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ABSTRACT ‘T
L} - The primary purppse‘BT'this,thesis is to combine

two branches of empirical work concerning firms” demands
for factors. One set of studies involves the sBimultaneous

eéj}mation of money,-labour and capital demand funct:ons,
&

wher the focus 1isg on the Trole of money as a fadtqn~—-

'production, and adjustmenf costse for capital are ignored.

The oﬁh&t set of studfes involves estimation of an

investment function, together with other factor demand -
p; :

. L
functiong. Writers in this area typ?gﬁlly exclude money as

-

* -
“factor in ‘"the production processd, though we wish to

overcome that omission in this thesis.
-

We also study the possible supply side effects of
meonetary policy that arise because of the role of money as
a factor of production and deduce macroeconomic policy

implications.

Our empirical werk is divided 1into three stages.

In each stage we assume that firms minimize the - cost of
producing a given level of output subject to a production

function that includes real money balances as' a factor

input. In the first stage we estimate a full'}quilibrium

~

e



model iIin which firms c¢can adjust their capital Bt&‘ks

"without any lags and there are no costs assgocliated with
the adjustme?E’ of these capital stocks. In the second

stage of egstimation we intrpduce the fixity of capital
stocks in the short—run into the firms’ optimization
problem. In ‘this temporary equilibrium model, costs of
- adjustment of capital 'ére not éssumeq.- Finally. we
estimate a dynamic modél of the firm, based on the
assumpfion of non—linear internal costs of\adjustment for
capital. The three empirical models are estimated at the
aggregate level for nonffinancigl- corporatioaps in the

United States.

On statistical grounds. the full equilibrium model

did not fit the data well. The own . price elasticity of
real money balanceé was not significantly Qifferent from
zero. In the other two models, where capital is fixe& in
the shért—run. all the own .price elagticities are
gsignificantly different from zero and have negative éigns.
Furthermore, in the full equilibrium model,
autocorrelation seemed to be pfegent even after making

a first order correction.for the errors.

o, The temporary equilibrium model was also

-
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statistically rejected. conditional on the particular,

functional form of. the cost function employed in theé

dynamic model. We conclude that the dynamic specification

is most appropriate in this context. \

The prlice elasticitieé-varied substantially acrogs

-

- the dlfferent models. The‘cost minimizing interd‘@irate

elasticity of 1labour demand was significantly -different
»
from =zero and negative in sign in the dynamic model.

However, the 1mplied profit maximizing intereét rate
. o i
elagticity of labour demand was not satatistically

significant. Tbis suggests that earlier estimates of

. o

money‘s role in the produgtion process were contaminated

by the restriction that there were no costs of adjustment.

vi
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CHAPTER 1

INTRODUCTION

-~ -

The importance of money in aggregate economié
activity 4is universally recognized. In recent years,'
_several. studies have been undertaken to increase our

understanding of the differences in motives for holding

cash balances between individuals and business firmsl. The

results of these empirical studies indicate that real
money balances do play a significanﬁ role in firms”
production processes and they should be considered Qé a
factor {nput in the production function. These studies
typically estimate money, labour and capital deéand
functions simultaneously and-aséume that capital stocks
can be adjusted costlésaly and instantaneougly. However,
recent studies on the role of energy in production have
questioned the assumptian of instantaneous adjustment of
capital stock and have successfuily developeq_%empirical
models that explicitly incorporate the notion of the cost
of adjustment of capital in the optimization framework of

/
firmsz. Thege studies have made clear that the assumption

of fully adjgatable capital stocke does contaminate the

-
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results. Writers in this area, however, exclude mohey as a

factor in the production process.
el

1

The primarf aim of the empirical work in this

thesis is to re—examine the role of real money balances in

.

o

a production framework that does not asaumé inst;;taneous
ngaétmeng of capit;1 stocks.

The limitations of the-gxisting empiricai work are
not the only motivations for oﬁr study. A seéondary igsue,
on which we 1llike to focus on, is the macrbeconomic
implications of 16tfcducing real money balances into the

production function. Sténdard macroeconomics ignores the

role of real money balances in the production function.

Therefore, the aggregafe demand . function for labour is

independent of the rate of interest in thé short—run and
there are no supply side effects of changes in tﬁe rate of
intérest on .the level of employment. Inclusion of real
money balances In ‘'the production fgnc%ion as-a factor
input, on the other hand, provides potential for these
surply side effects on;she employmépt levels. .
— g

Consider the standard agé;egate supply (AS) and
‘demand (AD) functions in‘ Figure i? In this model we also
asgume that real money balances enter intc the agkregate
production <function as a ‘factor.input. A contractiowary

monetary policy, aiming to reduce inflation in the

short—-run, leads to an increase in the rate of interest.

~——

The increase in the interest rate shifts the aggregate

.
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demand function frqm' ADO to ADI., However, what 1is
generally .unrecoényied is that the aggregate supply
func;ion may.also &ghift froﬁ ASo to ASI; if labour anﬂ )7—
real money balances are complements ’in the productioﬁ
process. With supply siaeléffects. as shown, the p;iée
level  goes down from Py to P rather than to P, if the
i;gregate supply function did nét shift. Not only is the
decrease in price smaller in the fgce of this s?rt of
sﬁpply_ shift, the decrease in the level 6f ocutput and
- therefore the level of employmeﬁt.is more with the shift
in the‘aggregate supply fun;tion; Clearly the shi;t in the
aggregate supply function offsets the aim of the policy.
In fact, if the ghift in thg aggregate supply function
cutweighs the shift in the aggregaté demand function then
“we.would find that the policy aétually resultéd botg in an
increase‘in‘ the p?ice level and unemployment. It.is these
possibilities that further motivate the need for the work
that follows. ) . ~
There are two main tasks‘that welundertake in this
chapter. Firsgst, we estimate the gize of the supply - sidé
effggts of changes in the rate of interest on employment.
These macroeconomic implications are based on estimates of
production function parameters that follow from the
exisﬁing_empirical studies of the demand for money .based

on the production function approach.,

Second, we argue that there ig a need to

v



re—examine the role of real money balances in the firms’
: h)

.optimization problem because the empirical studies that

have been conducted so far in this area assume

-

instantaneous adjustment of capital stocks.

I~ ’

-

1.1 HACROECONOMIC IMPLICATIONS

In this section we introduce a supply-determined

3

macro model with real wage rigidity~. We demonstrate the

\

significance of the supply-side effects to changes in the
rate of interest on the level of‘_employment by comparing
tgé interest rate elasticities of employmentA fn two
models: one in which output ;s supply—determined and one
in which output is demand determined.

Without allowing any 'role for money in the
produc;ion process, the interest elasticity cf employment
is zero..when real wage rigidite is assumed. The aggregate
supply function fs vertical and therefore any shift in the
aggregate demand function (such as £hat caus;d‘gy’a change
in the interQ§t rate) does not change the level of output.
However, when real money balances are introduced into the
production function, the demand for labour becomeé a
function of the opportunity cost of money, i.e., the rate
of interest, and the aggregate supply function shifts with
change§ in_ the rate of interest. The fi¥st order

-

conditions. for profit maximization (with static expections
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‘adjustment .

i

for the firm) tdgg;her with the production function\afe

(1.1 . F_ (N,m,K) = W '.[Labour Demand]

(1.2] F.(N,m, &) = r Co " {(Money Demand3 .
[1.3] I/K = B{F /(r+é) = 1} (Investment Function]
[1.4] " Y = F(N,K,m)= ANGKBmT [Production Function]]

where Fn and Fm are the marginal products of labour{N) and
_ . :
real money balances(m) respectively. w and r are real

wages and the rate of interest respectively. § is the rate

depreciation. [1.3] is an investment(I) function based on

the asaumptioﬁ of costs of adjustment for capital(K),

where B 1s the reciprocélh of the co;fficient'of costs qf

4

-

. Since capital is fixed in the short—run, and real
wages are fixed by the assumed labour BUPP1¥ ?ehaviour.
and since we take the interest rate as the exogenous
ingtrument of -monetary policy for this demonmtration of
policy relevance, [l.i] and [1.2] can be solved for the
level " of employmqu and money supply. The level of
investment in [l1.3] can be solved recursively. Using the
particular functional form of the production function
specified in [l.4], we can calculate the interest
elagticity of employment by differentiating tl.l] and
[1.2] simultaneouslys.

[1.5] (dN/N)/{dr/r) = =y/(l-a—v).

» Several empirical studies attempt to measure the

productivity of cash balances as 6 a factor input in the

-
- .
T~
e -
\.
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-
productfion function. Sinai and.‘Stokes[l972]. uging a
Cobb—Douglas function, were the ff}stfé repo;t direct
estimates on this productivity. thei;{)hodel was later
e;tended by 'Shéft[1979] and\ Simos[i9 ] to a translog
production fpnétion. Short alsc provides estimates of the.
parameters of a Cobb—bouglas production functio; as a
special . cagse. Dennis and Smith‘ [1978] utilized a cost
minimization' framework constrained by a production
function that includes ;eal money balances as a factor
input. =

-
—

We usg the production function parameter estimates
of Short[l1979], for the Cobb-Douglas function, to geé a
preliminary estimate L of the interest elasticity of
employment in [1.5], as
{1.6] (dN/N)/(dr/r) = —0.143.

The interest elasticity of employment in [1.6] i=s
zeéb if money did not enter the production function in i
[1.4], i.e., if y=0. It is important to establish whether
the Jdifference between 0 and -0.143 is economically
significant. A Dbase for comparison cén be had by
calculating the magnitude of the interest elasticity of-
employment in the standard textgook model where output is

demand—determined. "

Consider the following aggregate demand model,

[1.7] Y C{¢l-t)Y} + I + G [Aggregate Demand]

[1.8] I/K

B{(Fk/(r+6)) =13 [Investment function]



y 8
[1.9] Y = F(N.K)‘= AN“KBé [Productiqn_Functioan
where . G and C are the government expenditure and

consumption respectively and t is the tax rate(the rest of

variables and parameters are defined oﬂ-page 6).
- -

Substituting [1.8] in [1.7] and taking the total

Ll

differential, we have,

[1.10] i&T = dG-[BKF, /(r+8)2)dr
where  A=[1-C_(1-t)=(BFy /F )/(r+&)].

and Cy ig the marginal propensity to consume, Fkn ig the

-partial differential of the marginal product of capital
with respect to labour and Fn fs the marginal product of

labour.

Rewriting (1.10] for the particular functional

form of the production function in [1.9], we have

£1.111  AdY= dG-[BSY/(r+8)2]dr

where ‘l=[1—Cy(1—t)—(89/(r+5))] T

The interest elasticity of aggregate demand can be

derived from [1.11] direct1y6.

(1.121  (dY/¥)/(¢dr/r) = =[(1/A)(BBY) /(r+8)2I[r/Y] ;

—(1/)M)80r/(r+8)%  (Using [1.31)

We get a representative estimate of the interesnt

e e

elasticity of aggregate demand in [1.12] by using the
following parameter wvalues: Cy=0.8 and t£=0.4 (taken from
Blinder and Solow [1973]), 8=0.1 and r=0.025( taken from

Tobin and Brainard [19771])>, 8=0.163 (taken from

Short[1979]) and a value of 0.05 has been’assumed for &.

—
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Substituting these values we get,
[1.13]  (dY/Y)(dr/r) = -0.2398

The aggregate demand elast{city in [l1.13] can be,
translated into the interest elasticity of employment by
ﬁoting that dY/Y =‘adN/N. from the prodd;tion functioneiﬁ
(1.9]. Sétling a =0.8, where the value of a« has been taken
from Short[1979], .
{1.14] (dN/N)/(dr/r) = -0.2997.

We find that the interest elasticity in the

supply—-determined model.'given in [1.6], is about half the

absolute size of this elasticity pf the demand—-determined
model. Sincg tﬁe profession has given great stress to the
effects of interest rates on aggregaﬁé demand, our’
comparison suggests that supply side effects of monetary
policy should receive more emppasis than it currently
does. Although, the basic purpose of this thesis is to do-

a better Jjob of estimating the production function -

parameters than exists in the literature, more accurate

-
-

estimates of the supply side effects of monetary policy

may be obtained as a byproduct.

1.2 OUTLINE OF THE EMPIRICAL WORK

One major shortcoming of all the empirical studies

on the demand for real money balances by firms based on
. ¢ .

the production function approach is the assumption of

instantaneous adjustmeﬁt of capital stocks. In general,



'investﬁent cannot take place imm;diately {n response to
sofhe external .shock. Additions to plants require some
planning on the part of firms and can not be affected
instantaneously. Previous studies of.the-demand' for money
by firms have ténded to ignore the .disequilibrium.process
by whiéh firms adjust to external shocks. Analysgis of this
disequilibrium process is important for the analysis of
any short-run ;acro policy implications. For example, the
regponse to- external shocks ?y a firm in the shortérun.
when the firm is in disequilibrium with regpect to its
holdings of capital stocks, may be Oery differeﬁt from its
response in the long-run when it can fully adjust its
capital stock. Recent studies on the role "of egergy in
productdon have que#iioned tﬁehassumptioh of instantaneous
ad Justment -of the capital stock‘r and have developed quite
successful empirical models that explicitly incorporate
the notion of the cost of adjustmenﬁ of capital in the
optimization framework. The factor demand functions in
these studies not only depend on the factor prices but
also on the level of capital stocks and - net investment.
These studies have also made clear that the results of the
static models are contaminated by imposing unreasonable
crosg—equation restrictions on the factor demand sysgstem by

ignoring the fixity of capital stocks in the short;run.
The basic aim of the empirical work in this thesis

gl >
is to re—-examine the role of real money balances in a
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production framework that doces not assume insténtaneQus
adjustment of capital stockes. Our empirical analysis of
.the: demand for money by firms, based on the productien
function approach is divided into three stages. In the
firgst stage, we estimate a full equilibrium“hodel. where
firms are assumed to minimize cost and can instantaﬁeously

adjust the capital stock. We make use of'fhe téanslog

funétion. a more generalized functional form for the cost

7

function’. Unlike the Cobb-Douglas function, this function

does not impose ahy— restrictions on the substitution

possibilities between factor inputs.

-

-
“In the second stage, we: egtimate a temporary

equilibrium meodel in which capital is a quasi-fixed
factor; However, no asaumgfion -about the costs of
adjustment of capital has been explicitly 1hcorporated
into firms”’ optﬁmizationa‘ This model also employs the
t;anslog cost function. Therefore, it also enables us to

get a direct estimate of short—-run elasticites in which

capital stocks are held éonstant. ] ~
Finally, a full dynamic model 1is estimated in
which non-—linear ‘"costs of adjustment have been

5
incorporated infe the firmq' optimization frqmework. The

model assumesg that these qosts of adjustment are Iinternal.
In thiz medel, investment ugses some of the resources of
the firm, including labour..and so the demand for each of

the ~wvarlable factor inputgs is also a function of
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-

sinvestment. Since investment isrinversely related to the

rate of interest, changes_in the interest rate may affect

indirectly the labour demand. Therefore any policy that
4

affects the level of investment in the short-run, also’

influences the labour demand._:This providese an additional

route for interest rate effects on the demand for labour

through changes in_investment demand. These supply side

effects of monetary policy on the .level of employment are

indebendent of whether money enters into the production

function or not. We estimate both direct and indirect

supply side effects of monetary policy on labour demanda.

-

1.3 '~ STRUCTURE OF THE DESSERTATION -

Following thié introduction, lwe review ‘the
literatﬁre concerning the demand _%or money by Fir;s. in
Chapter 2. In Section 2.1, three alternative approaches to
examine the role of money balances ‘in the firms~
optimization problém haé béen discusgsed. It has been
argued that tbe production approach is general one of
.these and provides a convenient framework to study the
substitution possibilities between money and other factors
of production. Section 2.2 reviews the empirical work that
has been done _to—-date wusing the production function
approach. In Section 2.3 lthe implications of partial

ad justment models are discussed.
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In Chapter 3._ an empirical model based on the
assumption of insténtane;ﬁs ad justment of capital stocks
is developed. Section 3.1 considers a translog cost
function, a member of the . group of flgxible.functional
forms which allows the elastici%ies of substitution to
‘take -aﬁyA values. ;?his functional form is.showq to be
desirable for our study where e would like to allow the
elasticities of substitutioq between money and "other
factors to be determined by the data anq ko allow them to
assume any value, including of zero. In Section 3.2 the
issues related to productipn are discussed. In Secticon
3.3, we discuss the -sources of ‘d;ta emploved in this
theéig and?the results ofrthé full equilibrium moéel.

In Chapter 4, an empirical model based on fixity
of caﬁital in the shert—-run is analysed. Iﬁ éection 4.1 we
e#amine the theoretical foundations of a' temporafy
equilibrium model and develop an eﬁpirical model in which
capital is heldlfixed in the short-run. In Seclign 4.2 we
discuss the issues related to §roduction structure. In

~Section 4.3 the résults of the model are discussed.

In Chapter 5, we develop an empirical model for
the firms~ dynamic demand for real‘balances basea on the
notion of internal costs of adjustment for -capital.
Section 5.1 reviews the literature on the 'cﬁsts of

ad justment of capitgl- Section 5.2 digcusses the

theoretical model based on internal costs of adjustment
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and develops the empirical model in which ad justment costs

are incorperated into the firms optimization problem. In

hd -

Section 5.3 the issues related to production stnucéure'are
discussed. In Section 5.4 we. discuss the econometric
technique used to estimate the d}namic model and also
discuss the results of the model.

éhapter 6 presents conclusions and giveé

suggestions on ways .in "which the research could be

extended.
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FOOTNOTES :

‘Chapter 1

\

1See Coates[-1976] for a survey of these studies.

2

-

These models are based on the internal costs of
adjustment for capital (see for example Merrison and
Berndt[1981]). 1In chapter 5 of this thesis these models
are discussed in detail.

3Ue use the example of a supply—determined model to
simplify our derivation of interest elasticity of
employment, since fewer parameters are involved.
Theoretically, the argument is—_also valid fer a
positively sloped aggregate supply function, as we
discussed above.

4 : -

See Scarth[1984].
STaking the total differential 6f. these equations and
setting dw=dK=0 gives the formula for elasticity in [1.5]
‘for the Cchb-Douglas production function in [(1.47.

6The rate of interest has been takem as an instrument of

monetary policy, so the LM curve ie horizontal and we do
not need the parameters associated with LM curve in order
to derive the elasticity. Furthermore,if there were no
reason for aggregate demand to depend directly on the
price 1level, the aggregate demand- function would be
vertical. As long as we assume non—indexed taxes, this
will shift the IS curve with the changes in the price
level and keep the aggregate demand function downward
sloping.
7'I'he empirical models in this thesis are based on-the.
assumption that firms minimize cost subject to given
level of output. This framework has been chosen by most
authors because, apparently, cost minimizing models fit
better to data. In order to deduce the macro implications
we indirectly calculate the pfof;t maximizing interest
price elasticities of labour demand and compare them with
the elasticity in [1.6].
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. -“

[l
.

' “ . - /\ .
aThene is gome inconsistancy in the specification of the

‘macro. models discus#ed in Section 1l:1. The assumption of
costs of:-adjustment implies that some of the output, Y,
is used wup in the installation of new capital stocks.
Therefore, the outpuf available for consumption 1is less
than Y (8ee Scarth[1984] for more detailes). We did not
make this correction in our illustration of the
macroeconomic importance of money entering the production
function (in Section 1.1), 1in order to Lkeep the
calculations simplified. The empirical work reported 1in
the later chapters is not limited in this way, since we
allow for both routes for supply-sgide effects there.

ié



CHAPTER 2 .

REVIEW OF THE LITERATURE ON *
THE DEMAND FOR MONEY BY FIRMS

Iﬁere h%ve been both theoretical and empirical
discussions in' the literature. about the behaviour of
business firms concerning tﬁeir_holdings cof cash balances.
The literature on this subject is wvast and diverse. The
purpose of this chapter is to provide a survey of this

{
work, with an emphasis on the issues that are relevant to

w
the subsequent development of the empirical models in this |

thesis.

Friedman[l1956, p.60] rejected the possibility

that the buginess demand fér money may depend on different

variables than consumer demand,

"the demand for money on the part of business enterprises
can” be regarded as expressed by a function of the same
kind as equation (7) [developed for consumers], with the
same variables on the right hand side.”

In the 1late 1960‘s, however, several studies:

i )
" analyzed the differences bdtween household and business
k4

17
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holdings oé césh balances and concluded that businesses
and individuals uaer'd{fferent_"crite:ia for "determining
their cash’ holdingsl. Moreover, in an appraisal of the
shortcomiﬁés of héggregate_ demand models. Goldfel§[1976]
suggested that the motives for holding cash balances are
different across firms and individuals and the usé of a
singlé-aggregate_hmodel'for thisg behaviou; may £epresent
too much of a cP;iromisé oélecqnomié theory.

It is. possible to iddentify four different
thecretical ‘approachés to modelling a firm’s demand for
money._First, the production function approach treéts real

money balances as a factor of producfidn'in the production

Process._Second, the Austrian approach treats money as a

N

catalyst in the production process. Thie approach argues
that money should, notr_be_ inc1u§gd in the production
fu?ction as  a factar. Thikd. the transaction demand model
has the‘ flfé keep the cash to meet its transaction
requirements and try to minimize the costs of holding.the
cash- balances necessary for transactions. The fourth
approach is the portfolio mo&el which introduces rigk and
uncertaiﬁty motives for hpldiné cash balancesz. -

In this éhapteﬁmwe limit ourselvgé to the first
three theofetical approaches. Thesé theoretical apprcaches
are discussed in Section 2.1. In Section 2.2, we cover
some of the relatea empiricél studies on the firm“s demand

for money. Section 2.3 discusses the limitations of the



»

S

19

-,

existing gbpirical work on the demand for money by firms
Lx] . :

and builds up  the foundation for our empirical work in

this thesis.

2.1 MAJOR THEORETICAL APPROACHES TO THE ANALYSIS OF

DEMAND FOR MONEY BY FIRMS

2.1.1 MODEL A: PRODUCTION FUNCTION MODEL

The inclusion of‘hpney in the production function
model is based upon the aséﬁﬁption that holding of money

results in smaller capital and/or labour inputs than would

_otherwise be required for a given level of output. In

other wordé. the ou;put of a firm’ can be described by a
production function,

[2.11 Y = F{K, N, m}

where K, N, énd m=M/P are the capital stocks, labour, and
real cash balances respectively. P is Che general price

level.
On theoretical grounds, several authors have

argued - that real money' balances are a factor of

productions. Baily[l962, p.59] states that,

= ..cash balances held by business firms are obviously a
. prdductive service similar to any othér..... they reduce

the other resources required for a given level of

production by facilitating payments.” :

.

Nadiri {1969, pp.l17)] also takes a similar view?



-

&ccordins to Nadiri, .

"Real cash balances serve as productive Inputs..They are
part of the working capital of the firm facilitating its
productive process, often by Iindirect peans, such &8s
hedging against changes In the prices of capital and
labor and the Interest rate”. .

- .
The standard neoclasgsical production function
relates real output to real inputs. Yet, firms mhst aaopt'

gome kind of exchanse.arrangeqent whiéh can combine and
<. .
organize i{nputs in order teo produce out.put.G In a barter

economy, considerable 1labour and capital may be expended

A 3

in order to ensure trade.

-

+ ' - .’

