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The paper presents a framework for analyzing the effect of changing expec-
tations about future prices on a firm’s choice of technique, and on its an-
ticipated scrapping of capital equipment. Assuming a putty-clay technology,
particular attention is paid to the way in which the scrapping age depends
on the degree of ex ante input substitution. Numerical illustrations — based
on data for Norwegian manufacturing for the years 1964-1983, an ex ante
technology represented by a Generalized Leontief cost function in materials,
energy, labor, and capital, and an ARMA representation of the price expecta-
tion mechanism — are presented. The results indicate that the price changes
in this period may have had a substantial impact on planned scrapping, and
on the chosen production techniques.

1. Introduction

Input and output prices often show sharp, unanticipated changes over
time. Such price changes, for instance unanticipated changes in energy
prices, may affect not only the firms’ current input structure and their
decisions about investment in new fixed capital, but also their plans
for scrapping of old capital goods. The form of the production technol-
ogy — in particular the degree of input substitution — is a key factor
in explaining how the scrapping plans may respond to price changes.
Input substitution from this point of view has two aspects: substitution
between capital and other inputs and substitution between capital goods
installed at different points in time.

In this paper, we address the general problem of analyzing how
expectations about future input and output prices and unanticipated
changes in these prices can affect the firms’ investment decisions and
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scrapping plans. We focus on the relationship between price expecta-
tions, choice of technique, and planned scrapping age of capital equip-
ment for a profit maximizing firm. In particular, we show that the degree
of input substitution may crucially affect the planned service life of new
capital equipment. Little attention has been given to this point in the
literature. To illustrate the theoretical conclusions, we report some ten-
tative numerical results for a producer with a four-factor technology
based on data for Norwegian manufacturing for the years 1964-1983
in a general setting in which energy price changes, and changes in the
wage rate and in the price of non-energy material inputs, are taken
into account.! From an econometric point of view, a serious problem
arises due to the virtually complete non-existence of data on price ex-
pectations and, more generally, the paucity of information about the
mechanisms which link expected with observed prices. The numerical
results in the paper will therefore mainly be of an explorative character.

The technology is represented by a vintage production model of
the putty-clay type. Ex ante — i.e., before an investment is made —
the firm is assumed to face a neoclassical technology with one type
of capital and one or more variable inputs. Ex post — i.e., after the
investment has taken its specific physical form — all inputs must
be used in fixed proportions. This model — originally proposed by
Johansen (1959, 1972) — is well suited to deal with the relationship
between price expectations, price shocks, and capital formation since it
implies non-myopic decision rules.? This is in contrast to neoclassical
(putty-putty) models which, by assuming the same degree of ex ante and
ex post substitution and a capital stock which is completely malleable,
makes it possible to change the factor input combinations at any time,
and implies that capital never will be scrapped since there always
will be some input combination with which it will be profitable to
use it. With a putty-clay technology, decisions taken today will strongly
depend on expectations about the future development of prices. Further,
the rigidities which exist in the adjustment of factor proportions are
represented, in a consistent way, by the model’s distinction between
ex ante and ex post optimal factor proportions. Finally, since it is a
vintage model, it is well suited to analyzing the endogeneity of the

1 The energy-capital substitution and the relationship between energy price
shocks and capital service life is discussed in some more detail in Bigrn (1986).

2 Johansen, probably due to his emphasis on the planning context, did not
elaborate on these aspects of the model either in his presentation or in the
applications, though he did mention in rather general terms the role played by
expectational variables: cf. Johansen (1972, pp. 33, 201, and 225). See also
Johansen (1967).
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scrapping decisions. The latter property has been utilized by, inter
alia, Ando etal. (1974), Malcomson (1975, 1979), and Malcomson
and Prior (1979). The problem of choice of technique is analyzed
in Hjalmarsson (1974), and Fgrsund and Hjalmarsson (1986) in the
context of an expanding industrial sector with increasing returns to
scale, but under the assumption that each production plant is infinitely
long lived, thus avoiding the problem of scrapping.

The paper is organized as follows. Section 2 describes the theoreti-
cal framework in terms of a general ex ante production technology and
introduces the terminal quasirent function and the life cycle output and
input prices: two concepts which are basic to the rest of the analysis.
We discuss the way in which the ex ante service life of the capital is
related to the form of the quasirent function and the life cycle prices
for each vintage, and how the planned scrapping age depends on the
degree of ex ante input substitution. Section 3 introduces specific as-
sumptions about the decline in the efficiency of the capital stock and
about the price expectation process, and provides a decomposition of
the total effect of price changes on the scrapping age and choice of
technique, highlighting the role of the ex ante substitution possibilities.
After a brief presentation of the data and the chosen functional form for
the ex ante production function, Sect. 4 then presents some simulation
results which illustrate the joint determination of the scrapping age and
the choice of technique, and the role played by the degree of input
substitution in this process. Concluding remarks are given in Sect. 5.

2. The General Model

Consider a producer who, at time ¢, is in the process of investing in
a new capital vintage. Let the ex ante technology — i.e., the set of
blueprints of techniques from which he can choose — be described by
the linear homogeneous production function

y:f(ilfl,...,l‘m,K,t), (1)

where (x1,..., %) is the vector of variable inputs and K is the quan-
tity of capital invested. Technological change, represented by the time
index ¢, is assumed to be embodied in the vintage, and thus to affect
the ex ante technology only. The deterioration of the capital stock is
described by the efficiency function B(r), which represents the share
of the original efficiency of a capital unit which remains at age 7, with
B(0) =1, B(oo) =0, and B’(7) £ 0. The form of B(7) is a techno-
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logical datum which represents the decline in efficiency with age.? It is
not affected by the firm’s decision regarding the scrapping of capital.
The potential capital input at age 7 will then be K(7) = B(1)K.

