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ABSTRACT

Porzal coabat molals are a acans for ailitary
analysts and planners t> support 3dacisions concerning
ailicazy projects. The realicy, valility and
cradipility of coasbat 213dals is still a controversial
subject. This papar provides 2a discussion of the
process of jaining fira superiority in coambat. Three
diffarant input paciaete:r catajories - tactical,
cachnical, and human pacametars - werae s2lacted o
serva As combat 1iaiout., The coabat anviconaent
transforas these inputs into coambat outputs (d>r combat
affects) ia the fora 3f operational, target and husman
affects. dusan effacts are the suppressive or
psycaholozical effects, vher2as tarjet effects aire only
physical effects. A concaptual aodel of fire
superiority is developaed from a theoretical d2finition
of fire supactiority.
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y I. INTBODJSIIQN

A. CREDIBILITY PROBLENMS IF CONBAT MODELS

Although Operations 32search has levaloped formal combat
30dals that ar2 i1 active 1se t>day, thesa amodals bhave ndo*
always Deen realdily accepted by both military anialysts and
plannars, ocause >f certain difficulties that ar2 inherent
in any coabdat 1soial. Today's spactrum of formal coabat
aodels reaches froa saall-scale, s3zall-unit-action models to
aggregatad large-scale tha2ater-leval mod2ls. Hiararchies 5£
: ; addels have aven be2n laveloped; and in such model
hierarchias, the outputs of small- scale analytical modals
have be2a used 1s iaputs into lacge~ scale analytical
aodals. 4odeliny effocts wera ianitialiy intaanla2l %o yield
"point"® solutions %o 3pacific <combat ©probleas. Later,
because of the infeasibility of this goal, they siaply

provided iasigh®t intd> battle dynamics, 7EBA moveaent, force
structures, eguipaeat, weaponry, v2iapon mixes, tactics and
doctcine. Generally spe2ikiag, comdat addels have provided
iasights ia%o pattle without having a war.

The guastion at hand is, whether the amodels ares reliable
aad credible endugh to prr2duce? usaful and realistic results
vhica aay lLater iafluance defense-planning decisioas. The
problem has be2n t> iacorporata2 the jualitative factors,
<nat ailitary ectperts feel ara dacisive in coabat
operations, intd 1 satahematical modal. This aeans: Is small
scale coambat undacstood slearly enough and is sufficient
detail incorporated int> models? rhis is also ra2flected ia
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tae need fOr a theory of cosbat , 1 Dbetter systematical
enderstanding of <cosbat, Taylor ‘Ref. ') and the analysis

>

cosmsunity considecr the development of su”" a theory to be a
aecessary preregjuisite f£>r any really v.:ale aodz2l. Another

prodlea with <coambat wmoda2ls is =as = verification. The
genszal scientific approach to -wed froa 2 hypothesis
tArouga experiaantation t> theor .5, for very obvious
reasons, impossible with Tesrc to coabat oparations.
Thetefois, tvo major altecnat approaches to verification
have Deen  ised; the ¢ wal coasistency check and the
emapirical prots isjemant, Jafortunately, the latter

has a strong bias towards the prefar2nces and point of view

Sl

of the judjiang person. Ih2 willingness to accept any amodel
solution or outcome at all depends on the Jegree of
: probability that the sodal out come is realistic.
; ; Unrealistic results are not proof of the invalility of the
k é ‘ theoretical approich to cosbat. It should naot discourage
the atteapt %> conceptailize r=2al 1life probleas, since
aodern ailitary thinking 1is now based very strongly on
scientific research and has receivad very valuable iapetus,
trains of thoughts and coacepts in this way. Jnrealistic
& rasults of aodels may only show that the model inputs have

to be aaended.

This ¢thasis exaainas coabat, ii particular the fire
£ight, in a rather basic «ay. The coabat process is viewved
from the "total systeas” approack aal 2 conceptual sodel of
fice superiority is devaldped.

B. STATENZSNT OPF IHE PROBLEN

It is ta2 author's hypothesis ¢that 1lani <coabat in
general aad small-unit fire figats in particular are
norsally wvon by fire saperiority. It seeas to> be obvious
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that either having fire superiority or jainiag it against aa
sneay <force is the key tO success Lo sany (Lf not mort
ailitary operations. This is loosely iasplied anl axplicitly
stated in <the German Tlactics PField Masual "§0v 100,180,
Puehzrung i3 Gafecht" [Ref. 2] in the Chapters 1dout defenses
and attack. Interestingly enough <there is apparently ao
appraciation of this fundaaental aypothesis by sodel
builders, since according to the opast of th2 author's
knowledge this iaportant phenomenon d>f fire supeciority has
not been so far either iaplicitly or explicitly considered
in any coabat aodel. Other important <factors, ra2sponsible
for battle outcome, are widaly consideared as e.3. moveament,
detaction, attrition and suppression, tOo name dut the BsoOre
iaportant ones. Presumably the reason {or this is the desire
of the aoda2lers td> ka2ep th2 models siaple ani accessable as
well as ainiaizing the difficulties 1n quantifying the
deteraining variables and states in the <combat situvation
consideced. This significant emission is probably due td
the lack of any conceptual amodel of fire superiority. This
situation itself 1is <caused by the absence of any useful
definition in the military literature vaich couli serve as a
basis for investijating th2 contribution of fire superiority
to compat effactiveness. The Garman field aanual "“HDv
100/900, Pieagungsbagriffa” [Ref. 3] which defines the major
teras of current ailitary usage, oaits any aentioec of fire
superiority with the explanation peing given in the preface
that:" It has been renounced to define teras vhich are self
evident wvithout explanation". Por very similar reasons a
djefinition of fire supaciority cannot be £ouad in the
"Dictionary of 9Yilitary and Associated Teras" published by
the Joint Chiefs >f Staff of U.S5. Department of Defense.

The Juestion obtrudes on the author that if it is so
self evident, what is exactly meant by fire superiority. The
lack of any existing wvidely-accepted definition leaves 2a
wide space for interpretation. Pire superiority seess to be




too coaprahensiva to 2allow two parsons to have the saze
conceptual basis, though commonly the major aspects,
physical and scmetimes 1lso non physical coaponents of fire
superiority are agreed upon.

