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1. Range of study and notations

1.1 Purpose and Methodology
This paper clarifies 'the. relationship amohg labour and capital productivity, y=Y/
Ng andv 1/€:=Y/K;, the growth rates of population/workers n, and the coefficient of
technological progress and the rate of technological progress, m” and g,,, where the
growth rate of population/workers n is a parameter. The methodology in this pa-
per does not depend on the Euler’s theorem and accordingly on the marginal pro-
“ductivity theory and the Cobb-Douglas production function, but uses an approach
of the relationship between savings and net investment under discrete time whose
origin is traced back to Kaldor [1956], Pasinetti [1962], and anti-Pasinetti (under
the dual equilibrium). An improved point lies in an introduction of the relation-
ship between the investment-output ratio and the growth rate of labour productivity.
This relationship is rheasuréd using the coefficient of technological progress m’,
where rh*l=m*°(1 +gn) De Long and Summers [1991, p. 454] shows the relation-
ship between the growth rate of labour productivity and the investment-output ratio,
but this research is not directly connected with any coefficient of technological

progress.

1) 1am thankful to Dr. D. Bandyopadhyay, Dr. J. O’Connell, Dr. Y. Furuta, and Dr. T.

Tokimasa for their advice.
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Ratios needed for this work are obtained endogenously using the initial values,
Y’, P’, W’ K5, and Ng, where, Y° is net national income (output), P° is corporate
profit, W is household and governmental wages (labour), K3 is “corporate” capital,
and N} is the number of population/workers, each in the national accounts. Total
capital K’ and “household and governmental” capital K are distinguished from
corporate capital K3 since this K3 is inevitably responsible for national production.
’Also, assuming that the growth rate of output equals the growth rate of corporate
capital, dividend equals the sum of saving of household (and government) and un-
distributed profit both of which are used for corporate net investment (see review of
assumptions in Appendix).

For this purpose, two formulations are used: (1) the formulation of relative share,
=0 p, where ©w(=corporate profit/net national income) is the relative share of
proﬁt, €); 1s capital-output ratio (the reciprocal number of capital productivity), and
p (=corporate profit/corporate capital) is the rate of profit, (2) the formulation of
productivity, k=€ -y, where k (=corporate capital/labour) is the capital-labour ratio
and y (=output/labour) is labour productivity. These ratios are ex-ante and dis-
crete and shown as real under constant © and ;. The author stresses that the rela-
tionship between the above two formulations has not been clarified in the past lit-
erziture. |

The methodology includes (1) the financial structure of products under constant
7t and Q;, using given n as a constant, where T, {p, and n are parameters,” (2) ©(g,,)
under constant Qp or Qp(g,,) under constant 7, using g, as an independent variable,

)

and (3) gi.(n) under constant © and Qp, using n as a parameter.” As a result, the

2) These are predetermined variables in a broad sense. © The author thinks that the dimin-

~ishing returns are only prevented by decreasing the capital-output ratio using the coeffi-

cient of technological progress which takes into consideration the relationship between the
investment ratio and the growth rate of labour productivity. |

3) A formulation of change in price level which does not depend on the Euler’s and mar-

ginal prodﬁctivity theories is treated separately in a forthcoming monograph [1998].
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relationship between labour and capital productivity is clarified in the synthesis of
two formulations, nfgp-p and k=C2-y.

As an empirical study, the initial data of six countries are éhosen in the OECD
National Accounts. The results of a panel data approach are compared with those
in Bertora [1993], Barrol[1995], and Islam [1995] to some extents. The factors
which determine the growth rates of output and productivity of labour are well ex-
tracted and makes it possible to propose some new lemmas and propositions.

Pérticularly, the relationship between the growth rate of population/workers, n, and

the rate of technological progress, gy, differ by stage of economic developments.

1.2 Range of .‘study
This paper is composed of the following contents:

1. Characteristics of the financial structure of products (goods and services). This
structure shows that any value or ratio is expressed in terms of “real” and that
the growth rate of output equals the growth rate of corporate capital. The
structure holds only under constant 7t and €, and given n each in two periods.

2. Abase for the coefficient of technological progress m™ and the introduction bf
the rate of technological progress g,. The introduction of gy, is a highlight Qf
this paper. It was found that any function which comes from saving-invest-
ment relationships does not hold without introducing factors which stimulate
investment.

3. Review of representative frameworks: Hicks, Harrod, and Solow. It was shown
that each model has its spéciﬁed-condition in terms of the neutrality of techno-
logical progress. It implies that the discrete model between two periods shows
and integrates the relationships between above conditions more generally.

The author intends to show that corporate profit and its undistributed profit
used for corporate net investment exclusively determine the level of the growth
rate of net national income and fundamentally influence labour and capital pro-

_3___
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ductivity if the grthh rate of population/workers is giveﬁ as a constant/param-
eter.
The author defines four basic values (both given initial and unknown) of nat‘ional
acéounts as follows:
1. Net national income or output Y
2. Corporate profit P which is composed of dividend payment D;, and ﬁndistrib—
uted profit Sp: P=D,+S,.
3. Household income W which is defined as Y—P (as a residual, and including
| wages of public and government sectors).
4. Corporate capital stock K, (other sectors’ capital is neglected since it does not
contribute to earning profit).
These values are first given at an current point of time (with superscript ). They
are unknown at the end of one period later and must be dependent variables (with no
superscript). The giffen initial four values constitute a base of the financial struc-
ture of products (goods and services). This financial structure of products (FSP)
assumes that any saving equals corresponding net investment:
1. Corporate undistributed profit Sy equals corporate financed net investment AK;
- which comes from Sp: Sp=AKgp.
2. Savings from dividend and wages Sp.\ equals corporate externally raised net
investment AKppy (=AKyp) which comes from Spuw: Sprw=AKwp.
3. As aresult, net corporate capital investment AKp=AKgp+AKyp equals corre-
sponding saving Sp+ Spw: Sp+Spuw=AKp=AKgp+ AKWD.. |
Another aésumption is needed for saving of dividend and wages, Sp.w=AKwp. The
- financial structure of products does not divide “dividend and wages” into two own-.
ership, Workers’ and capitalists’: Sp/Y +Sy/Y =S§I+W/Y. By this treatment, divi-
dend and wages are simply treated in terms of the propensity to save.
However, the financial structure of products needs to add the number of popula-
tion/workers Nj and the growth rate of population/workers n. These play an im-

___4__
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portant role for labour and capital productivity. Labour productivity (productivity
of labour), y, is defined as Y/Ng and capital productivity (productivity of capital), £2p
is defined aé Ko/N;. Also, n is given as a constant or a parameter and constitutes a
vital factor to the improvement of productivity, both labour and capital.

What does the financial structure of products imply? ~ The financial structure of
products clarifies fundamental felationships among Y, P, Sp, D, W, Kp, and Ng.  The
retention ratio Sy/P (or the payout ratio Dy/P) determines the growth rate of net na-
tional income gy together with the relative share of profit. The propensity to save
Spew/Y determines the growth rate of corporate capital together with Sp/P or Sp/Y.
These are derived endogenously in the financial structure of products (see the next
section). They follow the above equal-relationship between saving and invest-
ment.

Depending on the financial structure of products, where parameters (as predeter-
mined variables) are T, Qp, and n, the author first sets the formulation of ©=€2p,
where,

1. The relative share of profit of profit t=P/Y,
2. The capital-output ratio £p=Ky/Y,
3. The rate of profit p=P/Kp, T=C2-p.
Three steps start with the financial structure of products, but before starting, “a

constant” is defined as that for two periods. For example, capital stock at the end

of 1990, KE™ is the same as capital stock at the beginning of 1991, Ky°"'. The
theoretical value of capital stock is measured at the end of 1991, K3, which equals

KBOP!  Likewise, YEP'=Y?"" and Y*OU'=YP™2. “a constant” Qp implies that
QECOPO=(EOM!  The author uses the initial given nominal values to measure theo-
reﬁcal real values one year later. This does not mean “a constant” in one year, but
“a constant” for two years. However, it is noted that a theoretical value measured
at the end of a period is real-based and cannot directly be compared with the nomi-
nal value given at the end of the same period unless the Paasche price index is one.
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Now, four steps which start with the financial structure of products are as follows:
1. Under Qp=Q%=a constant and t=7"=a constant: This is exactly the condi-
tion of the financial structure of products and presents a base for the second and
third steps. |
2. Under Q,=Q0=a constant: 1t and p are variables.
3. Under n=n"=a constaﬁt: (2 and p are variables.
4. With no constant €2, and 7: , T, and p are variables.
How can one/two of w, Qp, and p be variables? One of them must be a variable if
any equaﬁdn holds as a function. These four are basically parameters (or predeter;
mined variables). At least one additional Variable 1s required for these four and
this is the rate of technological progress g,,, which was differently introduced into
the production function by Solow [1956]. The aufhor extracfs the coefficient of
technological progress m" in the financial structure of products, if' it is defined as the
growth rate of labour productivity dividend by the investment-output ratio,
Zaxey=AKp/Y": m" =gy e/ AKp/Y'=g,/AK,/Y’.  This equation implies that corpo-
rate net investment is expected to improve labour productivity because the growth
rate of net national income depends on the growth rate of labour productivity if
population/workers remain unchanged. Teéhnological progress, first of all, is ex-
pected to improve labour productivity. The coefficient of technological progress
m’ is derived endogenously in the financial structure of products. The rate of tech-
nological progress gy=(m'-m®)/m’ is used as an independent variable while the
growth rate of population/workers n remains as a constant/parameter since g.=o(m,
Qp, n).