The ex post technology is characterized by fixed factor propostions
between the inputs. This implies that the input of the ¢’th variable factor
at age 7 is equal to z;(7) = B(7)xz; and, since the technology is linear
homogeneous, that potential output at age 7 is

y(r) = B(r)y
Let q(t + 7,t) and p;(¢ + 7, t) denote the output price and the price of
the ¢’th input, ¢ = 1,...,m, respectively, which at time ¢ the producer

expects to prevail at a future time ¢-+7.4 These expectations are assumed
to hold with certainty, but may be subject to revisions, as indicated by
the double time subscript.’ The ex ante quasirent from vintage ¢ at time
t 4+ 7, i.e., the expected difference between the output value and the
cost of the mn variable inputs, can then be written as

v(t+1,t) = q(t + 7,8 y() — Zpi(t + 7, 1) (1)

= B(1) |q(t +7,1) szt-l—Tt

The total expected profit from vintage ¢ is equal to the discounted value
of the ex ante quasirents from age 0 to the scrapping age s, less the
initial investment cost. Considered as a function of the scrapping age,
it is given by

V(t,s) = / eTTOT (it + 7, t) dr — pr (DK
0

=q*(t,s)y— D pi(t,s) i — px (DK
=1

3 For a further discussion see Bigrn (1989, Sect. 7.2.1.).

4 We are making the simplifying assumption that producers form indepen-
dent expectations about output and input prices. Endogenous output prices are
discussed in Koizumi (1969) and Malcomson (1975).

5 Some consequences of (stochastically specified) price uncertainty are
discussed, within the framework of a simple putty-clay model, by Moene
(1985) and Fgrsund and Hjalmarsson (1987, pp. 26-30).
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where pg (t) is the purchase price of capital at time ¢, and

¢ =q*(t,s) = / e BT B(r)q(t+7,t)dr
0
* * ° —~r(t) (2)
pi =pi(t,s)= | eV B(r)pi(t+ 7, t)dr,
0
t=1,...,m.

The latter expressions can be interpreted as the life cycle prices of
output and inputs from age 0 to age s. The prevailing rate of discount,
r(t), is assumed to remain constant from time ¢ up to the horizon.

Consider now the problem of choosing the profit maximizing tech-
nique, i.e., the input vector which for an exogenously given output y
and the price expectations held at time { maximizes the ex ante life
cycle profit V (¢, s). This maximization problem can conveniently be
divided into two stages:

(i) maximization with respect to z1,...,Z.,, and K for given s, and

(ii) maximization of the resulting profit function, II(¢, s), with respect
to s.

Problem (i) is formally equivalent to a neoclassical restricted profit
maximization problem for a producer who is a price taker in all mar-
kets, since the life cycle prices, conditional on s, can be regarded as
exogenous variables corresponding to the market prices in the equiva-
lent neoclassical problem. Its first order conditions, subject to (1), are

pi(t,s) = At,8) filz,...,zm, K, 1),

1=1,...,m, (3)
pK(t) :A(t78)fK(a:1""7‘/I:m’K7t)7
where fi(z1,...,2m,K,t),i=1,...,m, K, are the partial derivatives

of f with respect to the ¢’th input, and A(¢, s) is the Lagrangian multi-
plier associated with the constraint (1). The solution to (3) is implicitly
defined by the life cycle cost function dual to (1)

C(y7p={7-' . 7p7*n7pKat) =

m
= min > plai+prK |y = florom K 1)}
i=1

Z1,--%m,

:yc(p;w-wp:nvpKat) 9 (4)
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the second equality following from the linear homogeneity of f, ¢ being
the unit cost function.

Application of Shephard’s lemma to ¢ gives the optimal input co-
efficients

i = T YT S . 1,8),. -, m\ts )y ),
== e(pi(t,s), .., 0l (t,8), prc (1), 1)
t=1,...,m, 5
K 0
ag = — = —c(pi(t,s),...,p0.(t,8), pK (L), 1) ,
K== g e(pilt9), Pt 9) P (8),1)

conditional upon the service life s. The solution to problem (i) then
defines the function

II(¢t,s) = max « [/ Oyt + 7, t) d7T — pr (DK
0

L1y sTm,

=Yy [q*(tv 5) - C(p;(t, 5)7 s ,p:n(t, 3),pK(t)7 t)] , (6)

which represents the maximum profit attainable for vintage ¢, given its
initial capacity y and an assumed service life of s years.

Associated with problem (i) we also define the ferminal quasirent
function of vintage t

1 0
R(t,s) = 7 B(s)y b—sﬂ(ta s)

:q(t+8,t>—

- Zpl(t+37t) ai(pi(t73)7"'7p:(n(t7 S)vpK(t)’t) , (1)

i=1

which represents the current value of the quasirent per unit of output

on the equipment installed in year ¢ and planned to be scrapped in

year t + s, the last year of its service life. The terminal quasirent

function is an ex ante concept, and a change in s will result in a

change in technique. This contrasts with the usual quasirent function,

which is an ex post construct and takes the technique as given.
Problem (ii) reduces to solving

I(¢) = max II(t, s) ,

and in the process the life cycle prices become endogenous variables.
Note that both I1(t, s) and II(¢) are functionals, being functions of the
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expected price paths. The first order condition for a profit maximum
is equivalent to the condition that the terminal quasirent is zero at the
time of scrapping, i.e., that

R(t,S) =0,

and this relation defines implicitly the scrapping age, S, as the profit
maximizing value of the service life s. Using (7), this scrapping con-
dition may be written

gt + S,t) =

S ; . ®)
= Zpi(t + S; t) ai(pl(t7 S)a v 7pm(t7 S)apK(t)’t) 3

i=1

with S as the single unknown variable. The condition states that vin-
tage ¢ is planned to be taken out of operation when the expected per unit
cost of the variable inputs equals the expected output price. Whether
this equation in fact has a solution or not will depend on the current
prices and their expected growth paths.

This two stage argument thus permits us to start with the life cycle
cost function — with life cycle prices as arguments — as a description
of the ex ante technology, and then appeal to duality theory to ensure
the existence of the primal production function.® This is in fact the
route we will follow in the empirical part of this paper.

