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PART I

THE NEOCLASSICAL ANALYSIS OF
EXTERNAL ECONOMIES AND DISECONOMIES



Introduction

The concept of extornal econonies is one which frequently arises
in connection with the theory of econcuic development. The reason for
the importance attached to it is that the presence of external econcmies
under certain circmtancea can drive a wedge between social and private
marginal products, resulting in deviations from the socizl optimum in
a corpetitive system, This, in turn, may call for corrective govern-
Mul interference.

The concept of external econcmies originated with larshall who
used it as an analytical device to explain production at falling unit
costs, With the advent of the theory of moncpolistic competition, howe
ever, a more legitimate analytical tool was created to handle such
phenomena, while the concept of external sconomies took on new impore
tance in arguments concerning optimal allocation in a purely competitive
state and in socialist or planned economies, An incroasing weight was
given to tha divergences of social and private marginal cost as an ob-
structin phenamenon to the decentralised achievement of the ideal, and
there was a tondency to refer loosely to divergences of this nature as
external econonies or diseconomies, |

The terms external economies and diseconcmies properly include a
good number of phenomena which mey or may not give rise to the above
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nentioned divergences. Such are, for instance, situations involving
the Marshallian forward falling supply curve, technical interconnections
among firms, externmalities opersting directly on the consumer and even
the simple adjustment mechanisn of the purely competitive general equie
1ibrium model.

It should be mentioned at the very outset of this paper that the
recognition of the existence of certain types of externalities, far from
being helpful, has in the past been something of a "red herring" in the
analysis of optimal allocation. This is the case of pecuniary external
economies and diseconomies.

Pecuniary external effects operating on a firm in a general equi~
1ibriun framcwork are, under all circumstances, the manifestations of
the workings of the gémrul equilibrium system itself. In other words,
when the conditions underlying the general equilibrium system change,
the maximising mechanism grinds out a new solution together with a new
set of prices. The change in prices, of course, will have an externsl
effect on the decision-maling of the competitive £irm.

Pecuniary external econanies and diseconomies® refer to just one
varisty of an infinity of possible outcomes of ths adjustment mechaniem.
As such, there is no reason whatsosver to supposc that they ever would
lead to misallocation, barring tha cases whers the adjustment mechenism

1l
A more detailed treatment will be given below.

""rm. pecuniary external diseconomies are but transfer costs in a

purely competitive system, being instrumental rather than detrimsntal for
the achievement of the optimum, was the outcome of the well-knoun controversy
between A. C., Pigou and A, A, Young. For a detailsed discussion of this argue
ment, see H, S, Ellis and \/, Fellner: "External I'conocmies and Niseconomies,®
in the American Fconomic eview, Vol. XXXIII, 19L3, pp. L93~511,
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s already crippled by s more besic factor, namely, output restriction,
In this latter case the blame should be properly allocated to those
elements of the system that are responsible for output restrictionss
monopolies and their competitive "pseudo-counterperts,® firms opersting
with technicelly imtercomnected production functions.®

Thooe who attach a great significance to the role of extermsl
pecuniary economies in & developing economy opeute-under the implieit
assumption that the process of econonic development necessarily has to
create a significant mumber of socislly uncontrollable monopolies and
extornal technological effects. This, of oourse, may dbe a velid assurpe
tion, but the proper conclusion 1s that grester attenmtion should be
given to the real ocause of the divergences betueen merginsl private
and =o0isl products such as the different types of output restrictions.

A last word of caution 15 in order in comnection with externsl
pecuniary effects, The discussion of these effects involves the
notion of a straightforward functional relationmship detween the out~
put of the different imdustries and fector prices, For expository
purposes--and with silent theorising=-such functional relationshipe
are used in pertial equilibrium snelysis. Thosy wenish, however, in a
generel equilidbrium setting, where depending on the nature of the
shifts involved, "anything can happen.®

Sinoe the concept of external economies, used in & vegue sense
rather than in a rigorously defined form, is8 gaining moﬁame in
the theory of economic gmtt_n, 8 precise amlytical formulation of
the issus would be necessary to climinate the present embiguities,

]1 more detailed treatment follows below,
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In the following an attempt will be made to present the concept
of cxternal econcmies as conceived by neoclassical economists. This

will be done both in the context of partial equilibrium analysis and
woltarathooryol

1'l'lm exposition relies on considerabls literature which, however,
due to limitations impcsed by space, cannot be discussed. In addition
to thoge who are noted in the text, the following important contributors

should be mentioned: V. J. PBaumol, R. L. Bishop, He S. Fllis, !/, Fellner,
A. Lerner, P, A. Samuelson, and T. de Scitcvaky.



I.1 The Concepts of Internal and External
Economies and Diseconomies '

1.1 Internsl Fcononies and Diseconowies
Though the aim of this part is to clarify problems created by

external economies and disesononies, it seems necessary at this point
to refer back to the forces underlyinz the slops of the unit cost curvs.
This has to be done for two reasons. One is the fact that the presence
of external economiss in ons firm may be the manifestation of internal
economies in another firm. Secondly, by integration, horizontal or
vertical, economies previously external to one or more firms can be
incorporated into the cost function (a phenomenon frequently referrsd

to as internalisstion of external economies), and vice versa.

1.2 Tt is customary to refer to the average cost curve of a fimm
in its generalized form as a U-shaped ons. It ir an empirical observa-
tion that as a firm gradually inoreases its output, its average cost
decreases due to factors which are commonly referred to as economies
of scale, There is, however, a critical output (more realistically a
critical range of outputs) where the economies of scale are just balanced
by diseconomies which accompany increases in production., From this
critical point (or range) average cost increases as production increasaes,

economies of scale being increasingly cutweighed by the dissconomies,

6



1.3 HNon-linearities in the cost functionm can be attributed to the
characteristics and properties of inputs and processes. Most of the
- causes underlying economies and diseconomies of scale can be described
in terms of
8. indivisibility (lumpiness) of factors of production

b. interaction of production units (both physiesl and
organisationsl)

c. purely technologioal facte.

Ths above categories sro Ly no msans completely irndependent of cech
other, Indiviaibility, for instancs, is clearly a technological faot.
Novertheleus, it is useful to differentiate vetwsen technologicel facts
of this nature, on ths one hand, and those that are concernsd with phe-
noxens such as the relation betwsen dismeters and volumes or relative
heat losses of a furnece,

The group of factors producing economiss of scale, classified
under "interaction of production unite,” refers tc the indivisibility
of certain productive processes, the law of diminishing returns,
organizational advantages and disadvantages, etc, To illustrate, let
us take a few exmmples, Economies of scale derived from the division
of labor would originate clearly from the causes listed under {a) and

(b)o Lebor 4s not finely civisible;>

consequently, a productivo operz-
tion has to reach a certain sise bvefors spccislisation cen begma

Specialisation in iteelf is not enough, however, to result in econcmies

1

TLabor (as all inputs and outputs) is finely divisible if counted
in units per time, This is, however, irrelavent in the context of aspe-
cialisation where phyeical divieibility for any given time instence is
required,



of scale, It has to be stipulated that the interaction of specialized
labor with the other productive factors will result in a more efficient
productive process than that of the non-specialised labor,

Diseconomies of scale will alwavs be present (sooner or later)
when ons or more productive factors are fixed in quantity while others
are varisble, Also organisational complications will arise as the
productive process becomes more complicated (through specialisation)
and the wolume of production increases. Here again a differentiation
can bs established between purely technical causes and interaction:
diseconomies of interaction would menifest themselves in the increasing
inefficiency of the buresucracy, while purely technical factors would
act through phenomena such as the quadratic increase of communication
1lines as communication points increase.

