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Annals of Eronomic aud Social Meusurement, 615, 1978

FACTOR PRICE STABILIZATION WITH
FLEXIBLE PRODUCTION

By RicHarp J. GILBERT*

Firms may adapi 1o fuctor price unceriainy by choosing a production techuolvgy tha: permits
Slexibility i the choice of inpuis. This puper shows that umler soste cowditivus. including ru-
tional expeciations on the part of decision-mukers. udjusunents i the chvice of techuigue
may newralize 1he effect of a buffer stock vu the long-riu price disiribution of a cosmudity
used as a factor of production. Nouetheless. a swabilization progrum ceuld huve desirable wel-
fare efjects if producers are risk-averse and if the cosi of the siabilization program is not 100
lurge.

. INTRODUCTION

The literature on commodity price stabilization programs deals primarily
with their objectives and design. The problem of formulating policy ob-
jectives includes the analysis of distributional impacts of stabilization
programs (Massell [1969}, Tisdell [1969], Turnovsky [1976], Newbery
[1976,7], i.e. whether producer or consumers gain from the program. and
by how much. McKinnon [1967] and Newbery [1977] have explored the
general consequences of alternative stabilization schemes such as buffer
stocks and forward markets, and a number of authors have applied sto-
chastic control technigues to simulate the outcome of particular stabiliza-
tion programs {e.g. Kim, Goreux and Kendrick {1974] for cocoa and
Pindyck [1973)).

This paper examines a component of the market that has been largely
ignored 1n discussions of commadity stabilization policies. namely the
interaction between the stabilization program and a firm’s efficient pro-
duction technology. The result is simple, but not without some impor-
tance. The production technology employed by firms in general depends
on the distribution of input prices. If input prices fluctuate widely. a
technology that affords some flexibility may be used. A program that re-
duces this price variability may also reduce the incentive to employ a
flexible process. The result may be a less elastic derived demand for the
primary commodity, which would increase its price variability.

This is a very loose statement of the results. Section 2 presents a
model based on a fixed proportions production technology. Conditions
on alternative production processes are derived for which attempts at

*This research was supported by the National Science Foundation (NSF Grant SOC77-
08822) and the National Bureau of Economic Research. 1 wish 10 thank David Newbery.,

Roy Radner. Joseph Stiglitz, and the participants of the sixth NBER workshop on Control
and Economics for helpful advice and discussion.
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/ pardal stabilization by means of a bufler stock _h;ts no c}ﬂ'cci on the equi.
librium price distribution. The cquiiibrium price vlll,\‘ll'lhl![iml after in.
plementation of a bufler stock is identicai to the distribution betory the
stabilization program. although in the short run the butler stock may he
ciective in reducing price fluctiations. This is not a general result, by
rather an example whose purposc is to alert those involved in (he design
of commodity stabilization programs to the potential importance of input
substitution in production.

2. Te Moo

Since the point of this paper is to illustrate the possible exieng of
factor substitution in production and its conscquences tor stabilization
programs. it is suflicient to consider a simple atemporal model. We make
the following assumptions.

Al Factor Supply

There is onily onc risky facter of production. The supply uncertainn
is multiphicative. and given by
(n Vo = Vo p)i.
where fis a random variable with mean equal to one,

The rext assumption concerns the production possibility set of cach
firm that uses the risky factor of production. Restricting attention to one
industry with identical tirms simplitics accounting. although the results
depend on induced substitution by firms in all industries.

A2 Production

Ali tirms have the sume technology set for production of the output.
g. Therc are two fixed proportions techniques:

(24) g = min{ay N, .a, V)
(2b) g = min(h, K, b, V,).

Each icchnique makes use of a separate capital and variable input.
The technology is putty-clay: capital is variablc ¢x ante but frozen in
place ex post. The industry is assumed competitive, so that cach agent
tukes prices as given. Detine the normalized prices.

K .
r, = p~(—") normalized price of &,
(7%
K .
r o= E(!)JI normahized price of A,
A




ri¥a)

Pa = normalized price of 7,
€y
(r,) o
Py = ﬁ; 22 normalized price of V.
rl'

By assumption. only p, is a random variable, and all other prices are con-
stant. That is, the supply of all other fuctors is intinitely elastic. This as-
sumption will be reconsidered in the discussion that follows.!