When one of the components, 7, Qp, and p, is expressed as a function of g, a new
m’ is determined with the change in the corresponding two of t=€2,-p. Then, the
above second and third steps are released from Keyneéian “equations” and replaced
by functions:

2. Under Qp=Q}=a constant, t=n(g},) and p=p(g.)
6 —
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3. Under n=r"=a constant, Qp=Qp(g;) and p=p(gmn)

Note that t=m(g’,) is dual to p=p (g},) under constant Qp and Qp=CQp(g,) is dual to
p=p (g.,) under constant . Furthermore, if m’, gy, and n are given, the above
fourth step is possible as follows: |

4. Qp and w changes at the same time as £2;(7) or 7T(£2p).

The formulation of T=£2-p, second, closely connected with another formulation
of productivity. The financial structure of products is composed of two formula-
tions: one is the formulation of T=£2-p, and the other is the formulation of produc-
tivity, k=Cp-y, which is explained below. The synthesis of theoretical relation-
ship between two formulations is most important and needs to be discussed since
any production function is justivﬂed and generalized by this implicit (hidden) rela-

tionship.  The formulation of productivity is shown as follows:

KE\_(K) (X 0. o (K». o (1
1.‘ (Ng) = (Y() . Ng or k "“Qp‘y R where k'= Ng andy = Ng

Ko\ (&) (L o, _ (&2 anay= (L
2. (NE)_(Y) ( E)or k=Q;-y, where k (NE> and y (NE>

It is noted that the formulation of productivity is shown as the above second
equation and corresponds with the formulation of ﬁ=QP- p. Both formulations are
* shown not using the initial values and their ratios but using unknown values and
their ratios, although the unknown values and ratios are endogenously measured
once given the initial values and the growth rate of population/workeré n as a con-
stant/parameter. |

In the formulation of productivity, one of three factors is set as a constant:

1. k=k’=a constant

2. Qpy=0%=a constant

3. y=y’=a constant

Then, the two residuals are cdmposed of a parameter and a variable (as discussed in

the formulation of ©=Q;-p: the variable is formed as a function of gtn: k=k(gh),

Q=Qp(g5), or y=y(gn)-
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However, for the relationshij_o between two formulations, a new concept is estab-
lished: this is the increase and decrease rate of x (x is an item within the two formu-
lations), &,: §,=(x—x")/x")=Ax/x, where Ax is the difference between “x° in the
financial structure of products (both under QP=§2‘}1=a constant and under T=n’=a
constant)” and “x at a condition that either one of €, and T is a constant.” This is
because T changes under Q,=Q%=a constant and Q; changes under n=n"=a con-
stant. Thus, thése changes are expressed as Ax.  As a-result, &,(g},) is also ob-
tained using g,,. It is possible to get the value of elasticity using &, between two
items.” | | |

The most important ratio (component) in the two fdrmulations is labour produc-
tivity y=Y/Ng and accordingly the growth rate of labour productivity g .=gye. This
is because these ratios help maintain sustainable growth (expressed as gy) at a pref-
erable balance among T, £, p, and k. For labour productivity, both the growth rate
of labour productivity g,(g.)=gynz(gm) and the increase and decrease rate & (g;,)=
Eyme(gn) can be used at the same time. Furthermore, labour productivity function
of g, (&), is used, but more important is the growth rate of labour productivity
function of g,,, g,(g,,), since it is related to a desirable level of net investment which
is directly expressed using the rate of technological Progress g, R ,

Interesting to say, “productivity,” in the (Cobb-Douglas) production function, has
not fully been cultivafed in terms of investment which is directly connected with the
rate of technological progress g,,. The rate of technological progress in the pro-
duction function is shown as A(t) or A, but not directly connected with net invest-
ment (see Appendixes). On the othér hand, the synthesis of the two formulation

helps review this connection.  This synthesis shows that the capital-output ratio €,

4) Even if this concept is not used,
1. The difference between  in the financial structure of products and n=7(g,,) shows AT.
2. The difference between Q, in the financial structure of products and Qp=Qp(g:n) shows
AQ;,
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constitutes a common item, but only under &;#0. Furthermore, when the synthe-
sis of T=Q,p-p and k=Q,-y is clarified, “equations” of the financial structure of’
products both under Q,=Q%=a constant and 1=n"=a constant and those “functions,”
which are derived under Qp#Q or T#7, are broadly and consistently (more gener-
ally) reviewed in terms of productivity. How can the balance between labour pro-
ductivity and capital productivity (as the reciprocal number of the capital-output
‘ratio) be controlled? This is only under rn=n"=a constant which is used as the
neutrality of technological progress, since k#a constant and gy#ggp under n=n'=a
constant. This is one of contributions of this paper. Hicks, Harrod, and Solow
models are reviewed in a whole two-sector two-period system which uses discrete
time (sce section S).
Conclusively speaking, the synthesis of 7=, p and k=Q;-y is classified into
three types by introducing functions of the rate of technological progress, g5, aS

follows:

Type 1. Under Q,=Q%=a constant 7=7(gy,) and p=p(g)
- k=k(g,) and y=y(gn)
Type 2. Under n=n’=a constant Qp=Qs(g,) and p=p (g,
k=k(gm), Q=Qs(gn), and y=y (gn)

Either k or y in k=Q;+y can be a constant, 'but, k, Qp, and y in k=Q5-y can be all
variables since (; is already expressed as Qp(g.) (see (3) below). This is a unique
characteristic of the above synthesis. Each neutrality of technological progress
expressed by Hicks [1946], Harrod [1973], or Solow [1956] car;not have this char-
acteristic since the neutrality of technological progress is not synthesized (general-
ized) between them. Conditions under t=n’=a constant (or Q=Qp(g.,)) are stated
in three ways:

(1) Ifkis a constant, then, y=y(g.): Hicks’ case

(2) Ifyis a constant, then, k=k(g,): Solow’s case

— 9 —
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(3) Ifbothkandy are not constant, then, both y=y(g;1) and k=k(g,)hold. Note
that Harrod’ neutrality must belong to this “under n=n"=a constant,” but
cannot hold when his equation “G,=AY/Y =s/v” is taken into consider-
ation (in detail, see below).
Type 3. Consideration of n: g,,=0 and g, #0 -
3-1 nis replaced by ggp: g1=0. = This case neglects the éxistence of n=a con-
stant/parameter and the growth rate of labour productivity g,- Thus, it follows a
special case that 1T, Qp, k, and y are constants under g,,=0. This returns back to the
financial structure of products. »
3-2  gepisteplaced by gy=n+g,(1+n): gfnioi This case of gy=gg, may be called
“the balanced growth steady-state” (hereunder, abbreviate ‘steady’) only under Q,=a . |
constant. Then, the case belongs to Type 1 and always satisfies both the financial |
structure of products and the synthesis of the two formations.
Finally, it is stressed, that the Cobb-Douglas (C-D) production function cannot be
free from the financial structure of products and also the synthesis,of =% p and
k=€ -y if this production fuhction endogenously measures the rate of technologi-

cal progress.

1.3 Notations for the CFGM

In this paper, a balanced growth state which uses the propensities to save as vari-
ables is only treated: the growth rate of output equals the growth rate of corporate
capital (gy=ggp).  For this condition, the following two cases are discussed:

1. Functions under the rate of tecﬁnological progress g,,=0: the capital output
ratio Qp=CQ} and the relative share of profit m="" are given as parameters.

2. Functions under the rate of technological progress g}, #0: either T is a variable
(Qr=Q%=a constant), or £ is a variable (t1=n"=a constant), and functions un-
der g}, #0 and k=k"=a constant, where k=y-Q,. |

The balanced growth state constitutes a part of the.corporate financed growth model |

— 10 —
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(CFGM). An unbalanced growth state which uses the propensities to save as pa-
rameters is treated in a forthcoming book [1998]: the expected growth rate of output

does not equal the expected growth rate of corporate capital (gy#gke)-

Table 1 Notations and relationships:

Each value or ratio has superscript 0 when it shows the initial value or ratio.
Y denotes net national income
P denotes corporate profit=S,+D;
S, denotes undistributed profit (corporate saving) from profit
D; denotes dividend from profit=Spy+Cpy '
W denotes wages of workers=Y —P
K; denotes “corporate” capital stock
N denotes number of population/wokers
Sw denotes wages saved by wages
Sp; denotes dividend saved
Sprw=Swp denotes saving in dividend and wages
Cy denotes Wages consumed
Cp; denotes dividend consumed
Cprw denotes consumption from dividend and wages |
Wppw denotes the sum of dividend and wages before distribution to consume and saving:
W+D1=Wprw=Coprw™ Sprw- |
AK,=K;—K? denotes corporate net investment
AKywp=Kwp—KS%p denotes corporate net investment from saving in dividend and wages
AK op=K—K%e denotes corporate financed net investment which uses corporate undistributed
profit :
n=P/Y denotes the relative share of profit=£2-p
Q.=K,/Y denotes the capital-output ratio (“corporate” is usually abbreviated)
p=P/K; denotes the rate of profit
ssp=Sp/P denotes undistributed profit divided by profit
sspv=Sp/Y denotes undistributed profit divided by net national income
sewp+spyy={SprwT Sp)/Y denotes the propensity to save in dividend, wages, and profit
sworv=Spuw/Y denotes the propensity to save in dividend and wages
Spry=Spr’Y denotes the dividend propensity to save
swy=Sw/Y denotes the wage propensity o save

cwory=Corw/Y denotes the propensity to consume in dividend and wages
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cory=Cp/Y denotes the dividend propensity to consume
cwy=Cw/Y denotes the wage propensity to consume
gv=AY/Y"® denotes the growth rate of net national income (output)
gxp=AKp/K3 denotes the growth rate of corporate capital
gxsp=AK /K> denotes the growth rafe of corporate financed capital: ggsp=gyp/Qp
gaxpry=AK/Y denotes the investment-output ratio (or the investment ratio)
n=AN/N} denotes the expected growth rate of population/workers”
k=K,/Ng denotes the capital-labour ratio
y=Y/Ng denotes labour productivity
1/Q,=Y/K; denotes capital productivity
& denotes the ;incrxease and decrease rate of the capital-labour ratio
Evxr=E1/ar denotes the increase and decrease rate of capital productivity
8y=gvne denotes the growth rate of labour productivity
&, denotes the increase and decrease rate of labour productivity
£ denotes the increase and decrease rate of the relative share of profit
€ op denotes the increase and decrease rate of the capital-output ratio
€, denotes the increase and decrease rate of the rate of profit
m’ denotes the coefficient of technological progress under constaﬁt 7, Qp, and n

gn=(m"'~m")/m™ denotes the rate of technological progress

2. Characteristics of the financial structure of products

Functions in the CFGM are finally derived using the following variables, param-
eters and constants, and given values, and two formulations, =0 -p and k=Q;-y:
Basic four Variabies: Y, P, K;, and N (W=Y-P)

Basic four initiél given values: Y°, P°, K3, and N} (W’=Y°-P")

Parameters/variables: , {p, and n (n in the financial structure of products is a con-

5)  The balanced growth steady-state is defined as a condition that gy=gygs=n, where, “n” is
the growth rate of population/workers (regardless of unemployment), but it holds only
under no technological progress. For example, the “natural” growth rate G,; is deter-
mined by population increase and technological progress [Harrod, 1973, p. 28]. How-
ever, it is proved in this paper thait this balanced growth steady-state destroys the financial

structure of products and must be an exceptional specified case (see Section Review).
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Basic variables: g, and n (as g,(n) or n(gy))
Variables in the two formulations: 7t(g.), Qp(gh), p (), and k(g,,) and V(gm)

each under a constant Qp or under a constant 7
Other variables: z,=f, (T (gm, QP)) or z,=F,(g,,) under a constant Q;
z,=h,(Qp(g, T)) OF ZZ=H1(g;) under a constant ©

Lemma 1 If parameters, 7, Qp, and n are given, the capital-labour ratio k=Kp/Ng,
productivity of capital 1/Qp=Y/Kp, productivity of labour y=Y/Ng, and any other
variables in the balanced growth state (where gy=gyp) of the financial structure are
shown as a function of T, Qp, or n using the rate of technological progress g.asa
basic variable.

