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I. Introduction

There have been several attempts to study the incidence of various taxes
in the framework of general equilibrium (Feldstein [3](4], Diamond [2],
Kotlikoff and Summers(5]). They have succeeded in drawing more general
conclusions than the previous partial equilibrium analyses could do. But one
common drawback of these studies is that their assumptions on factor supplies
are of ad hoc nature to a great extent. For example, they generally assume
that the supply of each factor is either inelastic or an increasing function of
its net remuneration. This may be a harmless, frequently used macroeconomic
assumption, but it is not a necessary consequence of’ microeconomic theory. In
fact, it is theoretically possible that the supply of a factor is a decreasing
function of its net remuneration. Even though the general conclusions drawn
from these studies is that the incidence of a certain tax significantly depends
on the elasticities of factor supplies, no plausible explanation is given as to

what determines these elasticities and how they are affected by a change in
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economic environments, and so on. What they commonly lack is microeconomic
foundations on which their analyses should have been based.

The starting point of this study is individuals’ life-cycle allocation processes.
This microeconomic phenomena will be linked to such macro-economic pheno-
mena as the supplies of labor and capital through aggregation and steady-state
relationships. To highlight the long-run interdependence of labor supply and
capital accumulation, the analyses will be done in the framework of a growing
economy. Especially I will focus on the tax incidence along steady-state growth
paths, @

Section II presents the basic structure of the tax incidence model. It is shown
how individuals’ allocation processes can be linked to aggregate factor supplies
in a steady-state. Section III describes how equilibrium factor prices respond to
changes in parameters. Section IV discusses the responsiveness of factor supplies
to parameter changes in detail. Section V presents the generalized conditions of
the incidence of the wage income tax, while Section VI analyzes the incidence
of the interest income tax. The last section concludes this study with the brief

summary of the results,
II. Structure of the Model.

The present model is the simplest of general equilibrium with one product
and two factors of production, labor and capital. The technology of the economy
may be summarized by this simple neoclassical production function.

y=F(L,K), )
where y denotes total output, and L and K denote th einputs of labor and capital.
I assume that the function F is linearly homogenous and that Fi >0, Fi<0,
and Fi; >0 for i#j. It is assumed throughout this study that the economy in

(1) The change in tax rates affect the supply of labor in two ways; through changed leisure
choice on the one hand and through changed human investment on the other hand. The
long-run is a suitable time horizon for the impact of tax rate changes on the accumulation
of human capital to be fully appreciated.
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question is perfectly competitive. Therefore, both factors are paid what they
contribute, that is, their marginal products,
w=F, (L, K) @)
r=Fx(L, K). 3
It is to be noted that w and r denote gross returns to factors of production.
These two equations represent the demand side of the factor market.

The supplies of factors are determined by individuals’ optimizing behavior.
A representative individual, who is assumed to live two periods, begins his (or
her) economic life with exogenously given wage rate (w,;) and an inheritance
(I) which he has not yet received but which he knows will be given at the
beginning of the second period. He first decides how to allocate his total avai-
lable time in the first period, normalized to be 1, into human investment (m,)
and work (h;=1—m,). It is assumed that such human investment augments
one’s supply of labor measured in efficiency units by a factor of g(m,), where
g is a strictly concave function. Therefore, his wage rate in the second period
is increased to

wy=w; g (my). @
It is also assumed that he divides his time in the second period between work
(h,) and leisure (I,=1—5,).
If his consumption expenditure in each period is given by C, and C, respec-

tively, his stock of non-human wealth at the end of his life is given by,

Ap=(1+ (A —t)r) (U—tDwi(1~my)—C+1} (5)
+ (1—t)wig(my) (1—~1) —C,
where r=interest rate,

t;=rate of wage income tax,

t,=rate of interest income tax.
He leaves A, to his child as a bequest. To highlight the differential incidence
of the wage income and interest income taxes, I will assume away taxes on
intergenerational wealth transfers. Since it is very improbable that an individual

leaves a debt to his child, I will assume that A, is non-negative.
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A representative individual tries to maximize his 1ifetim¢ utility.

