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LONG TERM CONSEQUENCES OF THE NEW VIEW OF INVESTMENT*

BEdmund S. Phelps
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In 1956 appesred the first in a long series of papers [1, 2, L, 5,
6, 7, 9, 11} disputing the traditional thesis that capital deepening is
the major source of productivity geins and conjecturing that we owe our

economic growth to our progressive technology.

Thesis and antithesis were synthesized by 1960. Investment has been
married to Technology. In the new view, investment is prized as the

principal carrier of technological progress {8, 12, 16] .

No effort is made here to appraise empirically the "new view." Nor
do we question the urgent need for accelerated investment, public and private.
Instead this note is directed at certein implications of the new role which
has been attrivuted to investment. In what sense does the new role make
investment more important? Does the new view of investment Present any new
reasons, any new incentives -- if added ones were needed -- for faster
capital accumulation? To narrow the inquiry still further, we shall confine
our analysis to the long-run, wltimate or asymptotic consequences of
stationary investment-thrift policies of the simple "proportionality"
variety. The results of the inguiry are summarized at the conclusion of

the paper.

* I am grateful to Arthur Okun for uncovering several mistskes in the
original draft. He is innocent of any new mistakes which mey have crept in.



Early Work

The empirical work cited above spans a great variety of analytical
methods and empiricel materials. One of the best known papers is that by
Professor Solow [11] . A number of other investigators followed a similar

approech.

Solow assumed the constancy of returns to scale and the "neutrality"
of technical progress. He expressed sggregate output, Qt » a8 the

following function of capital, K% , &and employment, Nt :

(1) Q. = A(t) F(K,, N)

This assumes that technleal progress is essentially organizational.

By virtue of the assumptions, it follows that

;
(2) Ik 11_ +oa, f“
¥y 1 t

where Yy denotes output per worker, X, denotes the capital-labor ratio

t

and a, iz the elasticity of output with respect to capital, that is

(t’tK

Qt

from time series of output, capital and lsbor to estimate the "index" of

With an estimate or assumption about a, it was possible

technology A(t) which was implied.
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A number of results were obteined from this approach but the foremost
conclusion was the following: Less than twenty per cent of the increase in
output per worker in the last quasrter century was due to the increase in

capital per worker which occurred.*

* In the absence of additional information, we can only regerd the eighty

per cent as the unexpleained increase in productivity. However the attribution

of this residual has been a rich field for conjecture and unwarranted conclusions.
Some have regerded it as proof of the high averasge end even marginal productivity
of research outlays!

As a statement about economic history this statement comld not be
clearer. As a statement about the productivity of additionsel investment, if
it was ever intended as such, it remains open to two quite contrasting inter-
pretations. Does it mean, as many have taken it to mean, that capital deepening
is ineffectusl? Or does it meen that in recent history very little capital

deepening has taken place?

It is, after all, the effectiveness of additional capltal deepening
which 1s of primery interest. On that score, the papers clted have been
tentative and casual. Solow used the share of output going to capltal in

yeer t as an "outside" estimate of a Later, Massell [7] wused the

t -
average share of outpui going to capltal over the pericd of the sample as an
estimate of & . Since the conditions under which theory would justify such

& procedure are not in fact mat (e.g., competitiveness) this epproach cannot

be regarded @s very satisfactory.
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This method of estimating the capital-elasticity of output was bound
to generate "elasticity pessimism,” quite spart from the results of a regression
like (2) . In the same way that (2) is obtained, one can derive from (1) the

relatlon

i ST N WP S SO S
dt * Qt A t dt : K% t/dt ° Nt

The share of income accruing to capital is generally estimated to he smaller
than one third. Therefore the sbove relation states that a one per cent
increase in the capital stock -- each such increase takes three per cent of
8 year's naetional income -- will increase output by only omne third of one per
cent. The capital-output ratio in this country is a little less than 3 .
Hence, an increase in the investment-income ratio from .10 to .20 would
increase the growth rate by no more than one per cent (and would increase it
lesé 1f the capital-ocutput ratio rose in response to the heightened thrift).
Professor Solow has remarked of just such a calculation: "This seems like a
meager reward for what is after all a revolution in the speed of accumulation

of capital."” [12].

