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Many economists have recognized that the pure neoclassical theory
of the firm, with a perfect market in capital goods, does not lead to a smooth
investment demand function, relating the rate of investment at a point in
time to the rate of interest.1 In other words the Keynesian marginal effi-
ciency schedule cannot be deduced directly from the neoclassical theory of
the firm in such a context. With a perfect market in capital goods, existing
capital goods can be bought and sold at the prevailing market price for new
capital.2 Thus the firm can purchase capital services just like it purchases
labor. What the theory of the firm leads to under these circumstances is a
demand function for capital services (and thus a stock of capital, assuming
that services are proportional to the stock). Such a firm has no inﬁestment
demand schedule, relating the rate of investment to the rate of interest. All
values of the rate of interest at a point in time, except the one which
equates the rental price of capital to the marginal productivity of the
existing stock of capital, involve a jump in the optimal stock of capital.3
At the rate of interest which is consistent with the exfsting stock of
capital there is no room in this model for any non-zero rate of accumulation,
whereas at any other rate of interest one has to conclude that the rate of
change of capital stock must be either plus or minus infinity.

At thé other extreme, one could assume that there is no market'af all
for existing capital goods., In such circumstances, a rate of interest differ-

ent from the one consistent with the existing stock of capital could resuit

in a finite rate of investment in new capital goods. This is the route followed,

for example, in Sargent and Wallace [18] in justifying the Keynesian invest-
ment demand function, They make the rate of investment a function of the gap

between the marginal productivity of the existing stock of capital and its



b

-2-
rental price. .There is however a missing link in this rationale for a
Keynesian investment demand function. It is one thing to say that the rate
of investment will be positive (negative) if the marginal productivity of
capital is greater (smaller) than the rental price of capital, but quite an-
other thing to say that it is an increasing function of this gap. Sargent
and Wallace fail to rationalize this second step explicitly in terms of the
optimal behavior of the firm, and without this second step the rate of in-

vestment remains indeterminate.5

In this paper, we present an attempt to construct a macroeconomic model
which would represent the situation lying in between those two extremes of a
perfect market for capital goods and no market at all. In other words we
propose a model where there exists a market for capiﬁal goods which is,
however, marred by certain kinds of frictions and imperfections. Or, we
should say, we reinterpret the standard Keynesian model as being representa-
tive of such a situation.

Since the work of Eisner-Strotz [5], quite a bit of attention has been
paid in the literature to the introduction of adjustment cost in dynamic
models of the firm (see, for example, Lucas [12], [13]; Treadway [21], [22],
[23]; Gould [7]; Nerlove [15]). To a large extent, this literature came

about from the recognition that adjustments in the stock of capital do not

e a1 Sra At s st S

_ in reality take place instantaneously, as the neoclassical theory of the firm

with a perfect market for capital goods would assume. These adjustment costs
make instantaneous adjustments prohibitively costly, and as such provide a
rationale for a smooth investment demand function. Much of the literature
on the subject centers around the analysis of the specific dynamic behavior
of the model or on the properties of the linear approximation to the in-
vestﬁent path, which can be shown to yield a flexible accelerator type of

investment function.
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what we propose here is to introduce the investment demand function
which results from the adjustment cost model of the firm directly into a
simple one-sector macroeconomic model, This gives us our imperfect adjust-
ment model, We take the liberty of calling this the imperfect capital goods
market model, as opposed to the perfect capital goods market case described
above, where a zero bid-ask price spread prevails. We are quite aware that
many of the factors which give rise to adjustment costs are purely techno-
logical in nature and have nothing to do with the market side of the trans-
action., On the other hand, the adjustment costs formulation can also account
for many types of frictions and peculiarities in the market itself, which
also give rise to a spread between reproduction cost and replacement cost.

