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ABSTRACT

In this study we have developed a dynamic analysis of a firm
undertaking plant and equipment and research and development investment,
along with labor requirement and PsE utiljzation decisions. It is shown
that in the short run increases in R&D cause the utilization rate of
pPlant and equipment to rise and to decrease demand for labor per unit
of R&D. We distinguish between the effects of the stock of R&D and the
investment flow. The short run effect of changes in the stock of R&D
on labor demand are quite distinct from the behavior observed along
the intertemporal path. Along the path increases in the R&D investment
rate must be accompanied by an increase in the labor requireﬁent per unit-

of R&D. Contrary to a viewpoint held by many, the Rs&D investment flow

does not displace labor. Finally, our model provides a framework to

justify the empirically observed positive relationship between the

utilization and the PS&E investment rates.
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1. Introduction

By its very nature research and development (R&D) alters the level
and composition of the outputs supplied and inputs demanded by firms.

The empirical work of Edward Denison [1974], Dale Jorgenson and Zvi
Griliches [1967], John Kendrick [1973] aﬁd M. Ishaq Nadiri and Sherwin
Rosen [1973] has characterized how technological change has been a
significant element to output g;owth. Moreover, studies documented by
Edwin Mansfield [1972] have come to the conLluSion that research and
development has been a major determinant of technical progress.

The dynamic theory of investment by firms often ignores the
important interplay, both in the short run and intertemporally, between
the decisions to accumulate technical knowledge, to utilize and invest
in plant and equipment and to hire labor. A major stumbling block has
been that the only variable imput is generally -labor,.while plant and
equipment.utilization is costlessly altered. This structure implies
that changes in the level of research and development only affect factor
proportions through changes in labor requirements, but not through
the utilization of plant and equipment.

In a static framework Paul Tauhmaq_and Maurice Wilkinson {1970},
Robert Lucas [1970] and Gordon Winston and Thomas McCoy [1974] analyzed
the fole of factor utilization which increases both output and input prices.
Recently Andrew Abel [1981] developed a dynamic model where labor utiliza-
tion is costly and instantaneously determined, while labor and capital are
quasi-fixed factors. 1In this paper we develop a dynamic analysis of the
determinants of labor requirements and capital utilization at any poinf in
time given the stocks of both RsD and plant and equipment (P&E) capital.

The firm alters the level of these stocks through their investment decisions,
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one pertaining to the standard P&E and the other to R&D.

In our model we explicitly recognize the dual nature of R&D. As a’
flow variable, the investment is part of the short run equilibrium, while
as a stock, its level governs the dynamic path of the firm., In the short
run we establish that increases in the sfock of R&D relative to the stoék
of P& increase the rate of ph;;ical capital utilization and decrease the

'
requirements of labor per unit of the stock of knowledge. Thus the firm'
becomes less labor intensive in the sense that the rate of P&E
utilization increases at the expense of labor in R&D intensive form.

The dynamic path exhibits some interesting properties. First as
the stock of P&E relative to the stock of R&D rises towards its steady
state value, the P&E growth rate decreases. This result occurs due

t : to the presence of convex adjustment costs.” Whén the stock is too low
relative to the long run magnitude, the marginal adjustment costs are too
high. This implies that the P&E 9growth rate falls towards its steady
state rate. Simultaneously, as the stock rises, there is an easing of
the pressure on the rate of P& utilization and therefore over time it
also decreases. Thus we find that along the dynamic path the P&E
growth and utilization rates are positively correlated.

Second, as the stock of P&E relative to the stock of R&D rises,'7
the R&D growth rate increases, because the demand price is too low
relative to its steady state value. Combining this conclusion, with

the short run result that the expansion of P&E relative

to R&D displaces labor per unit of R&D, implies that along the dynamic

path R&D investment and labor are positively correlated.




