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THE CONCEPT OF "M LI TARY ECONOM ES COF SCALE"

Abstr act

MIlitary econom es of scale exist if an increase of x
percent in all inputs increases an arny's destructive capability
by nore than x percent. Econom es of scale did not exist in
anci ent and nedi eval warfare. Perceived instances of mlitary
scal e econom es are actually the expected outcone of the
application of a superior weapon system Wth the devel opnent of
firearns, conbat cane to involve nore than the front ranks al one.

Wen every soldier is able to fire on every other soldier, an
arny's capability increases by the square of its size. By 1700,

scal e econonm es were available to all nodern arm es.



THE CONCEPT OF "M LI TARY ECONOM ES COF SCALE"

| . | NTRODUCTI ON

The concept of "mlitary econom es of scale" occupies a
promi nent position in many theories of grand strategy,' yet past
usage of the term has been plagued by several difficulties. The
termis often defined | oosely and inprecisely or in a manner that
is inconsistent with its use in the theory of the firm
Furthernore, the sources of mlitary scal e econom es have not
been adequately discussed. Wat causes sheer nunbers of soldiers
to have a disproportionate influence on mlitary capabilities?
Failure to properly address this question has |ed sone
researchers to detect mlitary econom es of scale where none, in
fact, actually existed. Most inportantly, the definition of
mlitary scale economes differs fromresearcher to researcher
with the result that the concept has becone hopel essly vague and
nearly neani ngl ess, sonetinmes anounting to nothing nore than a
taut ol ogy. The purposes of this paper are to provide a rigorous
definition of the concept of "mlitary econom es of scale" that
is consistent with its neaning in mcroeconomc theory, to
describe the sources of these economes, and to establish their

exi stence over tine.

1. PITFALLS EXH BI TED I N THE LI TERATURE
Lane (1942; 1958) argues that the violence-controlling,

vi ol ence-using industry has a natural nonopoly over a given area.



This inplies the existence of mlitary scale economes at the
socially efficient |level of protection. But, Lane does not

di scuss how or why these econom es arise. He notes that changes
inthe art of war and in transportation, anong other things,
affect the econom es and di seconom es of scale for violence-using
enterprises, but he fails to define the concept and does not

di scuss why or how these factors woul d be expected to influence
the degree of mlitary econom es of scale.

Sone researchers use the term"mlitary econom es of scal e"
to refer to the decreasing nonetary costs of defending a given
area. (O son (1986, p. 125) notes that the per capita cost of
providing a mlitary capability of $200 billion is $10,000 for a
popul ation of 20 mllion, while for a population of 200 mllion
it would be $1,000 per capita and concludes that "the economni es
of national scale in mlitary power are staggering". Bean (1973)
argues that mlitary scale economes arise fromthe geographic
fact that area expands faster than borders needi ng defense.
However, these are both a m sapplication of the concept of
mlitary econom es of scale.

Wiile it is hazardous to generalize about the purposes to
which mlitary power has been put, the preponderance of mlitary
force in ancient and nedieval tines was applied in pursuit of
nonm litary goals such as raids for booty, slaves, or captives
for ransom Such a nonmlitary strategy was not ainmed at
inflicting casualties on the eneny arny. Mdern mlitary

strategy, on the other hand, typically strives to gain political,



econom c, or other nonmlitary objectives through warlike neans
directed at the eneny arned forces. The ultimate purpose of
nmodern mlitary power is to inflict casualties on an adversary in
battle. Even if one believes that the final output of the
mlitary sector is national security or protection, this output
is produced by either inflicting casualties on adversaries or
possessing the ability to do so. The concept of mlitary
econom es of scale ought to refer, then, to the application of
vi ol ence on the battlefield.

Dudl ey (1990, p. 244) neasures the destructive power of an
arny by the ratio of casualties suffered by the two sides when a
smal l er force cones up against a |larger one. Anything which
ei ther reduces the casualties an arny will itself suffer or
i ncreases the nunber of casualties it can inflict contributes to
mlitary scale economes in Dudley's schenme. Dudley cites the
Parthian victory over the Romans at Carrhae in 53 B.C. as
evi dence of the existence of mlitary scal e econom es and
di seconomes in ancient warfare. Crassus |led an arny nunbering
about 36, 000, including 4,000 cavalry and 4,000 light infantry.
The Parthians waited to engage the Romans until they were on the
| evel, sandy terrain of Mesopotam a. Crassus deployed his arny
in a square, but the Parthians did not charge with their heavy
cavalry. Instead, the Parthian |ight cavalry circled the Roman
heavy infantry square and began to shoot arrows at them