"Labor must be hired, capital services rented and factors
combinad at various physical locations so that production
can occur. Laborers, owners of capital goods and
entrepreneurs aust go .to markets and exchange physical
goods and services iIn- return for services and goods.
Time, effort and capital may be utilized Iin the process.
Thus, labor and capital may be diverted from production
to distribution 1In order to schieve the “double
coincidence “ required In a barter econoay....In a
monetary economy, productive’ efficiency may Increase as
labor and capital services, released from the special
tasks required in & barter economy, are used In
production”.4

Inclusion of real money balances 1in the
production function is aomegpat analogous to its incluasion
in the utility function in theories of cons;mér demand for
money . The fact that firms hold real cash b;lanceg at a
goaiaive opportunity cost suggests that they yleld some
{l1l-defined flow of services to the firms. Stein[1970] has
-guggested tpat the expected return on real balances can be

decomposed into three components— a marginal.product,

oppdrtﬁnity cost of having an asset which fluctuates less

[}

h
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than some other assets in real value. The.marginal product

-

of real money balanca; reflects the increase in output as

& - result of increasing the money balances which may

reléase 'labour‘ and .capital services for utilization in

production instead of distribution.
One may develop a logical babis for treating real

money balances as a fagtor input in the production process

by ~examining the thecretical underpinningas of  the
production fungéion itself. Shephard[l1970, p.4] defines a.

production function as a mathematical summary of ocutput

that 1is implied by the use of factor Inputs within
altefnative feasgible arraﬁgements of technical processes
(Dennis and Smith p.796). Therefore, a production function
summé?izés both the engineering activities involved in
transforming Iinputs into outputs, and the productive

function performed by money in facilitating the process of

combining and acquiriﬁg the factor inputs over the time
interval of the production procesaS. Fischer[l974, p.529]
has argued a%ons these lines as follows,

"the first reason money I8 different from the other
factors of production, is that we are used to thinking of
a8 production function a3 an expression of hard
technological relations, valid' independently of market
arrangesents. ..... We have shown that even If there is a
separate physical production function. a production
function Including real cash balances can be
defined-though, to be sure, it depends on the particular
exchange arrangenents which the firm faces.”

- Fn a micro—analytic framework we may asgsume that
: {

e ~
firms minimize costs subject to a production function such

-
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. as in [2.1]. The firm chégses the levels of factor inputs

by equating the ratios of any pair of the marginal
) )

products to the correspbnding ratio of the pair of rental

prices in competitive factor markets, the conditions for
factor qéﬁands\wonid depend on the the level_of output and

the ratios of factor pricasé. Thus we expect,

N = N{Y, V/W, r_/W}
{2.23 K = K{Y, W/V, r_/V}
m =

m{Y, H/rm. V/rh}
where W, V and 'rm represent the rental prices of labour,
capital; and real money balances M/P respectivl&.

One of the interesting featu;es of the derived
factor demand functions in [2.2] is the dependence of both
labour and capitél demands on thelopportunity cost of
money, the rate of interest. Furthermore, we note ghat the
production function approach does not resﬁr?ct the
substitution Possibilities between money and other factors
of production. We. exgand oﬁ this point in the later part

of this chapter.

2.1.2 MODEL B: A MONEY REQUIREMENTS FUNCTION

An alternative approach to Model A is taken by
. Gabor and Pearce[l958] , Vickers[l1968B] and others. They
adopt an Austrian approach to the demand .for money.

According to this approach, money is congidered as a

~
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c§pita1 fund from which advances are made to ﬁeet the
renEaI paymeﬁts t; other factors. However, a distinction
between reai capital and money capital ig made. Real
capital is viewed as specific machines and eﬁu;pment while
money is “conceived g8 a Knight—-like fund of value or
general purchasing power”, _(Moroney 119721, p-339). As
Gabor and Pearce[1958, pp.540—41) put it: '

»_ ..>.there is an essential difference bet;een monég and

any other factor. Production could conceivably be carried

on without money if other Inputs were made available by
some ‘dictatorial hand; but the removal of a unit of any ~
other factor would Immediately reduce the prodgg;. Noney
capital is a catalyst”.

The modgl therefore separates the pure techhiical
relationships between output and factors, such as labour
and capital, 'from the relationships between money and
outﬁut. This is done by specifying a "money requirements
funqtion" in addition to a peoclassical ‘production
éunction. Td}novsky‘[l970}, for example, specifies a money
requirements function that depends on' the level‘of input
usage: This dependence is rationalized by assuming-that
the payments to the faétors are made at intervals over the
period and: therefore, the average.gorking capital dependg
on the- level of input usage. These functions may formally

be written as:

£2.3] Y

il

[2.4) M

H

HFUN. VK} 'Ml. H2 > 0

\ -

"



24

-

where Fi and Mi represent the partial derivatives w;th
respect to the ith argument'iﬁ the functions and WN and VK
are the rental cost of labour and capital serivicés.

Cost minimization results are obtained ﬁwhen the
ratio of marginal broducts of labsur and capital are
equated to the ratioe of their marginal costs. These
ma£ginal cogts include both the renﬁal cost and any costs
“ariging = out of an increased requirement of money
balances(the effects being given by M; and Mo 1n"[2.4])-
Thus we have ‘

[2.5] F1/F2 = {W + rmul}/{v + rmnz}.

The resgsulting labour and capital demands depend

on the level of output and the ratio of marginal .costs,

i.e,
[2.6a] N = N{Y, (V +r_M;)/(¥ +r M) )},
[(2.6b] K = K{(Y, (W +rmn1)/(v +rmﬂz) }-

One essential difference in the resulting demand
functions for labour and capital in Model A and Model B is
the nature of their response to ‘changes in the interest

rate. If we differentiate [2.6] with respect to r_, we

have,

- N 2
(2.7a) dAN/dr = N'{ (WMy = VM{)/(W+rpMdC )
(2.70] - dK/drg =K' VM, - Wy)/(Ver My )

where N and K’ are the partial derivatives of N and K
with respect to the appfbpriate ratios of the marginal

costs. The cost minimizing condition in [2.5] implies that

-
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these partial derivatives are positive. The numerators (ip

the brécketed expregsion) in [2.7) are opposite‘in sign
and dencmonators ar; positive. Therefore, elther m {8 a
complemenf to N and a subsgitute for K or m is a
complement to K and a substitute for N. On the other hand,
Model A is less restrictive in this respect since money
can be substituted ,for one or both of the 1np;ts.
Saving[l??Z]-extended the money requirements

approach by repiacin& ﬂhe money requirements function in
Model B by a generalized transactions cosat funétion. The
transactions cost function gives the minimum transactions

.

cost associated with nominal sales, expenditure on labour

and capital goods, average® real money— balances and the
average levels of output, labour and capital, i.e.,
[2.83 . T = T{PY, WN+VK, Y, N, K, M/P }

U

where Y, N, and K represent average inventory levels_gnd T

is the transaction cost.

[2.8] could be interpreted as repregenting the
minimization of transéctions cogt over alternative time
paths of transact?ons requiring the sBame level of
inventories and money balhnées. The resulting first order

conditions from [2.8] and [2.3] imply that - the N and K

.demand functions are independent of the rate  of interest.

Thise result depends crucially on the assumption that the

transaction costs in [2.8] depend on the total expenditure

'on factorsg, i.e, WN+VK. If we sgpecify a more general



- 26
transaction cost function asg, T i
[2.9] T = T{PY, WN, VK, Y, N, K, M/P}.
- . ] s o 3
then labour and capital demand functiops again depend on
: L. K . .
the rate of .interest’. - . -

Y

In summary, the factor .demand. functions that

follow from the money  requirements approach are more

restrictive  than those derived from the production

‘function approach and typidally can be thought oflas_&

special ;ése of the production function approach.

det

o .

2.1.3 - MODEL C: THE TRANSACTION DEMAND MODEL

-

*

The basic inventory or transaction demgnd hodel

-ﬁasﬁ developed by Baumol[1952] and -Tobin[1956]. In

hohparison Model A and Model B, where money is treated
¥ - .

‘as be}ng directly or indirectly involved. in production, in

-the traﬁsaction démaﬁd model the demand for money ia

-

determined by modelling oniy the firm’s transactions. The
Baumol-Tobin inbentory model, as most other inventory
models, is 'deterqinistic though Miller and Orr{l1968]
extended the invéntofy model to g stochaétic framework.
Application of inventory ﬁh;ory to the theory of

deménd has been justified by Baumol{1952, p.545] on the

-

basis that, .
-

"A stock of cash 1s its holder’'s inventory of the medium
of exchange, and like an Inventory of a commodity, cash
i1s held because it can bé given up at the appropriate
moment,. serving “then as Its possessor's part of the
bargain in &an exchange.”

-

B
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In Model C we assume that labour is the only

4

facéof input which ié ugsed in‘tﬁelproduction process. This
aggumption is made in order to simplify the analysis of

the model. A firm’s production function can be written as

. follows:

22.9] Y(E) = F{N(t)}, Fﬁ)O i FL.<0 X

where Y(t) and N(t) represent the flow of output and the

flow of 1labour input respectively. Fn and an are the

"first and second partial derivatives of the production

functionxwith regpect to labour.

The model assumes that thgre are no transactions
cost in;olved in selling the product or hiring the labour.
Goods produced are sold at a fixed price P and payments to

the laboure§§ are' made at the time they are used. The

rescources that are generated by selling the product after
Payments to the labourers, can be held either in the form

of cash, which earnse a rate FoLe O tfahsferred at a fixed

cost:b per transaction into bonds, which earn interest“at

'

Ty _(rm < rb). Eurthermoqu all the bonds are

a rate
transferred intoc money at the end of the period, again
giving rise to a fixed cost b, and the cash is distributed

among thé owners of the firm.

Tﬁevfirst order profit maximization condition is
given by:
[2.10] P%E?= W " for all t.

Therefore, for given output and input prices, a
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b

'correspondigg cash flow is generated which is given by:
[2.11] R = PF(N*) - uN"= R{(P,¥}
"FBPB _N* jg-the profit maximizing level of 1gbdur demand.
With this flow of cash, for given prices, a
firm;s problem is to hold an amount of cash which
minimizes the cést of transactions relating- toe the
transfers bétwgen money and bonds, and which,minimizes
interest earningél that are lost by holding money r§ther
than bonds. Thé .modeIZalso assumaes that firﬁs divide tﬁé
period“ -iptd éub—periods of unifgrﬁ Iensth..'At' the
-besiﬁning of each sub—pepiod.'the firm cashes some of its
bonds, (represanted by C)., ~and makes‘ factor paymenﬁa in
that period. The cash balance of the firm takeé on a saw.
‘tooth shape during the period, i.e., at-the 'beginn;qg of
each sub—period the firm cashes C and usasiit until the
cash holdings are zero at which‘\kxTé.it cashes another
amount C, and so on. Therefore, the average cash holdings
of the firﬁ ig - C/2. The miﬁimization problem can be
formulated in two ways. First, ﬁhe firm can determine the
size of each éash withdrawal.-é; and thérefgre the number
of withdrawals, n, can be determined by dividing the total
Tcaah flow R by’C. Alternativeiy. the firm can choose its
- e
number of withdrawals and then determine the size of cash
holdings In each period. by dividing R by n- Both

‘bi
approaches result in a single type of demand for money

functfon. By latter approach, the total cost of holding
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éash balances can be 'diyided into tw& parts, the net

- .
interest leost on the average cash heldings, and the fixed

transaction cost paid for each cash withdrawal. The total

cost can be written as,

£2.12) . 6 =bn + (rp—r_)R/2n.

Minimization of [2.12]..yith respect to n results

in, _ i
[2.13] 0 o= (RGry=rp)/20)}0 2.

The average cash holdings are-g;ven by,,
[2.14] M =C/2 = R/2n.

Combiging [2.13] and [2.14] 3ive8>\\
[2.15]1 M o= (bR/2(ry-r )1 1/2.

The fact'.that in this model there" is no
interaction Eetweeﬁ production and financial qecisiéns.
leads to a démand_for iabour that is independent of the

interest rate. &

.Fischer[l974] discusse§ a simple reinterpretation

of this Baumol-Tobin inventory“model by involving labour

in finqncialA transacﬁions as well. Specifically, hg

agsumed that one fransaction uses one unit of labour
services; i.e., b=W. ‘thal labour gervices hiréd by the
firm are divided into two types. Nl repfesents labour that
igs wusged . for preoduction aﬁd N2 is'tﬁe labour used for
trangactions, so that,

[2.16] . N = Nj + N,

The production,_fuﬁction in' [2.9] and [2.16]
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gives,
[2.16] Y = F(N—Nz)

and the money demand function in [2.13]) can be written as,

o~

12:17] M/R 1/72n = 1/2N,.

Substituting [2.17] in [2.16] for NZ'

[2.18) .Y = F{N - R/2M)
[2.19] or Y = G(N,M/R) = G(N,m) where m = M/R
The derived function [2-19] "can not be

distinguished from 'a production function. Therefore an

.alternative motivation for a production function with real

money balances can be found in a transaction demapd model

in which labour ig needed in fipancial ag well as other

. . R
transactions.

2.2 . EHPIhICAL STUDIES OF_THE FIRMS® DEMAND FOR_ MONEY

-

. *There are a number of empirical studles of firms”’
demand for money that have appeared xn the lzteratureg‘ In
this’ section..however, we focus only on studies that are
based on the production function approach.

Nadiri[1969] first utilized the neoclassical
ftamework toe estimate a .firmé' demand for money. He

L 4

hypothesized that a firm"s total cost is:.

]

‘[2.21] C WN + VK + rm

where W, V and r are the cost of labour, N, capital, K,

b "30 .

Y
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and real meoney balances, m. Firms are then assumed to
- / . ' .
minimize the expected cost subject to a production

‘function which is assumed to be twice differentiable:

[2.22] Y = £f{N, K, m)

w
where Y is the expected level of output.

Using [2.21] and [2.22], Nadiri derived a demand

function for real money balances as:
® "
[2.23] m = £{V/¥, r, Y }.

Nadiri also introduced distributed lage- in real

-

cash balances by using a Koyck distributed 153 mechanism:

- b
[2.24] ‘ me/my o= {m~%/m 1}

and & forecasting mechanism for output:

.2

. x _ v <kl K2

Finally, he derived the money demand function

-

using [(2.24] and [2.25] in log form:

[2.26] lnm, ='a°+ allnr+ua21n(V/U)+ ajlnY¥+ a,lnY_ +

asinm_) Yy : _
gﬁdiri estimated equation [2.26],--employing

quarterly data feor U.S. manufacturing(l947-1963), using

ordinary least squares. Nadiri’s conclusiong are: first,

real money balances appear to be a factor of production.

TSecond, the 1long term interest rate performed somewhat
@

better than the short term interegt rate. Third, the
long=run elasticity of real money balances with respect to

its own price 'is —0;18% and with respect to (V/W) it is

0.27. The latter result was interpreted by Nadiri as
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indicating substftution between inveatment in real assets

and.investment in real"m;;ey balances. 5%
There are | several limitations of &Adiri’s
.approéch. First,  his model 1limits thgrjsubstitution
poséibilities between real money Gatﬂﬁées and other
inputs. In particular, in [2.261], if a, is positive, money
is comglementary with }abour ‘and substitutable for
capital, while if' 35 is'nesative._ the converse is tfﬁe.
Real money balances can be substituted either for capital
serv{ces or for labour but not for both. Second, he
egtimated the money demand function in isclation. The
.efficiency of the estimétes cogld have been increased by
incorporating the cost fﬁnctiod éne cther demand
functions. Third, the 1link between the long—run and
short—run Eg quite arbitrary and finally, the model
specified a partial adjustment procéss for the real money
balances but ignored the ad justment lags agsociated with
capital -stocks. According to Coates[}976, p.4l], cash
balances are more fungible than the real goodsy ;nd costs
of changing these balances are smaller on average when the
rate of investment o; disinvestment is greater. |
A few &ears later Sinai and. Stokes[1972] were the
t}first to make use Sf a =Cobb-Douglgs production function.

\

'They found significant ’‘and positive correlation between
N

real money balances and real output.

One of the major problems with the Sinai and
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Stokes study is thesinconais;pncy in the data set. The

data wused on output, capital and labour -are_for the

-
S——

private domestic éector. while the data on money .balances

are for the total economy {including the méney hold?qgs of
. 1

-

consumers).‘ The other major problem is the useﬁSf the

restrictive Cobb-Douglas form, which imposes the

restriction that the elasticity of substitution Iis unity.
In addition, one can note that the production function is

estimated rather than a reduced form and ho recognition of

capitai ad justment ié made.

- .

Dennis and Smith[1978] later extended the Nadiri

-
cost minimizatign approach. They used the four factor

-translog cost function for 1l two-digit industries of the

U.S.A. over . the  period 1952-1973. Utilizing the
first—order conditions for cost minimization, Dennis and
Smith derived four cost‘ share equations for real money

balances, capital, noanroduction labour and produciipn

‘labour. Their results indicate that the interest

-

elgsticity df demand for cash balanées ranged from -U.22
to =0.4) across industries. From their results, they also
concluded - that the necoclassical model - provides
considerable promise for modelling the firm“ s demand for
money. In particular they note [p.807],
"Real cash balances are not separable from the remaining
factor Inputs. iﬁg;}gg;;;ing—tnﬁﬁ'in previous analyses of
production tec gy for these Industries offers. in
principle, the potential for serious specification
error.” -
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In their study they did not estimate the cost

function with the subsét of cost share equations. The

'paraméters in the cost share equations are 3 subset of the

parameters in the cost function. Therefore the efficiency

of es;imated- parameters could have been increased by

_ estimating the cost function together with the;share
- ' ? .
equations. Furthermore, they also assume instantaneous-and

costless adjustmeqi of capit}i stocks.

. ‘ Short[1979] alseo adopted the preduction function
approach'to real money balances. She derived and estimated

. the revenue share equations, using the first order

10

conditions for profit maximi:a&ion She employed both

hl
Cobb-Douglas and the more flexible functional form of the

‘translog and found a positive and significant role of real

-
-

money balances in the prcduétion procéss.

Short has used a s}acked regression techngque ‘Lo
estimate th%,set of ghare equations. Tﬁe probleg'with ?his
technique ' is that it attaches the same weight toéthe
errors of the production function and the share equhtions:
It. haﬁ been shown, in .other contexts, that a more
appropriate technique to estimate a system of share

.

equations and a cost or productioﬁ function 1is to use the

11

{terative Zellner efficient'estimator . Her model alsc

ignores the fixitf of capital stocks in the short—run.
Simos[1981] . recently estimated the aggregate

production function and the resulting revenue sharé

-

¥
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' equations for the private domestic economy of the

U.S5.A2:(1929-1972). Simos used the same source of data as

L

employed by Short, 'fo?“dﬁfput. labour, and capital. He

used the iterative Zellner‘efficient estimator to estimate

— - ——
—

the sygtem cof revenue éﬁara equations.
Simes’s primary conclusion was to reject the
hypothesis that the relationship between capital and

labour is iﬁdependent of the level of real money balances.

According to Simos, [pp.223-224],
“The statistical results of the translog production
function clarify the debate which has occurred on whéther
real money ‘balances are an original factor Input or a
catalyst with & role similar to technological Innovation
in the production process. Furthermore we find that real
money balances are  substitutes . for capital but -
complements with labor, implying that the derived demand
for labor is Inversely related to the cost of using
money.......omission of real money balances from the

production function overlooks =~ the relative
complementarity between labor and capital and creates a ¢
serfous specification error that  has important
implications for the estimates of primary factor
substitution.”

A common problem with: the studies ;f‘ Short{1979]
and Simos[1981] (and; as qentioﬁed ea?lier. with Sinai and
Stokes” worgg relates to .the inconsistency of the data
base they have employed. " In bothﬁatudies, the total money
holdings of the privéte gector of the United States has
been employed. On the other hand, the data on labour and
capital relate to the manufacturing industries of éhe
United States (1929—675.

Although all the studies reviewed in this section

do indicate that the use of a production function model of
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real money balances hay yield interesting results, they

also _assume that' capital stocks éan be costlessiz and

instantaneously adjusted to the desired level. Therefore

the results of‘“thgse étudies may be contaminated by
imposing the ' cross équation restrictions that exis£ by"
assuming ‘costless adjusément of capital stocks. In the
next section.of this chapter we'discussa the implications

»

. .of partial,,a@;ustmgnt models and cgsts of adjusthent in

modéllbné the production role of money.

2.3°  CONCLUDING REMARKS °

+
Y

In th; preceding sections, we have discussed Eoth
the theoretical and empirical - models that deal with the
demand for monef by firms. Ag the theoretical level we
discussed three ..models: -first, the production function

model that treats real money baiances-as any other input:
second , the money requirement function -gpprééch and an
extension of this model in terms of a transaction cost
model: and third, the transaction demand, m;del in which
money is he;d in order to meet the day to day expenses of
-the factorstemployed.

The chﬁice of a theoretical framework to develop
an empirical model for studying thg firm’s demand for reai

cash balances depends on the issues that are intended to

be addressed by the model. Therefore we give a summary of
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these models with reference to ' the issues that we intend

to examine. ° -
. PN - .

" The first issue we wish . to examine _is whether
real money balances can be substituted for other  inputs;_

Model A provides a framework that allows for substituticn

'posqﬂ&ilipies between real money balances and cother factor

inputs. ‘In this framework, we can alsc <teé§ whether feal
money balances _enter in a more . .general'..way . into the .
production function as a factorvinput or whethér';héy gfe
separablé.f;om other factors. We ‘test tbe separability of
real cash balances from other fécéors in the full’
equi}ibrium model in Chapter 3. - )

_ The second interesting iésue"relates to the
interest gsensitivity of both rea; money balances and other
factor inputs Iin the production process. Model A provides
a conveniént framework to evaluate the cross price
elasticities of both labour and, capital‘with regpect to
the rate 6f interest. For example ‘if the cross price
elasticity of labour Qemand with respect rate of interest
is negative théh it may imply thgt any contractionary
monetary policy aiming to reduce ‘inflation. ma} not be
very effective. An increase in the interest rate shifts
bgth aggregate demand and aggregate supély anctions(as
shown in Chapter 1).

A fina} quegtion of interest is to evaluate these

elasticities in a model which introduces fixity of capital
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in the short—run. The fixity of éapitéi’éan;pe :iptfoducéd

érhitrarily\ ér 'by introducing_ eqéts of adjustmeht for

capital into the firm’ optimization problem. These

modifications of the -p}oductionfmpdel “will be discussed

laterLin'this chapter and in Chapte;s 4 and 5. | -
A T

Conse&genﬁly, wé choose the'production ﬂqﬁéiion_
médel-as the baaic-frameﬁo;k far our empi?iégi work..Thisf'
framework . can mo;t convenfently. incorporate'the”range-of
inpgt " subastitution pos?ibilities; - iﬁgérgsf " rate
sensitivities and c¢an ‘be_ generalized to a. dyﬂamicﬁrr
framework that incorporaﬁes the costs of adjustment of
-capital. | | ~
. Botﬁ the theoretical and the ‘eﬁpirical
examinations of the production function approach to real
money balances reveal that, in geﬁéral,, no gxﬁiiﬁif
assumption has been made about the cdst of adjusting
factors and possible lags in the adjustment  of factors of
production. In particular, all the studies reviewed assume
no iags assgsociated with \éajusting capital stocks. The
empirical models discussgd eariier are static or
equilibrium models which imply . that firms are:able‘to
adjust instantaneously to exogeneous shocks. The one
exception is Nadiri’s model w?ere partial adjustment has
been éssuﬁed fer cash balances. The assumption of
instantaneous adjusément of capital stocks is open to

id . : .
examination. Recent empirical studies on energy demand

-
-
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have explicitly introduced costs of adjustment associated

:wifh capital stécké into the optimization framework of the

firﬁ.'Theqe models open up several interesting issues'in
theimodell;ng of fespu:cé substit&tion and have proven to
be q;?te sucessful. )

In Chapter 4, we develop'ah empirical model which

;ntroduces fixity of «capital stocks in the shortérun,

without making any 'explicit_,assumption about costs of

édjuétmen£ ' for capitél. In Chapter 5, hgwever, we
introduce the assumption of costs of adjustment of capital
into firms’ optimization. framework. If one argues that
cash galancgs are needed to facilitate the adjustment ﬁf
other assets then the production function in {2.1] ecan be

Tewritten to incorporate the assumption of internal costs

‘of adjustment associated with capital stocks asiZ:

[2.26] Y = F{K, N, m, I} a?/axg< 0

where g. N and m are the stocks of capital, labour. and

real mone:{27kazces and Ig.is gross physical investment.
[2.26] impXfies that a change in the capital stocks results

in a reduction §¥ the ocutput broducéd. Money in [2.26] can

be - viewed as reducing the cost 6f adjustment' if

' \
3°F /31 am<O0. - .
. A
Baged on the type .of’ production function asg

»

specified in [2.26], an empirical model of the demand for

money has been estimated in Chapter 5.

