - f  c-ns e-

Light , At tac k.

h b te n , t he composition of the index period is determined as fo l lows :

l., -t I , j ,  k = fraction of index period at activit y level I, J , K.

TI - men : - - -

i = px ~~~~~~~~~~~~~~~~~ ( I I )

I . — ~~~~~~ - e -— 
~~ - :j ‘ -- b (Li )

I k = q ( 1 3 )
ce

such that: - I

I + j + k = L0() (l~~ ~ - 
-

I 
(3) The combat activity which results from the combination “

of ICF and scenario can place the theater front in either one , two , or

I three distinct ac t i v i ty  levels. —~1 ~

(4) The number of CM’s or CCA ’s at eacim level of combat

I activity is obtained by applying the fraction of the front at come -h level

to the number of CAA ’s or CCA ’s on line.

e. E f fec t s  of Attrit ion on the Results of the Stylized Combat

(1) General. The attrition of the opposing forces from

f previous periods must be considered when determining the losses and

expend itures for the period being evaluated . The e f f e c t s  of attrit ion

) on the results of the styli~ e4 combat periods are twofold and app ly

p d i f f e r e n tly to each type activ ity for which the Thea ter Ra tes Model
11

keeps account .

(a) The attrition of the Red or Blue force reduces

its abili t y to br ing  firepow er to bear on the oppos ing for ce. This

r

C- 1)1-9
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reduction in firepower capability is n e t linear with respect to the net i-~

casua lties (total casualties minus replacement and returns—to—duty).

The nonlinearity of the reduction is caused partly by the fact tha t

personnel are cross—trained in the unit ’ s weapons; and when casualties

di) occur in units , the weapons with the most firepower will he kent in

Oction . Also , the unit commander has the option of replacing some of

the casual t ies which the unit suffers in combat personnel wi th  support

personnel. Th ere are no accurate measurements of the relationship of

casualt ies to reduction for firepower as a result of test data or actual

combat data. However , the reduction of the firepower of units as a

result cf casualties has been estimated by military experts. Firepower

reductions due to casualt ies and losses in infantry, armor , and artil ery / A
I /~~~~

‘
units , as used in this methodology, are contained in Basic Data , Annex D. -

This e f f e c t  of attrition is subsequentl y referred to as a reduction in

abil ity to fire . -

I ~~
‘ (b) The attriijon of the Red and Blue force reduces

I 
eit her the density of exist inB units or the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

fo rce .  These phenoma a f fec t  the casua lties and losses that occur in an

I engaged or targeted unit and may also a f fec t the number of units engaged

or targeted. This ef fect  of attrition is subsequently referred to as

( reduction in ability to enga~~ or ability to acquire.

I 
(2) Equivalent ~~yjized Periods. The primary calculation

within the Theater Rates Model , directl y affecting ammunition rates , is

f concerned with estimating equivalent styl ized periods. An equivalenc

sty lized period is considered to be a unit of activity over some period

of time which is characterized by the same expenditures , casual t ies , and

losses of a stylized period. Considered in the equiva l ent sty l ized

period is the attrition from all prev ious index periods and the effects

~ that the attrition has on losses and expenditures. For examp le , if on

two succes8ive mornings between 0600 and 1200 hours a CM at 70 percent

I
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C, ’
..

V

I I ~~~~~~~~~~~~~~ I. i s . ng 81 uc to r te  ~ h5 pe r i t 0 t  si rengt h. hi.

I . ,.- . ~i~jh~) spec i t  t hat lot nit i v—r.~ I it  ,~sj t~~p ei t t i t  i t  i ,iud ~~~~~

h r  t h.it~~~~~~~ .iit pt~r L i s t i t .  I Lit ~~~~~ 55 i~~~ st~ and I .ndIt.s r e~. t . l r “ 04~

l u l l strength s t v l  In st (~~. ( ‘ l i — I ? ’ ~ I) p it  i .’ t  In de lay .  TIit’ , - t . t - ’ I~~i . . t  ton s i t

equivalent ~;t vi Ized periods i the ~~ in hr tis t of t to i~ it i t  i - i  H i t

‘h s I .  1.  The i - i  I s i t  ~. of i t t  n t  ton wti  i s  Ii s I r  . s  t h is J e t  s- i - .e Ion i t

ii I . 1 H. l v .  Sep arit e eq ii iv .a lent st vi ~.•J per .d~~ .irs - ~ t ‘jmuijted

r di ft. rest t t v pes of at t -: ie s .

f (3) i n f an ~j j~ .~s : t ~~t t~ l t t t . w t  rv  equ ival .in t ~.t  y l

u r i o d s  . i r t  ca l c u lat e d  on t h e  h. i5-.tt .. -t  abil it v oh Bl ue t o r i  ~~ t .  l i re .

The model k I r s  .1 period by - i  toil ~~~~~~~ ~ut  01 . ‘t— i m e  troop ..tre n.~t Ii

( m i t  i i i  (t  ul 1 t.t rengthi) and on—I m e  t roop .t r . i i ~~t h current and i i i  ulat es

equivalent -.t vht zed th t. int r ; ,riod (MC) in the Isil oving manner :

I a Ic ~~~~~~~~~~~~~~~~~~~~~~~~ (1 5)
full troop strength /

.~h~ re f(X) is the ef fect iveness s t f  infantry u n i t  t~ at x ~,t re ngtli level.