"The Parthi ans now pl aci ng thensel ves at

di stances began to shoot fromall sides



The position of the Romans was a very bad one

fromthe first; for if they kept their ranks,

they were wounded, and if they tried to

charge, they hurt the eneny none the nore,

and thensel ves suffered none the less. For

the Parthians threw their darts as they fled

.--2

Most of Crassus' army were either killed or captured. According
to Dudl ey, innovations in cavalry warfare in the form of stronger
horses and the saddl e had rendered heavy cavalry nore effective
by making it easier for small contingents of cavalry to inflict
casualties on |arger nunbers of infantry. Therefore, there were
increasing returns to the use of heavy cavalry and decreasing
returns in the application of heavy infantry on the battlefield.
The rising costs of defending the existing borders of the Roman
enpire with heavy infantry led to a shrinkage of the enpire's
effective frontiers.

Dudl ey' s use of the concept of mlitary scale econonmes is
subject to two i nmmedi ate objections. First, although it neasures
an arny's destructive capability, it refers to how a change in
the mx of mlitary inputs affects the ratio of casualties not to
how an increase in all mlitary inputs affects the casualty
ratio. This usage is inconsistent with the concept's customary
m croeconom ¢ definition. Second, Dudley confuses mlitary
econom es of scale with a superior weapon system The Parthian

victory at Carrhae was not due to mlitary scale economes in the



use of cavalry. Rather, it was the expected outcone of an
encounter between the |light caval ry weapon system and heavy
infantry.

Dudl ey stresses the role of the Parthian heavy cavalry in
forcing the Roman infantry into tight formations where they nade
easier targets for the nounted archers. Yet, without their [ight
cavalry the Parthians could not have prevail ed since disciplined
heavy infantry can successfully withstand a heavy cavalry charge.

"Agai nst skillful Roman sol diers, thoroughly arnored, protected
by large, strong shields, and formed six ranks deep, even the
arnored Parthian heavy cavalry with their long | ances could not
prevail."® "The heavy cavalry aided the Parthian victory; but
with sufficient arrows, which their commander had carefully
provided, their |light cavalry could have won the battle
unai ded. "*

Li ght cavalry constitutes a superior weapon system when
pitted agai nst heavy infantry because the cavalry is able to keep
its distance and destroy the eneny with its mssiles. The
superior nobility of cavalry enables it to avoid a charge by
heavy infantry so that heavy infantry has no neans of inflicting
damage upon light cavalry. The tactical power of |ight cavalry
agai nst heavy infantry had been denonstrated | ong before the
Roman debacle at Carrhae.® In 328 B.C., Al exander the Geat sent
an expedition consisting of about 800 |ight cavalry and 1, 500
heavy infantry to relieve the besieged town of Maracanda. The

Sogdi ani an rebels retreated, pursued by the Macedoni ans. The



rebels made a stand on a | evel plain near the desert. Wen the
Macedoni an infantry attacked, the rebel |ight cavalry "rode round
and di scharged arrows at the phalanx of infantry."® The
Macedoni an cavalry was too exhausted by the pursuit to play any
role in the battle. The horse archers attacked the Macedoni ans
"whet her they halted or retreated. Many of them were wounded by
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the arrows, and sone were killed." The Macedoni ans forned a

square and retreated into a river where soon "they were entirely

8 and all killed with arrows,

surrounded by the [rebel] cavalry,
except a few of them whomthey reduced to slavery."?®

Li ght infantry, however, does possess the neans to inflict
damage on light cavalry. 1In fact, light infantry is a superior
weapon system when mat ched agai nst |ight caval ry because the
earth provides a nore stable platformfor firing a bow or
| aunchi ng any type of mssile than does a horse. The foot archer
could shoot with greater speed and accuracy than the nounted
ar cher.

The Roman light infantry at Carrhae contained few archers or
slingers and, outnunbered by the Parthian horse archers with
their nore powerful bows, failed to affect the outcone at all.
But, in 38 B.C., a Ronan arny in Syria containing a |arge nunber
of slingers decisively defeated the Parthi ans.

"The Parthian horsenen, accustonmed to arrow
practice without reprisal fire, becane aware

that the | egion had devel oped a sting.

