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H. Uzawa

1. In the last few years, the economist has become keenly
aware of the limitations which the environment poses upon
the procesgs of economic growth. This is primarily due to
the fact that the process of rapid and steady econonic
growth which many industrialized countries have experiernced
in the ostwar period has brousht wiih it o nunber of
Jdisturiing scocial and economic proklems such as the
pollution f air and water, and the destructicn of tae
uarbun environment. These phenomena are related to the
mismwanaiement of the environment, in its broadest terns
including soc:ial as well as natural environments, and have
resulted iwm the turther inequity in the distribution of
real living stancard.

llowever, tlie traditional economic thecry seems to have
failed to provide a coherent framework within which the
interactions between the environment and ordinary economic
activities may bLe analyzed and effective pclicy measures
formulated in orcer to remedy such social disturbances. One
of the major reasons for this failure, I believe, is due to
the fact that the traditional economic theory, of which the
neoclassical economic theory in the broadest sense constitutes

the basic theoretical framework, is primarily concerned with



a decentral:ized market economy where all rescurces
ilimitational to economic processes are priyatelyAappropriated,
while the environment is by its nature not appropriafed to
individual members of the society but owned and managed
collectively by the society as a whole.

In order to analyze the role which the environment
»lays in the process of economic growth, theretore, one
ueeds to re—examine the basic theoretical framework of the
necclassical economic theory in such a way that those
scarce resources which are collectively owned and managed
Ly the society are explicitly treated and analyzed in terms
of a coherent theoretical framework. In this paper, I should
like to present a preliminary report on the economics of
social overhead capital and to indicate a number of
propusitions concerning the allocation of resources for the
construction and maintenance of overhead capital and the
optimum rules concerning the use of the services derived from
such overhead capital.

The paper will be divided into two parts. The first
part ccncerns itself with the probklems of the amount of
resources to be devoted for the construction of overhead
capital and for the rules to be imposed upon the use of the
services derived from such overhead capital. In the second
part, I shall be concerned with the criteria by which the
society decides to designate some of the scarce resources
as social overhead capital not to be privately appropriable,
and the rest to be appropriated to individual members of the

society.



2. Social overhead capital comprises all those scarce
resources which are put in use for the members of the
society, either free of charge or with a negligible price.
They are either produced collectively by the society or
sinmply endowed within the society.

Thus all the means of production may be classified
into two categories: private means of production and social
overhead capital. The classification, however, is not
absolute, but it depends upon the historical, political,
and social aspects of the society in guestion., The same.
type of capital goods may be privately appropriated in one
society, but not in another, while it is entirely possible
that in the same society a capital good may be classified
as private at one time and as social at another time,
depending upon the stage of ecounomic and social progyress.,
First, I shall not be concerned with the criteria by which
means of production are classified into two categories,
but instead I shall postulate that such a classification
has already keen made and will not change throughout the
courve of the discussion.

Private means of production are appropriated to
individual members of the society who are responsible in
the management of those private means of production
which they own. Individual members are concerned with
attaining the maximum amount of profits or pleasure in

accordance with the rules prevailing in the society.



On the other hand, social overhead capital in principle
is put to use for any member of the society either free of
charge or with a negligible cost. For the sake of
simplicity, it is assumed that social overhead capital is
provided free of charge to every member of the society,

The services provided by social overhead capital belong
to the category of public goods or servicés for which the
formal analysis was presented by Samuelson in his classical
articles. The Samuelsonian analysis, however, is concerned
with pure public goods, which excludes most of the familiar
examples of services provided by social overhead capital.

I am particularly concerned with two aspects of social
overhead capital which are not handled by the Samuelsonian
approach. The first is generally concerned with the range
of freedom in which each member of the society may use the
services of social overhead capital. Most of social over-
head capital requires the input of certain amounts of
private means of production, and each member of the society
uses the services of such social overhead capital to the
extent which he thinks most desirable.

I shoulad 1ike to pay particular attention to the second
aspect which is related to the phenomenon of conjestion.

