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A VINTAGE CAPACITY MODEL OF PRODUCTION

Jeffrey A. Parker

I. INTRODUCTIOM

In recent years, many econometric studies of production pro-
cesses have been undertaken at opoth the industry and aggregate
levels,. Such studies represent an attempt to use aggregated,
observable data on prices and flows of industry inputs and out-
puts to estimate important characteristics of production techno-
logy such as elasticities of substitution between inputs to pro-
duction. Many studies have been based on an assumption of con-
tinqous minimum-cost equilibrium and make no distinction between
short and long run effects. Such an assitamption can lead to a fun-
damental misspecification of the model and biased estimates of
substitution elasticities,

As an alternative to this static equilibrium model, a vin-
tage model 1is developed here which embodies a polar opposite
assumption about production technology -- that once production
units have been 1installed, their technologies are fixed. This

assumption corresponds more closely to the nature of production



in some sectors of the economy. The structure of the vintage
capacity model 1is such that it can be estimated using data and
econometric techniques almost identical to those used for the
static equilibrium model. This suggests the feasibility of using
both models to generate alternative estimates of important
parameters of production technology.

In Section 1II of this paper, the structure of the static
equilibrium model is briefly reviewed and 1its common features
with the vintage capacity model are noted. 1In Section III1, the
vintage capacity model 1is presented, hignlighting the differen-
ces between the two models. The conclusion discusses possible
implementations of the model and ways in which the model could be

extended.

IT. THE STATIC EQUILIBRIUM MODEL

Econometric models of production processes usually begin oy
assuming the existence of a twice differentiable, concave produc-

tion function of the form

(II1.1) X = f(Z1,Z2,...,Zn;A1,A2,...,Am) ’

where Zi represents a quantity of the ith iaput to production, A1
through Anlare exogenous variables which influence the technology
of production, 1and X 1s the maximum amount of the single output
which can be produced using the given amounts of inputs in the

given states of the exogenous influences. Tnis function is often



assumed to be homogeneous of degree one in the set of 1inputs.
For simplicity we will deal only with such "constant returns to
scale" production functions.

Because detailed data on the inputs and outputs of individu-
al plants cannot usually be obtained, the above function 1is as-
sumed to represent the aggregate production function of an indus-
try or group of related industries, aggregated spatially over a
state, region, or entire nation and temporally over a quarter or
year. This allows it to be applied using aggregate data on inputs
and outputs, which are often published by industry or government
sources.

If we postulate that production in the industry is carried
out in such a way as to minimize the cost of producing an exo-
genously fixed quantity of output subject to exogenously given
input prices, then there exists a twice-differentiable cost func-
tion dual to the production function which has the following

form:

(II.2) = g(Py/Pyseve /P iAy Byyens AL)

m

>3 10

The function g gives the minimum average cost per unit of
output whicn can be attained consistent with the production func-
tion given the prevailing input prices and exogenous conditions.
It 1is written as an average cost function to embody the hy-
pothesis of constant returns to scale. The function g must also
be homogeneous of degree one in the set of prices to assure the

absence of '"money 1llusion" under <conditions of perfectly-



balanced inflation or deflation.
Using Shephard's (1953) Lemma, the cost-minimizing quanti-

ties of the factor inputs are given by

acC .
zz - gﬁi(P1,P2,...,Pn,A1,A2,...,Am) ,
or in terms of input-output ratios
Zi "
(II.3) 7; = gi(P1,P2,...,Pn;A1,A2,...,Am)

Equations (II.3) constitute an interdependent system of cost-

minimizing demand functions. The interdependence arises from the

fact that
a(zi/X)
__35;__ B giY(P1’P2""’Pn;A1’A2""’Am)
(II.4)
3% (c/%) _ 52 (c/%) - °(25/%)
3P.3P. oP . 3P, oP.
1 J J 1 1

Thus the partial derivative of the demand for the ith factor of
production with respect to the jth price is equal to that of the
jth factor with respect to the ith price.

The goal of production modeling is to discover the nature
and properties of the function g (or equivalently those of the
production function f). To make this problem empirically tracti-
ble, a functional form must be posited for g (or for f) which,
although it restricts it to belong to a specified family of func-
tions, contains unknown free parameters which allow the precise

shape of the function to ©be inferred econometrically from



empirical data.