-

Fl

A

5N



FOOTNOTES :

Chapter 2 <

(8

1See Heltzer[1963], Vogel and.uaddala[1967]. WVhelen [1965]
and McCall[l960]. A review of these studies can-be found
in Coates[1976].

2Turnovsky[1970] has developed a model for the-demand for
.money by firms by providing a choice of financing their
purchaseg of producer goods by borrowing money ar issuirng
equity. Risk is introduced in the net income stream of
firms. The firms are then assumed to maximize net present
value and determine their cash requirements. For a review
of the studies of demand for money by the firms that make
use of financial theory, see Butterfield(1970].
3Baily (19717, - Friedman(l959), - Johmson(1967)  and
Nadiri(l1969)] argue that money should enter the production
function. ’

4S:Lnal and Stokes[l972]

sGabor and Pearcg[l958} point out that the need for moﬁex
arises because in-practice the flow of production cannot
be instantaneously created. There _has to be a build up,
period which is important in determxnlng equllzbrxum.
6gutterfield(1971] - - |

“Tputterfield[1971]

. -

,eBrunner ahd'ﬁeltzer[1967] have criticized Baumol’'s square’™

~root rule in '[-2.15]. According to them the square rooft
‘rule is eonly applicable to the firm which has steady
stgte stream of. expenditures. . ) -

.
9. . v

A review of cross—section and_time—series ‘studies can be
found "in Coateg[1976].
10See Chris;éﬁsen. Jorgenson. and Lau[l973] for ;the
derivation of  Tevenue shares for a translog productxon
function. C ’

11 - e

Barten[19691.. . . ¢
12The concepts of 1nternal and external cost of adjustmeﬁt‘
of capital ‘are dzscussed in Chaptez—5.

. . r

-
-



¢ ‘ CHAPTER 3

- EMPIRICAL MODELS BASED ON COST MINIMIZING .

: - BEHAVIOQUR WITH NC COST OF ADJUSTHENT

-
-

o The' purpose of building an optim;zing model of a

firm is to deduce the technological and behavicral

-

relationships which are implicit in the firm"s market

actions. In this way, one can predict a F?rm'q.response to

. —

chahge§ in thé prfces~ of "factors and other relevant
economic variables. In this chapter, we assume that firms

act td minimize costs in the context of a static or

"equilibrium model. The model is quite general in that it

imposes no a priori restrictions on ~the factor

substitution possibilities.

-Such a static or equilibri;m model assumes that
firms are able to adjust fully to exogenous shocks within
one period of. time. Like most studies of the demand for
money by 'firms . undertaken in the 1970s, except
Nadiri“s[l1969] model whére_ pértial ad justment for cash
balances has Eggz/’assumed, this model assumes that all

41



inputs adjust Eo.thgir long—run :equfliﬁrium levels within
-the period. ‘ .,T‘ L oL '

- -8 : ) . - . .

In'Sectidﬁ,B.l of this chapter. we summarize thé

features of static or equzlibr;um cost mbdels. In Section

3.2 we d1scuss - issues - relating to the production
strﬁcture. In Section 3.3, we discuss the estzmat:on

1

procédures used for the equilibr:um 'moiel the data. and

|
'the empirzcal results of the static mo&el.

3.1 A _COST HINIHIZATION MODEL WITH NO ADJUSTHENT

COSTS

In ofder to‘estimate the ‘undérlying techﬁolog?.

cne can exther examlne the productxon functxon of a fzrm

. or’ the assoc1ated ;ost function. The appllcatlon “of
duality ° theory- to  this optimizatxon . pProblem ‘has
established that, under rathér weak regularity conditions,
there 1ig a unique correspondeﬁce between the production
function and the cost function. Furthermore, all the
infotmatioh about the unde}lying pechnoloéy'is' contained
in each function (Shephafd[l970]). |

Suppose a firm uges n inputs Xl, ...... +X_. to .

'produce ocoutput Q. Thg production functioq can be written

as ’ ' ’ U . . . g
[3.1] @ =TFXp X )

Assuming that [3.1] ig concave, twice differentiable and



that, the firm miniﬁizes-coét. then there-'exfsts a coét‘

 function that is dual to [3. 1] and relates mznzmum cost to"

'the output level and factor prices:. ¥
[3'2-] C = G{Qo rl':arzl--'-----l rﬁ}

where r; is the exogenous prlce of factof . Noreover ‘a
cogt function of -the form [3 2] that satisfles -a certain

set  of préperties (to bé " Gutlined below). is an
alterﬁativﬁ répre?entatiop of aotechnology guch as - [3.1].
‘The basis for this dua1{£y is'ghe Shephard Duality Theorem
\ - - .
(Shéphard[l970]5. ’whicﬁ. states that a cost function (a
function which describés thé dependence of m:nxmum total” | .~
‘cost on a given level of output and factor prlces) and a
prodﬁctiog function are -equivalent representations.Aof
VteéhﬁoloSQ » under the assumptlon that firma mxnxmlze cost
and face pa;ametric factor prices. Accordingly. a cost.
function, C(Q,rJ. satiéfying‘tﬁe following ﬁropertieslz

(a) Domain. C(Qir) is a positive real valued

function, defined and finite for all Q > 0O aﬁd

r>0; - g

"(b) Momotonicity. C(Qir) is a non-decreasing

1eft cont{nuous-function in d and tends to.plus

infinity as Q tends.to plus-infinity for évery
(3.31] r>0 and is also non—decreasing in prlces.-

(E) Homogeneity. C(Q;r) is (pos1tive) linear

homogeneous in r for every Q > g,

(d)" Concavity. C(Q;r) is a concave function in
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-

' r for every Q>0,

+

(e)  Continuity. C(Q:r) is continous from below

> . -
in Q and continuous in r; _ : i~

is equivalenf';o a production function, FﬂX) satisfying,

(a) Domain. ~F is 'a real valued function of X

-

definéd'fér e#éry_x > 0.‘gnd"FkXJ is finite if X

-~ is fihiﬁ#." ."' '

. (b) Momotonieity.  F(0)=0,  and . E(X) is
noh-decreasing function in X,

_[3.4] (c) Continuity. F(kN) is continuous from ébbve.
and F(XN) tends to plus iﬁfinity for,ét least one
non-negative se;uence of tectors{!“}..

; (d) Concavity. -F is a quasi‘concgve. function
over.nn, the non—-negative ortéhant R .
honsequenély! if we define any. arbitrary cost

functian which satisfies th; properties [3.3], " then there
ef?ats a corresponding production function which_éatisfies

s. conditions [3.4]  (and these  §on¢it;ons'are the.ones we

usually want the production function_to satisfy).

The choice between employing-a cogt function or a
production function is a matter of statistical conﬁ?nience
and analytical purpose. He have chosgen to.use the cost
function--rather than the production function for the

. fo}lowing- two reasons. first. it is -easiér to derivé-
reduced form factor demands in the case of the cost

~

function approach and one can egtimate directly various
- . ‘

™

r
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f Allen-Uzawa Qlasgici£ies of subapitutioh. These-ﬁaraheterg
'are 1mgprtaﬁt‘;fof Qas:ribiﬁg :the.péttern and  degree of
8ubs£i£§Qa§}1ity .énd.e;mplementarity among theé factors of
production. \- ..‘ ‘ -_ - N
The second’édvantage"of using a cost function is
that {t 1ig e;sier to develop empirical - models which
°in§roduce' fixity of -capital sﬁgcka in the short—run.. We
discuss two such models in Chapters 4 and 5. -

We have chosen the tranécendeﬁtal iogaritpmic
_(translog) speéification_ of the cost fun;tiop for our
| empirical work in this Chapter. This specification can be
viewed as a secohd—ordér lqgarithﬁic approximation to an
érbitrary . twice—differeﬁpiable proauction -.function
S (Christensen," Jorgenson ;énd'Lau[19§3]); A translog cost-
-\,J -function“ imposes ne a priori restrictions on the"

substitution Possibilities among - the ﬁa&tors of
pProduction. 'Thias ig especially degirable in au study
' where we would 1like to allow the elasticities of
substiﬁution‘between money an&‘other input?'to be able to

aggume any value (in pagticular,_zero)z. The translog cost

function,ckn be written asg:

[3.5] InC= a, + e InQ+ 1/2v_ (1n)? + Iyeglnrg+

i
Al/ZEiEJYiJ(inri)(lnrj)+£iyqifln0)(1nri) ‘ :’
- ' i,3=1,...,n

where C is the total nominal cost, Q is the output, and ry

represents the exogenously given Price of the i{th f{nput.
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==~ =-. In . order to correspond to a' firm’s budget
constraint, the cost function . must be hodeBnequs_of

degree. one in factor Prices. .This impoaea the followihs

‘Hadding up constraintsTon-the co;t function [3. 5]:
£3. 6a] fia; =1 \‘."‘"‘“—"‘/_
[3.65]  Iyg3 =0 - )
(3.6¢] -ZiYij =153 = Iilsviy = O. . 1,3=1,...,n

In addition to the -addins up Constraintsg,
: s

symmetry on the fij matrix ig also imposed as a matter of-

necessity (since Yij can not be distinguished from \ET}

empirically).

[

Factor demand equations are derived by partially

dxffarentiating the Jcost function with respect to tﬁe

-

factor prices and applying Shephard’s lemma:

(3.7] S 3C/ary = x4

.This result may be -conveniently: expressed iﬁr

'ibgarithmic form in the case of the " translog cost

function; {3.5]: . -

[3.8] 3InC/Alnry = ac/ary ry/C = ryX{/C = s,

where S; indicates the cost share of the ith factor inputll

. ; ) . - N
The translog cost function [3.5] vyields the following

)

share eguations: v

»

[3.9] Si = ay + Yqilﬁb +ijijlnrj.

The cost equatjion [3.5] and three share equationa

‘for labour, capital and money of the form of [3.9T

constitute our first model (Model A) with no adjustment



- costs for «<apital.
“In discussing the estimates of the cost equation
parameters, . we focus ;h the following issues:
(a) Hhat is the nature of the derived demand for real cash
balances? . |
(b) Are real money balances substitutes or complements in
production for either capital or labour?
(¢) What is the nature of tha_varigble ocutput price
elasticities. derived from the cost function parameters?
'(d5 Are the primary inputs, capital and 1labour, separa§1e
from real money balances in- the prodq;tion proces;? -
~JIn the follo%ins'sectfﬁns. the above issues are
.dealﬁigith in.d;tail. (a) and (b) afe discussed in Section
3.2.1.-Issues (c) and (d) are dis&ussed in Sections 3.2.2

'_and‘3.2.3 regpectively.

. 3.2 . THE STRUCTURE OF PRODUCTION

3.2.1 FACTOR DEMAND ELASTICITIES

r

Elasticities df'substitution provid; us .with a
tool for investigating the degree of substitution and/or
complementarity of the factor inputs. For a prodpctioh

function, Q= f(xl.xz). where ‘Q is the output anddkl and Xz

are the inputs, w;th prices 1, and Tos respectively, the

]
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elasticity of;gubgtitution. ESfIbetween ihpgt. 1 and input
;' a ! -

2 is calculated as:

[3.10] 5512 = dln(xlfxz)/dln(rllrz).

The ES  becomes jarger as gubstitution becomes easgier

betwean the LwWo inputs.
When there are only two inputs., there is only one

-~

relative price betwaen the thq inputs and there is no

4

_ <
ambiguity in measuring the price change. When more than

Ewo qariable factors are gnvolved in a production proceés.
howeﬁer. the degree of substitutability between n factors,
measured by the elasticity of substitution, may be defirned
in a variety of wWays. These def;nitions depend on the
ceteris paribus conditions under which partial derivatives
are obtaineé; Allen’s defieition of the elasticity of
substitution, "which is widely used in this field, will be
the measure“we focus on. It measures the response of
relative demands to an input price change, holding output
and all other {nput prices constant. Other elasticit;es of
substitution hold constant the quantities of other inpute
rather than.their prices.

When output Q is related to inputs Xl{...,xﬁ. by
a positiee. twice differentiable. strictly quasi—concave
production function, (3.11, Allen’s partial'elasticity of
substitutien cen be computed by:
[3.11] O = _{zixifi/xer}cf‘lyrk

where (.f_l)rk ijg the ~rkth element of the inverse of the
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- e

bordéréd Hess;an matrix of ' the production function and
£,=30/3X; (Binswanger (1974, ».3781).

Uzawal[1962] has shown that  Allen’s gartial
glasticities of substitution ;an be computed,df:jctly from

the cost function [3.2] by the formula:.

[3.12)  opy = (CC/Cee T

where subscripts on C _indicate partial differentiation
. . . } \
with respect to factor prices. For the translog cost

function specified in [3.5]. Allen’s substitution

elasticities can be calculated as>: ‘ -

{3.13] o = (g +Srsk}/§rsk and

2

[3.14] o, = {v._ + S_(S_-1)}/s.”.

Tr rr

The own price elasticities of factor demand (ngy)
can -be obtained from,

.[3'15] Ner ¥ 9¢rSr ;

[ Y

and, similarly, the c¢ross price elasticities ~of factor
-

demand can be found as: : , T e

(3.161 ‘e = 9rek
where Tk is interpreted ‘as.the percentage change in the

demand for the rth factor as a result of a one ﬁercent

change in the price of factor k.

-

3.2.2 VARIABLE OUTPUT OR PROFIT MAXIMIZING ELASTICITIES

The cross price elasticities, discussed in the

last section, were derived by holding the level of cutput
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and . other- factor ‘prices constant. "For matters of public

policy, - we;"should :also ’take into account both input

subst:tution along the isoquants and the impact of changes

in output on- input demand.

- \Figld and _Allen [(1981] hafe derived both fhe
general e#pressjon fqr the p?qfi; . max§mizing préce
elasticitieé; ﬁij;_and a more. specifie expfeééion'for_thé

translog cost function.: In this section we follow their

derivation for “ij' In deriving the profit maximizing

elasticify. we make use of the general expressions for the
/

production function and cost functionAin ‘E3.1] and [3.2]
respectively. We also Specify ;udemand function for output
as: | ‘ '
(3.173 @ = s¢p) | P
wheée'P ig the outpuglpricg.

Thé first order profit maximizing con&ition for:
the markef clearing requires: ‘ -
(3.18] Cqalr, Q) -p.
Cq denotes the ﬁartialA derivative of the cost function

with respect.to output, i.e. the barginal cost. Totally

differentiating (3.18] and setting dr=0 except for the jth

.

factor price, we have: -

[(3.19] CqqdQ+ Cqjdr dpP

j =
In a perfectly competitive market, each firm
faceg a horizontal demand curve for its output. For ﬁhis

market, dP=0, [3.19] can be rewritten as: -



- -' i '-, ._.__.’. : . ) . ; . ('\ I | ’
([3-200 © aqrsary = wcc e . o

-

function in [3 7] and incorporating the outputﬁeffecté on
‘factor demand. we get. ' . ) -

o [s.2) 9X;/ar'y = €y g+ €4q3Q/0r ;.

Using [3.211, .the prpfit maximizing cross priqe

_ . . - .
. . -

- Y

elasticity can be written -asg:

iq Jq)/c }

[3.22] nii = (r, /xj){clj —(C,
' Making ugse of [3. 12] and the fact that S =r xi/c

we can rewrite [3 22] as:

where Aij is Arlen&s partial efasticity of éubétitution

and l'[:.__j is the profit maximizing response of the ith

factor to changes in the price of the jth factor.

. For the translog cost function in [3.5], we can .

solve for the partial &érivaﬁiveslin [3.23] and dérive the
expregsion for nij as: ' . .
[3.24] nij = SJAijEI— {(Yiq+SiSq)(YJq+ SJS Yy /
. . 2
inj+SiSJ)(qu+Sq )]
where Si and Sj are the cost shares of ith-and jth factors

respectively and Sq= qqf zjtqj lnrj+ quan.

In this chapter and in Chapﬁer 4, we use the

profit maximizing cross price elasﬁicity formula in [3.24]

to evaluate the supply side effects of changes in rate of

interest on the demand for labour and relate it to the

"motivation discussed in Chapter 1.

- Differentiatzng ﬁ the  cost .minimizihg demand .
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‘£3.25]
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3.2.3  SEPARABILITY OF FACTORS IN PRODUCTION -
. In this. sebﬁipn we " discdés the ' testing of

separability of one factor ‘from others in the. production
1process.- Dennis and Smith{1978] and: Simes{1981] . have

tested for the separability of real money balances in the

production function. o - f
—_ . ‘. -

The mathematical condition for two factor inputs

—

pa—

xi and XJ to be (weakly) functionaily separable from a

third inpﬁﬁ.xk is that the ratio of the marginal products'

of X; and Xj (or the  marginal _rate of technical

-

and XJ) be independent of the
;evél of X. Beérhdt and Christensen [1973] provide -a
complete demonstration of the conditions necessary for

weak (as well as - strong or additive) input separability

"and the relatdonship of thesé' conditions to'Allgn—Uzawa

ta

pértial elaéticities of-éubstitution in the contex£ of the
transleog cost function‘, They also propose that the
separabil;ty of xk from_xi and‘xJ can be tested by testing

the equality of Ty and ojk' i.e.,

dik = Sik-

Substftuﬁing [5113] in [3.25], we have,

[3.26] {¥ge + SySE}/S;8 = {yye + sjsk}/sjsk.
or ‘

£3.27] SJYik - SiYJk = 0.
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-

For the three input cagse, i.e.,” labour, capital,

and real money. bélahces, we can write [3.27] as follows:

‘:‘--..-—-'-'\- -

N & X separable frpm m <{=> SkYnm qwsnykﬁ =0,

-~

kqnm - smYnk =

A -

f3.28] K &;m separable from N <=> §

|
e

]
o

N & m separable from K <=>

.i'!

All three conditions of separability in [3.28] .

?snYkm-_ smYnk

can be- muthally_ satisfied only if Yam~Tnk=Yxm=0- This

wéuld reduce the underlying production structure to -a

Cobb—Douglas technology, yhére ~all the cross elasticities

*

of bubstitution are unity. Folloyingr Berndt and

Chriétensen[l973] we call this condition complete
. . L4

Separability. i

‘ We first tést the hypoihesis5 of complete
separabiity'by utilizing the likelihopd ratio test. Only

- -

, -
if this hypothesis 1is rejected need one test each

-

‘individual separability condilion in turn. R

The separability condition in (3-27] can hold in .
two possible ways. Firsgt, if Yik=ij=o in [3.27)], which
zmplles. that cik=i§k=1' we refer to “these as linear
conditions, Second, if- Y;x*0 and ijtl. In this case,

non—linear conditions can be derived by substituting for
Si and Sj_in-[3:27} and rearranging(Berndt and Chritensen
[1973,p.91])]). Table 3.1 summarizes’ these conditions for

the three factor case.
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TABLE 3.1

Conditions for Separabilty

' Separability Type

Linear Conditions

Non—-Linear Conditions

- _ ~ y 27
NK:from m Ynm_Ykm_o Ymm nm fY
(anm=okm=1) —(lwnvmlvnn-)
Km from ﬂ Y =Y _, =0 Y, =Y 2/Y
nm nk - 'mm 'nm nn
(onm nk) =1) .“:ﬁ (QnYnm/Ynn
Nm from K ¥, =y~ =0 =y 2/Y
km. nk Yom Inm nn
- (ckqfchk=l) '(° -I)Ynm/Ynn
- -
RS
- _,"_‘\-
- L ‘o
i
~
L o

-

3
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313 DATA AND ESTIMATION OF MODEL ‘ .

3.3.1  DpATA _ | — R

-'/' e
tam
-

We estimate -EPe parametérs of Ehe cost function

inﬁ [3.5]-for- three féctors, 'labour; money, énd capital,

using aggregate annual data for the United States

‘non—ﬁip&ncidl corporations over the‘time‘ period‘l948—715.

-~

have been been compiledhby

-

The particular daka series
. . R

.J.Gorman and published in the Survey of Curient'Busineés

- . ‘ A
[March, 1972, pp.22-52], for the years 1948-71 only. We
need .data op‘ tﬁe~ following - variables: real cutput of
\

non—financial corﬁorétions. Q, with corresponding price,

P, mnominal money balance. holdings by ;he'nonAfinancial

corporations, M; the qmount of labour services used by the

non—financial corporgtions.-N. and tﬁ; cofrespondiﬁg wage,
h L3

W; the users’ cost of capital, V; and the market rate of-
interest, r. In addition to these variable Qe-need data on
capitéi .stocks and investment - foé the temporary
equilibrium and dyﬁamic models, discﬁssed in Chaptefs 4
and 5 where capital is fixed in the short-run.

| The dat; on real output, @, - was derived by

- e

deflatingec current dollar gross product of non-financial

corporations by their output price index. These series

wgre published in the Survey of Current Business [March,

1972, Table 1, p.22]. The data on price of output was also



v

taken from the Sﬁrvey 'ofderrent 'Buéiness'[ﬂarch::1972.‘

Table-1, p.22]."

The measure of lébouf'-inhut; ﬁaken frop'phe

~Survey of Current Bgslness [nafch'i972, Tabié,z.up.24j} is

“an- index ,of_totgl manfhéurs wofked by the empicyeés of

:ﬁoﬁ—financial corporations. The wage rate has been ﬁe}ivéd

by dividing tptél fﬁages' and éalabiesa paid to thesge

employeesl by their toﬁal manéhours. -The data on,tﬁtal
wagésrénd éaiarieslwér? tqkén from thé-Serey of Cﬁrr;ht
Business [March 1972, p.22]. _{ T

' The data for the holdinéa--of money bglancés‘by

non-financial corporations is based. on the Flow of Funds

N

accounts published by the Board of Governors of the

'Feaenal Regerve System. Cash p%ua demand deposits have

been taken as the measure of money balances. The data was

obtained from various issues of the Statistical Abstract

af the United States.

The user cbst of capital is calculated by the-

method described ‘by Hall and Jorgenson[l1967]3. It can be

considered as a function of the price of new capital goods

and the discounted value of all future services derived

from - gapital. In addition it incorporates the effecte of

L

tax credits for investment expenditures. and a proportional
tax on busginess income. Agsdming static expectations, the

nominal user cogt of éapital can be calculated by the

following formula:

-l



[3;29] : 'V o= (1%&)(1—u2){?k(r+6)} . _ "-
L | (i—u) B . )
wheré V- = user qosg of capital,
kK = tax ;fe#it'hl;owea on investment ggpdé. i
. u7 = tax rate, |

P, = price of capital goods,

r = discount.rate (nominél),. .
§ = rate of depreciation, -
N z'3= present‘vélue of déprééiation'déductions-for
t-};; purposes, z - (1/rt)(1-e "%y,

‘Following Hali and Jorgensoh. the tax éredip is

assumed ts.be zero, except in 1962 and- 1963, when;it is

giveh a value of 0.06. The tax rate u has been assumed to

be 0.52 for all years (Nadiri and_Rosen [1973j). The rate

of depreciation, &, |is estimated from data on investment

and capital stocks'fo:‘non—financial eorborati§ns. using
the equation for the perpetuall inventory metho@.\The\
ma;ket rate of interest on four to six month commefcfal
paper, r, is used for the discount rate. The data on r has
been taken from various issues of ﬁhe Statistical Abstraet
of the United States. The ;ain source of this data is Ehe
geries ‘published by the Board of Governors of the Federal
Reserve System in the Federal Reserve Bulletin.
a
The data on the current net capital.stocks have

been taken from data published- in the Survey of Current

Business[hpril 1976, pp.48-52]1. These stock estimates are

-
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derived’ b? lher perpetual inventory method which starts

- - - with investment flowsg. and calculates gross capital stock

at - any .3iveh year—end by &céﬁmuia;ing past investment

floﬁszaﬁd deduéﬁing discards. The net capital stocks are
. . L

derived by depreciating the gross stocks. The data. on

conatant dollar net capital stocks for non—financial

corporgtions is deduced by éeflating the cu:ront dollar
net capital stoqks by thg\ }hplicit priéé deflato} fqr
fixed private domestic investmént. The se;iés on the priée-
deflafor for_fixed investment is pubizshed in the Natiqnal
‘Income  and Product _Accouﬁt Jof the United Stages.

