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Abstract

In this paper, the author proposes first a two-sector model of growth that extends the two/one
class growth model discussed in O’Connell [1995].  This model is a one-class (workers’ own
capital) and two-sector model under the balanced growth steady-state. It exhibits the same
balanced condition as Harrod [1973] if capital stock is only owned by workers and the capital-
output ratio is equal to one. General properties of this model include a result that the sensi-
tivity of the changes in the growth rate in response to changes in the rate of profit depends
crucially on the relative magnitude of the retention ratio (defined as undistributed profit/profit
in the corporate sector) and the household propensity to save. However, this two-sector model
is not supported enough by a panel data approach [Barro, 1991; De Long and Summers, 1991;
Mankiw, Romer, D. and Weil, 1992] executed by the author who uses the national accounts of
six countries, 1982-1994. The cause lies in how to introduce the wage and dividend propen-
sity to save and the population growth rate into the growth rates of output and capital. The
O’Connel’s mode is based on constant labour productivity. The “improved” two-sector model
is established in discrete time by using the financial structure of products and under neéessary
and sufficient conditions. This improved model is based on the initial financial structure of

products and opens the door for the growth in labour productivity by introducing a given

1) Iam thankful to Dr. Debasis Bandyopadhyay for his advice and for recommendation of
articles suitable for my research. Also, I am oblidged to Dr. Tsutomu Tokimasa for his
continuous review, Dr Masao Kawano for his interpretation of national accounts, and Dr.
Yoshiomi Furuta for his mathematical advice and broofs. This paper differs from the
previoﬁs one, the influence of corporate saving behavior on economic growth (1) [1997/
March], which was based on Kaldor’s framework, but did not fully integrate the saving of

wages and dividends and the net investment which comes from these savings.
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population growth rate and technoiogicai progress. The model starts with the review of the
investment ratio, AK;/Y,, which integrates the saving-side with the investment-side. As a
result, using the initial predetermined variables of the relative share of profit and the capital-
output ratio, important related variables in equilibrium are all endogenously mea-sured. The
financial structure converges in equilibrium and diverges to some extent in disequilibrium, but
disequilibrium quickly closes to equilibrium. This paper establishes conditions of equilib-

rium and compares them with those in equilibrium in literature.

1. Review of the two/one class growth model

1.1 Background and the relationshipvi’)etween two models: Two/one classes
vs. Two-sectors _
Prior to O’Connell, Baranzini [1975; correction 1991] justified both Pasinetti’s
model and Samuelson and Modigliani’s model by using his own quadratic equation
(5), but without using s,= Sy/P (with some correction [1991]). The rate of profit r
~was solved as r; and 1, from his equation. = For this, O’Connell [1985, 1995] ex-
pressed the same quadratic equation (8) using s,, s, and s, (see the next section). She
proves that the natural rate under full-employment steady-state growth is attained if
K./K=1 (i..e., only if workers exist) and r=r,. The two-sector model of the author's
is justified by her proqf and extends her model simply by eliminating dividend sav-
ings from that equation. The difference between the two/one class model and the
two-sector model is whether dividend savings are added to worker savingé (in the
two/one class model) or the sum of consumption of dividends and capital gains is -
subtracted from worker savings (in the two-sector model).  As a result, in the two-
sector model, her quadratic equation reduces to a linear equation, and its solution is
shown by r=r, as she proved. | By this simpliﬁcatiop, some new propositions are
presented: e.g., chariges to growth rate in response to changes in the rate of profit
depend on the relative magnitude of the retention ratio and the household propen-

sity to save.
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However, the two-sector model-\holds under the balanced growth steady-state where
the two-one class model holds.  According to the author's panel data approach, it is
not supported by empirical results. This is natural since the population growth
rate is not equal to the growth rates of output and capital. ~Thus, this p‘aper, further-
more, extends the two-sector model (under the balanced growth steady-state) to the
improved two-sector model under the corporate-financed growth steady-state. The
differences between underlying conditions are shown as follows:

1. The balanced growth steady-state is a condition such that the population growth
rate, output, and capital are the same. | |

2. The corporate-financed growth steady-state is a condition such that the popula-
tion growth rate is given as a parameter while the growth rate of output, gy, and
the growth rate of capital, gg, are endogenbusly measured and gy=g¢. A con-
dition of gy=gy is guaranteed both under a necessary condition that the capital-
output ratio and the relative share of profit are constant and under sufficient
conditiohs that are described by assumptions.

This paper discusses only the above two states, and does not develop a condition

that gy#gx. Under a condition of gy#g, the capital-output ratio changes while the

relative share of profit is given as a parameter (or vice versa; in a separate paper).”

The two-sector model does not include labour productivity as well as the two/one

class model. However, the improved two-sector model can easily include labour

productivity and its growth rate as an extension (see introduction of the coefficient

of technolégical progress, below).

Conclusively speaking, the differences between the two/one class model and the

two-sector model are briefly indicated as follows:

2) Kamiryo, [1997/Oct], Relationship between the growth rate of labour productivity and

the rate of technological progress using discrete time in-national accounts, at the 10th

World Productivity Congress, Vina del Mar, Chile.
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- The two/one class model under the balanced growth steady-state:

1. Dividend savings are added to wage savings.

2. If Kw/ K=1 (K.=0), it reduces the Harrod-Domar condition where Sp is not di-

- rectly expressed.

The two-sector model: under the balanced growth steady-state

1. The consumption of dividends and capital gains is subtracted from wage sav-

ings. It assumes that dividend savings are smaller than this consumption.

2. Itreduces, if K,,/K=1, to the same Harrod-Domar condition where s, 18 explic-

itly shown. There is no difference between the two models in the case of K. /K=1

if the capital-output ratio, €2, is shown as one.
What are the characteristics of the two-sector model under the balanced growth
steady-state? “

1. Use of a linear function instead of the quadratic function which produces two
values r; and r,.

2. Use of both dividends and capital gainé (for simplicity and tentatively; the au-
thor, in the éorporate-ﬁnanced growth steady-state, abandons the use of capitai
gains needed for this simplicity and accepts the same aissumption as the two/
one dass model).?

3. Endogenous growth model which positively uses undistributed profit and its
retention ratio s, under a one class model (K,/K=1) and Q=a constant.

4. Pasinetti's statement of “r,=1" is denied in the two-sector model. The “uniclass”
balanced growth steady-state is expressed including s, which was not used by
the discussants of the two/one class model except Kaldor and O’Connell. 1t
suggests that the use of undistributed profit is more important than the division

of disposable income into two classes; workers’ and capitalists’ classes.

3) For the corporate sector, the use of capital gains is justified while SNA as a whole this ‘
use is not justified because of offset. I am thankful to Dr. M. Kawano [1997] for his

illustration and confirmation.

_._4__
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The model, if K,/K= 1‘ and the capital-output ratio {2=a constant, coincides
with the Harrod-Domer model: n=s4v/Q. However, even if it explicitly shows
Q1 in the model (this is also an reduction of the O’Connell’s model), this
result, n=sgy/Q, is not well accepted by the author’s empirical study which

uses a panel data approach.

The improved two-sector model: under the corporate-financed growth steady-state

1.

The growth rate of output, gy, depends on the undistributed profit propensity to

save, Sgpry.  This is highly supported by the same above empirical study.

" Review of the contents and of the two growth rates of output and capital: gy and

g¢. Even if both growth rates are endogenously the same, the relationship
between thé wage and dividend propensity to save, Sswoys and the undistributed
profit propensity to save, Sspyys is clarified. The value of sgyp,y is shown using
sgpy and the capital-output ratio or the value of Sgwpwp 1S shown using sgpp and
the relative share of profit. |

The investment ratio which is defined as net investment divided by output, I/
Y?, is expressed using the growth rate, gy=gx, the capifal-'output ratio Q, and

the relative share of profit 7t (Equation 21).  The inequality, s,> %>SW, which

had been discussed in 1960s, is clarified and proved (released from an assump-

tion set by Pasinetti).
The structure of labour productivity is easily introduced into the model. The
Harrod-Domer model under n=gy=g introduces this structure by replacing n

with the sum of the population growth rate and the growth rate of labour pro-

ductivity. However, the above structure clarifies the relationship between the

coefficient of technological progress, m* and the growth rate of labour produc-
tivity in terms of the above investment ratio 1/Y°.

The improved two-sector model doés not depend on the marginal prbductivity
of capital and the marginal utility of consumption. The financial structure of
products assumes that the average productivity of capital equals the marginal

_5__
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productivity of capital, but this is guaranteed under constant capital-output
ratio.  Also, the propensities to consume are expressed as dual to the propen-
sities to save which are measured under the constant relative share of profit and

the constant undistributed profit propensity to save.

1.2 Review of the two/one class growth model

Let the author start with O’Connell [1995], where two classes (types) of people

are treated. This model will be reviewed in the following sections.

1. Capitalists who do not supply any labour and owns most of capital stock

2. Workers who supply labour but also own part of shares

The typical household supplies his labour as worker but also owns the shares of
corporate firms. .

For comparison, in the two-sector model of growth, the author assumes that un-
der current financial structure there are some incentives and constraints built within
the system related to the fraction of dividends saved by the household. In particu-
larly, that al_'rangement forces household to separate their decision on savings of
dividends from their decision on savings of wages.

The framework is shown by definitions, assumptions, and propositions which
leads to the solution step by step as follows: |
Notations: (

Y denotes het national income

W denotes disposable income of workers
W,, denotes Wage income of workers

P denotes corporate profit

P,, denotes profit owned by workers

P, denotes profit owned by capitalists _
K denotes corporate capital stock

K. denotes capital owned by workers
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K. denotes capital owned by capitalists

S, dendtes undistributed profit from profit

S..., denotes wages saved by wbrkers

S,w denotes undistributed pfoﬁt owned by workers

S, denotes undistributed profit ownéd by capitalisté

S, denotes dividends saved by workers

S, denotes dividends saved by capitalists

D denotes total dividends from profit

D,, denotes diﬂ/idends distributed to workers

D, denotes dividends distributed to capitalists

C,, denotes dividends consumed by workers (this is not used directly)

C,. denotes dividends cbnsumed by capitalists (this is not used directly)

n is denotes the population growth rate

The rate of profit ( r) is defined as r=P/K

The retention ratio (s,) is defined as S,/P

The fracfion saved of capitalists’ dividend income (s.) is defined as s,=S4./D.

The fraction saved of workers’ wages (S.v) is defined as s,,= Sww/ Wy,

The fraction saved of workers’ dividends (sq,) is defined as s4,= Saw/ Dy
Note: when a one class model is introduced as capitalists’ values are zero, the

subscript “c” is deleted.

The balanced growth steady-state is defined as a condition such that the growth

" rates of population (n), capital stock K, and output Y are the same (as stated above).

_K_ Y
In other words, n -7

Let the author also list the following identities (definitions).

1. Y=W+P
2. W=W_+P,
3. K=K,+K,
4. P=P,+P.
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5. P=S,+D

6. S=S,+8S,

7. Py=S,+D,

8. P=S,.+D,

9. S,=S,,+S,

10, Sy=S8,u+S,*Saw

1. S=S,.+S,

12. D=D,+D,

13. D= de+Dcw

14. D.=S,+D,,

Assumption 1 = Profit is distributéd according to a fixed proportion (r) of the own-

ership of capital stock, where the fixed proportion equals the rate of profit. In

P._P, P _

other words, XK. e =r. |

Assumption 2 Dividends are paid in proportion to the ownership of capital stock.
: D._D, D |

In othet words, K K K

Assumption 3 Workers save a fixed proportion of wages and also save the same
. . . ww DSW

proportion of dividends. In other words, s,= WD

Additional denotations are needed as follows:
Changes in the capitalists’ capital stock by K,
Changes in the capitalists’ capital stock by K,
Changes in the total capital stock by K |

Now, related variables, equations, and the solution are stated, following basically
O’Connél_l’s [1995] frameworks and steps and using my own above notations which
are also used for the two-sector model of growth under one class. These are shown
with corresponding\ equation numbers of her (with bold) as follows:
The model’s endogenous variables are: S, S,, X, K,Knr

The following equations describe relationships among those variables.

L. Se=fi(r)=s(1-s,)1K, |
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St Saw=(1) =8, (Y =1K) +5,,(1 -5, 1K,
=K., K,)=KA+K,
- K=f,(0)=s(1—-s,)1K +5,1K,
K, =fi(1)=8,(Y-1K)+s5,(1-s,)iK+s; K,  Equation (5, p.364)
K= f3(r) su(Y— rK)+sw(1 $,) 1K 8.(1 =8, 1K+ ser |
Equation (6, p.364, as a property of K=f(K., K,)=K +KW)
n=fy(K)=K/K: this describes the balanced growth condition.

By solving the above equations 5 and 6, the following quadratic function is derived:

a{sy+s,Z(1-s,)}r’— {aZ+s,+s,Z(1-s,)}nr+n’Z=0 Equation (8, p.364)Y
where, a=s(1-s,)+s,and Z=1K/Y

From this quadratic function, O’Connell finds two solutions of r: 1, and L.

1 =f(m)=n/{s,(1-8,)+8,} =n/a, where a=s(1—s,)+ts,

ty=fy(n)=nZ/ {8,+8,2(1—s,)}, where Z=rK/Y

4) The values of r; and 1, are obtained using the following property of Equations (5) and

(6). Thisis shownasa quadratic function .
a{sw+spZ(1 —Sy)rP—{aZ+s,+ spZ(l—sw)}nrJrnzZ 0 Equation (8, p.364)
Now, if K/K=0 ors.=0, then, the above Equation (3) reduces to s=s,,+ sp(1—s,)Z. Since
Z=rs/n, s is given as follows: '
| Sy ns,,
1-s,(1-s,)r/n N n—rs,(1-s.)

5=

If this s is introduced into the above Equation (10°), r; is proved to equal r as follows:

rspS(1-5y) _

n=n(s—s,)/ss,(1-8:)= ¢ (775 )

t=nZ/ {8,+8,Z(1-5,)} Equation (10, p.364)

1;=n(s—s,,)/b, where b=ss,(1—s,) under K,/K=1 and K/K=0 Equation (10°, p.364)
It implies that r=r, if K;=0 or ‘sc=0 in the two/one-class model. This result is another
expression of her own proof that r=r, if K,=0 or s,=0 using other equations (1, 7, and the
above 10). . The two sector model under K.=0 follows her Proposition 2: r=r,. The
condition “anti-Pasinetti states prevail under r=r,” was already proved in the previous
section by obtaining the same full employment Harrod-Domar condition:

=8y 7= ’
L=I="5 =5, - The only difference between two models was whether Q=1 or Q=1.