Even Armies of different nations seam to have different
conceptions of fire superiori*y. In the case of the Germaas
and the Asericans this aay arise from traditional
differances in ailitary thinking. Apparently it roots in
different concepts of coabat. The Gerasans use the cosmaand
concept °of mission tactics and tand to eamphasiza manpowar

\aspocts of fire superiority, whereas the Asericans tend to

use tnat of order tactics and rely aore on the Dbare
Lrepower aspects of fira superiority.
ACay wvants to vin aay battla., Therefore it must know the
ables which deterains the gaining of fire superiority.
der to influence the pattle outcome towards the desired
ST AL Aray aust know which of <the coabat input
variad %S can deiiberaczely be pickad and changed. PFor these
reasons \it seeas ¢O0 D@ necessary to have a1t least a
Jescript. of fire superiority, if not a conceptual @model.
The anal §* dealing wvwith £fire superiority aust try to
recoastrucse he iaternal wiring of tha "black box" called
coabat. Cos t inputs are traansformed in this "black box"
into coabat ou puts, alsd called combat erffects. Because of
this iaportanc *he analyst is 1also forcel ¢to have a
seaningful conce; \ual definition as a pasis for a scientific
approaca to his ao \@ling efforts.

The goal of tais \aesis is to increase the ailitary OR
comaunity's understan a3 of fire superiority by describing
fire superiority, ana. it, and then developing a
conceptual aodel. Hope this investigation (both its
analysis and conceptual a: 'el) sets the stage for <future
work, possibly even the 1a “lopsent >f a quantitative model
of fire superiority. Thus, . ter coabat aodels aight bHe
developed for dafanse plazaing VNurposes.
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C. LIMITATIONS OJ7 THIS 4J)RK

Fire superiority is an extresely complex phend>aenon.
@xists whenaver a ba%tle is fougant, wahether in large sca.
operations or inr small scale coabat. Large-scale combat iu
characterized by the size of the force iavolved, by tae
variety and asagnitude of wveapons eaployed, and by ¢the f£ire
pover delivered. This distinguishes large-scale combat froas
small-scale coabat. The latter possesses greater homogenity
of units and veapons. This results in relative uniforamicty
of the fire fight at the small uait lavel. Closer scrutiay,
aowever, reveals that the large scale combat is siailar to
small scale coabat 1if a small enough sector of the
battlefield is considaread, #eapons and arador aay be
individually diffarent, of course, but the characteristics
are approximsately the same. Therefor2 a description of fire
supariority in general can be atteapted, Dbacause the
aechanics and huaman reactions of oota large and small-scale
combat are alamost ideatical.

The scope 9of this thesis w#ill be restricted to the
relativaly siaple and cl2ar cut Dbattle cases Jf attack,
defense and a seeting engageaent. Aspects of fire
superiority in small-scale coabat, with heterogeneous
veapoas aand supporting fire, vill not be cousidaceA. The
cases 0f withdraval anil delay Ace not taken into
consideration Dbecause of the dJdifficulties in associatiag
fire superioricy with »sae of the (fighting parcties. Of
course, non fightiag aissions such as reconniissance or
unopposed aovement are excluded as well.
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An exteasive DDC literature search and additional search by
the author in the NPS library have yielded no references
relating to this important ¢topic. Thus, a listing of
, resa3arch studies, literature, or wmodeliang approaches |is
f ¢ iapossible. Wwork dealiag with the investigation of fire |
j ’, ' superiority has besen initiated, howvaver, by the D2puty Chief
f » of Staff for wsilitary ocperations (DANO-2D), Headgquarters,

o S T AT Nwﬂm

Departaent of the Aray?. ?

L T AR AN

; & 1 This fact was coaaunicatel to author aurinz a
; telephone conversation with LTC T, *5 g’;dquart rs,
Departaent of the Acray (oaro-zn). on J ly
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II. [HE RHENOMENON OF PIRZ SURERJORILX

A. GENEBRAL VIEW JF PIRE SOPERIORITX

Usually, vhenevar someone Jefines fire superiority, it

is described as the staite resulting £froma th2 physical
£fects of frfiring weapons in cosbat. Additionally people

somatimes include the psychological effacts of fire.
Suppression studies have indicatad that psychological
effects are considered to be integral npar: of fire
superiority. However, this is novhere explicitly s+tated ia
the documentation of aod2ling at+%eapts. Apart froas this, no
such understanding of fire superiority with i%s complex
spectrua of distinct factors and variables exists. This |is
because %he influence O°f huaan parameters is almost nevar

% sentioned. To provide an initial point of depacture, <the
i definition of M. B. Gacdbar and P. S. Bond (Ref. 4] will be
f helpful:

A fire which is superior to that of the onon tn volulo
or accu:ac or both and whose “affect is , t
enen re less affective. Pire erisrc l s
sela ivo and is a no:al henoacnon alth h argel
do endent on fh‘;ifa act, Pire sugottot t! for th

acxe: 13 zl :- s able t> advance a ins’ th.

ctog fi a:u lo es. Fire super l 5
tha ctondc: .s Ll ™) g able to ho h s oun
and check the attackorl advanca.




Ona should also be avare that fire superiority depends on
the social and cultural values of the soldiers engaged in
cosbat. This means that the perception of havinj achiesvad
the state Oof fire superiority depends on the value a society
attributes to husan 1life, i.e. how wmany 1losses can bDe
incurred in order to achiave fire superiority or before fire

superiority is lost.

B. THZ ROLE OF FIRE SUPERIDJRITY IN BATTLE

Startiag with tha 2above definition, the author would
lika to present his perception of fire superiority. Its
location in the complex s%ructure of coambat is bised on the
individual's view of combat as seen froa his perspective
vith varying degrees of resolution. These wvaried
perspectives, of course, yield 1 viaev of coabat coaposed of
different factors and paramseters. 3ee Pig 1 .

14
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When one ideally considers combat, he will notice the
aission - objective relation. Sissions govern the
battlefield, i.e. create the canalized and synchronizad
violence. They usually specify an dbjective which has to be
achiaved vithin some tiae liamit.

After a closer look one can discern two sides. The
friendly and the enway side are opposed to o>ne another
according to their respective aissions and striv2 to achieve
their respactive objectives in the preset time fraiames.

A furtaer look reveals the sizes of the forces engaged,
their logistic capabilities, and their chosea tactic to
neutralize the opponent, i.e. to eliainate ¢the obstacles
vhich impada <*he achieva2aent of the objective and thus the
fulfillaent of tha aission in a1 timely =annaer. Senerally
speaking, the 2nemy's aission (objective) is %o prevent the
attainment of the aission (objective) of the frieadly side.
This 1is aspecially true in the cise of small uait-combat
after aeetiny the eneay. In other words, the aissions as
vell as th2a objectives ara antagonistic. See Pijy 2 .
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Yet a aore detailed look reveals an interesting insight.
One finds hera that at a certain stap or level the only
resaining battle determinant to achiave th2 objactive is the
gaining of f£fire superiority, as figure 1 shows. This
dominant role of fire superiority is shown in figure 2 as
the crossover »>f eneay and friendly f£fire. Thus the
essantial elements or factors in combat would appear to be
fire superiority.