Hor senmen began to go down under the



rel entl ess shower of stones. Stunned,
riderless horses screaned as they plunged on
the field. The Parthian arrow fl ow sl ackened
as it drew effective counterfire. Accustoned
to deliberate bow practice at the expense of
the | egion, they began to grow unsteady."?
The outcone of this battle denonstrates that if the Roman arny at
Carrhae had contained a | arger proportion of foot archers, the
Romans woul d have been able to withstand the Parthian attack.'

Even nore than fourteen hundred years later, light infantry
was able to denonstrate its innate superiority over |ight
cavalry. In 1385, the King of Castile invaded Portugal to put
down a revolt against a union with Spain. The Portuguese and
their English allies offered battle at Aljubarotta. The
Por t uguese crossbowren and English | ongbownen were stationed
behind barriers on the flanks of disnmounted heavy cavalry. This
arny thwarted both nounted and di snounted Castilian attacks. The
Castilian javelin-arnmed Iight cavalry "suffered very severely
fromthe flanking fire of arrows, bolts, and javelins. So many
horses were shot down that 'in forty places the ravine was
passabl e over their heaped-up carcasses.'"?'?

Assum ng a featurel ess plain and sol diers of conparable
quality, light cavalry in ancient and nedieval warfare is
tactically superior to heavy infantry while light infantry is

superior to light cavalry.®™ 1t was noted above that heavy

infantry constitutes a superior weapon system when nmat ched



agai nst heavy cavalry. Although heavy infantry |acks the
mobility to force conbat on cavalry, disciplined, properly forned
heavy infantry can resist a heavy cavalry charge. "Depth, the
better fighting platformof the earth, and the ability to give
undi vided attention to the conbat . . . neant that cavalry could
not match the coordinated group action of foot soldiers."' In
552, a Byzantine arny was sent to reconquer Italy fromthe Coths.
The two arm es net at Tagi nae. Narses, the Byzantine commander,
sent fifty heavy infantry to occupy a hill on his left flank.
They took up position on a path, "standing shoul der to shoul der

and arrayed in the formof a phal anx . "1

A contingent of
Got hi ¢ heavy cavalry attenpted to di sl odge them "but the Romans
drew up together into a snmall space and, nmaking a barrier with
their shields and thrusting forward their spears, held their
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ground. "' The Goths had difficulty managing "horses that did

not in the | east obey their urging"'

and were repul sed several
times by the heavy infantry "packed so cl osely together and not
giving an inch of ground."?

The introduction of the stirrup did not alter the
fundanmental relationship between heavy infantry and heavy
cavalry. Wite's (1962, p. 37) claimthat the Norman heavy
cavalry made WIlliamthe Conqueror's victory at Hastings an
inevitability is not supported by the course of the battle. The
Engl i sh heavy infantry w thstood nunerous cavalry charges. The

Norman light infantry was the decisive arm The Norman heavy

caval ry becane effective only after the archery attack had thrown

10



the English ranks into disarray.

Light infantry is a superior weapon systemrelative to heavy
infantry. "On a billiard table terrain of infinite extent, |ight
infantry could defeat heavy infantry if it had enough mssiles
and patience and adhered to its light infantry tactics of
avoi di ng shock combat in which the heavy infantry specialized.""®

The At heni an heavy infantry was decimated by light infantry
during an invasion of Aetolia during the Pel oponnesi an War.

"[ The Aetolians] canme running down fromthe hills on all sides,
hurling their javelins, falling back whenever the Athenian arny
advanced, and com ng on again as soon as it retired. . . . [T]he
soldiers [becane] tired out with having constantly to nake the
same weari sone manoeuvres; the Aetolians pressed hard upon them
with their volleys of javelins, so that finally they turned and
fled."?® David's victory against Goliath is an even nore vivid
denonstration of the ability of the m ssil e-equi pped |ight
infantryman to defeat heavy infantry that relied on shock conbat.
"The Philistine then noved to neet David at close quarters .
David put his hand into the bag and took out a stone, hurled it
with the sling, and struck the Philistine on the forehead.

Thus David overcane the Philistine with sling and stone; he
struck the Philistine nortally, and did it wthout a sword. "?