We develop the structure of the model and the short run equilibrium
properties in Section 2. Section 3 is devoted to the dynamic path and
steady state characteristics. In Section 4 some comparative long run

results are discussed and then we conclude.

2. The Model

In order to model the role of R&D and, its interaction with the
other two factors of production, plant and equipment services and labor

services, we assume that the firm's production process is represented as
(1 y (&) = FIB()K () ,K (£),L(t)]

where y(t) is output, F is the twice continuously differentiable
production function, B(t) is the index of P&E utilizationm, Kp(t) is
the stock of P&E, Kr(t) is thé?;tock ;f ﬁgb;é;aw£2£5.;s labor services.
All variables are evaluated at time t.' The marginal products are
positive and diminishing for each of the factors.

The physical capital utilization rate can be thouéht of as an‘index
of plant and equipment usage at each time period. In our model, thé
stocks of P&E and R&D are quasi-fixed factors while labor requirements
and the P&E utilizatioﬁ rate are variable in the short run.

R&D essentially affects the production ﬁrocess in two ways. Fifst
it alters the nature of the factors of production. Indeed it seems
appropriate to view the services of plant and equipment and 1ab9r in
relation to the existing stock of knowledge. This implies that it is
kp(t) = Kp(t)/Kr(t) and 2(t) = L(;)/Kr(t), along with the P&E utilization

rate which. governs production.



S¢ >nd, if the technology exhibits constant returns to scale, then
knowledge, as well as physical capital and labor services, must all
increase by the same proportion in order to generate an equal percéntage
increase in output. Thus if the stock of knowledge is fixed, we would
expect diminishing returns to the two other factors of production (8K
and L). We can incorporate these stylized facts by assuming thaf the
Vproduction function, F, is homoéeneOus of degree 1 in B(t)Kp(t), Kr(t)

L

and L(t). Hence
(2) y(t) = Kr(t)f[B(t)kp(t),l(t)]-

The endogeneity of the P&E utilization rate permits physicél.capital
to be operated at various times. Clearly labor prefers. certain times
to others, as the major portion of factories and machines are operated
in the daytime and during the Wéek. Thus™in otrder to™attract workers to
overtime, night and weekend shifts, a premium wage rate must be paid. The
wage rate in our model consists of two components, the fixed scale or
basic rate, é, and the premium rate, w(B), which is an increasing convex
function of the P&E utilization rate.2

The flow of funds for the firm is

(3) F = py - su(B)L - C(IP/KP)Ip - E(T_/RDI_, >

-

where p is the fixed product price.J The costs of installing
additicnal P&E is C with C¢' > 0, C" > 0 for IP >0, C=¢Cc'=0

for IP = 0. The costs of developing additional R&D is E with E' > 0,
E" > 0 for Ir >0, E =:E' = 0 for Ir = O.4

In this model the*major difference between the stocks of P&E and

R&D is that there are two costs associated with P&E; utilization [w(8)]

and installation [C(IP/KP)]. However, with respect to R&D, there are




only development costs associated with additions to the stock of
knowledge [E(Ir/Kr)Ir}. Once the stock of knowledge exists there are
zero costs associated with its utilization.

Knowledge and physical capital are accumulated by

4 K =1 - 6K
(4) P P P

(5) Kr = Ir - ngr

where 0 < § < 1 is the rate of P&E depreciation and 0 < n < 1 is the
rate of R&D observance.

The firm desires to maximize the present value of the flow of funds,
which is discounted at the constant rate r, subject to equations 2>,
(4) and (5). 1In order to fuifill the objective, the firm selects P&E
utilization, labor and investment while Kp’ Kr and the assqciated

- -

investment demand prices delimit the dynamic path.