As typically illustrated by the example of roads, the
benefit each individual gets from the use of a certain
amount of social overhead capital depends upon the extent

to which other members of the society are using the same



social overhead capital. Again, the Samuelsonian concept of
pure public goods necessarily excludes the possibility of
such social overhead capital for which the phenomenon of
conjestion arises.

In "Sur la théorie du capital social collectif, cahier
d'économetrie et economie mathematique" (1Y74), I have
developed a formulation of social overhead capital where
the two aspects as discussed above may be to a certain
extent taken care of there.

It is assumed that private means of production and
sccial overhead capital are respectively composed of homo-
geneous and measurable quantities. Social overhead capital
nay be used ecither in the processes of production or
directly in the processes of consumption. liowever, it is
assumed that the economy is composed of a large number of
economic units, each of which does not exercise any
significant influence on the aggregate level of economic
activities. Finally, it is assumed that each consumption
unit possesses a measurable utility which depends upon the
amount of the services of social overhead capital as well as

upon the amount of private goods being consumed.

3. To cxplain the essential nature of the present approach,
I should like first to concentrate upon the case where
social overhead capital is used as a factor of production
only. Social overhead capital is assumed to be composed

of a honiogeneous and measurable quantity. lence, it is



possible to measure the amount of social overhead capital
existing within the society at every moment of time, Let
V be the stock of social overhead capital thus measured,
Production processes of each production unit in the
society are affected by the amount of the services derived
from social overhead capital as well as those provided by
private means of production. Namely, the output Q

B
produced by a production unit B depends upon the amount

B
derived from social overhead capital. Thus, the production

of private means of production KB and the services X

function may be denoted by

_ LB |

However, as is typically illustrated by the example of
highways, the effectiveness of the services of social over-
head capital is influenced by the amount of public services
Leing used by other production units as well as by the
amount ¢ of social overhead capital existing in the
society. Iience, the production function may ke rewritten
as

‘:.“j = FB(K‘:;IX‘:!IXIV) ’

where X stands for the aggregate amount of the services of
social overhead capital used by all other production unity

existing in the society.



If it is assumed that there is a continuum of

production units existing in the society, the aggregate level
X of the services of social overhead capital used by all

production units may be denoted
X = I XB ag ,

where the integral is always taken from O to 1.

It is assumed that social overhead capital becumes
congested as more usage is made of it by other production
units. The phenomenon of congestion may be explicitly
stated Ly the following properties. First, the amount of
output is decreased as the aggregate level X of social
cverhead capital being used is increased. Namely,
x:‘i<o . ()
Secondly, the marginal product of either private means of
production or social overhead capital is decrcased as X is
increased.

OCr the other hand, an increase in the endowment V of
social overhead capital results in a shift upward cf the
prcduction function. Hence, it may be assumed that

E
F, >0 . ()

In addition, it will be assumed that the production

function satisfies the standard necclassical conditions,



i.e. the marginal rates of substitution are always
diminishing and the law of constant rates of returns
prevails when all the variables are taken into account.
Suppose that production units all produce identical
goods and that markets for output and private means of
production are both perfectly competitive. Xach production
unit then chocses the combination of private means of
production and public services that will maximize the net
profit. Let r be the price, quoted in terms of output, of
the services rendered by private means of production,
prevailing in the factor market. The net profit of the

prcduction unit £ is given by
HC-_-QB"‘IKB ’ ()

and the production unit $ chooses the combination of K8
and Xpo that maximizes the profit for given levels of the
endownicnt of social overhead capital V and the aggregate
level X of the services of social overhead capital being
used currently. Since social overhead capital is offered
free of charge, the maximum profit is obtained when the
following marginal conditions are satisfied:

B - B _
FKB-r,F =0 . )

Demand for private capital KB and social capital xB

by the production unit B is now uniquely determined by the



by the rentals rate r. An increase in r results in a decrease
in the demand for private capital KB' If the production
processes are complementary, the demand for social overhead
capital XB is shown to be decreased when the rentals rate r
for private capital goes up.