The rate of profit p is a variable since 7 and Q) are parameters. This section
stays in the financial structure of products under cdnstant 7, Qp, p, and n, and clari-
fies fundamental relationships between parameters and variables. These relation-
ships show that Variables in the balanced growth state, where the growth rate of
output equals the growth rate of capital, are in “an equilibrium, under fixed price
level.” For this purpose, first, the relatioriships between the relative shére of profit
7 and related propensities to save are shown, second, the fundamental relationships
between parameters and selected variables are shown, and as a result, variables in

the equilibrium are shown as a function of parameters.

| 2.1 Constant relative share of profit and related propensities to save as a base
Using Table 1, the relative share of profit, T or “1—x,” and related propensities to
save are conclusively summarized. Both ( and propensities are tightly connectéd
with each other as follows:
n=P/Y m'=P%Y° su=S/P sp=S/P’ sgp=sep
Sspv=Sp/Y Sgpy = Se/Y’ SSP/Y=SgP/Y
Sspy =T Sgp Sgpry=T0 - Sg
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_ 0 _ 00 _0
Swoy=Swp/Y  Swoy=Sp/ Y  Swpy= Swpry
S =(Swpt+Sp)/Y s =(S0 -i-SO)/Y0 S =g’
(WD+SPyY= (Dwp T Op (WD+SPYY=(Dwp T dp (WD+SPYY = S(WD+SP)Y
_ 0 _ab 0 0
Sory=Spr’ Y Spiy=Sp/Y Spry=Spry
_ 0 _ 0 0 _0
_ + 0 0 L0
Swory=Spy TSwry  Swory=Sporyt Swiy
— 0 _ 0 _0
Corv=Cp/Y  cppy=Cro/Y Cory=Cprry
=ColY  Gy=CoUY"  cym=c
Cwv=Lw/ Y Cyy=ECy Cwry=Cwry
: _ i 0 —od 0 _ 0
Corwyy=Cory T Cwry  Corwyy=Cpryt Cwiy Corwyy— Comwyy
— —a? 0 — —_0 0
SpIy=Swry=Spiy=Swry  Corry=Cwry=Cpry=Cwiy

_ _0 0
I= Corwyy TSwpispyy 1= Corwyy T Sewnispyy

The reason why the above ratios are all shown is that the past literature [Kaldor
1978, Pasinetti 1962, 1966, and others] has not clarified a whole relationship be-

~ tween the relative share of profit and propensities in terms of investment. The
author’s model (the corporate financed growth model, CFGM) clarifies this rela-
tionship as a base using the financial structure of products. Even for an open Sys-
tem, this structure is épplicable if ‘the surplus of the nation’ is given as the domestic

difference between saving and investment.

2.2 | Equations expressed ﬁy 7 and €2 in terms of labour and capital produc-
tivity
Using the above assumptions and equations, values and ratios needed for produc-
tivity are endogenously obtaingd and expressed only ﬁsing mand Qp. It implies
that equations are shown under T=n"=a constant and Q,=0%=a constant. When
7 (g,) under a constant Oy or Qp(g},) under a constant 7 is introduced, these equa-
tions become composite functions, where 7, Qp, and n are parameters while g, is an

independent variable: gil:(p(ﬂ:, Qp, n). This is discussed in the next section.
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With necessary processes (for notations, see Table 1):

_ Sg_ ASp _ Sp |
L. SSP=1T_ AP —F Sgp~— QP_I_I (1)
SOAS, S, T , : ‘
2. Sspy= 7}3:1‘;: ?P Sgpry = m 2)
- ,
AY Ssprv ]~+QP 3
3_ — = et oy - 3
&= ' 1—sgr [ 1+77:QP 1+Q,-7 3)
_AY _ 1 A
_ AK» __ T
> &w= K; S W ®)
LO _ Yo(l +gy)
0. (Ng) (1+gY/NE)f N(1+n) (6)
. n
gy=gm5+n+gws'n6) gY/NE:% or,
[ Y+AY | Y° _{(+gy) _&rn |
grme= (N2+ANE / Nﬁé)‘l ((1+n) e - @)
o — T _n
B8 QA Ty (L) (1+) | ®
y° Yo(l +gy)
7. () A+ =0
(Kg)( Svir) Kg(lJrng)
8v=8vixrt 8xrt 8rixp' Exp 8yxp— %_ﬁ& 9
Exp
_ 8 8kp _ _ ‘ —O0—
Sykr= =0 and gy=gxr under p=0%p=a constant
1+ggp _
- Y +AY |, Y° (1+gy 8r8kp
==/ =] 1= —]=== 10
Brr= (K2+AKP Kg) ((1+ 2)) 0 1tge (10)
gyr=0, if gy=gkp
8. grrsr= Er ks (1)
1+ ggsp

gv=Zyispt Lxspt Crrsp* Lxsp

6) When the continuous time is used, the value of “gyneen’ becomes zero by differentia-

tion. The discrete time cannot omit this value.

_‘15___
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Also, gy=gxsp-Qp since the denominator of gxgp is Kb and the denominator of gy is

Y? by definitions. |
_ (€2—1)

BYKSP ™ O QI —m) 70 | |

_ Zrsp(£2p—-1) _ gr(Qp-1) g y(£2,—1) — (Qp—1)

or, | (12)

= = ' 13
g‘Y/K;P - 1+ ggp 0 etgy Qptgy Q(1+Qp-myt+rm (13)
_ LT, :
9. Gromr= M/ﬁ _1= (e _(1ter _1 14
COSTETANT AN, NG (+ny ) \1+n

SN BT Qe T—m) (17)  (1+n)

The following propensities to save or consume are consistent with the above equa-
 tions in the CFGM (in detail, see another paper):  These also constitute composite

functions.

_ S?VD: ASwp _ Swp (Qp—1)

1. swp= AW - Swo/w= QD (-7 where Syp=Sw+Smn;
(16)
0 ASyp S Q1)
2. s = wD — wD — WD S — _—P__ 17
70 7° AY Yy WD/Y Ot 1 (17)
3. sp=B_ S _Swr O ) =m(1=250) (18)
w  Y(l-m) 1-=m P .

Swoy=Sspr(Qp— 1)=7z(1 ~28sp) /
This equation shows an important relationship between sypy and sgpy under
constant wand Qp. It 'implies that Sypy<Sspry if Qp<2, Sy Sspry iIf Qp>2, and

Swo/v™ Sspry if Qp=2 .

0
4 _ Swoesp _ Aswpsp _ Sworsp
- SwprspyY= YO - =

AY Y .
(Qp—1 T -
Swprspyr=Swpy T Ssexn™ 1(_*_22 ) -+ 1+QP= 1+Q}; (19)
- ,

5. SWD/(DI+W)=SDI/DI=Sw/W=SWD/Y'Y/(1-“Ssp/y)Y

Sip__ _ASwyy _ Sy

Swoyw+pn=Swoy/(1 —Sspry) = Y-S} AY-AS, Y-S,
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_ Q) 14Qen m(@Qe1)

20
1+Q, | 1+Q, 1+Qpx - (20)
6.  Cpuw/(Di+W)=(1—swpy—Ssprv)/(1—Sspy)
Ry 1+€2p(1-7)
ony=1— — =]- P = 21
C(w+DIyY Swpry " Sspry 1+Q, 1+, (21)
Chn ACp Cor Qu(l—-m+1
Comwyy= oY = DV — OO Corwyy™ —Iig—)"— (22)

Y AY Y Qp+1

3. Introduction of the rate of technological progress g,

3.1 Definitions and measurement of technological progress

Before starting the rate of technological progress g.., a whole version in the CFGM
is illustrated in terms of productivity. This Figure 2 is a base for following
sections. The value of g, is a unique variable and without this the financial struc-

ture of products cannot develop into functions.

Figure 2 Ilustration of “functions of gf,,” in the CFGM

The financial structure of products:
T, Qp, 11 are parameters. gn=gmn(n), if n is a variable.

All variables are shown using &, p, and n.

Functions in terms of two formulations: ©1=CQ;*p and k=Qp-y
Under constant Qp: 10(gn), P& K(8w), Y (Em)

Under constant T: Qe(gm), P (g, X(gn), ¥ (&)
Other variables use the above functions in the composite functions.

First, the coefficient of technological progress, m’, is obtained in the financial
structure of products which is under t=n"=a constant and Q,=Qp=a constant.
Second, under Q,=Q%=a constant, m" changes after T changes: (T#%,). Or, under
n=n"=a constant, the same m" is replaced by a new m" after Q; changes: (Qp#Q3).

m’ in the model is defined as the growth rate of labour productivity diVided by the

| — 17 — |
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investment-output ratio gaxpy=AKs/Y": m =gy ne/AKp/Y. The value of m" is mea-
sured only if three parameters, 7, (;, and n, are given. When the values of T or Qp
vary as the result of investment and the change in price level, a new m" will be
measured. Then, the rate of technological progress g, is defined and measured as
(m"'-m")/m™ under the balanced growth state of “gy=g..” The unbalanced growth

¢ € e

state of “g§#g%,” is not treated in this ’paper.

The change in the coefficient of technological progress and the rate of techno-
logical progress are treated in this section as follows (see Figure 3 and Appendix):
1. Under both x=n’=a constant and Qp%§23=a constant, m" remains unchanged

and g,=0 (already developed in the financial structure of products). |
2. Under Qp=Qp=a constant (n#7n’), m" changes and g;,#0 (in Section 3.2)
3. Under n=n’=a constant (Q;#Q%), m" Changes and g;#O (in Section 3.3)

4. When both Q; and 7 change, m” also changes and g,,#0 (in Section 3.4)

The fundamental rela_tionships in terms of the coefficient of technological progfess,’
m’, are summarized before presenting functions of the rate of technological progress,
gn Bothm'and g}, are derived endogenously in the CFGM. The production
function shows the exogenous factor A(t) as “an increasing SCéle factor.” [Solow,
1956. P. 85]. However, the CFGM distinguishes the coefficient of technological
progress with the growth rate of output although both are endogenously measured.
Also, the increasing/decreasing returns afe shown by using the rate of profit p=P/K}
since the CFGM is set under fixed price level. This rate of proﬁt i§ principally a
variable since the capital-output ratio Q, and the relative share of profit 7 are both
initial parameters. The rate of profit p function of m’ or g is particularly mean-
ingful in terms of the increasing/decreasing returns. Equations in terms of techno-
logical progress are now shown as follows (hereunder, new number is adopted for

each equation since each is specified in terms of technological progress):
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. : w oo _ 1
A unique equation, (1—-A4 -m )gy=n, where A= OREE) D)
This is derived using gy=gyns(1+n)+n and gyyr=gy Qp-m’
By combining the above two, gy= gy Qp-m +gy Qpem’ +ntn

As aresult, (1-Qp-m —Qp-m’ -n)gy=n

1

Therefore, (1-4-m )gy=n, if A= m

(m-1)

This equation will be also used for further study on human capital.