_9__
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The relationship between r, 1;, and r, was well analysed using Z (O’Connell, p.365)

with the above equations.
1. r=1,<r, K>0: Pasinetti equilibrium ~ s,(1—8,2)<s.Z(1 —s,)
2. r=r1¥r2, KC=O and K,=K: Anti-Pasinetti states Sw(1-8,Z)=5.Z(1-s,)
3. r=n, : Anti-Pasinetti states  s,(1—s,2)>s,Z(1-s,)
It is stressed that if K,,/K=1 and K./K=0, thenr equalsr,,

The results are, according to O’annéll [pp.364-365], shown as propositions 1
and 2 as follows:

Proposition 1  If's,=0, then, r,=n/s,

The value of 1, is the rate of profit derived by Pasinetti [1962] for the two-class
economy, and r=r1,; implies that Kc/ K is constant in the balanced-growth steady state.
Proposition 2 IfK =0 (K=K,), Y/K=n/s and I=1,

This is under K= SwY +8,(1-5,)1K; the full employment Harrod-Domar condition

1s obtained.

2. Contents of the two-sebtor_model under the balanced growth steady-

state

Next, let the author explain the two-sector model of growth using the same nota-
tions and assumptions as much as possible. However, the following three nota-
tions and definitions are tentatively added for simplicity even in the balanced growth
steady-state:
C, defined as consumption of capital gains which is the amount derived from the ,
difference befween household saﬁngs S« and “corporate investment K less undis-
tributed profit S,,.”
¢, defined as the ratio of consurhption of capital gains to capital gains (parameter)
G, defined as capital gains and is measured by Clc.

Now, assumptions of the author’s are as follows:



Hideyuki Kamiryo: A two-sector model of growth based on corporate finance (2):
review of the investment ratio in the saving-side and the in-
vestment-side

Assumption 1 One class, namely worker class, is assumed; P.=K,=0. Asare-
sult, S,,=D.,=0 and s.=0. Also, capital gains are owned only by workers.
Assumption 2 Dividends saved by workers Dy, are zero.

This assumption is tentative for simplicity (needed for shifting a quadratic equa-
tion to a linear equation) and depends on “asset effect of capital gains.” Tt is re-
placed by a statement that the consumption of capital gains and dividends is larger
than savings of capital gains and dividends although asset effect does not incredse
output.? This is justified empirically, according tb my empirical work [Kamiryo,
1996]. As aresult, it is replaced, under no introduction of capital gains, by a state-
ment that savings of dividends, Ds, are zero or dividends are all consumed;
D=Dqnsum- , |

Therefore, dividend savings can be zero.  This is an only bdifference between tﬁe
O’Connell’s model and the authors’. Assumption 2 is necessary to obtain a com-
mon solution for both models in the balanced growth steady-state. This assump-
tion is withdrawn latér in the corporate-financed growth steady-state and replaced
by Assumption 3 (\;vo'rkers save a fixed proportion of wages and also save the same
proportion of dividends) which was set by O’Cornell. The framework is now shown
much more simply.

1. Y=W+P
2. W=W,+P,
3. K=K,
4. P=P,
5. P=S,+D
6. S=S,+5,

5) Masao Kawano [1997, April] proved the framework behind capital gains in terms of
national accounts. Also, Kazuhiko Nishina showed the relationship between asset effect
and capital gains in terms of consumption. The author is much obliged to the two profes-

SOTS.
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7. Py=S,,+D,
8. S,=S,. | -
9. S$4=Su+S,, "

10.  D=Dy=Dgnsump

| The framework is shown using the following parameters, variableo and equa-
tions, and the solution which corresponds with r= I, proved by O’Connell.
Parameters:®

Y, defined as national income=W+P -

W, defined as houséhold income

P, defined as corporate profit

Sp> defined as the retention ratio of corporate profit

Sw» defined as the fraction saved of household income

1, defined as the rate of profit in the balanced growth steady-state

€2, defined as the capital-output ratio and meaoured as by K/Y (Y/K is defined as the
average productivity of capital)

Variables:

Sp, defined as corporate undistributed profit

Sy, defined as household savings

K,, defined as changes in corporate capital stock by undistributed profit= S, |

K,, defined as changes in corporate capital stock by houschold savings=S,,

K, defined as changes in the aggregate stock of corporate capltal

n, defined as the natural rate in the balanced growth steady—state and measured by

K/K

Equations:
L. Sp=fi(r)=s K
2. k=S,

6) Itis allowed not to set Y, W, and P as parameters if s,, s, r, and Q are already parameters.
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3. S, =f(r)y=su(Y-rK)

4. K,=S, '

5. K=fiK, K.); fi(K,, K)=K+K, (or K=K, +K,)
6. f(R)=K/K; n=£(K)

As implicit functions: (S,, S,, K,, K., K, n)

1. Fy(X,S,)=0 Fi(xy, X3)=0
2. Fy(x, K)=0 Fy(s, X7)=0
3. Fy(X,, S.)=0 F3(X,, X4)=0
4. Fr,K,)=0 -~ Fa(x4, x7)=0
5. F«(K,,K,, K)=0 Fs(x3, X4, X5)=0
6. F4K,n)=0 Fe(xs, X6)=0

How to solve:
7. By 2, solve for K, : K,=sKr
8. By4,K,=s,Y-sgK
9. By35, K=sKr+s,Y—s,K _]'g:S sy L s,
. Yo, p*: w % K )4 vE w!
10. By 6 and 9, the solution is given as n=s,r+ sw(%)u—swr
(1) | or, n=f=s res@-n

The value of n is shown only using parameters, T, Sy, Su, £2, where Q=K/Y:

n=@(T, Sp, S, Q)

This solution coincides with the result of O’Connell which reduces to the Harrod-

Domar condition if K.=0 and if Q=1 as proved below:

1. The two/one class model
Y /K=n/s, as earlier proved by Harrdd [1973].
The value of s was proved by O’Connell [1985, p.116] as,
- 578y T8, (1-84)Z +(5—8,)(1 —SP)ZKC/ Kand Z=rK/Y
Harrod’s value was proved by O’Connell [1995, p.366] as,
5= 8, 8,(1 =8, )r(K/Y)+(s.—su)(1 —s,)i(K./Y)
13 —
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If =5,=0, then, s,+s,(1—s,)r(K/Y)

Therefore, Y/K=n/{s,+s,(1-s,)r(K/Y)}

or n=s,+s,(1-s,)r
2. The two-sector model

n=r(s,—s,)+s,(Y/K) as shown above solution (10)

If Y=K, then, n=s,+s,(1-s,)r is obtained which is exactly the result of her
model. ' N |

This shows that my model holds if Y/K=K/Y =1 under Harrod-Domar model.

Propositions using the solution

The above solution presents some propositions at once using partial derivatives.
The propositions 1-4 below are a little “general” since they express K/Y under
’KC=O. These propositions are specified below by using an assumption Q=1 which
characterises the two-sector model under Harrod-Domar condition.

Starting with the solution n=s,r+ is/ K—s,r=1(s,—8,)+5,/Q or

n=Q(1, S,, Sy, L2),

Partial derivatives of n with respect to each parameter are as follows:

on )
RN >
1. 5 =0 iff's,>s,,
on
LN
2. asp r=0
3. 9% Yoo Y /KT
" Os,, K~ -
al’l _—Sw
4. aQ_ Qz <O

Propositions are stated as follows:
Proposition 1 Changes in the growth rate n in response to changes in the rate of
profit r depends on the relative magnitude of s, and s,.
Proposition 2 Changes in the growth rate n in response to changes in the retention
ratio s, is larger only if s,>s,. (if s,<s,,, then dn/dr<0)
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Proposition 3 Changes in the growth rate n in response to changes in household
propensity to save s,, depends on the relative size of r and 1/€2. |
Prbposition 4 Changes in the growth rate n in response to changes in € is nega-
tively related to s,, and Q2.

Proposition 1 implies that the larger the corporate retention ratio the larger the
growth rate.  This is justified in the real world since the household propensity to
save is low and stable compared with the corporate retention ratio.

Proposition 2 shows the relationship between s, and s, in terms of n.  This rela-
tionship was discussed using an inequality, s,<I/K<s,, by Kaldor [1955-56, 1962]
and Pasinetti [1966]. | '

Proposition 3 is new since the two-sector model shows Y/K (the average produc-
tivity of capital) or K/Y (the capital-output ratio) as a parameter. Since Y/K is
considerably larger than the rate of profit in the real world, this proposition implies
that the growth rate depends on the productivity of capital.

Proposition 4 implies that the larger the growth rate the smaller the household
propensity to save s,. It also implies that’the larger the growth rate the smaller the
 capital-output ratio Q.  This may come from the accumulation of capital. Capital
stock needs a suitable level for the growth rate: if capital stock is too small (Q<1),
then the gfowth rate is large, but at the sacrifice of full employment, and vice versa.
It is noted the higher the population growth rate, the lower the improvement of
human capital which discourage investment based on human capital and techno-
logical progress.”

These results are consistent with some well-known propositions. However, an
assumption is needed if the two-sector model completely corresponds with one case

of the two/one class model. This assumption is “if Q=1." It is clear thatif Q=1

7) Of course, this is also related to the contents of population and the population growth
rate. As proposed by Lucas [1988], technological progress is accelerated when a higher

proportion of workers’ time is spent in education.
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n=gy=g and thus Harrod-Domar’s model is right. Furthermore, this will be ex-
tended in a separate paper which dis.cusses the relationship among economic depre-
ciation/capital consumption, the growth rate, the costs of capital, and the rate of
profit. Let the author now discuss the solution of n=r(s,—s,)+s, whose Q=1.

- Partial derivatives of n with respect to each parameter are as follows:

on._, .
L. 5}720 iff 5,25,

on _
2. 3 —?20

P

3.* —aasl=—r+120 (3*#above 3)

4* —==5,<0 (4*#above 4)

Also, n=r(s,—s,)+s,(Y/K) is rearranged under Q#1 and Q=1 as follows:

Under Q=1 Under Q=1-
Y _ n—r(s,—s,) {= n—r(s,~s,)
s R
Y
n—(Z—r)s, _n—(1-ns,
_n-rs, _ n-rs,
Sy b - =1,
K

Prdpositions 3 and 4 are simplified under the full-employment Harrod-Domar
condition as follows:
Proposition 3* Changes in the growth rate n in response to changes in household
propensity to save s, depénds on the magnitude of 1—r.
Proposition 4* Changes in the growth rate 1n in response to changes in Q is nega-
tively related to s,,.

Also, the following propositions are shown if Q is one.
Proposition 5%  If Q is equal to one, then n= gv=8w=gp=g in the balanced growth
steady-state. The value Q generally defined as constant in the balanced growth
steady-state is now specified as one by this proposition.
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Proposition 6% If Q is equal to one, then the average productivity of capital APK -
equals the marginal productivity of capital MPK: APK=MPK=1.

Proposition 7* If Q is equal to one, then the relative share of corporate profit to
net national income 1 equals the rate of profit r:

P

== since Y=K

_P
Y K>
Propositions 1, 2, 3*, and 4* are now expressed using T as a parameter instead of .

Proposition 7* simplifies a crucial problem in economic debates between 7 and 1.
3. The two-sector model under the corporate-financed growth steady-state

3.1 Direction of takeoff

The two-sector model of growth started with the two/one growth model which
O’Connell developed based on the Harrod-Domer model.  The results of this two-
sector model do not contradict with the two/one giowth model. A contribution
may lie in a separation of Q=1 from Q=1. However, both models are based on
the balanced growth steady-state, whose condition is such that the growth rate of
output, the growth rate of capital, and the population growth rate are the same. The
solution was:

(1 n=s,I+8, Y /K—s,r=1(s,—8y) +5,/£2

Equation 1 reduces to n=sspry/ L2, where sspy= Sp/Y. It implies that n=sgp,/€2 holds
ifn=gy=gx. However, it leads fo a simple equation that gy=gx=5gpy, and it is
difficult to support both models by empirical works (see a panel data approach be-
low). The two-sector model can easily release its condition by separating the popu-
lat{on growth rate from the other two. This is an intention of this section.

If the growth rate of output gy equals the growth rate of capital gk, and also they
equal the population growth rate n (under the balanced growth steady-state), then,
propositions stated in this paper holld. ’However, under gy#gg#n, these proposi-
tions do nothold. How is this condition changed to approach the real world?  There
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are thfee steps to improve the model by setting;
1. the population growth rate g% as a c‘onstant/paramebter (n#gks)
2. the capital-output ratio Q as a constant/parameter whose value differs from one
(Q=1) |
3. or the relative share of profit 7 as a constant/parameter.
As aresult, two conditions are clarified as follows:
1. gy=g« under constant Q and T
2. gy#gx under constant 1t (Q varies)®
gv=8x#gke 18 called a condition “under the corporate-financed growth steady-
state,” in equilibrium. What conditions (assumptions) are needed for gv=gx? This
is discussed in this paper using the theoretical real financial structure of products-as
a clue of national accounts in discrete time. The expected real financial structure
of products in disequilibrium,‘ where gy# gy, holds if the capital-output ratio varies
under less sufficient assumptions (one of three sufficient conditions, gvy=Cpy, 1S
excluded). The expected real financial structure of products converges to the theo-

retical real financial structure of products as discussed in another paper.

3.2 Additional notations

The financial structure of products is first illustrated.as a version for the improve-
ment of the two-sector model which belongs to a one class model. Second, addi-
tio'nal/ notations, and third, necessary and sufficient conditions, are intentionally speci-
fied as éight assumptions. The financial structure of products is distingliished from

that in the two/one class model of O’Connell’s. However, this structure was de-

8) This condition needs the introduction of the coefficient of technological progress be-
tween the investment ratio and the growth rate of labour productivity (see below; also
Kamiryo [1997/Oct]). It is noted that this coefficient is measured assuming that Q and ©
are constant even after they have changed by net investment and accordingly the invest-

ment ratio.
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veloped after reviewing the two/one class model and by thoroughly clérifying rela-
tionships between pafameters and variables in a one class model. The structure is
composed of three parts; the initial given (predefermined) values, unknown real
values, and tﬁe difference. Real values imply those under fixed price level. The
initial values at the end of a period are originally nominal, but as a base for unknown
real values which are obtained under eight assumptions below and after one period.
Thus, for two periods, values are cdmpared as real.