Because the choice of functional form is quite important, we
must consider the bases on which this choice should be made. Two
properties commonly sought 1in functional forms are flexibility
and facility of econometric parameter estimation. A functional
form 1s considered flexible if it allows important measures of
interactions and responses in production such as elasticities of
substitution to be freely estimated over a wide range of feasible
values, The econometric estimation of cost parameters 1s most
easily accomplished for functional forms for which the cost func-
tion and its derivatives are (or can easily be transformed to be)
linear in their parameters,

A number of functional forms offering flexibility and
linearity have been proposed and employed in empirical production
studies. The most popular has been the translog function intro-
duced by Christenson, Jorgenson, and Lau (1973). Others include
the generalized Leontief of Diewert (1971), the generalized
square root quadratic of Diewert (1974), and most recently the
generalized Box-Cox function of Berndt ard Khaled (1979), which
includes as special cases each of the three aforementioned forms.
Each of these functional forms provides a second-order approxima-
tion to any arbitrary cost function -- that is, for some suitable
transformation of the arguments, each corresponds to a second-
order polynomial approximation. Each form is also linear in its
parameters, leading to ease of econometric estimation. Because

of the interdependencies implied by (II.4), the equations must be



estimated as a system subject to 1linear cross-equation con-
straints on the coefficients.

Having chosen a suitable functional form, the static equili-
prium model is completed by the addition of one critical assump-
tion: that producers are always able to act in such a way as to
keep aggregate input-output ratios continuously at their long run
cost-minimizing levels. If this condition holds, then the
parameters determining the shape of the cost function can be
estimated by applying linear regression techniques to equations
(II.2) and (II.3).2 For example, 1if the generalized Leontief

function is used, the factor demand equations c¢an be written

1
(II.5) (Z_l) _ 3y <i)z+ n
X £ §=1 13 Pi £ k=1 ik'k, t

Let us now consider the conditions under wnich this equili-
brium assumption 1is valid. Production in the industrial sector
of technologically advanced economies is characterized by a large
concentration of durable <capital plant and equipment. Because
these production units are long-lived, the same wunits will be
used to produce output over many periods. If factor proportions
are to shift instantaneously to their new long run equilibrium
levels following a change in relative factor prices, then these
durable production units must either be replaced by new units
embodying the changed technology or the technology of existing
units must be changed. Because the former adjustment mechanism

directly contradicts the observed durability of production units,



ad justment to equilibrium must occur through changes in the tech-
nology of existing units.

Furthermore, if equilibrium is to be immediately restored,
not only must the technologies of existing units be changeable,
but they must by costlessly changeable over precisely the same
set of alternative technologies as newly-produced units. In oth-
er words, if the production units themselves are not replaced
each period, then the technology which they use to produce output
must be freely replaceable in each psriod. Because of this as-
sumption of ex post as well as ex ante malleability of production
technology, these models are often called "putty-putty'" models.

"A - brief example may help elucidate the nature of technology
which is imposed by the putty-putty hypothesis. Consider a pro-
duction process which wuses three inputs: labor, capital, and
-fuel. Suppose that after many durable production units (embodied
in "capital plant and equipment) have been put in place, the wage
rate falls relative to the costs of other factors. The optimal
technology of production will now wuse more labor relative to
fuel, and new plants wnich are built wil' be designed to substi-
tute more of the now cheaper human resources for the relatively
more costly fuel., The putty-putty hypothesis implies that pre-
cisely +the same degree of substitution of labor for fuel can be
made in already existing production units as in units being plan-
ned and constructed.

Wnile this may sometimes be the case, many industrial pro-

duction processes are designed to run with virtually fixed



proportions of inputs. In such cases, a specific number of per-
sons are required to operate the process and the machinery
demands a fixed amount of electricity, gas, or other fuel 1in
order to function. By adding an extra human laborer to operate
it, one cannot, for example, reduce the wattage of a machine and
thus the amount of fuel 1t requires to operate.

An even more unreasonable situation results when one con-
siders the role of capital as one of the inputs to production.
As a result of the change in relative factor prices, labor should
now be substituted for capital as well as for fuel. New produc-
tion units will be designed to use more labor, with a reduction
in capital input achieved by reducing the size and cost of
machinery, plant, and equipment. The putty-putty hypothesis, as
before, implies that the same substitution will be made with
already existing production units. However, the size and cost of
the machinery, plant, and equipment constituting a productidn
unit is fixed and paid for at the time +the wunit 1is installed.
For already existing wunits, this capital quantity is fixed in
history and cannot usually be reduced.3 Thus the putty-putty
hypothesis 1is not consistent with the concept of fixed capital
which is specific to the individual firm or industry.

Because these implications of the putty-putty hypothesis
are unrealistic for many industries, it is likely that models of
these 1industries based on it will seriously overestimate the
speed with which factor proportions respond to changes 1in rela-

tive prices, Because such models assume that the full long run



ad justment is reflected in the observed one-year response, it 1is
likely that the estimated parameters of the models imply elasti-
cities of substitution which seriously understate the true long
run parameters. Policies based on the conclusions of such models
may have far stronger 1long run impacts than anticipated or
desired,

The vintage capacity model provides an alternative model
built on an assumption which is the polar opposite of the putty-
putty hypothesis. This alternative structure may prove more
effective 1in modeling industries where production is character-

ized by durable production units with inflexible technologies.