The New View

At & time when the reputation of investment seemed at low ebb there
appeared the first signs of a new tide. The Economic Commission for Europe
{14] sargued in late 1959 that Furopean population growth had stimulated

productivity by necessitating a high rate of gross lnvestment - thus bringing
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about & younger and more modern cgpital stock. On the same grounds, PEP's
diagnosis of the British economy [8] discounted Britain's comparatively

high investment ver worker because her population growth was smsll.

The alacrity with which this new view of investment has taken hold is
remarkeble. The President's Bconomic Message to Congress [15] in January, 1961

states:

"Expension and modernization of the Nation's productive plant is
essential to accelerate economic growth and to improve the inter-
national competitive position of American industry. Embodying
modern research and technology in new facilitiesz will advance
productivity, reduce costs, and market new products.”

Expension and modernization are put on equal footing and the latter is
stressed. A statement by the Council of Economic Advisers before the Joint

Economic Committee on March 6, 1961 [16] amplifies this view:

"One of the reasons for the recent slowdown in the rate of growth

of productivity and output is & corresponding slowdown in the rate
a8t which the stock of capital has been renewed and modernized...

As has been confirmed by more recent research, the great importance
of capital investment lies in its interaction with improved skills
and technological progress. New ldeas lie fallow without the modern
equlpment to give them life. From this point of view the function
of capitel formation is as much in modernizing the equipment of the
industrial worker as in simply adding to it. The relation runs both
ways: investment gives effect to technical progress and technicel
progress stimulates and justifies investment."

The dismal spell of the early investigations has been decisively broken.

The fundemental theory on which the new view of investment is now based
is due to Professor Solow. In a 1960 piece [12] which 1s already a classic,
he pointed out that a production function like (1) makes old and new capital

share alike in technological progress while expressing the belief that
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"many if not most innovetions need to be embodied in new kinds of durable
equipment before they can be made effective." He then conmstructed a model

which accords to investment this new role.

Solow says of this model: "[It] redresses the balance somewhat and

attributes greater importance to capital investment. The reason is, of course,

that capitel formation is a vehicle for carrying technical change into effect"

[12, p. 97; italics mine] .

We shall now sketch this model and then inquire into the nature of

increased importance which the new view attributes to investment.

Unlike the earlier model of production, which permitted mch more
generality, Solow assumes that the index.of technology, B(t) , advances
exponentially at the constent relative rate r . Every capital good embodies
the latest technology at the moment of its construction but it does not
participate in subsequent technical progress. "Capital" thus becomes &

continuum of heterogeneous vintasges.
It is assumed that the output Qv(t) produced at time t by equipment

K%(t) of vintage v 1s given by the Cobb-Douglas function:

(3) Q,(t) = Be™ K (+)* W (t)®

Since technical progress is neutral, the elasticity parameter 8 is the same

for cepital of all vintages.
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If we are to estimate capital of vintage v still existing at time t
from a gross investment time series, we must mske an assumption about depre-
ciation. Solow assumes & constant "force of mortality,"” & , to which capital

is continuously exposed. Hence,

(&) Kv(t) = Kv(v) e"s(t—v) = I(V) e_s(t_v)

where I(v) is gross investment -- unconsumed output -- at time v . This

mskes the average life of & capital good about 1/5 yesars.