Agents maximize profits taking prices as given. and it is assumed that
the distribution of prices is known. If the nature of the stochastic distur-
bances is stationary. it is not unreasonable to expect that the industry will
achieve an equilibrium that is consistent. or rational. in the sense sug-
gested by Muth [1961] and described by Radner [1971] and Grossman
[1975]. The equilibrium is such that the price distribution generated by the
aggregate decisions of the agents is the same distribution cach took as
given in the production decision. In this case, the price p,. depends on the
state of nature. #. and the total industry demand for the factor. It simpli-
fies matters to assume that 4 takes on only two values. #, with probability
a and §, with probability | — «. where 8, > 6,.

Suppose the equilibrium is such that some of the time p, exceeds py
and some of the tinie the converse is true. If tirms had installed any ca-
pacity of type (2b). it would be used whenever p, > p,. Assume for the
moment that industry output is fixed at Q,. Each tirm and thercfore the
total industry, must decide on the amount of capacity, X, and X, (where
X, is the total output from process (2a) and similarly for X,) in order to
minimize expected total costs.

() C(Qo) = ,rnikn froXa + reXp + al poXy + pa(01. Qo — Xu)(Qo — X3))
X4 h

+ (1 = a)(pa(0r. X)) Yo + pa(Qa — XD,
The minimization is subject to the constraint that
(4) Y, + Y, > Q(!-

The problem described by (3) requires some explaining. It is assumed
that

p,0:.00 — X4) > pi

1The textile industrs is an illustration of the general problem considered m this paper.
The use of collon as opposed to synthetic materials calls for somewhat different machinery.
The investment in capital cquipment of either 1ype will depend on the relative prices of cot-
ton and synthetic sare. In secent years, the supply of cotton has heen more volalile than
that of syniheties.

Another example is electrivity gencration plants thal may he designed 1o hurn cither
coal or oil with ditferent capacities. bul once constructed The capacities cannot he changed
in the short run.
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Of course this need not hold. but without this assumption for som.
Xa. Xy there is no possibility for fexible production. 1 is also lllld&r\loou
that

0« X, < Q

0 < X, <
The necessary conditions for efticient production are X* > ¢t
(3 ra+ (L= a)(p (0, X3) = py) < X
and XYF > 0if
(6) ro+alpy = palfh Qo — XE)) = X,

vhere A 15 the shadow price of the capacity constraint. (4).

There are a number of process contigurations that could be efficien;,
If the industry is the sole user of the input. it is reasonable (but of course
not necessary) te expect an interior solution where

< @y and XF < Q,.
This would imply equalitv in (5) and (6). 1t
XE+ XE s Q,

there 1s excess capacity in the industry. Note that whether or not there is
excess capacity,

ra+i’a:rh+/)h

at an interior solution. where p, is the expected equilibrium price of ¥,
The expected cost of using cither technology to preduce a given outpui.
g, 1s the same, which suggests that it is not necessary for anyv individual
firm to employ hoth processes. If there is excess capacity at the industry
equilibrium some firms must invest in more capacity than is necessarn (o
produce the desired output by cither employing both techniques or one
with excess capacity. In either casc. at the eflicient cautlibrium any one
firm would have an incentive to trim awayv the excess fat. but if all firms
climinated excess capacity, there would be an incentive to reinvest in
cither one process or the other. In other words. with excess capacity. the
rational expectations equilibrium is stable: but if agents” behavior were
Nash, taking prices as given and ignoring the effects of total industn
demand, the equilibrium would not be stable. Hf lndmdu.u produdlm
units each purchase a large share of the total output of 1’,. the Nah
instability with its eonsequent loss of efticicney is less likely because eadt
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firm would be more aware of the eflects of its demand on the price dis-
tribution. For this reason, there may be a bias toward horizontal integra-
tion when the environment and technology are such that excess capacity
sfords cost-reducing Heaibility.

3. ErrecTts OF BUFFER STOCKS

A bufler stock generally refers to a program ol open market pur-
chases and sales with the intent of reducing the variability of supply or
market price. A more precise description of a bufter stock program is a
policy function. B(p.#). which gives the net purchase of the bufter stock
as a function of the market price and the observable state of nature. A
balanced bufter stock leaves the mean market supply unchanged. and it
is clear from the elementary theory of random walks that « bufler stock
must be balanced if it is to remain operative indefinitely (this is proved
formally in Townsend [1977}).