Light infantry in ancient and nedi eval warfare was decidedly
inferior to heavy cavalry. Protected by arnor, heavy cavalry can
qui ckly nove through the area in which the arrows fall and use

the lance and sword to run down the lightly arnored foot archers.
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The English light infantry was deployed on the right flank
agai nst the Scots during a battle in 1314. The Scottish King
Robert sent his reserve of 500 heavy cavalry against them "They
charged in diagonally upon the bowren, and scattered themwth
great | oss . " 22

Light cavalry is just slightly nore nobile than heavy
cavalry, but the difference is sufficient to enable light cavalry
to refuse conbat with heavy cavalry while continuing to rain
m ssiles upon them At the Battle of Mnzikert in 1071, the
Byzanti ne heavy caval ry advanced agai nst the Turki sh horse
archers. The Turks retreated while continuing to shower the
Byzantine cavalry with arrows. Many Byzantine nmounts were killed
and wounded. The Turks were driven back to their canp and even
beyond. Commenting on Byzantine strategy, Fuller (1954, vol. 1
p. 402) notes that this advance "was an unwi se nove . . . because
the Turks had unlimted ground in which to fall back, and unless
Romanus [the Byzantine enperor] could reach sonme spot where water
was to be found for his nen and horses, he would be conpelled to
retire and then nost certainly would be counter-attacked." As
tw |ight approached, the Byzantine enperor ordered a retreat, but
the wings did not understand the signal and the ranks fell into
di sorder. The Turkish counterattack destroyed the Byzantine
arny.

To sumup the merits of the four basic weapon systens of
anci ent and nedi eval conbat, each having its own speci al

capabilities and relative superiorities: |light cavalry is
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superior to both heavy infantry and heavy cavalry, heavy infantry
is superior to heavy cavalry, heavy cavalry is superior to |ight
infantry, and light infantry is superior to heavy infantry and
light cavalry.?

The size of armes mattered little through nedi eval tines;
what was i nportant was the conbinati on of weapon systens
enpl oyed. The casualty ratio obtained by a force of heavy
infantry facing another group of heavy infantry may be, say, one
to one. An arny conposed of |ight cavalry may be able to inflict
fifty casualties against heavy infantry for every one it suffers.

But, one cannot then conclude that there are econom es of scale
in the application of Iight cavalry because if the |ight cavalry
had i nstead been opposed by light infantry, the casualty ratio
may have been the reverse: light cavalry suffering fifty
casualties for every one it inflicts. Thus, as defined by Dudl ey
(1990), the existence of mlitary economes of scale is entirely
dependent on the conbi nation of weapon systens engaged.

The Parthians attenpted to follow up their victory at
Carrhae by invading Syria. But, while "they are al nost
invincible in their own [flat, treeless] country and in any that
has simlar characteristics",? the dense Syrian forests rendered
their cavalry useless. The Parthians even contenplated cutting
down a forest so their cavalry could approach one Syrian town.

If mlitary scale economes is to be a useful concept they shoul d
not di sappear when facing a superior weapon systemor exist only

on certain types of terrain.?
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A definition of the concept "mlitary econom es of scale"
must (1) describe the output response to a proportionate increase
of all mlitary inputs where (2) the output of the mlitary
sector is the nunber of casualties it is able to inflict in
battl e and (3) be independent of specific circunstances such as
t he conbi nati on of weapon systens enpl oyed or the terrain of the

battl efi el d.

[11. MLITARY SCALE ECONOM ES DEFI NED

Econom es of scale exist if an increase of x percent in al
inputs |l eads to an increase of nore than x percent in output.
Thus, if a doubling of the size of a mlitary force nore than
doubl es the nunber of casualties it is able to inflict, then
mlitary economes of scale can be said to exist. Mre formally,
let z represent a vector of inputs into the mlitary's production
function and assune that output is the capability to inflict
casualties. A mlitary production function, f(z), exhibits

econoni es of scale if

(1) f(tz) > tf(z) for all t>1.

MIlitary econom es of scale did not exist to an appreciable
extent in ancient tines when one heavy infantry phal anx battl ed
another. The nunber of nmen actually w elding their weapons at
any given instant was roughly the sane on both sides as |ong as

the lines remai ned unbroken. Large nunbers did not provide a
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di sproportionate advantage as skill counted nore than nunbers. 2
One man woul d find hinself opposed to one man and the battle, in
essence, consisted of a number of individual duels.? Adding
nore soldiers to the phalanx did not increase an arny's
destructive power. Assumng that both armes were equally
skilled, armes could expect to suffer simlar casualties.
Sparta and Argos once agreed to settle a quarrel over sone
di sputed territory by having three hundred picked nen a side
fight it out. "So closely was it contested that of the six
hundred nmen only three were left alive - two Argives . . . and
one Spartan . " 28