The last step is to determine the distribution of the labor force over
the vintages of capital. This he does by intreducing the condition that the
merginal productivity of labor be everywhere equal. Then aggregate output --

the sum of the homogeneous outputs of the various vintages of capital -- 1s

given by
-85t -8 _8
(3) Qt - Bo © N% Jt
£ r
where I, =0 e(a tav I{v)av

Since the new model uses the CobW-Douglas assumpiion, let us speciallze
(1) in the same way to facilitiate comparisons. If all technology is

organizational, then

(6) q = A ¢ K n



or equivalently
(7 Q = AN [ ¢ k() av]®

We can bring (5) into the same form but with a crucial difference:

(8) o = B L [ e

&
o Mo - Kv(t) dv]
The basils for the optimism engendered by (8) can be illustrated by the

following example.

Suppose that existing machines are of just two vintages, (014)

vy
and v, (new), and that there are an equal mmber of machines of the two
vintages.

According to (7) & two per cent increase in the number of mechines of

the current vintage, v will bring about a one per cent incresse in the

2 3
value of the brecketed expression in (7); we are weighting a two per cent

and & zero increase equally.

-‘Consider the case in equation (8). The bracketed expression is the
weighted sum of the machines of the two vintages with the weight for the
contemporary machines, nsmely erv2 , being greater. Consequently a two
ver cent increase in the number of machines of current vintage will produce
& proportionate increase in the value of the bracketed expression in (8) in

excess of one per cent. Hence, current investment increases output per man



-9 -
partly through decreasing the average age of the capltal stock.

Now we broaden our view and ask what happens as the progfam of caplital
sccumiation continues. Pretty soon we will be confronted by a new situation;
large investments today will present us with & great  number of old machines
tomorrow. To achleve that one per cent incresse in the value of the bracketed
expression tomorrow,‘a greater absolute increase in the number of new machines
will then be required. Of course the weights accorded the old machines in
the bracket in (8) are small and are smaller the older the vintage. This
contrasts with (7) where all vintages get the same weight. But the essential
point 1s that investment must grow In order to maintain & constant average age
of cgpital. Hence, the long run conseguences of a permanent change in invest-
ment pollcy are not so clear as the immedlate consequences of a change in
investment. The remainder of this paper is devoted to a study of the long
run effects of different investment policies as predicted by the "old view"

and the "new view" of the relation between Iinvestment and technology.

Implications for Long Run Investment Policy

We have seen that the two views of investment do indeed have different
implications; the difference between the two views 1ig therefore operational.
But do the two views have different implications for the effects of, and

therefore the cholce of, investment policy in the long run?

That is & deliberately vague gquestion to which we cannot give a complete
snswer. We shall confine our analysis to long-run investment policies of

the following simple form: For the indefinite future investment shall be some
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fixed fraction of totel output. The choice of an investment policy in this

case reduces to selecting the investment-output ratio s . Hence ¥

* If consumption is & constant fraction of gross output then, in
exponential growth, it is also a constant fraction of net output. Therefore
it is immaterial that we work with gross rather than net investiment and output
in the present context. :

(9) I(t) = s q(t)

The second criticel restriction is the assumption that the labor

force grows exponential at the constant relative rate n :

(10) N, = X

Thése assumptions yield & growth process having & nice property [10,
13, 31 . Starting frgm the initial position, the peth of growth will be
asymptotic to & balanced-growth, "golden-age" equilibrium growth path along
which path production, consumption, investment and the capital stock (of all

ages) all grow exponentislly at the same rate. Our principal concern willl be
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with the relation between the investment ratio choéen and the asymptote «-

the limiting growth path ~- which the economy will gradually approach. In
particular, we ask: Does the new view of investment impute to the Investment
ratio a greater influence upon the limiting gro?th path than can he attribdbuted
to it under the old view of investment? Does the new view of investment, in

other words, imply a larger long-run asymptotic effect from a given incresse

of the investment ratio?