U(C,, C, 1)+ B(Ay) S ®
subject to the end-of-life wealth constraint. The function B denotes the utility
of bequest. Both U and B functions are assumed to be strictly concave.

It should be noted that an individual solves this optimization problem assuming
that the wage rates and interest rates are exogenously given. He takes the

prices of factors of production as a signal and determines his factor supply

thereupon. To avoid the complicated problem of aggregation, I will assume
that every person in one generation is identical. In a certain period of time,
there are two generations of people: one in their first period of economic life and
the other in their second period. As population is assumed to grow by the rate
of n from generation to generation, the number of young people is (1+#) times
that of old people in every period. The labor supply by a young person in
the i-¢h period is given by 1-m',, where m,’ denotes the time spent for accu-
mulating human capital. The labor supply by an old person in the i-t2 period
is glm,™) (1—1,) where m,"* and [, denote his human investment in the
previous and leisure choice in the current period respectively. Provided there
are (1+n)P, of young people and P, of old people in that particular period,
the total supply of labor will be given by

Li=Po{(1+n) (1—m") +g(m ™) (1-1H)}. )

Capital is supplied wholly by the old generation. Total capital stock consists

of old people’s net worth at the beginning of that period (4,") and their
receipts of inheritances (I):

Kr=Py(Ay+19. ®

We have to rewrite the optimization problem of a representative individual

who begins his economic life in the i-th period with proper superscripts. He
wants to maximize

UG/, Ci*, L) -+B(TY, A" )
subject to

Agtte (1+ (=t r™*) (U —t)w) (1 ~m') ~ G+ T}
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+ (1 —t)w, g (my?) (1~ 1) — G, 10

The solution of this optimization problem consists of the followings:
Cli:__a(IH-l, wi, ri’ t), (11>
C2f+1___ﬁ(1'l'+1’ wi’ ri’ t) , (12)
mi=r{I w rif), (13)
Iptt=g (I Wi, 1 1), (14)
A2i+1=0(1i+1’ wi, rl', t). (15)

One must note that J,”*! presented above should be distinguished from I, in
Eq. (7) which is what we need to find out the aggregate supply of labor.
Actually [,’ was determined a period earlier when the current old generation
began its economic life. The situation is the same for the supply of capital.
We must solve two optimization problems, one for each generation, to find out
the aggregate factor supplies.

However, the assumption of a steady-state by solving only one optimization
problem, instead of two. In a steady-state, Wi= Wi+ and r'=r"* hold, for
the capital-effective labor ratio is assumed to be kept constant over time. The
amount and composition of intergenerational wealth transfers are also same for
each generation, and so each generation repeats , the same resource allocation
pattern in a steady-state. Therefore the solutions of one individual’s optimization
problem can be substituted into Egs. (7) and (8) to find out the aggregate
labor supplies regardless of superscripts. But we should not directly substitute
the solutions we gef by maximizing Eq. (9) subject to Eq. (10) even in a
steady-state. For a steady-state to prevail, however, the following relationships
should be satisfied to keep the capital-output ratio constant and make each
generation repeat the same resource allocation pattern,

A2i+1 — (1 +n) IH-z‘ (16)

(2) Notice that there has been a slight change in notation—w;’ is replaced by w'. Also remember
that the superscript ¢ refers to i~th time period, not i-th generation,

(3) Since the population is assumed to grow by the rate of #, this relation is necessary to provide
the same initial conditions for each generation, Unless each generation is provided with the
same initial condition, there will not be a steady-state.