At t r i t i o n  r i t e s  associated with infantry act ivit tea are adjusted !in , -a r i- .-

for Red and Blue on the basis ~ t the abil ity of the opposing force  t i  f i re

I and on the remaining personne l of the force sustaining losses.

(4) Armor Activfly. Armor equivalent styl ized per iods are

calculated on the basis of ability to fire and ability to engage . The

model keeps i period by peri od accoun t of in iti al  tank st reng th ( f u l l

strength) and current tank strength for both Red and Blue on—line fortes

and calculates armor equivalert sty l ized periods (BTK) in the following

manner:

BTK — MIN (B,R) (16)

Where

R — 
Red current tank strength
Red full tank strength (17)

B — I lijue current tank strengthI Blue full tank strength (18)

F
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I ~ ) I .. 1w t I I t.i t I vs ii t s~ of s f — s r un i t s  at  x ‘.t rength lev i- I . The

equ iv a lent St v It  ,t d  per i t ~ .sri’ based on the m1nim~~ iii ~ and k to

(nil I r~ it &• t hat iii enemy r .- w i t h  overwl ,e’ Imiog t 4nk superior it v t Snn ’t

br ing .iIl of h i t .it ren~’t h to  bear on I r lend iv ar~~sr unit  •. At t s i t  ion

rat  ~~s •I ss,’ j:Ut’iI w ith .srnw,r s t i v i t sfi adjusted for Red md ~~ s so

he bas is of t it.. r i s s ~the r of ~~~~ ii t ank bar Les that ran .~~ . p h i  c i~ith

t hern it t r it.d i s v o l  t t . i n k . . s v . s i l . i b i e .

(~~ Art iiie.~y ,~~ t _ iy,!_L) r II I. r~’ eq u ivi I .- i i t  ~.t .1 ized

;. r tiids ir . - s i slated based o~ abil i t v  to  k r . ’  and abil I! acquire .

Eq s s l v s lent per iod i t int s r .  kept f o r  both Red ~nd Blue t e r  • s and

i t  h hi tic sr t ILI1 r• rv  ‘ ,r i  isis. A di st m i -  t i’ n  Is made between sr I s 1.ry

t i res iii r,u ted it sr~r• r t i  rg. t * ar.d art III ~-r .‘ I I r.~ . di ri’i t s .d it nOfl —

ir mor ( s r i - i t  ~~ .

(a) Ar t  ii lerv equivalent -~t v i ized per j e t . . sir armor

t a r g e t s  (tifF) are ca lrui.sts-d on the basis ot Blue abi l i ty  t -  tire

.ssu red by personnel St  rs’n~ t h) and Blue abi l i t  v to acq : r .  - sr- -~r

t a rge ts  (measured by enemy tank st re ngth)  as follows :

BT F — M I N  (B ,K) (19)

Where

Blue current troop stre~&th1B h Blue full t roop strength (20)

R — hlf~!.~
_current tank strengt h

Red full tank strength (21)

and h(x) Is the effectiveness of artillery units at x strength level .

(b) Artillery equivalent styl ized periods for non—armo r

targets (BIF) are calculated on the basis of Blue ability to fire (measured

by personnel strength) and Blue ability to acquire non—armor targets

measured by Red personnel strength as follows:

BIF — MIN (B ,R) (22)

Where

~~ B — hlBlue current troop strength
Blue full troop strength (23)
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x ( ked si t  r •-,u t ri ti1~ -.1 r t i s ~~t l i
lied liii ! t r t ,~ ..t r r -?s ~~t Ii i s

~snd Is ( x )  Is t ’ .- ~~t t~~ s t Lvutt t -ss 01 .s r t  il lery units at x ..t r,.ngt ls i . -- . l ;  and

i ( x )  1 -~ .i red,, t hin t ins t ton m d  lent ing Red duct rine iii son. .. .  I s t ton . 1

un i ts  as t roop st rt•ngt Is is I gas It i tan t  ly reduc ed (see has is l i s t  s

in sild it Ion t i  1 r es ts ,  t ions res ist  t i il ,  from .,t r I it  ion -I  I s r i—s

Mi ii i rt  ii ls ry I Ires s~~s i r r s t  n on—armo r t s r  ~~- i s  s r i ’  st li’wed t a ir .  lease In

- ~- r i i i  iii ins i-... It t hat’ r~~- d a  t ion in ar t  ii b r  . l i t  s’ . agaInst ..r~~sr

t - i t i ~. t ~~ is ,:r. - , t c r  t h a n  lIst- r i - S i t  t Ion In h1i,,~~s ab i l i t  t i  t ii 

j r~-s are , r r t s r - - l  li-.1 by Blue ’s .shI l i t  v n~ .is -qs l s rr .sr~s’r • r  ~
. ~) ,