Substituting the life cycle prices (2) into the terminal quasirent
function (7) and differentiating with respect to s gives’

6 This approach is also used in Fuss (1977, 1978) in describing his putty-
semiputty technology. He also uses life cycle prices, but needs cross products
of the expected price paths due to the flexibility of the ex post technology.
The GL model we use below is in fact his putty-clay model, but he assumes
that the planning horizon (service life) is exogenously given and constant.

7 Whether (8) in fact gives a maximum must be checked by computing the
second derivative of I1 with respect to s, which, using (7) and (9), becomes

_B'(s)
B(s)

(¢, s) = — {r } e” " B(s)yR(t,s) + e B(s)yRs(t,s) .

At a critical point, R(¢,s) = 0: thus we have a maximum at s = S if
IIss(t,5) < 0, or equivalently if Rs(t,5) < 0, ie., Rs(t,5) < 0 is a
necessary condition for profit maximization at s = S.



164 E. Bigrn and P. Frenger:

d
Ry(t,5) = 5-R(t,5) (9)
_ Ot +s,t) = Opilt +5,1)
=7 os ; as

_e_rsB(S)ZZ cij pilt + 8, ) pj(t + 5,1) .

This derivative describes the effect on the terminal quasirent function
of a lengthening of the expected service life, an effect which can be
interpreted as the sum of a direct price effect and a substitution effect.’
The term

_ Oq(t + s,t) i@pi(t—l—s,t)
gt~ st) Ot TS

B i (10)

i=1

describes the direct price effect and shows the change in the terminal
quasirent which would follow from a change in the service life if the
technique were held fixed, while

m m
e'”B(s)ZZc”p, (t+s,t)pi(t+s,t)

i=1j=1

reflects the indirect effect, i.e., the change in technique induced by
a lengthening of the service life. The concavity of the cost function
implies that the quadratic form is negative semidefinite, and thus that
the substitution effect is always nonnegative. This quadratic form mea-
sures the curvature of the factor price frontier in the direction of the
price change vector (9p}/0s,...,0pk,/0s) induced by a change in the
expected service life. Suitably normalized, it may be interpreted as a
directional shadow elasticity of substitution, and (9) shows that R will
fall more slowly as a function of the anticipated service life the greater
is this substitution effect.® This implies that a change in the service life
will have a smaller impact on the profitability of investment the more
easily the technology can be adjusted to the changing prices.

8 See Frenger (1985) for a more detailed exposition of this argument.
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To see how a change in the service life affects the chosen technol-
ogy, define the fechnique derivatives

Cis

Js

ou I\ Op(tis)
= 5s =Gy
j=1

11
:e_TsB(S)ZCijpj(t—}—s,t), i=1....mK,
i=1

which measure the effect on the ¢’th input coefficient of a lengthening
of the anticipated service life. Few general conclusions can be stated
about the sign of ¢;5, ¢ = 1,...,m. It will be negative if all inputs
are substitutes (c;; > 0 for 4,5 = 1,...,m, K, j # 9) and p}(¢,s)
and p;(t + s, t) are roughly proportional. (This follows from the linear
homogeneity of the cost function and the fact that ¢;; < 0.) In this case,
a lengthening of the service life will lead to the use of a technique which
is less intensive in the use of the variable inputs. On the other hand,
if the 7’th input is complementary to capital (¢c;x < 0), then there will
be a tendency, depending on the behavior of the prices, to use more of
that input as the service life is increased. The ck s term will be positive
if all inputs are substitutes to capital, but it could be negative for some
price constellations if some input is complementary to capital.

The second part of the optimization procedure is illustrated in Fig. 1,
which shows the terminal quasirent function R(%, s) and the input coef-
ficients as functions of the anticipated service life.” For each anticipated
service life s, f.ex. s = 10, we obtain the life cycle prices and the
input coefficients ays, ag, arz, and ag, which in turn determine the
terminal quasirent which will be earned per unit of output in year s.
At s = 10 the expected terminal quasirent is positive, and it will be
profitable to keep on producing. As we increase the expected service
life of the equipment, life cycle prices change and a different technique
is chosen, more intensive in the use of capital and less intensive in
the use of labor. The input coefficients for materials and energy remain
essentially unchanged. This adjustment continues until at s = S = 14.7
the terminal quasirent becomes 0. The figure then shows that the op-
timal input coefficients are aj; = 0.63, ag = 0.03, a;, = 0.20, and
ax = 0.64. The producer would then choose a plant which uses the

9 The example is the base alternative of the technology which we will use
below, except that the scaling factor o is set equal to 5. The four inputs are
materials (M), energy (E), labor (L), and capital (K).



166 E. Bigrn and P. Frenger:

factors in these proportions. Whether he then would operate it for 14.7
years would depend on whether his expectations turn out to be right.

1] S TR Gy
0.4f.c ="
e e e a
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R

Fig. 1: The terminal quasirent function and the choice of technique

3. Scrapping Plans and Choice of Technique

In this section, we discuss the effect of changes in prices and price ex-
pectations on the scrapping plans and on the choice of technique, and
present a decomposition of these changes. For this purpose, it is nec-
essary to parametrize the efficiency function and the price expectation
functions. Assume that the efficiency of capital follows the exponential
function

B(r)=e7%", 6§20,

with § = 0 representing the case with constant efficiency of capital,
and that the output and input prices are expected to grow from time ¢
at the rates m, = my(t) and m; = m;(¢), i = 1,...,m, respectively,
i 10

ie.,

gt +7) =q(t+7,t) =™ g(t),

pi(t+71) = pi(t+7,t) = ™7 py(t) , i=1,...,m,
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where ¢(t) and p;(t) are the prices observed at time t. The life cycle
output and input prices (2) then become

q"(t:s) = q(t) / e =TT 4r =
0

= ;q(t)_ {1 _ e—(r+5—wq)s] ,

r+06—mg

(12)
s
pit,s) = pi(t)/ o (r+6—m)T 3o _
0
_ () [1 B e_(r+5_m)s] .
r+06— 5 /
The scrapping condition (8) now takes the form
e 3q(1) =