(4) However, the denominator, (J4-u—#p), is unambiguously positive,
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Solutions of the individuals’ maximization problem, represented by Egs. (11)
through (15), were obtained without regard to this steady-state relationship.
Now we have to make these solutions consistent with the condition of a steady-
state. Substituting Eq. (16) into Eq. (15), we have,

(L+m) [F2=0 (I wh 7 ). un
In a steady-state, superscripts become meaningless, for one variable has the
same value over time. Hence,

(I4m)I=0(L w,r,b). an’
Solving this equation for I, we can express steady-state inheritance as a func-

tion of steady-state wage rate, interest rate and tax rate.

I=¢(w,r,8). (18)
This can be obtained by totally differentiating Eq. (17)’,
(1+n—6,)dI=0,dw-+0,dr-0,dt. (19)

It is straightforward {rom comparative statics that

1+a—0,>0. (20)
Also we know that 6. is positive while 6, is ambiguous since an increase in
¢, is in effect the same as a decrease in w, 6. is negative. A similar relation-
ship exists between r and ¢,, and hence 6. is ambiguous. Obviously the

following holds:

a _ 0

dw - Tin—g, >0 @D
The derivative % has the following expression:

a_ e,

I R A (22)

The ambiguity in 6. makes the sign of the derivative ambiguous, This ambi-
guity had better be removed somehow, since it turns out that we cannot get
any definite result concerning the incidence of the interest income tax with
such ambiguity. Close examination of the expression for 6, seems to allow us

dl
t me that -~ - i -
0 assu at - - is zero.

Our next task is to derive steady-state consumption expenditures, leisures,



Incidence of Taxes — 367 —

Table 1. Steady-state Consumption Expenditures (C;, C:), Leisure Choice (/;) and Human
Investment (m,).

dC1 d02 dm1 dlz
dw + + ? ?
dr ? ? — +
diy - - ? ?
dts ? ? + -

leisure choice and human investment as functions of w,r and ¢ Substituting
the results we obtained abové in Eqs. (11) through (14), we have the follow-
ing results summarized in Table 1.

Finally we have reached the point where we can derive the steady-state
supplies of factors of production utilizing all the results of previous analyses.
Substituting the results obtained above in Egs. (7) and (8), we can exress
the steady-state supplies of labor and capital in terms of w, r and t. Since

this step deserves more close examination, I will postone it to a later section.

1I1. Equilibrium Factor Prices

Suppose that we have finished all the calculations necessary for the supply
side analysis described above. Then we are able to write the steady-state
supplies of labor and capital as follows.

L=L(w,r,?), (23)

K=K(w,r,?). (24)
Substituting these into the functions of factor demands, Egs. (2) and (3),
we have the following two equilibrium-relations.

w=F,(L(w,r,t), K(w,r,t)), 25)

r=Fx(L(w,r,£), K(w,r,1)). (26)
For a moment, [ will drop the assumption that the function F is linearly homo-
genous. The reason for this will be made clear soon. This system of two equa-
tions can be solved for w and r, i.e., equilibrium wage rate and interest rate

in a steady-state. Total differentiation of Egs. (25) and (26) will yield the
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following system of equations.
Fy L, +FixK,—1 FrL,+FiK, } {de {— (FroLy+FreKy)

= } dt. (27)
FyrL,+FyxK, FirL,+FxK,—1 dr — (FrrLy+ FrxKy)

The determinant of the left-hand side matrix is given by,
|G|=1— (FxLL,+FxxK.+Fr L,+FrKy)
+ (FrLFxx— FoeFyr) (LoK,— K, L,). (28)
If the aggregate production function F is not homogenous of degree one in L
and K and the term (FriFxx— FuxFxi) is strictly positive, the stability condi-
tions for the system require that |G| is strictly positive (See Appendix). We
do not yet know the signs of individual terms, The comparative static results

of this system are,

d

=TT (FuFax—FuxFu) (KL~ LK) +FuLFuk),  (29)
d

g~ =67 FuFaa—FuxFr) (KL~ LK)+ FrxKi+ Fui) . 30)