1,4 External Economiss and Dibaconotuel

The definition given by necclassicel economists to external
economiez and diseconomies refers to the effects of the total output
of the industry on the cost curve of the individual firm, Hore spe-
cifically, in the case of external economies the cost curves of
individual firms within the industry will shift downward as industry
output increases, whereas in thes pressnce of external diseconomies
the shift is in the opposits direction.

An objection can be made at this point against the use of the
4industry concept in this context. On the one hand, the concept of
industry suffers from ambiguity; on the other hand, it seems unduly
restrictive to limit the analysis of external economies to the resciions



of individual cost curves to the output of the industry alone and to
excluds firms outside the industry,

1.5 The shift in the cost curve, necessary for external economies
or diseconomies, is induced by a change in the data from which the cost
curve is derived, Cost curves are based on the current state of tach-
nology and the prevailing market prices of the productive factors, A
purely competitive firm (acting as such both in the product and factor
markets) will not besdle to affect the prices of imputs by its indie
vidual decisions, As a consequence, its manager accepts the prevailing
factor pricoa‘u given and bases his maximising decisions on them,

If the price of an input changes, the optimal factor combinations
will change, and the cost eurve shifts upward or downward (usually,
however, not in a parallel fashion).

Another alternative is that soms existing interrelation between
the production functions of two or more firms, operating on the etficionoy
of the productive inputs, will have an effect on the output of the
individual firm, Whenever one of the technically interconnected firms
changes its scale of operation (output or factor quantities), the
output of the other firms also changes, The result is a shift of the
individual cost curves (even if factor prices remain constant),

Based on these alternstive ways by which cost curves may shift,

Vinerl classified economies and diseconomies as pacuniary and technological.

h |

Jeo Viner, "Cost Curves and Supply Curves,” in A.E,A, Readings in
Price Theory (Chicagos Richard N, Irwin, Inc.: 1952) mp;'intoa %m
ZoItacmr fuer Nationaloekonomie, Vol. III (1931),



10

Accordingly, pecuniary externsl economies and diseconomies operate
through changes in factor prices induced by shifts of the total demand
for productive factors in response to a change in the output of the
industry (or any other firm in the economy). Technological external
sconomies and diseconomies operate throurh a change in the efficiency
of the productive innuts in response to a changs in the total output
of the industry (or any other firn),’ovon if the prices of productive
factors remain constent,

It might bte more appropriate, however, to reformulate the defini-
tion of externsl technological economies and dissconomies in terms of
the productive factore rather than the output of the firm uhose activi.
ties give rise to these affects., In subssquent parts of the study this
formulation will be adopted, unlesz otherwise specified, Such 8 cone
ception broadens the generality of the notion by including all tech-
nological interconnections--those which operate through the output of
a firm and g1s0 the ones where the effects are the result of a different
cholce of factor combinations, Accordingly, external technological
economies and diseconomies operate through a change in efficisncy of
the productive inputs of a firm in response to a change in ths total
quantities of productive inputs employsd by the industry (or any
other firm), even if the prices of produétiva factors romain constant,
. The dirféronea between pecuniery and technological sxtornal ef-
fects i3 readily demonstirated by the use of & mathematical mocsl. lLetb
c; bs the average cost of the i-th firm producing the commodity Xye v§

the jJ=th factor smployed in the production of Xy 0 PJ the price of the
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thfmunkamductofusmﬂm Then, using vector
notation, write

o = °151(';’ 'kh)o Py(x )7
 § .].ooho,onja'l.oooh.ool]

v;"i,oooov:.oo-':t

PJ'Plpoooopjiotor.’

X, "Xp coooXs e eX o
This relationship states that the aversge cost of the i-th fim
is a function of its output (function of technology) and the prices of
the productive inputs. The production function, however, stipulatee
in addition to productive inputs also the inputs employed in the pro-
duotion of the output of the keth firm. The rationale is that if Vy
changes, x, will also change, either becsuse of the direct influence
of Vy (or x ) on the production of x, ar, because & change in Vy hes
aneffectonthefomottheproduotiontunctionofxiwhich.mm.
wvarrants & reorganisation of the productive factors in order to fule

£111 the requirements of least cost production,
Prices of productive inputs are shown as functions of the outputs

of the other firms in the economy.® If the total demsnd for inputs

11t 35 toportent to realise that the functionsl relationship
P3 - PJ (xk) 1s bagsed on & good amount of implicit theorising and serves

only expositional purposes, In the genersl multi-good case we have no
knowladge of what the properties of this function would be either in
& purely oompetitive or in a monopolistic situation, The sems remerks
40 not refer to the function deseribing technological interrelations,
Here, at least under ideal sonditions, the exact form and properties
of the function can be stipulated,
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changes as & consequences of the activity of the other firms, the
prices of the productive factors used by the i-th firm will change,
The total change in cg due to external effects (other factors
being held constant) is riven by
0¢ a°1 J
dc L ) 4 z : d‘k °
ooy ha; i OF; %,
The first half of the right-hand side sum refers to techmlo_gicnl,

the second half to pecuniary extarnal effects,
Pecuniary external sconomies will be present if

0% o
....%.ﬁ(o 1%k

and poocuniary external diseconomizs will be present if

0%  OF =i >0 1% k.
oFy 3% |
Thess conditions hold sincz the first member of the product is always
positive and the second by assumption is negative for sxtarnal economiss
and positive for diseconomios, .

The case of external technological effects is somewhat lese

straightforward, The sign of ?i_:'_i_ will depc:d on whether production
oxy

takes place at falling or rising unit cost and is independent of
externsl eoffects, For this reason we can consider only the chmgs
of x with respect to Vka Thus technological extarnsl mmmiu



will operate if

ox
o} 1%k
- 2
and external technological diseconomies will operate if

x
31(0 i ko
v
Notice that in the case of external pecuniary diseconomies
setting 1 equal to k, we get monopsony power within the i-th firnm,

1.6 Technological external sconomiss and diseconomies gre
usually considered unimportant and rare in the nsoclassical literature,
The examples given refer to ths overcrowding of an unsppropriated
natural resource (such as fishing) or excessive use of a public high-
way, Further examples are given by Meads which are, in Seitoveky's
terminology, somewhat bucolic in nature=-concerning themselves with
apples and bees and forests and grain.

A somewhat different case of external technolo;ical sconomies
is the reorganiszation of the industry when a certain sise is reachsd
(such as the creation of & sales agency). In this case the production
functions of the individual firms undergo a change., In order to
minimize cost for any given production, an sppropriate change will
be necessary in the selection of the quantities of productive fzctors.

As opposed to the technologicsl catepory pgreeter weight was
attached to the pecuniary clase, porticularly !~ external pscuniary
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diseconomies. Even in the case of pure competition where individual
producers are confronted with horisontal factor supply 'curvel, the
industry in its entirety may well be able to affect factor prices
csusing the cost curves of the individual producer to shift. This
18 even more so if the factor in question 1s specific to the industry
in the sense that the industry might be employing a substantial part
of the total factor supply.