Let us first construct the growth model corresponding to the old view

of investment and technology. We make the exponentiel depreciation assumption

which corresponds to (L) :

t
=5(t-v '
(11) K, =_J e (t-v) T{v) dv
As a consequence, K = I(t) -8 K, -

In order to make the "old" model of investment and growth comparsble
with the new model formlated by Solow we shall make the same Cobb-Douglas
agsumpticn; that is, we shall work with the production function in eguation

(6) . Differentiating Q in (6) with respect to time ylelds

(12) g—f = rg + (1-a) a"° @ & o+ ane™ ¥ (1(1) - &)
where we have used the relation K% = I(t) - & K. by virtue of (11) .

Using (9), (10) =nd (11) (to express K1 in terms of Q and N ) we
obtain the fundamental differential equation corresponding to the "old view"

of lnvestment:
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t
dq _ °s %4
(13) Fr Y Q + ¢y Q~”e
where ¢, = r + (L-a)n -abd
1 i-s
~ a 8
c2 = as Al Né
e _ 28 -1
3 " a

o = TF+(1-am
h o~ a

According to the new view of investment, production takes blace
according to equation (5). Differentiating that equation with respect to

time yields

eBt - i (3+1)t
(14) %% = -abQ+ (L-a)Be 0t y @ ;8 %% + aBe 0t -8 g8-1 Talt iy
. (5 + EJt
where we have used the relation J =& I(t) .

Using {9), (10) and (5) (to write 71 in terms of Q and N ) we obtain
the ‘undamental differential equation corresponding to the new view of

lnvestment:

(15) dt
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where ci = (1 -a)n-abd
1 lug,
e! = asBE N &
2 e}
ot = 28-1
= =

. _ T+ (1 -a)n
€y = 8

These two growth models -- which differ only in respect to the embodiment
or non-embodiment of technical chenge in capital goods -- exhibit differential
equations having the same form. There exists an explicit solution for the

growth path Q(t) resulting from such a differential equation [3] .

Let us focus on the limiting or asymptotic solution to the equation.

This is
Cy
t
_ 1 - 05
(16) ) = e
¢
In the limit, growth is exponential at the relastive rate 1 e .

3

On the balenced-growth equilibrium path, the "initial point" is
arbitrary; but the height of the path depends upon the existing lgbor force
at whatever initial point is selected and depends upon the investment ratio.

This equilibrium value of Q at time zero, ﬁb , 1s to be distinguished

carefully from the actual value of output, QO > 8at time zero; the two will
be equal only if the initial capital-output ratio happens to. equigl that ratio

which the chosen investment ratio will ultimetely bring ebout.
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ﬁb is given by

(17) g,

We are at last in & position to examine the consequences of the new
view for this limiting or golden age mode of growth -~ especially those

consequences relating to the importance of the investment ratlo.

Since Cz = cé and ¢y = cL it is plein that the limiting growth

retes under the two systems are identicel. It is & "natural" growth rate
in the ﬁsual sense that it 1s independent of the investment ratio.  The

growth rate is:

(18) g= - +l(f ;'a)n

The fact thet the limiting growth rate of the old-style Cobb-Déuglas
model is independent of the invéstment ratio is well knowm. It is not
surprising that the limiting solution of the new Cobb-Douglas model exhibits
the same property. Associated with any exponential mode of growth is a certain
unchanging age distribution of capital. Capital which is (t - v) years old
will grow at the rate g like most everything else; the proportion of cepital
which iz (t - v)r years old or less is constant over time. The fact that
capitals of different vintages get different technical weights iz immaterlsal

in the determination of the exponential equilibrium growth rate.
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In what way, then, does the new view attribute more lmportance to
investment? While the limiting growth rate in both models 1s independent
of the investment ratio, the height of the equilibrium growth path will
depend upon that ratio. We might well ask therefore 1f the new ﬁew imputes

to the equilibrium growth path - in short, 50 - ‘a greater sensitivity to

the investment ratio than is implied by the old view. This is a conjecture

concerning the elasticity of ﬁo with respect to s .