These results are what we are ultimately interested in. Note that the response-
s of wage rates and interest rates are expressed in very general terms.
These formulas can be applied to the aﬂalysis of tax incidence of any kind of
tax. All that we should know is the shape of the aggregate production function
(Fii’s) and the supply responses of labor and capital (L., K., L, and K;).®
Also note that these equations do not depend on the time horizon. They can
be applied to studying short-run tax incidence as well as long-run one if we
know the supply responses of labor and capital for the relevant time horizon,
Feldstein’s [4] argument that the long-run incidence of the wage income tax
is independent of the supply response of labor while the short-run incidence is
sensitive to it depends heavily on the set of specific assumptions he made about
the factor supplies, His argument is not necessarily true in a more general
setting—there is no logical reason for the asymmetry. In the next section, I

will demonstrate that his result is obtained as a special case of the general

(5) As will be shown later, L; and K, are especially related to L., L., Ku or K.
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formulation presented above.

When we come back to our original assumption of the linearly homogenous
aggregate production function, we have to rely on a slightly different argument
of stability to sign |G|.® If the function F' is homogenous of degree one in
L and K, we cannot derive the demand functions for L and K in terms of w
and r since the matrix |G| becomes singular. In this case, Egs. (2) and (3)
are not linearly independent. However, equilibrium equations (25) and (26)
are still linearly independent. These equilibrium equations can be tranformed
to excess demand price equations (For example, Fi(L(+), K(-)) —w=0 is
an excess demand price equation.) Since Egs. (25) and (26) are’ linearly
independent, excess demand functions can be implicitly defined by excess de-
mand price functions,” As a result, we have two linearly independent excess
demand equations even though we start from two linearly dependent factor
demand functions. The stability of the system is guaranteed by,

{G|*=1— (FroL,+FxxK,+Fr Lo+ F.K,) >0 (3D
where |G |* denotes the determinant of G when the function F is linearly

homogenous.® And the comparative static results will be rewritten as

A gL FusK), 2)
=G FraKo+ FruL). (33)

(6) It is impossible to have a steady-state without assuming the constant returns to scale technol-
ogy. But Feldstein (3] deals with the tax incidence in a steady-state under the assumption
of general aggregate production function without proving that the steady-state is possible
in that case,

(7) It should be mentioned in passing that this approach can be applied to the former case where
the aggregate production function is not linearly homogenous. But the former approach, which
cannot be applied here, has an advantage in that the stability conditions are derived in a
more conventional way,

(8) Since the matrix G, like the matrix A in the appendix, is the Jacobian of the set of excess
demand functions, the stability conditions are:

Trace of G<0
Determinant of G>0,
But the trace condition,
2—(FrrLe+Fyx K-+ FrLo+Fx Ko) >0
is subsumed by the determinant condition represented by Eq. (31),
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In fact, Egs. (32) and (33) are special cases of Egs. (29) and (30) respec-
tively., The discussion of various supply responses we have to know to find out

the incidence of a certain tax is presented in the next section.

1V. Responsiveness of Factor Supplies.

We have seen in the previous section that the responsiveness of factor suppli-
es to changes in parameters plays a critical role in the determination of tax
incidence. The thrust of this study is that this should be derived rigorously
from microeconomic models rather than being simply assumed. This section
looks into the determining factors of the supplies of labor and capital to find
out what conditions are necessary to get specific results of tax incidence.

The response of aggregate labor supply to a change in wage rate (L,) is

given by
dL d dl )
o= Po g b= (L4~ g g 34

We can see that the assumption of positive L., which is made by almost everyone

in the study of tax incidence and looks very innocuous, actually depends on

the satisfaction of two conditions at the same time. That the substitution effect

should dominate the income effect in the decision of leisure choice to have an

upward sloping labor supply curve is well-known. However, this is not enough
Iy

to guarantee a positive CZZJ and a negative v%;v- in the setting of a steady-

state. Remember that a third effect, i.e., the steady-state adjustment effect, is

also at work, Therefore, a stronger condition is necessary to obtain such
results.
(C.1) The substitution effect is dominant over the sum of the

income effect and the steady-state adjustment effect.
dl,
dw

sarily positive since we do not know whether

&'k~ (1+n)=0. (35)

dm1

Even if o is positive and is negative, however L. is not neces-
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Note that the condition