Pecuniary external economies refer to situations where ar ine
creased demand for a factor results in a lower factor price, It is
usual to think in this context of factors (intermediate goods) which
are produced at falling unit cost, implying the presence of monopoly.
1t is, however, objected-eand jJustly soe--that in addition to decreasing
cost the sghift of the dsmand curve has to bs such as to induce an ine-
crease in output and a willingness on the monopolist's part to share
the benefits of falling cost with the purchasing ﬁrm.l |

Integration (horigzontal or wverticel) will transform external
economies or diseconomies into internal ones. It is interesting to
note, however, that integration may change the character of the
economies or diseconomies in question. Thus, a pecuniary external
economy can be transformed into a technological internal economy by
vertical integration. The opposite is also true, Technological

internal economies can be changed into pecuniary external sconomies
by vertical disintegration,

1l
It can bs eesily demonstrated that a rightward shift of the
demand curve may have perverss effects on the monopolist's profit
maximising deeision in the scnse that the new output may bs smaller
rather than bigeer relative to the previocus quantity produced,
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It is worthwhils to mention at this point éhe possible significance

of this change of character for the theory of eonomic development. The

process of development can be thought of--in an abstract and linited

way--as & process of continuous externalisation of economies and dise

economies through vertical disintegration. If one single firm is

established in an unindustrialised country, all stages of production

will have to be reslised by this firm, It will have to create its

on power, service departments, etc, As more and more firms operate,

an increasing number of service and utility industries will take

over the production of those operations which previously constitutede-

to a varying degrec--an integral part of the productive activities

of each individual firm. The process itself is vertical disintegration.

The result is a continuous change in cost stmicture where internal

technological economies and diseconomies ars transformed into ex-

ternal pecuniary ones. HNotice, however, that such a view, abstract

as it is, takes the creation of monopolies for grnnt-ad.l

1.7 External economies or diszasconomies shift the cost curves of
the individual firms upward or downwsrd depending on thoir relative
strength, and only in the borderline case, when diseconomies exactly
offset economies, would the cost curves maintain the sams position,
The net manifestation of externsl economies and dissconomies in the
industry supply curve is in its downward or upward sloping character.

1'l‘l'xe term monopoly in this context is not necessarily identicel
to the concept as used in connection with Western capitalism, ¥onopolies
may arise in underdeveloped countries due to the lack of vigorous entrs-
prensurship rather than the wilful exclusion of competitore from the

o
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A horisontal-industry supply curve, however, does not neceesarily
imply the sbeence of external economies and diseconomies; neither is

an upward sloping industry supply curve & nocessary implicstion of the
presence of extermal diseconomies (0ost curves of individusl firme

mey not necessarily be at an equal lsvel),

1.8 Reversible and Irreversible External Economies

The concepts of irreversibilities and reversibilitics were con=
ceived by Mershall.! Fis notion wes that certein external sconomies
machwdbymmmaaedmmmutm:muméotiw.
even if output contracted sgain, Clearly such would bs the case if
more extensive industrisl activity resulted in the bettering of the
skills of lsbor or in other technical progress.

External economics msnifcst themselves in a downward-sloping
industry supply curve. In this cose an inoresse in demand decressos
the equilibrium market price, Such & representation, however, makes
the handling of the irreversibility problem difficult in & statice
fremowork, It my be more illustrative, even if not more legitimete,
to oonceive of a horisontal or positively sloped supply curve shifting
in response to & shift in demand in such & way that the new equilibrium
intersection is at a lower price than previously. If this operstion
works in both directions, then the process is reversible (which it

Lthe terminology 1tself 1s post-tershallian., The concepts are
scattored widely throughout Mershall's of Economics (Sth ed.s
algﬂael;c Moomdllan % cﬂo’ td., 1920). PPeo 9 » Y 615.

» o
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really has to bs under strict statics). If it works only towards the
right, then it is irreversible,

Though Marshall was sufficiently vague about forward-falling
supply curves and irreversibilities, it is clear that he worried not
only about finding an explanation for production at falling unit cost
alons but also for the irreversidle gains of urbanisation, the coalss-
cence of markets, the clustering of producers around a labor pool,
induced versus sutonomous technological progress, and other phenomena
necessarily dynamic in character. There is 1little doubt that the
importance of external economies lies along precisely these lines
and that the bucolic and other examples which fit into the framework
provided by the assumptions of the neoclassiocal anslysis understate
the significancs of external economies.



Y,2 Distortions Caused Effects
in Allocatio

Much of the discussion concerning external economies and dise
economies 1s centered around the problem of divergences between
private and social marginal cost., Under what conditions will the
different external effects give rise to these divergences? 7The
answer is provided by investigating each external effect in the
context of welfare analysis, For this purpose the assumptions on
vhich the welfare system is constructed should be spelled out care-
fully. In so doing, much of the misunderstanding frequently en-
countered in ths literature can be clarified,

2,1 The Assumptions of the Neoclassical lielfare Analysis

Let us adopt the usual ncoclassical procedure by separating the
problem of efficient production sllocation from exchange conditions,
The usual neoclassical sssunptions for dealing with problems of
production ares
1, given, fixed supplies of productive factors, invariant
$0 changes in factor prices which are allocated by firms
acoording to the rules of least cost production, subjsct
% limitations provided by the production functionss
2, Oiven production functions have a convex surface;

18
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3. Pure competition prevails in all markets;
L. Technological external effects do not exist,

Based upon the given factor supplies and production functions,
wo construct an "Edgeworth box" whers the tangency of the isoquants
will provide the locus of efficient production points (generalised
contract curve). The meaning of efficiency in this context is that
holding all products but one at a constant level, it should not be
possible to produce more of that one good by a suitable rearrangement
of the productive factors.

Along thes contract curve the ratio of the marginal produet of
a factor in the first line of production to that in a second line
of production will bs equal to the rafio of the marginal product of
any other factor in the first line of production to that in the
second line of production. The reciprocal of this ratio is further
equal to the ratio of the marginal cost of the first good to that
of the second good,

It is & theorom ihat. urnder the assumptions statsd, the conditicns
of a purely competitive optimum,based on the principle of profit maxi-
mization, always soincide with those of afficiant production, 1.2.,
the firms will produce at 2 point on the genaralised comiraet curve,

where any increass in the output of ome good necessarily :osults in

& decrease in the output of ons or more other goods,

1
Condition L4 also excludes ths existence of unappropristed factors
of production,
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A somewhat simpler device than the generslised contract curve
is the transformation curve (derived from the generalised contract
curve). Production which takes place st any poimt other than those
defined by the transformation curve is inefficient or impossible.
Pure competition will always lead to efficient production, i.e.,
at a point on the tramsformation function itself,

2.2 Differences betwsen Private and Social Marginal Products

With the assumptions listed above no difference can exist be-
tween private and social marginal costs, This follows from the fact
that each firm's output depends only on ths quantities of its own
factors,

Let us nov relax some of the assumptions listed under 2,1 and
investigate the ways by which discrepancies between the social and
private marginal product come into existence., Assume the existencs
of some technological interaction between two productive proceasss.
The examples given below will show their effects on the maximising
decisions of the managers of the processes,

Take first the following case where Xy and X, stand for the two
outputs, VI and v2 for two different tyvpes of factors employed in
the two processes reapoctivcly. The factor vl is not employed by
the sscond process; it is, however, shown in the production function
of x5 as its presence has & beneficisl influence on the production

of Xye The sames with V2 for the production of xlo
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Then the following equations will denote the two processes:
X, = Fz(V2! VI) Py

It 1s immediately obvious that each factor will have a marginal
product in both processes, whether hired or not. This very fact is
the csuse of the divergencs betwsen private and social marginal product,

In pure compatition factors are so hired that the value of their
marginal product should equal their respective price., In our case,
oach manager hirss only one of the factorsy the other factor, the
presence of which exerts a beneficial influence on the process, is
hired by the other firm respectively, In so doing--and in the ab=-
ssnce of collusive practices--sach manager will calculate the wvalue

of the mergingl product of his hired factor based on fits marginal
productivity 4in ths process whers 1t is employed, and he will neglect
1ts marginal productivity in the other process,

I B, stends for product prices and Py for factor prices, then
the value of the factors? social marginal productivity (VSMP) is '

defined by
vSpy = ___; +p_OF
v, =7 0% . p Of

’2 o, o -y A av
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and optimal allocation is achieved when
P, = VSMP.