Equations (13) and (17) yield the equilibrium output rate corresponding
to an investment ratio s at some arbitrary zero point in time according to

the old model (6) :

L 12 | &
a a a l-a
T3 (1-a) Ao N,

(19) Q = =

r + (1-2) (n+d)

—

Equations (15) and (17) yield the equilibrium output rate associated
with an investment ratio & at the arbitrery zero point according to the new

model based on (5) :

B 1 e | &
a 8 l-a
(20) g = s> ° =) % %
= 4 (1-a) (a+8)
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Equations (19) and (20) disprove the conjecture. The elasticity of

56 with respect to s is ==— in both equations. Whether one takes

-2
the new view or the o0ld, it follows that, in the long run, a one per cent

increase in the investment ratio will yield asymptotically a rate of output

wvhich is E%E per cent in excess of what asymptotically it would otherwise

have been (i.e., hed & lower fixed investment ratio prevailed).

This result seems at first appearances %o bg in flat contradiction to
the observations of the previous section. The explanation of the puzzle lles
in the behavior of the average age - or more precisely, the age distribution -
of capital. The trivial but eaéily overlooked fact is that, in exponential
growth, the age distribution of capital depends upon the rate of growth and
the rate of depreciation and upon nothing else. Since both rates are, in
the long run; independent of the investment ratio, a once-for-all change in
that ratic can have no persistent long-run influence on the age distribution
of capital. Consequently, in the long run, any increase in thrift must rely
for its effectiveness upon the prosaic mechanism of capital deepening - of an

equiproportionate deepening of capital of every age.

This is easily proved. Consider a point far in the future of the kind
of economy discussed here in which the effects of any sberrant investment
policies of the distant past are no longer felt; the economy has been growing
smoothl& &t the rate g, along the growth path corresponding to the chosen

fixed investment ratio, for quite some time.
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The time path of gross investment traced out by such an economy is the
upper exponential curve shown in Figure 1 . We are looking backward from e

point in time at which, with no loss in generality, t =0 .

It K, (0)

I()= TOe
K, =T 0"

Figure 1

In order to obtain the amount of cepital of vintage v still in use at

t=0, Kv(o) , we have to mltiply I(v) by e . This glves the

lower curve.

The lower curve 18 an exponential curve but not the curve of statistical
theory with unit area under the curve. To cbtain the mean age and the other
moments of the age distribution of capital, it is neceééa:rjy t0 normalize the
curve so thaet its area will equal one. This requires dividing KV(O) by

1(0)/(g+d) for all v .* The normelized age-distribution curve is therefore

* I(0)/(g+d) is the total ares under the Xv(0) curve, by the familiar
"capitalization" formmla.
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(21) £(v) = (g+8)e

The mean age of capital, -v , in this case is

_ o (g + &)
(22) v = [ (g+8)e (-v) dv
(g+8)v |°
_ ~v(g + Ble +
g+ 5 g0
o
l&+3)v
= 0 + g+ 95
_ 1
= T

(g+d)v
(g + Ble dv

(g +8)

Other moments of the distributlion can be derived in the same manner.

But (21) shows simply that the asymptotic age distribution will depend only

upon g and b , whatever the investment ratio.
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Has the new view of investment no significance for the selection of the
fixed investment ratio? This depends upon the neture of the investment policy,

of the decision rule employed.

Suppose that we wished to achieve & particular equilibrium growth path.
Which model - new or old - predicts the smaller investment ratio which is
reguired asyppﬁotically to achieve it? Or suppose we are concerned with the
gbsolute increase in output (or consumption), rather than the relative incresase,
vhich results from a one per cent increase In the investment ratio. Which
model predicts the greater sbsolute effect of a given increase in the invest-
ment ratio? 'These two questions are the same. They both ask whether the
coefficient T' of the investment ratio term in equation (20) is greater than
the corresponding coefficient T in equation {(19) . If the answer is yes,
then it would seem reasonable to assert that the new view makes investment
policy more important than does the o0ld view. However 1t could ndt e said,
in this event, that the new view provides additional incentives to increase
the long-run investment. (Such incentives would then have to be based upon

the transient behavior of the system "before the asymptote is reached.")