(13)

=Y eI pi(t) ai(pi(t, S), .., Ph(t, S), PR (E), 1) -

i=1

Solving the scrapping condition (13) for S, and substituting for S
in the profit function (6) and the factor demand equations (5) gives the
solution to the output constrained profit maximization problem, deter-
mining profit, scrapping age, and the choice of technique as functions
of the level and rate of change of the output and variable input prices,
the level of the investment price, the interest rate, and the level of the
technology. Formally, this can be written

II = H(qaﬂ-tppla <oy Pm,y T, - - ,WmapKvlrat) )

S = S(an-q)pla'")pm77r17"'77TM>pKaT7t) )

a; = &i(Q77rq7p17'-'7pm77r17"‘77rm7pK:T7t) s L= 17"';m ;
G = aK<Q77Tq7pla"'7pm77r1:"'a7rm7pK7Tﬂt) .
The functions S, di,...,&m, and dx are homogeneous of degree zero

10 From now on we suppress the second index ¢ on the expected price
variables, i.e., ¢(t +.9) is a short hand for ¢(¢ + S, t), etc. We will also often
disregard the argument (¢, s) on the life cycle prices p; (¢, s).
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in g, p1,...,Pm, and pg, and their values are unaffected by equal
changes in 7y, w1,..., T, and 7.

It will in general be impossible to determine these functions explic-
itly. We will instead characterize them by expressing their derivatives
in terms of the derivatives of the cost function and the life cycle price
functions. The change in the scrapping age brought about by a change
in g, mq, pi, ™, PK, T, and t, respectively, is found by totally differen-
tiating the scrapping condition (13), which gives!!

ds _  q(t+S) )
dg  q(t)Rs(t,5)”’

dS  Sq(t+8)

dr, — R,(t,S)

ds 1
dp;  pi(t) Rs(t,S) [p( +S)ai+e ¢ Pz] ;
t=1,...,m,
ds 1 oyt
= |Spi(t+S)a;+ e, L]
dﬂ'«i Rs(t;S) I: p( + )a’ +e C 371-1. > (14)
t1=1,...,m,
ds 1
= (r+86)8
dpx  Ra(t,5)° CKs 5
ds e(T‘I“S)S m ap::
ar = By (1,8) & % o
ds 1 m
a - R(LS) #pi(t+8)
dt Rs(t,S);Ctp( +5) )

where c;,, representing the response of the technique to a change in
the service life, is given by (11). Note the key role played by R, (¢, S)
in these expressions. If R(t, ) is large, i.e., if a change in the service
life has a large effect on the terminal quasirent, then changes in the
prices and their rate of increase, and in the interest rate will have a
small effect on the scrapping age.

Differentiating the service life with respect to r is equivalent to

' Remember that R, (¢, 5)<0 is a necessary condition for profit maximum.
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differentiating with respect to 4, i.e., a change in the rate of interest
and a change in the rate of deterioration have the same effect on the
scrapping age. Further, an equal change in all expected growth rates of
prices, T4, 71, ..., Tm, Will also have the same effect as a change in r,
but with opposite sign. Hence —d.S/dr may be taken as a measure of
the effect of a change in the inflationary expectations on the planned
scrapping age. The derivative with respect to ¢ reflects the effect of the
(embodied) technical change only.

The signs of the derivatives are in most cases ambiguous. Only
the effect of an increase in the output price or in its growth rate are
predictable: both will lead to a lengthening of the scrapping age. An
increase in an input price or in its growth rate will tend to decrease the
scrapping age if the substitution possibilities are small. The derivatives
dS/dp; and dS/dw; will always be negative if ¢;; > 0. The effect of
an increase in the price of investment goods is unambiguously negative
if all variable inputs are substitutes to the capital good. Only in extreme
cases of complementarity and with very divergent price changes would
it seem possible for an increase in the investment price to lead to
a lengthening of the scrapping age. The effect of technical progress
depends on its specific pattern, but if it is Hicks neutral, which implies
that ¢;; < 0, then technical change will always lead to a lengthening
of the planned scrapping age, since it reduces production costs under
constant input and output prices.

Consider next the induced changes in the input coefficients a;,
t=1,...,m, K. From (5) it follows that

dai ds .

~V — GCis— = Ly 7K7

dq c dq 1=1 m

d ds ()
-—Cbi:cis——, i=1,...,mK,

dmg dm,

i.e., the effect of output price changes on the input coefficients is
due entirely to the induced change in the scrapping age. The effect
of a change in an input price or in its expected growth rate is more
complicated. It is given by

da; Pi + ds
= Cig— Cis5— »
dpi b * dpy i=1,...,m K,
(16)
da; op;, ds k=1,...,m.
Pk

dﬂ'k
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The first term of these expressions represents the direct substitution
effect of an increase in p; or 7 on the input coefficient a;, with the
scrapping age held constant. The second term represents the indirect
effects via the induced change in the scrapping age. The effects of a
change in the investment price, in the interest rate, or in the technology
are given by

dai = cipe + ¢ ds )

de 2.4 zsde P

da; <= Op} ds

-5 = 1) o S 1 ':17"'7 JK7

dr ;cj or te dr ! m e an
dag _ Cit + C; g

dt — Cet 28 dt . )

All sets of derivatives (16) and (17) have two components: (i) a di-
rect substitution effect brought about by the price change, the interest
change, or the technical change, respectively, with the scrapping age
kept constant, and (ii) an indirect effect brought about by the induced
effect on the scrapping age. These direct effects are all, except for the
own derivatives ¢;;, uncertain as to sign, and even c¢;; can have either
sign as long as the pattern of the technical change is unspecified. The
signs of the indirect effects are also indeterminate since c;; may have
either sign.