Vl 1
and Pvz'mz °

But hiring is done, as stated previously, to fulfill the conditions®

B, =p, OF VSMP
1 ﬁﬁi‘( 1l

F
P, = 9% ( ww,,
vz x, 372 < 2
It follows that the quantity of factors employed in both
processes is less than the socially desirable amount.
A different example, similar to the one provided by Meads is
2
the following case,

1In the case of external tachiiological dissconomies the inequalities
are reversed, and we are confronted with higher employment in both processes
than soclally desirable,

2J. E, Meade, "External Economiss and Disseconomies in & Competitive
- Situation,” the Economisc Journsl, Vol. LXII, March 1952, pp. 54=67.
Actually, Meads gives an example for his reciprocal interaction model
which fits more the case of the interacting factors described above
than his own model., RHRe conceives of an orchard and a bee~keeping firm
intaracting in such a way that an increase in the output of one affects
the output 6f the other, which, in turn, has its effect on the first,
etc.) in an infinite converging serics, It is, however, the factors
of production and not the respective outputs which interact. If the
beelseper increases the number of hives, more apple blossoms will be
fertilised, but the resulting increase in the output of apples will
not in any way affect the output of honey. The opposite is alsc true,

(footnote continued on next page)

A
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Two production functions sre given and the favoreble effect
of the output of the other process is teken into account explicitly
in each, If:latdr?mrormmpectivampmunvaiﬂ
for the factors employed, then

x =17 5 %)
32- 2('§‘:1) °
meacwommbutmmﬂaﬁraﬁmmﬂm

permitting the reciprocal technical interaction to operete freely,
the merginal physical product of the one variable factor is given

by the following expression’
r
!

(footnote contimed) There is no infinite interaction series, thoughee
as in the cago discussed above--cach factor, whother employed im beee
keeping or in the orchard, will have & marginal productivity in both
processes, Though Meade's "resl 1life example" does not quite f£i

model, his enslysis of the model is accurete and stimlating, A com=
ment is in order, however, on the second part of his paper which refers
to what ho calls the "oreation of atmosphere,” There is no reel dise
tinction betweon his model of ereating stmosphore and his more general
modelss 4t is nothing but a specisl csse of the latter (having the
generel form x = F(L, C) A(Z), where A(Z) is the "atmosphere factor").
The feature of the model, which londs it special character, is in the
form of intersction, resulting in a change in the affected production
function such that the merginal retes of substitution betwoon factors
remain unchenged in the process. Actuslly, there is no reason to bee
1ieve that a "change in atmosphere" would have no effect on the marginel
rates of substitution,

11'he expression is obtained by totally differentiating both proe
duction functions, The partisls involving the factors held constant
are seroc, The rest follows essily.
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A similay expression can bo obtained for the totsl change mxz
with respect to the same variable factor employed in the first process:

%-

J 1

Qo

A o
2
9%, o5,

Q
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o

The above expressions are nothing but instentanecus mltipliers
summing the infinite series of repercussions of reeiprocal interaction
set into motion by hiring an additional unit of the variable factor,
To derive further conclusions, we have to assume now that the system
is stable, In other wpma. the growth of outputs due to intersction
mst converge to a finite liu.to:'

Tho soctal marginal product of the fector Vy will consist of fte

merginel product, taking repercussions into scoount, both in the proe
duetionctﬁammproductionafxzo The relevant equilibrium

condition for a social optimms is then

PV}"’&%” %-w'}

CHRE B

)‘!'ha assumption of convergence and of favoreble intersction
imposes the following boundary conditions
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But each manager, with no concern for whet good the feotor will
dofortha-otherpmssmtes?vltomulmdmm
J

product of the factor besed on its merginsl productivity in the
process where it is hired, Thus

Pv%" ‘1% <vsnpvg

and the amount hired of the factor will be less than the socially
desiyeble amount for proper anooatioml

y
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mygingl product expression, m%-#. In this case there is
3

no mtual interection, However, the fact that one of the partials
is not sero indicates thet there is a ons way intersction, It follows

that soms factors must heve marginel productivities also in the process
where they are not employed, The analysis of this case is similayr to
the one presented in the first ezample,

It should be mentioned thet Svend Laureen in his paper "External
Economies in Economic Developmsnt” (presented at an Evening Seminar
of the Center for Internstionel Studies, M.I,T., on Dacember 16, 1954)
is in error when he clsims that the divergence betwesn the socisl and

private marginel product is found in tie factthat%hgmter

than ._:l (see po 9)o Actuzlly, 4in the case of onausided interactions

vl
J
the two are equalj in reciprocal interection %% loses itz signifiocance

b |
end the trus privete merginal product of the fector is » refleoting

the mltiplier relation,
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2,3 The exmmple of the technical intersction clarifiss the
problem in the framswork of welfare sllocstion,

It was stated carlier that the condition of efficient alloca~
tion is the equality of the rates of substitution, these being equal
to the reciprocal retio of the corresponding rarginal costs, In a
competitive equilibriun each firm equates price to marginal coat.

It 15 then tautological that the price retio of two commodities

hes to bo equal to the retio of the corresponding merginel costs.
The ratio of the merginel costs defines the slope at each point of
the trensformation curve, and it follows that the price line has to
be tangent to the trensformation curve under conditions of efficient
allocation, This condition is sutomatically achieved by universally
operating pure competition (under ths stated assumptions) sinece the
conditions of compotitive equilibrium are identical with those de-
fining the equality of rates of substitution for each individual
and each factor of production. This implies, in effect, that mere
ginal social costs have to be equal to marginel private costs or,

in other words, it is indifferent whother we equate the ratio of
marginal socisl costs or merginal private costs to the respective
price ratios, sincs the optimum will be reached in exactly the same
way. Tho conclusion, as stated earlier, holds only if the prbper
agsumptions are valid,

We have deronstrated the wey divergences between marginal pri-
vate and social products come about when technological interaction
exists among two firms, Similayr divergences will be crected by
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monopoly and monopecny influences which will be digscussed in pares
grephs below, The cause of ths divergencos is then in the systen's
inability to compensate or penalise those morginal sotivities of
individusls (executed wilfully as in the case of monopoly prectices
or unwittingly as in the case of external technological economiss)
vhich are desirsble or undesirable for the soeial whole,

The divergence and its effect oan bo represented in the sim-
plified case of a two-dimensionsl disgrem whore the price line cuts
aocross the trensformetion curve rather than being tangcent to it,