The aggregate demand schedule for private capital then

is given by summing up individual demand schedules:

Thus, in order for a market equilibrium to be obtained,
the following two conditions have to be satisfied: first,
the rentals rate r for private means of production is so
determined as to equate the aggregate demand with the
supply of private means of production; and second, the
aggregate demand for the services of social overhead capital
is equal to the level with respect to which the individual
demand both for private means of production and social
overhead capital is derived.

If the supply of private means of production is
inelastically given at K, then the equilibrium conditions

may be explicitly stated as follows:

FE =, P2 -0 , ()

KzJKBdB' ()
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x =[x, a5 . )
and

o, = FP(K X,V) . ()

BIXBI
The aggregate real output (real net national product)

Q then is yiven by

The aggregate level of the services of social overhead
capital being used XB is related to the rentals rate r. 1In
order tu derive the aggregate demand scheduvle for private
capital, it is necessary to take into account the adjustment
in the aggregate use of social overhead capital. Mathemat-
ically, the system of equilibrium conditions (3) - (5)

has to be solved with respect to K, X and X, for given

B’
levels of the rentals rate r and the endowment of social
overhead capital V. It is easily shown that an increase
in the rentals rate r is accompanied by a decrease in KB.
XB’ and X. Hence, the demand schedule for the aggregate
level of private capital has a downward slope as a function
of the rentals rate r.

The equilibrium rentals rate r, therefore, is uniquely
dete;mined by the equilibrium condition (4) for the given
endowment of private capital K. The aggregate real output

Q may be accordingly determined for the given amounts of

private capital K and social overhead capital V.
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It may be easily shown that the equilibrium rentals
rate r is decreased as either the endowment of private
capital XK or that of social overhead capital being used tends
to increase, because of the assumption that private capital
and social capital are complementary.

One can easily infer from the existence of external
economies with respect to social overhead capital that
market allocation is not optimum. The prublem then arises
if it is possible to devise a rule by which the optimum
allocation of private and social means of production may
be obtained. To examine this problem, let me next consider
the allocation scheme where social overhead capital may be
wriced for i1ts usage.

Let me cunsider now the situation whure private
individuals are charged a price for the use of social
overhecad capital according to the amount of services being
used, where it is assumed that the administrative costs
asscciated with the pricing scheme are negligil.lle. Private
means of production are allocated in a perfectly competitive
narket.

Let J be the price charged per unit cf services derived
from socaal overhead capital. The net profit of the

procduction unit B now becomes

I, = QB - rX, - 0X

B B B
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The net profit thus defined is maximized if the following

marginality conditions are satisfied:

Other equilibrium conditions are identical with those

obtained for the previous situation; namely,

X = I XB d8 , and

B'XB'X'V) .

It is assumed that private capital is inelastically
supplied at the level K and the endowment of social over-
head capital is given at V. For a given price o for the
use c¢f social overhead capital, the system of equilibrium
conditions are solved to determine the equilibrium
allocations of private capital and sccial overhead capital,
KS and XB' tcgether with the aggregate level of the services
of social overhead capital X being used. It is easily showa
that tne eguilibrium rentals rate r for private capital is
also uniquely determined for a given price 0.

Let KB(@), XB(O), and X(0) be respectively the
equilibrium allocations of private capital and social

capital, and the aggregate level of social capital being
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used, all corresponding to the imputed price U. Tne

resulting agyregate real output Q(0) may be denoted by
Q(u) = I QB(O) dB ’

wiiere QB(U) stands for the equilibrium output of production
unit £.

1t may be interesting to see if the agyregate real
output Q(Y) is increased or not when the imputed price 0
is increased. Differentiating (12) with respect tu the
imputed price O, one obtains the following relatioconships:

e . aK | )
aniu) _ iF"s .-.....B._.(e) + p‘"\“ d_xﬁ(_?_)_ + 1‘-"5 Sl_}.{.l dg
ad ' ) do X do X dao '

B B
Hence, relationships may be reduced to the following:

= 8 dx
— le + I FX dBl do !

which may be rewritten as

a0 (0) . ax
—EG(,' = (MSC - ())( - EO- ’
where
o B
MSC = - FX dp .

The expression (13) corresponds to the concept of the
marginal social costs associated with the use of social

overhead capital. It represents the loss in the aggregate
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real output due to the marginal increase in the use of
social overhead capital.