Initial given (predetermined) values:

we Wo=84+C¥% CO0=CY,+C}y

pPo=D+ SP Di= Shit C(I))I S¥p= SH+ Shi
Sp=AKsp So=S3+(S%+S%)

YO=Wo+P0 YO=(0+ Qo

K%= K%P + K(\)ND
' K%= K(I)\I_ K0W+G

Unknown real values

W W=Sy+Cw  C=Cy+Cp

P=D+Ss D, D=SptCo  Swp=Swt+So=AKup
Sp=AKsp S=Sp+(Sw+Sp)=AKp

Y=W+P Y=C+S

K=K+ Kwp AKp=AKgp+ AKyp
Kr=Kn—Kywa AKp=AKy— AKW+G

Increase of each value and the same endogenous growth rate:

- yo
e.g., forY; AY=Y-Y° gr= YYOY
gv=8xp gy=gw=gr=gsp=Ln under constant T=Cp-p

Zxp™ Eksp™ Zxwp
Let the author second denote and define the propensities to save and other vari-
ables to improve the two-sector model of the author’s. Released from the two-one
model, some notations are simplified and others takes into consideration additional
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concepts:

1. Propensities to save for Y:

Sspp=Sp/ P | Ssev=Sp/Y  Sswowp=(Ssw+Sp1)/ (W+Dy | Sswory=(Ssw+Sp)/Y

Ssv=(Sp+ st+ Son)/Y=S/Y  ssv=Sspry+Sswory

These propensities to save in the two-sector model should be connected with
$=S,/P and s, =S,,/W in the two/one model: s, corresponds with sepp and Sw Ccorre-
sponds with sswpwp.  The improved two-sector model takes advantage of the rela-
tionship between propensities to save by using the capital-output ratio and the rela-
tive share. Propensities to save whose denominator is Y are additive and conve-
nient,

2. Dyis defined as dividends paid by the corporate sector. Dividends paid and
dividends received are offset as a nation, but D, plays an important role in a
national economy in terms of the retention ratio Sspp and the investment ratio I/
Y°=AK;p/Y’. The model intends to reveal this role which D, plays.”

3. Kp is defined as corporate capital, Ky is defined as household and govern- |
mental capital, and Ky, id defined as capital as a nation: Ky=Kp+Ky.c. This
paper treats K, (which is unique in this paper), but the ratio of Kp/Ky influences
the growth rate of output. This is shown empirically. K, is also defined as
the sum of K (which comes from internal savings; undistributed profit) and
Kswp (which comes from external savings). |

4. The corporate capital-oﬁtput ratio Qp is used instead of Q in the two/one class
model. Q; is defined as QPEQN-% and the national capitél—output ratio Qy
corresponds with Q in the two/one class model. For a sustainable growth of
output, th\e larger the K;/Ky and the smaller the Cp, the better. For social

capital and welfare, a sustainable growth is sacrificed to some extent.

9) Economic depreciation is defined as capital consumption and denoted as Dgp..  Accoun-
; ting depreciation is denoted as Dgp.,. These are discussed together with the cost of profit,

the rate of profit, and the discount rate below. Thus, notation, D, is not used for dividend.
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5. The relative share of profit is expressed as p instead of r (which was used in the
two/one class model and the old two-sector mbdel). This is because the im-
proved two-sector model takes into consideration the discount rate, rsp=Ip/=
rp=T—gy, the cost of capital, r, and the dividend valuation value and its valua-
tion ratio (see below), where p= 1% = %, r= %, and r=p(1+ggp) by time dif-
ference since Kp=K3(1+gkp).

6. Surplus of the nation buries the difference between savings and net investment.
The model is designed as a closed system, but surplus of the nation is at once
reviewed in terms of the investment ratio and the coefﬁcieﬁt of technoldgical
progress.

7. The population growth rate or the growth rate of workers is denoted as gig
ihstead of n in the two/one class model. g5 is a parameter while n is a vari-

~ able which equals the growth rates of output and capital; n=gy=gx.

8. The coefficient of technological progress, m*, and its growth rate, g¥, are intro-
duced between the investment ratio, I/Y?, and the growth rate of labour pro-
ductivity, gymne:

rﬁ* = % and gh= %#ﬁ
Without taking into consideration m* and g¥, savings calmly equal net invest-
ment and there is no room for disturbing this equality. Instead of output maxi-
mizaﬁon, a sustainable growth of labour productivity is aimed as a target and
supported by capital-saving (augmenting) technological progress.

The two-sector model of growth adds the above notations and definitions for its

improvement.

33 Mostkfundamental idea and assumptions

The most fundamental idea behind assumptions is first stated as follows: ~This
idea is how to establish the relationship between the capital-output ratio €2, the
retention ratio s (or the undistributed profit propensity to save Sspry), and the growth
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rate of output gy which equals the growth rate of corporate capitél gK,;.

1. The ratio of dividends to undistributed profit is shown as a ratio of &=
(1 —sspp)/Sspp, Where sgppp 18 the retention ratio. -

2. The net present Vaiue of future undistributed profit in an infinite periods of time
equals the initial corporate capital K3, which is required for maintaining
capital.  Dividend payment assumes to be allowed after capital maintenance.

3. The growth rate of output gy is defined as a minimum rate needed for capital
maintenance. Then, the numerator of the growth rate of output is required to

* be undistributed profit. |
4. The ratio of dividends to the initial capital is defined as one after capital main-

tenance in an infinite periods of time: cp=Dy/KJ.

5. What is the relationship between Q; and ®? Or, what is the relationship be-
tween gy and cDI‘? Let the author show an equality, ‘QPE_[I% =S2PIE
If Qp>®, then; 2v>Cpy. ‘

If Qp=®, then, gy=cp;. -
If Qp<®, then, gy<cp.

Conclusively speaking, the relationship between Q, and & converges 2,=®, and,
gy=Cp by assuming a sustainable balance between capital maintenance and divi-
dend payment. What does gy=cp, imply? = This shows that the growth rate of
output for capital maintenance, gy, equals the ratio of dividends to the initial capital
which corresponds with gy '” and implies a condition at a point of balance between

capital maintenance and dividend payment.

6. Thus, an underlying equality is shown as Q,=®. This leads to

_ 1 =Ssp/p N S »
p= Ssep 0T ST Qpt1- )

This relationship constitutes a most fundamental base for the financial structure

10)' The concept of ¢y is directly connected with the initial capital. The concept of the
dividend cost of capital, 1p, is directly connected with the valuation of dividend Vi=Dy/

(r—gy), where cp=r—T1p,, and r,=P/K$ and Im=r—gy (see valuation below).
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of products and enables the model to measure variables endogenously in discrete
time. As a result, the model does not need any help from such as the marginal
productivity of capital and the marginal utility theory'” whose measurement is not
casy. |

The same growth rate in the financial structure of products does not require the
use of the above theories which are based on continuous time. Instead, the same
growth rate, gy=gx, specifies the relationship between propensities to save as will
be shown below. In discrete time, the structure of average and marginal [Kamiryo,
1989] isused.  Also, it is possible differently to introduce the elasticity of substitu-
tion using the relationship [Allen, 1975] between the Laspeyres quantity index and
the Paasche price index. ' |

Finally, what is the relationship between the population growth rate (the growth
rate of workers/employees), gig, and the financial structure of products? The fi-
nancial structure does not necessarily need gﬁ;E‘in a narrow sénse,- but it needs g§e in
a broad sense to complete thé financial structure.

" In detail, this g& is basically given as a parameter, and also can be expresséd as a
function of the growth rate of output. This is needed for expressing more freely
the balanced growth steady-state where n=gy=gx in literature. The number of
workers N and its growth rate gz are not directly related to the financial structure

of products. However, these are needed when labour productivity, the growth rate

11) e.g., Bertola [1993, p.1196, p.1197], after discussing marginal utility of consumption,
points out as follows:
1. A relaxation of the representative-individual assumption to allow for heterogeneous
income sources reveals a striking similarity between these models and post-Keynesian
models of income distribution and growth, where different saving propensities for differ-
ent classes of income earners were assumed rather than derived from utility-maximizing
behavior.
2 Growth will tend to be fast, in the absence of (lumpsum) redistribution, when political
attention is focused on the investment-enhancing policies suggested by the recent litera-

ture on endogenous growth at suboptimal rates.
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of labour productivity, and the coefficient of technological progress are introduced
to complete the model under the balanced growth steady-state:

Second, necessary and sufficient conditions are shown as assumptions and as
follows:

Assumption 1 Capital is owned by workers (the same as Assumption 1 in the
balanced growth steady-state).

It is justified in order to show, more simply and explicitly, the undistributed
profit propensity to save sepy in the model. It implies that “two-sector” is more
important than “two/one class.” |
Assuinption 2 The initial basic values equal tho.se at the end of the previous pe-
riod and are all known. The changes of these values in the following one period
are unknown, but determined endogehously by the initial values and under some
assumptions.

Assumption 3. Savings equal net investment by sector.  This paper treats the re-
lationship between savings (used for corporate net investment) and corporate net
investment. The savings (used for household and goifemment net investment) and
the household and government net investment are equal. In an open economy, the
surplus of the nation in national accounts corresponds with the balance between
savings and net investment as well as national budget deficit.

Assamption 4 In any two periods under discrete time, the capital-output ratio Q,
is a constant,’ and the relative share of profit 7 is a constant. These constitute
necessary conditions for the model. As ab result, the rate of profit p is also a con-
sfant, where T=0Q;-p.

Assumption 5 Inany two periods under discrete time, all kinds of propensities to

save (or consume) are constant. This condition is more strict than a condition that

12) It generally implies that the marginal productivity of capital, MPK, equals the average
productivity of capital, APK (see Proposition 6%).  The author states the structure of aver-

age and marginal as Equation 5.
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the relative share of profit 7 is constant.

By Assumptions 4 and 5, all kinds of growth rates are the same, and the
componendo theorem (see below) holds.  Also, the financial structure for two pe-
riods is shown as real.

Assumption 6 The increase of output (real net national income) AY equals undis-
ributed profit Sp. | |

It implies that this iﬁcrease is minimum for capital maintenance. Why is this
justiﬁed? This is because the growth rate of output gy equals the growth rate of
corporate capital ggp only under this condition. If AY equals the sum of undistrib-
uted profit and the savings which come from the household sector, then, gy# gxe.
Assumption 7 The growth rate of output gy= %equals the ratio of dividends to
the initial capital cp= ,%;.

It implies a unique balance between undistributed profit and dividend payment
underv capital maintenance. If gy>cpy, then, capital maintenance is more important

than dividend payment, and if gy<cp;, then, dividend payment is more important
than capital maintenance. As a result, finally, gy=cp is derived and justified.

Under Assumptions 6 and 7, dividends D, equal corporate net investment AKp,
and also corporate capital which comes from as an accumulation of undistributed
profit, Kgp, equals output Y: If AY=S; and gy=cp;, then, D;=AK; and Kgsp=Y (see
below). These three conditions constitute sufficient conditions of the model.
Assumptions 4 and 5, where T=C2-p are constant in any two periods, constituted
necessary conditions. The second and third sufficient conditions, D=AKp and -

- Ke=Y, ‘are proved below.
Assumption 8 The wages propensity to save Ssww equals the dividend propensity
. 10 save Sspypr: Ssw/w = SspyDI~ SSWD/WD-

From savings: Sswomp=Sswprr! (1 —Sspv)

or, from consumption: cSV}D/WD=(1 —Sswor—Sspr)! (1 —‘Ssp./y)
The denominators are not Y, but each W and Dy: Sswy#Ssory.  This is a supple-
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mental condition needed for maintaining the same growth rate for each itenﬁ. This
is the same as Assumption 2 in the two/one class model. However, the improved
two-sector model specifies the relationship between propensities to save by this

assumption as will be discussed below.

3.4 Proofs of two sufficient conditions using AY=S§,

Let the author prove two sufficient conditions, Ksp=Y and D;=AK%=S;+ Swp,
using Assumption 6 which states the first sufficient condition, AY=S;, and Assump- .
tions 7 and 8 Which.leads to the above two conditions. ~Assumptions are justified
by clarifying the contents of gy and gyp, and the equality, gy=gp.

First, Ksp=Y as a sufficient condition, is proved without using Assumption 7,
gy=cpr Which connect 1 with Qy, together with other important relationships and
equalities.

As stated already, corporate capital stock K¢ or Ky and net investment AK, are |
each divided into two components: undistributed profit S% or S, and savings from

wages and dividends S%p, or Syp.

1. K%ZKgP+K%WD or KP=KSP+KSWD (2)
2. AKp=AKgp+ AKsyp=S+Syp, where AK =S, (3)
3. From a constant Q, (by assumption),
AK K% K AY AK _
Qf= AYP == —Y_’;: 7’3 and as a result, 5o :TQE 4)

The marginal capital-output ratio is defined as Q& Define the growth rates of
output and capital, gy Vand Sxp:
1. gy=AY/Y?
2. gw=AKy/KY
Then, it implies that gv=gxp under a constant Qp.

- What is each numerator of gy and gx»? The equality, AKPEAKSP+AKSWD= Sp+Swn,
1s unquestionable undér Assumption 6. 'If so, what is a sufficient condition for AY
and Kgp both under gy=gy and constant Q, and ©? Let the aufhor first raise the
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structure of weighted average between two periods.

Structure of the weighted average

Ql Qg Qp
S TEEES < N 7] R vy SN e I
weight for average weight for marginél

This structure holds even under constant Qp: QI=Qp=CQ},
R AR :
since yr+ 1 =1 [Kamiryo, 1989, p.159].
Tt is the denominator’s item that determines the weights for average and marginal.
Now, the denominators of the growth rates of output and capital are discussed as

follows:

gy=gyp is derived under constant Qpand ©

AKy -
Recall o= %,Oz and Gxp= ?%i

Where, AKPZAKSP_" AKSWD and K%ZK,(S)'P“}"KE‘WD
By Assumption 4, constant {p and T, any growth rate in the financial structure

of products is the same:
M: AI{P: AKSP: AI(SWD___ AI<SP_|_AI<SWD
Y K} K% K Kp+Kyp ‘
Thus, gy=gxe holds under constant Q. and m. However, it implies that the ratio of

by the componendo rule

gy=gyp is still uhknown. A sufficient condition, K=Y, is required in order to
determine the ratio of gy=ggp. Using Assumption 6, AY =S;, the equation 1s ex-
pressed as,

_Sp AKr AKsp  Swo _ SptSwp
BT KL T T Ky and ggp= T KY,s by the componendo rule.