Looking at (19) end (20) we can see that T' > T if and only if

+ (1-a) (n+8)
+ {1-a) {(n+d) =¥

r
&
>
T

i b

(23)

Now ¥ > 1 since r>0 and 0<a <1 . Can we make any a priori deductions

about 2

B
A
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First of all, note that at any point in time, ¢t , Qt , Nt and
K&(t) are data. Anyone subscribing to the "old view" must estimate A

in such a way that his production function, equation (7), fits the facts.
Similerly, anyone sdhering to the "new view" will estimste B, such thet
his production function, equation (8), fits those same facts. If we are
to make & meaningful compsarison of the two models, we must estimate the
parameters of each of them in such & way that b'pth models are admissible
theories of the same economy. Equations (7) and (8) must "predict” the
ssme current rate of output, given current resources. It is worth adding
that the other parameters, & , r , n and 5 , mist be essigned the

identical wvalues in the two models.

From this consideration and (7) and (8) we find

% %'t
B
(2k) o _ e Kv(t) av -
A - t E'-v -
° a

[ e Kv(t) dv

(7]

2
Ao

It is apperent from (2L) that > 1 -- ynless all capital is brand new.

B o mast exceed Ao by an amount which is necessary to "compensate” for the

dreg on productivity which the new view attributes to old caepltal. A new-

view men might say that an old-vlew man's estimate of Ao was reslly an
estimate of the average level of technology, whereas Bo was the latest or

bvest-practise level of technology, which was embodled only in the newest

capital goods.
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The above deduction is the only a priori stetement that can be made

about BO/AO . It is insufficient to satisfy condition (24). We have to

consider the current age distribution of capital to determine the exact
ratio of the two estimates of the level (as distinct from the rate of advance)

qf technology.

Let us consider an sge distribution whose only claim to our attention
is its simplicity. Suppose that gross investment has been growing steadily
at the rate h for a long time. Let the present time constitute the zero

point, for convenlence; then K#(O) =0 for all v > 0 since futwre capital

vintages have not yet been built. From the growth rate assumpilon, the

depreciation assumption in (4) and (11), and equation (24) one obtains

0 5v
B ol e I{v)dv
(25) A

T
a "’ &v
fo e e I(v)dv
=00

mfo I(O)e(a+h)v dv

(§ +5+h)v

fo I{0)e dv

]

+ &+ h
58+ h

B
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et us write h = g + u where u may be positive or negative and g is

defined in (18). Then, from (25)

B LI+ (1-8)(n+5+u)
o a
(26) 2 -
o r + (1 -a)({n+d+u)
o _ 5,
If u =0 then, by (26), 1 = ¥ so that T =7'. Tn other words,
o

if the distribution of capital by vintage happened to be described by the
exponential curve 1(0)e (&)Y | then the two models wowld yield the same

»*
coefficient in (19) and (20).

* This result could have been anticipated. Suppose the economy hed been
traveling slong the exponential balanced-growth path corresponding to the
prevalling investment ratio. Both models would have to predict the ruling

growth path; Ao would have to be estimated such that §o =Q o and Bo
would have to be estimated such that 5(’) = Q, . Hemnce T =T' in this
very speclial case.

If u< 0, then the previous growth rate is smaller than the natural
B
rate. Ao > ¥ by virtue of (26) and the assumptions on r and a .
[¢]

In this case, T'>T.