M l i s t  s r t  i i  h r . - t i r i s  ag -s in -s t non— .Ir mor t.s r set s ire’ al l ive’S (ii ins n a ’ s . . . - ,

not beyond r lend Iv ab iii r . n • - ~ -~ i t  • • non—a rsss r a r 1~s’t s

(c )  Red - i rt i l le r y  equiva lent s ty l i z e d  periods (RIF)

are - . s t r -n i Ls(t .d on the bas is I Red ’s a h I l i t - .- t ’  t i r c -  and . i h i i i t v  a

.sc q u t r c  -s-

RIF — MIN (B ,R) ( i i i

Where

B - h I~!1~i~ e roqp str en ~~~h
f u l l  Bl ue t roop streng t h 

~ 
( ,i

R — h current Red troop stren&th~
full Red troop strength J (27 )

and ii(x) is t h e  effectiveness of artille ry u n i t s  at x strength level.

(.1) Attrition rates and losses f o r  Red and Blie forces

associated with artillery fires are adjusted on the basis of the opposing

force ab i l i ty to f i re and on the st y lized density of the force sustaining

f losses.

(6) Hel icopter Activit1. Helicopter equivalent stylized

per iods ar e calcula ted on the basis of Bl ue ’s i h i l t t v  to li r e .  The model

keeps a period—b y—period accoun t of current attack helicopter strength

and s tylized helicopter strength. A separate accounting is made for

anti—armor attack helicopters and anti—personnel attack helicopters.

__ 

- I
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• (a) } is . l  I s p l e r  ant i - .ir,assr equiv ah.nt stv b u s  - I

periods (Bill) are ~- s I s t s I•it -d on the ,sbl l  t t v  i t  the ai r r .af t  t ’  I

- ‘n i t  l—arnm~r sorties , its to  I lows :

I KHT • ~~~r_r~~nL u , t i — r h e l i c ~~~t~’r •. t r s - iLr
s ty li ~t-sl i ist i—a r ~~~r he~ I icopt i t  s t  tell 5 t ) l  J (?N I

(b) hid I s i ; t i t  s i l t  I—per s on nel .•st s I ‘..s b e n t St vi  ized

periods (bliP) art’ - :s hu t  .st s i t  on Blue ~bI l it v o II v ant I —personnel s ’ r  t I.

( di. ‘s How s :

BlI P — (current s u i t  I —person nel J~el~i~~tp_ty.r~ stren1th
~st vi ize’d .stnt  i—personnel he I li-opt er st rengt Is

(c) A t t r i t ion r ,s tes and losses i j sssu i - s t  i-s i w I t  u at r - ,

bid i~ - ’ ~’ t a r  ii~ - t  iv i t v  arr~ -iii j i isnt ’d  on the hi ss.. i t  is - t n - s i i l s e ’  sort ie r- i(.’-

I 
i t t  current Red dens i ty and ef fec t iveness.

(7) ~er_ A c t i v it i e s .  An eqisiv s li ’nt st vi ized i t -n i .is~ s t i r

I i -~ kept ~or two scparate weapon sv st  ems , th i TOW and the DRAhON. DRAhO N

equivalent stylized periods (BDR) and TOW equivalent c t  ‘ - I  hti i e n l i s t .  (~~~~)

I t bows :

BDR — M E N  (B ,R) (10)

I Where

B = 
Current Blue DRAGO N st ren&t h

f u l l  Blue mw;ON s t r e n g t h

R — ~~~Lent Red tank  s t r e n g t h

I f u l l  Red t a n k  s t r eng th  (L i )

BAT • MIN (B ,R) ( 1 1 )

Where

— 
( current  Blue TOW strenAt h

~ 
s ty l ized  Blue TOW s t r eng th  (~ 4 I

and R is defined as in (32) above. Red and Blue a t t r i t i on  rates intl

• 
f 

losses associated w i t h  TOW and DRAGON are ad ju s t ed  based on a b i l i t y  to

f i r e  by the opposing force and on the cu r ren t  d e n s i t y  of the  force

I sus taining losses.

f 
f. Effects of  Attrition on Forces Deplc

(1) The effec ts of attrition on bc ~ue and Ri.d forces

are measured by the reduction of the front ICF scot’ ,th sides and
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.sd justmcnt s of t lit- front II F Wh ic h on I ts  i n . - a l I t - s  t • it .a nsi lie ~

much t h e i r  ICE scores i t s -  s t s . i t i g t ’ s i  . i n i -  s - s in’, i i i i - t  s i t  Iii t h i s  .i . I - s i t .

(2)  The deta i l  req nsi red in sli t s - n - -  Iii lug W i l l s  Ii irni r ..‘ ICE

si - s ri- s arc f~rt ed by - i t t  r In ion i i. gov erned hv t he’ r • ii - n - n

rt .pls ss ’e-mcnt p ol ls ’ ies o f  the opposing t i n s  i s . iii , ~ il is  Iii. of V Is .

in enemy t a  I t I it .  The IS t i r s  & s  r - ;s I  - s -  s . i - .si .5 it i i  in t l 1 - ’ Id ual lv

I by personne l fr i -  a rep l.ss-&.ment ;, s s i l  . The enemy f i r s  i’s , It i~~s - , - t  , i n. 