As a result, the capital-output ratio Q is expressed, proving K=Y,

. K3+ KSwp . Y4 Ko _ Spt+Swsp Y+ Kswp
I YO - YO - AY - Y .

Repeating, the following equations are derived:

AY S :
1. gYE'W:?% (6)
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AK _ SptSwp

bOSSKTTRRY, @
or Sp_ SptSyp Sy
O Y Ky Ko ®

Using these equations as a base, the equations under the corporate-financed growth
steady-state will be solved endogenously step by step (if necessary, with a given

population growth rate, g3;) as follows:

Sp Y1+gy) -5
1. gYE?ff= ( g;;(? T =s5p(1+gy)

As aresult, g,= lib:;/:” )

2. The relationship between gy and ggp:

+

_ SP+SWD — ye SP'K%
K3-Y'' K3-Y°

Y SWD 'K(f)) 1
TTRK

:EP (grtsswoy(1 +gv)), (10) .
where, gy=g.wp and also Zxp=gy under constant 1 and Q,
1 .
3. Then, gy= _Q_P (gY+SSWD/Y(1 +gy))
V Asa reSUlt, Qp . gY:gY+SSWD/Y(1 +gy), where gy— Sspfy/(l _SSP/Y)

By dividing both sides by gy,

Ssworr (I-s sew)Sswpry S sworrtSsey Syt Sp
Q=1 +Sgppy+—20 = 450+ = = 11
P SWD/Y gY . OSWD/Y SSP/Y SSP/Y Sp ( )

S Sswpyy
or QP:'ﬂ = 1 +_S_
Sspry SP/Y

O, Sseny=SspA£2p—1) Swp=Ssp(£2p— 1) (12)
These results show that sqypy=0 if Qp=1. Equation 12 implies that the unbal-
anced growth model approaches the balanced growth steady-state regardless of the
value of Qp.  The author distinguishes “unbalanced” or “balanced” from “disequi-
librium” or “equilibrium.”  The former does not take into consideration techno-
logical progress while the latter takes into consideration technological progress.
4. Relationships among the propensities to save and the capital-output ratio
Using sswpy=ssp(Qp—1),
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S(SWD+SPYY ™~ Sg/vy= Sswoy T Sspry=Ssp({2p—1 )+ Sspr=Sspry £p ' (13)

Cowsoyy= 1 —Sspry* L2ps which is dual to sspy - Qp and not used in this paper.

Second, D;=AK,=Sp+Syp as a sufficient condition, is proved with using As-
sumption 7, gy=cp;, Which connect T with Qp, together with other important rela-
tionships and equalities.

The ratio of dividends to profit, Di/Y

D _Y
Y Y

Sp W
S (19

Equation 13 does not directly derive D;=AK. The following table shows the
final relationship between © and Q after deriving DI=AKP OT T—Sspy=Sspry * L2p. It
seéems that 7t and Q, are separately treated: 7 is related to distribution while € is
related to savings and investment. How can T be related to Qp in the financial
structure of products? The author stresses this point before proving D;=AKj; as a
sufficient condition.

The relationship profit and savings

Y(1-m)=W 1—sepr(E2pT1) """ 1—sgpr(€p+ 1) +5gpy  p=1—8sprv
D, Sspry * QI; T v Sawpry +Sserv="Sspry * £2p
Sp Sspry _ m=Sepry - QetSsey=Sspr(€p 1)

Where, W+D1= CW+DI+ SWD+ Sp, and SWD= SP_(QP— 1) and SWD+ Sp= Sp . Qp

A question is why D; equals “Sp- Q,.”  Or, why is “T=sgp(Qp+1)” derived?

Let raise the author the same question in more detail. = Syp= Sp(Qp—1) was al-
ready derived using AY =Sp, and K%=Y" or K=Y as sufficient conditions as above,
but Y=W+P in the LHS does not directly related to Y=C+S in the RHS in this
table. Let the author first review the same propensity to save both for wages
and dividends as Assumptioh 8, Sswn/wp = Ssw/w= SspI/DI- |
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'D=Cp+Sp= (1 —Sswory) * Y (T —Sspv) +Sswory * Y(n—- Sspry) = (n'_SSP/Y)Y;

. S
simce ﬂ:(l —Ssp/p) =T ( 1- g;’/Y) =TT—Ssp/y, where Sspp™ SSP/Y/TC

However, as seen above, both W and D, cannot be expressed using the value of
Q. For dividends, D/Y =7—sy, and for savings, Sswosy+ Ssery=Ssworv( 1-m)+
Ssworv(TT—Ssp/v) =Sswory+ Sswory * Sserv=Sswory(1+ Sspry) = Sspr(Qp— 1)+ Spry=Sspry * Q.
Readers may think that corporate profit P should be equal to corporate net invest-
ment AKp. Then, dividends paid D; must be equal to saving’s of wages and divi- -
dends Syp: P=AK,; and D;=Syp,. However, this is a specified case that wages are
consumed and dividends are saved, and the same propensity to save both for wages
and dividends does not hold. If so, Assumption 8 must be abandoned. There
seems to be no way to connect T—sgpy With sgpy - Qp (orm wifh sserv(Q2p+1)).

Now, the sufficient condition, Di=AKp=Swp+S; (Or T—S5py=55py- Qp OrF
P=AKp+Sp=8p(Qp+1)), is derived and proved using Assumption 7 as follows:

According to Assumption 7, the growth rate of output gy= —A% equals the divi-

dend cost of corporate capital cp= I_?OL and gy=cp;. It is necessary for readers not
P

to mix Cp; up with g,= I S“zw . The proof only comes from QPE% =_S]& =P.» It
RSPy P
. l—s 1
derives Q= SS:; £ or Sspp= m . - (15)

1 —sgpp = T—Ssey
Ssp/p Sspry

Since

2
TT—Sspy=Sspiy*S2p O

=85 (Qpt1) \ | (16)

13)  Prof. Furuta, Y. [1997, May] proves this condition supporting the author’s intention as
follows: 7
Ssep=YI(Kp+Y), and Sspp+ W(Qp—1)=P(Kp— Y Y Y(Kp+ Y).
On the other hand, Sp=P - Y/(Kp+7), and Syp=P(Kp—Y)/ Y(Kp+Y).
Therefore, D;=Sp+Syp.
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As a result, D;=Syp+Sp since SwpTSp=Sp- Qo

From this sufficient condition, the value of wage and dividend propensity to save,
Sswo/wo, 18 derived (see Assumption 8) as follows:

Under a condition of D;=AKp=Sypt Sp, '

For D,/Y, T—Sspry

For savings, S=Sp+Sw+ Soi, Ssv=Ssery+ Sswown(1 ~T)+Sgwpwp(Tt— Ssery)

Then, Tt—Sspy=Sspry+Sswown( 1 =70) +Sswown(TT—Sserv)

Asa resu1t, n= ZSSP/Y+ SSWD/WD(l '—SSP/Y)

s .
Therefore, sspy= E—SS—W/W—D ' (17)
TOSWD/WD

m— 2S SP/Y
Of, Sswp/wp™ —'—1

(18)

—Sspry

Furthermore, by using Assumptions 7 and 8, the following equations are derived

using T, s, P, and sspy:

P Y r Qptl VA : v _
P i Sserv( KP) .QP+1( Q. ) Q, (‘ )
T
_ Sspry QP+1 o T
O Ty 1 _E_ Qtl-m 20)
Qp+1

3.5 Related some propositions

'Finally, propositions will be stated in comparison with literature as follows:
Proposition 1 The growth rate of output equals the growth rate of capital if the
increase in output equals undistributed profit (AY = Sp), corporate accumulated un-
distributed profit equals output (Kg;=Y), and dividends equal corporate net invest-
ment (D;=AKp), under constant QP and 7 (under the corporate-financed growth
steady-state where the population growth rate is finally given as a parameter).
Proposition 2 " The savings from wages and dividends are zero if the capital-out-
put ratio is one and fixed, if AY =S;, K=Y, and D;=AK; under the corporate-

— 3] —
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financed growth steady-state.
‘Proposition 3 The growth rate of output, gy, is not related to the wage and divi-
dend propensity to save, sgwpy, but only related to the undistributed profit propen-
sity to save, if AY=S;, K=Y, and DéAKP Under the corporate-financed growth
steady-state.

According to the structure of average and marginal (see Equation 5), the values
of the denominator of Q, i.e., Y? and Y, are used for the weights when Qp changes.
It also supports that the growth rate of output is determined by S, and Y (not by Sup

| and Kswo). If the growth rate of capital differs from the growth rate of output,
then, there is a room for depending on the wage and dividend propensity to save,
Sswory- However, even so, this extent will depend on the coefficient of technologi-
cal progress and its growth rate and the investment ratio (see below). It implies
that the use of savings from wages and dividends is risky compared with undistrib-
uted profit whose base is real.

Proposition 4 The higher the relative share of profit and the lower the capital-
output ratio, the higher the growth rate of output if AY=S,, K;;=Y, and Di=AK,
under the corporate-ﬁnanced growth steady-state: g,= Q+1p

Proposition 5 The growth rate of corporate eapltal Zk», 15, likewise, not related to
the wage and dividend propensity to save, Sswosy, but only related to the undistrib-
uted profit propensity to save, if AY = Sp, Ksp=Y, and D;=AK; under the corporate-
ﬁnanced growthb steady-state.

+AK .
‘IS;IZ) SIII;O?K(;W) (see Equations 6, 7, and 8). It seems that
SWD

It is because gy= gK,;
the higher the wage and dividend propensity to save, Sswpy, the higher the growth
rate of corporate externally-financed capital, gxswp, but this is exactly equal to the
growth rate of output, if AY=SP, K=Y, and D;=AK, under the corporate-financed
growth steady-state.

Proposition 6 The higher the use of external savings the higher €, but this helps
the (real) growth rate gy—ng to decrease if AY=S;, K=Y, and D= AKP in the
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dynamic equilibrium. ~Furthermore, the higher the use of external savings the higher
the expected growth rate of corporate:capital g%, in the disequilibrium, where g{#gke.
The leverage is defined as éxtemal savings/undistributed profit Swp/Se and shown
as ES-S%Y/Z#QP— 1) (see Equation 12). |
In short, behind the above propositions, three sufficient conditions exist: AY =Sy,
Ke=Y, and D;=Sp+Swp. And, K=Y and Dy=Sp+Syp were proved and justified
using I=AKp=AKgp+AKsyn and AKgp=AY =Sp in Assumption 6, and gy=cpy in As-

sumption 7, together with Assumption 8, Sswpwp™ Ssww™ Sspupr-
4. Review of the two/one class models

4.1 Overall review of the balanced steady-state in literature

The followihg Equation 1, which was discussed at the beginning, under the bal-
anced sfeady-State is reviewed briefly using the relationships between propensities
to save. This suggests a way for the two-sector model to improve. Notations in

literature are compared‘with those in the author’s model each by each.
« y K -
(1) n=s,r+ sw(_]—()—swr or, nN=p=S," r+s,(Q-7r)

Set s,=S,/P=sspp and 5, =(S,+ Sp)/(W+Dyp)=Ssswpmwp 10 Equation 1 (by assuming
~ that only workers exist). Then, Equation 1 is rewritten using Ssy=Sspy+ Sswory and

7t or r=p=m7t/Q as follows:

Ssp/p=Sspry/T0 | Sswown=Sswor/(1—10)
(2) g5 = Sspry  Sswpry _ Ssprr (1= T0)—Sswory
W T 1-m r(l- 77.7)

Therefore, Equation 1 is shown as,

SSP/Y(l_ﬂ)_SSWD/Y) L ( Sswpry )= (Sgp/y) _ Sspy
o

(3) n=r(Sp—Sw)+Sw/Q=p( (-7 Q (1—m) /4

The value of n in Equation 3 showé the growth rate of output in the case that does
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not introduce population and its growth rate. It implies that the growth rate of
labour productivity is zero. Equation 3 suggests the following points:
1. If Q=1 under the balanced grthh steady-state, then, n=sgpy.
2. If Q#1 under the balanced growth steady-state, then, n= Ssp/y/Q
3. Pasinetti [1962] concludes tha I?_s_ in his Equation 3°,  This is shown as

n=r S, Or n=p - Sgppp and corresponds with the above Equatlon 3. This solu-

~ tion holds under n=g,=gy, but it cannot clarify the irelationship between gy and

gk- ‘
4. Samuelson and Modigliani [1966] shows an equation 3,12: SE as a theory dual to
- the above Pasinetti theorem [? = sﬁ . Their equation, if expressed by the

author’s notations, corresponds with

_ 7 | Sser(1 =) —Sswp v+ Sswr _1 s ‘_SSWD/Y_l_SSWD/Y
Q w(1-n) Q\"" 1-g 1-r

Thus,

— _ Ssery
=9 (Sspr—Sswompt Sswomn) = 0

Sspry 9

Then, does p - sgpp equal %)

T Ssey _ Ssew K_n
o7 o As a result " raised by

This equality holds since 'Y s

Samuelson and Modigliani [1966] is unsolved in the two/one class model.

5. Asa conclusion, the above literature differs from the author’s. Their discus-
sions do not clarify the relationships between a variety of propensmes to save,
1nclud1ng the common propensity to save, Sgwpwp=Ssww= Sspypr, OWIng to their
limited framework. The 1mpr0ved two-sector model of the author’s approaches *
the same balanced steady-state (under the corporate-financed growth model)
when the population growth rate is not introduced.  Yet, it makes it possible to
measure basic all variables endogenously, particularly by using Assumptions
6,7, and 8 in an balanced growth steady-state.

34 —
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6. Furthermore, the improved two-sector model additionally introduces the popu-
' lation growth rate together with the growth rate of labour productivity and the
coefficient of technological progress (see below). The intention raised by

Harrod will be clarified with technological progress.

4.2 Review of Kaldor, Pasinetti, and Saniuelson and Modigliani

The author started with the two-one class model and simplified it as a one class
model. Then, the two-sector model of the authors extended to the improved two-
sector model under the corporate-financed growth steady-state where gy=gge and
g% is a parameter. One of remarkable results is the reveal of the wage énd divi-
dend propensity to save, Sswpwp, Which equals the wage propensity to save, Ssww,
and the dividend propensity to save, Sspypr.  This ties the two/one class model with
the improved two-sector. The existence of SSWI;/WD needs a condition that
D=AK,. By using this sufficient condition with other sufficient conditions (AY= Sp,
and Ko=), the improved two-sector model completes and makes it possible en-
dogenously to measure the propensmes to save and the growth rate of output or
capital which are not related to the population growth rate.