Another intarasting {idea resulcs froam figure 1. As soon
as the initial tactical estimates, as well as th2 existing
materiel on hand, have determined the size of the force to
angage the eneay, these factors becoame invariable at the
instant coabat coamencas. Initial force size -an only be
changed or reinforced aftar reconsijering the inputs that
fire superiority can or can not be achieved with the present
force ratio. This idea >f fixed initial £force sizes and
aissing reinforceament of units coaplias with the view of %he
Lanchaster analytical coabat 30dels. % may also be seen
that €fire superiority is a relative phenomenon despendent on
the sizes of th2 two opposing forces involved, the tactics
applied, and the supplies availabla to the two forces.

Thus it is possible to attributa the key rola in cosbat
to fire superiority. Pire superiority is the key to success
in either level 3f coamand. The Comsandiny G52neral 1is
concerned about £fire superiority as well as the Platoon
Leader. Battle from the General's point of viev is 21
sequence of aultiple 1aad siaultagsously occuring combat
scenes with varianle inputs in <force size, tactics and
logistics. Por the Platoon Leader all these factors are
initially fixed and can aot be readily iafluenced during the
period of initial eneay contact, unless the platoon receives
reinforcements or supplies. FPigure 1 yields a vary useful
concaptual idea Of platoon level coabat if on? replaces all
the devaloping factors by the initial factors of force size,
logistics and tactics for the friend's side as wvell as for

18




the eneay's side. Since the investigation of fire
superiority in sm®all scile coambat shows congruence of the
large and small-scale combat, only platoon level
considerations will be pursued further omn without loss of
relevant detail.

C. COMPONENTS OP FIRE SUPERIORITY

The nex: steps in the investigation of fire superiority
deal with the guestions, "what is fire superiority, vhat |is
it composed of, wvhat situations, variables or factors
influence it?" Bacause >f the natur2 of fire superiority,
this part will be @mainly descriptiva. The aultilayer
complexity of fire supariority siaply does not allow one to
factor or subclassify teras and factors in a very clear cut
sanner. The diffarent teras aad factors have correlatioas
and interdependencies wvhich aake it Jdifficult to decide
vhich tera or factor influences which and in which logical
sequence. It is extremely difficult <o make distinctions
betwveen thes2 different factors. Very often the liaits
wvher?2 one factor ends and another begians are not c-lear. For
the sake of clarity and b2tter understanding, as vell as for
the purpose of factocization of parameters, these
distinctions have been aade (though sometiaes they =nay
appear somewvhat artificial). This is, as initially
aentioned, a tribute to simplicity. furtheraore
difficulties arise froa the fact that the eneay's
inferiority iaplies a friend's superiority. That is the
friend's aore effective <fire, relative to or ainus the
enemy's lass effective fire, makas up fire superiority.
Lastly, but most iaportant, is the fact that th2 real world
problema has interdepeniancies and autually influencing
factors vhich the model can not represent.
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Pire superiority wmay be considered to depeni on three
parameters. Thase are tactical, technical, and husan
parametars. They all have to be viewed as battle input.
They can be gquantified totally, partially, or not at all,
but are gqualitatively kaown to the ailitary to have a
considerable influence on battla outcoae. Although not
readily quantifiabla, soa? parametars are knovn vell enouga
- not only to experieaced coabat veteraas - but also %o
analysts so that an atteapt could be amsade to at least rank
order or classify them on an ordinal scale.

Tactical, techaical and husan parasetars can convaniently be
described through the use of a tree diagram. They are the
initial branches which originate ian the stem, called fire
superiority. Bach o2f these 12ain branches has other
subclassifying parameters with furthar sub-branchas.

During the course >f a battla the coabat inputs are
transformed into coamabat >utputs. The inputs deteraine the
level of fire superiority achiaved, wvhile tha outputs
reflect their iapact.




1. 7Ihe Tactical Coapaaent

The tactical parameters are the first group of
factors which contribute to the gaining of fire superiority.
They consist of the @md>de of combat, tha organization,
intelligence, and aobility. Bacause of coabat action
restrictions, the coambat aode consist of attack and defense
oanly. The organization is described best by personnel and
saterial strength, force structure, daployment of units, and
supply and logyistics. Intelligence is bas2d on the
accessability of information via sansor hardvare and on the
reconaissance capability. Mobility is deterained, as before,
by the terrain, weather and transportation hardvarea.
tactical parametars aay be considered eavironmental factors
in combat. Since the 2xamination 0of fire superiority has
been restricted to platoon level 2ngageaments, it is
conveniant to consider these combat inputs as initially
fixed. In the period of ¢ime iammediately following a small
unit’s engagement, the initial pattle situation or
anvironment does not change, however, of course, battle
losses vill decrease the initial Juantity of personnel,
saterial and supplies on hand. However, under the
conditions of battle, t he tactical parama2ters are
transforaed and contribute to combat output in the foram of
operational effects.
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2. The Isechnigal Cosponent

In a similar fashion the seconi group of combat inputs, the
technical paraaeters, aa7 be subdivided into subclasses,
vhich are essentially part of <cha principles of wvar:
namely, Mobility, Communication, and Pirepowver.

Mobility lepends upon the terrain, the veather and
means of transpartatioa. Terrain is deterained by the
topology and foliage <cover whi~h vyields firs positions,
cover and concealaent and trafficability. Weather,
described very rigidly by huaidicy and temperature
influences trafficability and say also contribute to cover
and concealaent. The ¢transportation hardware is defined by
the veaicle charactaristics of araor protection,
transportability, engine <capabilitias and vhather the
vehicle 1is selfpropelled or wheeled. The lattar gualities
may 21so give protection dy outmancuvariag the eneay's fire,
thus reducing the vulparability of the combatant. Mobility
also belongs to the category of tactical paraa2tars.

The comaunicatidon hardvare set is composed of both
comamunication capabilitias as well as countermeasure
capabilitias. Further delineation of the coaaunication
branch int> subsequent subsets did aot yield 1any relevant
insights other than an unnaccessary differentiation of
comaunication eguipmsent. Therefore it will be eliminatad
from further coasideratioa.