2. The process to lead the relationship between the investment-output ratio and
the growth rate of labour productivity by using m’, T, Qy, and n is shown below. It

is noted that the value of m’ reduces to Y/K, if n is zero.

8y 1 T

grpdprm :gY/NE=1_+’; gy m

— ﬂ—]’l(l""gp—ﬂ:)
EYNE (1+Qp—n)(1+n)

‘ . vy — ﬂ:'QP'm*
gKP QP m , 1+QP_TL_

n‘Qp'm*,z 7[“71(1+Qp—n)
1+Qp—7m  (1+Qp—m)(1+n)

As aresult, 7-Qp m

(1+n)
Thus’ m*= ﬂ(l"'n)“'n(gp‘l_].) 7 (m_2)
7-Qp(1+n)
or,
= n m(l+n)—n or Q= n(l+n)—n (m-3)

_ < L
n(l+n)  Qp-z(1+n) w-m (1+n)+n

The value of m" is calculated only in the financial structure of products under

constant T, Qp, and n. However, it is possible to obtain gn(n) if n is set as a

7) Ifn=0, then, m"=1/Q. It does not reduce to non-sense, but it implies that m" is more

important with n#0, where human capital cooperates with fixed assets/capital stock.
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variable. A new value of m™ is obtained, in the same way as the case of m’'=m",
under a new condition that 7 or Qp and n change. A path is: by the change of n, the

*) . ) .. * * . -
value of m" is renewed and this is denoted as m"', where m"™ changes to m™'=

(1+g)m™

e AL -n(1+Qp) _ m-n(1+Q,-7)
w-Qp(1+n) - Qp-n+m-Qp
' ()= w-n(1+Qp—7)
T Qpn+mw-Qp
a—-n(1+Qp—17)
7T Qpnt+m-Qp -

gn(n)= n}"o l:(— ﬂ(lﬁn) + 61(31;(”1);’;’)) _m*o] (m-5)

This function shows the interesting relationship between the two variables under the

1f n is a parameter or

(m-4)-

As aresult, g, (n)= ( m*°) /m™ if nis a variable or,

financial structure of products. This relationship differs by the stage of the finan-
cial structure of products, depending on the level of human capital. In the litera-
ture such as Becker [1975], Lubas [1988], and Romer [1986], human capital is dif-
ferently treated. ~The relationship among Qp, 7T, n, and m” and g}, is not introduced
into each model in terms of the investment-output ratio, gaxpy, but both, the litera-
ture and aﬁthor’s model, commonly pay attention to the important function of hu-
man capital, which is just expressed by Equation m-5 in the author’s model. In
this sense, the results of an empirical study by country will attract readers' attention
(see Appendix By country).

Finally, this g;, becomes an independent variable in two ways once the value bf n
is fixed (as a constant). This is discussed below. |
1. m=n(g,) under a constant Qp: any‘ variable=f|r (g:n),_QP]

2. Q=Q(g,,) under a constant 7: any variable=h[Qy(gy,), 7]

_gp —
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3.2 Under Q,=Q%=a constant
Now, gy, gm}E, and 7 functions of gfn are shown, starting with “replacing m”® by

* ”

m''=m" (1+g,).” Alternatively, gy, gvmz, and T can be shown as functions of
m. If gfn=(p(n, Q,, 1) holds, then, each of 7, Qp, and n must be parameters, and
this is consistent with all the yariables which were reduced to the combination of ,
Q., and n. These functions are also applicable to discrete production functions

which will be stated below.

Tnstead of Qp(g}), (g5 is derived in this section since w#n". For simplicity,
1

some symbols are used hereunder: e.g., 4= [ONGED)) (already stated above).
R | (m-6)
. \&m —m +A
since gy(g,)= nd or gi(gy)=—LAm

—gnem +H(A—m) —gut(d—m))m’
This is derived by using gKP-m*Z gy and accordingly,

gr Qp(1 +g*m) m = (ng_n

as follows:

+n
o= gr-n—gpQp-m'(1+g,) _ gl1-m'/4)—n
; gY'QP'm (1+gm) : gym /A
sv_ _ n-A
Then, gy(g,,,) —
e m - Qpd _ _p  A-n/(1+n)
. = = + A
2 gY/NE(gm) —m+A 1+n A

_ —n_, _A-nl(l+n)m’ )

C1+n  —gt(d-m)im
3. ag)An(rQn) _ An(LQp)m
T T A ) gt A ) —m)m

(m-8)
In addition to the above three fundamental functions, the following three func-
tions are derived using each function of gy,

A-n _ A-nim’
“m ge—m +A(1+n)  —g,—1+A(1+n)im

4. sserlg :1) = (m-9)
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N QP.‘n A _ Qpn -A/m*
5. gAKP/Y(gm) _m* -g;—m*-l‘A __g;"n_l_f_A/m’r (m—lO)
A'I’l(1+.Q.p) _ A'n(l"i'Qp)/Qp'm* (m-ll)

6. p(gm)= Qr (mg—m +A(1tn)) —ga1+A(1+n)m .

Finally, some increase and ‘decrease rates as a function of g, aré‘conclusively
shown since these are needed for discrete production functions.
E(g)= ~(gy -B~(1-B))—gy-C(1-B)

 (gh-B-(1-B)—gH1-B)
1+ —gy(1+C)(1-B)/B

T g—(I7g)(1-BYB (m-12)
‘where, B=Qy-m’(14n) C=—2r1°7
NIES . :
égy= ggYﬂVE gY D+n —~1, where D=gy(1+n) . (m-13)
. . —&(1-BYB-D (. » | |
égY/NE(gm) gf,,—(l—B)/B -1+ D | | (m-14)

3.3 Under t=7n"=2a constant

' Instead of T(Zm), Qe(gh) is, in the similar way as above, derived since Qp# Q.

n_ l—n/m(1+n) _ 1-E __n_ )
Qp(m’) m*+n/7r(1+n) TR where E OETY (m-15)
If g, is used instead of m’,
e (I=Eym . (140t
Qr(g,) T Bty sincem =m (1 gm).,
Qp(g))=——L=EVm | | (m-16)

ot E+mym
Just for information, m'(;) is used to measure the value m" when Q is given as
a pararneter:

1-—r
. . n(l+n)
m (QP)_“_ 71'( 1n+n) QP

(m-17)
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1-E

m'(Qp)=—E+ —5— | (m-18)

Qp

Other functlons of g, are obtained as follows:

gv(gm)

(1-EYm™ . .=z
TGy T 8T G I-n

. (g, H(E+m)m)
g1(gn)= (1—E)/m*f(g;ﬂETm*)/m*)(l—n)

Insert Qp=

&+ (B+mym')] (1 ”) |

_ g HE+m)m
1-7 -7\ (-E) (1-E)
’ H(E+mm + . CH(E+m))/m'+
g (n) (B+m) (”) ID ey {2
N :1+F G — —G'H -
gv(gn) ?g%WF—JrLHT G+ o (F ) (m-19)
where, F'= E+’,;” , G= T_ and H=-.L-E—*—
m -7 (1-m)ym
gY/NE(g;)
. + n
Insert gy(g,)= % mto gywe= iYJr—n s
(e thG )
gone(El)= g tF+H) (gt F)G-n(g.tF+H)
" 1+n (1+n)(g,+F+H)
v, gu(G-n)*+F.G—n(F+H)
grme(8n)= =
g.(1+n)+(F+H)(1+n)

, . G-n -H-G ‘ e
gY/NE(gm) (1+I’l) + g;(1+n)+(F+H)(1+n) (m 20)
SSP/Y(ng)

Insert gy(g,)= %(TF%% into Sgpy= T—%,
(g, PG
sooplg)= —BntEHD) (284G
D @G e EHDFE PG
' +(F+H)
2., G+F-G

Sserr(8m)= g (1+G) T (F+H)+F- G °
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x F.-G(1-nm)—(F+ /(1+G) .
SSP/Y(gm)ZTC+( ( *j)F ((1+(I;§)+”])—[ ( ) since ”:\l_fC_? (m-21)
4. plgw)
y=__(1 E)/m _
Insert Qx(g,)= TAEm N into p= QP
. T gt E+m)m’ \ _ m(+F)
m) = T : = = -22
P& = m ”( (1—Eym (1—Eym (m-22)
gt (E+Am)Im .

5. gAK_P/Y(ng)

This is an investment function which is most typical. When Q, varies under a

constant 1T, a convenient relationship that g,= g@ doesnothold. Thus, gupy=gxp- Qb

holds, but gakpy=gy*Q; does not hold.  For this solution, the value of Zxp must be

measured independently from gy. How is it possible? By introducing the increase

and decrease rate of the capital-output ratio, it is solved. The concept of the in-

crease and decrease rate £, was stated earlier above. When this concept is apphed

to L2, the value of g, is measured using & qp=(Qp— Q" )/Qp as follows:

First, by illustrating the basic relationship in the formulation of productivity,

AK, ‘
Bakpiy™ 0 d KPZK(I)’(l +gKP) AKP=K(1)>'gKP
p(1+Eqp)
Y=Y0(1+gY)

Kp(1+ger)= Y0(1+gY) Qp(1+&qp)
(Zaxpry=0%" gxe Can be used if gypyy is given.)
As aresult, ger=gy+Ear(1+8y) or go=Ear+gy(1+Eap)
Then, if € is measured, the yalue of gg» is obtained endogenously.

Define F;QPE (QP*QPO)/QPO

(1-EYm"
gt (E+m)m

Insert Qp(g,)= ~into Eqp
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Figure 3 Technological progress to prevent the decreasing returns: the rate of profit
shows increasing/decreasing returns (see more in Appendix B-1 and B-2)

Capital-output ratio and geowth rate of output by m

Qp(y axis) and gy(x axis) by m": n=0.02
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6.0
4.0
2.0
0.0
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~Since g,,=0 in the case of QY

(1-EYm’ (1-EYm"

“\_ gt (E+m)m  (E+m)m _ F _Et+m’
Ear(gn) 1B ey —1, where F =
(E+m))m" , . (m-23)

Thus, gxe(8m)=8v(gm)+Ear(gm) (1 +2v(gh) ® -

Finally, this paper does not present all the increase and decrease rates for simplic-

ity, but the following ratios as a function of g, are vital in discrete production func-

tions:

g= T and ng=gY+<§gp(1 +gvy) or gyng= crnt

Qpt+1-m 1+n

And thus, &= §m+gr/NE(1 +&ap).
The value of &, (g, ) is, thus, as follows: ;

Eu(gn)=Ear(gn)+grn(gn) (1+Ear(g)), where

. F o Gon _H-G
Sar(gn) TAF 1 and gyne(gn) a+n) " 2.(1+n)+(F+H)(1+n)
where, G=—%— pg=_1-E (m-24)

-z (1-mym

3.4 When both Q;, and 7 simultaneously change

When the saving-side and the investment-side are integrated, bofh Qp and T be-
corﬁe variables at the same time. This is discussed in another paper in detail.g)
Conclusively speaking,

For the saving-side:

% =sspr* Qp(1+gy)=gy Qp : ' (m-25)

8) Ifg,=0 under a constant , the above function does not hold and returns to Q,=Q%=a
constant. ‘

9) Kamiryo, H. 1998. Economic accounting: A common approach to macro and micro
analyses using national and corporate accounts. Forthcoming. A monograph series: the

Institute for Advanced Studies, Hiroshima Shudo University. 300pp.



