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In this paper we are interested in analyzing the behaviour of 2
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production, investment and financing. The assumption of an imperfect

- for example, consumption competes direscily witl
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funds. The emphasis of the model is with the long~term growth or decline

of the enterprise. The wmodel is designed to be a;
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and so is meant to be indicative of individuzl ent

in one of & broad vange of activities.

To allow concentration on long-term changes, the model Is specified
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int type - at sach point in time the enter
[ t a2l assets to give an optimal com-
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to recrganize folio of capi
figuraticn. Two points about this assumpticn need to be made, First,
application is aimed at the micro level so
land) to each individual enterprise is zssumed infinitely elastic and
general equilibrium considerations are avolded. This ig in contrast to
Dimon, Vincent and Powell (1976} where aggregative data is used, and
problems are overcome by holding capital assets fixed, thereby avolding
the intertemporal aspect. Secondly, however, general equilibrium aspects
cannot be ignored completely, since otherwise s single model would predict
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only ome pattern of production, clearly at varisnce with reality. This
problem is overcome by considering broad classes of models base

d on broad
categories of activities and the correspounding production funcetions. Thus,
for example, & dairy farmer is constrained to face & dairying type
production function, and so will not suddenly change to wheat if wheat
prices rise. In effect, supply aspects are intvoduced by differentiating

betwean land suiteble for certein activities., These coustraints are

technical in nature, and best

apparent ease of reallocation
is in fact constrained within the model by the prior specificaticn of the

production function.



the next section, and the rest of the paper
is devored to estimation. A more complete derivation of the model,
detalling its relationship with pvevigwa models, can be found in Mclaren

(1976,

The Model Specification

P

Consider the following production struciure:

an m-vector of capital goods K' with price vector e’ g
an A= Y " wyariable dmputs L' ¥ rental 7 w'o
a k woon outputs Q" "  price 7 s’ 3

subject to a technology given by the sealar production fromtier £(Q, X, L) =
The distinction between capital goods X and varisble imputs L 1
capital goods require a comscious long-term committment of funds {(eg. land,

«

machinery, buildings etc.) whereas varisble inputs can be financed within
the production period (eg. contract labour, fertilizer etc. )

w{g, w, K} = max(s'Q -~ w'L) subject to £(Q, K. L} = 0 ;
see Diewert (1974). Maximization of = s in the nature of a short-run
optimizing decision. There is a duality between 7 and £ , and the

output supply and input demand functions ave given by

o = Lo B
i s, i oW,
i i

In the longer run, there is the possibility of reallocating total capital

tions of fized caplital assets.
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investment X = ¢'K into alternative configur

Thus consider the revenue function defined by

Y

R(s, ¢, w, X) = max w(s, w, K) subject to ¢'K =X
¥

iy

There will be a duality among R, 7 and £ . From the point of view o
an integrated consumption~production—investment-financing model, the
function R 1is the appropriate specification of the productive sector of
the model, and 2R represents the marginal return of 51 invested

% Y inal returs 51 Invested in the
production sector. In the literature, sttention is concentrated on
functional forms for £ or 7w . T
to be derived from these, or specified directly subject to appropriate
conditions f.g., increasing in sfdecreasing in ¢, wy increasing In X

homogensous of degree 1 in s, o, w, X.}.
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Consider now the following intertemporal optimizztion mod
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maximize f
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subject to Ris, ¢, w, X) + B = E + X 4+ r{(Z).3
and {0y -~ B{OY = wa given .

where B 1is total borrvowing with rate
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Z = 3 and ©'{Z) » 0 .

Structure to the problem so far is given by th
of the uwtility functiomal and the additive structure of the accounting
identity. Further structure will be given by specifyving funcitlonal fo
for V* , R and r , but the major behavioural aspects of the model arse

P -

contained in the specification above. Briefly, utility is generated only

by consumption spending, s¢ that, for exampl a large farm Iis not

degirable per se, but only in so far as i1
purchase of consumption goods.

z

inputs, w , and

UA
B

variable
5

s
planning time, independent of

borrows from external sources,

=

by the ¥{(Z}) schedule. Therefor

determined by the actions of the enterprise, and so endogeneous, the
schedule itself is subject to the same assumptions as prices Thue strictly

speaking the model will generate demand schedules for funds, capital goods

and variable inputs, and supply schedules for outputs, and so is only part

of a general equilibrium specification. Such a

determine all prices and quantitles and answer gquestions such as,

the effects that low he
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First note that
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rder necessary conditions

= H@ = R{X}) + A ~E - r{(Z}.8;
i
= Ei‘f’ = A
2
. 2
= -H o= -y [RY(X) 4+ v7(2}.277:
S i s
= -H o= Y, [z{Z) + 2T {Z)2Z]:
B 1 s
- DU
= o °FZ L4 = 0
3E "1 ?
m i =) e
14} wz a .
conditions (iii), (iv) and {vi) give