Am now that produstion takes place at a point on the trange
formetion schedule® and that the good on the horisontal axis is
being produced under comditions vhere its merginal private cost is
relatively higher then its social equivalent (s wes the cese in the
exanple given under 2,2). The price line under these conditions
will bo steepor than the slope of the trensformation curve at the
point of production (see Figure 1A), If the marginal socisl cost,
on the other hand, is higheor then privete merginal cost, the price
1line is less stesp than the slope of the trenaformation curve &t
tha point of intersection (see Figure 1B),

Though under these assumptions there will be no unemployment
and factor allocation is efficient in the purely technical senso (one
of the goods boing held constant, the cther ons is meximised), however,
the nationel product is not maximised in torms of value (i.e., the
coumodity composition of output could be improved from the point

Lrnis will be the cese if the factor merl:ct is competitive,
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Figure 1A

External Technological Economies

Figure 1B

External
Technological Diseconomies
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of view of individusl sstisfaction),
Mathematically if the tremeformetion curve is defined as
| f(‘pxz)"o |

the ratio of the social merginel costs will be

33

At this point factors are allocated efficiently and the value of
the total product is maximized. Should the private marginal cost
ot:laxoeaditasoeMmrgSmJ.cost,tm

U
B <
If private marginal cost is smeller than socisl marginel cost, then
T

2>

2 2

Beving roached this far in the analysis, we shall now eomplete
the system by including demsnd conditions, Thbe price nuo;;, of
2

1Amm independont consumsr tzstes and retionelity in meximising
satisfaction for each and every individual,
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course, is not & given but the cutoome of the gencral equilibrium
mochanism, Equilibrium will be reeched at & point where the mar-
ginal rets of trensformetion (the slope of the trensformetion curve)
18 equal to the merginal yete of subetitution (the slope of indife
ferenco curvos) farenchmdeva:yindivmunol The slope of the
budget 1ine being tengent to both the tremsformation curve amd the
highest attaineble indifference curve of each individual defines
thapuceram;;, Under such eonditions each perscn's satise
2

faction is maximised,

It is again a2 theorem that universally operating pure com=
petition will lesd to a result which satisfies the conditions of
double tangency.

It was demonstrated that technological externmal effects within
tho system violate the optimsl production eonditions, It follows
that the condition of double tengency cammot hold either with the
result that the satisfaction of soms individuals could be increased
without diminishing the satisfaction of the others, This is so even
4 the price retio is tangential to cach person's indifferense curve
et the point where the price line cuts through the transformation
funotion (8o that factor mllocation ie effiolent technologically),

2.4 Tt wes mentioned at the very outset of this part that
axternal pecuniary effects by themselves do not give rise to divergences

l‘rhe asggregation of firms implies the assumption of constant
returmns to scale in production,
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botween the private ond social merginal ratios. lotice also that
the sbeence of extermal pecuniary effects was not required among the
assurptions listed under 2,13 a social optimm could still be reached
by competitive means, Certain types of external pecuniary effects
were asgumed ewsy implicitlys those which are based on the produoe
tion of sn intermediste good st falling unit costs or on monopsony
power of individusl firms are ruled out by the sssumption of universal
competition,

Other external pecuniary effects still remein and operate without
being detrimental to the competitive achievement of the social opti-
mm, For instence, an increase of output in one of the goods in
response to & change in demand will probably result in bidding up
the prices of some of the inputs needed for the produstion of the
incressed output (especially the price of the factor specific to
the production of the good in question). The chenges in faotor
prices are necessary to the tranefer of factors from ome occupetion
4imo the other, Thus pecunisry external diseconomies opereting under
such assumptions sre instrumemtsl rether than detrimental to the
achievenent of the optimm.l (I% mey be memtiomed that should the
contracting industries release every factor st the same rate as the
expending one employs them, no change in factor prices needs to
toke place.) |

2,5 If the adjustment of the "real" factors of the oconomy are
hazpered by tha output distortions caused either by technical

1509 page 3, footnote 2.
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intercomnections or monopoly prectices, the change in the price
system (resulting in externsl pecuniary effects) reflects the fact
that the equiliteium, subsequent to a change in besic data, is not
optimal, Since external pecuniary offects of the detrimental kind
are usually associated with monopolies, let us briefly examine
their effect on the equilibrium system.

It 1s 8 well=known fact that a monopolist restricts his output,
In deciding the proper quantitiss of factors to be hired, he equates
the marginal revenue product (marginel revenue times the merginal
product) of the factor to its price. The consequence is lower
employment than would be desirsble from the social point of view,

The disgrammetic representation of monopoly effects (assume
that ths good on the horigontal axis is produced under monopoly
prectices) is identical to that of external technological economics
(see Figure A above).l If production takes place under conditions

ISineeamonoponst.canproduoeinuphaaeofimream
retums and the presence of external technological effects mey im-
Ply that purely coupetitive industrics have e forwardefalling supply
ocurve, it is relevant and important to investigate the effects of
increasing returns on the trensformation curve, It is customery
to show the presence of increasing returns by the concavity of the
trensformetion curve partially or throughout its whole range, It
is also customery to refer to a convox trensformetion curve as ons
reflecting increasing costs. The convexity of the transformation
curve inplies, however, increasing costs in terms of one commodity
which has to be given up in increasing quantities when the other
commodity's production is incressed by equal increments (es
tochnically efficient allocation), It revesls, however, only
14ttle about the properties of ths underlying production functions
both of which cen be in a phase of incressing returns to scale
in spite of the c: convexity of the transformation function, A
:fimliﬂed proof of this propoesition is given in the Appendix

Part I,

(footnote contimed on next page)
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of efficient technical allocation, the price line will be steeper
than the slope of the transformation curve at the point of inter-
section, The intersection itself will take place in that saetion
of the trensformstion function which 18 bounded on ome side by the
axis of the good produced by the pure competitor and on the other
gide by the point of optimum output and at that point where the
mponat'u profits are meximised,

Notice the striking similsrity between wilful monopoly be=
havior and the unwitting practice of technically intercomnnscted
firms., Both erploy less of their factore of production than the
quantitics neocessary for optim:l sllocation, guided by the equation
of the price of the factor to marginal megnitudes whiebm_ngt_
the socially desirsble ones,

(footnote contimed) Odven a concave transformation curve, pure
competition can maintein a stable equilibrium at othor then vertex
points if the concavity is ths result of technological exe
ternal ractions, Othorwise, pure corpsetition would alueys
result in rushing to one or the other vertex points, It follows
that in the case of technological external economies, the mochenics
of pure competition may reeult in minimigation rather than meximie
sation, To avoid the added complications created by concave
trenaformation curves in welfare analysis, all situstions dise
cussed in the following peges refer to convex transformation
curves (even though the underlying functions mey operate in a
phase of incressing returns to scals),