We then show that the corresponding model with a perfect capital goods
market can be considered as a special limiting case of the more general im-
perfect capital goods market model,7 and that whether one assumes a perfect
or an imperfect market for capital goods has implications for the relative
efficacy of various short-run stabilization policies. In particular we will
show that in the perfect market model monetary policy is very potent in affect-
ing the level of output, whereas fiscal policy would appear to be quite in-
efféétive as a short-run stabilization tool, 1In the imperfect market model
fiscal policy becomes effective, and monetary policy has relatively less of an
impact than with a perfect market for capital goods, its impact becoming less
the more "important" is the degree of imperfection’(as measured by our adjust-
ment costs function). In this sense the imperfect market model might be con-

sidered as being more "Keynesian" in its policy implications,
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Consider a firm which produces a gross output of Y(t) selling at a
price p(t) in period t, using labor L(t) and capital K(t). The firm owns
its capital which can be reproduced at the price q(t). We assume that p(t)
and q(t), and the wage rate w(t), are given to the firm. We assume however
that an expansion of its stock of capital at the gross rate I(t) costs the
firm not only the amount q(t) I(t), but that in addition it has to incur an
adjustment cost of A(1), where we measure A(I) in terms of the resources_lost
to the production of its output. In other words a given rate of gross in-

‘'vestment cannot be attained without the firm having to devote some of its

resources to this activity because search, dismantling, installation, and
transactions in general, are costly. Since these resources could otherwise
be devoted to the production of its output, we value these adjustment costs
at p(t), the price of its output. The total expenditures necessary to attain
a gross rate of expansion of I(t) are then q(t) I(t) + p(t) A(I).

The variable Y(t), which we have called "gross" output is in effect
then an abstraction as far as the firm itself is concerned. For its real net

output, meaning by this the output which results in its sales to the market, is
Q(t) = F(K(t),L(t)) - A(I) (1)

where F(K(t),L(t)) = Y(t) is its production function. We note however that if
the activity of "adjusting" is to be considered as a “productive" activity, .
which generates income, then from the point of view of the economy as a whole
the output of that firm is Y(t).8

We make adjustment costs a function of gross rather thsn net investment,

The net investment specification of the adjustment cost function explicitly excludes
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the types of costs that arise whether the capital good is bought for expansion
or replacement purposes. These costs are then to be interpreted as purely
internal to the firm: expansion of the scale of operation can require re-
organization of the production lines, retraining of workers, temporary slow-
downs in the production process, etc. A gross investment specification, on
the other hand, also admits costs which are due to peculiarities in the market
for capital goods itself, and are therefore external to the firm. These
recognize that transactions are not, as a rule, costless. For example, in-
formation flows are not perfect and instantaneous so that resources must be

spent in searching the market, so to speak. Increasing the rate of investment -

may also at times require shortening, at a cost, unexpected lags between
orders and deliveries. There are lags between acquisition and installation
which by themselves may lead to a trade-off between output and investment

of the form implied by the adjustment cost formulation. The purchase of an
investment good often involves dismantling and installation charges. In-
creasing the rate of investment may also require overtime charges to speed-up
installation or construction. All of these introduce in effect a wedge be-
tween acquisition cost of an investment good and its reproduction cost, some
of which would be ignored by an internal cost only specification. It is not
clear either that internal adjustment costs are completely independent of
the level of replacement investment: consider for example the replacement

of an important piece of equipment by a newer and different model.

We assume the usual shape for the adjustment cost function.9

(1) A1) 20, A(0) =0 N 1 o
(ii) A‘(I1) 20 as 120 2)

(iii) A”(1) >0 .



6=

The assumption that A”(I) > 0 means of course that the cost per unit
of I is higher the higher I. To use a discrete time analogy, what this says
is that if an addition of say X to the stock of capital is desired in order
to attain the optimal stock, then it will be more costly to attempt to acquire X
in a period of time (At)2 if (At)1 < (At)z. The latter implies a lower rate

of investment.

We drastically simplify the problem by assuming stationary expectations
for all prices, so that the firm expects that the prices holding at t=0 will
obtain forever. We further specify the firm to be financed totally through
equities, and we assume that the only alternatives to holding money in the
economy are equities and government bonds, and that these two are perfect
substitutes.lo Under these assumptions, the net cash flow of the firm at-
time t is

R(t) = pY(t) - wL(t) - qI(t) - pA(I(t))
and the present value of the firm at time zero is

V(0) = J e FER(t)dt (3)
(o]

where r 1s the continuous market rate of interest. The firm acts to maximize

V(0) subject to

Y(t) = FK (V) , L(t)), K(t), L(t) = 0 (4)

K(t) = I(t) - 6K(t) , 620 | (5)
and

K@) = Ko (6)

where § 1is the constant rate of physical depreciation. We will assume the
production function, F(K,L), to be homogeneous of degree one, and Fy,F; > 0

0o, F > 0.