Kaldor [1955-6] presents that IP%: ;p— if s,=0. Pasinetti [1962, 1974] presents
that this Kalddor’ equation holds if 1>s,25,>0. Kaldor and Pasinetti advocate,
without using the marginal productivity theory, that it is corporate undistributed
profit and its propénsity to save to determine the growth rate n.  The improved
two-sector model of the authoris shows that it is corporate undistributed profit and
its propensity to save to determine the growth rate gy=gxe under necessary condi-
tions (Qp and 7 are constant) and suficient conditions (AY=S;, K=Y, and
D=AK;). This section intends to clarify the above Pasinetti’s theorem (which is
mbre general than Kaldor’s) with the authors. A key for this comparison lies in the
relationship between s,=Sp/P=sgpp, the investment ratio, 1/Y®, and sy=Swp/
(W+Dy)=sswowp-
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Pasinetti [1974, p.106] shows the following equation:

OIS
Let the author discuss this inequality thoroughly in this section. Is this an assump-

tion or a result? Pasinetti sets it as an assumption and asserts. that% =Sﬂ holds
P

under this assumption. The author thinks that Equation (4) is derived under the

above necessary and sufficient conditions. The process for it is explained step by

step. Equation (4) is shown using the author’s notations as

I _AK K° Qp-1.
YK Y 8 e Qe S @

Also, using the results in Equations 15 and 16,

1 b

Sp=Ssp/p= Sspyy/TT= -QP—_H or Sspr= HP+—1
/A (Q ~1)
’Sw= sswon/(1 _7;5)2 Sswory _ Sspr(Qp—1) — Qpt+1 __ m(Qp—1)

-7~ (I-m (- (-7t 1) (22)

Then, by replacing the original inequality (Equation 22) using the above three equa-
tions, the following inequality is derived:

1 > QP'E > 7[7((213—1)
Ot 1 O -7 (-t 1)

(23)

This inequality is divided into two as follows:
1 > QP T .
Qp+1 Qptl-z~

Qp'n' ~ E(Qp—l) _ Qp'ﬂ:—ﬂ«- .
Qptl-n" (1-m)(Qpt+1) Qptl1-7—7.Qp °

1.

2.

Do the two inequalities hold. It depends on the values of ) and 1.19

14)  Let the author simplify the ineqﬁality by replacing Qp+1—m with Qp+1.

Q1)
(1-m)

Assume that the value of © is small and replace 1 —m with 1. Then, %

l>gp‘7r> or 1—7[>QP'7T(1—75)>7Z(QP—1)
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Then, once more, how is the above inequality, s,> %>sw (or using the author’s
notation, s,> -}I,—O >g,) derived? Let the author, alternatively and directly, use the

ropensities to save, s,=Sspp and s,=Sswpwp, 1N E uations 17 and 18:
P

_ T—2Sspy _ T—25spp' T

Sspy _ —Sswpmwp ~ _
and S, =Sswpwp=—

Sp=Sser™ T 7T(2—Sswomp)

1—sspry l—Sspip* T

First, let the author introduce a figure drawn by Samuelsoﬁ and Modigliani [1966,

Figure 2, p.325] (see Figure 1 in this paper). This version suggests a lighthouse

Figure 1 Pasinetti Region versus Anti-Pasinetti Region: r=n/s. and A=n/s,,

Ty

5 1.0

overinvestment | S,

Source: Samuelson and Modigliani [1966, p.325]; q’—q satisfies dual and Pasinetti

> 157 - Q> 7 Q1)

Does this inequality hold? ~What are conditions necessary for this inequality?

1. 1>m - between s,=sgpp and I/Y° -

2. - Qp>m(Qp—1) between I/Y? and s, =Sswomwp

The above first, 1>T - Qp, is a condition, but the above second does not need a condition.
For example, if 1=0.06 and £2,=2.0, then, this condition is satisfied. The relationship
between Qp and 7 is shown as Sspy= Q—;_'I (see Equation 24): for this case, sspy=0.06/3
=0.02. This is a rough tentative result. The author needs a more definite result. Ifthe

value of T - Qp is derived, it is meaningful.
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for studying the relationship between propensities to save under n#gy=gy,. |
Samuelson and Modigliani show a square whose x axis is sp (0 to 1.0) and y axis is
Sw (0 to 1.0). The diagonal line shows S,=Sy. Pasinetti’s Regioh is shown as a
bottom part of this square whose boundary is a line almost parallel to the x axis. The
region above this boundary line is set as Anti-Pasinetti’s Region which is “dual to
Pasinetti” and indicates a region of oversaving. A small square in Pasinetti’s Re-
gion whose origin is the same as the origin of the above square indicates a region of
undersaving. InFigure 1, q (=Q) or q—q’ is the only point or line which satisfies
 Pasinetti and Anti-Pasinetti as dual, but in the author’s case, this is shown by a
region (see Figure 3). The author endogenously measures, using €, and 7, the
theoretical relationship between 8, (=Ssee) and s,, (=Sgwpwp) in a dynamic equilib-
rium' where gy=gxp and shows a specified case of S$,=Sw. The approach by
Samuelson and Modigliani differs from the author’s anci connects the ratio of profit
to capital r=n/s, with the output—capital ratio A=n/s,, where the relative share of
profit a=1/A (which corresponds with T=p - Q; in the author’s). However, they
show the diagonal line of s,= Sy (or n/s=n/s,=n/s,), whose changes are clarified by
using the author’s proof that 70 - Q=1 if s=s5,=5,'% as will bé discussed below.
Second, sgypwp (Equation 18) is shown as a hyperbolic form and its character is

- summarized as follows (see Figures 2 and 3):

2
T—2Sspp-TC T
Sswpmwp™ S — 2+ z (24)
1—Ssppp* 70 sot L
—Sgsp/p
4

15) * This paper concentrates on the dynamic equilibriurri which is defined as a condition that
gv=gwp. The dynamic disequilibrium is defined as a condition that gy gkp- The com-
parison reveals business cycle. Both dynamic equilibrium and disequilibrium introduce
technological progress under a given g as a parameter.

16) Ifxw-Qp=1unders= $,=8,, 1s right, then, the diagonal line of =S, shown by Samuelson

 and Modigliani [1966, p.325]' must indicate that the output-capital ratio is one since a=1/

A=s,/s,=1 and A must be one.
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The hyperbolic curve of Sswowp slightly decreases to the right (see, 4 and 5; it
approaches from 7 to zero between sspp=0 and sgpp=1).

The horizontal asymptote is equal to 2.

The vertical asymptote is equal to 1/m.

If sgpp=0, then, Sswpwn=T.

If sqpp=1, then, sswpwp=0.
7—28spp* T
1 —Sgpp 70
Sspll—Ssprp* T)=RT—2Sspp T

If Sgp/p= Ssworwp» then, sgpp=

or, —Sspp° * Tt Sgpp(1+270)— n=0"7 A (25)

Figure 2 Basic relationship between propensities to save, 7T, and (p:

Under n#gy=_gxkp

n=P/Y and s=s,=Ss, w*Qp=1f(Qp)
4
3 ] Qp=2
2 ==~ Qp=3
é - s aam==an Qp=4

s=s,=s, under Q,*n=1 along with the line A
toB

0.6

04

0.2 ——— 7=0.1
0.0 e =02
.02 - =03
-0.4 —-—- =04
-0.6 ettt =05
-0.8

-1.0

0 0.2 0.4 0.6 0.8 Sp
17) For the quadratic equation, A - x2+B - x+C, there are two solutions that

_-B\B-44-C
i .
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Figure 3 Relationship between S and s, by 7 and Q,

Possible region: a triangle of a, b, 0

Sw 05 Qp*TC=1

35 if Qp*n=0.7

s=0.475 if Qp*n=0.55

0.2 if Qp*n=0.4

7=0.1
n=0.05
Sp
0 0.25 0.5
Swby T =Sswowp DY Sspp
Sp 0.0010 0.1000 0.2000 0.3000 \ 0.4000 0.5000

n=0.1 | 0.0998 | 0.0808 | 0.0612 | 0.0412 0.0208 | 0.0000

w=0.2 | 0.1996 | 0.1633 0.1250 | 0.0851 0.0435 | 0.0000

=03 | 0:2995 | 02474 | 0.1915 | 0.1319 | 0.0682 0.0000

n=0.4 | 03994 | 03333 | 02609 | 0.1818 | 0.0952 0.0000

n=0.5 0.4992 0.4211 | 03333 | 0.2353 | 0.1250 | 0.0000

NOTE: Under a condition of D=AK=Syp+S5p,
For D/Y, n—sgpy
For savings, S=Sp+Sy,+Sp;, sgy= $sprv T Ssworwn (1 —T0) +Sswomwn (TT—Sgpry)
Then, Tt—sgp=Sspv+ Ssworwnp (1=7)+ Ssworwn{(TT—Sgpry)
As aresult, t=2sgpy + Sswowp{(1—Sspry)

T—Sswpwp TT—2Sspsy
(17) or, Sswp/mwp= 1

_(1+27)+V1+4r

-2

Therefore, sgpp=

(18)

2~Sswomp —Sspry

A solution i8 sspp=Ssynmn=

(26)

- under (1+27)*~4n=1+47>0 as a discrimination.

L= 40 —
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Therefore, a solution is Sgpp=Sswpmwp=

—(1 +2m)+V 1+4rx

2n (26)

under (1+2n)>-4n=1+41>0 as a discrimination.
" The above results are shown as Figures 2 and 3 as foﬂows:

1. The diagonal line shows that Ssprp €quals Sswpwo-

2. This diagohal line crosses the hyperbolic curve, whose intersection point, Syrc,
is important in that
2.1 Region of sspp<src shows that Sspp<Sswpwp
2.2 Region of sgpp>Src Shows that sgpp™ Sswowp-
2.3 Region of Sswpwp> St Shows that sswowp>Sser
2.4 Region of sgwpwp™Sivtc shows that Sswowp<Ssep

3. Region of 2.3 (Sswpwp™ Smrc) is much smaller than Region 2.4 (Sswpwp<Smrc)
although the intersection point is determined by the quadratic equation whose
parameter is the relative share of profit t. - It implies that Sswpwp<Sser Can be
accepted.

4. At the intersection point, the value also equals the investment ratio, I/Y?, which
is expressed as an average propensity to save, Sgwp+spyy™= Ss/v-

5. Except this intersection point, Région of Sepp<Sswowp OF Ssp/p™Sswprwp SHOWS
that the the average propensity to save lies between sspp and Sswpwo-

6. As a result, following inequality holds except Region of 2.3 (SSWDMD> SiNTC)-
1 ;
Sspip~ L > SSwpwD 27)

The above conclusion was derived under the corporafe—ﬁnanced growth steady-state
where gy=grp and without using the population growth rate. Note that this in-
equality holds using © Gf I/Y° equals sgy, then, without using Qp; see below).

In the above conclusion, I/Y® was set as Swpsspyy=Ssry. HOWeVer, this I/Y? is

I _ o ST o _Ssew
exactly shown as 7o & Qp " Qp —— Qp. (28)

This is because I/Y°=1/Y =sgy, but [/Y%#ssy. Then, I/'Y°=ssy(1+gy). Ifso,
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what is the relationship between s, and ke (p=gy'{%? Inanother word, does I/

Y =ss(1+gy)=gy-Qphold? This is proved as follows:

Sspry
gy 1 —Sspy

1+gy 1 —Sspy+Sspry
1 —Sspy

=Sspry

Ssiy=Sswon T Sspr=Sserw+ L2p (29)
Therefore, the above equation I/Y=sgy(1 + gv)=gy- ) was proved.
As aresult, sgpp> % >Sswomp holds by the relationship of

S5y~ Ssprp T -, since s, =S5, . . (30)

- This is derived under a condition of 1t - Qp<1 in the real world which _is the follow-
ing second case (see Figure 3): |

1. Ifw ;QP> 1, then, sgv>Sepp A condition of @ - Qp>1 is almost impossible.
2. Ifm-€p<1, then, sgy<Sepp A condition of w - Qp<1 holds.

- Third, let the author review the relationship between Pasinetti’s I%=?n'and
p

... .. K n © g
Samuelson and Modigliani’s Y 5 where s,=Sgpp and s,=sswpwp.  For this dis-
L

cussion, the author is rather in favour of Pasinetti’ theorem, and not in favour of
Samuelson and Modigliani since the author makes much of undistributed

profit. However, if the above solution of the quadratic equation is introduced (see

1+2n‘)+\/1+47r n

, '® then,— =; 1s derived and shown
P w
as a diagonal line. However, in thls case, the rate of profit is to be equal to the

Equation 25), Sspp=Ssypmp= =
capital-output ratio. This is not plausible and contradictory. The cause is traced
back to the difference between n= gv=gkp and n#gy=gy,. 7
If so, fourth, what is the difference between Pasinetti’s IL; =}’1 and the author’s
f4
rate of profit? Conclusively speaking (see below, the dividend valuation value and

the dividend valuation ratio),

. . ~B+VB 44 -C —B-VB>-44-C
18) However, this case has a solution, x= " (not as x= A ).
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D 1—s P (1+ '
e Do Qs PR g g)=r(1-s50) 31)
K3 K7 |

Compare this result with the above Pasinetti’s:'?
1. ncan be replaced by gy.
2. P/K can be replaced by p.
3. Then, Pasinetti’s equation is shown as P=gy/Sspp I N= g§= gxy, where s, <I/Y
and s.>1/Y are set as two restrictions‘ [p.106] in order to limit the validity of the
mathematical formulations to the range in which they have an economic mean-

ing.
8y
spp)(1+gv)

4. The author’s equation, on the other hand; is shown as p= a=s if
n#gy=ggp under necessary and sufficient conditions.

5. Nevertheless, it is remarkable that Pasinetti intends to use the retention ratio for
the growth rate.

Pasinetti, however, finally presents another equation (3.3), which is, likewise,
expressed using the author’s notations as Qf%or gv=Sgr*Qp. The difference
between Pasinetti’s and the author’s is gy=Ssy* {Lp VEISUS gy=Fsp" Q; (see ‘Equation
44, below). In the financial structure of products, the capital-output ratio Qp is
* directly related to sy since Qp=(Ssprv+ Sswory)/Sspry, DUt gy is related to sgy while gy
is only related to Sgpp OF Sspry EVEN under gy=ggp. Pasinetti’s case, thus, have to

reduce to Harrod-Domer’s under n=gy=gy, (see, the two/one class model of

O‘Connell’s). In short, Pasinetti’s theorem is not an endogenous growth model

19) Pasinetti’s [1974, p.107] final equation is shown as (note that s, is shown as s, in this
paper) |
P_ 1 I _s P_1 I _s

Y
Y 5,8 Y 5, o x =8y K 58, K-
However, these two comes from a basic equation that
I=s,  W+s," P=s5,Y +(5,—sw)P.
This base is the same as the author's.  The author sets necessary and sufficient conditions

as assumptions, which lead to a endogenous growth model. Qp#1 does not mean gy#gke-
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while the author’s opens a door for an endo genous growth model under gy=g¢p. The

use of n might prevent him to extend.
5. Further developments: valuation ratios and labour productivity

3.1 Capital stock and its valuation ratios

The relationship between corporate capital, its valuation values, and the valua-
tion ratios are derived endogenously using the results of the previous section. Let
the author br1eﬂy discuss this issue:

First, the valuation value is obtained usually as shown by [Khoury and Parsons,

1981]:

De D(l+g) D
Z(1+rM)’ o Or Vo= Z (1+7%y; rM_g_ . , (32)

where, D¢ is expected dividends and ™ is the market cost of capital which is given
from the stock market.