The Hamiltonian of the problem is
(6) H = pKrf(ka,l) - sw(B)L - C(Ip/Kp)Ip - E(Ir/Kr)Ir
+ ql(Ip - 5Kp) + qZ(Ir _;nKr)°

The first order and canonical conditions are.

oH _ _ -
(7.1) ST = pf2 sw =0

) : - sw'l =
(7.2) 28 prKp sw'lL = 0

oH I
(7.3) — =-C' EE>— C + q = 0

ol
P
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oH r

(7.4) 3T ° E' ¥ ~Etaq,=0
r r
(7.5) 4 = (r + &)y - pfyp - (L /K)®
(7.6) 1'<p = 1, - 8K
(7.7) Gy = (r + ma, - P+ pEEk + 0 - E'(Ir/Kr)’z
(7.8) f(r =1 - K.

There are also the transversality conditions and the.Legendre—Clebsch
conditions, which state that the matrix of second order derivatives of
the control variables is negative definite.
The short run equilibrium of the firm is denoted by (7.1) - (7.4),
thgt is, given the capital stggks andh;he‘invgstmgntﬂdemand prices
(q1 and qz) we can determine the derived demand for labor, the P&E
utilization rate and investment per capital stock for both P&E and R&D.
The determination of labor requirements and utili;ation is
simultaneous. In addition, the firm does not determine labor demand,
but rather labor relative to R&D. In other words labor in R&D intensive
form is the relevant measure at each time period. To see this divide
(7.2) by Kr’ then pf.k -~ sw'f = 0. The latter equation and (7.1) caW 

I'p
be solved for & = G(kp,s/p), R

B(kp,s/p). R&D intensive labor and the
P&E utilization rate depend on the R&D intensive stock of P&E and the
real scale wage rate.

Combining equations (7.1) and (7.2),5

(8) g = eB/eQ




where 6 = 3/w is the utilization elasticity of the labor costs.
“ting that the labor elasticity of the labor costs is unity, equation
{8) illustrates, in the short run, that the ratio of cost elasticities
equals the ratio of revenue elasticities. If the labor elasticity of
reveﬁue exceeds that for utilization, then the utilization elasticity

of costs is less- than unity. The firm, in this situation, operates on

the inelastic portion of the premium rate. For the firm to operate on

4+

. 6
the elastic segment, we must have e_ > e .

B 2
We are interested in establishing the response of labor requirements
and P&E utilization to changes in the capital stocks and the scale real

wage. If the stock of P&E in R&D intensive form increases, the effect

iq. . .7
on the utilization rate is

2 2
221 (ex 4 1) 4P 2l
BB He

o8 o

%) % - H

- (e"

32 .

The Legendre—Clebsch conditions imply that net operating revenues in
R&D intensive form H/Kr = pf(BkBR) - sw(B)2 is strictly concave in 3 and
2. Hence the Hessian determinant (H) in equation (9) is positive.

In addition, sufficient»conditidnséfor’ﬂ > 0 (besides w" > 0) are
/6). The former coandition

< min(~1, - 6), and e < 1 + min(e

“gB B2 22°%28

means that the marginal product of P&E utilization must diminish in
sufficient magnitude as f rises, while the latter condition implies that
the same marginal product must be limited in its increase as 2 rises.
Another way to interpret these two conditions can be obtained from
equation (7.2). We see the difference between the value of the marginal

product and the marginal input cost for utilization depends on § and 1.




The restricc.ion on eBB guarantees that the difference decreases as 8
iicreases and the restriction oniesglensures that the difference
decreases as % increases. Clearly, with these two conditions, the right
side of (9) is negative. As kp expands, because of the change in the
marginél product of ?&E utilization, two effects are initiated. The
- first can be termed the‘"own effect." The larger kp causes the value of
the marginal product of utilizaéion to diminish such that it is now below
the marginal input cost of utilization. Th; second effect (the "cross
effect") emanates‘from the fact that the wvalue of the marginal product
of labor is now below the respective marginal input cost. In order to
restore equilibrium,lthe P&E utilization rate must decrease.