1 to repl • is - t s is is - s i  t ie - ,  sin s i s t s i t  i t- is is :  tha t  I -s  t i  . . .s- . its enemy

tin i t  is kept on I Inc tin t II It s personnel .1 ni- t igI  Is in. re’S us i-st t i s  two — ~~

thirds it ’- i’ ni ~- t n i i  slr i-ng tii.

( 3 )  The rub i-s Us.st l it  ermine which is:n It .. ‘ ICF sc- s in. .. are

‘ 
- I l  I i-i- us !  by cj s ss s i t s , - -  and tank losses art- as fob h i s w s .

( a )  !:nt ’mv u n i t s , both combat and suppor t , t i i .st  iF i ’ ~t t

their co nun i t t e d zone s u f f e r  i - simb,it casual t  lii. and t ank  losses.  ihi-

t’n~s.Mv ‘5 contain! t ted zs,n-te is considered to extend back f r o r -  t he  FEBA t i  -j

I d ep t i t  equal to the zone of r e s p o n s i b i l i t y  of a CM or CCA. Because t i n -

s-non ’; rep laces by un i t  at a d i v i s i o n  level , an cx s s - t  accoun t i ng  of

ca s u a l t i e s  o c c u r r i n g  in each d i v i s i o n  in th e  CM or CCA deployed s i s a l 5 :

t he  FEB A ard o p e r a t i n g  at the var ious  levels  of comba t a c t i v i t y  s h ou l d

be kept. This is not possible w i t h i n  the methodology used in determining

the  enemy ca sualt i e s  for  the sty lized combat periods s ince the unij oI ) .  ‘
~.‘

I resolu t ion  in the Theater Rates Model is either a CAA or CC~~. In t h i s  
•

stud y ,  therefore , the rep laceme~ ts of un i t s  w i l l  be made at the CAA or

f CCA level. The CAA or CCA commander has the option of rep lac ing  and

re inforc ing  his d ivis ions on l ine with u n i t s  f rom his reserve division

and , in all  probab ili ty,  when the divisions on line approach two—thirds
( “.“ -~~~‘— —

•~~~~~~~ ‘~~~‘

‘ 
of their strength the reserve division w i l l  be commit ted  and i t  w i l l  be

~~ withdrawn at approximately the same time as o ther  d ivis ions  in the CM

f or CCA . ,s ’

(b) In the initial period , the specific CM or

CCA at each level of combat activity are selected randomly since they —

(‘ 
-;j 
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-sr i- a l l  it  t l i t ’ - s i .- be vel iii capab ility (fuIb .1 i - - t 5 t i s 5 . T his - ai ss i s h , , - ,  .1

oat i t s  .st i-ac hi I ,-vi ’ I is , s i t  u- s.u n~ s e- , governed by t l s s -  I res u i t  ICE e it ~si

s I i - - ~s t  i b i s - il ‘i-~- t - ! s ’s i s i  v.  W Ise-n - j  spec!! i s  CAA sir ~CA is a s s i g n s - s i  .i a
ot .st C i v i t  v , thi-rs’ is -sss i~ :uusi an ~i S s s , c I s t t ’ si h F  rats , At i ts.-  t a r t

i t  
~- i ~ is - s t i - s j s . - s i t  pcric,d . t he level i t  s i i r . h , s n a c t i v i ty  l s - ~~e - i  is

s~~ . l l f l I l t s ’ il iii t i l t of de’- .o i- i id intg l t F  ratio . The clot s ’ , pe— r ls is i is  - -~~snIns-d

f ir - sn it i - ~ to ll s,wecl by h is s ’ defense intense per iesd and iIt ti-nt- ,, l i - f i t

per i5sd , w i  t l i  t lie st n a i k  per iod  I :sst  . I f  Use number of art - i s$ in tI. -

hi clue r IC F ratio remains unchanged . t’,i s h CAA i t  C n A  I~ t li~st  ~ t ~v I  t ~

ri-ms Los in that i t t  iv it ~
- unless it ru-sic lies the wi t  lid r.Iw .j I pu liii s t  t ~~- - - 

- 

~ :I ( .

r u i n ! .  i t - , initia l t u n e ’ streng th. Withdrawn sr- l i e s ,snt- i , - t s l . i i  . - t  w i t h  ~ ~ / t

io nic 5 -- :- i t ted armies if it is the start of a period t~~~- (0601 t - 1 200 ) ~ -~~

~
an d i t  any such u n i t s  -i r e availabl i- in reserve St ,st’is . I I  - s s h i f t  in

the Ii vu I u t  a c t i v i ty  of  urt its is necessary, n Iii  s l s s n y . - i- . made h - -

adjustin ~’ the level of activity of units previousl y s s p e n , it  In 5 i t  ICi-

ratios closest to those where the shift is required .

(c) If the number of CU ’s or CCA ’s in the h h i s u - r

activity level is increased as a result of a change in t h i s -  ICF r a t  lii

and frontal activity, armies are added to t h a t  activit y leveb under
‘ I

the same rules as the replacement of a withdrawn unit. If the number f
of CM ’s or CCA ’s in the higher posture is decreased , the r e d u c t i o n  i~ .