I.3 The Functioning of External Effects
in & Oenore) Equilibriue System

3,1 Technological Extornsl Ecomomies and Diseconomics

When increasing costs or constant returns prevail throughout
the system, extermal pocunisry effects caused by increesing returns
camnot exist.] Technological external economiss, however, can well
be present. As demonstrated eerlier, the quantities produced will
be under the socially desirsble amounts in the presence of these
economies unless communal menegement is polssi.t:»le.2 This, in turn,
msy result in monopolistiec prectices. The Question can be posed
whether monopoly activity or competitive production is prefereble
under these circumstances, In both csses the reaepective outputs
are balow the socislly desirable amount, lMonopoly mey be desirable
if the monopolist!s output is nearer to the optimum than would be
the output of the pure competitors, This 4s the more so since

monopoly can be made to "behawe" with relatively sinpls measures

IThia stateront does not imply, however, that monopolies now
do not have t0 be exocluded to avoid pecunisry externelities,
Shifts of demand for the monopolists product can be such that an
increase in quantity produced may be sold at a reduced price, even
though the monopolist produces at increasing avorage cost, The
statemont thus refers to the traditionsl type of external pecuniary
eoconomies which mey exist if en intermediate good used by 8 come
pe:-%tiva firm is produced on the falling segment of the aversge
cost curve,

2300 parsgreph 2.2, pp. 20+25,

k1
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vhenever the intersection of demend and marginal cost is above the
unit costl (whioch 4s the case now by the exclusion of increasing
returns),

An altermative possibility is that ons of the outputs is pro-
duced under monopoly, and the other under pure competition with the
presence of external technological economies. If ths assumption
is mede that the level of totel employment is fixed in society,
then the output restriction prectices of the monopolist mey in-
crease the qowetitiw outputs towards the optimum,

There are several combinations possible, even within the freme-
work of a two=output economy, of the interection of monopoly and
external technologicel economiss, While some of thenm will further
incrense the deviation from the optinum, others mey well act to
offset alroady existing discrepancies betueen the marginel socisl
and private products,

302 Externel Pecuniary Economies and Diseconomies
If one of the processes works in a phase of incressing returns,

we know that the meximising decisions of the firm are of the mono-
polistic kind, It 4s usually in this comneotion that externsl pecu-
niary economies arc sttributed the ability to drive & wedge between
social and private merginal retios., Notice, however, thet the
wedge 418 there from the very beginning in the form of monopoly ac-
tivities, The externsl pecuniary economies are nothing but the

1'l'he problem of subsidies does not srise.
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uuifemtiouotanalnuwoﬂmhdequnim‘mm If the
monopolist is made to "behave" (equate price to marginal cost), the
external pecunisry effects are also mede harmless,

In order to investigete the nature of the case, we write that
the cost of i«th firm is a function of its own output and of the
pﬂceotmmtmdutegood(&)which.mtum,depaﬂaonthe

quantity of 3 produced,’ The sssumption is mede thet shifts in
demend for g ere such which bring sbout an increase of production
and & lowering of prices with the momopolist, Accordingly,

ey = o4(xg3 F)

w:lth2_°,;> 0 .
or,

Itahmﬂdbeexphtmdthst&,emwnhmtapecuyingitae

in the equation above, is already implicitly present in tis function
being one of the peremsters. Bringing it into the relationship
explicitly, we establish & as a regular variable, A chenge in

5-. of course, will result in a different choice of factor proportions.

The finel effect is the change in the shape of the cost curvo accompa-
nied by & vertioel shift,

]'Fcr the economies to opercte, two industries have to expand
their outputs simultansously which 4s incompatible with efficient
technological allocation in the two good csee, The analysis can be
extended to include a third good. Here the expansion of one of the
industries accompanied by the industry producing en intermediate good
will be executed with a simltancous decréase in the production of the
t'othim!goml. However, this is a system whose properties are not known

uss
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Under competitive longerun equilibrium, each individusl firm
will produce at the minimum unit cost point. From the relation
C, = xo, wo £ina" that

40 de
-—*.010:14 °
dx

dx1 s
do
At the minimum unit cost point —& = 0 and marginel cost equals
aversge cost,

wnht.haadmiseionotoneofthefammﬁs.&.aaa

varisdble, the minimum unit cost and the position of the marginal
cost curve becomss & less straightforward proposition, Thus

dy Doy Doy &y

e B esses ¢

ax Ox 0P, dx
Substituting into the merginal cost reistionship, we have

Thag ex /23,24 s
oy oy or, &

Wo immediately see thot at the point where ©°i equals sero,

0%,
marginal cost ¥will not equal unit cost. wemmt3°‘mmtbe
L)
s

aP.
positive amd by previous sssumption a;: has to be negative, The sign

101 represents total cost and o, averege cost.
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of the product consequently is negative., It follows that "true"

margine) cost must be smeller than unit cost at the point where

e .
2 equals sero, Also, whore merginel cost is smeller than unit

cost, the latter must have a negetive slope.

The competitive output will not under these circumstances re-
sult in an optimel quantity. Each individual firm will equate price
€0 the "partial” merginel cost. But even if every firm in the in-
dustry would recognise the existence of external economies, theoy
would not incresse their output to the proper quantity unless sube
8idies were provided to offget the losses,

Vie have secn in the case of technological external economies
that in the sbsence of direct govermment interference, monopoly
. mey be prefersble to pure competition, This is decidedly not the
case with pecuniary externel economies, The purely corpetitive
industyy restricts its ocutput; nevertheless, industry output will
w until the profit of the individual firme is sero.

Substituting a monopoly, the equilibrium output would necese
sarily be smeller (assuming profit meximiging behavior), This must
be 80 since the monopolist would equate merginel revenue to marginal
cost insteed of price to averege cost (as dome by the purely competi-
tive industry).

8ince two industries in the system produce below the socially
desireble amount, it follows thet, assuming technologically efficient
allocation, the third industry will produce more than the optisam,
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If this industry is transformed into & monopoly by horisontal inte-
gretion, the subsequent restriction of output end relesse of fastors
may result in the expansion of the other two industries in ths direc-
tion of the socisl optimm,

A similar case to that of monopoly can be established for the
presence of monopsony. Momopsony in iteelf will create & discrepancy
between the privete and socisl marginel product. Oare ehould be
taken, however, to differentiate between monopsony power exercised
by & single firm es against a purely competitive industry's ability
to affect factor prices, In the omse of the latter, no harm is
done to the attaimmont of the social optimums each firm within
the industry equates the value of merginal product of the factor
to its price. The monopsoniste-one single firme~faced individually
with a mingfactorsnpp]ywmwmmmmgeoftheeimn
tion by restricting employment to the intersection of the welus of
marginal product of the factor to its marginel cost (which 4s higher
then its prics)., The restriction in employment gives rise to dise
tortions to the social optimum,

Monopsony prectices mey result in externsl pecuniary dis-
economies to a £irm which obtains an intermedlate good from the
monopaonist, This, however, is by no means cortain amd it will de-
pend on the elasticitics of domend and on the nature of the ehift
of demand involved.