The decrease in the rate of utilization, which decreases the wage
bill at each unit of labor services, and the increase in marginal product

of labor from an expansion of?kb, cause “-labor “ip" R&DY intensive form to

rise. This is seen from

‘ 2.2

pf213 2 P flk
- "

[pfllkp sw''eL] + e

98 _

3k
o H

(10)

(e + 1) (e - 1) > 0.

8B B8

Hence as kp decreases the firm becomes less labor intensive in the short
run. This result occurs, not in the usual sense of changing the plant
and equipment to labor ratio, but rather, because the ratio of the P&E
utilization rate to labor in R&D intensive fqrm rises. As R&D expands
relative to P&E,labof relative to R&D falls and the utilization rate
rises.

The scale real wage also creates a divergence in the magnitudes

of employment and utilization. In our context an increase in the basic




real wage s, leads to a decrease in labor requirements and an increase

ir P&E utilization. Differentiating (7.1) and (7.2) with respect to s/p

yields
'k f k f

32 _ _wsw"t Y 59N p 1
(11) 3(s/p) H p B ee T mB (gt %) <O
and .

wf. 6
_ 98 _ __ 2 - 1y

(12) 5e/n) e (egy = 40 1)»> 0,

where Hl = H/pz.
Summarizing the short run results for B and £ from equations (9)4

to (12) we can define

(13.1) B 1

c \
B(Lp,s/p, B <.0,_82“> Q

(13.2) L

]

G(kp,S/p) &, >0, 6, < 0.

1

Finally, in the short run, from equations (7.3) and (7.4) we find
that both types of investment rates respond in a positive fashion to

increases in their respective demand ﬁrices. Thus,

14 I /K =J
(14) o/ %, p(Ql)
I
where Jé = 1/c" EE-+ 2C¢' > 0, and
p
(15) Ir/Kr = Jr(qz)
I .
where J; = 1/E" E£-+ 2E' > 0. These later results are similar to those

r
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found in “Jould [1968], Lucas [1967] and Treadway [1969]. The investment
decisions illustrate the intertemporal link as the investment-capital
ratios depend on the demand prices, which are equal to the present value
of the rentals accruiﬁg to units of the capital s£ocks installed at time t
but brought into service ovér thé remaining time hbrizon.

3. Dynamics and the Steady State

Given the short run solution we are now in a position to analyze
the intertemporal path of the firm and the steady state equilibrium.
Substituting equations (13.1), (13.2), (14) and (15) into (7.5) - (7.8)

yields the dynamic behavior as

(16) Kp/Kp = Jp(ql) -3
(17) K /K = qr(qz) - -
(18) q = (r+ 8)q, - pE [B(»s/p)k 16 (k »s/p)1B(k_,5/p)

' _ 2
- €13, (apTd ()]
(19) ay = (x + n)a, - PEBL,s/p)k 60Kk ,5/p)]
+ pf Bk ,s/p)k,6(k ,5/p) Ik Bk ,s/p)
+ PEy[B(k,,s/p)k ,8(k ,5/p) 16 (k ,5/p)
- E'[3_(a,)113_(a)1°

Let us proceed by first analyzing the intertemporal paths of the

capital stocks. Clearly, from (16) and (17) the rate of growth of P&E

wr

and R&D depend only on their respective demand prices and depreciation




11

tes. ! , by noting that k. = k (K /K- K /K we can combine
rates ence, by noting a > p( o/ Xp - r)’
(16) and (17) into a single equation illustrating the evolution of the

ratio of the capital stocks. This mean that changes in kp depend on

ok - ok
_P_ _P_ _ '
ql_and 4, such that aql kap > 0 and 3q2 kar < 0 (for kp > 0).