F KL

ke’ Frn <
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Forming the Hamiltonian
H=e ""{pF(K,L) - wL - qI = pA(I) + M(I-8K)) (7)

where we drop the explicit time notation, the optimality conditions are given

by (see Pontryagin [16]:

(1) K=1I - 8K, K(0) = K_ 5 - Ke.
3 —1 - ;;_ 5]4 A\ ol
(i1) X = (r+8)\ - PFy £ w) - - ?.%
(iii) X = q+pA’(I) & =0 (8)
i N
W { TRRGAN
(iV) FL = ; \ ks T o

b

(v) lim e T a(t) = 0, 1lim e ™% \(t) K(t) = 0

tow to o

Given L, H in (7) can be interpreted as the value of investment at time t
discounted to t=0. Labor, L, and the rate of investment, I, are then chosen
to maximize H every period. For labor, this gives us condition (8-iv), which
is the familiar marginal productivity condition. Condition (8-iii) tells us
that in order to maximize H, I must be chosen so as to make the marginal cost
of investment, q+pA’(I), equal to the shadow price of capital.

We also need an equation to determine )(t). The maximum principle
gives us such a relation in condition (8-ii). This is a first-order constant
coefficient differential equation in ) with forcing function -pFK. It has as

solution

AtE) = I pFK(K(s)’ L(s)) e'(r+6)(S-t)ds
t

where the transversality condition has been used to eliminate the complementary
solution to the homogeneous equation. Therefore ) is thmEEEEEEFTY§1ue at t of
the future expected marginal returns of capital, which is steadily depreciating
at the rate §. Condition (8-iii) therefore says that I be determined to make

the marginal-cost of investment equal to the present value of an additional

unit of capital.
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The transversality condition can be interpreted as saying that the present

value of a stock of capital accruing at a date t tends to negligibility as the

date of accrual becomes very far in the future. This in effect implies that
the very distant future be negligible. Condition (8-i) is just a repetition
of‘thé feasibility constraint. ‘

It is convenient for our purposes to reformulate the conditions in a
slightly different way. Differentiating (8-iii) with respect to time and

substituting in (8-ii) we can reduce system (8) to

(1) K

I-5K
(r+8) [a/p +A(1)] - F(K,L)

All (I) (9)

bl
1]

(ii)
(1iii) FL(K,L) =w/p .

System (9) is illustrated in phase-space in the accompanying diagram. Note
that because of the homogeneity of degree one of the production function,
marginal products depend only on the capital-labor ratio. Solving for this

ratio as a function of the real wage from (9-iii) and substituting in (9-ii),

we may rewrite system (9) as

(1) K=1I-¢K

. (=) [a/p +AN(D)] - Fp(k(w/p),1)
(11) I = A”(I) . (10)

The long-run stock of capital, K¥*, is obtained by solving for k==i==0, and
the optimal investment path is given by the I=0 locus, since, given that
A”(I) > 0, the i==0 implies a unique gross investment rate of I*. Thus the

i==0 locus yields the following implicit relation for the investment demand function:
Fo = (c+8)[q/p+A‘(1)] = 0 . (11)
From equation (11) we can verify that

nFK

oL _ _ K
OT  (r+5)2A” (1)

or investment demand is inversely related to the rate of interest.11



Phase diagram representation of System (9)
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In our simple macro model, the identical firms are assumed to behave
in the fashion just described, and so we simply assume that the optimality con-
ditions hold for the aggregate. Therefore production takes place according

to the production function relation

Y = F(K,L) - Q2)
and the marginal productivity condition

F = w/p (13)
is assumed to hold.
The investment demand function is given by the I=0 condition of

equation (11). Since we assume a one sector model, we have q=p. The

investment demand function is therefore given by
Fg = (r+8)(1+AYD) . (14)

It is interesting to note that we can rewrite equation (14) as

Tk

(r+s)

A,(I) = -1,

which can be interpreted as saying, since A”(I) > 0, that the rate of invest-
ment is an increasing function of the gap between marginal productivity of
the existing stock of capital and the rental price of capital that would

prevail if there existed a perfect market for capital goods.