~

made by tr ansferring the CAA or CCA with the lowest current troop strength /

to the lowe r comba t activity level. ‘
..  . ,r-

t ~ 
(d) All the US uni ts in the committed zone are a f f u ’ s t & - d  ~

‘

by combat c—tsualties and tank losses. The US committed zone is considered

to have the same depth from the FEBA as the enemy ’s committed zone. All

uni ts in bo th the committed and reserve statu s incur noncomba t casual ties .

Although combat casualties will not occur equally in all  US units , the

f reduction of ICF scores of US forces in the committed status will be kept

equal by allowing selective personnel and tank replacement policies.

~
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Ii - re - t s r , - , in is si - n it,- t i,’, ii - Is ,  ul.-s, i~~nit .- wh i i Ii US di vs  s t  ins5 a It’ l is t ,  —

toning i t  t h i s -  s- - s r  b us. is-v t -i s - - “ f i s t  as - t t~ .- i t  V .

I Us.- a~~,un( sa l  r a - i l s i ,  I 1-un in ( Is. ICE ss s - r i -  of la s - n Is Cli i’

t t i , - n u t I~~
- i t t - i  ,- , u , - : iny t n  - ~ - I s i s  1,0 at ’ r s t  i - - ni is - s i  t a t e - I by s - iso .idc rian ,-

bot h the n. - t  personn el , s s s t s l t  l a ’ s .  , t t  t sss ~ h - us . , ,- ’ ,  - i -  i n s - b  by liii . I - - i  

r i55 - r i - l i t  l u s t s 1  oh l i E  n e - s is is I 100 I s i  s~~
. l ’ ’ - .-- i -s I - u:i’,id- - r i  i~ to ti.

l i n a - i r  b r  t ’ - t ~~i t i -  i- s .  T his. l i s t s - a r  i s - l a t  is.nship is & ‘ s s i s . s l -  n . - - t v - s l id

t ie - s - i - ,,- Liii t tn5 ~ I C  s s i  I is  t .  t s rg . - t  I sa- “ - s  i s  -
~~

-
~~~ 

t i -;. - f i r m s ,  - i t

I t  is t i  i~s ’ , t  n v  t ie -  tank . S ins s. I . -  weapons i’tl !,, L i nk - i re t tat ’ s c u l l

i’ t  i t s  Cs ’ ’ i  I r I h u t  ion t i  the - - r - ICE - . ~ t t , - s u  t lie” ..’ s r i - 1 s t  ( la s ’

ICE s~ r e-  shots Id u s -  reducs’d linear Iv .

I ( s t  To obta in the - t a  I r i- uls is - ton - i t  the si~i~ e is. i ng I sr - * -

ICE sco ri- s due n - s I t !  t ion , the 1 ( 1  losses due n i  net - , ii-.sa.i I t t i - s  must

be added t s the :5 , - C  l t ; f- losses I Iii s u r r r , ’ s s by tan ks h. ills: de’-, t r- ’-~- i-d . iii.-

I 
loss of ICF due to i - a- , s s s b t  It’s, [5 considered ( i s  b.’ nonlinear and t i  have

a re lationship t i  net percent casua lt is’s  as contained in Basic i) it ,s ,

I Annex D. This relat ionshi p considers all casua l t ies  s - v i. - ; t  I i .-

casua l t ie s  incurred t r i m  tank losses ( two casual t ies per tank h is s ) .

I (6) In summary, the effects of attrition on ICF .u s,r s-- - -i r e

considered to be twofold. The tank losses give a l inear degradation ti

I the ICF of units , whil e casualties degrade ICF scores nonlinearly. T I n -

~ 

total of these losses is the measure of the reduction of the tujrc -s ’ ICE

scores for each combat period .

g. Return—to—Duty Schedules for Personnel and Tanks

(1) A certain portion of both battle and nonbattle casualth- s

are re turned to du ty  prior to the end of the conflict period . The met hod

emp loyed in this model for the return—to—duty of casualties for both the

US and enemy forces is as follows.

1 (2) In both Europe and Korea , a US evacuation policy of 30

days is assumed . Within  the 30 days , it is es t ima ted tha t 20 percent of- - -1~ I
C-tX - I  7
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the i omh,s t - i s t u i l  t It-s
1 

and 88 - ‘- s  - s -n t  - t i f s , ’  ne sts - - -ss , ls it , u~~es,i I t Is’s u - in

he’ ret urned C i i  b i t t  v. I s i s i s b s t t  cass i,i It Ii’s irs - ret urned i i i  t h u - l i  iii i t s  s t

t hen s t i t t  of  per iod two on t he ’ h if ,- u - t i  t day 1 i t t  s-n t. 1se ’. Is, - i t s , .  - a s’s,iIl ic-s. .

Noncom bat - s S i t ’ s  i t  I es are ret ej rnvd at t lie’ st a rt - - ;s t -n  Lcd two sin Iii.- Cli  h u t  Is

s hiv , i t  t s r  t t t * -v  become u d s i s O l t  i t ’ s .

I) The S- - - - t , - t  re - t - t s r t u ” t u , —u lsu t  s- ‘ii fs , - s t s h e -  t~~ t s k ,-t t  t - Is.- ( Ii.

same u- - t hat t u n  the Inn  Ited St , i t  s - s  s s X c u’ h s C  t hat !i ,i uaj i t has iss s u s r a- - -

at ituted prio r Ii the r.- t u n t u — t  s i _ d u s t  c - t  some s i t  I t’, i ,i’ ,sesbt l a - -i , t his ’,.

wh ich do return are returned to the r u-cu s tss t  it ut ion pucsb instead - - 1  t i-

th e  unit.

(6) The ChiCom forces ire assumed t -  h i r e s  t ic e  a

evacua t ion p o l i c y ,  which combined wi th  the known wc-s kn t ’ ss . a ’s  un their

medical service results in a re tu rn—to—dus t y  rate st con~~: - l . - n i h i - ,- less

t han th.st of the US or Soviets. It is assumed tha t o n ly  S ;st -n i  i - nu t

the comba t casua l t ies and 45 percent of tl ae noncombat - i - o u , s l t l t ’ s return

to duty. Combat casualties are assumed to return in 10 days -ins t nnn omb:st

casualties in 4 days. The more rap id re tu rn is a s Ur e - i t  res u l t  s t  Si

shorter evacua t ion pol icy.  The ChiCom return—to—dut y ps - r s , i ’x n r n e - I  i re

add ed to the reconstitut ion pool in the same ‘. ,s -s ns -r as I s - -  Soy I s t

return—to—dut y personnel.

(S) The tank return—to—duty schedules are assumed ti- i be

t he same for the US , Soviets , and ChiCom and ar t -  based upon U S est imate -~.

The Tank/Anti—Tank Model computes the number of tank l~ nsss- s ( i .e . ,  t I n -

13US Army Combat Developments Command , Ch e m i c a l — h i i o l o g i c a l - R a d i~’ l - -u - i s - i b
Agency, Addendum Study, Project Mandrake Root , “A Iusu t i ca l Chemical
Biological Operations Study (U),” Annex K , FT McClellan , ALabama , June
1967 (SECRET—RE-NOFORN) .

I ‘4Department of the Army , FM 101—10—1 , S t a f f  Of f ice rs ’ Field ~fanua l
Organization , Technicol 1 and Logistical Data—Unclassified Data , Washington ,
D.C., January 1966 (UNCLASSIFIED) .

‘B US Army CDC, CBRA , “Projec t Mandrake Root ,” ~~~~~. c i t .

16Department of the Army FM 101—10—1 , 
~~~