If the buffer stock policy function is B( p,8). the net market supply
of the variable factor is

(7) VE(p.0) = Vu(p)d - B(p,0).

where V,(p)0 is the assumed factor supply function and B(p.f}) is the
net purchase of the bufler stock. One possible policy function is

sV (ppl iff = 6,
0, Vo(p2)o, iff = b,.

with §, < 0and 8, > 0. This policy injects a constant fraction of the total
supply at the equilibrium market price in bad times and purchases a con-
stant fraction in good times. The buffer stock is balanced if

ad V. (p))i, + (1 — a)d, V,(p,)8; = 0.

(8) mnm={

One could propose alternatives to the policy given by (8): for exam-
ple. a policy of a fixed net purchase in each state. or a policy that bounds
the movement of the equilibrium price. The policy described by (8) has the
desirable property that market supply may be expressed as

J’Va(pl)ﬂi(l - 4)) ifg 8,
Tt - 8y i = 0,

(9) Vi(p)é

The effect of the buffer stock is a mean-preserving reduction of risk (in the
sense of Rothschild and Stiglitz [1970]) associated with the factor supply.
The optimality of this buffer stock policy is a question that is beyond the
scope ol this paper.



A bufler stock stabilizes the supply of the

viriable factor, but 1.

cquilibrivm price distribution depends on derived demand well

supply. Consider the case where the industry cqu

tilibrium Capacity chy,,

is an interior solution to the cost minimization problem both before 4,

after implementation of the buffer stock progi
capacity. This requires that the bufler stock onl
supply of the factor. Before the buffer stock progr

anand there g CXee. .
Yopartally stahijise th-
am. v have

(10) To + (1 — a)(p(, XX) - poy = 0
and
(1) Ty + a(py — p(0,.Qy ~ X¥)) = 0

If efhicient production remains interior with ex
bufler stock is implemented. it must be truc th
Qo — X,) arc unchanged. The bufter stock cliceti
but in equilibrium X * and X ¥ may change so that

CESS capacity afier ghe :
at p,(8,.X,) and Palt,. J
vely changes By and 4.

o
(10) and (11) stilf pojg

This could only occur in the long-run given the putty-clay Icchnulog_\‘ s

sumption. In the short-run. both XF and XY are fixed and the by,

stock would be cffective in partially  stabilizin

demunds would change over time until prices returned 1o the

distribution.

e
g prices. The deriveg

. |
original

Figure 1 illustrates a potential consequence of the buffer stock unger
the assumed production conditions. Before the stabilization program, (he

supply of the factor is l7'a(0,) in the low state of n
high state. The buffer stock reduces the variabil

ature and V,(60,) in the
ty of supply 1o !"a(ﬂl’}

and F,(43). In the abscnce of ¢ buffer stock. the Input price alternates
between p; and p!, and the eflicient levels of industry capacities are X

and X#. In the short-rup these capacitics are fixed
effective in reducing the price variance. Indeed. int
for ¥, continued at X in the high state and 0Oy -

and the buf¥er stock s
his example. if demand
XF in the low state the

factor price would be “high"” when supply is high and “Jow" when supply
is low.? With cxcess capacity. demand czn be reduced in the high state and

increased in the Jow state. The factor price would be stabil;
Po. Which is the value that minimizes costs given Y'¥ and Yr.

zed at price

When the price of the variable input V, is Pe. U is not profitable to
install additiona| capacity for either process (cl. cquations (6) and (7)),

Capital that deteriorates with the passage of time
until the levels of capacitics reached A and X qf

2This situation js analogous 1o the peak-load
a tanifl at the time of maximum de

would not be replaced

: ) cmand may shift (he peak to a dillereint time qsee. ey
Bailey snd White

[1974).
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Figuie 1.

equations (10) and (11) still apply and the price ol the variable factor
would alternate between p, and p?. The time path of the price distribution
is ilustrated schematically in figure 2, where 7 is the implementation date
of the bufler stock.

The case described is special in that firms invest in excess capacity
until the marginal cost of the capacity equals the expected marginal
benefit from flexible production. There is no reason to expect this to be
typical. If there is no excess capacity in the industry that uses the variable
factor, the derived demand for the input would be independent of the
state of nature and a butler stock would succeed in reducing the variance
of the factor price. In this case. cost-minimization per se is not a motive
for factor substitution in response to price variability, although the desire
to avoid risk may causc entreprencurs to reduce the employment of a fac-
tor with a highly variable price.