The government liabilities are the stock of money, M, and the
outstanding stock of government bonds. The government undertakes open
market operations at a point in time subject to dM= -dB, where B is the

nominal value of the outstanding government bonds.
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The real net worth of households is then given by

NW=V+M—;-§

where pV is the value of equities, which equals the discounted value of
future dividends from these equities. We have
V= (1+a)k

vhere a 18 the average long-run adjustment cost. In general a = a(r,K)

because of external adjustment costs, and can easily be calculated from

equation (3). We would have a = 0 if there is zero-depreciation.

The market for real cash balances is in equilibrium when demand equals

supply. This gives us

%=LWJ) 15)

-

‘where the right-hand side is the demand for real cash balances, with LY >0
and L < O0.
r
Households consume an amount C out of real output, and we assume that

consumption is a function of Y and r, and a scale parameter Q:
C = C(Y,r,q) (16)
where 0 <CY <1, Cr <0 and Ca>0'
Finally, for the economy to be in equilibrium requires aggregate

supply to equal aggregate demand, or

Y=C+1I+A() . 7
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Equations (12) to (17) together determine the position of the economy
at a point in time. It will be convenient for reference purposes to rewrite

the model in a more compact form. These six equations are:
(1) Y =F(K,L)

(i) F =’;—}; w=w

L
(111) F = (r+8) (1 +A'(D) (18)
(iv) Cc=Cc(,r,a) 3 0« cY <1, Cr <0, Ca >0
(v) Y=C+1I+A(Q)
(vi) %=L(Y,r); L, >0, L <0, M= .

At a point in time, the stock of capital, K, is given. We also assume
that the money wage, w, is inflexible. Ideally the model might be thought of
as being closed on w by some sort of Phillips curve relation. The other vari-
ableswhich are exogenous to the model are o and M.

We can look at the determination mechanism behind the model as follows:
given a level of real output Y to be attained, L is determined from equation
(18-1), and given L, p is determined from equation (18-ii). Given this price
level, the rate of interest is then determined in the money market, by
equation (18-vi). The rate of investment is then given by equation (18-iii),
and ;onsumption, C, by equation (18-iv). Finally Y must adjust to satisfy
the equilibrium condition‘(18-v). This equilibrium condition states the
familiar equality between investment and savings, only now instead of in-
vestment equals savings we should read E = Y -C, where E = T +A(I).

We will use, as a point of comparison, a model where there exists a

perfect market for physical capital goods, and call the two models the im-

perfect market model and the perfect market model, respectively. By the
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perfect market model, we understand that equation (18-iii) is replaced by
Fp = (r+%) (18-ii1’)

and ;he appropriate changes are made in equations (18-v) for the non-
existence of adjustment costs. This model is exactly the short-run version
of Tobin's "Dynamic Aggregation Model" [19], where adjustments take place
‘instantaneously to maintain the equality in (18-ii.i’).12

Notice that the perfect market model is block recursive. Indeed,
equations (18-i, ii, iii’ and vi) are sufficient to determine Y, L, r and p.
Having determined these variables, C is then determined from equation (18-iv)
and I is determined from equation (18-v). Thus investment is determined as
a residual in this model, after instantaneous adjustments have taken place
in the market for existing capital goods to establish the equality in (18-iii’).
Or to put it differently, investment is completely supply determined.

We can reduce the system of equations (18) to a system of two equations
in Y and r, one equation giving the combinations of Y and r consistent with
portfolio balance and the other giving the set of Y and r consistent with
equilibrium in the real sector.