1929-74(Table 7.1, p.264). In Appendix A, we .preasent the

data used for estimation. R

-

The #rice of holding -one nomiﬁhl dollar i;-
méqsured by the interest rate; f. In the modeif‘we assume
fhat_thé ‘services derived from the no@inal money to the
firﬁs age directly propobtional"to the'theilevql of real
stocks .of money, - i.e., nominal balancgﬁ diviéed by the

price . level. The price of holding one real dollar is the

- jnterest rate .multiplied by the price level. Thus an

-

increase in the price level will increase the price of a
given real level of money services (Butterfield[19711]).
The opportunity cost of real money balances is given by:
[3.30] !'m = p*r,

wﬁere p is the price of output.

" -
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3.3.2 . ESTIMATION PROCEDURES ) o

The parameters of the .translog cost function can

‘be 1§stimated in 6ne of 'thee ways. One can;use ordinary
) . . R .

least. squares to estimate_ the cost function only. This

- P

technique is attractive from the point of view of
simplicity. However, it neglects - the additional
v . 4 b i : . .
information contained in the cost share equations

(Christensan land Greenel[l976]). Alé@?nativeiy., we .can
estimate the set of share equafi;ns in a simultanecus
equation framework. excluding the cost equation. For
example;- Betbdt and .qud[l975] have | estimated share
equations a% a. mu{tivariate regression system. Finally,
Christensan and Greene[l9§6] have estimated cost function
together wfth the share equations. Ue_foll&w .this latter

approach to estfmate the _ parameters of the cost function

in'[3.9].

24
Following conventional practice, we specify

additive disturbances for the cost function [3.5) and ;ach
of the share equations in {3.9F. We also assume .that
these disturbances  have a joint nmnormal distribution and
allow for contemporaneous correlation across eguations.
The cost shares in [3.9) must add to unity by
definition. and the right ;and- sides of the cost ;hare

ejquations must also add to unity. Hence. the errors in the

cshare equations must add to zero for each observation.

-~

13

-
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Thié implies  that one of the share equations must be

dropped, as their covariance structure ig not of full rank

(Barten [1969])-

-

Following Zellner[1962]. +the .system can be

estimated bY “using the seemingly uﬁrelated regression

-
technique, and the estimates S
i
\ .
the choice of the egquation to

has shown that a maximum likel

[1968] and’ Dhrymes[1970] ha

iteratioﬁ of Zellner’s mgthod.

converges, yields the maximum:

o obtained -are invariant teo
be.dropped6. Barten (1969}

ihood estimate of the share

_eqqations guarantee.-such imnvariance. ‘Xmenta and Gilbert
; . .

ve shown ‘that contiquing

until the covariance matrix

1ikelihood estimates. This

-method is computationally equivalent to maxiﬁqm 1ikelihood

and - ensures invariance of parameter gstim&tes to the

choice of the sharfe equation dropped.-

Since there are three

) )
mo&el. we used the property

-

estimates by _egtimating three

of the model. In each case one

dropped by using the 1linear

cosﬁ share equations in our
of invariance to check our
alternative specifications
of the share equétions was

homogeneity conditions in

(3.6]. For example, solving the homogenelty conditions for
R

the parameters of the capital

equatio'n (Qku Ykk- Ynk' Ykm

and Y., ) and substituting them into the cogt function

gk

gives the following set of equations:



[3.31a] 1nC= ay+ ay 1nQ+ 1/2vqq clnq)2+un In(W/V)+

ag In(rp/V)+ InV+ 1/2yn, 1n(W/V)2+
1/2v,, 1nCrn/V)2+ yoo 1n(W/V) In(rg/Vd+

e Yqn 10Q 1n(W/V)+ oo 1nQ In(rp/V)+ Ve,

[3.31b] S = {WN}/{WN+VK+r;m)

@n+ Yun In(W/VI+ v In(rp/Vi+

anan+Vﬁtm'

[{3.31¢] 'S

m {rmm}/{ug+vx+rmm}
- = opt Yom In(H/V)+ Yom InCrp/V)+
quan+vmt.i

where W,V and r_ are the gz}cee of labour(N), capital(K),
and real monéy balances(m) Fespectiyely. Qct. vot and vpe
a}e the additéve disturbanceé in the cost, labour share,
and money share equations respectively.

There are five parameters Qh;ch do not appear In

{3.31]), namely, &y,yyyx:Ynk:Ykm+» a8Nd Yqx- However these are

linear combinations of the conasistent and asymptotically

efficient estimates of A 18y Yom e Yam:* Yqn and Ygqm in
[3.617.

Since we employ Zellner’s jterative efficient
egtimation technique, we f obtain_ maximum likeldihood

egtimates and can the}efore use likelihood ratio tests to
test different hypotheses. ocoutlined in Table 3.1. Writing

the likelihocod ratio as,

[3.32] ed = Q(RY-QCU)..

where Q(R) and Q(U) are the log likelihood valuee under
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the restricted and unrestricted versions respectively. —-2X-

ig then asymptotically distributed ;aa ‘Chi—aquare with
- degrees _qf freedom. equal to the number of;@ndependent

restrictions imposed.

3.3.3 DISCUSSION OF RESULTS

The full equilibrium model discussed in Section
3.1.4 was é;timated-using the Zellner technique discussged
Ej;}ier. In the first round éf ;Btimation. c@nvergancé was
achieved. The estimated pafameters are presented in pole
3:2. Most of the parameters are significghtly different
from zero at the 95% level of confidence. However in all
the estimated equations the Durbin-Watson gtatistics afe
low ¢0.78, 0.83, and 0.804 in the cost equation, labour
share equation and money share equation respectively)?. We
. followed the method of correcting for éerial eorreiation
digcussed by Berndt and Savin [1975], for the singular
equation system. It is assumed that v, in the gtochaetic
version of the share equations of the full equilibrium
m;del [3.9].follows.a gstationary vector stochastic process

and satisfies the following difference equation:

[3.331 ¥, = Rve_) + &t

where



TABLE 3.2

Remults of Full E uilibrium Model
{No correction for serial correlation)

63

Parameter {Sk drogged) - -

'3.9966

=4
° (2.946)
ag ~0.18923
(-0.418)
) - 17292
- Y 0. 9
9 ©€2.2724)
o 0.94408
(9.3664)
e 0.0392
o 0:01674
(5.1875)
Y ©.15527
na (6.9895)
Yk 0.14811
y 0.00356
mm (6.2166)
Yox ~0.14991
Y ~0.00536
nm (~9.6551)
Yem 10.00180
Y -0.11188
an (=9.655)
Yok 0.10987
Y 0.00201
am (4.2026)
a 295,456

Note:

t-ratiocs(asymptotic) are

estimates.

reported below the
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_Rnn ARnk Rnm Ent
R = Rkn Rkk ka and . &t = | Ekt
Rmn Rmk Rmm ’ Emt

b - - -

and .where &, ig assumed to be independently and normally

distributed with mean vector zero and singular covariance
matrix.
We can write the stochastic process in {3.33] for

the three shares of our mode} in [3.9] as:

-

Rnnvnt—1+Rnkvk£;1+anvmt—l+5nt'

[3.34a) v, =
[3.34b] Ve = Rpn¥ne—1+*RoeVkt-1+RmmVme—1+8me
[3.34c]’ vie = RgnVne—1+RkkVkt-1*RemVme-1+Exe -

It hasg been argued in Section 3.1.4 that one of

the share equations must be dropped before egtimating the

—

full eduilibrium model in [3.9). In [3.31], we have

dropped the capital share ‘equation. The‘ error in the

capital share equation, v,,, is the negative sum of the

errors in the labour and money share' equation.
i

Now we can rewrite ([3.34a] and {3.34b] by

aubstituting_vkt=—(vnt+vmt);

[3.35a] Vgt = (Run—Rnk)Vnt-1+(Ram—Rnk)Vmt-1+int

[3.35B)] v

mt (Rmn‘Rmk)ﬁnt—1+(Rmm'Rmk)th—l+Emt

or, substituting p;y for (Ry§—Rik),



[3.36a] v

nt PanVat—1+PamVme—1+int

[3.36b] vp, = PonVnt—1HemmVmt—1+imt - - ( _ . ‘
We use 'the stochastic 'proéeqs; in [3.36a] and
{3.36b], for the errors of the labour- and money share

equation and rewrite the Bharé equatidna in [3.29] as

follows:

{3.37a] Snt'= [cn(1—Pnn)-ampnm]+7nn1“"/y+7nm1“rm/v+an1nQ+
°nnsn—l*°nmsm£—i‘(innpnn+Yﬁmpnﬁ)ln(ufv?t—l"
MamPan+YmmPnm ) 1nlrg/Vig—1- |
(anpnn+*qm9nmJ1“(Q)t—1+‘
(Vnt=PnnVnt—1—PnmVmt-1)3 ¢

(3.3701 S .

mt = [um(l—pmm)—anpmn]+ynmlnH/V+Ymmlnrm/V+quan+
pmmsmt—1+pmnsnt—l'(Ynmpmm+7nnpmn)1“(“/v)t—l‘

“YomPman*t Y amPmn ) 1n(rn/Vie—1-

(qupm'*anth ) 1!\‘( Q> t_..1+

(Yot —PmnVnt—1"PmmVmt—17- -

The error in the cést aequation Vet ig agsumed to
. -

follow a separate first order autoregresei?e'scheme:

(3.38] Vet = PcVet-1 Hhet-
The two share equations, [3.37al] and {3.37p], and
the cost function, following the first order

autoregregsive scheme in [3.38], now constitute one out of

three alternative transformed specifibations which we

-

estimate. In the other twoc models, the labour and money
ghare equations are dropped alternatively.

All three models are estimated as a check on the

LY

&
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invarianég: of - #he - éstiMated;ﬁpa}amétersl.to ‘the share

equation dropped.and _té;ﬁféyide‘-Eomé aééﬁfanée that the

global maximum . kaaQbedn attained. The parameters of the

il

transformed model are now non-linear and the estimated -

resulbs depend 6ﬁ the . starting values of the parameters:

Differentistarting values of_parameters are_triéd-éhd the

values of the log_ likelihood “function are compared.

Comparison of -different likeiihbod values reveals thag the

one with the . highest wvalue also fgives invariance of the

estimated parameters acrossfthree . sets of “estimates. The

results of tﬁe_ esEEiated parameters..éfter ﬁakiﬁg this.

first order ‘correction for serial ocorrelation, .- are

presented- in Ta®%le 3.3. )

Al

We test the nulllhypothesis_tHAt.the coefficiénts

~

of R matrix are Jointly zero. In the transformed hodeln we
have estimated five additipnai parameters of the R matrix

(see [3.37]). The computed likelihood ratio test statistic

is 71.44 compared to computed Chi-square of 15,09 with .

L

five independent - restrictions. at 99% confidence level.

Therefore we reject the reétrictions imposed by the
untransformed model ‘for serial_ correlation.

The elements of the R matrix in ‘[3.33] are
underidentified and therefore we fan not solve for their
values. Howéver.' we present the estimated p’s .in Table

3.4, which also includes'the values of P across the three

models. The p’s based _on the "own-autocorrelation” are



apLf 3.3, -

. Results of Full Eéuiiibrium Moded
(After Correcting for Serial Correlation)

Parameter . HModel 1 Model 2 Model .3,

(Sy dropped) . (Sn,dropped)” -(S‘-dropped)
ag %.01104 %.00899 4.00612
§ (1.155) (1.154) (1.154)
ay e 0.49297 0.49309  0.49314
(02513) (0.513) (0.514)
Yeq - _0.04952 . -0.04962 —0.04979
(=0.325) (=0.325) ©(=0.326)
as -0.32095 0.32091 -0.32099
(~0.822) (=0.822)
< 1.29286 1.29289 1.29295
(3.449) (3.449)
& 0.02803 0.02802 " 0.02804
(1.3289) (1.329)
Yan 6.16052 0.16042" ©0.16053 -
(7.415) (7.421)
Yiex 0.15564 0.15556 0.15565
: : (6.621) (6.624)
Yom 0.00388 0.00388 0.00388
(2.890) (2.893)
Yok - -0.15614 ~0.15605 _0.15615
| (—7.081)
Yom -0.00438 * —0.00437 -0.00438 .
(=4.758)
Yem 0.00050 0.00049 0.00050
(0.236)

¢

A\

Contd./..:

A4
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* 1

TABLE 3.3 .(Continued)

>I -
) - . . . ” /,.._.__\‘_
- Parameter Model 1. Model 2 Model 3 -
\ _ (Sk,droppeﬁf' "*(S, dcopped) (S  dropped)
Yan 0.08365 0.08364 0.QB365
(1.556) (1.556)"
e . Yak -0.08306 -0.08305 '~ -0.08305 . .
. . o (=1.637) (=1.637)
Y qm ~ =0.00059 -0.0005%9 . —-0.00060
- . (=0.15® * (-0.157).7 S -
Q. 331.178 331.178 331.178
Note: t-ratios are in parenthescs.These ratios are not
' distributed exactly as Student’s -t. _
. g TABLE 3.4 '
: Estimated o’s
A R . :
o = R__-R 0.96 X . = R_,-R 3.16
©oonn ek (13.43) nk Tk T (0.46)
o = R__-R J0-98 | *o, = R, -R . =3.15
N mm mm- mn ’69432) - . kn kan “km 7(—6.46)
. NN _ +, | N
) ="R. . -R 0.96 P = R, _=-R 3.16
- kk kk kq (13.40) km km kn (0.47)
* = R__-R 3.18 Tt R -R 0.001
= - . -3.18 ) R . — . .
nm . nm nk} (=0.47) mk < mk kn- (—0.71)
" R__-R 0.001 * 0.49
- [+] = ! - - o - .
ma omasonk (0.71) . ¢ (1.94) %
Note:'In.the pa?ggthescs are t—ratios(asymptotic). - v
. * the estimates have been taken from Model 1 in Table 3.3. .
+ the estimates have been taken from Model 2 in Table 3.3. . &= -
}é{’ x the estimates havé been taken from Model 3 in TaBle 3.3. ﬂng .
~ .- c .
. } - "_._
.‘9‘ )
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Bignificantly 'different frgﬁ' zero. fhese 'p’s.are the
éombinatiop of the.elements of ﬁhe R matfix and the& are
not interpreted és gb;relation coefficients.

Even ‘after making a correction for seriai
correlation the Durbin-Watson statistics are low (1.36,
1.78 and 1.48 in the cost equation, labour shareAequation

and money share equation respectively). Low Durbin-Watson

values also indicate that a more fundamental solution of
. ) .

- the autocorrglation problem may - be appropriate (Eee\

footnote 8). For example, a model that allows for costs of
adjustment of capi:;l-'in th; ftrﬁé optim;zation problem
may fit the data better. We estimate such ;Tﬁode} in
Chapter 5. |

Six ocut of the sixteen param;ters in fable 3.3
th;t we have .estimated‘are s!knificantly differeat from”

Zero at the 95% 1level of confidence. Several ﬁarameters

that were significant before we corrected for serial
“

.correlation are now insignificahnt. Again, this sguggests

that a model which presumes ‘fuil ad justment of capital

holdinga_within each period may be'inadéduate.

The hypotheses ' of éeparabilty of factor 'iﬁﬁuts

have been tested next._First, ‘the hypothesis of global -

separabilty, disgﬁssgd in " ‘Sgection -3.2.3, ig tested.

Complete global separabiiity is'-rejqcted - with 99%

confidence(see Table 3.5)_3 Since . thiw hypothesis also

-

-tests for Cobb-Douglas tecﬁ:ology, with all the partial

.



‘ TABLE 3.5 -
?\;\\\\\\\\\, Separabilty of Factor Inputs .
: okindependont () ﬁ(l) Tabulated Calculated
rastrictions . Chi-Square Chi—-Square
'“\ _ a=0.01 «=0.05 .
Complete Global = 3 . 331.178  291.128  11.34 7.8l 80.10
Separability ‘ s ) ' - -
(9 nm=0nk=kn=1)
lon—l.inoar‘ Sagafabiltz
a) NK-m 2 . 331.178  308.237 9.21  5.99 45.88
(Oy.=g._#1) S ’ ,
kn=“nm ‘
' 2 . .
b) No-K 2 331.178  322.2§6 9.21 5.99 17.84
(Unk=0m$1) .
¢) KmK ) 2 331.178  327.170  9.21  5.99 . 8.02
(cnksonmtl)
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_elastigitiés- equal to wunity, Cobb—D?gglas. technolpsy is
aiso';rejected.- Secgnd. we test each of the non-linear
separabilty "hypotheses presented din ,Tabie S.i. All three
types of non-linear . geparability hypotheses are also*
rejected at 95% confidepce 1evei. Since our resﬁlts reject -
equaiity between the elasticities of_ subsgstitutions,
including equality 6f the elasticities éo unity.lwe do not
test for the linear seﬁarabil;y conditions. . .

The own and cross price elasticities ére also
presented in Table 3.6. The own price elasticities of
labour .and capi£31 indicéte fairly inelastic.dgmandé,for
these two factors. The own price elasticity of reql money
balgnces is close to the estimates of Dennis and
Smith[1978]. Their estimates. of the own price élasticity
of money ranged between -0.22 to -—-0.40. :
We hav§ also genexated_honfidence, intervals for
_'the ownvprice'elasticities9. These intervals are presented
in Table' 3.7. The own price elasticities of labour and
éapital are siéﬁificant;y' différent from zerc and have a
negat}ve sign. On the'other hand the own price elasticity
of real money balances is'not significantly different from
zero. The result is ungatisfactory as we expect own price
elasticities to be negative on theorétical grounds.

The éross p}ice elasticities are also presented

in Table 3.6, using ([3.1l6]. All the cross price

elasticities are positive in sign, indicating that all



- * TABLE 3.6

Factor Price Elasticities

ractoIr I L e e ——————

n —0.08246 ' n

an nm 0.00094
e -0.17996 Dem 0.01112
nen l—0218357 Tnk 0.01953.
Ny  +0.00094 m_ -0.1475 ‘
Note: and n are. the own price
elasticit?es g?c labour, capital and real money
balances respectively. n and n are the cross

price elasticity of labour demanc.{1 with respect to
the price of - money and rental price of capital and

igs the cross price.elasticity of capital demand
w§ h respect to the price of money. nr and I are
cost minimizing and profit maximizing 1ntereé¥ rate
elasticities of labour demand.

72

TABLE 3.7
Confidence Intervals for Own Price Elaaticities
(Full Equilibrium Houel)
. ELASTICITIES
MEAN . :
ELASTICITY LOWER TAIL UPPER TA;L
FROM ) N
S00 DRAWS 2.5% 5% 5% 2.5%
P ABOUR  —-0.08246 —-0.14596 =0.13342 ~0.031034 ~0.0215
" MONEY" -0.18357 ~0.5412 -0.43192 +0.02154 +0;0503
CAPITAL —0.17996 -0.30011 -0.28315 . ~0.07755%6 —0.0661
<oy
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three factors of production are substitutes for each
otger._b Deﬁnis " and Smith[1978] have estiﬁ%ted these.
elasticities in éhe-‘cosbfminimi?ation framework. In their
study, the priée elasticity between pronCtion ;abohr and
money w&s positive in nine éut of eleven {ndustriéa.
Sihilarly, the cfoss price elasticity of money and capital
was also positive in ten industries..§imos[1981]. on the
other hand, found a comblimentary relationspip between
labour and money. However, hiq sﬁudy was based on a profit
maximization appréach.

The profit maximizing interest rqte elasticity of
labour demand, N.r+ i8 calculated using [3.24]. Capital is
treated as a variable factor whiy&\ evaluating this
elasticity. In Chapter 4 we estimate Ghis elasticity for
the translog cost function, while hol@ing'cap{ta{ fixed in
the short-run. We can compare this elasticit} directly
with the Short[1979] and Simoa[1981] results for the full
équilibrium model. Simos’s L19él}- estimate of nnr ranged
between -0.038 fin 1929 to -0.099 in 1972. On the othe;

hand Short’s estimates dre much higher, —4.80 in the

Cobb—Douglas case. Qur estimates of .~ are _close to

Simos” result and they indicate the potential for strong
supply side effects of changes in ﬁhe interest rate on
both lébour.demand and- supply of output (Tabie 3.65..As
noted earliar these supply side effects are compa};ble to
the oné discusged in Chapter 1, because éapital is not

fixed in the short-run.
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3.4  CONCLUDING REMARKS

-~

In this chapter we estimated a—f&ll equilibrium
model in which firms can adjust their capital stocks
instantaneously. The results of the price elasticities
were consistant with the results of -the existing stud} B
"on demand for money by f;;msf We also rejected the
hypothesia 6f separabilty of real monéy balances in the
. 1
productiqn function. This result is also consisgtant with

the findings of Simos[198l] and Dennis and Smith[1978].

In the first round of estimation the

Durbin-Watson statistics were low, ingicaéing the presence‘.

of éer&éfT correlation in the érrors of the -equatians of
the model. We followed .the method guggeeﬁed by Berndt and
Savin[l??S) to c§rrect the problem of serial correlation.
Even after mahiﬁg the correction for serial conyelation.
Durbin—u;tson égatistibs ware still low. The significance
of the estimated- paramééers of ‘the cost function was
considefably decreased in tﬁe transfotmea model.
Furthermore, the own pricé elaaticiﬁy of real money
balanc;s was not significantly different from zero.

These results suggest that the full equilibr}uﬁ-
model did fiot fit the data well #yand a more fundamental
solution may be ‘a;propriate.- For é;ample one could
introduce Eﬁe*costs of adjustment of capital into firms

optimization  problem. We gstimate s8such a ﬁodel in
. - Vs ‘

Chapter 5.

[N
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FOOTNOTES

CHAPTER 3

-

p—

1ﬁiewért[l971] discusses and proves these properties. Also
see McFadden[1978].

zThe translok functional form has been employed in Chapters

3 and 4 only. In Chapter 5 we intreduce the quadratic cost
function. . :

3For a detailed derivation of own and cross price
elasticities , see Binswanger[1974].
4In these texts we follow- the common practice of treating
the translog cost function as exact. Slightly more complex
tests are required if the function is to be treated as an
approximation(see Denny and Fuss([1977]).
5In preliminary work we used the aggregated US
manufacturing data{l947-1971) to estimate the model.
However, some 'of the estimated own price elasticities were
pogitive. Denny, Fuss ‘and Waverman([1980], p.42) report
gimilar problems with this data. Congequently we decided
toe use data on the non—financial <corporations of the
United States. '

‘ 6See Chriastensen and_Gréene[1976]. . ' .

?Theae fiva parameters are determined residually, using the

constraints in [3.6].

8The critical ran&e of the Durbin—ﬁatsoﬁ statistic is
appropriate for - single equation estimation with
homoscedastic errors, and so are not applicable here.

However, the q&atistica'caq still be used informally as a
measure of the exteng of autocorrelation in disturbances.

9The elagticities are non—linear functions of the
parameteras and the exact confidence intervals are,K not
available. We report .dinstead confidence intervals

generated by a Monte Carlec method assuming a normal
distribution for the estimated parameters, reported in
Table [3.3]. The method involves taking drawings on the
parameterg according to the estimated variance—covariance
matrix. We :use the IMSL routine GGNSM to make 900
drawings. e distributions of these drawings is then used
"in generating the confidence intervals of the elasticities
using the ‘values of the estimated parameters as means {(for
more details see Krinsky and Robb[1985]). This is not the
same as bootstrapping, which would have*involved drawings
of the dependent variables and using them to get estimates
of parameters for each drawing. This would have been too
expensive in terms-of computer costs. '
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CHAPTER 4

EMPIRICAL MODELS BASED ON_COST MINIMIZATION WITH CAPITAL

FIXED IN THE SHORT—RUN"

In Chapter 3, the analysis of a firm"s factor
demands was based on a number of assumptions including one

which allowed the firm to purchase and install new capital

~both costlessly and within one period (year). Most

empirical studies on firms’ money demand made similar

assumptions, either implicit?y or explicitly. But the

-
-

assumption Jf costless and instantaneous installation_of
capital seems 1nap§ropniaté for several reasons. First, as
noted by "Nickell([1978],p.25), "the conseduence of this
particular -assumption was that the firm responded to
changes in 'relevant para@eters with instantaﬁeous changes
in its capital stock, a most unappealing reéult, given the
natur; of caﬁital goods and one which is in little accord
with casu#l obseréﬁtion“. Second, this view ignores'the
role of futurelexéectations implied by the durability of

capital {(Abel[1978]). In other words, the firms’

optimizdtion problem, in the; gtatic framework, does not

76
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incorporate any future returns to capital and the.firm ie
assumed to buy and sell fixed capital solely for the

purpose of making capital gains. Third, factors other than

Q)

capital may ‘respond diffefently in the short—run when
capital“ is fixed, as compared to éhe' long—run when all
factors are variablel.