Conpetent generals anchored their army's flanks on obstacl es
so that fronts remained equal. Lopsided casualty figures usually
resulted only when an arny's |line was broken or when they were
out f | anked and surrounded. Thus, at the Battle of Ganicus, the
Macedoni an heavy cavalry attacked the rear and fl anks of the
Persian heavy infantry inflicting perhaps 20,000 casualties while
suffering only 115.2?° Hannibal attenpted to encircle the 70, 000
man Roman arny at Cannae with only 50,000 nen. The Carthagini an
light infantry attacked the flanks of the Roman infantry while
the light and heavy cavalry attacked the rear. 48,000 Romans
were killed while Carthagi nian casualties nunbered at | east
5, 700. *°

The ability of an arny to inflict casualties using the
tactics and weapons of ancient and nedieval warfare was directly

proportional to its size. The mlitary production function took
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the form

(2) f(z) = az

and exhibited constant returns to scale. A |larger arny possessed
the capability to inflict nore casualties than an equally skilled
smal l er arny, but not disproportionately nore. Econom es of
scale did not exist in ancient and nedi eval conbat. The absence
of scal e economes on the battlefield did not di ssuade states
fromfielding |arge arm es because a |large arny woul d defeat an
equal ly skilled but smaller arny and sonetines even a nore
skilled but smaller arny.

Skill mattered nore than nunbers up through the sixteenth
century until the inprovement of firearms.® Mssile weapons
enable two or nore soldiers to simultaneously attack a single
eneny soldier. Unlike the bow and arrow, the nusket was capabl e
of piercing any personal arnor at a distance of 80 neters. Thus,
unli ke the archer, the nusketeer possessed the ability to kill
any eneny soldier within range on the battlefield.

The use of nuskets and artillery gradually came to involve
nore than the front ranks alone. Turning and envel opi ng
novenent s extended battle lines enabling an arny to bring a
| arger proportion of its nen into action at any given tinme. Wth
| ong range m ssile weapons, the nunerically inferior force finds
itself under a far heavier fire than it is able to return. Under

nodern conbat conditions, the concentration of superior nunbers
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gives an imedi ate superiority in the nunber of active
conbat ant s.

Thi s insight about the advantage conferred by nunerical
superiority when troops have mssile weapons is enbodied in F.W
Lanchester's (1916) N-square law. The nunber of casualties a
force suffers per unit of tinme wll be directly proportional to
the nunerical strength of the opposing force. Let a equal the
numerical strength of army A and b represent the sane for arny B.

Then,

(3) da/dt = -bc and db/dt = -ak,
where ¢ and k are constants representing the fighting val ues of
the individual units of the force or the efficiency of the weapon
systemand t stands for tine. The two armes wll suffer |osses
of equal proportion when

(4) (da/dt)/a = (db/dt)/b.
This sinplifies to

(5) ka? = cb?
whi ch states that "the fighting strengths of the two forces are
equal when the square of the nunerical strength nmultiplied by the

fighting value of the individual units are equal."??
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This leads to the conclusion that the fighting strength of a
mlitary force is proportional to the square of its nunerica
strength multiplied by the fighting value of its individual
units. This is Lanchester's N-square law. To see how this
result comes about suppose that force A has 4,000 nmen and B has
1,000. Assumng that the forces are equal in skill, Bwll
receive four times the bullets and suffer four tines the
casualties conpared to A. In the first nonment of conbat A will
| ose one soldier while Bwill have lost four. The ratio between
the two forces is no longer 4 to 1: A would have 3,999 and B
996. The ratio is now 4.015 to 1. The larger arny's relative
advant age becones cunul ative as the battle progresses. 1In the
| ast nonent of conbat, force A wll possess a relative advantage
of around 70 to 1. A wll eventually destroy all of B s force,
but will suffer only about 130 casualties not the 1,000 expected
under conventional shock conbat.

The maj or assunption underlying this result is that every
sol di er could conbat every other. That is, the | aw assunes that
all of the nmenbers of the force are able to fire on the opposing
arny. This assunption obviously |acked reality when the ancient
G eeks fought one another hand to hand in deep formations. Even
ei ghteenth century nusketeers sonetines failed to neet this
assunption. But, with the use of |ong-range weapons using
indirect fire, warfare began to conformto Lanchester's
assunption. In addition, the |aw assunes that both forces are on

the offensive on a level, plain battlefield. The |law could be
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nmodified to take account of the augnmented effectiveness of forces
fighting on the defensive in favorable terrain.?®