Also, the cost of capital “t” is distinguished from the rate of profit “p” as follows:

_ P'(1+gp) L&) P(1+gp)
r=- X0 versus K, KU1 Ten (1tg)” _ (33)

‘ Where 2= gY=‘gKP andr=p(l+gy) or r>p2 (34)

Second, for the three valuation values (see below), a common cost of capital and
écommon discount rate are used. The cost of capital, r, is defined as the ratio of
profit to the initial corporate capital. The discount rate, r—gy, 1s defined as the rate
which is used for measuring each valuation value and equals the cost of capital less
the growth rate of output.  The three discount rates are: the discount rate of undis-
tributed proﬁt (for capital malntenance) Isp, the discount rate of paying d1v1dends

Tpi, and the dlscount rate of the sum of undistributed profit and dividends, r,. The

20) However, it does not mean that r#p since the difference comes from the growth rate of

output lying between two periods.
— 44 — .
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relationships between the cost of capital and the discount rate are shown as follows:
1. The cost of capital 1= P/KS=(Sp+D)/K3

2. The discount rate Tp=I—8y  Ip~I—gy Ip=T—gy

3. Asaresult, I=reptgy I=rprt+ gy r=rpt+gy

The relatidnship between r and rep=rp;=1p is expressed simply as

e _Ypr ¥ 1 ' |
sp_ Yo _;‘;: o =S 21) , | (35)

Third, three corresponding valuation values are the valuation value of undistrib-
uted profit, VY, the valuation value of dividends, V3, and the valuation value of

profit, V3, where Ve=V§+Vs. Using the common discount rate and following the

Xe(l+gy X°
(1+r)y B r—g

form of the NPV, V°= Z , where X®is Sp, Dy, or P, three valuation
=1

values are derived as follows:

Sp =SSP/P'P0(1+gY)=SSP/P'P:SSP/Y'Y

1. 0= 36
S r—8r r—gy Fsp ( )

0o Di _ (1-s5p) P°(1+gy) _ (1=sspp)P _ (m—3Ssp)Y
2. Vo= = = = (37

F—8y r—8y r—g8y Fsp
P P(1+gy) =m-Y

3. V&=VS+VE=Vin= = = 38
P Vet Vo= Vs L T T T gy ror (38)

Note that V3 and V{8 are used here only for showing the relationship between T,
* ey, and three valuation values in terms of V3. The dividend valuation value, Vi,

is finally chosen as a unique valuation value (for discussion, see below).

Fourth, let the author once more discuss here a sufficient condition that Di=AK,

T

T rgm e _m(Qpt1)
2D &g M 0@ 1)

and thus, r=rgpt+gy= Ot -7)°
p(dpt 1

1 _ S = Sspry
QP + 1 SP/P T

| reo
As a result, —-:— =

45—
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which was already proved using Assumption 7, gy=Cp, where the growth rate of

output gy=Sy/Y° equals the ratio of dividends to the initial capltal cpi=Dy/K$ under

Assumptlon 6, AY=S;,: gy= f,’f) = ;()0 . This is proved as follows:
| SP _D K3 _ D, D?(l tgy) _ 1 —sspp '
1. From this YKy Qp= Yo = S, S3(ig) s (39)

) , S _ 1 ~ I—SSP/P
2. Equation 15 was already shown as Sspp= Sspry/ = Tp +1 Oor Qp= o
3. Above 1. and 2. show exaetly the same result. Therefore, the condition of
' Sp _D; _
y° o Kg e
Asa result, furthermore, the following relationships are derived.

D;=AKj is proved to be equal to the condition of =

1- PO(1+
Logmgg = ) o gl sy a0)

since r=p(1+gy) by Equation 34.
2. Yse=Vpr=1p=t—gy=F—r(1—Sspp) =7 - Sgpp (the same as Equation 35), thus,

8r _ m(Qptl)

1swr Qu(Qtlom) | (41)

S e | @
 Sep= 15;}/ = le (the same as Equation 24j

S T o A e 43)

The differences between each variable come from the differences of combina-
tions of m and Q. There have been discussions for T, L2p, P, Sspry, and gy for many
years since Kaldor [1955-56]. However, these differences were now clarified un-
der the corporate—ﬁnahced growth steady-state.

Thus, the implication of D;=AK} is finally arranged in the following statements,
and thus, justified more definitely. | |
1. Asufficient condition, DI=AKP', is important in that D=AK, connects the growth

rate of output, gy, with the ratio of dividends to the initial corporate capital, FDI/
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K9, as well as D;=AKj connects 7t with .

2. If g,>D/K3}, the discount rate bécomes smaller, but at the sacrifice of larger £2;.

3. If gy<D/K?, the discount rate becomes larger, but at the sacrifice of smaller
valuation value.

4. However, gy is determined by 5;%—_—72; while D.I/ K3 is determined by gy:
gv=gp=Dr/K3}. It‘implies that gv=gxe holds with this sufficient condition
Dy=AK. | | |

5. If gy#gxe, Di#AKp. This is discussed in a separate paper, in the case that Cp

varies.

Fifth, the characters of valuation values, the valuation ratio defined as the ratio of
dividend valuation value to corporate capital, the growth rate of this valuation value,
and the character of risk which may be defined in national economy are discussed as
follows:

1. Valuation value of undistributed profit, V&=K3

r__—_‘ﬁ_ v =§).=SSP/P'P:SSP/Y‘Y

K} SPEKYS Ky Kp
\ 0 :SSP/P.P :.E: 0 ’
ThuS, VSP ¥+ Sspp ” K P (44)

2. Valuation value of output, V¢=Y°
Since K9=K%+Kwp=Y +Kyp=Y°- Qs by Assumption 7 that K&=Y°, the valu-

ation value of output, V¢, is equal to Y°.  This is proved using the NPV method,

= Xo(1+gy) e . . L
po= Z (tgy) X , where X¢ is S; and the denominator 1s the discount
1=1

(47 (80
rate of real net national income (not of corporate capital):
The discount rate of output, Tsp- Qp, is equal to the growth rate of output gy:
rsp+ Qp=gy. Thisis because |

ro=r—gyand
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Sp K : '
Fep-+ QP Kg - YOP =&y (45)

As aresult, .

S, S,

() e’ S ——r YO
VY (r—gn% gy (46)

In short, the present value of undistributed profit in infinite periods of time equals
K} or Y® according to each discount rate. This shows a corporate supply-side in a
~ sense. |
3. Relationship between the valuation value and corporate capital

When the valuation ratio is defined as the ratio of the dividend valuation value to

the initial corporate capital K3, this valuation ratio, v, is derived as follows: 22

0 (”_SSP/Y)Y Vsp _ T—Sspy — : .
VD[_ KP Fsp Sspry+ Y Ssery 2 ' (47)
or,

VhrK3=vh K3~ K= (v~ DK3=(Qp—1) - K3 | 48)

This shows an investors® (who own capital and receive dividends) deménd—side. If
there were a “valuation market” for national accounts liko the stock market for indi-
vidual Corporations, Equation 46 shows that the valuation rétio is only determined
by Q.

4. Character of the growth rate of dividend valuation value

First, the growth rate of valuation value, gyp,, is defined as follows:

Vi—V3 ' : ‘ :
8vor—= _QL@IQ ’ (49)

Then, using this definition and (1+ &ro))=(1+gre)(1+2ap),
gvor=8xrt 8art gp* Sar=gxrt gar(1+gxp) since V=Qp- K% - (50$)

It shows that the growth rate of valuaﬁon value is in favour of Q, although Q,

VSP _Sspp* P s spp " Vp .. . . i
22) vh=—5= . =1, but this is not used as a usual valuation ratio.
‘ Kb Sspperp Sp
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disturbs the sustainable growth rate of output. ~Capital gains come from a part of
this growth rate of Valuatioh value.
5. Character of risk in terms of sustainable growth

Finally, how is risk measured in national economy? Risk may be defined as the
variance of the growth rate of output or as the coefficient of variance which is de-
fined as the ratio of variance to the average. Then, how is this average measured?
The sustainable growth rate of output gy equals the growth rate of labour productiv-
ity if the population growth rate is zero.  This is set aside (discussed below). Then,

what determines gy? Equation 20 was shown as;

__Ssey T
&Y 1szp/y Qp""].—n'

The stability of gy depends on the relative share of profit 7t and the capital-output
ratio Qp. The larger the Q; the smaller the gy.  For a sustainable growth in output, -
the value of Qp should be controlled. Nevertheless, this is not easy and the growth
rate of labour productivity is usually supported by the increase in Qp. The ratio of
‘valuation value isbshown by Qs, but this is not important compared with the mainte-
nance of gy. Remember the condition that Qp and 1 are constant. ~ This was called
the corporate-financed gfowth steady-state, where the growth rate of output gy equals
the growth rate of corporate capital ggp with some assumptions. The risk-aversion
of national economy is defined as such that approaches this condition of gy=gs.

In conclusion, this section will close with the following propositions.
Proposition 7 If conditions are set under the‘ carporate-financed growth steady-
state, the discount rate of capital, rgp=1p=r—gy, is commonly used for the valuation

of undistributed profit, dividends, and profit, and this discount rate highly depends
on the retention ratio, sspp, O the undistributed propensity to save divided by T,
sspy/T, which reflects the difference between the cost of profit and the growth rate
of output, rgp=rp=r—gy, if the rate of profit p= %’ is constant: rg=r—gy=p(1 +gy)}—
gy=p—gy(1-p), where gy=rsp- Q.
— 49 —
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This proposition shows the felatibnship between undistributed profit, dividends,
and profit in terms of the net present value method, and as a base for the valuation
value of dividends which is a final valuation. The proposition implies that the
 higher the growth rate of output the higher the valuation and the higher the differ-
ence between the rate of profit p and the cost of profitr. The discount rate for
undistributed profit and dividends is determined exactly by dividend policy. This
differs from propositions set by Modigliani and Miller [1958, 1963] and Miller and
Modigliani [1961] who use arbitrége in the security market. Furthermore, tax bur-
den works differently: they assert that the cost of capital decfeases by the use of
external savings while the author stresses that the growth rate of output is endog-
‘enously measured as a component of the discount rate and depends only on undis-
tributed profit and that tax burden influences the payout ratio (= 1-retention ratio).
Proposition 8 If conditions are set under the corporate-financed growth steady-
state, the valuation ratio of dividends vy, is determined by the capital-output ratio
o |

As long as the valuation ratio of dividends is concerned, this is not influenced by
dividend policy. ~The higher the capital-output ratio the higher the dividend valua-
tion. The higher the use of external savings the higher the valuation value.
However, this is at the sacrifice of sustainable growth rate of output. Also, it is
noted that the capitalfoutput ratio (Qp coneéponds with the ratio of swpspyy tO Sspy
as a leverage. M-M’s irrelevance of leverage to dividend valuation is denied.
Proposition 9  If conditions are set under the corporate-financed growth steady-
- state, in the case that Tobin’s q equals one and is applied to a macro economy, then
- corporate capital is only composed of undistributed profit, and the wage and divi-
dend propensity to save; Sswpwp, €quals zero.

Proposition 9 implies that Tobins q must be more than one in the case that the
wage and dividend propensity to save is positive in a macro economy. Of course,
any national cconomy does not have a market for the financial structure of products.
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The stock market exists only for individual listed corporations in the corporate sec-
tor. Savings of wages and dividends supply funds for new stock and other security
issues and borrowings. A leverage in the financial and stock market may be de-
fined as the ratio of equities and other securities (or, plus borrowings) to equities in
the spply-side. However, a leverage in the financial structure of products is dé-
fined as the ratio of household and corporate savings, Syp+ Sp, to corporate savings
(undistributed profit), Sp, (or, Kp/Ksp) in the demand-side. If corporate capital equals
the sum of equities, other securities, and borrowings, the two leverages become
similar, However, equities are offset in national accounts and accordingly, capital
gains also offset in national accounts.

Also, goods and services are produced by the corporate sector. The household
and government sectors do not contribute to “positive” production although social
capital is needed for social welfare. The author makes use of the ratio of corporate
capital to national capital (as stated above). Proposition 9 may suppbrt the higher
1evel of Qp, but it is one thing and the necessity for controlling the capital-output
ratio is the other.

Proposition 10  If conditions are set under the corporate-financed growth steady-
state, the capital valuation of undistributed profit, V¢, equals the initial corporate

capital, K¢, and accordingly the valuation ratio of undistributed profit is one, if the

rate of profit p is constant. ~Likewise, the output valuation of undistributed profit, ‘

9 equals the initial output , Y°.

These results show that corporate capital or output can be measured using the net
present value (NPV) method. A final valuation value is only one and it is the
dividend valuation value. However, the above results have their own implication.
They are connected with economic depreciation.” The accounting depreciation

rate d4, which is used for the initial capital stock is compared with a discount rate

23) Economic depreciation in national accounts has been measured as the difference be-

tween gross and net national income after subtracting indirect taxes. However, this de- 7

)
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rsp=r—gy Which is converted to an economic depreciation rate d%. The lower the
growth rate of output, the higher the economic depreciation rate. The character of -
economic deprepiation in terms of the NPV method was first discussed by Hotelling
[1925]. Hotelling uses residual cash flow and the internal rate of return® and theo-
retically measures economic depreciation as the difference between NPV at the end
of a period and that at the end of the next period. The capital stock, K9, at a current
point of time works for both past and future, particularly in terms of technological
progress (see the next section) and human capital.