. In many instances firms are "unable to adjust
their factor démands instantaneously. There are two main
approaches” that relax the agssumption. of instantaneous
ad justment of factor inputs Iin the fpll equilibrium model.
First, costs of adjustmeﬁt can be incorporated into the
firms’ optimization problem expiicitly In this type of
model, firms are continuously in‘_dy mic disequilibrium
ingtead of being in full static equilibrium. We discuss
this approach in some detail in Chapﬁef 5. Second, firms
can be assgumed to.be'in static equilibrium for some of the
factors, conditional on the levels of some . other factors.
These models are referred to gé partial static equilibrium
modelsz.  In thié thesis, however, we use the term
tempo;ary équilibrium model inagead of partial equilibrium

' model as partial equilibrium is also used to distinguish
che analysis from "general equilibrium”. Variablé'factor;
are assumed to be in temporary Btat{c equilibrium whilg
tpe remaining factofs are treaied..as‘Quasl—fixéd factorsl
The theoretical basis for'temporary equil;brium moéels_can

be found in Samuelson{1953] and McFadden[1978].

—

aET
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-In Sch;on . 4.1, we discuss the ~theor9£ical
foundations of temporary equiliﬁrium models-ana derive its
egtimating equations. 'in Section 4.2 we discuss the
relationship between ‘the elasticities of temporary an*
full equilibrium models. In Section 4.3 we report on the

estimation procedure and the results.

4.1 A COST NINIMIZATION MODEL UITH TEHPOhARY

EQUILIBRIUM

-

In Chapter L3. we utilized a cost function in
which all factors lwere adjustadl inatant#neously. to
represent the full eguilibrium model in‘anaiyzing the role
of real ﬁoney Salances in the production process. The
important agsumption of this model was that .firms have the
ability toffully adjﬁst to-changes in exogenepus variables
‘instantaneously. An alternative way of modelling the
production process ise to introduce the notion of a
restricted variasle cost function. In this mo&el. firms

are /aggumed to Dbe in temporary equilibrium in the

short—-run. Some of the factors in this model are neot fully

adjusted (i.e. are regtricted) to their Jlong—run
equilibrium values within any' periocd. Hence, we. assume

that it is the capital stock that is a quasi-fixed factor.

=

while labour and real . money balances are agssumed to be

variable factors of production. Thé firms’ behaviour can
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4.1 cv = egu, For Q, K}

where CVi = acvxapi and CVij = acvi/aP
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be described by a ‘short-run reatricted variable cost
. -
function:

P &

where W and m @re prices of the variable fac;ora labour
and re;I méney balances, respectively, Q is the level of
output aéd.K represents the lewel of'Fapital sroks; cv ig
the minimum variable éost- of -producing the output Q,
conditional on the le;el of capital XK.

The substitution possibilities‘ between the:
variable factors of production can be evaluated by
estimatingqghe elasticities of subs?itutién. The.method of
esttmating.fhese elasticities ig ﬁuch the same as in the
case‘of the full equilibrium‘model. The only difference in
the sghort-run ig that . ;apital is fixed. in the temporary
équilibrium model. The temporary st;tic equilibrium
elasticities of subgtitution can be\ com#uted from the
variable cost function as:

[4.2] | oyy = (CV)ccviJ>/(cvicvj)
i

The elasticities in [4.2] are evaluated
conditionally ‘for given leyela of the fixed féctor.
Therefore :these are like . direct élasticitiée of
substituti&n. These elasticities provide informationlaboug

the short-run adjustments by firmg to exogenous gshoecks.

They do not, however, provide information about"

substitution posaibilities between -the variable and the



P ’ ’ ‘quagi- fzxed factor or abOut a 1063-run in whxch cap:tal is
allowed to adJust.
. i} The total cost, when all the variable factors are
in eéuilibrium. can be deflned as follows. ’
- [4.3]. CT = &{w, Tm* Q. K} + VK
where V is thg rental pPrice of'capitgl.:
Next we considef the Iong—run relationship
between. the three factors of productign. Samuelson {1953,
PP.19-20] has shbwnLthat the éerivative.of t@e.restricted
variable cost function, (4.1], with respect to the.
.qQuasi- flxed factor K must equal the negative of the rental

price of the qu351 fxxed factor in the long—runa. i:e..

(4.4] -V = 3CV/3K = y(q, Wooro. KDL
For given q, U;‘ roe V. and a | particular
functional form for [4.3], [4. 4]' can be solveﬁ for the
cost mlnzmlzlng demand for capital, K,
(4.5] K™ = ¢(q, w, roLoV).
By substituting (4.5] into [4.3), we can derive
| the.long—run cost function for a given functional form'for—
the variable cost function. The long-run cost function can
then be used to gerive substitution relationéhips between
capital and the two variable factors, labour and money

-

~balances,
& - We specify a trans;og function for the variable
cost function. In Chapter 3 we have discussed the

advantages of 'employfng this particular functional form
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'and ‘these advantages age again relevant here. The ‘variable
. » . '
cost function .with an additive error term can . be written

-
.

as B .
) . '

-[4:6]7 1nCV = a + aging + 1/2agq(1n@)? + eqln¥ +aglnry, +

-~
-

alnK+ 1/72{yy, (1nW) 2+ v (Inrp) 2+ v (1InK)2) -
+ Ynmlnrmlnw¥ Ynkanth+ Y InKinro
+‘YQn1nQ1nU+ Yleannrm+ Ec.
Using Shepherd’s lemma[l953], we can derive the
. demand functions for the variable faciﬁfs that minimize
-variable cost. The dérivat&ves 31lnCV/31lnP;, where Pl

"repreaent the variable factor pfices W and r, are equal

to the shares of variable factor cost to total variable

cost, i.e., Y \

[4.7] 31nCV/2lnW = (W/CV)(3CV/aW) = §

-

n

='an+ YanloW+ Ypplorp+ ygnlnK+ yonlnQ+E,,

14.8] alnCV/alnrm= (r,/CV)(3CV/ar )= S _
= ap+ Ynmlnu+ Ymmlnrm+ fkman+ YlenQ+Em.
‘'{4.7] and [4.8] haye been derived by assuming

symmetry, Ygm=Yyn- The set of. [4.6], [4.7] and [4.8]
Ao .

constitute the system' o?bequatiqns used to estimate the
parameters of the v;r{aﬁle " coit functien. v

On theoretical srohnds the variable cost Function
{4.6] is restricted to be homogenecus of d€gree one in

input prices. This homogeneity imposges the following

linear restrictions on the parameters: =~ °

>



-
~

[4.9a]. o+ am' =1, : . ' ' L.
[4-95] von+vym = O, ///’ | - R
[4.9¢] Vﬁm+7mm =0, 7 ' '

[4-94)  Yon+vqm = O,

]
o
.

[4.9e] vyp, +Ygn

. - r

The cost shares of qoﬁey and labour add wup to
unity by definitioq-as-must tye right hand sides of tﬁése
share equations. The errors in the share aegquations muat,
therefore, sum to zero. The résultins covariance matrix is
singular, and one of the share equation must be deleted

before estimating the system as in the previous Chapter.

The regtrictions in [4.9] are solyed and imposed
on the cost function and the factor demand aquations to be
estimated. In tha[firsg.instance we drop the money share

equation; while in the second case we drop the labour

-share equation. The first. specification of the model can

‘be written as follows: . : .

4

[4.10] 1nCV= e +aq1nQ+1/2aqq(1nQ) 2+a,In(W/ry)+1lnr + aklnK+
1/2{y,, (In¥/r )%+ ykk(lnx)2}+1Kn1n;1n(qfrm)f
YinnQIR(V/qm)+ YKOanan+ P

[4-111 S = ant YunlnCW/rp)+ vgalnk+ yonlRQs En- -

’Similarly the other set of equations, in which we

drop the labour cost share equation, can be written as,



‘balances and how do the results compare with those of  the
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[4.12] InCV= a +aglnQ+l/2aqq(1nQ)24a ln(r, /W)+1nU+ o lnks

—r

. 1/2v,_(lar A2+ ¥ (InK)2)+ yg 1nKinCr /W)+
- - _
YlenQ1p(rn/V$+ YKQ;nQInK+ Ec:

t . - : ’

. P

- - 4 \-_-/-

[4-18] 5 = ap+ v 1n(r /Wd vy InK+ o 1nQ+ & .

. -

Equationa [4.10}] and [4.11), and -equations (4-12j and

14.13] constitute the two alternative sgpecifications of

the témporary equilibrium model. .

b -

N . - :
In diaspsaing the estimates of the vgriable cosgt

.

function, we focus on theﬁfolléwins iggues:

{a) What is the nature of the ‘derived demand for real cash

full equilibrium model? — . O

(b) Are real money balances substitutes or 'complemeqfs in
production forula§35;,in the sﬁo:t—run and f;r iabour and
Egpital in the long-run? Agéin. how do the ;esulta in the

1én§—run-compare with those of the éull aquilibrium model?

(c) How does the implied profit maximizing interest rate

':‘elasticity of labour demand, in .the short—run, compare

-

with the corregponding estimates which we discussed. in

 Chapter 1? T

In the fqllowing section we discuss these three

issues.
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4.2 ' CTURE_OF PRODUCTION

4.2.1 FACTOR DEMAND ELASTICITIES

-

The methodology for est;matiné the short—-run own
and cross price elasticites is the séme'as that #iscusséd
in section 3.1.1 of Chapter 3, except now capital stocks
are also held canstant and there are only fwo variable
factors of production. In the long-run the own price
elasticity of demand of a ‘variable factor of production,

for example lébo;r. can be evaluated as follows:

[4.14] d1nN/&1nU='(dlnN/dlﬁw)Q'K +<d1nN/d1nK)(d15N/¢1nU)
where the first term on the right hand side of [4.14]7is
the short-run own price ela§£ici£y of 1abour‘andﬂiQ and K
indicate that this elasticiéy has been evaluated while
helding .ogzput and capital. constant. For'the long—run
response we need to evaluate dlnK/dlnW and dlnN/dlnK alsec.

In ) order to evaluate dan/dan.l we first
differentiate [4.6] and use the condition in [4.4],

(4.15] dlnCV/dlnkK (K/CV)(SCV/EK) = (K/CV)(-V)

-

Therefore, . )

[4.16] (K/EVI(-V) = s,

= ag+ ypplnK+ YKQInQ+ Txiln(U/rm)'
Taking the log of [4.16] and differentiating with

respect to lnw4.

[4.17] dlnK/dlnW

(1/€1-5,))(S - (1/S, )y}
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where Sjmar+vyilnKevgolnQtyg, In(W/r,). -,
- dlnN/d1lnK can be -"determined by first tak!nélfha
log of variable cost share ‘ equation, [4,11]. and

diff.r;ntiating it with respect to 1nK and rearranging to

- ) . .
-

gife‘ . _
£4.18]  dlnN/dlnK =(1/5,)dS_/dInK + d1nCV/dInK

Substituting for dsn)dlnx and dlnCV/dlnK, by
diffarentiating.[4;11] and'[ﬁ.@]"with respect 1InkK, into
[4.18], we havef
[4.19]  A1N/dInK =(1/5,)vgq+Cags YrgInK+ YgqlnG+

+ Ygp1n(W/rp ).

[4.17] and [4.19] can be evaluated by using: mean
values of output -Q..‘capital stocks K and factor price
ratio W/r .

In a similar way we can estimate the own price
9lasticity of real money balances.

In order to deriﬁa the cross price elaaficies‘of

the variable factors, for example the . cross price

FE R

elasticity of labour demanq with respect to oppeortunity
cost of real money dbalances, we have,

.[4.201 dlnN/dlnrm=(d1nu/d1nrm)5_K+(d1nx/d1nx)<d1nx/d1nrm)

«

4.3 ESTIMATION OF MODEL

4.3.1 . E TION PROCED S

It was argued in Chapter 3 that the itera;ive—J/

)
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3
'Zollnnr-.tQChniquo xiv.s estimates of paranatars that are
1nvar146t to which cquation is dropped and. “in the 1191t
yieidsﬁmaxinum l1ikelihood estimates. Equations [4-}9] ndh
[3.&1] are e.tim@ted using the itérativa Zellner

technique. As a check we also estimated equations [4.12]

" and [4 13].

[

Followins conventional : practice, we specify

additive disturbances for the cost function [4.10] and the‘

share equation [4 11}. Similar assumptions have been made

for the disturbances in the alternative specification in m-

[4.12] and [4.13].

4.3.2 -DISCUSSION OF RESULTS

The results of thé two alternatiqé specification;\

of the temporary equiiibrium model in [4.10] and [4.11]
(alternatively [4.12] and [4.13]) are preéented in Table
4.1. The results of the estimated parameters show that
there is essentially no difference across the .two models.

The Dgrbin—watson statiétié for the cost equation and cost
share -“equations wéfe considerably 1ow§. We corrected for
éerial correlation, as in Chapter .3 using the Berndt and
Savin [1975] method fogy a singular equation system. We
g%scussed this method in chapter 3 (p.59, [3.281). The
variablq cost equation was also corrected for serial

-

correlation and the error was zssumed to follow a first



o e
order autpriz?gqgﬁ;' Ichono'fp.Gél £s. 35]) Ve cénpﬁﬁo'thn‘
li'koli)hobd ratfic to test the _pul2 hypoth.sic that the
cocfflciont- of ..rial corrclatlon (o Aand ) g are zoro.
The computed  likelihood ‘ratio toctl‘statistic 19.19.94
compared to a, tabulated Chi-square of 9.21 with two -
tnﬁ.pondcnﬁ fditrict{pnl at a 99% level . of -confidonco.
Therefore the null hypothocic has been rcjoctod with 99:
confidencc. ) _ o .

The ostinatod-paran.toés of. the. cost fupction.
. with thef‘corrict;on for s‘rial corelation{ are‘pr;sented '
in Table 4.2, The first order coréoction' fﬁr serial
cofrelation has not fully renoved autocorrelntion from the
residuals. The t-ratios in Table 4.2, which are
dist;ibuted as Student s t (in tfact, normally).
asymptotically, indicate that £hora gre' cc#en"out of .ten
: dg;ectly estimated pafanaters of the temporary oquilibriun
model that are significantly differen£ ffon zearo at the
903'(asymptotiq)‘ level of confidence. Recall that in the
fﬁll equ?librium nodei of Chapter 3, there ;ere only thre§
out of ten directly ocginated parameters .that uerg
significantly different from zero at the 90% lével of
sign{ficgnce (Table 3.3). This gives some indication‘;f Qn
ovefﬁll better fit of the temporary equilibrium model over

<

.the full equilibrium model.

The own and cross p(ice elasticities, both in the

short—run and in the léng—run. are presented in Tables 4.3



R

. "(Without Serial Correlation Correction)

- &g 2. 4608 2.4276  : yon  -0.00358 —0.00359
T T(l.720)  (1.704) (-1.510) .~
Q. 4.89609  4.92764 Yom 0.00358  0.00359
‘ (2.907)" (2.928) (1.513)
%Q —2.0618- ' -2,0402 ax -—4.5763  —4.5963
/ (~0.755) . (-0.750) (-2.76)  (=2.77)
@, 0.9916 . . 0.9917 Yrx ~0.5920 -0.5630
: . (153.88) (—0.204)
£ “ag, 0.0084  0.00827 .y,  _0.0004 —0.0004
(0.463) : (-0.175)
Yan  0.00506  0.00505 YRm 0.0004 0.0004
(8.701) (0.174)
Yom  0.00506  0.00505 Y 1.3250  1.2985
- (8.695) K (0.472)
Yom —0.00506 -0.00505 Q 213.261  213.261
DV, 0.8730  0.8730
DV, 1.0758 -
oV, * 1.0758
Note: 'In A and B, the money share equation and the

labour share equation

any t-ratio

D"n and DW are the
cost, labour and money

have been dropped
The t-ratios are in pParentheges.
are derived residual

Durbin—wat
share equ

respectively.
The parameters without
{?/,using [4.9]. chv.
son statistic, )
atione respectively. g

for the

is the computed value of the log likelihood function.

* Since the
for the dropped cost
computed it here.

errore are additive we can

compute the DW
share equation, but we have not
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AN

- ‘.’ ‘-.. i .' ‘
(After c'orr’cting for Serial Corrslation) '

a : 2.746 Y. . ~0.00635
- (1.1449) oo

a 2.247 Y 00583
Q (3.8604) K *
a -0.6719 Yg, —0.00583
e ) (—2.164) Kno (21.3851)

a - 0.9219 R Y —0.00496
n (32.625) . Qm

e 0.0781 ° Y 0.00496
m S @ (1.8584)

Yo 0.3700 e -1.9910 -
oK (1.9596) w5 _ B (1.845)

Y 0.00635 Yex.  0.3785
mm | KK 1. s078)

Yn 0.00635 . : 2 223.231

(13.522) .

oW 1.610 - o 0.6194
i € (3.860)

D 1.257 o 0.990-
no- " (21.89)

5, *

Note: In parentheses are the t-ratios.

The parameters

without t-~ratios are derived residually using [4.9].
* See the note in Table 4.1.
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. full equilibrium -po&&l'.for' comparison. We discuss the

resplts in the latter pgr; of this section.

We have also generated cohfidence intervals for:

. . i . o
the own price elasticities inJ the short-run. - These

fconfi&ence ‘jntervals have been generated by the method

discussed in Chaptér 3 (see foétnoée 9); The results are’

presented in fablp 4.4. Unlike the results of the full
equilibrium_ modei. both ‘own price elasticities are
significégily different from zeré and are negative in
~sign1 Therefore the model withl fixity of capital stocks
seams to give more -reasonable results and sugsests. ﬁhe

restrictions imposed by the full equilibrium model are

inappropriate.

"%y : :
The own price elasticify of labour is

considerably smaller in’ thel short-run ‘than' in the
1ong—rﬁn. Tﬁia result can be axplai;ed by the fact that in
the éhort—run both output and capital stocks are fixed.
Theraforé the demand for labour is quite insensitive.to
changes Iin the wage raée. ﬁowevef. in the long-run, when
capital stocks are adjusted to the desired equilibrium,
there is a large increase in the absolute size of the own
price elasticity of 1labour. The long-run elasticity is
emaller in magnitude than that of the full equilibrium
model.

The own price elasticity_ of real money balances

indicates that demand for real money balances is more

and 4.5. We also include in this table the results’ of the.

-7

Y



TEMPORARY EQUILIBRIUM MODEL L '
L v FULL EQUILIBRIUM MODEL

SHORT-RUN : LONG—RUN [Chapter- 3]
LABOUR ~0.002611 -0.0590 -0.08246
. ) o * . .
- MONEY*™  —0.21966 P8zl -0.17996
CAPITAL ~ -0.4540 ) -0.05720

" "TABLE 4.4

Confidence Intervals for Own Price Elasticities

(Temporary Equilibrium Nodel, Short—Run) % -

ELASTICITIES .

HEAN :
ELASTICITY LOVER TAIL - UPPER TAIL:
FRON -
900 DRAWS T~ 7.5% sz . 5% 2.5%
LABOUR  -0.00261 . -0.00356  —0.00341 -0.00259  =0.00173
Ve
MONEY ~ -0.21966  —0.3350 ~0.31593 -0.21832  —0.11311

"-' -
H

)
Tear
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bziinitic both in the short—run and in the iong—run~thin the

6u9:,pfjcg éiastic;ty -fér labour d.nahd.. The ;onsfrun‘
estimate of‘nn; . is about. 36x nor; ﬁhan tga size of the:
elasticity in the full equilibrium model.

; The crose price elasticity of labo;} with respect‘i

to the opportunity cost of real money balanceé. r shows

m’
that labour and real money Salahces are subatitutes in the
short—run and in the lonsqunfTable 4.5). The size of tﬁe
long—run cross elasticity is quite different from the full
equilibrium result. -

Thé cross price elasticity of deméﬁd for labour
with respect to the rental price of capital indicates that
labour and capital are substitutes. Qn the other hand,

capital and  money are long-run cohplements. The latter

result "ig in contrast to the full equilibrium result,

where capital and moné& are substitutes.

*

-

. .
, - Finally we calculated the profit maximizing

interest rate cross elasticity, I in the short-run,

nr’
using the formula discussed in vChapter 3 ([3.19])6. The
elasticity is much closer té zerc than Short’s [1979]
estiTate of the pr;fit maximizing elasticity, which was
discussed in Chapter 1. Therefore thé”results of
temporary equilibrium model indiéate that the supply side

effects, discussed in Chapter 1, are economically

insignificant.

{Il
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TEMPORARY EQUILIBRIUM MODEL

I .

_| FULL EQUILIBRIUM MODEL
|
1

SHORT-RUN | LONG—RUN {Chapter 3]
1 - . . .
L - +0.00158 +0.00790 - +0.00094 -
L - " +0.0213 ' +0.01953
) :
LY - -0.2828 . +0.01112
for +0.00158 .  +0.0221 -0.00616
< =
- ¢ .
TGr -0.0010 - —0.14750
Bote: is the cross price elaticity of labour with respeact to
the price of money and n, and -.are- the croas price
elasticities of labour and money w raspect to the rental

price of capital respectively. n, .. and M,, are the cost

minimizing and profit maximizing interest price elasticities of
labour demand repectively.

93
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In- the first round of.osEimatiéhuof the fempor;fy' 7
oqnilibrlﬁm medel, .hhe ﬁurbin—ﬁatioh  statistics were
“conlidgéably low. The modgl was - corrected for serial
coffqlation. uqip:j-th@ ﬁethod_propo:ed'in Chapter 3. The
fir-t"orda} correction for serial correalation did*noﬁ‘
fully . remove the smerial correiation; Héwever; . the
significance of _the estimated: paramétark of ths?cost
fﬁnctioﬁf wag considerably increased 1q'the hransfofmed
'méde}. - ‘

The own price glasticities o;-labour and ﬁoney in
~the éhort—}un were s;snificantly different from zero andf
negative in sign. This result -shows an improvement over

. . . .
the full equilibrium model where the own price elasticity

of real money balances was not significantly different

- .

from zZero.
We also found sgubstantial differences in the
shorg—run and long—run price elasticities. Furthermo;e.
the profit maximizing interest rate cross ;lasticity of
'1a§our demand was almost zero in the short—run, compared
to —0_14 calculated in Chapter 1. The difféfences in the-
. |
size of tﬂeae interest ' rate elasticities clearly
demonstrates Ehe contamination 4n the estimates of the
full equilibrium .model, that follow from ignoring ﬁhe
quasi—fixéd nature 6f capital ipithe short-run. Similar
conclusions can be drawn for the own and other cross price

elasticities.

o
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FOOENOTES::
CHAPTER 4

Therefore two kinds of responses to external shocks can
be analysed, short—run and long-run.

2See.for example HcFaddentl978]-

3In caléulating V‘we used a short—~term rate in:E3.29} in

4

Chapter 3. Studies with short—run fixity of capital have
used the long—term rate. We have)used short—term rate
throughout the thesis, since most/of the meney studies
have used the short-term rate.

[4.16] is totally differentiated, allowing K to vary as
follows: ) ' '

AlnK/3lnW —31nCV/3lnk— (alnCV/aan)(aanlaan}= 3Ln3k/31nu

5

The critical values for the Durbin-Watson test are only
appropriate for single ‘equations with homoscedastic
disturbances, and cannot be used here, as noted in

Chapter 3; footnote 8.