- 
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s iswi - r , m a)b i l  5 1 , - i - u - - S  s i  d, s t  ri - t Ion) . II.- - t  s e t  ms,del~ p re s v i - I .  s s t 5 i V

i - i  1 k i lls .  f t . s s . ,t s n p ~ st i kill proba b i l 1t i e - ~~, 60 pI’ r e . - tn t  h i ll t u s ~ L- - ~ -- i ’ s

- i rs’ t s k i - u t  ,i ’c noin r e - l i a  in ,d s i s - .

I (I i) ‘Ill i t  a t  est  Is - - s t  t hat hor  re- I s I r.ihs l i- tanks 514

U- - t - i- n u t  - - - in n  h-. - repa ired w i t  h u m t h i t -  t - inul u b i t t  t il Ion sr .- ,. s t t i ~ i2 ;iers u-nt

‘ u i — i t be w i tb iu i rawn t o  - s t s i g l t s ’ r  es- - h i s - I on  I - - u i ’ s - in and t hs . sC  in t hi s- r i - I -  s i r

‘n- - ’ - e - s ~ 10 percent are sjs- s’ nts ’j n u s u u n t - Is a  I r — s t u l i - . I i . - downtime 1~,r t t 5 ~- t , s u u ~ s

rt -p .  1 r,- .t u. it  It in t t ie- Is i t t , s h  Ion i re- -- , Is taken to be 3 da s-- --- . Tanks whl cli

-- st  bu- ~- u - - s i r s - s b u t  a hi ~ t s s - r  ec helon S r i -  ~ I v s - t i  - s  down t I me of ~. day s, but

be- s et uu~ uv is .- r i - la s - I  in 3 days by tanks I ru t 1st- rt - ; .  1 ac t -me- nC pool

I ( i n n c 1 u d i u t ~ the ‘ i a j n u t ( - n n u nuc , - f lo a t )  if any are ; jv ;sj lahle. I n  t t i i~ case ,

I t Ie- re -p a i r e d  tanks ~- i I l  he e nte red  In tht’ rep lacement pooi 4 days alter

It t - v i rs - J sm,s ~ us - s-t - All ret turns ts s dut ~‘ ~u re ttusde at 0601 on the  ~ av s u b

ret  urn .

h. Reinforcement and Rep lacement Schedules

1 (1) UnIted S ta tes  doctrine - i l ls  for the individussi replace—

I mont of casua l t ie s .  The number of US rep lacements available are provided

- us-i  input and are specified in Basic Data , Annex U. These rep la~ t- r-i- tu t

are assu med to be available un  a constant rate thro u ghout the duration

of combat are distri buted to all committed units in proportion to their

personnel losses. If rep lacements are available in gru -iter numbers

I 
than needed , the~’ are held in a replacement pool to be utilized when the

a re needed. Replacements are entered at 0601 of each day.