At the Battle of Al buera in 1811, the British had an average
of 1,850 nen firing agai nst 800 French.* The British suffered
1, 150 casualties attributable to nusket fire. This anounts to a
little over half of the 2,000 French | osses attributable to smal
arns fire. Nelson was able to pit twenty-seven of his ships
agai nst twenty-three French vessels at Trafalgar.> The British
advant age according to Lanchester's |aw was 729 to 529. The
tactics successfully used by the British suggest that "Nelson, if
not actually acquainted with the n-square |aw, nust have had sone
equi val ent basis on which to figure his tactical values."?°

There are several other exanples of the workings of
Lanchester's N-square law. Lee faced McOellan's 70,000
effectives at Antietamw th about 50,000 troops. Union |osses
were 12,400; the Confederates |ost 13,700.% During the
Franco- Prussi an War, a Prussian arny of 89,000 suffered
casualties of 10,500 at Froeschwi |l er while the French had 11, 000
kill ed and wounded and 9, 000 taken prisoner out of a force of
42,000.%® In a battle off Port Arthur during the Russo-Japanese
War, the Russians had disabled five of the seventeen heavy guns
in the Japanese fleet while losing only four of their own
twenty-three big guns.® The Russian heavy gun superiority was
becom ng curnul ative just as the N-square |aw predicts, but the
Russian admral was killed and his flagship damaged. This threw

the Russian fleet into confusion. The German fleet was able to
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concentrate sixteen guns against only two British |ong range guns
at the Battle of Coronel in 1914. The Germans suffered no | osses

while sinking two British vessels.*

The | osses suffered by the
French and Germans during the tank battles of May 1940 are in

line with the predictions of Lanchester's |aw *

I'V. I MPLI CATI ONS OF THE N- SQUARE LAW FOR SCALE ECONOM ES
Lanchester's N-square law inplies that any conmander able to
concentrate his forces is able to attain an advantage that is
nore than proportional to his nunbers. The N-square |aw can be
used to specify the mlitary production function. Wen the
assunptions underlying the law are satisfied, the mlitary

production function takes the form

(6) f(z) = z°

Suppose that the quantity of mlitary inputs is multiplied by a

scalar t>1. Then,

(7) f(tz) = t%z?

and

(8) tf(z) tz”.

Since f(tz) is greater than tf(z), the mlitary production
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function will exhibit economes of scale when the N-square law is
valid. This neans that the doubling of the size of an arny nore
t han doubles its fighting capability. |In fact, any increase in
the size of an arny causes a nore than proportional increase in
its ability to inflict casualties. Therefore, mlitary econom es
of scale are available to all nodern arm es.

Modern warfare continues to approach the conditions
necessary for the N-square lawto be totally valid. Longer
range weapons and di spersed arm es have brought conbat closer to
the situation in which each sol dier can shoot at every eneny
soldier. The perfection of heat sensing weaponry and nore
powerful mssile projectiles renders traditional nethods of
conceal ment useless and wll continue the trend towards the case
in which every weapon can fire on every other weapon, thereby

generating additional scale economes on the battlefield.

V. DATI NG THE EMERGENCE OF M LI TARY SCALE ECONOM ES

Econom es of scale did not exist in ancient and nedi eval
warfare. The nunber of soldiers on each side actually w el ding
t heir weapons was roughly equal at any given nonent. Only the
front ranks were able to conbat the opposing force. Also, sone
weapon systens were ineffective against other systens. Since its
basi ¢ assunption that every soldier can fire on every ot her
soldier at any given instant is violated by the weapons and
tactics of ancient and nedi eval conbat, Lanchester's N-square |aw

does not apply to ancient and nedi eval warfare. A larger arny
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woul d defeat an equally skilled, but smaller arnmy using the sane
weapon system However, both armes would suffer simlar nunbers
of casualties. Large nunbers did not bring a disproportionate
advantage in the ability to inflict casualties. There existed
positive returns to quality and skill but not to scale in ancient
and nedi eval conbat.