(C.2) (&h—(1+m))=20
is sﬁfﬁcient for L. to be positive if the condition (C.1) is already met. From
the first order condition for an optimum, we know

g'hy— (1+7r)=0 (36)
holds for everybody. Hence the above condition requires that the rate of interest
(r) be greater than or equal to the rate of population growth (n) in a steady-
state. In other words, the economy should take efficient growth paths. The
intuitive reason behind this condition is as follows. If people decide to invest more
in human capital, this will decrease labor supply in the current period since
the work force is diverted from job markets to schools. But the accumulation
of human capital increases labor supply measured in efficiency units in the next
period. Since everybody equates the marginal return on human capital to that
on non-human capital (r), the marginal increase of labor supply in the next
period will be equal to g’h,(=1+7)P,dm,. In a steady-state, this is also equal
to the marginal increase in labor supply by older generation in the current
period due to an increase in steady-state m,. Since the number of younger gen-
eration is (1+#n)P,, the decrease in labor supply due to an incremental increase
in human investment is given by (1-+#)P,dm,. Therefore, (r —n) Pydm, denotes
the net increase in labor supply when human investment (m,) increases infi-
nitesimally. What the condition requires after all is that the net contribution of
human investment to the aggregate labor supply be positive. If the term (g’h,
—(14+#)) happens to be negative, even the substitution effect will give a
conflicting signal, ®

The response of aggregate labor supply to change in interest rate(L,) is
given by,

dL dm, dl, }

“77:P°{(g/h2f(l+n>) @ & ar 37)

negative, while the substitution effect on I, leads to an increase in labor supply by reducing
leisure consumption.
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We know that dz;‘ is negative and j,ff is positive. Hence the condition
(C.2) we have seen in the previous section is sufficient for L. to be negative.

As I mentioned before, a change in the rate of wage income tax (¢,) is the
mirror image of a change in wage rate. And a similar relationship holds bet-

ween the changes in ¢, and r. It follows from this;

dL w dL

= . 3
dtl lHtl dw ’ ( 8)
4L r , dL
dt, 1—t, ~ dr- (39)

Hence L, is negative if both conditions (C.1) and (C.2) are met. If condition
(C.1) is met, L, will be positive.

Substituting the expression for A, into the capital supply equation (8) and
totally differentiating it, we have

K _ e — (1 —t) w2 4G dl
- =P (=1 A-m) - (—t)w- Tt —T0-42 ] (40)

The first and fourth term in the braces are positive while the third term is
negative. The second term is negative provided condition (C.1) is satisfied.
Thus it is very difficult to tell the sign of the derivative —Z,—Izj—

The responsiveness of the supply of capital to a change in interest rate is

given by
K dm, _dC, | dI
& =h [ U-wwg — g | 4D

The first term in the brace is positive and the second term is ambiguous, The

last term is positive by assumption. Unless ‘fgl has a very large positive

value, which is very unlikely, -d—dlf— will be positive.

We have seen that there is a specific relation between %ﬁ-ﬂ and {—Z’— as well
2

as between Zfe’) and gtl’- . Analogous relations exist in case of the supply
response of capital: ]
k__.r X (43)

dt, 1t dr
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Therefore K, is likely to be negative while K, is ambiguous.

Now we are ready to find out the incidence of taxes in the context of a
growing economy. In the next two sections, I will analyze the incidence of a
wage income tax and an interest income tax in a growing economy using the

results obtained thus far.
V. Incidence of the Wage Income Tax

In the following discussion of tax incidence in a steady-state, I will resume
the assumption of a linearly homogenous aggregate production function. The
incidence of the wage income tax in an economy which is characterized by a

constant returns to scale technology can be analyzed by looking at only Z;” -
1

As w denotes gross wage rate, labor bears at least a part of the burden if

-t dw
Tw o ay <1 (44)

holds.“® Labor actually gains from the increase in the wage income tax rate
if the inequality goes the other way.