Proposition 11  If conditions are set under the corporate-financed growth steady-
state and if the population gfowth rate is given, the objective of a national economy
is to maintain sustainable growth of output and labour productivity.
This is justified under necessary and sufficient conditions since
1. The cost of profit “r”” equals the rate of profit “p.” Certainly, r=p(1+gy), but  is
measured at the end of a period while p is measured at the end of the next
period. _Itimplies thaf_ there is no room for excess profit.  Profit or the cost of
profit remains a condition. Investment fhéory in individual firms, invest if

the rate of profit is larger than the cost of capital, is not applied to the national

economy.

2. The dividend valuation ratio is determined by the magnitude of the capital-
output ratio, but contradicts the sustainable growth rate of output. Capital
market absorbs houséhold savirigs, but is not related to the sustainable growth

rate of output. Furthermore, corporate capital must be capital-augmenting

N preciation also takes into account corresponding accounting depreciation in the SNA of

many countries. There has not been a right methodology for measuring economic depre-
ciation in the past. _

24) It has been argued that it is no way to measure the internal rate of return (IRR) using
accounting data. r=p(1+gy) in the corporate-financed growth steady-state corresponds
with this IRR.  Also, residual cash flow corresponds with undistributed profit. Asa

result, the discount rate Igp corresponds with dgp.
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(capital-saving) for less risky growth of output. Note that lower the growth

rate of output, the higher the economic depreciation rate, and check the in-

crease in capital by investment. The corporate-financed growth steady-state
does not diverge in discrete time.

3. The sustainable growth rate of output is most effectively attained under the
corporate—ﬁnaﬁced growth steady-state, where the capital-output ratio and the
relative share of profit are constant. The balanced growth steady-'st_ate may
be an ideal. However, it cannot be measured and it has contradictions as dis-
cussed under the corporate-ﬁnanéed growth steady-state. The population
growth rate is separated, but finally, the corporate-financed growth steady-state
can accept fhis growth rate if investment is technology-oriented.

4. Ifthe polulation growth rate is zero, the growth rate of output equals the growth
rate of labour productivity. This is attained by investment using the coeffi-
cient of technological progress and its growth rate, totally supported by human
capital. Without this improvement, the growth rate of labour productivity is

‘not maintained and as a result, the national economy suffers from business
cycle. This is also applicable to individual firms. Profit maximization is

not directly connected with investment, and remains as a result.

5.2 Labour productivity, tﬁe population growth rate, and technological
progress

This issue is discussed in more detail in another paper [1997/Oct]. Howéver, as
discussed above, this issue is closely related to the above propdsitions. Let the
author first illustrate the functions of the capital-output ratio £, in terms of the
investment ratio.
The investment ratio I/Y, has the two aspects.
1. The saving-side: sgy=ss»"T -p (Equation 30; note 1/Y =sg and I/Y%=

ss(1°+8y)) |
— 53 —
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2. The investment-side: g, =m* T{B =m*-gy-Qp (see below)

Saving-side ’ » Investment-side
Qp Sspp Ssery gv=8kr - T 8gvaE Qp
T EXE m*

For the investment-side, it is summarized using the expected population (work-
ers) growth rate gz, labour productivity g =gy g, the coefficient of technological
progress m*, and the rate of technological progress g%. The expected population
growth rate, gz (where, Ng is population or Workers) 1S a parameter and given.
When the growth rate of output gy is measured the growth rate of labour productiv-
ity g, is derived under given g§z. It implies that the corporate-financed growth
steady-state holds under any Value of gfe. Th1s relationship is expressed as an
additivity, but this additivity in discrete time differs from that in continuous time:
1. Discrete time: gy=gfz+g,+ g8z g,

2. Continuous time: gY=g§§+ g, [Solow, 1956, Pasinetti, 1962, p.276]

In the balanced growth steady-state, the growth rate of labour productivity, g,=
gvme=(y'-y°)/y°, is zero. In the corporate-financed growth steady-state, if the
growth rate of output is larger than the population growth rate, the growth rate of
labour productivity g, is positive, and vice versa.

The author advocates that the coefficient of technological progress, m*, is mea-

sured as the the following relationship between the investment ratio, I/Y %,and g:

8y
% — . )
1/ Y0 ) - (81

Based on this equation, the structure of labour productivity is set up step by step.

e __rd+gy
(Ng)(l +gY/NE)_ N‘g(l +gieVE) (52)
. 2% g Y—gNE
8r=&wet &t &ymr * Ehie 8y~ 8vne= 1+ (53)
ghe

Enter the growth rate of output Equation 21,
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S (4 .
gy= ?% =sopr(l1+gy)= a7 into the above (53).

_ gy—8NE _ —gie(Qpt1-7)

&M gy, (1)@ 1D 9
: 0 ) ' ‘
Since -)I,—O = % . % =gr-Qp=gy p= ?2%%_7—[% (23), the value of m* is obtained
using the above Equation 43:
n_gi\/E(QP_*_l_ﬂ) . QP+1—7L' _ ﬂ—gIeVE(QP+1_ﬂ) (55)

*—= -
M T gl (@t 1-m) Qe Qprm(lighe)

It implies that the coefficient of technological progress m* is determined by €2y, T,
and gi, where human capital cooperates with factors. If gz=0, then, m*=1/Qp=Y/
Kp. Itimplies that m* is determined by the initial productivity of capital, Y/Kp. The
value of m* changes when Q,, T, and/or g&s change with net investment.

~ Furthermore, the rate of technological progress, g%, is defined as follows:

#1_p %0
gﬁ:_m___m___ (56)

25) When continuous time is used, the value of gyne - gk becomes zero by differentiation.
The discrete time cannot omit this value [Tokimasa, 1997].  The difference is important
and proved as follows: Suppose Y=X - Z: Y(t+1)=X(t+1) - Z(t+ 1) and Y (t)= X(t) - Z(1)
Then, Y(t+1)-Y(®)=X(t+1) - Z(t+1)-X(1) - Z(1)

By dividing both sides by Y(t)=X(t) - Z(t),

Y(t+1D)-Y() X(@+1)Z@+1)-X(@) Z(#) X@+rD{Z(@+ i)—Z(t)} +{Z(@t+ l)rZ(t)}Z(t)
e X(1)Z(@) - X Z(@®)

Xy Z(t+1D)-Z(@t) X@+D)-X(@) _X(@+1) |
=X0) Zo X0 X 827" 8x

X+ X+HDH-X(@)
Using 75y =7 X(1) +1=gyt1, gv=(1+gx)gzt8x=8z 1 8xtEx" &2
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6. Integration of the saving-side and the investment-side: propensities to

save and technological progress
6.1 Integration of the saving-side and the investment-side without techno- .
logical progress

The investment ratio as I/K$ differs from I/K; which is equal to the total saving

propensity to save, sgy. As a result, /K is shown as sgy(1+gy). This is an ex-
| pression of the saving-side. ~On the other hand, the investment ratio as I/K$ is shown
as gy- {2 which is equal to g/m*. This is~ an expression of the investment-side.
There are two approaches for this integration: one is the integration without intro-
ducing technological progress, and the other is the integratibn with introducing tech-
nological progress. This section treats the first one. The methodology uses the
investment ratio together with the fixed growth rate of output, gy as follows:

For the saving-side:

I ' : -0 w-Q
Vo7 (1+gn=ssy(1+gn)=sgpr Qp(1+gy)= ?2_},_;_% (1+gy= QP+1jTL'

For investment-side:

1 | w-Qp

yo —&r{2p, and thus, gy- Qp= Qtl-1 &

Both sides show the same result as above. Then, let the author fix the values of

Sspp and gy:

First, SSP,P=ﬁ and accordingly,

1—Sgpp
Q= ——8

Ssp/p (58)
_ T .
Second, g,= (o and accordingly,
+
p= 8D der fixed gy ‘ (59)

1+gy
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Enter Equation 58 into Equation 59,

T | (60)
It shows that Method 1 proves that the relative share of profit, 7, is determined by a
given retention ratio, Ssps, which is another expression of the capital-output ratio,
Q,, and a given growth rate of output, gy, if the population growth rate, gig, and
technological progress, m* or g, are not introduced. It implies that a sort of Golden -
Age rmder fixed Qp and 7 changes with given or planned sgpp and gy, but without
introducing g&s and m* or g¥. It is stressed that 7w and Q; change at the same time

under this condition.

6.2 Integration of the savirlgASide and the investment-side with technoldgical
progress

Tt is now suggested that the saving-side and the investment-side should be inte-
grated by introducing technological progress.
For the saving-side:

I _ -

7o =Sserr Qe(1+81) =gy L2p

n

gv(m, Qp)= m , where no parameter exists.

For investment-side with the coefficient of technological progress m*:

q . _ &
T
*, .Q 1+ e Y+ g€ M
2, Q)= T P(MgNE) ghe M (59)

where, M=Q,+1-1, and g§e and m* are parameters.

_ %E.M
T e e ©
B g5 (Qpt1)
)= [T gt (1-m* ) (°D
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n(1+gse)—ghr

()= 7 -m*(1+gfe) + g (62)
Q.+
Using 7 of the saving-side which sets g, fixed, 7= _gg%;_l) ,
Y
n(l+gy)—
Qx(n)= 7d+en—gr (63)
8y
Qpt1 ‘
(@)= S ) (64)

There are two methods for obtaining the relationship between ©t and €, although the
results are the same: ‘ '
Method 1  First, obtain ©: enter Equaﬁon 63 into Equation 61, and then, obtain Q;
using Equation 63
Method 2 First, obtain Q,: enter Equation 64 into Equation 62 (or use Equation
62 and 63 each on the RHS), and then, obtain & using Equation 64

By using Method 1, the following quadratic function of 7 is shown.

A -m+B - =0,

where, A=-m*(1+gy)(1+g%z)

B=gy—giptm* - gy(1+gix)

—BNB*_ B |
As aresult, 7= T4 4 (65)

By using Method 1, the value of Q; is shown as

g8y » ‘
Q.= 66
T gyem*(1 +g%e) (66)

By using Method 2, the following quadratic function of €, is shown.
A Q3B -Qpt+C=0,
where, A=—m* -gv(1+g%e)

B=-m*-g,(1+ ghe) grgiu=A+C

C:g}'—gfvE '
_ =B NB*44.C C
As aresult, Qp= Y ==
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gNe—8y

o 2 ¥ (1) ()
- gy*g?vﬁm* 'gy(l "‘ngE)
Then, 7= (1 gL+ %) , equal to (65)

Both quadratic functions hold only when the sign before each square is negative.
The other values which do not hold are =0 and Qp=—1. The quadratic function
of Q, becomes a linear function of Q if it is divided by “Qp+1.7% In short, if the
values of g¢ and m* are givén as parameters, then, 70 aﬁd Q. simultaneously change
and are measured. Of course, it is possible to set either T or {)p as a parameter.
Proposition 12 If conditions under the corporate-financed growth steady-state
change with a given population growth rate, then, the coefficient of technological
progress, m*, is a criterion for net investment which simultaneously changes the
values of Qp, 7, and gig.

It implies that any prevailing rule for investment which individual corporations
could take does not hold in a national economy and that Proposition 12 is also appli-
cable to individual corporations. Proposition 12 may guaraniee sustainable growth
for any organization. |
Proposition 13 If conditions under the corporate-financed growth steady-state
changes with a given population growth rate, it is rather difficult to maintain the
same level of m*.

It implies that there is no difference of gy or the investment ratio between coun-
tries in long periods of time. Or it implies that the “convergence controversy”
[Heston and Summers, 1991; Romer, P., 1994] holds. On the contrary, the conver-
gence controversy does not hold if the value of m* continue to increase or decrease
in spite of technological progress. The corporate-financed growth steady-state cor-
responds with a Golden Age shown by an equality that “the natural rate of growth,

g.=n-+A, equals the warranted rate of growth, g” [Pasir_letti, 1974, p.96]. The value

26) The author is obliged to Prof. Furuta’s proof for Equations 65 and 66.
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of g, corresponds with “gge+g,+g%z-g,.” In short peﬁods of time, if the value of
m* increases, then, a base for the growth rates of output and labour productivity, gy
- and gy, is strengthened. |

Proposition 14 Ifa nationél economy would have a sustainable growth rate of
output, technological progress should focus on how effectively fo ‘adjust the capital-
output ratio and increase the relative share of profit in terms of both saving and
investment sides, by using sgy=ssp- 7 - Qp and g~=m* %} =m*- gy Qp.