Therefore, with'ip = 0 we have a locus in (qz,ql) space (see Figure 1)

.

which is positively sloped, since

1
d_q_l_ =.?£>0
J'
k=0 P
P

2

The ﬁp = 0 curve shows us that in order to maintain the equality between

the growth rates for plant énd equipment and research and development

both investment demand prices must rise thereBy generating increases in
.o G e . :

investment rates for both types of‘capital. Moreerr, if the demand

price of P&E (ql) is above that:defined by the ﬁp = 0 locus for any

value of qz,thenthe P&E investment rate outruns the rate for R&D, causing

ip > 0. The converse occurs for.values'of 9y below the k_ = 0 curve.

Turning to the price equations f(lﬁ) and (19)] we find that

changes in the prices over time are governed by the difference between

the net marginal input cost and the value of the marginal product. 1In
terms of plant and equipment, the net marginal input cost is (r + G)ql,
minus the reduction in adjustment cost from increasing K_ which is
C'(IP/KP)Z, while the value of the marginal product is ple. Clearly,
if the net marginal iﬁput cost exceeds the value of the marginal product

then in order for the firm to remain in short run equilibrium, there

must be a capital gain on the asset. Thus an increase in the price of a




“e

Figure 1. The Steady State and Dynamic Path.
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machine leads to an increase in the net marginal input cost and therefore

a capital gain accrues to the firm. TFrom equation (18),
21 ——=r+686-1/K
P P

the right side of which? in the neighborhood of ip = 0, is positive
since the rates of growth of bo;h types of capital must be less than
.
the discount rate, in order for the present value of the flow of funds
to be finite.
The effect of an increase in the P&E to R&D ratio is

Ba
1
q ——— R e ana —
(22) pfll[Blkp + B8]8 pf.B pflzﬁ1 .

ka 171
In order to sign the right sid® "of (22) consider ‘the Tet operating
revenue function per unit of R&D, pf(ka,z) - w(B)2. By the Legendre-
Clebsch conditions this function is strictly-concave in B and ¢.
In addition, the production function [f(ka,l)] is strictly concave in
ka and % then net operating revenues per unit of R&D is strigtly
concave in these two variables. Thus the Hessian, with respect to B, £

and kp’ is negative definite. Equivalently the principal minors of

' — ]
pf22 pf21kp sw pf218
2
- ' _ "
pf21kp sw pfllkp sw'"g pfllekp + pf
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alternate i sign with pf < 0, H> 0 and the determinant Hz < 0. By

22
51 3stituting for Bl and Gl from equations (13.1) and (13.2), the right

side of (22) becomes

Q
ne
=

(23) —l._ 2

ok w0

An increase in the stock of R&D raises the value of the marginal product -
of P&E, the firm must absorb a capital loss in order to remain in short
run equilibrium. Combining the results from (21) and (23) yields the

9 = 0 locus in (kp’ql) space in Figure 1, which is negatively sloped,

dq1 HZ
since ak = 7r-[r + 8§ - (Ip/Kp)] < 0, and points above the curve
Pls =
30
k_=0 k2 ‘

show al > 0 and below the curve al < 0.8

A similar set of results holds for the demand price of R&D. Ve

a.q ’ * A
find that —= =r + n - I /K > O when the evaluation is at q, = 0 = k
aq2 r’r : 2 p
3512
and 3% kaZ/H < 0. An increase in the stock of R&D decreases the value
%

of the marginal product and therefore a capital.gain must accrue to the
firm. Thus, we find a locus &2 = 0 which is positively sloped in (kp,qz)
space in Figure 1, with points above the curve defining az > 0 and below
q2<0.

Using the four‘qﬁadrant technique developed by Abel [1981] we can .

wr

characterize the steady state solution (ﬁp_= 0= il = az) for the firm
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from (Figu.: 1) at (k;,qf,q;). There exists a unique steady state which
3 a saddle point. The steady state values are denoted by the formation
of the rectangle and the dynamic paths are monotonic and illustrated in
(kp,ql) and (kp,qz) spaces.9 Although the graphical nature of the steady
state is similar to Abel [1981], the path to long run equilibrium is
quite distinct.