The portfolio balance (PB) curve is obtained by solving for p in terms
of Y from equations (18-i) and (18-ii) and substituting into (18-vi). The
total differential of the PB curve is given by

114

= + .
> dy LY dy Lr dr (19)

FLL
F.2

+ 4
pL

The PB curve is a variant of the textbook IM curve. It differs from the

usual LM curve in that along the PB curve P is not fixed but varies to sat-

isfy equation (18-ii). From (19), the slope of the PB curve, given M, is
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F
LL .
A
dr _ L =¥ 20
dy | PB L - (20)

which we verify to be always positive. Notice that the PB curve is the same

in both the imperfect market and perfect market models.

The curve giving the levels of Y and r compatible with equilibrium in
the real sector is the IS curve. The IS curve is obtained by substituting

from (18-i, iii, and iv) into (18-v). Its total differential is given by

F 2
- - (1+A') K1, = _(1+A’2
( CY (r +5)A” FL )dY (Cr (r+5)A”) dr + Coz da (21)
and given ¢, its slope is
a+an? Fg

1-C, - "
dr Y (r+§)A FL

dY | IS c (1 +A')2

r (r+6)A”

. (22)

From (18-iii) it is easily verified that the last term in the numerator is

§%3 where E=1 + A(I). Similarly the second term of the denominator is g% .

The denominator is always negative, but the sign of the numerator is indeter-

minate, and so the slope of the IS curve is indeterminate. We will have

dr JOE
— = < - -
vy |18 50 asl-C 2 §

where (1 -CY) is of course the marginal propensity fo save. We will assume
that 1f the IS curve is positively sloped, it is less so than the PB curve.
This can be regarded as a stability condition.

Whereas the PB curve is the same in both the imperfect and perfect

market cases, this is not true of the IS curve. From equations (18-i) and

(18-1ii’) we get that, in the perfect market model,
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F

ar | . T
dy 1S - FL (23)

vhich is always positive. We continue to call this curve the IS curve,
althéugh equations (18-i) and (18-iii’) really give us in this perfect
market model the combinations of Y and r that clear the market for existing
capital goods. However, I being totally supply determined in this case, the
equilibrium condition (18-v) can be satisfied no matter what Y and r are.
The intersection of this curve with the PB curve is still what determines the
equilibrium Y and r.

We can say more about the two IS curves. Denote by Si and SP the slopes
of the IS curves for the imperfect and perfect market cases, respectively.
We can show that the following relationship holds:

(a) Si < sP always

and

(b) the 1limit of Si as adjustment costs become negligible is sP,
The perfect market model is then a special extreme case of the general adjust-
ment cost model. Consider first proposition (a). It can be verified from
(22) and (23) that the inequality Si < SP holds if

_qa+ana’ Fa,

1 -Cy > (- A" F,

Since 0 <:CY < 1, the left-hand side of this inequality is always positive.

But the right-hand side is always negative, and therefore the inequality holds.
Consider now lim Si . This can be written
A’ 50
A 50
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FKL
(r+§)4 (1 -CY) - (L +4) 7o
1lim lim ' L

'4 4

o lim 1 E&L
A0 1+4A FL

|

It is clear then that the implications for the relative efficacy of
the various short-run stabilization policies is quite different in the two
models. The effect of specific policies will be at least quantitatively
different and in some cases qualitatively different in the two models.

Consider first the effect of an open-market operation, which changes
the stock of money. From (19), (22) and (23) we have that

) A S =gl P
M " (5D §=5,8

where I denotes the slope of the PB curve (equation (20)). Assuming the
stability condition S < Z to hold, we see that g% is positive in both the
imperfect and perfect market models. It is clear however that the fact that
Si < sP implies that the effect of a change in the stock of money on Y is
always'greater in the perfect market world than in the imperfect market world.

Similarly, the effect of the stock of moneyion the rate of interest is

given by

e _ ____ 1 _____ . =gl P
a "~ pL_a-z/s) ¢ §=57, 8

and again, since Si < Sp, the effect of M on r will always be algebraically
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greater in the perfect market case. In fact money may have a qualitatively
different effect on the rate of interest in the two models. For if the
adjustment costs are important Si will be negative, and an in;rease, say, in
the stock of money will have the familiar effect, in the imperfect market
world, of lowering the rate of interest. In the perfect market model however
the final effect of an increase in the stock of money will always be to
increase the rate of interest.