Firepower is also based upon the capabilities of the
hardvare. As such it is determipnad by the ammunition, by
the guns or launchers and the sensors. The lethality of a
gun is dJdaterainad by the caliber of the amauaition, the
fragaentation characteristics of the projectile, 1s vell as
the range of the wveapon itself. The resultant intemnsity
produced by the cadence and accuracy of the gua are, of
course, ianfluencad by the state of triining of the gunner as
vell as the accuracy of the sensors to acquire tairjets.
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The lethality aad intansity of ¢the fire is conveniently
collacted under the term target effects, which are obviously

combat outputs.

3. Tha duymap Componsnt

The third group of factors, human parameters, are a very
important but oftan neglected group of factors.

Battles can not be voa by machines without the soldier who
forcefully strives tovards his objective. The best equipped
Aray is useless unlass the soldiers possass certain
gqualities which enable thes to £igat effactively. These
qualitias are part of alaost every aan in a1 more or less
distinct fora. Iadividual, as well as group behaviour,
depends largely on these factors.

Group f£actors represant coabat-unit paraameters wvhich appear
to be a sort of sociological factor that consist exclusively
of social oounds and behaviour foras like esprit de corps,
coaradesanip, feeliny of solidarity, teaawork and physical
coaaunicaticn in coambat, The 1i1aportaace of physical
coamunication is emphasized by S.L.A. Marshal [Ref. S] in

ais book " 8en Agaiast Iite ":

A chief faul®t in our a2n is that they do not talk. The
are not coamunicative. In combat the{ are alaost tongh
o

tiad. In aurope the dere ft uent z astonished at
incossa? lkin d shau‘ hat v og snong
eneay arnat‘on g an ctioa. rho{ stook it or
naivate in the Japanose hat in coabat he fraquentl

acted in the 3saae wvay. That there nas a direc

connection between these 1aethods 34 the he oncngl
vigor with which our 2nesies organized and pressed the
localigountor attacks seeas scaicely to have occured

our s

Individual factors are 1 ccllective tera for combatant
parametars and leadership parameters. These parameters
characterize, and also jualify, the two distiact gJroups of
parsons and their personalities in a zosbat unic.
Individual factors oftaen are the reason for the success or
failure of an action.
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The soldier, who is under fire, is the weakest cw\\also the
most influenced lirnk in the chain of coabat. Hi: reactioms
depend largely on hais training, experiance, no:zke, and
toughness. Of course 1ll these factors in turn c¢c<Xxend on
other distinct factors. These in turn may be influen~‘<\ by
the battle imprassions and aay or may not underjo a change
in gquality during coabat periods.

A soldier is trained to shov independence in his
decisions and actions, to possess initiative, and execute
those skills vith flexibility. de 1is schooled in
discipline, reliability and obedience. His moral2 is based
an his salf-confidence; spirit and 2300d. His stamina or
toughness is deterained by his need for rest and comfort and
by his iasusceptibility %o the influence cf environmental
conditions. Physiological effects in the soldiar may be
caused Dby fatigue, stress, strain, dangar, threat, climate,
weather, temperature, huaidity or eneay fire. A soldier's
toughness 1is furtheramdre dependent o1 ais st2adfastness in
situations repleta2 with surprise, deception, disoryaanisation
and his st2adfastness 12spite the intensity of bat+tle and
the resulting confusion. Self confidenca is based on the
feeling of elitaness, or superiority or inferiority to the
aneay, as vell as on the +trust in one's knowledge and
leadership. Self-confidence is maianly derived €roa previous
experience. The samse pertains to the spirit which |is
dapendant oo tae solldier's williagness, detsraination,
aotivation, bravery, courage, self-discipline and
self-estization. The m00d of a soldier is determined by his
recant axparienca of success or failucre, by his aentality,
aggressiveness, anger, fear, rage, despair, pinic or even
paralysation. During a short fire fight all these factors
which influence aorale can be considered fixed, but during a
long battle all these "mdrale" factors are variable and thus
can heavily influence the battle outconma.

24

T —— s aai SR L RS sy e Vb et AN skt




Tha coabat leader aust have in addition to the
characteristic gualities of the combat soldier, leadership
gualitias. Thess include tactical skills and craftmanship
as well as flexibility, which is aarked by the ability to
iaprovise if necessary and to adapt ais coammand to changing
situations. He aust possess a personality which shous
ingenuity. He aust be accepted as a leader-model by the men
of his command. The leader aust a1lvays be master of the
situation and able to exact self control.

Tha human parameters described hereto are all
considered to ba coabat input parameters - This
presentation aight be eanriched by further factors not yet
considered, but it is also <clear that the abundace of
distinct and different factors showa strongly sujgests that
auch a:ore attention should be paid to the human parameters.
This is the @more since it may be that these human factors
ar2 aot at all coastant; possibly not even during the short
tisme frama of a coabat action. 4 person endowad with all
these attributes vhen shdt at ¢:il1 shov human 2ffacts which
unguestionably fall into the catagory of ccabat output.

Ppsychological effacts @may 1also Dbe produced by
actively delivering firepover. They amay cause a feeling of
material superiority, activity and satisfaction 1ad may help
to overcoae 21 aoaentary weakness J>f morale aand confidence.
They should not be confused with tha psychological effects
involved <hen fire is drawn, aand which can increase or
offset the effect of eneay fira.

25




D. COMBAT EPFPECTS

The combat activities vhich coaprise the human,
technical and tactical factors tog2thar in battle will
transfora the combat inputs into coabat outputs by producing
effects which will be called human, target, and operational
effects. This section scrutinizes the coambined effects of
operational, target, and husan effacts. Tha latter are
obviously human —reactions ¢to eneay <fire in the cosmbat
environaent. A 120k at a siaplified schematic amddel of 2a
secticn of coabat interaction will facilitate a better
understanding of the ideas ianvolved. Se2 Pig 3 .

The antagonistic aissons of friend and ene2my parmit theam
to move under som2 time constraint towards their respective
objectives. dJbjectives <contain aceay targ2ts. Targets
consist of a firer, 2 weapon or both. Fire that hits targets
can attrit, wouand or daaage, and <thus produce physical
target affects. Fire that aisses targets forces the soldiers
close to the iapact poiant to undergo certain reactioans, and
thus it produces psycholojical target effacts.
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Pigure 3 -

SIMPLIFIED SCHEMATIC MODEL OF A SECTION OF
COYBAT INTERACTION
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Fire effectiveness 111y therefore be split into two
causative coaponents. The Psychological Research Associates
(Ref. 6] put it this way:

Pit cttoitivcnoss may be divided into tvc conpononts

93 cal a gs chological effects of fire. The gh; 3
ects O are €o k1ill or to vound and thu e uco
the nuabeg o on? y who a:r able to retura fire.
psychologic ect of fire is tD ne tral Ze the onzgx

and thus reduce the amount of battle ¢ uring
the enesy is willing t> return fire.