Monopsony can be and ususlly is exeroised in conjunction with
monopoly, The following inequalities given by Joan Robinsonl eum

1the terminology used here 1s mot Mrs, Robinson's,
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up the different slternativess
VMP, > MRP, = MCp 2 Pp .

mmmpmmmmmwmmmpmmaanm.
MRP, for its merginal revemue product (merginel physicel product timss
marginal revenue at the corresponding level of production), M, for
the marginel cost of the factor and P, for its mrket price or wage,
The left-hand side refers to the monopolistic exploitation of the
market, wheress the right<hand side refers to the monopsonistic one,

Though the different sombinations may give rise to seversl weys
by which diserepancies between the esocial end private merginal prode
uct can be created, which, in turn, mey have external effects on
other firms in the gystem, the subject will not be further discussed.
The analysis involved is similer to that presented for external pecue
niary economies ereated by monopolies, complicated by the sssumptions
which have to be mede about demend elasticities,
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end Changing Production Punctions

The previous discussion referred to situstions where the total
supply of each factor and the state of technology was held invariant,
Iet us consider cases now where both the totel supply of factor and
production functions mey undergo changes, Under these sssumptions,
if universelly pure compstition preveils (and technical inter-
connections betwoen production functions do not exist), tho mechanies
of pure competition will leed to the social optimum much the same
way @8 in the previous situstion,

kol One of the important externelities underlying s forwarde
falling supply curve may be analysed in this connection., It is @
well-known argument (which origineted with Marshall) that es output
incresses in the economy, the skill of the labor forcs also inoresses.
This 1s, of course, 8 dynamic argument, but in the subsequent anslysis
an sttempt will be mede to present it in a static fremework.

The example of increesing skills is sn interesting oms. It is
well suited to demonstrate the cssence of the difference betwoen
tochnological and pecuniary externsl effects and some fallacies to
which careless reasoning may lesd,

A change in the skill of lebor can be analysed in two ways.

One alternative is that we assums, production functions given, a

a
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Mpwmmuwmmxenmmm"mmm
units" computed by the use of some index besed on marginal produce
tivities, When skills increase, the supply curve of labor in ef-
ficlency units shifts to the right, ,

Such an approsch, however, is a misleading one (for ressons
which will be discuseed in & moment) and the notion of efficienay
units is ill-defined, So let us turn to the second altermative,

We shall define ths production funotion in such a wey that
with each change in the skills of the labor supply & new function
becomes relevant, while the total supply of the factor remcine
invariant, 7This means that as skills change, the isoquants of
the function will shift reflecting the various new cosbinstions
of inputs which will leod to the production of different specified
levels of outputs., In this process isoquants are 8o rearranged
that the corresponding outpute produced by identiosl factor come
binations will bte greeter after than thoee before the change in
skill, The final result is something similar to Hicks' labor
saving imnovation,

Let us investigate now what the externsl effect consists of
and how it comes ebout., Assume that to each level of total output,
there corresponds & certein level of skill, When the economy exe
pands (due, say, to & physical incresse in the supply of an input),
the level of production incresses and with it the level of skills
of the labor force., It is clear that the totslity of firms in the
process of increasing the production of the different marketeble
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ocutputs also produces & nonmerketable outputt skills, The crestion
of skills, in turn, affects each firm's production function in the
above discussed memmer,

The productive factors engaged bty each firm will have s margimel
productivity in terms of the good in the production of which they are
enployed, They also have & marginal productivity in terms of &ll other
products, the produoction functions of which are affgcted through the
marginal contributions of these factors to the general level of ekills,

Each menager, however, as demonstreted in the discussion of ex-
termal technologicel economies, will disregard whatever marginel
productivity & factor mey heve in the production of other goods and
compute the value of its merginel product based on its merginel pro-
ductivity in the process where it is employed, The result is that
the distribution of labor emong tha different firms will not be the
same as the sociquy desirabdble one,

Labor-saving innovations (such as the shift in production func-
tions in respomse to a chenge in skills) will have, of course, pecu-
niary offects., In & ons good, two factor economy, it will decrease
the relative or absolute share of labor in the distribution of the
total product (unless the other factor is redundant), With the chenge
in relative or absolute shares, factor prices will also change which,
in turn, will have its offect on the cost curves. Since the shift
of cost curves is dus to factors external to the £irm, the shift can
be attributed to external pecuniary economies or diseconomies., The
effect of these external pecuniary coomomiss or diceeonomies can be
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enalysed exsctly the same way as we have dond pravicusly.

Muecmidarmwmtwom”wm. Due to
changing skills the firms experience two types of externsl effects:
ons is technological (operating om the production function), the
other 18 pecuniary (opereting through changes in factor prices).

It 1s most important to realise that the distortion in welfare
allocation is due 30lely to the distortions csused by the technologiesl
external intersction, Whatever distortions the externsl pecuniary
effects mey have, they are reflections of the fact that the alloca-
ﬁim&hﬂnm%fim“ﬂm@dmmmm
logica) intersction, If the latter is offset by appropriate texation
or subsidiecs, the pecuniary extermal effects are nothing btut the
tools of the general equilibrium mechanism sdjusting to the shifting
of the production functions,

Notice that technological extermel effects have taken over the
;-ola of monopolies in creeting conditions which result in pecuniasry
externsl effects of the type associated with welfare distortion,

At the outset of this section it was mentioned that there is
an slternative wey to analyse the problem of increasing skills, and
the notion of a supply curve in efficiency unite was established,

It was also mentioned that the enalysis based on the efficiency
supply curve (apart from the fact that this 4s an ill-defined con-
oept) might be misleeding, Here is the resson. As the efficicncy
supply of labor shifts due to a chenge in total output in the economy,
the marginal product curve of labor (in efficiency unite) will shift.
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This alters factor prices (relative or sbsoluts) and the firm's

cost function undergoes a change due to external pecunisry economies
or diseconomiss, So far, so good. Inthiamoatam;ysn.hwmr.
no mention is mede about the technological interconnections among the
?:I!m. The careless conclusion is easily resched here that external
pecuniayy effects are csuse for welfare distortions, The distortions
caused by the teshnological misallocation are camouflaged by the
shifting efficiency supply curve,

bo2 An esesentislly similar treatment can be given to the probe
lem of induced technologicsl change. Hore an increased productive
sotivity in an industry or the whole economy will result in en ime
provemant of productive techniques manifested by the shifting of
production functions. %The analysis of the cese is not nsccesary
hore eince it follows axeotly the steps of the above reasoning,



Conclusion

The previous part aimed to demonstrete tho workings of the
pecuniary and technological external effeots within the setting of
the neoclassiocel fremswork. It was demonstreted thet pecuniary
external effects are no yesl ceuse to welfare misallocation, and
insgmuch as they lead to distortions, they do so only becsuse the
generel equilibrium mechanism is already disturbed by the presonce
of more bagiec factors, These are monopolies and technologlcal exe
ternal intercomnections smong the production functions of the differ-
ent firms, In the sbsence of the latter pecuniary externsl effects
are nothing but the manifestations of the peneral equilibrium ed-
Justoent mechanism,

For this resson it geems to be important. to approach the probe
lem from the viewpoint of productivity rather than coste If the
8061sl optimm 48 mot echieved, the investicetion of the causes
should focus on tho prectices of the monopolies and on the fact
that certain productive fectors may heve merginal productiviticse-
poeitive or negativee-in other than those processes where they
ere hired,

Monopolies and purely conpetitive firms operating under the
influence of external tochnological effects have scmething in common,

L6
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Both produce {employ) other tham socially dosireble quentities. The
monopolist does this by equating the marginal revenue produet of the
factor, rether than the value of its merginal product, to the price
of the factor. The pure ocompetitor, on the other hand, does not
tals into considerstion the merginal product of his factor in other
lines of production when computing the value of its marginel product,
The result is similar.

The solution is in penalising or rewarding (whatever the case
may ooll for) those merginal activities which lsad to misallocation,
Benovolent collusion under the circumstances may be desireble, Just
as two monopolists (producing complementary goods) can enter into
collusive practices which will increase both the welfare of oone
sumers and their own profits, pure compotitors by collusive hiring
mey eliminete the effects of techmologicsl interaction.