1 (2) The Soviets and ChiComs utilize unit rep lacemen t of

casualties. In this methodology , a CAA or CCA remains in combat status

f until its troop strength is depleted to two—thirds its original strength.

I 
The unit is then withdrawn and placed in a reconstitution status. If no

unit is available to replace to rep lace the withdrawn CAA or CCA , and if

f withdrawal would result in extension of on—line frontage for an army

beyond doctr inal  guidance concerning the maximum front that can be

f engaged by the remaining on—line armies, the model prevents withdrawa l

until such time as a replacement army is available.
_ _ _ _
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I )  I ri sups t rum wIt l u s t  i s w n t  s r u u t s e -s  rem.si ,s In t u i -  rs  5 - - n i - -a It s i —

[on ‘-it it u us hsr .s minimum oh 7 d i v — i  and until there I s -~~ u t  I Ic h e - i t t t i - H - p

strength s In this st sst su s t s s  combine wiL ls s snt - - relisforceme’nt and rs - : us n’,—t a—

- l us t v to I - - s -rn a full St rengt h tAA or CIA . The reconst itute’d arl ’ \  Is  t l is  ii

ransterre’d to .‘i Ius- r ,-nmb,st or re-s e rve s t - i t  its  depend Ink- upon t r uni t  i 5 i

l im it  sit Ions. In reconst it ut  [sin , this- tank t~-r~ s’s is brought up t - - h i l l

-

~

t rengt Ii it tanks are ava i lab le .  It  s i t  , th e- sin It s u -sn he’ commit ted

at - n i t - u , i l tank s t r e n g t h .

(4 )  Tanks which have  been dest rs ivs’s l or -lu I s  h s s s i n s s t  h.

rs -~~ sv t - rs- ul can be rep la ced in 3 days by t inks from then rep la cement pool .

The s.smc is t n t , ’ of  those damaged tanks which 5 int l- -n  bs’ repaired ~j t i n

3 days. If a damaged tank is rep laced by a tank f rom t h e  rep lace ment

pool , ths e  damaged tank is added to t he pool  when it is r e - p s i r e d  (- . d i - ,-

a ft e r it is damaged). The repl ac ement pool is comprised of all t u u s ~

except  TOE St rength of the units , in i t ial  I - in t It t - - i t  er or a -n t e r  I t ic i n

dur ing the period of combat. Tanks s ir e - s’ntu’ red Into and withdr ssv rn C u - -

the rep lacement pool at the sta rt of per j ’~ul two .

(5) Units arriving in the theater after D—Day ;srs- i i t tu r snu t e d

t~ the con fli- -t at the start of period two after tha t day on which t t s s - -

4 are considered to be available to the front. Du- fini tions of typ e - Re- C

and Blue units and unit slices played in the Thesste- r Rates Musut &~ sr .-

contained in Basic Data , A~inex I).

3. (1)  ASSUMPTIONS. The following ass umpt iflns an - c- in -~he- r s-n t in

J the methodology emp loyed by the Theater Rates Model.

a. In this study, it is assumed tha t the enemy wil l I n it i ss l lv

commi t all the forces available to them except that the Soviets will

keep one CAA and the ChiCom one CCA in front reserve. The Blue fon s - c

I

I will also commit all their available forces except for one division In

Army reserve. The assumptions are restricted so that the average t
frontage of the units deployed along the FEBA does not violate doctrina l

fron tage l imitat ions .  The l imitat ions ar~ s p e c if i e d  in detail in Basis

Data , Annex D.
C 
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b. It I s i  ( he_ i t C Is.’ s , e ’psa r Iii wi ll be - - -
~~~- by hiss-

ti - r u ’s- s I n s a i~~~5 5 5 i W hsis , hi precludes iu,-,-,c-- . ~s j ~ u r un i t s  due to ‘-ui- i

s- u ’tl t and t i - - n  then sil l eng r it v b t ie ’  FEBA u i t s  be- maintained t - - I r e - . lude

blank - i t t  ii

Se- pa t  it - - .~~ uiei i l t  Is, not ke-; i t  o f s u n — i  iS i s ’  invent - t  It’,. -!

w’c-spu ’ni svst i - ~ - - w i l l s  t lie ’ tu x - e pt  Ion of t.snks . is - I It ~~~ e- rs • 10k’ • and l)k .s it ,

It i—s ,s ssuni.- d L hs , et  I isu- is- e x i s t -n u t it  s i r e - s  of ai~ ,un it ion 1i - C  d i r t - c t i s  t a  1 - i t s -

u s  (lie- s. - we- - i;- - s u n - , ( ut - s rs , ’i v • ‘s~,.s II arms , ness r t in e’ , and ~ir t It 1,- r - - can t- ~-

r e l a ted  to  t t a  - ,~ r - -uts ~ths .

d. The I us-  1 e- r k i t  c- s Model Itue’~ not p1 iv FEM sesv ,-mt ’ : i t  a l l

‘. ( v l l z ed  a r rays  use-d in det~~t led, high resolution analy sis ,s re - p l-a ’ a - :  us 
a

the stnx ’ ( a - m u d .  this t ’’rn ,sin is selec t e- si - is being t v h s i u ,s l  it  lii.

ts u rr-u in in the’ t t s i - - u  .- r us f  con f l i c t .  It Is asssu”- it tha t t a  r r i  Inn t h,i ii~
- i -

i ,itiSt uI by Ft ~-‘e i - v a - l i e - n t  during the confi Ic t i t s ’  nu: n s I - n  It  s - m i t  I y dii f e r , - u ,  n

r im  the  s t ’-~ I i a - s t  te rra in.

C. The Red uni t  iii resolution In this madei is a ni - - - i n , ’ l CM - s ,