Hideyuki Kamiryo: A two-sector model of growth based on corporate finance (3):
technological progress, labour productivity, and capital-out-
put ratio : '

gv(m, p)= ﬁ#{ , where no parameter exists.

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

I
Fomer =
Y. +n)+n. . |
2T, Q)= m -7-Cp(1 n) n M’ | ‘ (m-26)
where, M=Qp+1-7, and n and m’ are parameters.
. _ _Tm—n-M ' _ %)
m (n-a QP) Qp'n-(l +n) (m 27)
= n(QP+1) M- .
(Qp) Arny (= -0y (m-28)
_ _rm(l+m)—n 79
() m.m (1+n)+n ‘ (m-29)
"o Q1
Using 7 of the saving-side which sets gy fixed, 7= g_y_§_+;_),
Y
1+gy)— |
Qp(m)= L%M (m-30)
gy : ‘
+ . -
1+gy

There are two ways to obtain Qp and 7: first Q; (as a result, 7) or first 7 (as a
result, Q). Let the author show the case of first {2 (as a reSult, ).
Enter Equation 31 into Equation 29,
A-Q+B-QprC=0,
where, A=—m’- gy(1+n)
B=—m’-gy(1+gy)+grn
C=gyn

~B-—VB-44.C
24

Asa resullt, Q= (m-32)

Then, 7 is obtained usihg Equation 31.

The above quadratic function enables it possible to measure both Qp and 7 simulta-
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neously as variables.
4. Empirical results using national accounts of several countries

4.1 Outline of empirical study

This section shows some results of empirical study which uses by country the
initial values of Y, P, W, K, and N;. | Six countries were chosen since they have
each capital stock and capital consumption by sector: Japan, Sweden, UK, USA,
Germany, Australia. The results are showﬁ in “Average, Standard Deviation, Cor-
relation, and Regression” in Appendix. The analysis follows the formulations of
m=£2-p and k=C-y with the coefficient of technological progress, m’, where vy is
productivity of labour and €y is the reciprocal number of productivity of capital. For
international comparison of k and y, their values in a panel data approach are ad-
justed using exchange rate on a certain date: for example, ke;”hrate:k/exchange rate
and y™"*“=y/exchange rate, each on 3 March 1997 by BNZ TT BUY.

Conclusively speaking, the convergence of the level of per capita income or product
and the convergence of the standard deviation of the logarithm of per capital income
. [Barro, 1995, pp. 382-413] in a similar way of approach (see Figures 3 and 4 for
panel analyses). In discrete time, whatever relationships between normal and real
values and ratios are available. The most typical relationships are: the larger the k
and the standard deviation of log y the larger y and g,, However, these relation-
ships are controlled by the rate of technological progress g,,. The value of g},
rather do not stimulate but check the speed 6f growth rates of y and g,.

The author arranges the normal data base and the real data base (including loga-
rithm), and then, analyzes average, standard deviation, correlation, and regression
- using excel. For methodology in the real data base, First, a variable is the rate of
technological progress, g, as follows: |

1. Under a constant Qp: gy(g5,), yme(8h) O 8,(gh), T(gh), p(gh)
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2. Under a constant 7©: gy(g5), Zyne(En) OF 2,(8m): Sip(8m)s Zyre(Zm) = Erae(Em),
Qp(ga), P(gn) |

Appendix: “Empirical results of six countries” only shoW the cases of g,,=0.3 and
g7 =—0.3, but observations are common to other cases. Note that functions T(Z )
and Qp(g,,) constitute a part of composite functions for many variables, which are
shown only using 7 and €2, and sétting n as a constant/parameter: @ (7, Qp, n).

f(n(gh))=F.(g%) under a constant Q

h(Q(g)=H,(g.) under a constant T
For example, productivity of labour y=1;(Qp (g, T, n))=F (g%, under given 7 and
n, and productivity of capital Y/Kp="F,(Qp(g > T, 0)) = F,(g},) under a constant T,
and so on. The contents of other depehdent variables which are not directly re-
lated to the above two formulations, 1=Q-p and k=€;-y, are reviewed in a sepa-
rate paper. |

Second, in the financial structure of products under constant 7t and €2, the growth
rate of population/workers, n, is possible to change from a constant to a parameter:
gn(m). The value of g.(n) presents a unique perspective in terms of the relation-
ship between technological progress and population/workers. ~Each country has
its own characteristic in human capital and education, as diécussed by Romer, P.
[1986] and Lucas [1988], and this determines partly (together with corporate capi-
tal) the type of g’:n(n).‘ Again, this function, g;,(n), constitutes a part of a composite
function. However, this “relationship betvsfeen technological progress and popula-
tion/workers” does not directly connected with the above two composite functions
unless the value of g, in‘n(g’:n) or Q»(g.) equals the value of g, in g,(n). This is
because the base for g.,(n) is set as a condition that the Valﬁe of n is first given as a

constant and accordingly the value of m® is first fixed.
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4.2 Some results and propositions

Some characteristics are observed, as stated above, in actual values and theoreti-

cal real values (see Appendix).

For the rate of technological progress as an independent variable:

1.

Under a constant Qp, gy(g,), gyae(gn) o g,(8h), T(Lh), p(g5,) are rather stable
compared with those gy(gy), gvs(g) OF &,(E0), kr(Eh), Svice(2m)= Grar(gh):
Qu(g), p (gfn) under a constant 7. It implies that the change in the relative
share of profit recovers an equilibrium rather quickly. This is because the
change in the capital-output directly brings about the diffefence betweén the
growth rate of output and the growth rate of capital, and as a result the process
to bury the differeﬁce are more éomplicated.

Technological pro gress under a éonstant (2, apparently brings about the im-
provement of lébour productivity together with increasing relative share.
However, this technological progress conceals a crucial inevitable side of in-
vestment which is inclined to increase the capital-output ratio. It is suggested
that a base for economic policies should be, in the long run, based on decreas-
ing Qp and as a result, the diminishing returns are avoided.

Technological progress under a constant 7t brings about the aggravation of the

 capital-output ratio or the productivity of capital. This is typical when the

value of g, is negative. This is because the value of g, was defined as the
relaﬁonship between the investment-output ratio and the growth rate of labour
productivity. |

Despite, the changé in productivity of labour improves when the value of g, is

positive under a constant 7. It implies that labour and capital productivity

- cannot improved sepérately. At the sacrifice of the aggravation of capital pro-

ductivity, labour productivity improves in the short run. However, investment

should be done, without aggravating the capital-output ratio, so as to improve
labour productivity.
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Proposition 2  If the relative share of profit is stable and if the capital-output ratio

does not increase above a certain level, the growth rate of output is guaranteed sup-

ported by the improvement of labour productivity regardless of the growth rate of
population/workers. It implies that technological progress controls the contents of
the capital-output ratio and the growth rate of output/capital should be sustainable.
In terms of proposition 2, each country has its own stage, conditions, and state.
Thus, economic policies are not the same. It seems apparently paradoxical, but
- population/workers can get more thrqugh a sustainable relative share of profif.

Sudden decrease in the relative share of profit damage workers’ life and national
economy. Production is supported only by the corporate sector and the contents of
corporate investment and technological progress should aim at the improvement of
labour productivity in corporation with human capital. Too much production de-
stroys environment and too much government investment destroys economic sys-
tem. Also, too much welfare, particularly the raise of wage rate, is nonsense (be-
yond short-sighted) for pdpulation/workers themselves in real terms.

For the relationship between technological progress and population/workers:

1. g.(n)under constant 7t and Qp shows how this relationship be strongly related.
It implies that human capital in terms of technological progress spreads into the
relationship between labour and capital productivit}}.

2. However, from the viewpoint of full-employment, the number of population/
workers must be kept at a certain level which workers can accept. The in-
crease in population/workers seems to check technological progress to some
extent, but with the growth rate of. population/workers, technological progress -
is stimulated if the capital-output ratio is within a certain level. It implies that
human capital cooperates with corporate capital. This extent differs by the stage
of economic conditions in a country.

3. Abase of g,,(n)is set at the level of n=n’. It implies that the level of techno-
logical progress is set according to the current level ofn. The value of g is
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zero at n=n’, Where n’ shows actual growth rate in the next period (one period
back). The elasticity of n to g, differs considerably by period and country.
There exist a room for different policies by period and country.

4. The financial structure of products influences g,(n), but also the policies for
g..(1n) can change the financial structure of products. There is a room for re-
viewing the relationship between the level of technological progress and popu-
lation /workers. | |

Proposition 3  If the pattern of g, (n) is reviewed in the long run, un'employrhent is

solved to some extent. Population/workers are a given parameter, but is involved

in the relationship between technological progress and population/workers and set
under the controllability of the relationship between labour productivity and the
capital-output.

Proposition 4  If the rate of technological progress improves itself through effec-

tive investment, the financial structure of products is strengthened. This is a posi-

tive side of investment. It implies that inflation only damages this positive side of
invesﬁment and no others. |

Proposition 5  If the rate of technological progress gy, is a criterion for the deci-

sion-making of corporate investment, the diminishing returns can Be avoided since

the rate of profit improves as a result.
5. Review of representative framework: Hicks, Harrod, and Solow

By syntheéizing the formulation of T=£2-p and the formulation of productivity,
the review of representative models in the past are reviewed, the author thinks, more
properly than before. They start with the Cobb-Douglas (C-D) production func-
tion. The author thinks that the production function remains an expression of out-
put, and more important is how to endogenously derive growth rate‘s of Y and K.
Regardless of using the production function, it is vital to review the relationship



Hideyuki Kamiryo: A two-sector model of growth based on corporate finance (3):
technological progress, labour productivity, and capital-out-
put ratio
among gy, Zkp, and n in terms of productivity. Desp‘it.e, the synthesis of the two
formulation is expresséd using the concept of the production function and also clari-
fies some limitations of the C-D production function. This is one of intentions of
this section.  First of all, it is important to confirm a condition lying between T=£2;-p
and k=K,/N;, since k must change if t=a constant and if n is given.