From Figure 1 we éancharacterizethe nature of the path that the
firm follows to the steady state. The paths of kp, q and q, are
illustrated in the northwest and southeast quadrants. Suppose that

From the results on the

. e . e e
kp < kp’ then we find q, > q and q, < q,-

dependence of utilization, labor and investment demand [equations (13) -

(15)1, 8 > 8%, ¢ < €

S I (I’p/Kp)e and I /K < (I /K)®. If the
plant and equipment in R&D intensive terms is below its steady state
solution then P&E utilization®and growth rates aré aBove, while labor
per unit of R&D and the R&D growth rate are below their respective
-long run solutions.

Intuitively, when kp < RZ, in order for this ratio to increase,the
firm must be investing in P&E at a higher rate and investing in R&D at a
lower rate than necessary to sustain the steady stafe. Simultaneously;
the existing P&E is utilized excessively. This means that the P&E
utilization rate is above ité long run level because the firm is forcéz
to "squeeze" production into.the smaller stock. Moreoveér, because there
is a smaller stock of P&E to R&D, there is less of a need for labor and
consequently labor to R&D requirements are below their steady state level.

The converse arises when kp > k;.

“@
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In - T model, the physical capital utilization and growth rates
are positively correlated over time, while labor and R&D investment
per unit of the stock of kﬁowledgé both move in the same direction. These
results séem quite significant. First, the stylized facts (see Foss [1981] )are
that when the PsE utilization rate rises, the investment rate must rise in
order to ease thé pressure on the stock. Clearly, we have provided a
framework which establishes this relationsh}p.

This result is the opposite to that found in Abel [1981] and it
illustrates a major difference in the treatment of utilization. Abel
does not deal with the problem of R&D, and he treats labor as a quasi-
fixed factor. In his framework, capital utilization directly depends
on labor utilization, and it is only the latter which is costly to use.
Consequently, with increases in labor decreasing the value of the

- e e -

marginal product of labor utilization, the firm must decrease the
utilization rate in order to reétore short run equilibrium. Therefore,
labor utilization and capital utilization (since it is directly dependent
on the former) increase as the capital-labor ratio rises. There is a
negative correlation between the utiiiz;tion and the investment rate.
This result turns on the assumption thdfgonly labor utilization is costly.

In our éontext labor is a variable factor and therefore is costly
to use. Indeed, the marginal input cost is sw. However, the crucial
. element is that P&E is also costly to use. In fact, the marginal input
cost, which is sw'L, manifests itself in a higher wage bill.

The second major conclusion concerning the nature of the dynamic

path is that labor in R&D intensive form and the R&D growth rate are

positively correlated. This result means that as the ratio of labor
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to the stoc.. of R&D rises, workers have insufficient knowledge and thus
the R&D growth rate must rise accordingly. Recall that in the short

run if R&D expands relative to P&E then labor in R&D intensive form
lecrzases. This conclusion arises only if the intertemporal dimension
is ignored. In a dynamic setting the stock of knowledge is not given to

the firm but it is endogenously accumulated. Indeed, it is the rising

R&D growth rate which allows labor requirements to grow relative to
: )

the stock of knowledge. Hence we can characterize the rising P&E
investment rate as P&E utilizing and the rising R&D investment rate as

labor using.

4. Comparative Steady States

In this section we consider the effects of changes in the discount
rate, depreciation rates and'tﬁe'pfoddéiJﬁfiééhﬁﬁ‘Ehe’long run
equilibrium.