Since an increase in the imputed price 0 reduces the
aggregate usage X of social overhead capital,

dx

@ <0 -

Hence, whether an increase in the imputed price increases
the aggregate real output Q(0) or not depends upon the
difference between the marginal social costs, MSC, and the
imputed price ©. Namely, if the imputed price 0 is less
than the marginal social costs MSC, then the aggregate real out-
put is @ (0). The maximum aggregate real output Q (©) then
may, be obtained when the imputed price 6 is just equal to
the marginal social costs MSC.

Starting with the market solution which corresponds to
the case where © = 0, the aggregate real output Q(0) is
increased until the imputed price 0 is equated to the
marginal social costs MSC. lHence, it is possible to devise
an iterative procedure by which the maximum aggregate real
output may be obtained, provided the marginal social costs
may be calculated from the known allocation of private and
social capital among individual units.

The proéedure discussed above relies upon the price
mechanism for the allocation of both private and social
capital. Suppose now that it is possible, without incurring

any costs, to make a centrally controlled plan as for the
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allocation of scarce means of pro@uction. It is supposed
for the moment that a central planning board possesses a
complete knowledge about the production processes of each
production unit. What would then be the allocation of
private and social capital among individual production
uﬁits that maximizes the aggregate real output? This
probviem may be mathematically stated as folluws:

Let K and V be the given endowments of private capital
and social overhead capital. Then find the allocation of
privute capital among production units K and the levels of
individual and aygregate uses of social overhead capital,

X8 and X, so as to maximize the aggregate real output
) = P

subject to the constraints:

K = I KB dag ,

X = I Xe ag ,

and

= wb
QB = F (K XB'X'V) .

BI
Such a maximization problem may be easily solved in
terns of Lagrange multipliers. Let r and O be respectively

the Lagrange multipliers associated with the constraints

(19) and (20), and introduce the Lagrangian form:
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[ Q, aB + nlk - I Kg dag| + o|x - I Xg dg| .

The optimum allocation may now be obtained by finding the
allocation for which the Lagrangian may be maximized without
any constraints.

Therefore, the optimum allocation may be obtained by

sclving the following equations:

I r
g
P =0
d
U
U—"JFXB ’

toyether with the constraints (19-21),

These conditions are identical with thouse which have
been obtained for the case where the imputed price for
social overhead capital © is equated to the maryinal social
costs MSC.

Hence, the allccative process discussed in the previous
section results in an optimum allocation oi scarce resources.

In the analysis presented in the previcus sections, it
has been assumed that the economy is composed of producers
only, without having consumers to play any role in the pro-
cess of resource allocation. I should like to consider the
general case where consumers are involved with the
allocative process of both private capital and social over-

head capital.
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Let the consumers be denoted by the generic symbol «,
ranging continuous numbers from O to 1, as has Leen the
case with producers. Namely, it is assumed that the
economy is composed of a large number of consumers each of
whom plays a role which is negligible from the aggregative
point of view. The process of aggregation again will be
denoted by the integral.

The level of utility each consumer may enjoy is related
tc the amount of the services derived from social overhead
capital as well as private consumption. Again as has been
with the case for producers, it may be assumed that there
is only one kind of private consumption goods and that the
services frowm social overhead capital are measurable. By
adopting the benthamite utility concept, it may be assumed
that consumer u's utility Ua is a function of the level of
private consumption Ca and the amount Xa of the services
derived from social overhead capital. In view of the
presence of the congestion phenomenon, the effectiveness of
the services of social overhead capital to consumer a
depends upon the aggregate level X of the services of social
capital being used as well as upon the stock of social
overhead capital V. Namely, it may be written as

a
UG = U (Ca,xalxlv) [}

where the aggregative level X has to be defined by
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It is assumed that the utility function U 1is
concave with respect to the variables Ca' Xa, X, and V, and
that the marginal utility of private consumption is positive,
while that of the services of social overhead capital is
merely decreasing.