First, the CFGM forms production functions under synthesis of the two formula-
tion and calls them as “discrete production functions.” The difference between
“continuous time” and “discrete time” is not important compared with the relation-
ship between the two formulations since discrete time can be expressed also using
~ continuous time. Discrete production functions present three types according to

the relationship between two formulations.

Given initial values are Y°, P°, N% and Ky. Variables are Y, P, N;and K;. nisa
constant and also becomes a Variai)le asn(gy), and g,, is an independent variable. Qp,
7, and p are each shown as Qp(g.,), n(g), and p(g,). If one of three components
is a constant, then, the othel; two are used as variables:

1. IfQ,=Q%=a constant, 7 and p are variables: t=m(g,,) and p=p (gm)

2. Ifn=n"=a constant, ; and p are variables: Q;=Q(g.,) and p=p(g,)

A similar treatment is applied to the formulation of (&) = (&> . (L) or
Nz Y Ng

k=,-y, but one of three must be a constant, and the other two are used as variables.

1. If L ﬁ =a constant, K and (L) are variables: k=k(g,,) and
Y YU NE E

=Y (8nm .
2. If (&) = (%) =a constant, Qp and (—)—7—> are variables: Qp=Q(g;,) and
Ng 0 | Ng |
Y=Y (gm) ‘

As aresult, the following three types are formed in terms of discrete production .
functions: |
Type1 Under Q,=Q3%=a constant: g,,#0
Variables: T=mt(g}) and p=p (g, Ex=L(g},) and &,=E,(gn)
_ k=k(gn) and y=y(ga), E=E(gn) and gyne=gyme(gn)
33 —
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0 0
Initial values are given: 7’ and p°, k’= £1;- and y'= —;—6
_ . 0 0
T Q—QY pl—p0 kK-
Whgre, &nET , Cap= PQOP , Ep= —p(—)—, and &= kb
gy~ Ekr |
T(A+E)=Qp p’(1+E,)  E=E, Qp,=Q0=a constant

ko'(1+&k)=QP'yo'(1+gY/NE) Ex=gvne  Ep=0

Type 2 Under t=n’=a constant: g,,#0 (under the neutrality of technological
progress)
Variables: Q,=Qp(gn) and p=p(g,), Ear=8ar(gn) and &,=E,(gr)
k=k(g;,) and y=y(gh), E=Eilgh) and gyne=gyma(gh)

Initial values are given: Q3 and p°, k° and y°

11
) : Ql - QO
where, gyneZgvre=E e Eiar= 1 ‘
o
8y# gkp
T =Q0(1+8&qe) -p°(1+E,) Ew#E, n=n'=a constant &,=0

K'(1+E)=Q0(1+&q) - y°(1 +gynr) Ex#E op™ gy k#k’

Type 3 Consideration of n: g,,=0 and g, #0
3-1 nis replaced by ggp: g,,=0

This case neglects the existence of n=a constant/parameter and assumes that the
growth rate of labour productivity g, is zero. Thus, it shows a special case that T,
Qp, k, and y are constants under g, =0. It cannot‘stay at a specified case of Type 2.
As long as the growth rate of labour productivity is zero under a certain fixed level
of technological progress, it returns back to the initial financial structure of prod-
ucts.
3-2 gy is replaced by gy=n+g,(1+n): g,20

34 —
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This case of gy=gxp may be called “the balanced growth steady-state.” Then, it
belongs to Type 1 and always satisfies both the financial structure of products and
the synthesis of the two formulations. However, it is not‘uhder T=a constant where
the neutrality of technological progress prevails in the continuous time. 7(gy,)
g =gyp may brings about gy# gyp. |

In short, when the financial structure of products is broken, the coefficient of
technological progress cannot be m’easured.'n= 2v=gkp may happen even under the
financial structure of products, but without a function of g, since g,=0. Any of

T(gh), Qe(gh), P (gm), k(gn), and y(g,,) do not hold (g,=0) under a constant rela-

tionship of ©°=Q3-p°.

Now, the author compares the above types (frameworks) with Hick’s, Harrod’s,
and Solow’s in terms of the C-D production function under constant ©. Each of
them introduces the réte of technological progress into the C-D production function

“in terms of the neutrality of technological progress, but each base for the rate of
technological progress differs even under the constant relative share of profit which
comes from the definition of the neutrality. This review will clarify the characters
and limitations which the C-D production function has implicitly. The review is

~ based on (1) the synthesis of the two formulations: T=C;-p and k=C2-y, and (2) a

common coefficient of technological progress m” which comes from the financial
structure of products and a common rate of technological progress g,, under the
synthesis of the two formulations.

First, the C-D production function can have both k=a constant and k+a constant.

1. Condition k=a constant: It requires the Hicks’ neutrality of technological

progress. This neutrality is defined as technological progress where the profit
distribution to wages, P/W=a constant. If both k=K/L and Fy/F; (= rental rate
r/wage rate w) are constant, then, the relative share of profit m-is constant and
the n™ homogeneity is one.
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2. Condition k#a constant: Under Harrod’s and Solow’s neutrality of technologi-
cal progress, the relative share of profit 7 is constant and the n™ homogeneity is
one.:

3. If either neutrality does not hold, then, the relative share of profit 7 is not
constant. However, the "™ homogeneity is not one in the continuous time.  As
a result, the production function is set either under the increasing returns to
scale (IRS) or the decreasing returns to scale (DRS). As already discussed,
this condition is inconsistent in terms of positive and negative profit.'?

Thus, the production function is stable under CRS (t=a constant and 1*® homoge-
neity) and this is the C-D production function.

If so, what is the difference between the C-D (continuous) production ﬁmction
and the discrete production function whose base is the financial structure of
products? The former must obey one of the neutrality of technological progress
while the latter must obey the three formations (including the formulation of change
in price level which is independent of the financial structure of products). Which
1s more important to a national economy? The former is specified (partial) while
the latter seems more general since the national economy needs, as a whole, each
balance of the financial structure of products and the formulation of change in price
level. This is more definitely discussed by using the elasticity of substitution G.
The value of ¢ is one in the case of the C-D production function since 1/w is as-
sumed to be equal to the marginal rate of substitution MRS=-dL/dK=(d/Y)/(0K) /
(0/Y)/(dL)=m/k(1-m). Itis suggested that the aggregate C-D production function
hoids only if the result under the marginal productivity involved in the aggregate C-
D production function equals the result under the formulation of change in price

level in the CFGM. This is because the formulation of change in price level must

10) KO6>1(IRS),K:r+L-w=0'p-Y>p-Y profit<0
If0=1(CRS),K:r+L-w=0-p-Y=p-Y  profit=0
If6<1 (DRS),K:r+L-w=08-p-Y<p-Y  profit>0
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independently be balanced as a part of the national economy in the same way as the
financial structure of products in real terms.

In more detail, let the author compare each framework in terms of the neutrality
of technological progress. This neutrality implies that the relative share of profit
is constant, and as a result, must be set under the above Type 2.

First, for Hicks [1946], again, if both k=K/L and Fy/F; (= rental rate r/wage rate
w) are constant, then, both k and Tt must be constant. This case corresponds with
one of Type 2 under constant ©. Type 3-2 as a speciﬁed exceptional type corre-
sponds with Hicks’ framework, if he intends to includes technological progress.
However, a state of n=gy=gg» implies that Q,(g5) does not exist while a state of
n<gy=ggp implies that Q.(g.) exists: gy=n-+g,(1+n).

Next, Harrod [1973] proposes a growth theory using the “warranted” growth
rate GWEAY/Y =s/v. His equation corresponds with an equation that gy= Scsp+wpyy/
Q, under any growth rate of population/workers, n. However, This corresponding
equation does not hold: gy#Sespwpyy/€2. This is because gy=Sspy/(1 —Sgpry) and
Scspewpyy=Ssprv T Swory=Sspry (1 +Qp—1)=5spry*Qp.  As a result, the above Harrod’s
equation is shown as gy equals Sgpy* Cp/Qp=Sgpry: Ey=Sspy. It implies that Harrod’s
GWEAY/YZS/V is the same as the author’s gy=sp+wpyy/Qe if Qp=1.  What does
Qp=1 imply? It implies that K, equals Y and that the growth rate of output gy

equals the growth rate of capital gg."”

11) The relationship between the natural growth rate of Harrod ([1973, p. 21], G,=the rate of
increase of the working population, n, and the rate of improvement in available technology
for the production of goods and services, g,) and gy=n+g,(1+n) or gy=g,+n(1+g,) in the

~ author’s model is shown using the increasing factor A of the production function as fol-

lows (as kindly shown by Tokimasa, 1997/10): G,= % +n while g,= %Jr(l —Q) %—(1 —o)n

I-a
since y= L£=AK -e %t and y=A4 (Lg) . However, the author uses m" and g}, which

are separated from the growth rate gy=gyy instead of A.
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Also, under the n" of homogeneity =1 (CRS), Harrod’s neutrality of technologi-
cal progress is defined as a condition that rental rate r=a constant and K/Y =a con-
étant. As a result, the relative share of profit, P/Y, is constant. If so, Harrod’s
framework (model) is nﬁsleading as follows:

1. The neutrality of technological progress implies that 7t is a constant and as a

| resuit, it must corresponds with Type 2. |

2. Despite, his neutrality holds when rental rate r=a constant and K/Y=a consfant
(see above). K/Y=a constant must follow the above Type 1, where Qp=Q5=a
constant and T=7(g,,). Type 1 is exactly capital-saving (or labour augnient—
ng).

3. When his growth theory (G,=AY/Y=s/v, see above) is taken into consideration,
then, the value of v (which corresponds with ;) only holds if Q, equals one.

4. As aresult, there are two alternatives: to take his neutrality or to take his growth
theory which was the first simple trial in the history of economics. It is sug-
gested that his model is generalized by introducing the rate of technological
progress T=7(g,,) under Q,=0%=a constant.