Appentis to Part 1

The production functions of purely ocorpetitive industriese«
under certein sssumptions-—are homogeneous of the first order.
Tochnicel interection between firme and industries will chenge the
charecter of the functions by ereating incressing returns to scals,

thile purely ocompetitive ﬁm camot produce on a falling
segment of the sversge cost curve, nonoponaa can, This, in effect,
inplies that the monopolist may produce in a phase of increasing
retumns to scele in the production function,

If increasing returns to scale prevail im both industries of
& two good, two factor model, what right do wo have to assume &
convex transformation funotion?

In the following pages it will be demonstrated that it is
posaible to have a convex trensformetion funoction, even though both
production functions underlying it oporete m & phase of inoreasing
returng, DBefore giving 2 more deteiled demonstretion, consider the
following nonrigorous heuristic argument,

- It 1s & wvoll=imoun fact that, givem two homogenecus functions
of the first order, the resulting trensformation function mey demon
strate strong convexity, By remumbering the isoquants of the two
functions in such a way that the resulting inoressing returns to

L8
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scale are infinitesimal in both, the corresponding transformation
function i1l undergo & change, Based on the motion of contimuity,
however, we instinctively know that a transformation curve with
strong convexity will not suddenly assume a concave shape following
this operstion,

Let us turm now t0 & more rigorous demonstration of the same
proposition by estsdlishing sufficient conditions,

Assume the exietence ’of two production functions, both of them
homogeneocus of order greater than oney and two fsct.ox.-a' of production,
the supply of which ia given,

x = Pl C,), with the proporty  N'x = FINI, A€ )50} 1
y o 0l 00) ~ttettee Ny © AT ), N(G=c )3 n > 1

Let us form the Edgoworth bax, the sides of which conform to L
and G, The efficient points of production will be defined by the
"efficioncy locus,” 1.e:, th¢ locus of the points of tangenscies of
the respective isoquants,

By the assumption of homogeneity, we know that the efficiency
lmvmuammtonicanyimmamgmmmnof&amwmm
on one or the other side of the diagonel of the box without ervssing
it. It may have, however, an inflection point which, for the sake
of simplicity, we rule out,
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If x is the good produced by labor-intensive msthods, then the
goneraliged ocontrect curve is formelised bty

¢ =y
and the condition of monotonic increase without inflection is given
by

%(;%;::—-}»<Oformn‘ .

The geomatric representation is found in Figure 2, Along the
efficiency loous for each eapital-lsbor retio (defined by the slope
of a streight 1line drewn from the x origin to any point of the con=
tract curve), there exists a unique quantity of x produced. This
tonmrromunpropenmotmct(xk)mmam.

g)-/

A.;uafnnmonot,:mc of Iy it follovs that x s &
function of .l! alone slong the contract curve,

C
Eaehédesigmteoaunitme qmntityafc:and_rzalongtho

oontract ourvo. Given fixed fector supplies, the residusls will fix
foreuebémlququantitmw&andc. In effect, for each

ttmmnbeennmuqumuyotxpmmnongmmm
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m—-chouhmetionotn‘. We thus have two paremetric equations

x=F(L)
Y"Fz(lk) .
Theorems
If x 1s & monotonically increaging convex

(é(o)m’mot and y 1s & monotonically

g (;‘

decreasing concave (S ) 0) function of I, then
ar? L

the trensformetion funsction between x and y has

&
thopm“ythatj(o. In the 1imit both

% end y may be streight line functions of L_ for
the theorem to hold,

The geometric representations are given in Figures 3A and
3B, '

To demonstreto the velidity of the theorem, tuo propdeitionl
have to be verified, |

lemm Is ;uﬂzunbamncuomotkmh

a8 desoribed by the theorem, even though the
respective produstion functions are homogeneous
of order greater than one,



53

lemm II: thore exists a relationship between
the properties of 1'1(!-‘). Pa(fax) and T(x,y) such
&8 to emable us to predict the properties of the
latter based on the properties of the former,

To verify lemm I,) let us recall that in our example x is &

1sboreintensive cormodity (there is no loss of generality in this
essumptions 4f x is cspitel-intensive, an anslogous argument cen
be coinod). let us 8lso remind ourselves that slong any rey from
the origin x is produced under increesing returns to scale. The
oommctme.hm,hsodeumdthatforuoh;mubelom

c
awem!immugm. In other words, as

the production of X incresses and factor proportions are so adjusted
that the conditions of efficient allocation are observed, the labor
intensity of the production is gredually watered dowm by edopting
incroasingly capital-mbetcxaive mothods. As we increase the proe
duction of x and with it ;’. the marginal rete of substitution of

capital for labor also éncnaaaec. In effect, with each successive
mputimotahig}métmwbocoapim.uhichomwaﬂd
have ¢t0 give up in order to stay on tho gsme isoquent if labor wore
substituted for it in equal increments, increcses, If the succeseive
incresse in the marginal rate of substitution is significant and the

1Mo verificstion of Lesma I by purely methemoticel meene is
not difficult, Leama I, however, does not lend itself readily to
mathemeticel treatment, For this recson & verbal proof is reteined
here for both lemm I and Lemm II,
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order of the homogeneous function is only slightly creater than one,
1t£onmthntan&1wreaaea,,x_winmmaobutatadmmng

rete. This proves that part of Lemma I which refers to x es function
ot&.x

A-thsmmpmotfwthemmmmxu
readily found by essontislly similar reasoning, the completion of the
proof of lemsm I will be omittel,

If vo have reached this far, then we are almost homs, The proof
of Lemme II and with it the proof of the theorem is readily found,

The mark of convexity in the transformation function is that
as the production of one of the goods is suocessively inoreased by
identicel quantities, the production of the other good decresses by
increasing amounts. (In the continuous case the limit of the incre-
monte is taken,)

Docs the above property hold in our csse? It most certainly
does, To demonstrete this the elogent way, assume that x is @
atraightlinafumﬁonof&(thelimtirgcase)arﬂzhamm
(é)o)ms.motk. The proof of the more general case, in

which both funotione are nonlineer, readily follows from this spocial
cese,

Let us push along the efficiency locus from the origin of x
towards the orfgin of  in successive steps such that the length of
each step 15 dotermined by an identical increment in L’o

Mhe proat for the 1initing ease, where x is a streight 1ine
funcuonofl,x.fonmreadﬂytmtm above,
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In terms of the production of x this will meen identical inere-
mtorucbmeesaiumlwmi. For the production
dxrmmwmkmmiwhmmm
ments. 7This provee the oonvexity of the trenaformstion function for
the specisl case, What about the general case when x is & convex
("—%(o)mmakv mwumnkummmby
ﬂLg

equal inorencnts, the corresponding increments in x will b suoe
cessively diminishing: a phenomenon whieh further reinforces the
convexity of the transformation f\mction. Thi.l oompletes the proof
of the theorem,

Having reached this far, it is worthwhile to point out the
follouwing interesting corollary to our theorem,

Corollarys If the production functions of x and
¥ are homogeneous of order greater than one, and
the perametris equations are both streight line
functions, then the resulting trensformetion
curve will be also a straight line funection,
This is 20 even though the efficiency loous is
convex snd not & straight line,

The proof of the corollary follows atmigﬁttmﬂnproofof
the theorem and does not need seperete treatment.