6Taking the log of the labour share equation in [4.7j, we - s

have,

~

InW+1nN~-1ncv

n

lnSn ‘ _
ln{cn+ynnlnﬁ+ynmlnrm+yknan+YQn1nQ}: 5

differentiating,both sides,

~
dlnN/3inr = alnCV/alnr+(l/Sn)(aSn/alnr)
or

dinN/3dlnr ?_Sm+(1/5n)*nh R
<
The partial derivatives aSn/a;nr and alnSn/alnrm.
are the same because r =rp. Therefore in the short—run

there is no difference between the cross price
elasticities of labour with respect to rm and r.
—

AARN



CHAPTER 5

EMPIRICAL MODELS BASEb ON COST MINIMIZING BEHAVIOUR WITH

COSTS OF ADJUSTMENT FOR CAPITAL

In‘Chapte; 4 we estimated a cost minimizing model
that incorperated fixity of capitai stocks in the
short—run. 'fhe model was prom{sing as it explicitly
recognized the  interrelatedness og the disequilibrium
process and also generated short—;un and léng-run demand
equations for ~variable and fi;ed factors. However, the
model was incomplete. There was no-explicit constraint on
the .firms' optimization that Jjustified the fixity of
capital stocks-in'the short-run. Several alternative ways
have been discussed in the economic 1literature to
introduce fixity of capital stocks axplicitly into a
firm“s optimization problem. One of these alternatives is
to introauce the notion of npn—linear cogts of ;djuspment.
These are costs asgociated with changes in the level of
investment in the short—run which can either be associated

P

with a monopolistic capital goods market in which the

2
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_Price -of capital rises with the level of investment
(externalléocts of adjustment) or with rising cost? per
unit of 1nvestm,nt associated with using gactors tﬁgt afeg
internal to the.firm (internalrcé;ts of adestment)f ‘The
latter areﬁgeasured in terms of outpué' foregone by the

firms because an increase in the investment lev§1 in tbe-
shoft—run may divert some of the resources of firms from
production to investmentl!. : -

In this chapter we exdmine the role of real money
balaéces in the productien process by developing a dynamic
model ﬁhich incorporates internal costs of adjustment of
éapital into firms’ optimization problems.

Section 5.1 introduces the éosFa of adjustment
and reviewe some of relevant theoretical:developmenta.J;n
Section 5.2, we discuss both theoretical and empirical
models that incorporate costs of ‘adjustment of capital in
the-optimization framework. Section 5.3 discusses isgsues
related to production structure, such as price
elasticities and the }ole of cosmts of ad justment . in the
'model. In Section 5.4. estimation procedures and empirical

-~
results are explained.



5.1 ' OF co E.

‘There are a number of ways to introduce the cost
of adjusting'capital into the fi;m's maximization problem.:
In earlier versions of the neo—classical models of
investment, origindted by Jorgensen[1963], the ffrmﬂs
optiiiiation problem starts with an objective of
-maximizing the péesent discounted vaiue.of net'cash flowg
consﬁraihed by the -prodﬁcéion-fuﬁction. Typicaily these
hod;ls also assﬁme congtant ret;rns to scale and derive
the- optimal stock of capital for an exogenously given

output. In order %o make investment determinate, the model
is completed by a distributed lag function for net -

-

investment. One of the major criticisms of ﬁhis ébprohch
is that there is no mechanism-which determines the rate of
investment (see Abel[1978]). The rate of investment ism

determined;in an ad hoc mannaf. which is often stated in its

-

continuous form as: .

[5.1] K = 8(K" - K)

where K is the continuocus time derivative of the capital

stock, K* is the desired 1level of the capital stockiand

[y

B iz the partial adjustment coefficient.
As noted by Lucas[1967], . Gould[1968] and
Treadaway[1969], there are sgeveral other shortcomings in

- iy
this earlier wversion of the neo-classical model. In



’
~

particular; K* in [5.1] is determined without taking into

© account the adjustment nochﬁniémh even: ;houkp the

quﬁntnont “mechanism - in . {5.1] ' constrains capital-

7 . L. - . _'.."
accumulation. Therefore  many variables, such as gales or

profits, needed to' define- K* 'are' in fact affected by

[5.1]. In other words., the /actual investment level 13‘

itself a decision variable which may aff;ct ﬁrofits and
therefore should be in the - criterion function
(Gould[1§68]). Furthermore, if .one major input is out of
equilibrium, for example capital in [S.Ii. the other more
rapidly adjustable factors will be adjusted.

Nadir{ and Rosen[1973] attempted to rectify some

of the probléms 'of the singie equation distribu;ed 1§é'

models by introducing the notion of general

disequilibrium. fhey defined a veéctor of n'inputs.“at time
t, as X, =(x1t.x2§.....xnt) and the loﬁs—runJequilibrium
lavels of these inpuﬁs as X:. The adjustment meéhénism.
in its discreée time wversion, wa; then geqeralized to:
(5.2 Xe - Xy = BOG- X, 1)

where B is an (n x n) partial adjustment matrix.

The representation in [5.2] has some important
features. First, it allows disequilibrium with respect to
one factor to affect the demgnd for the other factors.
Second, a typical equation of [5.2] is of the following

form:

* - . "
[3-31 gy =lgaq Dyglxgemxy 1)+ (1 =" byydxy o +byyxg,

99 -
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o

The facto;_ Qoﬁand elasticities.. obtained from
- £5.2), d°P°“a‘n°t only on Bss’ but also.on -.11 the by ° s._:“
_Nadiri and Rosan did not consider their representation in
(s. 2] as a generalized ad hoc adjustmentrmachanisn. but
“rathar viewed it as 'an approximation_ tp some ;ﬁderlyins

ifferential equations. The basis"!6r‘theirfarsument was

the Lucas {1967] paper, in which it was shown that when
e inputs ‘are decomposed’ into variable and quasi

inputs then tha flexible accelerator equation,

S [5-43

XXy = My (X —X( 1)

could bé considered as an approximate soluiion to a
;ifferential equation system, derived explicitly from a
dynamic economic optimization problem. However, the Nadiri
and Rbsen_speéifiqation differs from that of Lucas in two
important respects. Fiéct. in the Lucas framework M: in
{5-4]) .is a function of the exogénoua prices and therefore
hot necessarily constant 'o;er time. In the Nadiri and
Rosen model, B in [5.2] is a matrxx 'of constant
paramétefs. Secondly, Ht in . [S5.4] is an adjustment matrix
for quasi—fixed variables only. On the other hand. in the
Nadiri and Rosen model the adjustment matrix is also
extended to vari#ble inputs. Hbra generall;. gince the
Nadiri and Rosen model does not’ explicitly specify the
objective function and the constraints involved in the

dynamic optimization, it is not easy to defend the

particular equations in, in say [5.3].
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The  theoretical . foundations  of dynamic-
.\ogullibriuh. wiﬁh oxplicit_:cb;ts of ;adjuaﬁﬁiﬁfn ‘ware -

'ﬁrof!dod . by -Bicnor - and 'Strotz[1963].' Lucas{1967],

Godldti968]-and,rrcaduay[;969]. The distinguishing feature-
ofr.th-se -models. 1; that they . are basoé éxﬁlicit}y on
:djnamicl qconomic~>ppt{miz;tioﬁ. incorpbr;tins costs - of
. adjustment for .the quasi{—fixed factors.
Internal costs of adﬁusémeﬂt modaia havetbeen':
hsgd‘maiﬁly by Lucas[1967] and Treadway[1969]. énder this
'gpﬁroach'the productipn func;ion [3.;] ig replaced by,
[5.51 - Q)= {X(£), K(t), I (%)) ‘
where X(t) is - the vector of all tﬁe variable factors,
I_(t) is the gross -investment and K(t) is the capital
stock. The marginal: proaucﬁ of In(t) is assumed to be
negative, so Qhat (ceteris paribus) increases in gross
investment reduce the level of outpui.\ )
‘These‘dyn;mic models, with an explicit treatment
of the cost of | adjustment, - have been extended
theoretically and téatad empirically in the literature. At
a general level, uucas[i967b] a#tended ‘his one factor
quasi-fixed factor model . to n factors of production
subject to adjustment costs. Mortenson[l1973] and Treadway
.[1969,1970] discussed some interesting implications of
internal adjustment coste while Brechling[1975] extended
thé approach to a cost minimization framework and provided

some empirical results.
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More r.contly._ Borndt. ‘Fuss and Hav.rman L1977,
'1979 1980] and Morrison md Berndt [1981] tum ' ut:ll:l.zod
;.th. ‘dual ‘cost - minimization approach and dov.lopod ..
- dyn:nic nodol in which cap;gal ig‘ ; quasi—fixpd factor.
Donny} Fuss and Uavorman[léBO] have’ alsp'ui‘d a similar .
app;O{ch fpr.m;nufactufinx induné;ic:*in_thc United Staé.s
and Canadda in the context of ‘substitution possibilities
for energy. With a <quadratic cost of adjustment for
capital, their ;odel Prov;del the explicit solupion to the
optimal 1nvestmeﬁt'p1an 1h-a'sta§1c expectagions frqmework'
of fac;of aﬁd ouibut' prices. There have Seen several
variations and applications of ﬁhgif m6d01 in the réaourco
11teratur§. Pindyck and Rotemberg[1983] have extended the
approach to the ;ational expectationg' framoyo;k; They
assume external costs of adjustmént for capital as opposed
to the internal costs of ‘adjuatment employed in the
Berndt.‘Fusa and Waverman model.

In the next-sectioq of ‘this chapte; we develop a
dyn;mic model for féal moqe;'Salancel based on the notion
of internal costs of adjﬁstment 'of capital. The following

section discusses such a model which draws heavily on the

Morrison and Berndt[1981] and Denny et al ([1980]) papers.
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5.2 . A COST MINIMIZATION MODEL- WITH COSTS OF

In developing & dyramic model - that allowa
explicitly“ éor. the cost éf' aﬂjustmant to ‘enter into,a
firp'; 6pttmiza£;on proslam. we assume that factor markets
~for wvariable factors afc _perfectly competitive and the
prices of  the fgctors are known with cerﬁain;y and
éxpoétoq 'to remain cqﬁsténg over tiﬁc. Ve define the
p:odﬁetfop funé;ion.ishse& on the notiénVQf.int.rnal costs

of ‘adjustment for one quasi-fixed factor, capital, K, as

-

[5.6] -Q(t) = F{X(t),K(t), ()}
wﬁere X(t) 4is the vector of variaﬁle factors and K(t) is
capital, a quasi-fixed factor. In(t) is net investment,
the rate of change In K(t) over time, and Q(t) i#*the
level of output. We also .asnume that for an increase inl
I (0 (In(t)>0) output falls for given ieveln of capital
atSEE:\Ehd variable f#céors because ﬁome of the resources
are now devoted to ch?ngins the stocks instead of being
used }n,production. These changes in output resulting from
accumulation or deplation of capital stocks constitute the
bagis for internal costs of adjustment.

In the short-run, firms are assumed to maximize
variable profit; fof given Iinput prices W, output price P,
level of quasi fixed factor KX and net 1nvestme?§ IA. We

can alternatively view the firms’ optimization problem as°
.. . - Y
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niptiizin;'a;ho normalized variable cost &, -yhigh' is

condition on the prices of the .variable factors w,

4

output Q.{capital stock K and'hgg investment I..

i.e,

. ) ". ‘ - i
ES.?!‘ G !J"jxj » wjgu . : J:Z,.‘..,l\

., The dynamic ecconomic problem of thé firm can be

N .- " - -' “
stated a8 minimizing the present value of the stream of
. :

variable costs..  The objective function of the firm. under
cogt minimization can be written as follows,

[5.8]  L(o)'= 37 e~Ft{F u x (t)+ PLI (b)) dt
o 4 i

where r is the discount rate, Is(t) ig gross investment in

uniﬁs of capital (Is=In+6K). wherf & 12 the rate of
_ depreciation  and Px 18 the purchase price of capital
goods.

The objective of the fir;l is then to minimize L
subject to the production function in {5.@]. For a givenl
lavel of output and technology, the probl;m is to choose
the time paths for the control variables X(t) and I.(8)

and state variable K(t) that minimizes L for a given level

of initial capital gtocks and variable factors.

Yy

We now relate this primal dynamic optimization
problem to the normalized restricted wvariable cost
funtion. Solving the production function in [5.6] for one

-of the variable factors gives:

(593 ° Xpce) = £0X¢t), ..., Xp0t), KCt), InCt), QCE)].

Substituting [5.9)] inte {5.8], we have



[5:10] Lo )= s &=Ftiw) £x (). . Xn(t),KCE),I (L), QUEDI+
o . :

'ZJUJXj(t)+ Pplg(t)], ' 3=2...,m

In the first stage the demands for the variable

facior- can be dotofninod. The nocossafy coﬁ&itionc forQ
optimi;ation are given by,
[5.113  3L(0)/3Xy = Wyfy + Wy = 0O C- J=2,...,m

or’ _fj = —wy, - W=l 3/W,
where {j“is'thg'partiul derivative of f[.] with recpecﬁ to
the jth :variable facéor _of production. The partial
derivativé fj ie negative ‘since for a given lévgl of
output and other factors.~an. increase in the use of the
Jth factor reduces the use of the first factor X;.

[5.11] can then be solved for cﬁst minimizing
shoft—run factor demands, given the strict concavity of

the production function in [5.6]. The demand for the jth
variable factor is represented by,
[5-121  Xy(t)= awp(t),...mp(t), KCE), I_Ct), QCE)}.
. Sébstitutinx [5.12] in [5.7], we have,
[5.131 © 6Ct)= FywX(Ct) =G{w(t), K(t), I_(t), QCt)}
Jj=2,...,m
G(t) in [5.13)] is the normalized variable cosat
which is conditional on the level of c;pital stocks, net
investment and output in period t. G(t) is conceptually
the same function that we discussed in Chapter 4, with the

exception that now the notion of internal costs of
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adjustment of capital are also introduced intb‘ﬁhélfifh-'

optimiza;iod probiem and ihvostmﬁnt as w§11 asg capit;i-is
‘a,.conqitionins argument. Under ragsonablé regularity
condiéidp; on Ehe. production- funétion._ the normalized
variable cost function éan be shown to be increasing and
concave in w, 1ncreasing:and convex in K(t), increaédng in

QCt) and &ecreasing,qnd convex in I_(t) (Lau{1976]). In

the subseqhent parégraﬁhs. of this;section. we drop the t

subscripts for simplification.

In the second stage, one can .analyze the long-run

problem of the firm which is to determine its pptimal

capitél stocks and to achieve its long—run objectives over-
time (Morrison and Berndt(p. 343, [1981]). Substituting

£5.13] into [5.8], we have,

(5.14]  L(o) =°I-Wle_.rt(G(u.K.In.Q.t)\~ Pl lde

where pk=Pk/U1.

Next we substitute for gross investment, I8=In+6K. in

[5.14], yielding,

[5.15] i(o)/u; = r'e‘rt{s<w.x.1n.o)+ sp, K}dt+
. Ne)

= —-rt s
of e (PkIn)dt /

-

parts, as,

The last term in [5.15] can then be integrated by
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[5.16]"°I.i—r;(pk1n)§t -',pi;d"f;:‘ —of.pgx(—re_rt)at‘

.= =ppK(0) +.;'."t'rpkxdg:
S
Substituting [5.16] into [5.15], we get,

[5-17]  L(o)/Wy+ p,K(0) = f

e " 6 (w,K,I_,Q)+ vKIdt
o j

' where v =(r+6)pg. the normalized rental price of capital.

The sclution tb‘ the minimization problem in

k-4

“£5.171, with respect to thg state variaple K and contfol

variable In' is obtained by apbryiﬁg Pontryagin’s maximum

N .

principle; In conatfuctinx the Hamiltonian function wag'

_assume static exﬁectations with respect to the normalized

factor prices. The Hamiltonian function for [5.173 can be

written asg,

(5.18)  H(K,I_,J,t) = S7e"t [6(w, K.I_,Q) + vK] + JI,
° .

_wha:e J ié a co—state  variable, which is a dynamic
equivalent of the Lansfanxe. multiplier in a static
optimizatibn problem subject to constraints. The necesgsgary

conditions for a minimum are,

[5.19] du/ar = e"th+ J=0
and

I . :
[5.20] -dH/dK = —le " T (6 + Gy TI+vis I
Differentiating [5.19] with respect to time,

[5.213 e*’tsIznt +re—rtGI+ =0

1. .
LN

£



¥ ' PR .- - 08
- ' wh6r§ Int dengte‘lhe time derivative of En-

. ﬂ. . Elimtnat!ngrj from [5.21] by shﬁatitutingf[5;20]:

we have, o : ‘ ‘ ' ‘ T

[5.22) -Gk - fGI— V- GIIIﬂt..- GkIIn= o,
where. the - subscripts ® and I =represent partial

derivatives and It denotes the time degivaﬁive of I,.
A steady staﬁe solution K* is given by,
[5.23) —ckcu.x*.iﬁ>-— rGr(w, k"I ) - v = 0 ‘
where * indidaﬁgs tha£ LF ig evaluated ‘at.K=K' and I, =0.
= . ) The solution k'lis'shown to be unique as 1oﬁg as,
[5-24] =6y~ rGygp = O.. - - - .

'E5.23] can be rgwritten as
[5.25] =Gy (w,K",0) = v + rGr(w,K",0).

The left hand side of [5.25] measures the
marginal beAefit to tﬁe firm of changing the quasi-fixed:
‘factor and the right hand side is composed of the rental
:price and the marginal adjustmen£ cost of changing the
quasi—-fixed factor by one unit at In= 0. .

Treadw%y[1971. 1974] has shown that the solution
of the demand for quasi~fixed factors K, generated f;om
£5.231 or [5.25]. can be linked to the flexible
accelerator model by approximating the solution of K to
the differential equation,

[5.26] I = g™(x" - K}

~where B" satisfies the condition,

[5.27] —(GII)(B*)Z - rGII(g')+(GKk+ rGgrl= 0
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and [5.27) can be solved for B"(taking the stable roots), .

»

5.28 = - Tr={¢r2 4+ 4¢ ' 1/2 .
[5-28) 87 = ~1/2 [r—0(r2 + 46y +reyp)/RBrpy1/2]

> Two properties of the nermalized restrictéd cost
: function in [5.13], _also noﬁad by Berndt. and Morrison
(b.éSB.‘[l981]). relate to a firm’s ”déﬁand‘fbr variable
and quasi-fixed factors, whicﬁ can be derived directly
from the optimization conditions discussed ea;lier in this
h.f> .  _.secEion. Firet, the partial derivative of the .cost
_function G gith'respaét to the Jthlﬁormalized factor price .
equals the demand for . the .jth factor. This.pq§perty
follows directly from [5.13] {Shephard’s Lempa). i.gy.

[5-29]  236/3w

3= X3-

Second, in' the steady gtate, a firm’s demand for

the quasi—-fixed factor K is determined by solving [5.23]
fqr K*_wﬁen Gr=0, f.e.,
[5.30] AG/IK = —v.’ .
| In the folldwiﬁ# section we utilize this theory
to build an gmpiricalﬂmodél for real money balances, with
capital as a Quasi-fixed factor. The demand for the
variable _factora; including real money balances, differs
in its arguments from the factor demands derived in the
full and-témporar} equilibrium models in several respects.
In the full aequilibrium m&del the factor demands depended
only on the féctor Prices and the level of output. Capital

in that model was assumed to be adjusted cosﬁlassly and

instantaneously, alopg with the firm“s holdings of labour
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. ’ : - » .
and money. In _the temporary equilibrium model, some

‘aceount for the fixity of capital stockéAwas introduced.

?acéor demand funcgions im that model not only depended. on
output apd factor ‘prices but also oh the level of gtocks
of fixed factors. In the dynamic model, the'~;emand for
factors not only depeﬁds on'factor ﬁgfces. oﬁtgut, and the
level_-of _gapiﬁal stocks, but it also ?epends on ne£
invgstment. The adjustment process of the capital stocks
is now endogenous in the. system and résults directly fréﬁ
the abpliéétioq of economic theory. ﬂ“

In the follbwing section, we.‘firsﬁ éiscuss éhe‘
empirical model in tﬁé‘ dynamic framework based on the
Particular functional form for the variable cost fuéction
-employed by Denny, Fuss and Waverman ([1980)]. Then we
discuss sogg'of‘ the shortcomings . of the functional form
used by Denny et al £1980]. In the latter part of the
section we derive our alternative estimating equatiens for
the dynamic model based on a differept functional form for

the ﬁariable cost function.

+

5.2.1 AN EMPIRICAL MODEL FOR REAL MONEY BALANCES WITH

INTERNAL COSTS OF ADJUSTMENT FOR CAPITAL
et
In this|section we describe the structure that is
imposed on ent epreneurial decisions® . First, we assume

that the firm sells only one product Q(t) at a price p per
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unit. §gg§ng.:firps are- cost minimizers who treat their

.output and input priéeé as exégénebua. Tﬁird,'theré are
u_fﬁur facﬁors of produgtion. 1$bouf.N, real mﬁney baiangea
m, capital K.j and In a negative factor representing
;néernal costs of .adjustmeni. in the production process.

Capital is aésuﬁéd to be a quagi-fixed factor, while the

others are treated as variable. Fourth, we assume that
firms expect all current prices to prevail in the future._

- Fifth, the continuops changes in capital, I can be

n'

represented by discréte changes, AK=K£ —-Rt-l'

We assume that there are non-linear 1n£ernéi

-

costg of adjustme;t associated’ with ‘ChangeS' in net
investment. These costs are represented by an increase in
variable‘costs. G.'due to changés in the 1level of net
investment. Berndt and Morrison[l198l1] approximate the
normaiized -restfictad‘_cost funciion by a quadrgtic
functi;n. This specification has been chosen for the
following reasons (Denny et al [1980]). First, thelHessiFn

of second order partial derivatives is a matrix of

constants thcQ facilitates linking the short and long—run:

responses [Lau,1976]. Second, the quadratic approximation

&
of the underlying differential equations are linear and

therefore the optimal path for the quagi—fixed factor is

.

-globally as well as locally wvalid. “~

Several studiesg (see for example, Berndt and

Morrison [198l1], Berndt, Fuss and Waverman [1977,1980] and



\

< o

Denny, Fuss and Uiyerﬁan [1980]), - have chosen the

R ‘ 112

~

foIlowing? quadratic . specification for the normalized

= : -
variable cost function:
£5.31] G = x1+.£JwJXJ-

= o+ chjwj+ QQQ+ QKK+ 1/22JXiYJi(Wj)2 ﬂ‘ - ¥

2 4y, (8K 2y

o+ l/Z{YQQQZ + vk
* Iyvgrw Kt Tyvgs (v /W19 + verXQ
+ EJYJijAK + YAAQ(AK) '

U+ KUK+ ay(8K) | 1,392, ...,m

where wj is the normalized factor price, wjzﬁjlwl.

In [5.31]), the variable cost has been normalized

Aby the price of the factor Xl. The internal costs of

adjustment of capital in [5.31) are represented by,
[5.32]  C(&K) = o, (8K) + 1/2v,,(aK>? +
EJYJAWJAK + _YQA(AK)Q +"(KA(AK)K.
These costs of adjustment are required to be
non—-negative (for both positive and negative values of AK)
L]

and the marginal costs of adjustmént are requireg to be

zero when AK=0. Differentiating [5.32] with respect to AK,

we have,

+ YqaQ + vgaK-
- The marginal adjustment cost in [5.33] is zero at
aK=0 if and only if we impose the following restrictions

on the parameters of [5.3117,

[5'34] °A= YJA= TQA= YKA= 0. j=2.-.-.m
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. After imposing the restrictions in [5.34]‘9n the

cost function 4n [5.31], the cost function can be
re—written as follows,

4

ag+ EJQJHJ+ auQ+ agK+ 1/zzjziyjiwjz
+ 1/2{vqqQ? + YgxKZ +vaa(aK>2)
* IyvyxwiKelsvesviQ + voxKQ
+ YqQaQQaK) - s 4, )=2...4mM
Short-run demand' functiong for the variable
inpuf%"are-derived-by uging Shephard’s Lemma as in [5.29].
The demand equation of the normalized factor can be
derived Tresidually since the furiction G embodies the
optimizing behaviour of the firms (Denny et al, p.l3,
(1980]). Therefore we can substitute for xj in 6 = X1+
IJwJXJ and solve residually for X;. These demand functions
are given _byz _ , -
[5-36) Xy = ay+ Iyvjiws+t Yo+ YsxK
and
= 00*1/22jziYJiNJwi+ GQQ+ QKK+ YQKKQ+
1/2(YKKx2+YQQQ2+yAAAKZ}
- J,i=2,...,m
In addition to the demand for variable ?actors,
the demand‘equation for net investment can be obtained by

using [5.26], [5.28) and [5.35]:

[5.38] AK = -1/2{r—(r? +4ygyx/yp) 1/ 2Y {&* - Kt;ll-

o
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The expression for the steady state K* is
obtained by using [5.23], .with GI=0=

* : ’ )
[5.39] K = {(—IIYKK) (cK+.2JYJKwJ+ YQK Q + v)}
where v is the normalized rental or user cost of capital.