Correspondingly, if uw> 0, then T' <T.
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These cases are symnetrical so that it is nécessary to consider
only the_former in any'detail.v
This result cen be explained quite simply. If growth has been slow,

then the sverage age of capital exceeds the mean ege which would be produced

by & policy of proportional investment. The mean age at t = O is E%g
while equilibrium balanced growth must produce asymptotically a mean age of

capital equal to as we have séen. Therefore, once we gear the economy

2
g+d ’
to a fixed investment ratio - no metter what that ratic is! - the average age
of capital will decline in the limit. According to the old view, this shift
in the age distribution is of no significance; but the new view ilmpliles that
such & change in the age structure will make a separate contribution to
growth by raising the averege level of technology embodied in the capital
structure.

The exponential age distribution may have been worth considering for

purposes of insight. But any empirical age distribution would be bound to

show meny irregulerities. From (25) it is possible to derive the generel
Bo

condition on the time path of past gross lnvestment such that o > v .
(o}

This is

é"‘i

§]

(27) ) i-ye®lar >0

-0

T
=V
let vea © = 1 define v, Then we can say thet gross investment in the

intervel -v_ <t <0 recelves negative weight in (27); gross investment
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prior te vy receives positive weight. It is still true to say, therefore,

B
that Kg' > ¥ is more likely to be satisfied the greater the average age
o

of capitel.

If the preceding analysis is correct, there is nothing & priori ir
the new view of investment which makes thrift more lmportent or desirsable so
far as 1ts ultimate, asymptotic consequences are concerned. However, we need
not blind ourselves to the data. Is there evidence that capital in this

B
Q

= >V 7
O

country has grown so very old that, in terms of the model here,

Only in the case of certaln simple distributioﬁs like the exponential
does the average age of capital give us all the information we need about

the age distribution in (27). But the mean age is a useful statistic.

The Council of Economic Advisers [16] has recently exhibited‘estimates
of the mean age of equipment in the U. S. in 1959 and 1952-55 . 1In this
interval the mean age of equipment declined from 8.5 years to 9.0 yeers.
However, this is still short of the ripe old age of postwar equipment, 10.6
years in 1945. In 1948, 12.5% of plant and equipment was 5 years old or

less; in 1959-60, it was only 9.4 .

This evidence was presented to show that & deceleratlon of investment will
increase the average age of capital. An acceleration of investment cen he
expected to reduce the mean age, at least for & while. The analysis here

suggests that, in the long run, the mean age of capital will depend, for any



- 25 -

given investment ratio, only upon the rate of depreciation and the limiting
rate of growth. To show that the present mean age of capital is in excess
of the eguilibrium meen age would require further analysis. It is interesting

that 1f g= .04 and & = .06 then

™5 = 10 years. In that case,

capital could be expected ultimately to get older, not younger, if a fixed
investment ratio were esteblished and 1f the present model were taken as

descriptive of the economy.

Conclusions

We have constructed two growth models which differ only in the under-
lying assumptions sbout the erbodiment of new technology in old capitel. An
investigation end comparison of the limiting colutions of these models

revealed that
(1) the models display the same limiting growth rate

(2) the elasticity of the limiting exponential growth path with

respect to the investment ratioc is the same 1in bhoth models

(3) 4in the limit, the ege distribution of capital depends only on

the rates of growth and depreciation

(4} +the height of the limiting exponential growth path produced
by 2 given Investment ratic may be predicted differently by

the two models
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(5) the difference will depend upon the difference between the
initial age distribution of capital end the limiting equilibrium
distribution; 1if cepital is initially very old, then th; new
view will predict a higher equilibrium growth path corresponding
to any fixed investment ratio than will the old view; this is
because the change in the age distribution which occurs (in the

limit) is favorsble to productivity in the new view.

It should be emphesized that the transient effects of investment, as
forecast by the two models, may be extremely important; they have been
altogether disregarded here. An investigation of transient behavior would
require an enalysis of the stabllity of the two models, an analysis which we
have avolded here at our peril. It may be that, even if both models were to
predict the same exponential balanced-growth path corresponding to every
investment ratio, the approach to the limiting path might be faster in the

new model than in the old. Cheerfulness may yet break in.
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