Psychological effacts will be produced initially by the
senses, specifically the visual, audio, tactile, and
orfactory keys resulting froa the iapacting bullet or shell,
vhether it aisses the target or by the actual physical
affect of hitting another nearby tarjet. The perception of
chat happening 1induces a <fear of being killed and thus
forces the indiviliual to 1 certain behavior depending on his
psychic hardness. In his report oo an "Ianvestigation of
Chipese and North Korean 50ldier Reactions to UN Weapons in
the Korean #ar"™ L. A. RXahn [Ref. 7 ) concludes:

Tae 3:ajor reason g iven to reaction to all wveapons
studied” 1s__that £ *asua ties | to lesser extents are
noise etticioncy of actzon. burning (considerad
distinct f casualties restriction of activities,
invulaerability and aiscel ane ous.

These conclusions ar2 to be expected froa intuition. Of
course, they reoccur in alaost all definitions for
suppression, such as the one of Geor32 M. Gividen [Ref. 8]

sSs ot incapacitation
h is a functio of
uhic g aither imitfsto or
th:ea oa veapons fire.

stnto ot %ativo inef octi vene
o i:

! dual sol
cho og actors an
ntain by a perceive

3ividen also distiaoguishes five different kinds of
suppression wvhich are consequances of differaat tactical
situations and of differsat types of fire. Since the degree
of supprassion depends on <¢his as wvell as on the
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psychological stability of the soldier, a closer look into
these five disensions of suppression saems to be necessary
in order to understand the 3echanics involved in gaining
fire superiority.

1. Reasoned (rational) suppression versus unreasoned
(irrational) suppressioa. In the first case, the soldier
stays cool, keeps his head dovn and rationally analyzes and
calculates the situation and his survival probability. This
is opposed to the secoad case, ia vhich the panicking
soldier does not consciously coasider the real niture of the
threat or its long tera 3ffects.

2o Area suppressioson versus point suppression. I+ can
k be best described by randoaly distributed machine gun fire
over an area, Oor even aortar fire as opposed to> the aimed
fire of a sniper. The veapon best suited for poiat
suppression may be useless for are2a suppression and vice
k varsa.
‘ 3. Dafensive supprassion versus offensive suppression.
Defensive suppression can be obpDtained amost effectively
against attackiny iafantrcy by asacain2 gua fire, vhereas the
offensive suppression to support aa attack can be Dbest
obtained by aortar fire.

4. Letaal suppression versus denial suppression.
Lethal suppression aeutralizes aa eneayv's aovesent and
actions in the area in vhich he is caught by fire, wvhereas
denial suppression keeps hia out of heratofore unoccupied
acreas.

5. Dircect fire suppression vc:sui indirect fire
suppression. This dimsension is characterized by the firing
characteristics of direct firing wveapons, as opposed to the
indirect firing wveapons.
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Por the sake of coapletenass the followving sixth item should
be added to the above:

6. Permaneat suppr2ssion versus no suppression. A
soldier wvho has been killed, severa2ly wvounded or suffered
severe psychological shock can not engage ia further coabat
and is considerad persanent suppressed. This is in
opposition to a soldier vho a2xperienced no effective
suppression and is therefor2 undagraded.

These distiactions of suppressive situations and the
kind of wveapons and fire involved reflect the asultitude of
possible psychological processes in soldiers unier fire.
Purther information about suppression aay be £found in the
report of the Aray Scientific Advisory Panel Ad Hoc Group
(Ref. 9) which provides a: "Schematic description of the
sequence of processes that are conjectured to occur in a
single tise slice vaen suppressive fire is 1delivered and
affects coabat results." See Pig ¢ .
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The syaptoas of suppr2ssion say also be illustrated from
the point of view of battle stress and the human
pecformancs. Stress, per se, is not haraful unless it
exceeds certain tolerable disensions. They are reached when
the individual's actions begin to be degraded by physical,
physiological and psychological immissions, wvhich change the
person's interior biological, cheajical and msental balance.
This can laad to totally 3ifferent reactions in the same
situation. One person might keep a cool, clear head and vait
gntil the imainent danger or threat is ovar. The other
person aight break aentally and becoa2 incapacitatad. sStill
another person aight experience a total loss of

self-discipline and self-consciousness, begin t> panic and
act in wvays he would have never acted whan unshaken.
Pinally, another person aight, induced by fear and
hopelessness, react bravely with courage and accoaplish W
heroic deeads no one vould have expectad froa hia. E

If one now looks at 1 section of cosbat very closely,
one caan focus on the single soldier and ais veapon. Keeping
the humsan paraaeters, and especially the comba*t soldier
paraseters, in aind tiaa followving illustrates how a short
burst of fire onto human targets produces different effects
on the soldiers ia the target area at the sase time. See
E Pigure 5 and Pigure 6 . In the confijuration of Pig S the
humsan targets have the same training, experiance, aorale and
; toughness.
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ALL TARGETS HAVE THE SAME TRAINING, EXPERIENCE, MORALE, TOUGHNESS

A) TARGET EFFECT ON S = PHYSICAL
¥TECT

8) TARGET EFFECT ON 3, L, 7, 6 = PSYCHOLOGICAL =

EFFECT
C) TARGET EFFECT ON 1, 2, 8, 9 = NO EFFECT

Pigure 5 - EPPECTS OP {ON PRAGHENTING FIRE ON HUMAN TARGETS

WITH THE SAME INDIVIDUAL FACTORS.
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It is obvious that a target that has beenm hit becoames
damaged, wounded, or killed. In othar words, it has becoame
perzanently suppressed. Thus, suppressed solliers are
closer and concantrically grouped around the iampact of the
fire than are the unsuppressed soldiers. This hypothesis can
be substantiated by actual coabat observations as well as by
field experiments dealing both wita fragmentation and non
fragaentation wveapons, as vas done by Wesley W. Yale and
Donald L. %ills [Ref. 10) and by Willard S. Vaughaa, Jr. and
Peyton G. Walker {Ref. 6] raspectively. In the
configuration of Pig 6 th2 targets have different <¢raining,
axperince, aorale and toughness.
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TARGETS HAVE DIFFERENT TRAINING, EXPERIENCE, MORALE, TOUGHNESS
TARGET S, 6, 7 WITH MOCH ‘,
TARGET 1, 2 WITH FEN | , EXPERTENCE, MORALE, TOUGHNESS