If the services of social overhead capital are rendered
to consumers free of charge, then each consumer will use
them up to the level where the marginal rate of substitution
between social overhead capital and private consumption
equals zero and all of his income Ya will be spent on
private consumption Ca'

Market equilibrium will be attained when these
conditions concerning consumers' equilibrium are satisfied
together with producers' equilibrium conditions discussed
in the previous section. It is obviously seen that the
resulting pattern of resource allocation is neither
efficient nor optimum.

In the general situation where consumers are present,
one may have to be careful in defining the concept of
optimum resource allocation. However, if the Benthamite
concept of measurable and comparable utility is pre-
supposed, then the social utility U is simply defined by

the aggregate of individual levels Uu; namely,
U = J Ua da ,

where the integral ranges over all the consumers in the

society.
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A pattern of resource allocation and the accompanying
income distribution may be defined as optimum if the social
utility U is maximized among the feasible set of resource
allocation. This statement may be put in a more precise
form as follows:

At each moment of time, let the amounts of private and
social capital be given at K and V, respectively. A pattern

s K

of rescurce allocation (Ca' xu

B xg) is defined optimum
if the social utility U is maximized among the set of all

feasible resource allocations:

J Cu du = J QB dB '

QB = FB(KB,XB,X,V) '

b
[}
e,
~
[
o
[

+
S,
<

T
o
<

Let p, pp. Pr, be respectively the Lagrange multipliers
asscciated with the constraints (:8), (30), and (31). Then
a simple calculation will show that an optimum allocation

has to satisfy the following conditions:

[ "
U% =p , or u® /Uu = 1 for all pairs a' and a"
C, Cut’ Cynm
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The marginal social costs associated with the use of

social overhead capital in the present context becomes:
Msc = | - u%/u® da + | - FB ap
x/"c =X
o

The optimum conditions (32-35) suggest that, in order
to obtain an optimum resource allocation, it is necessary
to introduce a transfer mechanism in such a manner that the

marginal rate of distribution between any pair of two

consumers becomes unity

in addition to the pricing scheme for the use of social
overhead capital according to the marginal social cost
principle.

The analysis so far has been concerned with the allocation
of scarce resources where the stock of private and social
capital has been assumed to be given. The analysis may be
extended to the situation where one is concerned with the

process of capital accumulation for both private and social
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capital, and try to examine the pattern of resource
allocation over time which is optimum from a dynamic

point of view. It will be shown that the principle of the
marginal social costs may be extended to this dynamic case
and the criteria for optimum allocation of investment
between private and social capital will be obtained within
the framework of the Ramsey theory of optimum growth.

In order to simplify the exposition, it will be
assumed, throughout the rest of this paper, that the rate
of discount by which consumers discount their future levels
of utility is constant and identical for all consumers in
the society. Let 6 be the rate of discount. The level of

social utility U may now be expressed by

U= J ut)e Ot gt
o0
where the utility level 1 U(t) at a point of time t may be

given y
u(t) = J Ua(t) de ,
with
. |
U, (8) = U%(C (€)X, (£) ,X(£),V(E)) .

Let VO be the stock of social overhead capital
existing at the initial point of time (0. I am concerned

with the problem of finding a path of private consumntion
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for each consumer, of allocation of private and social
capital between various economic units, and of capital
accumulation for both private and social capital over time
such that the resulﬁing level of social utility is maximized
over all feasible paths. In order to discuss this optimum
problem, I should like to pay a particular attention to the
difference between private and social capital with regard to
the extent to which investment is used to increase the stock
of capital (to be measured in the efficiency unit). 1In
general, social overhead capital is difficult to reproduce
in the sense that a rather significant amount of scarce
resources have to be used in order tu increase the stock

of capital, while, for private capital, investment

without much difficulty, converted into the

accumulation of capital. It may be possible to formulate
the relationships between the amount of investment and the
resulting increase in the stock of capital in terms of a
certain functional relationship.

Let Iv be the amount of real investment devoted to the
accumulation of social overhead capital. If social overhead
capital V is measured in a certain efficiency unit, the
amount of real investment IV may not necessarily result in
the increase in the stock of capital by the same amount.
Instead, there exists a certain relationship between the
amount of real investment I, and on the one hand the
corresponding increase V in the stock of social overhead

capital and the current stock of social overhead capital V

on the other:
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I, = ¢yV,V) .