The transmission mechanism of changes in the stock of money in the
perfect market model can be described in the following way. Consider, for
example, an increase in the stock of money. Households will hold more money
and less bonds only at a iower rate of interest. The initial effect will then
be a decrease in the rate of interest to establish portfolio balance at the
higher stock of money. But at a lower rate of interest, the marginal produc-
tivity of capital condition (condition (18-iii’)) does not hold. Firms will
wish to acquire more capital, and, given the existing stock of capital goods,
this will drive the price of capital goods up. In this case this will mean
an increase in the price level, p. But a rise in p reduces the real wage,
with the result that employment and output would be induced to rise. However,
this in turn will increase the rate of interest at which firms would be satis-
fied with the existing stbck of capital, as well as the rate of interest
required for portfolio balance. If stability is assumed, in the sense that
the PB curve is steeper than the IS curve, the new equilibrium will be
established at é higher level of output and a higher rate of interest. The
point to notice is that in that model (the perfect market model) monetary

policy has its impact on output solely by impinging on the market for existing

physical assets.13
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This transmission mechanism of monetary policy is quite different
from that which exists in the imperfect market model. In this case, although
tﬁere'is still room for some impingement of money through the market for
existing physical assets, the more the imperfections in this market are

important the more the impact of money on output will be manifested via its

" effect on the desired flows of consumption and investment. Thus the channels

of monetary policy are more in accord in this case with what we find in the
so-called Keynesian models. The change in the rate of interest brought about
by the portfolio imbalance has an effect on the desired rate of investment, .
with the subsequent multiplier effect on output. In the perfect market model,
on the other hand, the rate of investment is completely supply determined, as
we have seen, and the consumption function (and consequently the multiplier) |
play no role in determining the level of output at a point in time.

| Since in the perfect mArket model equations (18-iv) and (18-v), and
thus the multiplier, do not enter into the determination of Y and r, it is
clear that the shift parameter o has no impact at all on the level of output
at a point in time. In other words, a shift in aggregate demand, brought
about by fiscal policy or otherwise, has no effect on the level of output in
the short-run. The shift parameter could still have an impact on the rate of
growth of the economy, since it is instrumental in determining the desired
distribution of output between consumption and investment.

In the imperfect market model, however, the multiplier plays an impor-~
tant part in determining the short-run level of output, and therefore fiscal
policy is an effective stabilization tool. Changes in the shift parameter of
the consumption function have the usual effect of moving the IS curve and thus

dr

varying the equilibrium Y and r. It is easily verified that both %g'and o

are positive.
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v

The conclusion that one has to draw from this analysis is that

imperfections in the market for capital goods do have an influence on the

relative efficacy of monetary and fiscal policy, and to some extent on the

way in which the impact of these policies is transmitted. We have shown

that the situation of a perfect market for capital goods can be considered

as a special limiting case of a model where there exists a market for capital
goods but this market is marred by certain types of frictions and imperfec-
tions, as measured by the adjustment cost hypothesis which we have introduced.
It would be too much to claim that this representation constitutes an adequate
measure of all the forms of imperfections that might arise in such a market.
It is our contention, however, that many of the frictions which prevent in-
stantaneous adjustments from taking place can be adequately characterized in
this form.

Inasmuch as one accepts this representation of these market imperfectionmns,
one cannot escape the conclusion that they will have an effect on the relative
efficacy of different stabilization tools. The model also permits us to avoid
having to compare simply the two extreme cases of a perfect market versus no
market at all for existing capital goods. Rather, it allows us to comsider
market imperfections as a matter of degree, with a perfect market as a limiting
case. And it allows us to show that the difference in impact of various sta-
bilization tools is not only a matter of existence versus non-existence of
imperfections in the capital goods market, but also a matter of the degree of
imperfection.