As clarified by a paﬁel data approach (below), labour productivify y=Y/Ng grows

Ky
| N
long periods of time. A sustainable growth of output is difficult to control unless

with the increase in the capital-labour ratio Qp= , but this is not guarantveed in
the capital-output ratio decreases. F urthermore, the growth rate of output is re-
placed by the growth rate of labour productivity if gkz=0. Business cycle is accel-
erated by the rapid increase ink and Q,. The Valu‘e of m* checks the level of k, but
it ié difficult to maintain a certain level of gy. This comes from the étructure of
=L p of the author’s dr the origin of endogenous growth of Romer, P. [1994,
pp.3-4]. 7w and p has each much less coefficient of variation (Evariance/averége)
while the coefficient of variation of Q; is considerably high, It is suggested thaf an
effective investment ratio supported by technolo gical progress combined with hu-

man capital should decrease the value of Q.
7. Some empirical results and implications

The observation and regression analysis using va panel data approach are consid-
erably important in this paper. The panel data approach is well accepted in recent
literature. The above importance is because that no one advocates that the growth
rate of output is exclusively determined by the theoretical undistributed profit pro-
pensity to save, Sgpy, and that this sgpy comes from the initial value of the capital-
output ratio (. Empirical works are easy in discrete time and particularly in the
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case of the author’s model which uses the initial several values. The several initial
values are: net national income YO, profit P, dividends D} which uses the actual
dividend propensity to save as “expected”, undistributed profit S¥(=P°-Df?) which
uses the actual undistributed profit propensity to save as “expeéted”, corporate cépi—
tal K9, and the number of workers N§. These initial values at the beginning of a
'period come from those realized “nominal” values at the end of the previous period,
but all set as “real” under an assumption that these values are under fixed price level
for the two periods. The expected }growth rate of population (workers), gkg, can be
replaced by gkg, one period to the past. The author tried to get these data using
OECD National Accounts. However, some countries do not publish capital stock
by sector, and others do not publish dividends paid by the corporate sector. Asa
result, six countries were chosen: Japan, Sweden, UK, USA, Germany, and
Australia. Number of points is 72 or 48, in 1982-1994, as panel data. For com-
parison of labour productivity y=Y/Ng énd the capital-labour ratio k=Kp/Ng the
exchange rate is required and BNZ rates on 3 March 1997 were taken for
adjustment. This is discussed in labour productivity in coming papér [1997, Oct].
For a panel data approach, most important is the relationship among the actual
real growth rates of net national income and corporate capital, and the actual (shown
as expected) undistributed profit propensity to save, Sgpry- Howevér, for compari-
son, propensities to save and their combinations, s Or S§pp, Sy OT S§wp/wp, SServ» SSwory
and s°=s&p+swoyy, were also used. The methodology includes average, variance,
the coefficient of variation, and t-value each by item, and the regression analysis by
equation. Their results and graphs are shown by périod, country; and as a
‘whole. Some of results are shown as Table 1, and Figures 4-9. .~
First, the relationship between vital ratios is shown in Table 1. This is a base for
statistical analysis. Interesting to say, some re'itios by period and by country have
much unfavorable coefficient of variation and t-value while others much favorable
ones as follows: |
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Table 1 Average, variance, coefficient of variation, and t-value for basic ratios in
four countries, 1982-1994

Test data for O’Connell’s model

Observa.: 4  ghoM S sg( lésf,,) 55 * St 5% r 1/Q, gRoM
Average: B 0.0627  0.0376 0.4174 0.0140 03938  0.0350 0.569%  0.0700
Variance: V. 0.0010  0.0031  0.0733  0.0008 0.0857 0.0003  0.0353 0.0055
Coe.of varia  0.0158 0.0815 0.1757 0.0589 02176 0.0098 0.0620  0.0785
t-value 0.0091  0.0161 0.0786 0.0083 0.0850 0.0054 0.0546 0.0215

Test data for the corporate-financed growth model of the author’s (D)
Observa.: 4 s*=siy  st=s&p  s%sC me, wmQ, = Q, p
Average: E - 0.0566 04314 0.1718 0.1146 0.1122  0.0597 1.9623 . 0.0350
Variance: V. 0.0008  0.0781  0.2877  0.0029  0.0029 0.0004 0.4352 0.0003
Coe. of varia  0.0147  0.1810  1.6750 0.0253  0.0258 0.0072  0.2218 0.0098
t-value 0.0084  0.0811  0.1557 0.0156 0.0126 0.0060 0.1915 0.0054
Observa.: 72

Test data for the corporate-financed growth model of the author’s (2)

Observa.: 4 gy=g, m* Qrm* Qm* @=(1-s)fs D =(1-s)/s QJD* O fd°
Average: E 0.0221 04002 0.5774 0.6162 1.6973  2.1088 1.7829 14771
Variance: V 0.0001 07332 24495  25.8135 52.6375 58.83 9.7159  7.1029
Coe. of varia  0.0046  1.8321 ~ 4.2423  41.8914 31.0125 27.8974 5.4495  4.8087
t-value 0.0029  0.2486 . 0.4545 1.1939  2.1067 1.8024 0.9051  0.0626
Observa.: 727 Observa.: 72~ Obser.; 72

Note The t-value which uses 0.025 is 2.010.
The coefficient of vairation is defined as variance divided by average.
The author uses p instead of r (r is used in O’Connell’s model).
Saving-side: s§y=s&pp* 70 2, and Q /P*
Investment-side: g, =gy - Q,-m*, and g,=m*-1/Y° under a given g§;

The wage and dividend propensity to save, s¢,= S§wowp, and the undistributed
profit to propensity to save, sgy, fluctuate by period, country and as a whole
(72 or 48 points).

The total propensity to save, §°=S{sp+swpyy, and the relative share of profit, &, are
considerably stable, in contrast with the capital-output ratio Q, and the coeffi-
cient of technologicaI progress m°,
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Figure 4 Relationship between ®° and Capital-output ratio Qp as a base for the growth

rate of output
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Figure 5 Regression analysis using panel data, 1982-1994: using Sgpy
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Figure 6 Regression analysis using panel data, 1982—1994: using sg,y
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Figure 7 Regression analysis using panel data, 1982—1994: using theoretical real growth

rate, g{® as gy

Six countries: gi* (y axis) and s§py (x axis)
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Figure 8 Regression analysis using panel data, 1982-1994: s&y/sépp and the coefficient

of tech. progress m*
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Figure 9 Regression analysis using panel data, 1982-1994: between 7, Q,, and p
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3. The growth rate of output gy=gy,?" is remarkably stable while the expected real
growth rates of income and corporate capital, gt and gy, are unstable, where
gy#gikpina dynamfc disequilibrium.

4. There are two ways to measure real growth rates: one uses expected nominal
growth rates and the given Paasche price indexes, and the other endogenously’
measures real growth rates in equilibrium and disequilibrium, without using
the Paasche price indexes. The former is rather rough since the Paasche price
indexes are given as parameters.

These imply that a national economy recovers its equilibrium between savings and

investment, using Q, and accordingly, Sswpr(=Sse * £2p), and particularly, m*. They

also suggest that the real growth rates, g% and ggy, in a dynamic disequilibrium should
be compared with the theoretical real growth rate gy=ge. Results of a panel data
approach supports the above statements.

Turning to Figures 4 to 8, these show how the above statements are confirmed
using average, variance, the coefficient of variation, t-value, and regression statis-
tics. Particularly, Figure 4 shows how quickly the expected value of De=(1-s5)/s;
returns back fo a theoretical stable condition in equilibrium by adjusting the values
- of 8¢, SSwony, and Qp.  Note that the theoretical values of s,=Sgpp OT Sspry, A0d Sswpyy

are obtained using p and T: ssw=1t/(1 +Q,) and sswoy=Sspy(€2p—1)/(1-7).  Also,
| Figuré 8 shows how quickly the expected valué of s¢/s§ returns back to a stable
condition by adjusting the value of T - Qp, and how quickly the theoretical value of
me returns back to a stable condition by adjusting the value of ;.

In more detail, the relationship between the growth rate of income and the undis-
tributed profit propensity to save in the improved two-sector model of the author’s
showed the highest correlation (R square) compared with the relationship between

any growth rate and propensity to save (see Figures 5 and 6).

27) A dynamic equilibrium introduces technological progress and is shown as gy=gxp, Which

is expressed also as g¥=gi5 .
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The two/one class model in literature focusés on the classification of workers and
capitalists, but the relationships between the retention ratio Sspp OF the undistributed
profit propensity to save sgpy, and the wage and dividend propensity to save Sgwpwo
is not clarified.  As a result, the two/one class model in literature cannot reveal the
contents of gy and g, if both are the same iﬁ equilibrium. The model is finally
reduced to the Harrod-Domer model. However, it is interesting to know the fol-
10\;ving contrasting results (see Figure 4):

1. R?ofn=s,+s,(1-s,)r and n=(ép—sw)r+ sw/Q2p showed each 0.2859 and 0.2978"
when r and/or Q, were used as variables.

2. R?ofn=s,+s,(1-s,)r and n=(s,~s,)r+s./Q showed cach 0.0154 and 0.0118
when s,, and s, were used as variables.

It implies that the growth rate is determined remarkably by the capital-output ratio

€2, the rate of profit r (p in the author’s case), and the relative share of profitw. Also,

the coefficient of variation of Q, is extremely high compared with 7.

Underlying relationships are shown in the relationship between Qp and Pe=(1-
sp)/s; (Figure 4), the relationship between 7t - Qp and s/s;, and the relationship be-
tween m° and €, (as already indicated). The value of Q, cannot be beyond a cer-
tain level, and its adjustment is expressed by @, s/s°p=5%~/s%p, M°, whose values
suddenly fluctuate, but both of them at once return back within a certain level. [t
implies that the value of Q, recovers quickly after adjustment. In other words, a
fundamental factor in the financial structure of products is Qp, and even technologi—
cal progress may not positively contribute to the sustainable growth. Or, by the
- coefficient of technological progress, the aggravation of capital accumulation is
saved. Economic depreciation may be a weapon to reduce (. An essence ‘of the
endogenous system stated by Romert, P.[1994] is clarified. The possibility of con-

vergence [Maddison, 1982, Heston, Alan, and Summers, 1991] is justified.
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8. Conclusion

Hicks, Kaldor, Pasinetti, Solow, and Harrod have approached an equality between
savings and investment. There is supposed the production functioh behind this
equality regardless of explicitly using it. However, when the production function
is applied to it in terms of neutrality of technological progress, Solow has to fix the
labour ‘productivity constant, Harrod has to fix the capital-output ratio constant, and
Hicks has to fix the capital-labour ratio constant. This is because the production
function cannot separate capital from labour in itself. Even in the case of O’Connell
[1994] who does not use the production function, she starte_d with no change in
labour prodilctivity; i.e., the growth rate of labour prbductivity is zero, and accord-
ingly, it is supposed that the growth rate of output or capital equals the populatidn
growth rate. But, it suggests that both growth rate can be separately treated.>®

The author’s model started reviewing her model. Her model precisely clarified,
by reviewing Baranzini [1991] and using the quadratic equation n=£(r), the rela-
tionship between the growth rate n and three kinds of propensities to save; n=s/€2,
n=s,/Q and n=s,/Q. These are derived under a different conditions such as K.=0
(K=K,), s,=0, and s,=0. n=s/Q corresponds with Harrod’s, n=s,/CQ2 corresponds

with Pasinetti, and n=s,/Q corresponds with what was shown by Samuelson and

28) The author sincerely eXpresses thankfulness for the Faculty of Economics and Politics,
the University of Cambridge, UK, when the author could stay at there in August and Sep-
tember of 1996.  Prof. Geoffrey C. Harcourt and Prof. Geoffrey Whittington had kindly
given invaluable time whenever the author had some problems (almost everyday) in terms
of macro economics and accounting.  Also, Dr. O’Connell who was visiting there at that
time strongly suggested the author to take the third path between the neoclassical approach
and the Keynesian approach. The author’s approach follows their suggestions and in-
structions, taking into consideration the bridge between macro and micro (accounting)
framework. - This opportunity started with Prof. C.A. Blyth’s interest in the author’s in-
tention for my study on the relationship between macro and micro frameworks, at the
University of Auckland, NZ.
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Modigliani and is dual to Pasinetti’s. If s=sp=sw, then, these three are become
equal.

Howef)er, the above study did not clarified thé relationship between s, Sp, and s,,.
The corporate-financed growth model of the author’s first sets a model under the
balanced-growth steady-state which equals the above authors’ assuzﬁption under the
Golden Age. The result reduced to Harrod’s condition, n=s/Q. The corporate-
financed growth model of the author’s second establishes a model under the corpo-
rate-financed growth steady-state which treats first the poplilation growth rate sepa-
rately and then, integrates this with the growth rate of output or capital. The author’s
model allows the growth rate of output to differ from the Igiven population growth
rate in discrete time. |

As‘ a resuit, the growth rate of output gy which equals the growth rate of capital is
endogenously derived without setting any propensity to save given. The predeter-
mined variables are the relative share of profit w, the capital-output ratio €, and the
rate of profit p. However, the equality between savings and investment is main-
tained by manipulating the investment ratio, I/Y®, which differs from the total sav-
ing propensity to save, 5=Sepsswoyy=1/'Y=(1+gy) -I/'Y°. This is possible because
the capital-output ratio and labour productivity changes at the same time in the model,
without introducing the marginal productivity of capital and the marginal uﬁlity
theorefn into the model in discrete time. This process cannot be expressed if using
the producﬁon function. |

The investment ratio is a vital key for solution in two ways:

1. The saving-side: Ssp+swoyy=SsppT0-2p, the value of Qp is enough used 'for adjust-
fnent.

2. The investment-side: after introducing the population growth rate, the change
in labour productivity or the growth rate of labour productivity g, 1s connected
with the investment ratio: g=m*-I/'Y’and g =m*-Q,-g,.

The saving-side is explicitly determined bymand €. Samuelson and modigliani
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[1966] shows the relationship between Pasinetti region and Anti-Pasinetti region on
their Figure 2 in terms of n=s,/Q and n=s,/Q. The boundary line shows that
s=s,=s,. .However, they did not clarify the relationship between s, s,, and s, nor
the relationship between the investment ratio and these propensities to save. It
was proved that s=s,=s,, only if 7t - Qp=1. This is not plausible since the average
of Tt - Qp shows 0.1146 (72 points) in six countries and 0.1122 in four countries (48
points) in 1982-1994 although the coefficient of variation is 0.0253 ahd 0.0258, and
t-value is 0.0156 and 0.0126.

The saving-side is closely connected with the investment-side. The value of €
is a bridge between both sides although €2, in the investment-side works much more
positively. The coefficient of technological progress m* cooperatés with the capi-
tal-output ratio and labour productivity at the same time in a period. This value of
m* is expected to lower the value of €2p according to empirical result. When tech-
nological progress accelerates the increase in Qp, business cycle is inevitable. Tﬁe
existence of “convergence” [Romer, 1994] depends on how a national economy
challenges for the control of €. Harrod [1973] indicates that the balance between
the wai'ranted growth rate and the natural growth rate is unstable. His warranted
growth rate corresponds with the author’s growth rate of output or capital. Itis
interpreted that the warranted grow;ch rate should be less than the population growth
rate. In this sense, the corporate-financed growth steady-state is another expres-
sion of a Golden Age. The Golden Age of the author’s is predetermined by © and
Q;, but is renewed by the above investment ratio together with m* and given popu-
lation growth rate.

Even Solow and Harrod did not show the process how the equality between sav-
ings and investment is recovered within a period. Solow assumes that labour pro-
ductivity is constant Harrod assumes that the capital-output ratio is constant. How-
ever, there is no guarantee nor proof that the warranted growth rate converges into
the natural growth rate which equals the population growth rate. This is because
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the growth rate of labour productivity is zero if the growth rate‘ of output equals the
population growth rate. Under a condition that the growth rate of output is larger
than the population growth rate, an alternative Golden Age is guaranteed in discrete
time. In continuous time, an national economy approaches the Golden Age under
a condition that the growth rate of output is almost equal to the population growth
rate. Hdwever, it is noted in both cases that the expected population growth rate is
given and the growth rate of oﬁtput or capital is endogenously derived under neces-

sary and sufficient conditions.
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