We have assumed in the previous analysis that the eflicient capacity
levels X * and X ¥ were interior solutions to the cost-minimization prob-
lem. Of course it may be that either X, or X, or both equal total output.
Q.. I both X, and X, equal Qg, a buffer stock would succeed in reducing
the price when supply is low and raising the price when supply 1s high.
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Ifonly X, equals Qu, the price when supply is low would remain statjop.
ary in the long-run, and a buffer stock would raisc the price when supply
is high_If only X, equals Uy a bufler stock would succeed only in Jower.
ing the long-run price of the variable factor when Supply is low. In these
cases. a buffer stock would be cffective in changing the price in good of
bad times, but not both.

Implicit in the preceding discussion is the assumption that the buffer
stock is sufficiently small that it does not lead 1o 2 discontinuons change
in the production process. In other words, if there is excess capucity be-
fore the stabilization program, cxcess capacity continues to be cflicient
afterwards. An obvious exeeption to this is a buffer stock that pertectly
stabilizes market supply. Such a program clearly succeeds in stabilizing
the facter price.

The results depend on the assumption that supply clasticities of the
other inputs arc very farge. Perhaps most important is the supply elas-
ticity of the alternative variable input ¥, The demand for this factor may
vary widely over a shory period of time, and in the short-run the supply
elasticity may be quite inclastie. A bufler stock will always partially
Stabilize the price of the uncertain factor, l"u‘ if the supply clasticity of
Vo is finite. This may be scen from equation (11), noting that p, mayv de-
pend on total demand, Y. The bufter stock cifeetively increases f, and
thercfore reduces the demand for the alternative input factor. In doing so.
the buffer stock also lowers the long-run input price in the low state of
nature, p,(0,, Qy - AF). The buffer stock has no cffeet in the long-run if
Py ls indcpendenl of total demand. This suggests that important param-
eters in empirical studies of stabilization programs arc the supply elastic-
itics of alternative variable inputs,
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4. DISTRIBUTIONAL IMPACTS

The effect of a bufter stock program on production costs will be con-
sidered for the case in which the capacity levels X, and Y, are positive bt
less than Q. and the sum ol X, pius &, exceeds (. This s the itertor
solutton with excess capacity. Referring to figure 1, a (small) builer stock
changes the long-run eflicient capacity levels from XY¥*to XY, und tfrom \'F
to X If the supply of the alternative variable factor is perfectly elastic,
the bufler stock has no effect on the price distribution atter X', and X, are
adjusted to their eflicient levels. The actual magnitudes of X, and X, are
determined by the conditiens

Pl Qu — XT) = p (07,0, - Y})
and
PO, XEY = p 85 X)),
provided the solution remains interior with excess capacity.
The effect of the buffer stock on the total production cost mav be
determined by rewriting equation (3) as

(ll) ((QO) = fra + (I u)[/)a((’l"'\’.a) - /)h“\u
+An + alp, = p(0,.Qy - XX,

+ {ap, (0.0 — Xp) + (1 ~ a)pptQe.
When there is an interior solution with excess capacity. equations (10}
and (11} hold and the first two bracketed terms in equation {12) are zero.
Total production costs are simply

Qo) = tap,(8,.0y — X)) + (1 - a)p$ Qy.

The total cost of production is not affected by a small buffer stock pro-
gram if the price, p,. is independent of the industry derived demand. The
total mstalled capacity is lower with a bufler stock. This lowers total
capacily costs, but the variable cost of production is increased because
there is less input flexibility when installed capacity is reduced. In equilib-
rium, the savings from the reduction of instalied capacity are just offset by
the increase in expected operating costs from reduced tlexibility.

5. INpusTRY EQUILIBRIUM

There has been no mention as yet of equilibrium in the market for
the industry’s output. This is somewhat perverse, since most discussions
of flexibility are concerned with the cost of varying the level of output
rather than the cost of adapting te fluctuating input prices. Output vari-
ability was the motivation for Stigler’s {1939] discussion of static efficiency
versus flexibility, and the work on inventory theory and models, of which
Mills {1962}, Orr {19671 and Arrow [1938] are but a very small saumple. is
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largely concerned with this issue. A production technology wirh outpy,
flexibility has a relatively “flat™ short-run average cost curve, s that aq.
juslmcnl's in output can be made without appreciabliy changing dverg
production costs.” ) |

A production technology that ullor.ds output flexibility does noy
necessarily offer flexibility with regard to lactor price changes. There My
be a positive correlation in the two kinds of flexibility it yp INCrea
(decrease) in the supply of an input factor leads 1o a large increase {de.
crease) in the efticient level of industry ontput, since this may limit
fluctvations in the input price. Whether this is so depends, however, g
the demand clasticity for industry output and the level of (he derived
demand lor the factor.