~~~~~~ An i t u u l v s I s  is made w i t h  a composit e army based upon a mix oh motor-

ized r i b  Ia ’ si t’ is jo tns and tank divisions. The division is dt’t s ~
- - 5 -  hr

the enemy tot - i l deployment ot t ype - d ivis ions. It is assumed f i r  t t u s

purpose u - i  s m : - t ’ t s i i t l o n  expendi ture i n ,u lv s i s - s  that the enemy w i l l  f us r m

armies in t lu i~ manner (as s t y l i z e d ) .  It Is necessary to pe ’rf sirm a ,elv ’i- ,

on s u u - Iu a composit e- army to insure that enemy weapons art- properlv s t v i i - - - - I

in relation to actual deployed weapons densit It s .

I. Detailed analysis is made for one type enemy army ~~J i i - s -  l o s ing

f a f r i e n d l y forc e of the required Size to accompl ish the friendly mission

(delay , def end , etc.) vis—a—vis the enemy force. The model extrapo issn t - — -

this data to all enemy army slices on line on any given day (considertut -

f of course , the effects of attrition on both Red and Blue forces) is though

they were the force stylized in detail. It is assumed that ~f identic al

f enemy armies engaged identical Blue forces side by side and at the same ‘
.

~

r level of activity, losses and expenditures i~~uld be identical.
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g _ ls c  of  t u r s - ; s s s ~~s - n , - s n l o s  to  c - s t ahl i- ,h s t h a t ’ Ia  ~ . I - ’ s i t  a c t i - .- i t y

ic r o s — , t h u s - FEM during any t ime 1s t - I  li ii ~sss umess t hat combat a c t i v i t y  Ic-v . 1-.

- i t t ’ ,ie t ice I Iv determined by C rest- t e s t s . t’ ~~ - - s w - s r iss t s - I t t  iil -~~. That is - -

s i r , a Iuurce w i t h  t ,-l ,iv only w l i -  -s ii I~, -s ii - ,s ~ s i ts i , - oh e ie’ h, ’j idIii~s or

it  t ’ s s - k i u s g ,  -n .s t u ’ m u - ,- ui , - ba- n u i h - re t li a r t la, s ut  - I-  h i s  s u i ..s univ whit—s m I t  ~~ nail

c - i l )-sh It’ - - C  at C , i s k u n u ~- -end a it u s - - s l a n t .  i-- s i t  is-, capabl e ’ u t

doing so.

h. l’ s,- s it  -.s - s’n.j r le a  t i -  t - - .t .shl ish t i e -  la-vt - I - -! •ct - - st - .ic ross

lie- I-’t K.\ slur ing m v  t i-se,- period ,ss,s tu ree ’ —, l i s t  C hic s- :-, 1st ing (current) Blue

t i n t ’  is c apable s i t  n : - s ; -  is - me-nt Ing this ’ s - ,- sLs r lea - i  n iv it v . F’str examp le , ii

se ’ ,‘t e ,ir iii spes u- i f lent t hs.s t. Blue defend s on ,i cI y e- is  s h i v , C t ic - met hodology a
,issiurrse’s that Blue has s a l t  Ic tent strength vis— - s—vls t h a t - enemy t o t s  e- , C e ’
d~’ft- nd on that day. ICF calculat [(Ins for that d.iv might 5s s ~~ ’ ,’ s , t  that

Blue i— ~ only capable it delay.

I. It is assumed that the IJSAF - s c t t l s ’ v u - - - - s i n  s u pe r s - - r  i t ’ -  by D+30.

J. It is assumed that the CS A ir f’ors- t s i n Interdict Red l ines

of communication to limit additional Red units to 5 i x  divisions after Blue

air superiority bu ,ss been established and that is.’ personnel or tank replace-

ments penetrate the interdiction e f f o r t  during the 90—day Intense period .

k. It is assumed that during 11+90 to 11+180 the Red forces deploy

only enough personnel and tank replacements to meet anticipated losses.

Also, that 30 percent of the tank replacements dcc not arrive in theater

because of 10 percent loss to air interdiction and 20 percen t opera t ional

losses in moving the tanks.
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