Contrary to Harrod, Solow [1956] proposed a model of labour-saving (or capital
augmenting). Solow’s -neutrality of technological progress is defined as a condi-
tion that wage rate w=a constant and Y/L=y=a constant. As a result, the relative
share of wages, w -L/Y, 1s constant. Solow’s model belongs to a case of Type 2,
where m=n"=a constant and Q,=Qy(g},). If Type 2 is set as y=y’=a constant un-
der k=k(gy,), then, this specified case exactly correspon@s with Solow’s model.
Type 2 can be divided into two cases: k=k(g,) under y=y0=a constant (Solow’s
case) and y=y(g,,) under k=k’=a constant. However, the author places a priority
on the improvement of labour productivity and moreover, the simultaneous balance
among k, Qp, and y: k(g,,)=Q(g%) 'y (g:) under constant 7. This case which var-
ies simultaneously holds in the “discrete” production function since Qx(g’,) is mea-
sured, but cannot be considered in the C-D production function which is tightly

— 38 —
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connected with the marginal productivity theory.'”
6. Conclusion

~ This paper introduced the coefficient of technological progress m’" and the rate of
technological progress i (=(m" —m™*)/m") into the model under the balanced growth
state that the growth rate of output equals the growth rate of corporate capital.
There are some definite differences between Keynesians’ approach and Neo-clas-
sical approach which uses the Cobb-Douglas (C-D) production function. The author
was advised to take a third path between them.”  The financial structure of prod-
ucts (FSP) is used as a‘base for common relationship between the above two ap-
bproaches; Keynesians® equations and the C-D production function. The FSP is
expressed using equations, but leads to saving/investment functions in discrete time.
However, discrete saving functions cannot correspond with the C-D production func-
tion, but discrete investment functions which introduces the growth rate bf popula-
tion/workers corresponds with the C-D production function. For discrete invest-
ment functions;
1. Under constant 7, Qp, and n as parameters, the coefficient of technolo‘gical
progress m_ is introduced aﬁd measured endogenously.
2. Under constant n as a parameter and varying % or 2, br varying T and €, as

variables; the rate of technological progress g, is introduced and measured

12) For example, Solow [1956] states that AY =AK -MPK+AL -MPL=AK - %’(QML : STY:
e AT — g 9Y A aY _ _ 1 |
if AL=0, then, AY=AK 3K (Sp+Sw) o , Where 3K f(Q) O

13) I had an invaluable opportunity to stay at the University of Cambridge in summer of
1996, where, Dr. G.C. Harcourt and Dr. G. Whittington admonished the author, in terms of
economics and accounting, to understand that both are different in philosophy and not to
bemixed up. Also, Dr. J. O’Connell advised me to take a different path by endogenously

reconsidering the characters of &, Qp and p.

39
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endogenously. |

3. Both cases lead to a similar condition to the C-D production function, and de-
rive discrete investment functions. These discrete investment fuinctions are
expressed using 7, {p, and n together with m” and g;, (although discrete saving
functions are expressed using & and €2, but without using n).

- In terms of investment functions, the FSP is formulated into the synthesis of two
formulations: T=€2-p and k=, -y, both of which afe shown using T (g},) under
constant £, or Qp(gtn) under constant . The relationship between these two for-
mulations is expressed using discrete investment functions , and to some extent is
compared with the C-D production function. The C-D production function is also
based on the synthesis of the two formulations, but needs, as a special case, the
neutrality of technological progress. In a sense, discrete investment functions is

more general than the C-D production function bound by the neutrality of techno-

logical progress which assumes constant relative share of profit."¥

When the C-D production function introduces the saving ratio, the diminishing
returns are inevitable [Solow, 1956, p. 85]. It is needed to add “an increasing fac-
tor” A(t) into the C-D production function which prevent the diminishing returns. -
A(t) as an exogenous variable is “one plus the growth rate” in thereal terms.  Discrete
investment functions in this paper, however, endogenously distinguishes the growth
rate of output/capital, gy=g,, with the coefficient of technological progress, m’,
and the rate of technological progress, g,,. A distinguished characteristic of dis-
crete investment functions is to be able to prove an endogenous power to convert the

diminishing returns to increasing returns by the introduction of g,. This is shown

by Figure 3 and Appendixes B-1 and B-2 which show the rate of profit p in the real

14)  Furthermore, only if the Euler’s theorem/the marginal productivity theory and the mar-
ginal utility theory match the result of “the balanced formulation of change in price 1level,”
of the author’s, then, the aggregate C-D production function holds regardless of the num-

ber of goods (since both are under the constant returns to scale).
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terms. The value of p increases if the growth rate of output/capital becomes higher
along with higher g,,. Also, the value of p is stable and in favour of increasing
returns if the capital-output ratio ﬁes above one and below two. When the capital-
output ratio is higher than 2.5, the value of p becomes considerably unstable even
under the same level of g,,. These relationships are not clarified in the C-D pro-
duction function.

Observations of empirical study for six countries in 1982—-1994 show some new
findings, but, most of them are what already found in fhe panel data approach in the
past. A criterion of the improvement in labour productivity is most important both
for investment and economic sustainable growth, but is apt to result in larger capi-
tal-labour ratio k: the correlation between k and y is surprisingly high. The capi-
tal-output ratio determines endo genously the growth rate of output together with the
relative share of profit. Accordingr to the stage of capital accumulation, different
policies are endogenously suggested by country, region, and company: for example,
for matured countries, to decrease capital stock by using the rate of economic depre-
ciatioﬁ (through tax system); for developing countries, to improve labour productiv-
ity allowing the capital-output ratio to be higher; and for both, to set a criteria of net
investment Whiéh improves labour productivity together with the rate of techno-
logical progress. It implies human capital and knowledge productivity should be

used not to increase physical capital.
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APPENDIXES

Appendix A Revise of assumptions in the model

In the last paper [1997, 38(1)], the author presented Assumptions 1 to 8. How-
ever, two of them were “sufficient conditions” themselves and were not signifi-
cantly tésted by the panel data analysis [1982-94] which uses actual data. Asa

result, the author replaces these two assumptions by the following Assumptions 7

and 8 which are significantly tested. Using Assumptions 7 and 8, sufficient condi-

tions are derived and the growth rate of output gy becomes equal to the growth rate
of capital ggp. Assumptions 1 to 3 have been generally used in the discussions
between Pasinetti and anti-Pasinetti [1962—-1995]. Assumptions 7 and 8 are the
author’s own and leads to a new model which sets propensities to save as variables

(not as parameters which the literature has taken up to date).

1. The ratio of the capital owned by capitalists to the capital owned by workers
equals the ratio of the savings by capitalists to the savings by workers.

2. Dividends and wages are treated homogeneously, even if each propensity to
save differs. Then, a weighted average ratio of saved dividends and wages to
dividends and wages is calculated under a “two class” model; capitalists and
worker’s coexist.

3. The author’s revised assumption: Each retention ratio of capital owned by capi-
talists or workers is distinguished from the dividend and/or wage propensities
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to save. This is typically expressed as a “one class model” where capital is
owned only by workers.

4. Under no technical progress in the balanced growth state that the growth rate of
output and the growth rate of capital Vare the same, propensities to save, the
capital-output ratio, and the rate of profit are fixed.

5. Under technical progress in the balanced growth state that the growth rate of
output and the growth rate of capital are the same, the relative share of profit
still remains ﬁxed, but the capital-output ratio and the rate of profit vary.

6. Related saving ratios remain fixed in both cases of Assumptions 4 and 5.

7. The author’s added assumption: Saving is proportional to undistributed profit.
It implies that the difference between the theoreticai wage and dividend saving
ratio and the expected wage and dividend saving ratio does not last in the real
world. - .

8. The author’s added assumption: - - The growth rate of capital is proportional to
the ratio of dividends to capital. ~Since firms retain all undistributed profit, the
workers need an equal right for the payment of dividends under any retention
ratio. This assumption reduces to a certain proportional relationship between
dividends and investment.

The balanced growth state, where gy=ggp, holds only if AY=SP, K=Y, and

QK,=D,. These constitute the three sufficient conditions for gy=gxs. The above

Assumptions 4, 5, and 6 constitute the necessary condition for gy=ggp.

— 44 —
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Appendix B-1 The capital-output ratio and the rate of technological progress by

the relative share of profit 7

n=0.01 Q; (y axis) and g, (x axis)
=0.15 | 4 —
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m=0.3 25 ¢ — — —
2 n=0.04
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n=0.01 Q; (y axis) and g, (x axis)
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~ Appendix B-2  The rate of profit and the rate of technological progress by the

relative share of profit

n=0.01 axi : i |
p (y axis) and g, (x axis)
m=015 | 00 e
0.03 —— e O=15
R EsmeTe e e N | L Q=2
'+ 0.01
o oo Y=0§
0
i - —-0=3
-0.01 e
-0.1 0 0.1 0.2 0.3 0.4 0.5
n=0.01 p (y axis) and g, (x axis)
m=0.3 LS — ; G L

n=0,01
m=0.6
n=0.03 p (v axis) and g}; (x axis)
D e phaN
Q=1
—-—0=15
------ Q=2
Q=25
— =03
-1




Hideyuki Kamiryo: A two-sector model of growth based on corporate finance (3):
, technological progress, labour productivity, and capital-out-
put ratio

Appendix C Compare MPK and MPL of the production function with those of

the discrete S-I relationship:
‘1. The marginal product of capital in the production function, MPK, is defined
and measured as follows; MPK = g—}; =AoK*"' L' and MPL= %%=AK“(1>—
o) L. If the production function is combined with profit maximization, then,
the results are shown as MPK=r and MPL=w, where r is the rental price of
capital measured in terms of goods, and w is goods wage rate.

2. The notion of MPK and MPL are applied to the S-I relationship if MPK i1s
defined as AY/AK and MPL is deﬁned as AY/AL. Sufficient conditions are
AY =S, K&%=Y" or K%p=K%—Y?, and D;=Sp+Syp, under necessary conditions;
the relative share of profit i, the capital outpﬁt ratio Qp, and the rate of profit are

fixed p, where t=Qp-p. Under these conditions (omit the notation “*” for the

balanced growth state),

AY _Ylgy m
AL Np-n (ptl-mn

AY _ S, _ 1 _
AK . SP+SWD QP MPL_

MPK=

3. The condition that MPK equals MPL in the S-I relationship is derived using the

above equations as follows:

1y
Q, (Q+1-mn

\ | L0
. P=(C +1-— =y = n‘—gzpl_l_
T QP y=(Qpt1-mn Thus, n=n Qo on

This cbndition cyorresponds with the balanced growth steady-state or the golden
age, where | 7 |
gy=grp=n and n=n".
4. If MPK in thé production function equals MPK in the S-I'relationship, then,
what happens? o
MPK in the production function; MPK=r
MPK in the S-I relationship; MPKg ;= 1/Qyp
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Thus, r must be equal to 1/€2 or 1=r-Qp. For example, if r is 0.2, then, Qp
is 5 and if ris 0.1, then, Q, is 10. These levels of Q, are considerably high in the
real world.
Furthermore, if o= % in the production function assuming profit maximiza-
tion, then, the relative share of profit in the S-1 relationship is shown as,
K 1 _ v ‘
. Yy Q ’ - _
5. IfMPL in the production function equals MPL in the S-I relationship, then,

what happehs?

MPL in the production function; MPL=w ar;d (1-a)= Kyé , Where w=(1-

q)y.
| MPL in the S-I relationship; MPLg ;=(1-m)y, where y=y’(1=g,) and g, is
determined using the growth rate of population/workers.