Firearms were responsible for the generation of mlitary
scal e economes on the battlefield. Contrary to Blum and Dudl ey
(1989), artillery was not a significant source of mlitary
econom es of scale. Losses due to cannon fire were often very
slight. At the battle of Fornovo in 1495, an eyew tness
estimated that fewer than ten nen on both sides were killed by
artillery fire, while total |osses neared 4,000.% The basic
assunptions of Lanchester's N-square | aw began to be satisfied in
the early 1500's with the introduction of reliable and effective
firearms. The linear formations devised in the 1590's by Maurice
of Orange allowed a greater proportion of an arny to fire on the
opposition at a given nonent. By the turn of the seventeenth
century, musketeers had driven all but the pikeman fromthe
battlefield and, by md century, the ratio of nuskets to pike in
most units was three or four to one.*® The pikeman was made
obsol ete by the devel opnent of the socket bayonet. The socket
bayonet was in universal use by 1700.* It was at this point
that all soldiers possessed the potential to sinultaneously and
successfully conbat the eneny. Thus, the assunptions of

Lanchester's N-square |aw were at last nmet. By 1700, significant
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mlitary economes of scale were available on the battlefield.
Nat i ons responded to the existence of these econom es of
scale by fielding larger armes in an attenpt to capture them
Battlefield size grew fast in the seventeenth century. "[T]he
rise in conbatants is obvious when one conpares battles |ike
Pavi a (1525) and N euwpoort (1600), with 10,000 conbatants on
either side, and a battle |ike Ml plaquet (1709), with 200, 000

nmen i nvol ved. "%

VI . CONCLUSI ONS

MIlitary econom es of scale exist if an increase of x
percent in all inputs increases an arny's destructive capability
by nore than x percent. Defined in this manner, econom es of
scale did not exist in ancient and nedieval warfare. \Wat are
perceived as instances of mlitary scale economes are actually
t he expected outconme of the application of a superior weapon
system The mlitary production function exhibited no nore than
constant returns to scale. Wth the devel opnent of firearns,
conbat came to involve nore than the front ranks al one. Wen two
or nore soldiers are able to simultaneously conbat a single eneny
soldier, there exist scale economes in the application of
mlitary force on the battlefield. Technol ogical advances and
tactical innovations over the |ast several hundred years have
gradual |y enabled a | arger proportion of an arny to conbat the

eneny at any given nonent. Sheer nunbers of soldiers began to
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matter. \Wen every soldier can fire on every other soldier, the
| arger arny has a | arger nunber of active conbatants and is able
toinflict a larger nunber of casualties. Lanchester's N-square
law inplies that an arny's destructive capability increases by
the square of its size. Tactical innovations such as the

w despread adoption of linear formations and technol ogi cal
advances in the formof nore powerful and reliable firearnms and
the introduction of the bayonet began to bring conbat into |ine
with the assunptions of the N-square |aw during the seventeenth
century. By 1700, nations were fielding large armes in an
attenpt to capture the significant scale econom es avail able on
the battlefield. The assunptions of the |aw are com ng cl oser
and closer to being fully satisfied. Under conditions of nodern
conbat all nations have access to mlitary econom es of scale on
the battlefield. The inportant thing is being able to exploit

these potential scale econom es.
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FOOTNOTES

1. Arecent exanple is Wttnman (1991). The term "grand strategy”
refers to "the overall plan for defending the security and
integrity of the state, including when necessary or desirable the
expansion of territory over which the state rules. D plomatic
and economc neans as well as mlitary may be used in the

i npl enentation of a state's grand strategy" (Ferrill, 1985, p.

44) .

2. Plutarch (no date, pp. 666-667).

3. Jones (1987, p. 39).

4. Jones (1987, p. 38).

5. And |l ong before the saddl e which Dudley (1990) partially

credits with strengthening the relative position of cavalry was

i ntroduced into the West.

6. Arrian, 1V, ch. 5 (1942, vol. 2, p. 505).

7. Arrian, 1V, ch. 5 (1942, vol. 2, p. 505).

8. Note that heavy cavalry played no rol e whatsoever in the

Sogdi ani an victory.
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9. Arrian, 1V, ch. 5 (1942, vol. 2, p. 505).

10. Hurley (1975, p. 107).

11. The Romans woul d, however, have only had a defensive

capability because they would still have | acked the neans to

force conbat on the Parthians.

12. Oman (1969, vol. 2, p. 194).

13. The best discussion of the relative nerits of the four weapon

systens and which | have heavily relied upon is in Jones (1987)

especi al |y pages 39-45, 144-147, 195-199, and 622-630.

14. Jones (1987, p. 39).

15. Procopius, VIII, ch. 29 (1954, vol. 5, p. 357).
16. Procopius, VIII, ch. 29 (1954, vol. 5, p. 357).
17. Procopius, VIII, ch. 29 (1954, vol. 5, p. 359).
18. Procopius, VIII, ch. 29 (1954, vol. 5, p. 359).

19. Jones (1987, p. 20).
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20. Thucydides, 111, 97-98 (1954, p. 252).

21. 1 Sanuel 17, 48-50.