Moreover, how much of the whole burden labor bears, if it does, depends

dw
dt,

is negative, while only a part of the burden is borne by labor if it is

on the sign of . To be specific, labor bears more than the whole burden

¢ dw
lf—;iz

. dw
positive, In case

i,
From Eq. (32), we know that the response of the steady-state wage rate

=(), labor bears exactly 100% of the burden.

to a change in the proportional wage income tax rate is given by,

A= EFuL, A FuKo), (32)

Z’:ﬂ , we may rewrite Eq. (32)
1

To facilitate the determination of the sign of

(10) Labor does not bear the burden of the wage income tax at all if the net wage rate remains
constant after the change, i.e.,

A —t)w)

- dw
a6 f(l—tl) dr, —w=0.
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like the following using the relations between L., Kw, L: and K. (See Egs.
(38) and (39));

dw _ w . N
2 = Bon / (1~ Fxy Ly FxxK,) +7) (45)

where
n=— (FpiLw+F zKv).

The sign of r is not yet known, but we know that the incidence of the
wage income tax critically depends on the sign and magnitude of z. The relations
between the incidence of the wage income tax and the signs of # and (1 —Fy. L.
— FyxK,) are summarized in the table 2.

At first, the possibility that labor gains from the wage income tax (Case
(4)) is excluded since the analysis of the supply responses of labor and capital

presented in the previous section suggests that it is very unlikely to have

1— (FgiL,+FgeK,) <0, (46)
We have seen that L. is negative if there is no capital glut, that is, »>n. It
has also been shown that K. will be positive unless %C;l— has a very large

positive value. Since Fx. >0 and Fxx<(, it is very likely that the above
expression is positive. Therefore, only Cases (1), (2) and (5) ’remain as
plausible cases.

However, it is very hard to figure out the sign of z at this stage. We know

that L, is positive if two conditions are simultaneously met—no capital glut

Table 2. Conditions of the Incidence of the Wage Income Tax®

r (1—Fk1L,—FxxK,) Incidence(L bears)
€)) 0 + The whole burden
(2) - + More than the whole burden
€)] + 0 Nothing at all
“@ + -~ L gains
) + + Only a part of the burden

(11) Since the stability condition requires the denominator of the derivative, (1-+&-+x), be greater
than zero, the term (1--£&) should be strictly greater than zero when = is zero or less than
z€ero,
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and dominant substitution effect. Then the first term in = will be positive.
Unless the positive terms in the expression for K. (See Eq. (40)) are domi-
nant, = will be positive, and so labor can shift a part of the burden of the
wage income tax to capital. However, we cannot exclude the possibility that =
is either zero or negative. The inclusion of bequest motives, which distinguishes
the present model from that of Kotlikoff and Summers, obviously raises the
likelihood of = being negative.'® If bequest motives play an important role in the
formation of capital stock, as Kotlikoff and Summers themselves argue in a dif-
ferent paper, labor might bear more than 100 percent of the wage income tax,

Note that Feldstein’s [4] result that labor bears exactly the whole burden
of the wage income tax in a steady-state regardless of its elasticity of supply
holds true only in the razor-edge case where n=0 in the context of this
model. Apart from the fact that = being zero is rather a rarity than a rule, it
is clear that the long-run incidence depends on the supply elasticity of labor
contrary to his assertion. Actually, the assumptions in his model are far stricter
than they look. They require the supply responses of labor and capital to
have specific magnitudes as well as specific signs. The Kotlikoff-Summers result
that labor bears exactly 100 percent of the tax is obtained also under specific
assumptions of fixed leisure and lump-sum rebate of tax revenues. Their more
general result that labor will always shift some part of the tax when leisure
is variable also critically depends upon the assumption of lump-sum rebate and
the absence of bequest motives. As we have seen so far, in a more general
setting, labor bears at least a part of the burden and sometimes it bears more