TAROST 3, L, 8, 9 WITH NORMAL
e PHYSICAL * PERMANENT
A) TARGET EFFECT ON S pi-omre R
8) TARGET EFFECT ON 1, 2, 3, L = PSYCHOLOGICAL * SUPPReSSION
SFFECT

C) TARGET EFFECT ON 6, 7, 8, 9 = NO EFFECT e NO SUPPRESSION

Pigure 6 - BPPECTS JP ¥)¥ PRAGNENTING FIRE ON HUMAN TARGETS
WITH DIPPERENT INDIVIDUAL PACTORS. (SCHENMATIC)
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Observations in coabat confirm tanat soldiers with better
devaloped qualities of a soldier ocr combatant paraseters
become suppressed at a later time, if at all, than soldiers
vith less Jlevelopa2d coabatant skills., Otaer human qualities
like intellect cause sdoldiers to react guite differently.
Reasoned or rational suppression aight begin sooner in
intellectual persons because rational analyzation of the
situation may signal a «rc2al danger. Coabat observations
support evidence that aentally untrained or naive soldiers
vere often suppressed t> a lessar degree <than educated
saldiers. This wvas 3ainly due to the fact that these
individuals often had a 1l2ss <clear understanding of the
potential danger and ¢thus did not perceive the threat
situations wvhen they in fact existed. This caan also be
supportaed by the findings Of Mitch2ll 4. 3erkun [Ref. 11] in
a raport apout parformanc2 decreaent under psychological
strass. The suppression threshold of soldiers with combat
axparience, good traioming, aoral2 aad toughness s2ems to lie
at a highar lavel than for soldiers wvithout it. The before
aentioned report of Col. Wesley W. Yale and Donald L. Mills
(Ref. 10] indicates that the coamdat experience of soldiers
allovs closer neutralization proximities than it 3nes for
those wita less, or nd, coambat =2xperienca. Yet these
soldiers suffer the fawer losses.

This cormon observation irc var is because they can act
togather more naraoniously as a cosbat team and ¢thus fire
aore effectively than unexperiencad and untrained soldiers.
They also are able to anticipate better certain eneay
actions or reactions. The experience factor of how lethal
different aneamy veapons are and thus hov szafe ¢+the soldier
still is, despite incoaing fira, makes up the great
advantage battle seasoned troops have over "3greenhorns®.
The more the enemy's actions can be anticipated, i.e. the
aore his actions are pcedictable, the less he appears
frightening because the aind can readily d2al with the
situation %o coae.
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Generalaajor a.D. F.d4. von Melleathin2 pointed out that
unanticipated Gersan actions at the PBastern Pront had
catastrophic iapact on the Russian troops, for they could
not cope With the shock of surprise. Only troops vith high
sorale were able to 4> so. Later on the Western Pront the
Americans vere not feared very amuch by the Germans despite
the Aaserican tachaological and material superiority, because
they vwere too predictable.

Many of the successes of the German Aray in WWII, though
m0stly outnuabered by the Allied ~?2orces in wsanpover and
satearial, suggast a codaclusion siailar ¢o Colonel (USa,
Bet.) T.N. Du Puy's? stateaents during his report on his
Quantified Judgement Yethod, <that superior leadership,
combat soldier gualities such 1s high spirit, experience aad
training and combat unit gqualitias as esprit 32 corps can
offset the effectiveness >f eneay £fire and increase the
affectivaeness of one's ovwn fira. It should be remarked at
this point that tactical 3anuals acre based more or less on
that principle and that all ailitary education aad training
is aised to develop thess jualities.

Physical effects of a bullat Oor shell hitting a soldier
can not ce reduced by his actionms. A soldier hit is attrited
or wouanded and therefore permanentiy suppressad. =Zaploying
his military skills and acting accocrdiag to the situation he
say, to a certain degree, decrease the prooability of becosme
ait. Good training, expecience, morile, toughness and aa
existiang williangness to fight and aot to give up will aid in
his survival.

2 During an interviaw with tha agthor on may 15th, 1979
in uonto:og, California. Prom Nov. 1942 - Sapt. 1944 on the
2astern ProOnt, ua;or General (Ret.) P.#. von Nellenthin was
Chief of sSctaff 5f the 43, Panzer Korps and later 4. Panzer

Arsee.

H Durin a presantation of his Quantified Judagnont
Nethod (Sga at ¢the J3 Naval Postgraduate Schood in
Sonterey,Cal fornia Macch Sth and 6th 1979. Colonel (USA
Ret,.,) T, N. Dy Pu {s E=xszut l: Dictector of the atsioricag
Bvaluation and ReSeacrch Jrganisation (4ERO), a subs ary o

T.N. Du Puy and Associates.
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Having avoided a direct hit and its physical a2ffects, the
iapact will still produce a psychological effect.

Physical and psychological effacts are the result of
human o2ings in an operational environaent expcsad to target
effects. Attrition, wounds, damage, and suppression are the
physical and psychological effects respectively, resulting
froa coabat. Since these combat effects are dependent on
the coabat inputs it may be conciuded that fira superiority
can also be described in teras of coabat outputs. In battle
the gaiaing of fire superiority is Jdetermained when enouga
eneay soldiers are killed or wouanded, enough m:aterial has
been damaged and 2nough enemy soldiars have been suppressed
sO that the eneay can not further or temporarily engage in
combat., Th2 tera enough 1is of course only the coamaon
language description of <the gquotisnt of the actuyal fire
effectiveness of 2neay 201 friend. Pire superiority in the
theoretical aodel thus could be repr2sented in either of two
ways. It could be done in teras of combat inputs or coambat
outputs.

It will have beean aoted that <*he huzan parameters
received very strong attention. This is because they are so
coaplex, poorly understoosd and very influential on coabat.
They can not be put away with only a few wvoris. The large
nuaber of suppression stulies reflects the interast in the
husan component in battle., Therefore it is only logical to
atteapt an associatiocn with other factors to £ial out how
these factors are interrelated.