This relationship may be interpreted as follows:
i.e. in order to increase the stock of social overhead
capital V by the amount ﬁ, real investment.IV has to be
spent ol the accumulative activities for social overhead
capital. In what follows it will be assumed that the
function ¢ exhibits u feature of constant returns to scale

with respect to V and v, thus
T /V = by (Vv

Since it may be assumed that the marginal costs cf
investinent are increasing as the level of investuent is

increased, the function ¢V satisfies the following counditions:
] . "w

Similar relationships may be postulated for the
accumulation of private capital for cach producing unit;
namely, for cach producer £, the amcunt of real investment
IB reyuired to increase the stock cof capital KB hy the
amuunt ﬁe may be determined by the fnllowing Fenrose

function:
Io/Kg = 6g(Ka/K))

vhere the Penrose function ¢B again satisfies the conditions:
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‘ps(') - O ’ ¢B(.) > O .

Furthermore, it is assumed that the rate of
depreciation of social overhead capital depends upon the
ig used. Hence, the rate of depreciation

-2

[ 4

extent to which it

A4S

p way be written

u o= p(X/Nv)y

W () >0 , wi() >0 .

The optinum problem may now Le more precisely stated

as follows:
A pathh of resource allocatiovn over tine, (Cu(t), If(t;‘
3

-

Iv(t), Xu(t), XP(t), Kﬁ(t)' V(t)), is defined as feasible

if it satisfies the following consistency conditions:

L) = J Cu(t) du + J Iﬁ(t) dp + Iv(t) '

o(t) = J FB(KB(t).XBQt).X(t),V(t)) ag

X(t) = J Xd(t) dua + J XB(t) as

I, (t) K, (t)
RB—E— = ¢5(ze(t)) ' -’Q(F = zs(t) Y

Iy (%) v (t
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K,(0) = K v(0) = v° given.

g’

I am then interested in finding a feasible path of
resource allocation over time which maximizes the social
utility.

"his optimum problem is in general extremely difficult
to solve, and I shall be instead concerned with finding a
path of resovurce allocation which approximates the optimum
path tc a reasonable extent. Among such an approximated
path, the one with the simplest structure will be obtained
by exuamining the conditions which the imputed prices of
private and social capital have to satisfy.

Let pB(t) and pv(t) respectively be the imputed
prices at time t, of private capital KB and social overhead
capital V, and let p(t) and O(t) ke the inputed prices of
cutput Q and the use of social overhead capital X. These
imputed prices correspond to the Lagrange multipliers
associated with the constraints for the optimum proklen.
The Fuler-Lagrange conditions which the optimum path has
to catisfy may be recarranged to yield the following

conditions:

N a o

Ut = p Ux /Uc =0 ,
o a o

# -0,
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('U) p '
(—)=I xda+[(-FB)d8+—y-u(X/V) ,
v X P
ca
P r, - ¢.(z,)
FE = § - ZB ~ B—T B*"B ,
OB(zB)
where
1 p
B .8
$,(z,) = — , r,=F ’
B'"B p 8 KB
P r, - ¢,(2z,)
EY_G-ZV- v_vvo
\Y ¢V(zv)
where
o
[] I)r U 22
. _ N _ v B
(PV(ZV) “'p_ . rv—]UTd(l'fIE dp .
Ca

It may be noted that the marginal costs associated
with the depreciation of social overhead capital are evaluated
in terms of its imputed price pv/p measured in real terms.
The quantity rB defined in (42)is nothing but the marginal

product of private capital, while the r_, defined in (44)

A"
is the marginal social product of social overhead capital
measured in real terms. Namely, the ry represents the
marginal gain to the society measured in real terms due to
the marginal increase in the stock of social overhead

capital V.
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The conditions (40-42) suggest that, in order to
attain an optimum allocation of scarce resources in the
short run, one has to impose the charges equal to the
marginal social costs for the use of social overhead
capital, with the marginal social costs being defined
in the modified sense (42). On the other hand, the
pattern of accumulation of private and social capital may
be descriked by the conditions (41-44) describing the rules
by which the imputed prices change over time. In order to
approximate the structure of the optimum path of capital
accumulation, I should like to consider the case where
the imputed prices are assumed as if they were not to change
at each moment of time. Namely, the rates of accumulation
of private and social capital are obtained by assuming
that equations (41) and (43) are equated to zerc. It can
be shown that the path of capital accumulation obtained
by such a procedure reasonably approximates the optimum
path, although the sense in which reasonable approximation
is used needs a more complicated fernmalization.