Most analyses of the choice of technique in putty-clay models treat
the service life as exogenously given (cf., e.g., Fuss, 1977, 1978; and
Berndt and Wood, 1984). These studies thus ignore entirely the effects
in (15) and the last terms of (16) and (17). Particularly extreme is the
neglect of the effect (15), with the consequence that a change in the
path of the output price will not affect the choice of technique.

The two stage optimization discussed in Sect. 2 led naturally to
the decomposition of the change in the input coefficients into the two
effects we described above, one representing the effect obtained when
the service life is held constant, the other reflecting induced changes
via changes in the service life. We will now consider a similar decom-
position of the effect which a price change has on the service life by
decomposing it into (i) a direct effect with the technique held constant,
and (ii) an indirect effect via the induced change in technique.

The expressions for the change in the scrapping age (14) can, by
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using (9), (10), and (15)—(17), be decomposed as follows

ds gt+8) 1 da;
S T S 8 SE
dg  q(O)R; R, ; 8,
ds Sqit+8) 1 & ;
e = _ T2 T . (t 4 §Y—L
dm, R Rs;p’( 9,
dS  pit+Sa; 1 & da;
==+ = (t+9)—,
dpi pz(t> R Rs ; p]( ) dpi
t=1,...,m,
dS  Spit+S)a; | 1 « da;
=—— 4 — (t+ S
d’ﬂ'i Rs +RS j;pj( + )dﬂ'i
t=1,...,m

171

(18)

The first terms represent effect (i). They are positive for the output
price and negative for the input prices, and represent the effects of
price changes on the scrapping age under a fixed coefficient ex ante
(i.e., clay-clay) technology. With such a technology, an increase in an
input price, or in its growth rate, would always lead to a reduction in
the scrapping age. The second terms in (18) represent effect (ii), i.e.,
the additional response of the technique to the price changes. Further,

de Rs j=1 de
as 1 & da
= (t -3
dr R, Z—;p]( +5) dr
ds 1 & da
i (¢ '
at RS;”(JFS) it

/

19)

An increase in the investment price, in the rate of interest, or in the
technology embodied in vintage ¢ has no effect on the scrapping age
when the technique is held constant. The only effect is the secondary
effect representing the response of the technique to the price changes.

This effect may be of either sign.
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4. Simulation Experiments

In this section we present some simulation experiments illustrating the
theoretical conclusions and the decompositions of Sect. 2 and 3. The
experiments are based partly on time series data for the Norwegian
manufacturing sector and partly on a priori given parameter values.

Assumptions and Data

We utilize a technology with four inputs (i.e., m = 3): materials (M),
energy (F), labor (L), and capital (K), and make the following as-
sumptions:

Let p; denote an arbitrary input price or the output price in year ¢
and let m; = p;/pi—1 — 1 denote its rate of increase in year ¢t. We
assume that the typical producer forms his price anticipations by adap-
tive expectations by smoothing the observed rates of price increase by
means of an ARMA(1, 1) process so that

mt == V)m_1 +lpm 4+ (1 - p)me] (20)

is the expected increase in prices in year ¢. Here v and p are constants
between zero and one. We consider four values for (p,v): (0.1,1.0),
(0.2,1.0), (0.5,0.5), and (1.0,1.0), of which we regard the second,
which implies a mean lag between m, and w; of 4 years, as our
base specification.’? We convert 7} into a continuous rate by means
of 7(t) = log(1 + =}). The interest rate is converted in a similar
way, but we assume that expectations about this variable are adjusted
instantaneously.

We assume that the linear homogeneous ex ante technology can be
represented by the Generalized Leontief (GL) unit cost function (see
Diewert, 1971)

c(p*,t) = 21)

Z Z bij (pip})? + 2 Z bix(p;pr)? + bkkpPK |

i=1 j=1 j=1

12 This price process agrees, to some extent, with estimates based on ex-
pectations data from British manufacturing industries (see Pesaran, 1985, Ta-
ble 2 A). Note that the smoothing implied by (20) is one way of taking into
account the uncertainty with respect to future prices.
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where p* is the vector of life cycle prices, B = [b;;] is a matrix of
coefficients, and ¢ is the rate of (Hicks neutral) technical change. Sub-
stituting the input coefficient equations of the GL technology [see (5)]
into the scrapping condition (13) gives

eﬂq(t)sq(t):
d n ot S) 0 v
— et m;(t)S (¢ b p](’ b L
¢ ;6 pi(t) ; ”(p;(t,S)) + lK(p;‘(t,S))

This equation together with (12) gives a set of m + 1 equations in the
unknown variables S, pj,...,py,, and substituting for the life cycle
prices gives a single equation in the unknown S.13

Our numerical examples are based on estimates of the b;; coeffi-
cients from a neoclassical model with a homothetic technology with
Hicks neutral technical change, derived from national accounts data,
i.e., data aggregated across vintages, for the years 1962-1981 (see Bye
and Frenger, 1985). We parametrize our ex ante model by assuming
that its second order properties in 1980 are the same as those obtained
by Bye and Frenger for their base year 1981, and described by the
shadow elasticities of substitution (SES) presented in Table 1.

Table 1: 1980 Shadow elasticities of substitution (SES)
implied by the estimated GL technology

SES
E L K
M 0.3600 0.9036 0.5474
E 0.4205 0.2789

0.7580

Since vintage data are unavailable, a problem arises in the deter-
mination of the level of the cost structure of new investment. We have
decided to impose an exogenously given profit rate in the base year £y

13 In actually determining and understanding the solution, we found the
terminal quasirent function (7) very useful.
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by writing

q*(to) = C(p;(to, S), PN ,p;(to, S),pK(to),tO) .

This determines the “efficiency parameter” of the ex ante cost function,
and the scaling of the input coefficients. For the other vintages, a non-
zero profit will, of course, normally occur.