It is perhaps interesting to note at this point, that
also equipment, e.g. radar, althoagh having nothing in
comaon with psychological effects, can be supprassed. This
happens vhen Reamotely Piloted Vehicles (RPV) cruise in %he
proxiamity of a suspected eneamy radar tracking station. When
the radar esitter beams signals the RPV also rec2ives this
signal and zeroces :a. Since the RPV can cruise for several
hours it can harass 0Or even suppress the eneamy radar
activities, thus rendering the missila site ineffective.
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B. HUMAN PARAMETERS IN COMBAT

In literature, battles have been narrated or reconstructed
nuaerous times. Sometimes they have been described in minute
detail, 1listing naumbers of veapoas, personnel and all the
rest 2f the relevant ailitary details. But seemingly thay
all do naot represent the human aspect with the saame
exactness, though single heroic actions are often mentioned.
Battles 1ia waich fire superiority nave been jained by bare
firepower #ill not be prasanted. Standard cases of this
kind can be found in John Bllis book "The Social History of
the Machin2 Gun". (Ref. 12] Instead 2xaaples shedding light
on cases not sO obvidously involviag human parameters and
producing human or psychological effacts will be presented.

The wmost striking example for suppression in its worst
form, in fact so bad that ¢the affacted individuals aight
have to undergo psychiatric care is S. L. A. Marshal's [ Ref.
5] description of suppressed Aaerican soldiers on Omaha
3each on the afternoon of D - day, Juae 65, 1944:

They lay there motionless and staring into space. They
vere = soO :h:ronghly shocked that the had no
consciousness of what want on. Many anad forgdotten that
they had firearss to use. Qthers who had lost their
firearas did not seem t5 Know %hit there were wveapons
1; ng all acound thea. Some <could not holl a weapon
after it vas forced into their hanis..... Their nerves
vere spen* and nothing could be done about theam.

This example maight help to illustrate furthar wvwhat wvas
previously described in the chapter dealing vith
suppression.




An exaample vhich underlines hovw iaportant leadership, morale
and all the other human factors involved are, is the
description of an episode in the Polish Caampaign in WWIIe:

After the 4. Panzer Division together with the
attachod "SS Leibstandarte Adolf Hitler"® (an elite
un t‘ 2a penatrated into Warsav aad had been enmbraced
9lish troops, one bad news followed the othet. Ue
uoto infario n respect to tirces. had been cut off g
re sufferin hea casualties. ...We all at the
D visxon Hea quattccs vare tired to death to louing the
qu:a ys long fighting and General Reinhard the
Division COlllnd.t, shduted” in a1 aomentary veakness
caused by extreae ovorl:ad and s::esS°"rhis is too much,
this Lg o0 much". ... econdg later, gp Dietrxch the
coamander o the Lexbstan ar+ "] x~ also been
fighting with the courage of the desperate eutarad the
Division Headguarters and reporgte to the General:
"Hetg Gen:ra% beiéatgsﬁandagte xsi tota él t:xhausted,
you have to draw k. einiarc said fotainj for a
short amoment, looked daeg into his 2yes, steppel fowards
hia aad axt fiis flat hainl on his shoulder sa xn;- "Segg
- DO you know who is ~he °R onen. of the Lei standarte
- "NO Herr General, exnstan Ar’e Pi sudsky.

Dietrica flinched ra;sed hznse v.ewe the oenera
shortly with unie:staniznq ayes and glxed 51l€ {
“Herr General, I thank you. The uexostandar e will old
the ositions." The Leibstandarte actuall held

position and at the next aorning the «crisis ha been
solved.

This episode adresses alaost all aspects of <*“he human
paraaeters aad serves as an exca2llent exasmsple of a leader's
personality, his self-control, as 1 aaster of the situation
and a aodel to his aen. The 2a00d of the soldiers was
degraded by the experience of failure. Self-confidence and
the feeling of being elite was lost because of the heavy
casualty toll and the unaxpected tough situation. After
they wvere +*0ld that the enemy vas also an elite unit who
knev haow ¢to fijh¢, their spirit and aotivation vas
reestablished as wvell as <their self- confilance. This
restored their elite f20ling and trust in their own
abilities since they now Kknew vhy'tboir efforts were so
ineffective, They were literally spurred on t> beat the
eneay and did 4it. A psychological effect inverse o
suppression aust have be2n affected in this case.

¢ This example was oxcerpted from a letter ( dated MNMay
1,. 1979 ) to the author K his father, H.W. von Pabeck,
Colonel, Paederal Gcrnaq 5tl! ( o At the time of <+hese
events in Septeabe 9 v. eck vas HMajor and Adjudant

of General ncznha:dt. Cosaander ot tha 4., Panzer Division.




The last exaapla, lascription of a
BRussian Pront in 4WIIS, shovs hovw a faeling

can arise from superior fire and sucscess.
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III. THE EIRZ SURERJORIIY HMODEL

A. DEPINITION OP PIRE SUPERIORITY

Tha definition given abova in section II A has provided an
usaful outline >f <the 1ideas concecning fire superiority.
The report, $aall Azas #31poa Systeas (SA4S), of the U.S.
Arsy Coambat Developaents 2xperiaeantation Center, Port Ord
(Bef. 13] states the following about fire superiority:

The _pu;gcse of the in!anttg fire fight is %o gain €fire
superiority. Other factors being agual, small aras fire

superiority pravents the eneasy's fire or aoveaent,
petllttlpg aission accoaplishaent. Achieveament of fire
superiorify reguires twd elrsents:

1. attalning a jreatar aagnitude of targyet 2ffects than
the enen{,‘as a function O0f time 22d

2. sustaining tals leval of target =2ffacts longer than
tha eneay can sustatn his level of target effects and
long 2no0ugh %0 accoaplish the =mission.

Using <he basic ideas of both definitions and including the
input parame+ers as a descriptor of the scenarid in which
fire supacioricty is gained, fire superisrcity can
conceptually be defined ia the following aanner:

PIRE SUPERIORITY IS A NORAL AND CULTURAL PHZNOMENON THAT
DEPENDS ON THE TAZTICAL SITUATION, THE TECHNICAL HARDWARE
A¥D HUSAN QUALITIEZS. IT IS RELATIVE, AND IS DETZRMINED BY
THE ZATIO OP THEZ [NSTANTANEOUS PIRZ EFPPECTIVENESSES OF ENEAY
AND FRIEND. THZ ACHIEVENENT OF PIRE SUPERIORITY REQUIRES
THZ ATTAINING OF A CERTAIN NAGNITUDE OF PHYSICAL AND
PSYCHOLOGICAL EPPECTS ON THE ENENY AND SUSTAINING THESE
SPPECTS LONG ENOUGH TO PREVENT THE ENENY'S FIRE OR NOVENENT,
@HILE SINULTANEOUSLY NEUTRALIZING THE PHYSICAL AND THE
PSYCHOLOGICAL EPPECTS OF ENEMY PIRZ.