22. Oman (1969, vol. 2, p. 95).

23. The tactical capabilities of the four weapon systens
di scussed above are valid through nedieval tines. Heavy and
light cavalry nerged into a dual purpose cavalry called reiters
in the sixteenth century. Reiters carried swords for shock
conbat and pistols for mssile warfare. Reiters were tactically
superior to both heavy and light infantry. The devel opnent of
t he socket bayonet nade the pi keman obsol ete by conbining the
attributes of |ight and heavy infantry in one soldier. By the
turn of the nineteenth century, cavalry was inferior to infantry.
Infantry's nuskets dom nated cavalry's pistols while a |line of
musketeers with bayonets could withstand a cavalry's charge with
sabres. The devel opnent of nore powerful and faster | oading
rifles drove cavalry off the battlefield by the end of the
century. The traditional relationships anong the four weapon
systens returned in the 1930's with antitank guns being the
nodern equi val ent of heavy infantry, tanks as heavy cavalry,
aircraft as light cavalry, and antiaircraft guns as |ight
infantry, but with the added conplications of regular infantry
and artillery and the fact that "inferior" weapons could

successfully conbat other systens.

27



24. Dio Cocceianus, XL, 15.4-5 (1954, vol. 3, p. 427).

25. Blum and Dudley's (1989) contention that mlitary scale
econom es were responsible for Charles VII's dramati c successes
agai nst the English and French nobles is subject to a simlar
objection. Charles VIl relied upon artillery and, during one

si xteen nonth period, conducted sixty successful siege operations
(Brodie and Brodie, 1973, p. 51). While they are undoubtedly
correct in attributing this success to his artillery, they
confuse economes of scale with a superior weapon system The
maj ority of strongholds which canme under siege dated fromthe

ti mes before gunpowder. By 1530, however, fortifications were
built that could wthstand artillery (Duffy, 1979, pp. 15-22).
Low, sloping dirt ranparts, unlike stone walls, were capabl e of
absorbi ng cannonballs with little danage. The superiority of a
weapon system ought to be and has been affected by such things as
t echnol ogi cal change, the terrain, or the weapon system of an
adversary. Economes of scale, to which the fall of the Roman
enpire (Dudl ey, 1990) and the expansion of the power of the
French nmonarchy (Bl um and Dudl ey, 1989) are attri buted, ought not

to be so epheneral as to di sappear before nounds of dirt.

26. Skill refers not only to that of the individual soldier, but

also to the tactical skills of the commander such as exploiting a

superior weapon systemor turning the eneny's flank.
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27. "Meanwhile the plain was filled by human conbatants and
sparkled with the bronze of infantry and horse. The earth shook
beneath their feet as the two forces rushed towards each ot her.
And now . . . their two great chanpions, Aeneas son of Anchi ses
and the godli ke Achilles, cane together bent on single conbat

(Homer, XX, 1950, p. 370).

28. Herodotus, |, 82 (1954, p. 73).

29. Del bruck (1975, vol. 1, p. 189).

30. Del bruck (1975, vol. 1, p. 320).

31. Firearns were initially | ess accurate than bows because the
ball fitted only loosely in the barrel of the arquebus (Jones,
1987, p. 154). In addition to this inherent inaccuracy of the
musket, "the dense clouds of white snoke that gunpowder produced
when it expl oded" (Hughes, 1974, p. 64) further inhibited the
accuracy of the firearm But, accuracy was not inportant on a
battlefield full of massed infantry formations. Therefore,
weapons designers stressed speed and reliability in |oading so as
to increase the rate of fire. Since aimng was not a factor in
hand gun training an individual could becone an effective
nmusketeer after a fairly short period of training (O Connell

1989, p. 111).
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32. Lanchester (1916, p. 48).

33. Men on the defense have the advantage of maintaining

continuous fire without the interruption of the advance. The

assunption that soldiers can fire on every eneny soldier is

violated if the eneny is conceal ed behind ditches and walls, in

shell hol es, et cetera.

34. Jones (1987, p. 374).

35. Jones (1987, p. 379).

36. Lanchester (1916, p. 66).

37. Dupuy and Dupuy (1970, p. 879).

38. Jones (1987, p. 400).

39. Jones (1987, p. 430).

40. Dupuy and Dupuy (1970, p. 946).

41. Jones (1987, p. 532).

42. Contam ne (1984, p. 200).
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43. Parker (1988, p. 18).

44, Jones (1987, p. 268).

45. Parker (1976, p. 207).
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