The above estimates, based on average data, are likely to seriously
underestimate the elasticities of substitution of the ex ante technology.
To compensate for this, we also consider specifications with higher
values for these elasticities. Technically, these have been computed by
magnifying all second order derivatives of the cost function at the base
point by a scaling factor «, while holding the first derivatives, i.e., the
input coefficients, constant.!#

A decline in efficiency at a (continuous) rate of 10 per cent (5 =
0.10) is assumed over the capital’s life cycle.!s

Properties of Base Year Technology

Let us first consider the behavior of the model in the base year 1980,
when the scaling factor « is unity, using the base specification of the
price expectations. The anticipated scrapping age of new equipment
installed in 1980 was 14.7 years.

The input coefficients are given in the first column of Table 2. The
second column presents the elasticity of the technology with respect
to the service life. An increase in the scrapping age S will change
the life cycle prices, which induces a change in the optimal technique.
The directional shadow elasticity of substitution in the direction of the
induced change is 0.52. This brings about a substantial substitution of

14 Since the second order derivatives of the cost function (21) are linear
in the off-diagonal GL coefficients, this rescaling is equivalent to multiplying
these coefficients by the factor ¢,

bij(a) = abi; , wij=1,...mK, j#i,

and then determining the rescaled diagonal coefficients b;;(«) residually.

15 Since only the sum of the retirement rate § and the interest rate 7 occurs
in the model [cf. (12)], a non-zero value of § may be interpreted as including
a risk premium claimed by the firm for undertaking an uncertain investment
project. Then r -+ 6 can be reinterpreted as the sum of the market interest rate
on approximately risk-free assets, the rate of retirement (decline in efficiency),
and the risk premium.



Expectations, Substitution, and Scrapping in a Putty-Clay Model 175

capital for labor, while the input coefficients for materials and energy
change relatively little. Note, however, the signs of the elasticities for
materials and energy: we get a larger use of materials and a smaller use
of energy, despite the complementarity between energy and capital, and
despite the tendency to use less of the variable factors as S increases,
because of the substantially lower growth rate expected for the price
of materials than for the prices of energy and labor.

Table 2: 1980 input coefficients and technique elasticities;
base alternative for price expectations; o = 1

Input coef. Technique
7 a; elast.?
M 0.6289 0.0081
E 0.0321 —0.0103
L 0.2000 —-0.0995
K 0.6371 0.1893

& Elasticity of input coefficients with respect to service life. Cf. (11).

Let us now apply the decomposition presented in Sect. 3 to get
a better understanding of the changes in the input structure and the
scrapping implied by the model. Table 3 (in two parts) presents a de-
composition of the change in technique, based on (15)—(17). Column A
shows the effect which would obtain if the scrapping age were held
constant, column B gives the adjustments induced by the change in the
scrapping age. The total effect is given in the third column. The sign
pattern in column A (the primary effects) is the same as the one that
would be observed in a corresponding neo-classical model: all own
price effects are negative, while the cross price effects are positive
for substitutes and negative for complements (i.e., energy and capital).
A change in the output price has no effect on the technique since it
does not affect the relative life cycle input prices when the service life
is held constant [cf. (15)]. Increasing the rate of interest will lead to a
less capital intensive technique, while technical change will affect all
input coefficients proportionately. The sign pattern in column B (the
secondary effects) depends on the sign of the technique elasticities (see
Table 2) and on the dS/dp; and dS/dn; terms [see (15)—~(17)]. An
increase in the output price, or in its rate of growth, leads to a more
material and capital intensive technique and a lower energy and labor
intensity. This is due to the secondary effect via the scrapping age, the
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Table 3: 1980 elasticities® of input coefficients; decomposition;
base alternative for price expectations; o = 1, ¢ = 0.01;
A. elasticity with no change in service life;

B. correction due to change in service life

Elasticity of A B Total

apr Wr.t.
q 0.0000 0.0534 0.0634
M —0.2688 —0.0351 —0.3039
PE 0.0251 —0.0039 0.0212
PL 0.2038 —0.0116 0.1922
PK 0.0398 -0.0027 0.0371
Tq 0.0000 0.7816 0.7816
TM —1.4068 —0.5064 —1.9133
TE 0.1547 —0.0584 0.0963
TL 1.1372 —0.2012 0.9360
r 0.1150 —0.0155 0.0995
t —0.0100 0.0005 —0.0095

ap W.IL
q '0.0000 —0.0683 —0.0683
M 0.3569 0.0449 0.4018
PE —0.3162 0.0050 -0.3111
PL 0.1140 0.0149 0.1289
PK —0.1547 0.0035 —0.1513
g 0.0000 —1.0008 —1.0008
M 1.8681 0.6485 2.5166
TR —1.9463 0.0747 —1.8716
TL 0.6359 0.2577 0.8936
T —0.5577 0.0199 —0.5379
t —0.0100 —0.0007 —0.0107

2 FElasticities for g, pas, PE, prL, and pg, derivatives of logarithms for
Tg, TM»> TE, TL, T, and ¢.

primary effect being zero, and the sign of the effect is determined by
the technique elasticities of Table 2.

Table 4 presents a similar decomposition of the effect of price
changes etc. on the scrapping age, based on (18) and (19). In column A,
the technique (i.e., the input coefficients) is held constant, column B
gives the changes in the scrapping age which are induced by changes
in technique, and the last column shows the total effect. Column A thus
gives the effect which would have been obtained if the technology had
been Leontief (clay-clay), with coefficients equal to those observed in
the base year, and shows that in this case increasing the output price
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Table 3 (continued)