_Substituting [5.39] in [5.38], we get

[5-401 ‘Aﬁ = 8" K"Ky
= —1/20r~{r Zrbvge /v, 312 |
[(=1/vgg) (ot Ivgews* Yor QHVI-Ky 3 1.
The demand funéﬁions for the freely ;ériable . -

factors in {5.36] and [{5.37] and the net ipvestment demaﬁafsz—-EH

function iﬁ [5.40] constitute the system of eQuations

which is estimaééd in the studies referred to earlier.
lThe_problem with thiS'particuIat specification of

thé'cost ‘function in [5.35] is that the resulting demand

function for the normalized factor, Xl. depends- on

different variables than the demand for all other quiable

o
factors. In particular, the demand for X; has additional

arguﬁents Qz, Kz

and ARZ that dé not appear in the other
demand function. Furthermore, the particular functional
form of G also limits ;he model to ha;e only one factor of
production, the normalized facéor Xl, adjust when
investment takes plﬁge. The rest éf.-tge variable factors
do not depend on &K, the argument that represenﬁs the
costs of adjustment in the production pfocess, and hence
are not varied in the adjustment process. This is clearly

unsatisfactory; the arguments of a factor demand function
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should not depend on the researéherfs'ﬁbrmélization rule.

" We therefore specify an alternative parapeﬁerizatioﬁ of G.,

The alternht;#e - proposed here can be thoqght' of ae .

hqmoéeneous of order one in the factor prices (a B;ewert

type cost function) and a quadratic approximation in Q, K

“and K.

[5.41] v¢ z;u;xi |
l ='21XJYij(ﬁ£uJ)1/2+ IyTqe¥y@ Iive W ke
Eivag¥yoks 1/2(5.6 W, 0% 10, W K2+
I;18,5W;AKZ )+ I ¥, W KQ+ zi$;uigéax)+
F4C;W;QUAK) . |
The variable cost in . [5-411 is measured in
nominal terms as opposed to G in‘[5.35]-where the variable
cost.was normalized by one of-the‘factqr'ﬁrice;. The cost:
function 1n' [5.41] is homogeneous of degree.one in the
factor prices by construction and is symmetric in all
factors. Therefore, it gives exactly the same vari;ble
factor demand. equation whetger wé start from a
non-normalized cost function or a norm#lized one. We
choose the former to deriye the factor demand equations.
It was argued earlier that the marginal cost of
adjustment should be required to be zero when net

investment is’%tero. Differentiating VC in [5.41] and
equating it to Zero, we have
(5.42] AVC /3AK= zieAiAK+ £¢1U1K+ ZiYAiUi+ EiciwiQ= 0.‘

[5.42] therefore imposes the 'followiﬁg zero
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restrictions on tho parameters of tho cost function.

.‘[5 431 ;= ¢g= vyy=0, R Y
Imposins the restrictions .ih.[5.43]_on fthe cost
function aog rewrditing it. yields
[S. 45] Ve = Ei
.é.:izjyij(w uj>1’2+ iqu1“1°+ ziyk1u1n+
l/2{£i8 Q + I. aki iK + Ei AiuiAK Y+

TLgw V(R o ©

The demand’ for the wvariable factors in the

short-run can be derived by using the Shephard’s lemma,

= .

»

{5.45)] aVC/an = Xi
= 1/2
= Yii+z_jYij(u_j/ui) +Yqu+Yk1K+
* "o 2 a2 .
1/2(equ + ekiK + SAiAK }+ #i(KQ).
The demand for net investment can be derived by. .
using [5.26], [5.26] and [5.441, | :
- 2 1/72
[5.46] AK- =0.5{r—(r<+ 4(Iiekiui)/(EiebiHi)) }
(K"-K_;}. ;
The expression for the steady state capital
stocks is obtained by using [5.23)] and [5.44),
"
m{5-47] K = [(E Ykiui+ Ei*i 1Q+V)/(E ki 1)]
~ Finally, substituting [5.47] into [5.46]1, yields

the investment equation,

[5.48] &K = —0.5{r—tr2+'4(218kiui)/CZiBAiUi)]1/2}
{[ (ZiYklu +Ei¢ Q+ V)/(I ekl i)]— 1}.
The demand fugctions for the wvariable factors in

. [5.45] and the net investment demand function in [5.48)
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compriso the system of equations that we estimate.mwo also =~

‘-astimate the variable factors in [5. 36] and [5 37] and thé

investment demand function in [5. 38]. based on the Denny
et al [1980] specification of the cost function. This will

enable us to compare the price elaaticities based on tuo

different specifications of the “cost" function. In our

0

empirical specification, we have two variable factors of

production:'labodr:and real money balances, while capital.

- ) - ! .
is a quasi-fixed factor. ‘The wvariable demand funetions

have identical arguments and ﬁhe same functional form. We
now pregent the empirical specification of the dynamic

-

model:

{5.49a] N = Yon

+ Ynm(nmlu)1/2+ anQ+ Yan+
2 : . 2 :
1/2{8,,Q +rknK2+ 8, AK“)}+ ¥_(KQ)+ E_

[5.498]) m =y

172
mmt Y m(W/rm) + quQ+ Yiem <+

1/2{eme2+ekmn2+ eﬁm&nz}f *(KQ)+ &

[5.49¢] &K= -0.5({r—[r®+4(8, Usey r 3/(6, w+e, r 11172
t[_(Yknu+ Ykm mt ¥a¥WQ+ ¥oroQ+ V)/
(e kWt e rm)]~ K_l} + &,

S

. &
where W and 'm TePresent the wage rate and opportunity

A

cost . of real money balances and V is the user price of

<

capital. £, . & and § are the additive -disturbances in
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‘the three equations respectively. !
- - In discussing the estimates of the Qynamic‘modol.
wo.doal_nainly'with the following issues: -

(9) Does the cost of adjustment of capital matter ? ﬁ

(b) What is the nature of the short—run adjustment process

7

(c) How do the own and cross price elasticities compare in

the -horg-run_and in the long-run?

(d) What are the effects of chinges in the interest rate
on the demand for labour? .

| (a) and (b) are dealt with in Section 5.3.1. (e)
ig discgésed 1n‘§ecyg9n-5.3.2.'{d) is discussed in Section

5.3.3.

5.3 U oN
5.3.1  ROLE OF COSTS OF ADJUSTMENT OF CAPITAL

In  Section 5.1.3, we solved the expression for
steady state capital K* in [S.47j. Degired levels of
capitai stocks can be obtained by using [5.47], and Ean
b; compared with the actual levels; The discrepancies
b;twoan actual and desired capital stocks can indicate the
potential for disequilibéium in the short—run. In the full

~

equilibrium model, discussed in Chapter 3, there was no
N - - . \

such distinction. Firms could always have the desired
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lpv.il of . dap{tal stocks. Furthermore, the phr;ial_

[ . . .

adjustment éoofficiinﬁ"si_ in [5.39)] indicates the degree .

. to which the firm reduces the gap between desired and

'actual capital stocks in ro-ponse'to exogenous shocks. A

value of g” closer to Zzero. indicates slower adjustmené in

capital stocks and a2 value closer to unity would indicaté

a quicker adjustmont;l Thegroﬁicdlly. this coefficient :
could take .any value betwoén 0 and uﬁity. X
- The variable 7 factor demands; in '~ the - cost
minimizing dynamic frameworkg are conditionally derived
for given levels of capital stocks andcinvestment in
[5.49a) and [5.49b]. However, changes in the fa;tor prices
have both direct and indirect effects on the factor
demands in the _short—run {Denny et al. {[1979]). For
e%ample. an increase in the level.ﬁf the rate of interest
will reduce or increase employmenf directly, depending on
_tha.complementarity or ‘substitutability of labour demand
with real money balances. In this model{ labour demand is
ﬁlso a funétion of inveatment which in turn is a function
of -the interest rate. Therefore, the total effects of
changes in the rate of interest also inciude the 16direct
effects, incl;ding the changes in investment behaviour, in
the short-run. These total cross price eaffects are

discussed in more detafl in the following section on price

elaéticities.
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5.3.2 ° FACTOR DEI ELASTICITIES

p -] ’G R . ) . - ‘
Both the-own and cross price elasticities in the.
dynamic‘frgﬁéhork are clagsified into  three sroqps;_First;

.

tﬁérq are the restricted shorﬁ—runl elasticites, RS. These

Aelgsticities:-aré 'evaluated while "keeping all of ‘the

following” constant: .the igvei of Jcépital,fthé.'level of

output and net inveStment. These elasticities are

. calculated in order to chéék the sign *ébnsistency of own

. e
and c¢ross price elasticities with theoretical priors.

*

Second, there are the estimates of the short-run
glasticitias, Sg:i These elasticities . include. both the
direct effectsg of éhqnses‘in factor prices._on input demand
andlthg indirect effects through the changes -in the demand
for net investment in the sh;rt—}un.'FLndlly.-tha'%éng—rﬁn
estimates, LR, are evaluakéd when fir;s have acqu;red the
desired level of. capital étocks and net investment is
zero.’

The own price elasticity of the ith factor in
(5.45] in. the restricted short-run is given by: .
[5.50]  (n ,ORS= (Vg /%) {3X, /3, ) _

= XD Sy o Zamy .

For positive factor prices, the own price elasticity in
[5.50] is negative if and only if,ynm>0. The short—run

LY
estimate of the own price elasticity can be obtained by

adding the indirect effect on factor demand of changes in
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net investment to [S 503. i.e, ‘
c5.51] ngy)d SR_ (“11)R + Wy/Xy (ax /aax)(aax/au )
= <n11> S+W, /X [{eUicax)j{(as /aw (K™K =%
) +8 3Kk /avx)‘.l
DY

The- lons—run own price elasticites are evaluated
as follows, o :
. LR_ ,. \RS L ' o x
(5.52] \(nii) = (agq)™7+ W /X (3%; /73K YK /3wy ) .
' Similarly, - ﬁhe cross price elasticiﬁeg are

calculated for the three different-cases as followsS.

£5-531 (ng ®= wysx, (axg/au )
- ay-1/201; -
= U/ 0. Sy @y T 2 ug)
(5543 (ng 13%R= (ng RS+ w/x, 03X, 728K) CaaK /W )
=y R ?jfxi[{GAi“K>}{f33*’3“1"x*‘x-1"
- | . +8 (ax./auj)]
and '

LY
w, -

¢n 3LRL RS - S car® Al 31

- [5.55] ("ij) = (“ij) + WJ/xi{(ainBK Y(3K /aﬁj)}
The own price elasticity of capital can be
estimated by using the equation for the desired capital

[}

stocks in [5.47] as,

[5.561 « n, = <V/KX({3K™/av)
= (V/K){-1/¢8, u+e oTm))
5.3.3 VARIABLE OUTPUT OR PROFIT MAXINIZING ELASTICITIES

We can obtain the the marginal cost function from

the wvariable cost functioﬂ in [5.45] by differentiating
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with respect to. output; .

46/23Q
T® IiYqiWi+ FiBqyWiQ+ IyviWiK.
Therq__a}e increasing, decreasing or constant
returns to scale depehding on whether the derivative of MC
with. respect to output is negative, positive or zero
respectively, T l o C L
'd ‘ B . . . .
{5.58] MC/3Q = F30.4V;.
We can derive the supply of output function by

equating the MC in-.[5.57] to the price of output and

solving for Q, i.e.,
.

-i'[5.59]‘ Q" =(1/(E10qsW;)} (P-EsvqsWy—T;¥1¥;K)

%hera F is the output pricé, normalized b§ the wage r;te.

We may use [5.59] in order to -derive the output
variable or prdfit maximiziné price elasticities.

>Ua determine the profit maximizing cross price
elastigity of labour ;ith respect.t§ rate'of‘intére;i as,
[5.60] <niJ)SR = (niJ)SR+'(uJ/xi>(axi/aQ)(aQ/aui)

= (ng ISR (W 1/X) (vqq+81 G+#4K) (3Q/3N,)

wWhere 3Q/3W =(I38q3W3 )™t (~vqs ~#5K)+(P=Fsvqs Wy—FsW;K) (Bqq ).

“»

5.4 ESTINMATION OF MODEL
S.4.1 ESTIMATION PROCEDURES

a
~In this“ésectii;_ we outline the statistical -
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"of the error terms from different equétions to be the.

_rfght_hand side in the wvariable factor demand equations in

- ) .. ' . 5 - . -.. . . *
techhiques that have beep ﬁsedéﬁa. estimate the system of.
i ' | ~ oo T

equations [5.49] developed in Section 5.1.3. :_;‘ ERRS

There are several pbéblems associated‘ﬂﬁith the:

- - P

estimation of equatiorns of the d}namic model, discussed in
Section 5.1.3. The "first set .of problems relates t§ tHe

fact that the errors of the équéﬁioﬁs may not satisfy the
. ’ : - . i

cén&it;bﬁs of Gauas&ﬂarkov.- Tpe individual eduatiqhs have

different‘scalég, therefore we do not expect the variances

-
same. We also expect that the contemporaneous errors are

’

correlated with each other. The second set of estimation
problems arises due to the non—linearity ‘of thé net
investment 'equation' {5.49¢c] in the parameters. .

Furthermofe. AK,. an " endogeneous qariable. gppéars on the

[5.4%9a] and‘ £5.49b]. Therefore, it appears that the

estimation of the dynamic model involves non-linear

~ -

simultaneity 4in wvariables and parameters. However, as
noted by Morrison ‘and Bérﬁdttl981];‘ -the system is
recursive. AK in [5.49c] depends only on exogenous

variables. Therefore, the . Jacobian matrix is unit
) R :

tﬁiangulaf and the likelihoad function of the sihultaneous
equations reduces to éllikelihodd,%unéfiqn of a non-linear

‘seemingly unrelated’ regression problem. We therefore use

the TSP . routine ,for the seemingly unrelated regression
- .a - * -

technique. The method 1is computationally equivalent to
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maximum likelihood.

Due to the non—linearity of the 'equatiqne. the

estimated parameters depegd oe the atarting values.

Numerous starting values we}e _EE?Ed and the values of the

;os 1igelihood function were compared at different points

- .

of convergence. In Table 5;1. we present the . eatimated

Parameters of the variable cost function which hae-the‘

LA
highest‘value of the log likelihood function.

We make use of‘the likelihood ratio to test the

Zero restrictions impoeed 55 the serial - correlation

coefficients_‘by model A (Table ‘5.1). ,Tﬁe coeputed

1ike11hood'?atio test staiietic is 1%.08‘ compared.to a
’ 3

tabulated  Chi-square of 13.28 with 4 independent

festrictions at 99% confidence lavel. Therefora we reject

the null Hhypothesis at the 99x confidence level. The

Jesult of this test clearly indicates that the transformed

model has corrected some of the-seriai-co;relation from
T/

the residualg -of the "dynamdc model.  The estimated

. autoregression coefficients and Durbin-Watson statistic

" are preasented in Table 5.24. ¢

The results of the corrected version of the

dynamic model for serial correlation are pPresented in the

column B of Table 5.1. The transformed equationa of labour
demand anﬂﬁgoney demand together with the net 1nveetment
equation were -8imultanecusly estimated, using ‘the

iterative Zellner . technique for seemingly unrelated

equations. ) . s

4
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TABLE 5.1

Resulte of tgeagzgnn;c-ﬂodel _

\l

A’ ' B < A B
Yan 40.95  54.196 . | 8, - 0.0001  0.00021
(8.63) (6.974) S (Y .24) (2.17)
Y —9.694 -1.072 : 8 -0.0014 - 0.00004
(-1.19) (—0.176) Y S S S (0.213)
Yom 3-393 . 3.311 . 8y, ' 0.0016 -0.0037
35.505)- (6.47) : (1.30)  (3.27) .
Yqn 0-062 - =0.0034 - - 8,  0.0019 0.0117
(2.480) (-0.085) (1.24)  (7.43)
Yqm  0-156 - 0.0746 " v,  -0.0001 -0.00027
(1.924) (1.096) . (~1.26) (~2.43)
{1 , (L
Yy ©-001 0.0023 . v 0.0014 ~0.00013
(0.247) (0.336) (1.10)  (-0.89)
* Ygq —0-0001° 0.0367 Q@ -161.28 -152.74
~ (=0.001) (0.70) ,
- 8qn 0.00012 0.00046
T (0.933) (2.561)
Oqm —0-00016 0.00013
(~=1.14) .(0.59)

Note: In the parentheses. are the
in: column
In column B,

parameters
correlation.

t—-ratios. The.estimated:
corrected for gerial
the results of the model after

not

correcting for serial correlation are presented.
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Table 502

E?tinated p’s  and Durbin-Uatson Statistics
¥ 5. ) A B
o 0.4114 . DW 0.97  1.793
e (3.87) ° o
o —0.4674 W . 2.017 2.075
- (-3.68> - ™
Prm "-0.2213 Bbk - 1.920 1.864
. (-1.96) ' :

o - 3.311
ma (6.47)

‘Note: DW’s in column A belongs to the uncorrected

model for serial correlation and the DW’s
in column. B are for the model corrected for
serial correlation. Thé net  investment
equation in [5.49c] was not ad justed for

vf%rst-grder -serial correlation. Therefore.
- there is no estimate of p for -the

investment equation.

126
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In discusliﬁs the results of the dynamic model,

we firat to-t the 1mportance of the costc of adjustment in

+

a - firm ] optimization‘ frnmework. There are two key

Parameters iIn the variable cost . function [5.45] that

signify the internal cost of adjustment, 84y and 8, .
These two parameters also appear iIin tha two variable

factor demand functions in f5.49a] and [5.49b]. The role

qf net investment in the factor demand functions is the

-

key difference between the factor- demand functions of the

temporary ‘equilibrium model and the dynamic model: We

" therefore tested the null hypothesis that these two

¢

parameters are jointly zero. The computed likelihood ratio
test statistic is 60.58 Ebmp;red to a tabulated Chi—squkre

of .10.6 with two indépéndhnt restrictions at the 99%’

‘confidence level. The null hypothesis is therefore

strongly rejected atﬁéhob 99% confidence lavel. With the

. two parametric -raestrictions discussged above; the dynamic

-

~model reduces to teﬁporary oquilibrium model with a

quadratic functional form for the variable cost function.

Therefore, basedf on the above result, we reject the

EEEEN

temporary equilibrium model conditional on the funct;onal

. . |
form of the variable cost function.

The coefficient B* in the net investmant equation

-wag estimated for each year. using the expression ‘for B
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,1n‘[5.49c].-rho series of estimates of 3* is presented in

Table 5.3. The coefficient showed little variation over '

time. Its average value is 0.21407, indicating that about
» . -

le'of adjustment of the cdp;tal'stocks takes place in one

yeaf. This restult is consistént with other estim&teé. FSr

for the U.S. manufacturing, - although in thei:Amddei energy

'replaces-money as the other factor of production.

The level of desired capital stocks, K , was also
estimated over the years (Table 5.3), using equation

[5.47]. The results’ indicate that the average difference

betweeen desfréd and actual capital stocks has been about

81.237 billion 1972 dollars.

In etaminlns the price elasticities ©of factors, .

we first disipss the own price elasticities of the three

thactora_ of production. Table 5.4 presents the cost

minimizing own price: elasticities of the dynamic model.
]

These elasticities are classified into three groups. First-
are the restricted short—-run elasticities [5.50], RS.
Second are the short—run elasticities (5.51], SR. Finally,

the long-run elasticities [5.52], LR. The own price

. example, Morrison and Berndt[1981] estimated B at 0.266 '

N

elasticities in the restricted short—run indicate movemeﬁt P

along the isoquant. Theoretically ve expect this

‘substitution effect to be negative. In the short-run,

however, the effect of changes in. the net investment are

also added.
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Notae: Capital stocks and net investment are measured in

-

billionse of 1972 U.S dollars. .

&
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IABLE 5.3
timated Desired Capital Stocks and g*
YEAR DESIRED K S (KT=K) . 8 . . &K
- 1949  109.3250 —133.9589 0.2247 =30.1120-
1950 183.6210 . —68.3859 ' 0.2249 -15.3862
1951 187.7650 -81.9699. 0.2214 -18.1553
1952  205.4545 =71.8484 0.2206 ~15.8545.
1953  253.6347 —34.2882 . 0.2197 - =7.5350
1954  304.2621 4.4211 0.2243 " 0.9919
1955 = 345.0876 33.8886 - 0.2214 7.5037
1956 298.5690 —33.3749 0.2159 . -7.2082
1957 284.8242 —64.8097 0.2136 —13.8446
1958  349.629) t12.7118 0.2200 -2.7975
1959 °  347.1630 -27.2719 0.2128 —~5.8058.
1960  389.3083 7.1853  '0.2134 1.5337
1961  464.9969 73.4809 0.2176 15.9923
1962 561.2080 159.2530 - 0.2162 34.4409
1963 608.0737 163.7457 0.2149 35.1895
. 1964  643.9567 187.9747 " 0.2129 40.0279
1965 716.3701 269.6671 0.2110 | 56.9122
1966  747.0443 270.0793 0.2057 55.5612
1967  797.4016 288.3466 0.2077 59.9091
1968  840.8060 301.4160 0.2041 61.5450
1969 784.1845 211.5905 ° 0.1957 41.4292
1970 776.6283 171.5653 0.1962 33.6748
1971  941.9804 . 308.6104 0.2077 64.1187
AVG.  484.404) 83.5915 0.2140

17.0491
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- * -

Tabli 5.4 also roporté hho ‘;riier dhtimntoc of

-

-cwn price cla-ttcitios for the full aquilibrium modol and .

t.mporary oquilibr!un mod-l. discussed 1n Chapters 3 and 4

respactively. The three modals can be compared in terms of

1on3—run elalticities. whila for the hemporary cquilibrium
model and the dynamic model. short-run elasticities can
;lso . be compared. Ve discuas these comparisona‘;n the
latter part of this sectién. ) |

Ve have allo generated confidenca 1ntervals for
the regtricted short—run _and the ’short-run price
elasticities of the dynamic . model (see footnote 9 of
Chapter 3). - . . .

fhe Bisﬁs of the own price elasticities for
labour and ' real money balances; in the restricted
short—run.-aré cénlistent with the theéry. The confidence
11mita for both own price elastiéities_ are presented in
Table 5.5. In the reatricﬁe& short—run, RS, the own pricd
elaéticites _are sixnificantly different from zero at 0.05

1eve1 of aisnificance.