than 100 percent of the burden.
VI, Incidence of the Interest Income Tax

The analysis of the incidene of the interest income tax (¢,) can be performed

al

(12) The last term in Eq. (40), , which represents the bequest motives is positive and there-

fore raises the likelihood of z being negative.
(13) See Kotlikoff and Summers (5].
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in exactly the same manner as we dealt with the incidence of the wage income
tax. This time, however, we observe the response of interest rate, rather than

that of wage rate, to the change in ¢,. It is given by,

dar 1
dt, |G|¥

which can be rewritten as

(FrxKip+FxrLys) 47)

_ZZ—Z= i —172— ¢/ {1— (FriLy+FuxKy) + ¢} (48)

where
= (FKKKr +FKLL7‘) .
Analogously to the previous section, we can eliminate a few implausible cases
based upon our knowledge of the signs of derivatives. We can show that
¢p=— (FxxK,+FxrL.) >0 (49)

is the most likely outcome and therefore capital bears at most a part of the
burden of the interest income tax. This result may be contrasted with the one
we obtained in the previous section, that is, labor’s bearing at least a part of

the burden of the wage income tax.
VII. Conclusions

This paper has demonstrated that the rigorous derivation of factor supplies
supported by appropriate microeconomic foundation could result in a different
pattern of the incidence of taxes in a growing economy than those suggested
by previous works. In particular, it has been made clear that, contrary to
Feldstein’s assertion, the long-run tax incidence critically depends upon the
supply elasticities of factors of production. Furthemore, the possibility that
labor bears even more than 100% of the burden of the wage income tax, which
had been rejected both by Feldstein and Kotlikoff and Summers, has been shown
to be real. The introduction of bequest motives has turned out to be the major

factor in generating such a result. It should be emphasized, however, that I
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‘merely pointed out the theoretical possibility that labor bears more than iOO%
of the burden (Sf.the wage income tax. Further empirical studies on the shape
of the aggregate production function and the supply responses of factors of
production are necessary to obtain more definite answer to the question. This

will also be true for the case of incindlence of the interest income tax.
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Appendix: Stability Conditions of the System

Samuelson [7] proves that the necessary and sufficient condition for stability is that the

real part of every latent root of the matrix A whose i-jth element is the partial derivative
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of the i-th excess demand function with respect to the j-th price evaluated at the equili-
brium set of prices be negative. In the context of this model, the matrix A can be derived
from the following system of dynamic equations:
w=4,(L?—L%) (A1)
#=2,(KP—K¥) (A.2)

where 1, and 2, are some increasing functions. Then the matrix A is given by,

A (LLP-LS A/ (LP—-LS)
= ] (A.3)
12/<KwD—KwS> ’12, (KrD'—KrS) .
The system will be stable if the following conditions are met:
Trace of A<0, (A.C.1D
Determinant of A™>0. (A.C.2)

Note that L and K in the above expression are denoted by L; and K; respectively in
this study. However, L;” and K;> are not yet known. These can be derived from the
following relations if the function F is not linearly homogenous.
w=F.(L,K), (2
r=Fx(L,K). €)]
If the function F is not linearly homogenous, i.e., Fr Fxx—FixFxr+0, L® and K;¥ can

be written as,

Fix (A. 1)

L=
FrLiFgx—FreFg ?

F
D—_ . YKL
Lb= FriFyx—FreFyL’ (A.5)

FKL (A. 6)

K, =
FriFxx—FrgFgo’

S 7 s i @7
Substituting these into the expression for the matrix A, we can see that the condition
(A.C.2) requires that

1— (FgrL,+FgxK, 4 Fr1Ly+ FreKy)

+ (FrLiFxx—FrxFr1) (LK, —K,L,) >0, (A.8)
which is equivalent to

IG|>0. (A.9)