Elasticity of A B Total

ay, W.I.t
q 0.0000 —0.6565 —0.6565
PMm 0.5692 0.4316 1.0008
PE 0.0224 0.0485 0.0709
DL —0.7232 0.1429 —0.5803
DK 0.1316 0.0335 0.1651
g 0.0000 —9.6168 —-9.6168
M 2.9794 6.2316 9.2110
TE 0.1379 0.7182 0.8561
T —4.0348 2.4762 —1.5586
r 0.9175 0.1908 1.1083
t —0.0100 —0.0066 —0.0166

ag WI.L
q 0.0000 1.2494 1.2494
Py 0.2667 —0.8213 —0.5546
PE —0.0730 —0.0923 —0.1653
PL 0.3156 —0.2719 0.0436
DK —0.5093 —0.0638 —0.5731
g 0.0000 18.3017 18.3017
TM 1.3961  —11.8594  —-10.4632
TE —0.4491 —1.3667 —1.8158
T 1.7605 —~4.7125 —2.9520
T —2.7075 —0.3631 —3.0706
t —0.0100 0.0125 0.0025

would increase the scrapping age, while increases in the input prices
would reduce it. The secondary effects reinforce the primary effects,
with one exception: the change in technique induced by an increase in
the wage rate has a positive secondary effect on the scrapping age.
Consider, as an example, an increase in the expected rate of growth
of the price of materials, 77, by one percentage point. This will bring
about a more labor intensive technique (3.0 %) when holding .S constant
(Table 3). Allowing for the induced reduction in the scrapping age
by 63 %, or 9.2 years (Table 4), which leads to increased labor demand
(crs < 0) (Table 2), we get a secondary effect on the labor coefficient
of 6.2 %, so that the total effect is an increase in the labor coefficient
by 9.2 % (Table 3). The secondary effect thus exceeds by far the primary
effect in this case. Consider next the effect of the increase in n; on
the capital stock. Holding S constant leads to an increased demand
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Table 4: 1980 elasticities® of service life; decomposition;
base alternative for price expectations; o = 1, ¢ = 0.01;
A. elasticity with no change in input coefficients;

B. correction due to change in input coefficients

Elasticity

of S wir.t. A B Total

q 5.7104 0.8907 6.6011
DM —3.6705 —0.6689 —4.3394
PE —0.4296 —0.0583 —0.4879
Dy, —1.6103 0.1736 —1.4367
PK 0.0000 —0.3371 —0.3371
g 83.6508 13.0473 96.6980
TM —53.7686 —8.8010 —62.6596
TE —6.2931 —0.9281 —-7.2211
L —23.5891 —1.3095 —24.8986
r 0.0000 —1.9187 —1.9187
t 0.0000 0.0660 0.0660

2 Elasticities for g, pas, PE, pL, and px, derivatives of logarithms for
g, TM» TE, TL, T, and t.

for capital (primary effect equal to 1.4 %), but when we allow for the
induced reduction in S, this effect is reversed (secondary effect equal to
—11.9 %), and we end up with a more than 10 % less capital intensive
technique. The end result is thus in both cases markedly different from
what would have been predicted from a neoclassical model.

Let us now increase the scaling parameter ¢, thus increasing the
ex ante elasticities of substitution. The terminal quasirent function be-
comes flatter, i.e., Rs(¢,S) decreases in absolute value. The elasticities
do not, however, increase pari passu with «. In fact, the sign of some
of the effects for o = 5 differs from the sign when o = 1 or 3.1
A notable example occurs for the labor price: (8S/8pL) (pr/S) is
equal to —0.85 for &« = 3 and 0.70 for o = 5. In the latter case, the
high degree of substitution possibilities makes it profitable to substitute
the fixed factor capital for labor to such an extent that variable costs
at scrapping actually fall. This leads to an increase in the scrapping
age, and to the use of a technique which is much less labor intensive

16 Tn the base year, we obtain a critical value for & = 7.41. The derivative
of the terminal quasirent function R, (%, s) [see (9)] would become positive if
« were larger than this critical value and our base point would cease to be a
profit maximizing point.
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[(Dar/0pL) (pr/ar) = —3.96] and substantially more capital inten-
sive [(Oax /Opr) (pr/ak) = 2.24].

Simulation Results for the Years 1964—-1983

Let us now consider the behavior of the model when simulated over
the entire observation period, 1964-1983.17 Part A of Table 5 presents
simulated values of the ex ante service life, using the base specification
of the price expectation process (y = 0.2, p = 1), for scaling factors
a =1, 2, and 3, and the rate of technical change ¢ = 0 and 1 %.!3
The service life shows substantial cyclical variations. On the whole, the
year to year changes tend to be larger, the larger is the scaling factor,
1.e., the higher is the overall degree of ex ante substitution between
the inputs. The service life is quite sensitive to variations in the rate
of technical change; the more efficient is a vintage, the longer is its
profitable service period. A 1 % rate of technical change from 1980 to
1983 will, for instance, increase the ex ante service life of the 1983
vintage from 14.2 years to 17.0 years as compared with a situation
with no technical change. Part B of the table shows, not surprisingly,
that the year to year fluctuations are smaller the smoother is the price
expectation process.

Particularly interesting is the behavior of the service life in the years
1973-1980, which contain the two OPEC induced energy price shocks
(1973774, 1979/80), the sharp rise in the international raw material
prices (1973/75), years with a substantial rise in the Norwegian labor
cost (1974/75), and years in which a wage and prize freeze was in effect
in Norway (1978/79). From 1973 to 1974, the estimated ex ante service
life is reduced from 12.6 to 6.9 years if the producers are assumed to
react with no lag in their price expectations (v = g = 1), even with the
scaling factor « set as low as unity (last column of Table 5, part B).
It is reduced from 14.2 to 11.8 years when the more sluggish process
implied by the base alternative is assumed. With a higher degree of ex
ante substitution, represented by the more realistic value o = 3, we
find that the planned service life may drop by more than 50 % from
1973 to 1974, and increase again in the following year. The behavior
of the planned service life from 1973 to 1975 also reflects, to a large

7 Due to space limitations, we only report the main results. A more detailed
documentation is available from the authors on request.