Solitions to the cost-minimization problem (3) that have CXCens
capacity clearly exhibit some output tlexibility. Let Q(£) be the demand
function for industry output, where # is the price of ontput. Ii there iy
exeess capacity, the marginal cost of output is p, if 9 = 4, 4ngd Pt
Qo ~ Xy) otherwise. Writing pl for p,(#h. Qy — Xn)and p? for ps, ¥
expected profits are

(13) 0L = afpaQpa) = (ppXs + pi(Q(ph) - X))
+ = s Q(pa) = (PaXy + palQps) = ¥ o))
— (r, X, + ry Xy
Provided there is an interior solution with excess capacity, so that
X8+ XE > Qup) > O(ph)

the necessary conditions for profit-maximization arc given by (10} and
(1), with @(p}) replacing Qy in (11). There is now the additional ©on-
dition that capacity increase until expeceted profits are zero.

A market cqnilibrium is illustrated in higure 3. The curves §, and §.
are short-run supply functions corresponding 1o § = #, and 0, The
capacities X ¥ and X * are the long-run cquilibrium solutions to (3). For
¢ = 0, the outpul price cannot exceed pe for @ < Y¥ (although it could
be less). For @ > Y2, the output price is p,(#. Q — Y}F) as long as there
1S excess capacity. Similarly. when § - f», the output price is bounded
above by p.(0,, Q) for Q < XX and cquals e for @ > XF us long a
total capacity is not exceeded.

IFa bufter stock changes the distribution of A, but the cost-minimiz-
ing solution for X'* and Y remain interior with excess capacity. there i
agam no effeet on the cquilibrium price distribution. In general. the argu-
ments made previously for the case of a constant ontput also apply when

INMore precise statements about the quantitative implications of the static ctliciency
Hexibility tradeolt can be made by applving quantititive methods developsd by Fuss and
McFadden {1971].
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industry output adjusts to a zero expected profit equilibrium. The only
difference is that the price of the input depends on output demand elis-
ticity as well as on the factor supply elasticity. and the derived demand
for the fixed factor is more elastic than in the case of a fixed output.

6. SUMMARY

In the long-run, both the level of derived demand for a particular fac-
tor and the elasticity of substitution betwcen the factor and others depend
on the expected distribution of input prices and demand. The distribution
of prices. in turn. depends on both factor supply and aggregate derived
demand. The main point of this paper is to illustrate the potential impor-
tance of these relations in the design of commodity price stabilization
programs. We have shown that in somc cases. a buffer stock may have a
negligible impact on prices tn the long run, although there may be impor-
tant welfarc implications. The results presented in this paper clearly de-
pend on the assumption of rational cxpectations on the part of producers.
The consequences of rational expectations for a stabilization program
using bufter stocks parallcl the effects of rational expectations on the
adjustments to monetary policy. described by Lucas [1972], Sargent and
Wallace [1975] and others.

There arc two directions in whieh this work should be extended. The
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first concerns the objectives of a commodity stabilization program. g ..
been implicitly assumed that reduction of price volatility i the obiccti
of « stabilization program. aithough it iy dear tha price stabilizjy,
docs not imply the stabilization of incomes The CONSCGUERCES of i,
native programs, such as forward markets and tarifls. shoulg be con.
sidered * A program that does not interfere with commodity Prices of
tot:al supplics will have no effects on the choice of production technigye
and therefore will not give tirms any incentive to shift the burden of .
bearing. However. alternative programs will have differenty clfects on
total welfare and the distribution of gains between producers and cop.
sumers. Sceondly. the distinction between the short and long rur has pyr
been made precise. This s particularly important when the distribution
of prices is not known and additional information may become availybge
thatis relevant 1o the chotee of technique. At issue here is the meining of
rztional cxpectations in 3 world of imperfect and changing informatioq
and considerable work remains to be done in modclhing the dyvnamics of
cconomically eflicient process change under these conditions.

Cniversite of Californin, Berkeley

4The results presented in this paper da not lunge on the absence of forward marker.
The muinienance of eveess capacity may aflow the risk-neutrad lirm o beneti; from: inpyr
price sartibthty A firm may have noincentive to contract Al gaaranteed forward price.
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