(2.1 RYEY = x(Z) + rf{Z)Z{EmZ}?
solution of which gives the optimal debgfasseﬁ ratio Z% , depending on
the form of R and ¥ , but completely independent of the consumption
sector. In principle this equation could be soived to give B and X in
terms of W . But an extremely Ilmportant case ig that in which
RZ} = hie, s, w).X so R'(ZX}) = h is not a function of ¥ , and the
resulting Z#% dis constant in planning time. This would be the case if the
production structure exhibited constant returns to scale, and this assumption
is mainteined in the sequel.

Now define g = h + x?(Z*}Z*E = pZ%y 4 p?{ZaER
50, f%om {(iii), it follows that

¢z= - gwl,giviﬁg ¢3<t> = wOe 8t with @Q & constant. Equation {v}
then allows solution of E(t)} in terms of w@ and h , the explicit
solution depending on the functional form chosen for V* . If for example

U

is RKlein-Rubin,

U(q) = B'in(g~v) , then

i8
V#(P, E) = comstant + In(E-P'y) = | 3, InP,
PN e
With this V% , (v) is
-8z
e o -gt
Epiy Y0 © »
or E = Ply+i 8T
H {‘Dq
i



From this point on, only optimal 7 appears so the #* 1s deleted.

Now
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Transversality gives C1 = 0 and E%— = §IW{0) - ~ X 1 giving
the open loop solution for W(t) ., wi(t) and E{t} . In fact

Lo = s - 208,

b, (e g
giving the closed loop solution for E{&)
Py

(2.2) E = P'y + 6(W - ~§i> ‘
The optimal closed loop sclutions for B and X szre simply stated 1

texms of Z @

¥ = i ;

{2@3} L }_mz @ W 3
Z

@4 B = .

Similarly for X and B , using

° :{D?‘V - <
W o= (g-8)[W - mgAﬁ , it follows that:
iy 1 Pt
(2.5 X = g=. (@O -=L]
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© e ?’3‘5
2.6) B = 75 EON-ZT1 .
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This equation gives R'(X) {=h).
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rurning now to r(Z) , the simplest specificsiion would seem to be

(2.113 r{Zy = T, + rZZ
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gince at least two paramelers ssem neCcess8aYy Lo caplure the two aspect

"general level® and

and Zz = .

Since we are interested in 0 < Z < 1 , the

appropriate, giving the two boundaries for Z :

= 0 for h
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Z = 1 for h

=~

Simplifying the solution for

, 7
(2.12) z = 1 ~|

- 7 . S 4
Some Econometric Comsideratlons

Clearly a full systems implementation would be desirable and fully

efficient, but hardly practicable. A multi-step estimation procedure,

=3

based on the multistage nature of the optimization, maey represent enoug

saving in computing to offset any iInefficiency.

Denote cbservations by G*‘t
i3

activity 3 at time t . Assuming all sctivities and individuals face
the same <t{(Z} schedule, r, eand ¥, can be estimated
kS

point ¢ , thus generating a time series of r. . Ty o



This is achieved by fizing t© , say t , a2d pooling ohservations across

enterprises and activitdies, i.e., O, = . Bi,d . Observations on the

average rate of interest r and debt-zsgset ratio Z, silow regression

3
estimates of the interest rate function:

Consider now the following implied stacking o

decisions:

{23 given W choose X
%
&

{b given X choose the individusl K, ;
J

{c} given the vector X' , choose L, and ¢, .
A |

e of m

The vecursive nature of these optimization problems z2lleows & recursive

timation procedure, and is our jugtificatlsﬁ for beglnning with a variable

s Py

e
prefit function and deriving the implied revenue Function,

rather than apeci y&mg the revenue

Now we pool mbsemvatiﬁns aCTUSS entetpzi es g c
fized, i.e., Oﬁgz s ¥i,t For activity 3 , estimation of equations (2.8)
L
ne, generates esiimates of most

and (2.9), subject to appropriate vestrictior
of the parameters of the varisble profit functilon. Clearly

no problems; since onls

appesar as regressors,
the optimization. Alternatively, once {(2.8)

be used to generate a ‘purged’ K series

¥

and can easily be estimated by moving all

.

Incorporation of g time trend would allow

gver the sample pericd. Equation {(2.10}
series for RP{X)=h across time for goiivity: i . Repeating for al

activities Jj=1, ..., J generates a seriss for h, néta

. ‘:% "\‘t "‘"E:
tdmates h, , ¥, » T
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£ the implied optimsl d
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