18 For the base vintage, 1980, the service life, S = 14.7 years, is inde-
pendent of the value of «. This follows from the way in which the GL cost
function parameters have been constructed.
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Table 5, part A: Ex ante service life in years. Variation
with scaling factor « for v = 0.2, p = 1.0

Vintage Scaling factor / Rate of technical change
a=1, a=2, a =3, a=1,
e=0 e=0 e=0 e =0.01

1964 22.50 19.58 17.30 11.89

1965 20.82 18.40 16.41 10.73

1966 18.37 16.15 14.18 8.89

1967 15.27 13.18 10.87 6.77

1968 15.30 13.59 11.28 7.80

1969 15.44 13.85 11.60 8.27

1970 17.82 16.68 15.19 10.73

1971 14.93 14.14 12.71 8.43

1972 16.74 18.30 24.20 11.38

1973 14.15 15.56 22.36 9.07

1974 11.83 11.12 9.79 6.90

1975 14.03 15.92 23.95 10.00

1976 11.37 12.68 * 7.97

1977 10.25 10.65 13.59 7.52

1978 10.00 9.62 * 8.10

1979 19.76 22.33 26.44 18.75

1980 14.65 14.65 14.65 14.65

1981 14.28 14.41 14.59 15.23

1982 14.11 13.94 13.68 16.08

1983 14.22 15.03 16.42 17.03

* No (positive and finite) profit maximizing service life exists.

extent, the difference between the rates of increase of the output and
the material prices in these years. A similar effect of the price changes
occurs in the years 1978/1980.

These revisions of the expected service life are accompanied by
substantial changes in the input coefficients. Let us give a few examples
for the years 1973/1974, assuming the base specification of the price
expectations. For a = 1, the simulated input coefficient for capital
(ag) declines from 0.630 to 0.618, for o = 2 it declines from 0.655 to
0.575, and for o = 3 the decline is from 0.821 to 0.469, i.e., by more
than 40 %. At the same time, the material intensity (a,s) is somewhat
reduced, the energy coefficient (ag) is substantially reduced — for
a = 3 for instance by more than 30 % — while the input coefficient of
labor (ar) is increased — for o = 3 for instance by more than 180 %
(from 0.098 to 0.278).
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Table 5, part B: Ex ante service life in years. Variation
with price expectation process for @ = 1

Vintage Parameters in ARMA process for price expectations
v =0.1, v =0.2, v = 0.5, v = 1.0,
u=1.0 u=10 p=05 u=10

1964 21.47 22.50 21.97 50.08

1965 20.50 20.82 22.26 21.33

1966 18.92 18.37 16.79 17.03

1967 16.73 15.27 12.54 12.96

1968 16.37 15.30 12.12 20.41

1969 16.03 15.44 13.78 25.24

1970 17.02 17.82 18.00 49.86

1971 15.25 14.93 16.35 13.30

1972 16.00 16.74 15.89 27.57

1973 14.43 14.15 14.57 12.61

1974 13.20 11.83 8.05 6.89

1975 13.88 14.03 9.38 *

1976 12.01 11.37 10.43 12.36

1977 11.02 10.25 7.13 15.14

1978 10.38 10.00 7.00 22.51

1979 15.06 19.76 23.85 *

1980 13.45 14.65 22.33 8.74

1981 13.43 14.28 10.65 18.82

1982 13.07 14.11 10.99 25.81

1983 13.06 14.22 12.38 21.00

* No (positive and finite) profit maximizing service life exists.

Changes in technology of this order of magnitude, which at a first
glance may seem surprisingly large, are quite reasonable when we recall
that they reflect the changes in the relative life cycle prices which are
induced by the price changes through the changes in the ex ante service
lives and the real interest rates for a marginal vintage. Table 6 indicates
that dramatic changes in the relative life cycle prices occur from 1973
to 1975 and from 1978 to 1980 (the life cycle capital price of a vintage
being by assumption its investment price).

From 1973 to 1974, for instance, the energy/capital life cycle price
ratio shows a substantially larger increase than the corresponding annual
price ratio. This is the net effect of the dramatic rise in both the level and
the rate of increase of the energy price, and the reduction in the service
life. In 1974, capital is, in comparison with labor, a substantially more
expensive input in the ex ante life cycle sense than it was in 1973 (in
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Table 6: Annual rate of increase of life cycle prices, per cent; ¢ = 0
A. Base specification of price expectations

1973/74 1974/75 1978/79 1979/80

Materials, o =1 33.6 15.5 37.6 9.4
a=2 25.1 26.2 43.4 6.9
a=3 6.3 55.1 * 4.5
Energy, a=1 101.2 19.3 57.6 32.6
a=2 85.9 35.4 67.9 27.5
a=3 53.8 86.6 * 21.9
Labor, a=1 5.4 45.9 35.8 —-5.3
a=2 —4.8 66.5 44.7 —8.9
a=3 —28.6 134.9 * —12.7
Capital 15.5 10.3 9.1 5.1

B. Instantaneous adjustment of price expectations, 1973/74

Life cycle price Annual price
Materials, a =1 30.4 23.9
Energy, a=1 245.4 48.8
Labor, a=1 —24.1 16.4
Capital 15.5 15.5

* No (positive and finite) profit maximizing service life exists.

particular for o = 3), and the producers would have found it profitable
to operate the former vintage with a more labor intensive technique
than the latter.

5. Conclusion

In this paper, we have been concerned with the relationship between the
price expectations for output and inputs, the degree of input substitu-
tion, and the firm’s plans for scrapping of capital goods. The putty-clay
framework used, with the ex ante substitution represented by a Gen-
eralized Leontief technology in the empirical part of the paper, has
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proved to be a convenient framework for this kind of investigation. We
have shown that the interaction between the input substitution and the
planned scrapping age, via the life cycle output and input prices, is im-
portant. This interaction implies that partial analyses, which disregard
(i) input substitution when analyzing the response of the scrapping age
to price changes and (ii) the endogeneity of the scrapping plans when
dealing with the response of the technique to price changes, miss essen-
tial points. The empirical illustrations have demonstrated that, for quite
reasonable parameter values, the “secondary” effects may dominate the
“primary” ones.

The main limitations of the paper are two. First, the analysis is con-
fined to the ex ante scrapping plans; ex post decisions are not brought
into focus. Second, the simulation experiments of the paper are based
on aggregate market data with no vintage dimension specified. Ideally,
we should have had access to genuine micro data for estimating the ex
ante technology and, maybe most importantly, genuine data on price
anticipations.
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