Thus, “w” must be equal to (1-m)y. For example, if w is 0.2, which is
equal to 1, then, y is 0.2222 (neglecting g,) if tis 0.1. If wis 0.2, which is equal to
1, then, y is 0.25 (neglecting g,) if wis 0.2. These levels of 7t may be plausible if y
is right. | |

6. If MPK equals MPL and if this is applied to those in the S-I relationship, then,
what happens? ‘

First, let the author discuss in more detail the contents of MPLg ; using (1—

wL

)= v - Assume that the growth rate of population/workers is zero, then, the

growth rate of output, gy, equals the growth rate of labour productivity, g,. The

author can use gy= ﬁ—n i
1

Q41 _ (1-m)(@+ 1)y

w=(1-a)y=(1-my=~1-n))"(1+g)=(1-n)"

1 _ (-m(Qet1)y”
’ QP QP+1—7I

If r=w, then or Qu(Qt+ 1) (1-7)y*=Qpt+ 1 -7

Solving €2 in the above quadratic function of €,
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0. ~(-my'- D) ([(A-my*- ' -4(1-n].y’

’ 2(1-m)y”

For example, if ©=0.2 and y°=0.25, then, (1-1t)y’~1=—0.8 and ((1-m)y"—1)’=
0.64, and © is 255 0()'(214_0'64 —2. Tt shows that this solution is right if ((1 -
1)y°—1) is equal to 4 (1-m)>-y’. It implies that MPK=MPL or “r=w" is plausible

since this ratio of the capital-output ratio is plausible and meaningful, where undis-
tributed profit equals savings of wages and dividends. However, for another ex-
ample, if ©=0.1 and y’=0.2222, then, (1-1)y’~1=-0.8 and ((1-m)y"~1)*=0.64,
but 4(1—m)+y°=0.719928 and Qp is 0'8i)0'6g 20'719928 which is undefined. If
n=0.3 and y’=0.285714 (=0.2/0.7 if w=0.2 and neglecting g,), then, (1-1)y’—1=

—0.8 and ((1-m)y’—1)*=0.64, but 4(1-7r)*-y’=0.56 and Q; is
y ‘

0.8+ 8.34—0.56 _ 0.8+0.282843 —2.7071 or

0.4
0.8— (()).34—0.56 _ 0.8—%2482843 =1.292893.

Compare ((1-1)y’—1)* with 4(1-m)*-y".
(1 -my*~1) =27y + 2y +2my"- 25+ 1
4(1-my-y"=4y"—8my*+47")° |
This condition is rather unstable even though w is given as (1-m)y. However,
the above function, Q,=Q5 (1, y°) always holds. It implies that the condition of
MPK=MPL or r=w generally holds.

Next, let the author discuss a special condition that ((1-1)y’—1)* equals 4(1—
n)i-yo. This is shown using the following two cases; using y° (before growth) and
using y=y"(1+gy) (after growth) for MPK=MPL. |
1. Suppose that w=(1-m) yb and 7w=71:— 1, using the result of MPL in the produc-

tion function (neglect g,). Then,

. .
-y _ o_ T
T T or
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If the equation between ((1—m)y’—1)* and 4(1—m)*-y’ in the above root is as-
sumed, then,

g,- ~(a=my-1)

o0.—w=1)
2(1=7m)) or Qp holds.

5 or y'= 1—_”—7; , the above equation does not

However, in the case of 7= T{—y

. 2
become equal as shown: ((1—75) % —1) =(n—1Y=m"-21+1
4(1—7:)21—3 —4n(1-m=dn—47°
Thus, the assumption that ((1-m)y*—1)’=4(1—p)*-y" is necessary in this case.
7. Suppose that w=(1-nt)y and w=n—1, where y=y"(1+gy) and assuming that

the growth rate of population/workers is zero (gy=g,), using the result of MPL

in the production function.

0( Qpt1 )
=2 y'(1+gy) =‘y’ Qptl-7
1+y  1+°(1+gy) 1+( QP+1>
Qpt+1-m

/(4 . Qptl-m
o YOte)=1r V1T and

When the above n=mn(y’) or y’=y°(r) is introduced, the function Qp=C, (7, y°) is
solved without assuming that the contents of the above root is zero. Furthermore,
in this case, if the equation of ((1-m)y’~1)*=4(1-m)*-y® is proved, then, it implies
that MPK=MPL holds under a specified condition that w= (1-0))y’=r, in the same
way as in the production function. ’ |

For this case, 7= —Y— or y= = , the above equation is proved to be equal by

I+y l-m
using p as follows: '

0,- ==y 1)) -m)y*-1y*-4(1-ny-)’

21—y’ (see above)
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(1-m)y' =174 (1-1y’=0

Just replacing y° by y for simplicity, (1-7)*y*~27(1~m)y+1=0.

_112(-mEN(—m+(-n _ 3272V -37+2

Then,
i -1 -7

8. MPK=MPL: in the productioh function and in the S-I relationship
In order to convert MPK and MPL in the production function to those in the S-I
relationship, the distribution share becomes a common base: how can o= % and

(1-a)= V;—L be converted to wand 1-1? A trial is as follows:
(1) Fromrto p= Z_ for o=, then, o= % =2 .0~
P P
(2) From w(=(1-a)y) to w (unchanged) for 1—o.=1-m, then,
_wL _ (1-my
l-o= 7
Next, an idea of MPK=MKUL in the S-I relationship is to convert r=w to that in

=]-m.

the S-I relationship using 7, Qp, and p.  This is possible if the growth rate of popu-

lation/workers, n, is used as a dependent variable under r=w and MPK=MPL.

= QLPZP w=(1—Ol)y=(1—7Z')y=(1—7r)y0(1+gy)

Furthermore, v
_8&rn o 18 Qpt1
& 1¥n & T4n QA+ 1-m(+n)

Then, —=(1-m)"(1+g,)
Qp

m_ (1-m)(Q+1)y°
Qp  (Qpt1-m)(1+n)

T(Qet 17y (1+1)=Qp(1-1) (Qpt 1))’

Qp(1-7m) (Qpt 1)y’

(1+n)=
w(Qpt+1-m)
_2(-m@+D)Y |
w(Qpt+1-m)

Using the above example (=2, ©=0.2, y’=0.25; accordingly, p=0.1),n=1.1429,

which is not plausible.
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2(1-m)y" 1
. rQ2-m ‘
y’=0.25; accordingly, p=0.2), n=0.1111, which is within a range of possibility de-

If Q; is one, then, n= Using the similar example (Q,=1, 1=0.2,

pending on the ratio of y°.  Note that t=p in this case. It implies that MPK =MPL

~and r=w hold also in discrete time if the capital output ratio is one.

If y is replaced by k (=y"/Qs), 7=(1-7m)k"(1+g,), and accordingly,

= (L=(Qt DR
(Qpt1-m)(1+n)

o (=@ DE
Qo+ 1—70)

, and accordingly,

2(1-m)k°
\ m(2—m) |
MPK=MPL and r=w hold also in discrete time if the capital output ratio is one.

If Q is one, then, n= —1, where y’=k°. This again shows that

Appendix D What is the condition that the relative elasticity of substitution ¢
equals one?

- Solow’s elasticity of substitution, G, is as follows:

Ak dk

o= k. _ k
d(riw) dr dw
riw rooow

where, 1 is the rental price of capital measured in terms of goods, and w is goods
wage rate. ‘
This is expressed in the case of discrete time as,

o= g—ig—’ where each g is corresponding growth rate.

Under a fixed capital-output ratio, g,=g, (since k=Q;-y under fixed Q;), and

__ m-Qpn
5T 0,(1+n)
parameter. Furthermore, under a state that gy=g,=n", where n" was shown as

if the growth rate of population/workers n is given as a
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* ﬂ:'QP'EO
_ m L2y (QPH—E)
gy l—m*'Q (Qp+l~ﬂ)+7t'gp'yo
F Qptl-7
or, g~ %’ then, replacenby n':
n-Qpy’ T wQpy
& opier _Qptlm Qptl-m . m(1-Qp)
& (Qpt1-m)+7m-Qpy’ Qpt1-m)+mQpy” ‘ (Qpt1-m)+7.Qp-y”
Qptl-m Qptl—7

~ This indicates that g, is shown without using n. However, the above two equa-
tions to derive the growth rate of labour productivity use both notions in the S-I
relationship and in MPK=MPL of the production function. ~As a result, these two
equations cannot be used. Empirical study shows these are inconsistent in the
model.

Turning to the relative elasticity, the growth rate of r is shown as follows:

11
T~ 0 0 1
r=1/Q; and g="2 1 & _ QPQ O gap=
P

Q'

Q' -Qp’
Q)

In the S-I relationship, the balanced growth state holds even if the capitaléoutput
varies if sufficient conditions hold under a new capital-output ratio Qp. This dif-
fers from the balanced growth state in the production function.

The growth rate of w is as follows:
1_..0 1.0 1.0
w=(l-m)y and g,,= ld OW =7 Oy =g, under fixed nt, where g,= b4 Oy . Asa
w y

result, o=— 8k & , if t is fixed and g,=0 under fixed €2;.

8w y

Note
A part of this paper was presented at the 10™ World Productivity Congress, San
Tiago on the 13" of October, 1997.
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technological progress, labour productivity, and capital-out-
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A two-sector model of growth based on corporate finance (3)
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A two-sector model of growth based on corporate finance (3)
technological progress, labour productivity, and capital-out-

Hideyuki Kamiryo
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technological progress, labour productivity, and capital-out-
put ratio

A two-sector model of growth based on corporate finance (3)

Hideyuki Kamtryo
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A two-sector model of growth based on corporate finance (3):

Hideyuki Kamiryo

technological progress, labour productivity, and capital-out-

put ratio
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A two-sector model of growth based on corporate finance (3):
technological progress, labour productivity, and capital-out-

Hideyuki Kamiryo
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technological progress, labour productivity, and capital-out-
put ratio :

A two-sector model of growth based on corporate finance (3)

Hideyuki Kamiryo
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A two-sector model of growth based on corporate finance (3)
technological progress, labour productivity, and capital-out-

Hideyuki Kamiryo
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technological progress, labour productivity, and capital-out:

A two-sector model of grthh based on corporate finance (3)

Hideyuki Kamiryo
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A two-sector model of growth based on corporate finance (3):
technological progress, labour productivity, and capital-out-
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A two-sector model of growth based on corporate finance (3)
technological progress, labour productivity, and capital-out-
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based on corporate finance (3):
technological progress, labour productivity, and capital-out-

A two-sector model of growth

Hideyuki Kamiryo

put ratio
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technological progress, labour productivity, and capital-out-
put ratio

A two-sector model of growth based on corporate finance (3)

Hideyuki Kamiryo
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A two-sector model of growth based on corporate finance (3)
technological progress, labour productivity, and capital-out-

Hideyuki Kamiryo
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A two-sector model of growth based on corporate finance (3):

Hideyuki Kamiryo

technological progress, labour productivity, and capital-out-

put ratio
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orate finance (3)
and capital-out-

A two-sector model of growth based on corp
technological progress, labour productivity,

Hideyuki Kamiryo

put ratio
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