Suppose. thatvthe discount rate increases. From equations (18) and
(19) we observe that the marginal input costs of P&E and R&D increase.
Thus, at the original steady state, in»o:der to maintain &1 =q, = 0
the investment demand prices must fall;";hereby lowering marginal input
costs to their originalllevels. However, as both 9 and q2 decrease, k
responds in an ambiguous fashion because both investment-capital ratios
are declining. Therefore, the impact on kp is unknown and consequently
the actual magnitude of the changes in 94 and q, are not exactly
proportional to the change in the discount rate. These results can be
derived by combining equations (16) and (17) and differentiating the

three resulting long run equilibrium conditions to yield




18

3q J H
, 1 r 2
7 —_— e - _
{74) 5T kp 15 (q2 + qlkp) <0
3q2 aql
where H, < 0 is the relevant Hessian determinant and = J' /3' <o,
3 A ar P or T

ok I - k
while ig?’= ER-— 8 iﬁ-[Jéql - J;qz], the sign of which is clearly
P

ambiguous and depends oﬁ the relative respo;siVeness of the investment-
capital ratios to their respective demand prices.11

Next suppose that there is an autonomous change in the depreciation
rate on research and developmeht; that is; knowledge becomes obsolete
at a faster rate. In this ingtance there is a shift towards the capital
stock with the relative increase in its life, which means that the plant
and equipment to research and Qeyelopmentwcapigal rat@p rises.l The
increase in kp lowers the value.éf'the marginal product for P&E,
therefore the demand érice (ql) must fall in.order to bring into line
the marginal input cost. Lastly, for this experiment, the demand price
for R&D is subject to two opposing fo;ces. The increase in n at the
initial kp causes q, to diminish to rngin the constancy of the marginal
inpﬁt cost to the unchanged value of the marginal product of R&D.
Howaver, as kp rises the value of the marginal product of R&D increases
and this shifts the burden of adjustment away from the price and onto

the stock. Formally,

34, H
e — L 1]
(25) an H3H (n + qzkar) <0
I S IS WP e IS
e H, " an on HGH p 999p7




The final‘change we consider is the effect of an increase in the
product price. By inspection the capital accumulation equations [(16)
and (17)] are not directly affected by the product price. However, from

the investment demand price equations

1_
(26) 5p =~ £1B + G,sfiBE /b + Bysf)(ega + 1)/p < 0
9, ,
(27) 3 = - f(1 - eB - el) - st/p kp(fuBkp + f212)

2

. 3& s
Some ambiguity arises in this situation as ?Er b 0. However, since
1 - eB - e > 0 and with f strictly concave fllskp + f212 < 0,

f222'+ leka < 0, then if an .Jdncrease in. the .scale rgal wage -
sufficiently reduces the labor to R&D rate and does not materially

increase the P&E utilization rate (i.e., the own effect dominates the
9q
cross effect) then there is a presumption that ép < 0.

‘Using the results from (26) and (27) and differentiating the

dynamic equations with>respect to p yiéids

" " ' . .
(28) _a_R = _P£ (3’ ac_ll - g ﬁ ).
P H3n p 3p r 3p
3 ak .
If 3p > 0 then 7ﬁ$_> 0. If the increases in the product price cause

R&D to grow relatively more than P&E, then the marginal input cost
exceeds the value of the marginal product for R&D and a capital gain must

accrue to the firm (i.e., q, increases). Moreover, with the larger kp,
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we deduce from the short run demand functions that the firm decreases
the utilization rate while increasing labor per unit of R&D capital. .

Continuing to the investment demand prices,

' 3. - '
(29) 391 = - kPJr}FZ ( % + k —__aql ) = ?.R___aqz .
: dp H_H p P 9p J' ap
3 T
a&z aq aq .
If < 0 then > 0, — > 0 and so the investment capital ratios
op — ap ap

increase. What is iImportant about this exercise is that changes in the

34
product price elicit ambiguous results. The knife edge case ( 75;'='0)

where ambiguity ceases illustrates that increases in the product price
lead to a smaller steady state value of B and larger steady state value
of %, IP/Kp and Ir/Kr; However, the crucial element is that along the

dynamic path two direct relationships exist. The first is between the
» N T PRL-SE L S U s S . -

utiiization and the P&E growth rates and ;he second relates the ratio
of labor to R&D and the R&D growth rate. The fact that with a

higher price the ultimate valué of B may be 'smaller and the ultimate
value of Ip/Kp larger, only informs us about the charactéristic of the

steady state.