On purely theoretical grounds, the imperfect market model that we have

proposed here has all the characteristics of the so-called Keynesian model.
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This is‘true both of the policy recommendations that would come out oﬁ it,
and of the transmission mechanism of the impact of the policy tools. The
perfect market model, on the other hand, has much more of a "monetarist"
flavof, in the sense that money matters very much and fiscal policy matfers
not at all in the short run. We would by no means claim that this model
represents exactly what the recent vintage of "monetarists" have in mind.-
What our analysis suggests however is that the assumptions as to the charac-
teristics of the market for physical assets might possibly go some way in
explaining some divergences in policy recommendations.

From an empirical point of view, one has £o choose between the two

representations of the economy: either there are imperfections or there are

" not. As pointed out in Sargent and Wallace [18], most econometric models

. include some form of flexible accelerator or distributed lag specification

for the demand for physical assets. These specifications are often motivated
by the observation of frictions in these markets, and our analysis would
suggesf that these may in fact capture the essentials of the workings of
imperfect physical assets markets. As far as the empirical representation
of the economy is concerned, our analysis can therefore only subséantiate the
use of these types of specifications as a better approximation of the func-

tioning of the economy in a world of imperfect markets for physical assets.
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Footnotes

1See Lerner [11], pp. 330-338; Haavelmo [8]; Witte [24]); Tobin [20];
Sargent-Wallace [18]. For arguments to the contrary, however, see Jorgenson
[10], and more recently Sandmo [17]. The term "perfect market" implies here
that the bid-ask price spread (or the spread between reproduction cost and
replacement cost) resulting from transactions costs, dismantling and instal-
lation costs, search costs, and other types of frictions and"imperfections"
in the market is zero. See in particular Sargent-Wallace [181].

2‘I‘his assumes that capital is homogeneous in quality, regardless of
vintage or other such considerations,

3See Arrow [2], [3] and [4] where the optimal capital adjustment of
the firm under such conditions is analyzed in detail,

4See Haavelmo [8], pp. 162-165, 170-172, and Tobin [20].

5Sargent and Wallace do however allude to this problem and to the
approach adopted here, See [18], footnote 11, page 483.

6W@ might add that in a partial equilibrium framework the existence
of monopsonistic elements in the capital goods market can also be represented

as external adjustment costs,

7As could of course the model with no market at all for existing capital goods,

8We might also note that we have implicitly assumed, by valuing them
at the price p(t) of the output of the firm, that all these costs are Youtput -
reducing" costs. In other words the firm uses up some of its own resources
for the purpose of "ad justing", resources which would otherwise have been used
to produce its own output. To the extent that the firm hires outside services
for this purpose, this valuation is arbitrary. But to make this distinction
explicitly in the valuation of the adjustment costs would only introduce ines-
sential complications in the analysis, and in a one sector aggregate model
this distinction would disappear in any case. We might however keep in mind
that we do not exclude the possibility of the firm hiring services from out-

side for this purpose.

9we will not dwell further on the justifications and interpretations 6f the

adjustment cost functionm, which can be found in the literature already cited.
We note however that a quadratic, for example, could be made to fit this
specification. Holt, et al. [9] have found, in a not unrelated study, that
a quadratic provided a good approximation to such costs as hiring and layoff
costs, overtime costs, ijdle time costs, machine set-up costs, etc.

10These assumptions are not necessary at this stage: one could clearly

- do away with them by appealing to the Modigliani-Miller theorem [14]. These

assumptions will however be very convenient and will greatly simplify matters
.when we get to the macro model, and for this reason we prefer introducing them

immediately.



-22-

11The analysis could be extended to the case of non-constant returns
to scale, and to variable returns to scale. Treadway [22] shows that with
variable returns to scale adjustment costs lead to an investment demand that
is inversely related to the rate of interest. The proof is much more in-
volved than the one above since in that case the optimal path does not
coincide with the I=0 locus, and investment demand will not be independent

of the existing stock of capital.

12We make liberal use in our interpretation of this model of an
excellent analysis of it in an unpublished note by Thomas Sargent entitled
"Notes on Tobin's Dynamic Aggregative Model"'.

13It is worth noting the similarity of this description of the channels
of monetary policy with that in, for example, Friedman-Meiselman[6], pp. 217-222,
where the emphasis is also put on the impingement on markets for physical
assets, as the route through which monetary policy has its impact on output.

See in particular pp. 218-220.
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