If the imputed prices were assumed as if they were not
to change over time, then the rates of capital accumulation
zg and zy s May be obtained by solving the following con-
ditions:

g = 95(zg) '

5 = zB = ¢B(ZB) v
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I'V - ¢V(ZV) '

6 - zy = ¢V(ZV) *

It is easily seen that the rates of accumulation of
nrivate and social capital are uniquely determined, that
the higher the marginal product of private capital, the
higher is the corresponding rate of accumulation for
private capital, and that the higher the marginal soc;al
product of social overhead capital, the higﬁer is the rate
of accumulation. On the other hand, an increase in the
social rate of discount § will lower the rate of accumulation
both for private and social capital.

Thus, the approximate optimun rates of accuﬁulation
for private and social capital will Le determined once the
marginal private or social product of these capital are
known. Illowever, the marginal products of both private and
social capital depend upon the extent to which social
overhead capital is used by the member of the scciety.

The amount of the services of social overhead capital used
is in turn related to the imputed price pv/p of social
overhead capital, as is seen from the definition of the
marginal costs.

In this part, an introductory analysis of social
overhead capital has been éresented, with an emphasis upon
the implicaticns of the presence of such an overhead
capital upon the process of resource allccation and the

ensuing pattern of real income distribution. I have
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emphasized two aspects of social overhead capital which
are not readily covered by the standard Samuelsonian
concept of pure public goods. Namely, each individual
mewber of the society is free to use the services of
sccial overhead capital to the extent to which he desires,
but the effectiveness of the services he uses of social
overhead capital crucially depends upon the way other
individuals are using the same services, incorporating the
phenomenon of congestion.

The main conclusions of this part have been concerned
with the pattern of resource allocation which results in an
optimum allocation of social as well as private resources,
both from a static and dynamic point of view. From the
static point of view, the given stock of social overhead
capital may be efficiently used if each individual member
is chargyed a price egual to the marginal social costs for the
use of social overhead capital, provided the administrative
costs associated with such a pricing scheme are negligible.
For the optimum allocation from the dynamic point of view,
one has first tc modify the concept cf the marjinal social
costs four the use of social overhead capital, by taring into
account the value of the marginal depreciation of social
overhead capital due to the marginal increase in the use of
social uverhead capital. The evaluation of the marginal
depreciation of social overhead capital has Leen based upon

the imputed price of social overhead capital. The imputed
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price of social overhead capital, being the discounted
present value of the marginal social product or benefits
due to a marginal increase in the stock of social overhead
capital, is also a crucial factor in the determination of
the optimum rate of accumulation and corresponding invest-
ment in social overhead capital. The optimuﬁ rate of
accumulation of social overhead capital (although only an
approximately optimum pattern has been discussed in the
paper) is closely related to the ease or difficulty with
which such a social overhead capital may be reproduced.

It can be shown, as is expected, the more difficult and the
more costly it is to reproduce social overhead capital, the small-
€r the amount to be devoted to the accumulation of such a
scucial overhead capital. These propositions have been
discussed in terms of the Penrose type relationships which
relate the amount of real investment to the rate by which
social overhead capital is accumulated.

The analysis has been presented for the case where
there is only one kind of scucial overhead capital. However,
most of the propositions obtained above may be extended,
with slight modifications, to the general case where there
are a variety of social overhead capitals--one has merely
to replace V by a vector of the stock of social overhead
capital having a number of components as many as there are

of various kinds of social overhead capital. In particular,

it is possible to extend the analysis to the case where