The own price .alasticity of labdurv‘in the
sﬁort—run.. with inveatment'effects included, is positive
in sign. fﬁe hypothesia‘for zero own price elasticity of
labour is rejected in favour of positive own price‘
elasticity. .The positive effect §n .labour oé_changes in

net investment outweighs the; negative own sdbatitution

effect. Intuitively, the result indicates that in the



3

' - purposes sées up and outweighs the décrease in the demand

..
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short-run,. when the wage .rate igoa up, firme atart“

increasing investhen; in 6?defito substitute capital for

labour ' in the long—run. However, in makint more

investment, the demand for labour sgervices for-invqstmeng

for labour for produgtion purposes. ‘Finally, the own price

alasticitf' of demand for -labour in the long-run is

‘negative and . ' inelastic as ° expected. Morrison and

Berndt[1981] have found similar resuiips

- Their estimates
of labour”s own price elasticity‘ are —0.283 and ~0.347 in
the short and in theilong—run respectively: for the ‘U.S.

manufacturing industries(l952-71). The estimate from the

dynamic model of the own price elasticity of labour in the

long-run is greater _than' the estimates from the full

)

‘ T
equilibrium model. : .
The own price .elasticity of real money balances
has a negative sign both iIin the short—-run aqf in thq

long—run. The elasticity is significantly different from

‘Zero both in the restricted ghort-run and short—run (see

Table 5.5). The estimates of are different in the

mm
ghort—-run ., and in the long—§un. The long-run elaséicity is
not that differént from those of Dennis and Smith{1978]
and our mean . estimate of'the full equilibrium model. The
estimate  of Dqﬁnie and Smith of Am rgnged between -0.224
to -0.409 for the 1l two digit SIC code industries of

-

United States (1952-73).
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(ngy)

;L  TEMPORARY ! :
EQUILIBRIUM - _ EQUILIBRItRY DISEQUILIBRYUM
IR _SR IR RS SR IR
LABOUR - —0.08246 | —0.00261 —0.0590 | -0.0014 0.0532 ' —0.1326 |
o) . 4 L
MONEY  —0.17996. . | —0.21966 —0.2821 | —0.1463 —-0.1508 -0.1791 |
(M) < { S I ' ' |
CAPTTAL —0.05720 | = —0.4540 | = —0.3840 |
: I
|

1

Kote: RS is thi short-run, wbnn capital 1. fixed, SR is the interncdlato—run
‘whan capital has.started adjusting partially as determined by 8" and LR is the
long-run when capltcl has fully adjusted to the‘'desired level.

IABLE 5.5

{Dynamic Nodal, RS and SR)

(SR}

ELASTICITIES
NEAN .
ELASTICITY LOVER TAIL UPPER TAIL
FRON : !
$00 DRAUS 3= 3 33 7.5%
LABOUR ~0.001373  -0.01800  —0.001735 -0.001005  -0.00095
(RS) o - '
NONEY —0.146320  -0.1919 -0.18496 -0.107100  -0.10153
(RS) ;
LABOUR +0.053245  +0.01008 +0.014862  +0.113840  +0.18841
(SR)
MONEY —0.150810  —0.19845 -0.19073 - -0.111180  -0.10274

M A
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- - Th. o.tinatod own prico olaaticity of capital is .
-0.38. The rolult of the dynamic model 1. not ‘very
‘dift.rtnt from tho t.;porary aquilibrium model. But there '
.1# a .sub-tantinl differoncc. when it 10 compared to the
full .quilibrium model cctimatc (Tablo S5.4). Horrison ‘and
) Borndc[1981] ohtimato this. olasticity at -0.207.

: Cro.t price ola-ticities are listed in Iablp.5.6.:
Money and labour are substitutes Botﬁ in the shbrt—run'a;d
in the lonx—run. The elasticity. is lisnificantly different
'from Zero in the rostrictod " short—run. Howover, it is not
different’ fron zZaro wten investment effects are added in
" the short—run; The confidenca limitb for thin elasticity
are prtlnntcd {n Table 5.8. Tabla 5.6 also indicates that
labour ;nd capital are substitutes and money and capital

La

are subatitutos.

— .Tha resdlts of the dy;amic model . are different
from the two previous*modalf. Ftr example,- capital and
money werd- toun&, to _be _tomplement” in th;‘ temporﬁryr
equilibrium madel while they .are substitutes in the -
.ayhamic modgi. Labour and money " are subtitutes in the
three modele, both in the short—run and in the lons—run.

N .
However, the magnitude of the . long-run cross _price
‘elasticity of ltbdur demand with respect to opportunity
cost of money in the dynéﬁic'm;dél is subtantially larget
than the full equilibriumy mtdel result. Therefore.
ignoring the rele of cost of adjuttment in Chéptera 3 an@

4 has contaminated estimates of. the price elaasticities.
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* We elso estimated the .eetlier :vereion of theff“

-

‘dyﬁamic nodel [5 36] [5 38]. employing the Horrieon gepd

-

V‘Berndt -pecificetion of the vnriable coet function.,Im

‘Vgeneral-the”-entimated eleeticitee are different at their‘

-meen -levels. For* example. ‘the‘ own’ price-elaeticity of

money deman& ie"‘O 186 for our epecification:.in the

.

’ restricted short—run compared te —0. 146.' Our estimate of::‘

ewn price elasticity of labour: in the lons—run is —0. 1326‘
in  comparision to -0. 1899 for Berndt and- Herrison*
A specification. The own price of elasticity fot caﬁitellis'
—0.1948 compared_ to —0.384 in -ourlhodel. Finaily. ch
regult indicate ttat moeey and lebour‘\hte,sqbstitete in
the ,lons—rup while they are complement in the'éerndt and
-ﬁprrisqn'caee. VTheee large differences eusseet that the
arbitrary' normalization rule invoiyed iﬁ 1the Berndt and -
‘Horrisoﬁ epecification are triticai. It 1is toped that -
there « will be _quite g;teral interast in our'eegsested
alternative functional form. | .

We new turn to the discusgion of the; supply side
effects of changeg in tﬁe'rete of.intereet on the demand
for labeur; The coet‘ minimizing interest elaeticity.of

+ labour demanc 1; slgnificantly different from =zero (row
#4, -T;ble 5.8). In the restricted short-run, when these
supply side effects arise only due to the fact that money

enters into the production function, the effect is

positive. However, when the indirect effects of changes in
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“§h° rate’ of .interéetf on 1nveetment are 1nc1uded the

R N »

elasticity is | ﬁ%gative and eignificantly different from _

4

zero.' Therefore. ttpe“'role of coste-_of adjustment is

etatistically significant in determining theee eupply side’

effecte in the cost minimizing framework.

-

In order to deduce the macroeconomic implicatione

we calculate profit maximizing interest price eiaeticity

of 1apcn} demand, 'nnr.' using [5.60). In Chapter 1, we

‘estimated the implied profit maximizing interest price

elasticity Q{\ labour demend from the estimates of the

Short[}980] study and it was —0.14. The mean fesult of the‘

dynamic model, —0.0105, is much lower than Short-‘s

Estimatee and the profit maximizing interest elasticity -

13; in fact, not significantly different from zero (row -
6, Table 5.8). Therefore, the profit maximizins elasticity
indicates that the euﬁﬁly‘ gide effecta are economiceily
inslgnificant. ‘However. the cost minimizing reeults do -
indic;te that. the 1ntereet price elasticity of labour

+

demand is etatietically diff-rent from zero.

5.5 CONCLUDING REMARKS »

In summarizing the resulte of the dynamic model

»

. We note: firgt, the eetimetes of price elasticities of the

dynamic model are different  compared to the full
. r -

—
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. TABLE 5.7 |
. Effects of ggggg!! in Interest Rate ‘o

i ) Labour Demand . '

FULL EQUILIBRIUM TEMORARY EQUILIBRIUM _ DYNAMIC DISEQUILIBRIUM

MODEL " MODEL MODEL S

LR SR LR RS SR LR
nnr, I 0.00094 ,' 0f00158 0.0221 Il 0.00130 [ -0.0158 0.0157
L. | -0.1475 {1 ~0.0010 |- T -0.0105';’-0.0105-= -0.0033 .-
Note: n.. 1is cost minimizing cross price elasticity of labour demand with

respect to rate of interest. M . ig the profit maximizing crosg price
elasticities. : ’ .

. IABLE 5.8

Confidence Intervals for Cross Pgice Elagticities
{Dynamic Model, RS and SR)

with respect to the opportunity cost of money, r,

te

. . ELASTICITIES & - .
~ MEAN |
ELASTICITY . LOWER TAIL UPPER TAIL -
FROM - . ~
900" DRAWS 2.5% - 5% .. 5% 2.5%
()RS +0.001372 +0.000949 +0.0009998 +0.001733  40.00179 -
()8 +0.001307 ° +0.000905 +0.000952 +0.001651 +0.0090
(ngep)SR - +0.000672 -0.002221 ©  --0.001205 +0.002139  +0.00288
. ‘ - N .. ’ . & . R
(ny SR ~0.01581 -0.059190 -0.034410 ~0.004617 ~0.00334
. MRS 0.002792  -0.02615 ~0.017756 +0.012564 - +0.01501
T (R )R ~0.01050-  *-0.055490 -0.04395 +0.006501 +0.07289
Note: n, repregent the cost minimizing cross price elasticity of labour
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équilibr;um- model and the ﬁedﬁo;ary equilibrium mode}{

Sécondy_we'rejected tgé temporary éqnilibfiuq. model based

on the particular quadratic functidnal-»fbrﬁ of the cost

function. Third, we,,fbhnd ‘tha:‘ she role of costs of

deustment is statistically . si jficant in firms”’
optimization problefi. Fourth, the result of the dynamic
model indicates.that the cost minimiging ihtarestlpricq

elasticity‘of labpur.aemand is statistically significant..

quever. the implied profit maximizing interest price

,elasticity' of " labour demand - is statistically

insignificant. Finally, in the dynamic model Durbin-Watson

. statistics increased substantially, . after making “the
ad justment for aerial'correlation, relative to the other

models in Chapters 3 and 4.



-/

lLucao[1967 f p-324] 'éiveo'ftwo . examples

= . .’ - 1}
A ‘Foornorss. ;q C T )
’Chapter 5

reduction in output as'a rosult of a change in capital
stock One of the example includes the case where workers

are .trained for the newly ‘installed capital’ and it takesﬂ.'

sOome time before they .can, be fully productive.

-

~
w

'.ZComparoL to equations [25] and [26] on page 348 in Berndt
and Morrison[1981], and [27]. [28] and [29] . on page 13 in
Denny et al [1980]. : . ‘

T4

3In-,- evaluating

capital V, is. also a function of ‘rate- of interest:

appropriate for
dynamic model, t

-

The cr1t1ca1 values of the Durb;n-Statxstzc are not
the. system of equations in general. In Lthe ~

he .applicability of . these critical values

is further restricted because ‘in the net 1nvestment

equation [5.49c]
equation and AK-

°In most of the

[ 4 -] 3aPPeéars on the right-hand’ side of the

K-K 1 (see Johnston[1972], P. 262)

models estlmated forzthe us 'econohy. the

demand .for labour was inelastic(see for example, Denny,
Fuss and Waverman- [1980]), Simos (19817, . Pindyck and

Rotomoerg [1983)]

).

-

Just:fy the“

‘the interest cross price elasticities..-
adjustment has béen made for_ the fact that rental price of 7
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SUMMARY AND CONCLUSIONS

‘ In"the '1ntreduction (Chapter 1) we emphasized
both the need for re—examining the role of money in f;rms

optimization problem by_introdu;ing the fixity-of capital

"in the short4run. 'and the importance of supply side

-

-

effects of changes in the rate of interest on the.level of

- v‘

employment' that ariee due_tp the role of money in the

firms’ production process. Our empirical work haé'covered

-

new ground in two principal respects. First, we estimated

firms® demamd for money in a model in which cafital is

) exogenous in the short-run and costs of adjustment of

capital are ignored-: The ‘existing empirical studies in

this area are restricted as -they ign&ke the fixity of-

capital. . ;

Second, we estimated a dynamic model in which.

non—linear costs of adjustment of caﬁital are incorporated

explicitly into the firms~ opt}mization. In this ﬁodel.

140



. changes 1n\the rate of 1ntérest can affect'f1rmsf demand-

‘for 1abour throush two channels; TIn the— first case,

chanses 1n tho rate of " interast dirsctly affect demnnd fo:

labour since real money balances 'enter the production’

£unction ~ a8 a factor of production. Secbndly{ there are

indiract effects of chanses in the net igvestment..as the
rate of . interestrchanses.'on the demand for labour. These
-ipdiréct gffeéts qrisé Because "in the d&namié,podel. with
internal costs of 'adjustment. Fhea demand for labgur is
' aiso a f;nction ;f,the‘nitg of investment. :

- In Chap;er 3, we isnored the fixity of capital
and éstimated -a full équil{brium model, employing a
t}anslog ;Aét fqgctiqn. Dennis ajd“Smith [1978] hayg also
estimated a simila; model. However, our empirical modél

»

differs from the Dennis and Smith in two ways. Firstly, we

" have included the cost fpnc;ion'along with the cost share

eguations while aegimating;'the parameters Bf.the cost

.fdnction;75égqnq1y, we employed a Qifferent-_data base for
- our empirical an;lyeis. \

The calculated elasticitf of the demand for money
;ith‘respect to iﬁs opportunity cost is =0.1777, which is
consistent with ofher estihates ‘in the context of full
equilibrium models. Fqllowing the empirical woék‘ in .this
area,  we also-ﬁested for the sepa?aﬁili@y of real money

- . ,

‘baﬁhnces from other factors of production. Ve re jected the

Hypothesis of separability with 99% confidence. This

. o~
- 141

-



l résﬁlt-islélso'conaistehflﬁith-the findings‘of'dphers.

In Chapter .4,‘ 'we estimated ' a temporary
- c' . B . .

-

equilibrium model in which capital s ' assumed to be

‘constant in the .sboft-run. We estimated a translog

'vari;ble cost fgnctioq tégether Qith the cost share
equétioné._ug éégimateﬁ both short-run and lons%run'priéé
-elaétic}tiéq. 'The, compgr%soq of shért—run énd long-ruh
elasticitiGS'i indicates ‘that there 7 15.. substantial
diffgrence between them. Forr,exémPIQ. the ‘oén ?rice

eléstﬁpity of labour is —-0.0026 in the short—run éom£ared
- ~

to -0.059 in ;hé-lqﬁs—run. Therefore, the assumption of

C A

instantanedus 5adjustment ‘"of capital, -which 1is not

supported by data, ~significantly changes the estimated

-

elasticities. *
AThe implied profit. max;mizing interest price

in the short-run is

elasticity of labour demand, L

~

=0.001. In Chapter 1 we calculated' nnr

estimates of Cobb-Douglas produétion function (Hnr=—0.14).

The result here indicates that the 1nteﬁést gensitivity
of the demand for labour, when estimated directly by
assuming fixity of capital stocks, is almost zero.

v

Finally, in Chapter 5, we estimated a dynamic

model in which not only is capital exogenous in the 3

short-run but also the model aésumes that there are

non-linear .costs of adjustment associated with the changes

in the level of capital stocks in the short—-run. -Following

using Short’'s

\

\

\
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the"empiriéallstud;éi- on-ﬁyﬁamic.‘modd{g._we,-empldyed a
quadratic functional form.for the variable cost function.

'However, we noted that theré‘yefé some. problems with this.  °
functional form. For example, the derived demand for the

normalized factor depends on differeh; variables than the e

1

demand for all ‘bther ‘variable factors~. Therefore we

. ¢ )
spacified an alternative parameterization of the cost

~

function where all of the factor demand functions have an

‘iden:iéal functional form.

In the dynamic model we calculated three types of
’ |

elastfcities;: .In the first case we estimated price

- "

elastiéities that are evaluated'while keeping capital and

-

ﬁet-investment constant (restricted shortfrunj.nSecbndiy.
we estimated price elastiéittes in which ingrrgét:eféecté
of changes ;n the net investment on the variable:facpors
are also added in the shqrt—;un.'%inaliy. Me,estimated the
long—run price elasticities;‘ - These .eiasgicities are
evaluatéd at the point where cap{tal_hés fuliy adjusted to
ité desired level and net investment is ée;o.

We have alfo_ épnergted.confidence intervals for

the short-run price elasticities, both in the restricted

and unrestricted.shbrt—run. The own ﬁrice'elastiéities for

PR -

the demand for labour and real money balances are negative
- &

and significantly different from zero at the 95%

cdﬁfidenciklevel in the restricted ghort—run. The long-run

own price elasticity for labour and real money balances



>

are alao ncgahiv.. The own' prico. olaaticitiol in th.;
\short—run are sign!ficantly difforont from tho lons—run
© r'esponses. Furthornaro the lhort-run olactic;tio' are
iub;tantially ‘different than the responses of the full
equiliﬁriun.nodol in Ch-ptor-é. o T
The cost ninimizins 1ntor.-t rato ola-ticitios of
‘labour donand were significantly diftoront from zoro both
in ‘the restricted "and unrottrictod :hort—run. In the .
restrictod short—run when net investment i. held constant
the 'elasticity is positive and lignificantly different
from zero. .Howuver. in ‘the short-run, with igvestment
;ff;ct-‘(iﬁcluded, the cross _price.qiasticity is negativev
and ti:niffcantl§ different from zero - at th; 95% -
confidence 1ovoi. ' The mean value of the cross price
elasticity, n _, i{s -0.0158. On the other'p.n& the implied

profit maximizing ela.tidity; n is not -1snificantiy.

nr'
different from zero at 95X. The 95% confidence interval
ranged between —0;055 40 +0.0028.

iﬁ‘cﬁapter 1 we also motivated ocur work in this
thelis-y&_noting the importance of suppl& side effects of
monet;ry pelicy on employment. Re-—examination of these
effects, in the dyéamic. framework indicates ‘that these
effects are not as important from the macroeconomic policy
point of view as the existing pa;ameter values suggested.

However, from the statistical point’' of view the results

clearly " reveal that money beloﬁxn in the productidn
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function, and that the full equilibrium model is clearly

conﬁimina;ed'by' ignoring the Tixity of - capital and the:

- = -

costs of adjustment of capital.

Comparison of 'Fhe‘ tﬁree empirical models, on
étatisticai ground§..indicates that thé full equilibrium
model did not fit the data well. The Durbin-Watson
‘statistics were relatively 1low even after ﬁaking firsf
order serial correlation  adjustments -in the errors. The

siénificaﬁée“ of the estimated parfmeters was dacrqased
considerablylhfter; adjusting for the serial correlation:
Furthermore, the own priée_ elasticity of teal méney
baianqes was not Bisnificantly different from zero. The
results of the temporary equi%ibrium model were relatively
better in_;hese respects. However, we statiséiéélly tesgted
the ‘Eesgéictions imposed by the temporary equilibrium
modelrfor_ the qu#dratic functioqal form of the variable
52 -

- cost function in Chapter . These restrictions were.

rejected at the 99% confidence level.

In the dynamic model Durbinéhatsoﬁ statistics
increased c;nsiderably. after making adjustments for
seri§1. correlation. However, we must note here that the

_critical ranges of the Durbin-Watson statistics are not

.

valid in simultaneous equations models.

Having summarized our principle findings, we now
- / ., . .

didcuss some of the ways in which the empirical work of

this thesis'could be improved and extended. First, the

-
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dynunic nodel 1n Chaptor 5 hll been .-tinatod by a-lunin:

static oxpoctation- for the output 123} factor pricoc. Tho

-
-

nodol can bo ,fch "th-~ho 1ncorporatc rational

.xpcct:tions. Pindyck and Rotcmb.r:[1983] have estimated

. such a dynnnic model for tnergy._Thit framowork can be

omployod for a. modcl which also includes re(l mon.y-
balances as factor of production. -
Another way to cxtqnd‘tho model is to apply it to
dilag:qogatoddd;{a for the mnhufacturiﬁs industries of the
United Statis.;'fé- wquld: be - intercstins ﬁo see how the
dom;nd- for T;lbour responds to"ehanges fn the rate of
interest across different manufacturing induéﬁries.

' The model <can also be extended by including
LY

energy as a factor input in the production function. The o

. studies on resocurce subgtitution isnoro‘%Eo mole of real "

money balances in the production process. It will be
inter&-ting to analyse different substitution
poseibilities between factors of production in thig

extendad framework.
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_ : FOOTNOTES: =~ . = .-
% 0 " ... ..  CHAPTER 6 oo

}Seq,fdr example Morrison Snd Bdrhdt[19B1].\

21n . Chapter 4 we employed a translog cost function in

order - to . compare  results diredtly with “the full
equilibrium model in Chapter 3. However, a- functional form.
with ‘quadratic adjustment cost was " needed in order to use
the Treadway’s approximation to derive the net investment
equation. Therefore .a translog cost function is not .

.employed in Chapter 5. .



DAIA ON PRICES ‘ ]
(Non—Financial Carporations. Unitad States)

. A
-;.;h ﬁhiS‘ appendix we liqﬁ}ghél.dgta &ggd"-ip‘ph1§ 
t%tﬁdy,"be _sources anq;nconslrncitoq of ' the .datéﬂseeb
Chapter 3 , Pp.55-56.. R - )
N ABL ‘A1

YEAR

W

, v :r- 1 - r.“ P
1948 s 1.50° 0.063170 0.00861 0.0144  0.5980
1949 - - 1.56 0.065137 .  0.00904 0.0149 0.6070

- 1950 1.63 . " 0.066708 ~ 0.00890  0.0145 . 0.6140
1951 1.75 0.080457 .0.01395 0.0216 0.6460
1952° ..1.86 0.084324 0.01544 0.0233 0.6630 -
1953 1.97 . 0.087852 '0.01683 - 0.0252 0.6680
1954 "2.04 " 0.0764%6 0.01069 0.0158 0.6770
1955 "2.10 0.086014 0.01499 = 0.0218 . 0.6880
.1956 2.23 . 0.106538  0.02366 - 0.0331 0.7150
1957 - 2.35 0.118009 . 0.02811 ™ 0.0388, 0.7380 °

. 1958 2.44 0.098016 0.01854 0.0246  “§.7540

1959 2.53 0.121583  :0.03037 0.0397 .0.7650
1960 2.62 0.120277 - 0.02976 0.0385 0.7730°
1961 2.69 0.106634 0.02304 0.0297 0.7760
1962 2,78 0.103813 0.02536  0.0326 0.7780
1963 2.87 0.108993 - 0.02761 0.0355 0.7780
1964 2.99 0.12362% 0.03120 0.0397 0.7860
1965 3.08° . 0.131712  0.03473 - 0.0438 0.7930
1966 3.22 0.155025 . 0.04484.  0.0555 0.8080

- 1967 3.39 0.152520 0.04233 0.0510 0.8300
1968 3.63 0.173212 0.050S6 0.0590. 0.8570
1969 3.86 0.219739 '0.06984 0.0783 0.8920
1970 4,12 0.228173 0.07202 - 0.0772 ° 0.9330
1971 4.39 0.186059 0.04972 ~ 0.0511 ©0.9730
Note: W is the wage rate; V is the rental price of capital;

Tm ig the opportunity cost .of real money balances; r is the
interest rate; p is the output price index in 1972 dollars.
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. Data on Factor Inputs and Output
(Non—Financial Corporations.

. e,

TABL

J “‘...

“hiz

- -

. -

Unitad States)

"~ YEAR -

‘K

Q -

money .balances

in billions-

in billions of 1972 dollars.

of 1972 dollars; K
capital stock in billions of 1972 dollars.

-

N © -
1948 55.6 © ' 42.3077 0 = 243.284. 229.097
1949 51.9  43.6573 .252.007° 219.605
1950 54.7 45.7655 . 269.735 247.068
1951 ° 58.9" - 46.4396 T 277.303 . 269.814
1952 . 59.6 . 46.4555 287.923. - 274.510
1953 61.2 46.5569 299.841 1291.467 -
1954 .57.8 49.3353 311.199% 283.013
1955 - 61.2 50.2907 331.944 314.390
1956 . 63.0  48.6713 349,634 323.357
1957 . 62.3 . 47.2900 362. 341 327.778
1958 ' . ‘58.8 49.6021 374.435 312.997
1959 61.9 47.4510" 382:123 344.706
1960 . 62.4 48.1242 391.516 353.299
1961 - “61.4 '52.9639 401.955 '358.763
1662 63.5 - 56.1697 444,328 389.203
1963 . 64,4 -59.7686 455.982 411.311
1964 66.1 60.1781 446.703 440.204
1965 o, 69.1 - 62.9256 476.965.  476.166
1966. ' 72.5° 61.0149 509.055 511.139
1967 72.7 65.1807 539.390 . 519.036
1968 74.1 C 67.6779 ' 572.594 548.308
1969 76.0 61.5471. 605.063 - 562.780
1970 74.1 60.9861 633.370 © 553.269
1971 72.7 64.7482 649.635 568.345
Note: N is the . billions of labour hours; m are the real

is the
Q is the output
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