r

5. Conclusion

In this paper we have developed a dynamic analysis of a firm
undertaling plant and equipment and research and development investment,
along with labor requirement and P&E utilization decisions. We have
established that in the short run increases in R&D cause the firm to

increase the P&E utilizatjon rate while decreasing its demand for labor

_

per unit of R&D. 1In addition, increases in the real scale wage rate




2)

cause the firm to substitute physical capital utilization for labor.

The dynamic path of the firm was characterized as one where the
utilization and investment rates for plant and equipment are'positivelyl
related, while investment in R&D and labor per unit of R&D are similarly
related.‘ The latter conclusion fllustrates the importance of
distinguishing between the stock of R&D and the investment flow. The

short run effect of changes in the fixed stock of R&D on labor demand
are quite distinct from tﬁe behavior observed along the intertemporal
path. Along the path increases iﬁ the R&D investment rate must be
accompanied by an increase in the labor requirement per unit of R&D.
.Contrary to a viewpoint held by many, the R&D investment flow does not

displace labor. Finally, the direct relationship between the utilization

-and the P&E investment rates illustrates that our framework can be used

to justify this empirical observation.




Footnotes

1. We can easily generalize our results to allow é variable
utilization rate on R&D. Suppose this rate is vy and y = raeyr' > o,
I'(0) = 0. 'In the paper T' = 0 and Yy is normalized to unity.

In equation (1) the utilization elasticityvof output equals the
P&E elasticity of output, as in.Nadiri and Rosen [1969].

2. The function w(B) is the premium Wage “unction found in

Lucas [1970]. It is designed to capture thé rising labor payment as

the hours the P&E is operated moves from the most to the least attractive.

3. We delete the variable (t) for ﬁotational simplicity. The
results in this paper also hold when the firm is a monopolist in the
product market, with the inverse product demand function p = D(y), D' < 0.

4. Adjustment costs are‘by_now_qu;tg.sggndqrd;‘see Lucas [1969],

Mussa [1977], Treadway [1970].

5. We define eB = flskp/f > 0 as the utilization elasticity of
output and eg = le/f> 0 as the labor elasticity of output. In addition,
Cog = fllkps/fl <0,e, =f,,0/f < 0 and Cgp = 1,075, -

6. In Abel [1981] the firm must operate on the elastic portion of
the function @(6) because (using our context) the production function
is y = F(BKb’BKr’L)' If f is homogeneous of degree 1 then v = GKrf(kp,Q).
Thus, utilization affects output in proportion to output obtained from
_the full utilization of the capital stocks [Krf(ké,ﬂ)]. This implies
that the utilization elasticity of revenue is unity and so equation (8)
becomes § = l/e2 > 1, since el > 1. The firm in this case must operate
o the elastic portion of the premium rate. Tﬁe production function in.

our model allows for a variable utilization elasticity of production and

thereby also for revenue.
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7. We now introduce the usual assumption that f12 > 0. An

increase in ka increases the marginal product of labor. Therefore,

e82'> 0. aa
8. We ignore the fact that gal-can be nonpositive where ﬁp # 0.
1

9. The revelant boundary conditions on the production function

prevent ks (the steady state solution) and thereby qi and q; from being -

either Q0 or «. ¥

10. We see the importance of a dynamic formulation of the R&D
decision. In a static framework we would not be able to distinguish
between the stock of R&D and the investment flow.

H .

2 1 ‘ t 1 1
. = - + = -3 =r+n-73.
11 H3 kpn m (Jp kar) <OQand n=1r+ § Jp r n Jr
12. The results for an increase in § follow from the effects of

an increase in n. We find thgikkp ah&-qé'&ééiihénﬁhfie the change in q,

is ambiguous.
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