“2




B. PROPOSAL POR A CONCE?TUAL MODEL

Based on the coaponents and the definition of fire
superiority and the relativity of fire effactiveness, 1
general 2aodel »>f fire superiority may be explained in the
following ¢ay: Tactical, technical and husan paraseters
together contribute ¢o the build up of potential fire
affectiveness in coabat. The potential £fire effectiveness
is the inherent paysical threat to the eneay. In the instaat
of drawing fire this fire =ffectiveness aay be degraded (by
the influence of tha anesy's husan paraseters) to
instantaneous actual fire effectivenass. Por the eneamy, the
actual fire affactiveness is the parceived threat vhich he
caa not offset anyfurther. The saae things happen
siaultaneocusly on the friandly side, so that the "crossover"
of <he fire apparently amakas up the gainingy of fire
superiority. This wvas previously sujggested in fijure 2.
Pire superiority thus aay be express2i as the intagral over
tiae of tha ratio of friaaily and en2ay iastantaneous actual
fire effectiveness:

Tet
AEf
FS = —dr
AEe
T=0

PS : Pire Superiority
AEe : Actual Pire Bffectiveness (Eneay)
ABf : Actual Pire BEffectiveness (Friend)
T=0 : Tiae when coabat starts
I=t : Tise vhen coabat eads
The concept 3£ the "crossover" of the actual fire
affectiveness is illusctrated in Pig 7.
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FRIENDLY FORCES ENEMY FORCES

PSg = POTENTIAL FIRS EFFECTIVENESS (FRIDD)
PEg = POTENTIAL FIRS EFFBCTIVENESS (ENEMY)

e ACTUAL FIRE EFFECTIVENESS (FRIEND)
ASE"ACHM&.?HﬁiEHWETﬁHNISS(ENBGD

Pigure 7 - FIRE SUPEIIORITY, QUOTIENT OF THE ACTUAL PIRE
EPPECTIVENESS
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XY 1
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Note that the center between the two vaertical dashed lines
iacludes only the actual fire effectiveness of the opposing
forces. The potential fira effectiveness is not included.

Since Pig 7 shows symaetry in the aodal it it is sufficient
to considar only one side in figure 8, in wich greater
detail of the componaents o>t fire superiority is depicted.
The following modal illustcates, ia ganeral, the descriptive
part of chapter II, "Components of Pire Superiority". The
sodel is organized in a manner that every tera consists of
deteraining subsets, exactly in the way a tree diagraam would
show Japandencies . Furtheraore the sats and subsets are
arraaged consistently so that they, wvaen read vertically
along a coluan, constitute a collection of aqual ranking or
ejually iaporctant factors in coapat, vhich all together
deteraine the gaining of fire superiority. +h2r2 terms are
got f£filled in, th2 horizontal dotted lines indicate that the
teras placed further to the lef+t also fall into all the next
catagories. It is necessary to distinguish betveen coabat
inputs and combat outputs, the lattar beiag denot2d by round
brackets.

In order t> avoid aisinterpretation of this conceptual aodel
it sust be eaphasized that Pig 39 aust be read 4in the
context of Pig 7.
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During the developaent >f this conceptual mod2l it has been
assumed for organizational reasons not to show all possible
interdependencies of the diffareat factors. It is isplied
that the reader has a basic feeling for it since it seeams to
be logical, if not obvious, where this is the case.

C. RELEBVANCE OF THE COMPONENTS POR MODELING

Tha goals which have been se« for an analytical amodel
deteraine the @aodel input. These goals 1aight state a
required resolution, accuracy, siaplicity or aamount of
available input. Depending on the scale of coabat tha2
concaptual acdel of fire superiority offers a variety of
application possibilities.

Por small-scale coabat at the platoon level, for exaampls,
this aodel provides very gqood resolution beciuse of the
amount of detail included., The asocunt of inforaation asight
3ake the aodel cluasy but it coulld jiva aore justification
to the results in the eyes of non-asodelers.

For large-scale coambat the model is still applicable. In
this case one will have t> back up from ¢oo such detail
provided by the 'right' columas of tae aodel and go back to
the 'lect' tvo Oor more steps in the subset classification.
The aodel will still provida enough detail vhich can be
utilized with a aanagapnle aaount of work. The 2sseance of
vhat has been said is: The aore accuracy oane waats, the
aore inforsation that is needed, and the aore work that is
requirad. Going from the right to0 tha left side of the model
decreases the nuaber 2f iaput variablas but increases the
accessability. Since th2 three basic parasetars, tactical,
technical and human paraseters are represanted in sose fora
in each ‘'colusa’, care is autosatically taken that each
paraasetaer jJroup vill be reflected in a1 modeling atteapt.
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IV. CONCLUSIINS

The goal of this thesis has been to contribute to a bettar
understanding of combat by analyzing the factors involved in
the gaining of fire superiority. Having found a way to
conceptually order these factors, it has become obvious that
ailitary OR analysts bhave not considered human factors in
their coabat-3odeling efforts. The process of gaining fire
superiority is a coaplex one, heavily dependent upon human
factors in a givea coamabat situation. All the coaplexities
of human reactions, emdtions, traiaiag, experiaance, morale
9tc. incraase the difficulty in modeling fire saperiority.
Barly siaple coabat aodels did pot include human factors,
and when they later tried, they only accounted for
suppression processes. Suppression has been modeled and
simulated iz various ways in atteapts to have aore reality
ia the aodels. These atteapts ver2 all considerable
iaprovements coapared ¢o their predecessors. Howvaver, models
oot iaciuding humsan factors do not seem elaborate enough to
reflect greater raality. The contribution of this thesis is
t0o be sean froa the poiat that it amijht proviie a basis for
aore reality in future aodeling.

Pollow-up work on this topic is highly desirable. It
could use this thesis as a point of departure and <translate
the coaceptual ad>del presented here into an analytical ona.
This does not sean tha® one can expect to ever asodel <tae
“real thing". However, with a reasonabdble aaount of work one
maight develop a r2alistic sodel. Hdowaver, difficulties in
the quantification of all the husan parassters still
obstruct the vay to a straight forvard and ‘easy' @wsodel.
Puture work, including a =sore realistic assessaent of
cosbat, will hopefully help the ailitary analysts and
planners to accept results of sodels sore readily.
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