IITI. THE VINTAGE CAPACITY MODEL

The vintage capacity model retains much of the structure and
approach of the static equilibrium model. The most important
difference is in the assumption made about the nature of techno-
logy and substitution among factors for production units which
have already been installed. In place of the putty-putty hy-
pothesis of the static equilibrium model, it substitutes the
assumption that once production units have been installed, their
technologies are fixed and no ex post substitution among factors
of production is possible. Because of the ex post rigidity it
implies, this assumption 1is often called the "putty-clay" hy-
pothesis.

With putty-clay production units, it is no longer possible
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for producers to alter input factor proportions freely to keep
input-output ratios at the long run minimum cost levels wnen pri-
ces change. Because the technology of existing units 1is fixed,
only newly-added <capacity can be changed to embody the new op-
timal technology. It is assumed that the set of new production
units added each year -- that year's vintage -- is built with the
feasible technology which minimizes costs at the factor prices
and conditions prevailing in that year.

In any year, the total stock of capacity is composed of many
vintages, each having a different production technology. The
newest vintage, added in the current year, uses inputs in the
proportions which minimize costs at current prices. The previous
year's vintage embodies the technology which minimizes costs at
the previous year's prices, and so on back to the oldest vintage
still remaining in the stock of capacity, which has a technology
based on prices which may be forty years old or more.

In the vintage capacity model, one must be careful to dis-
tinguish between "fixed factors of production™ such as capital
and "variable factors of production." Fixed factors in the model
are capital-type inputs which are bought and paid for at the time
a production unit is bwuilt and whose "employment"™ cannot be
varied 1in response to changes in the rate of capacity utiliza-
tion. Variable factors are inputs such as labor, fuels, and raw
materials, which are wused on a year-by-year basis and whose
levels of employment can fluctuate depending on the quantity of

output the vintage 1is required to produce. The following
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discussion focuses on the demand for variable factors of produc-
tion. Fixed factors are treated in a post-script to this sec-
tion.

The input-output ratios observed for the overall stock of
capacity can be written as a weighted average of the fixed ratios
of all of the vintages comprising it, with weights given by the
shares of total output produced by each vintage. Using the nota-

tion of the model,

where the 1left-hand variable 1s the ratio of the quantity of

input i consumed by the entire stock of capacity in year t to

total output. Xt t-sg denotes the output of vintage t-s in year t
14
Z.
and Xt is total production. ; is the fixed 1input-output
t-s

ratio for input 1 =embodied in vintage t-s. This ratio is the
cost-minimizing value based on prices and conditions which pre-
vailed in year t-s and follows the form of (II.3).

If we define the rate of capacity utilization of vintage t-s

in year t as

(111.2)  w o =Ye,tes
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then we can further decompose (III.1) as

a
(III.3) (E%) _ ; Qt—s e, t-s (Ei)*
XJe s=0 % He X Je-s

where Qi_s is the total capacity of new production units added in

period t-s (the size of vintage t-s), Q¢ is total capacity 1in
year t, and He is the overall rate of capacity utilization. It is
assumed in the development of the vintage capacity model that
only aggregate variables can be observed, and not those applying
specifically to individual vintages. This is consistent with the
type of data needed to apply the static equilibrium model.

If a functional form is chosen for the <cost function for
which the derivatives in equation (II.3) are linear in their
parameters, then (III.3) will be similarly linear. For example,

consider the generalized Leontief cost function,

s n n Ly n m
(III.4) = = =2 B..pP.%P.7 + T % q._ P ,
X i=1 9= 1301 3 joq x=q IR 1%
with Bij = Bji imposed for normalization. Substituting the

derivatives of (III.4) into (III.3) yields
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- a 1
2 3 L Qs Y, e-s (F5)°
/) = Bl o ” B
(I1I.5) t  J=1 s=0 t t i/ t-s

- a
m L O‘t—-'s ut,t—s
* oz ikl z Q Ak t-s
k=1 %l s=0 "t M ’
The constraints Bij = Bji appear as linear cross-equation res-

trictions on the coefficients of this system of equations.
Although (III.5) 1is 1linear 1in 1its parameters, two problems
prevent it from being easily estimated. The first 1is that we
have constrained the model to use only aggregate variables. Data
on the utilization rates of individual vintages (which appear 1in
equation (III.5)) cannot usually be observed. Secondly, the sum-
mations across vintages involve prices from L years before the
first year of the sample. Because L may be forty or more, a sam-
ple beginning in 1950 would require price da.a back to the first
decade of this century. Consistent time series data are rarely
available over such a long span of time.

Fortunately, a single simplifying assumption makes the solu-
tion of both problems possible. Beéause vintage wutilization
rates are not observed, we substitute a simple model allowing
them to be replaced by a function of known data. The function
used 1is of an exponential form, which permits a convenient dif-
ferencing transformation to eliminate the 1lengthy 1lags on the

right-hand side.
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The relative rates of utilization of capacity of different
vintages result from of decisions made by producers about how
intensively the available vintages should be used in production.
To minimize <current production costs, subject to producing the
required volume of output, producers should use most intensively
those vintages which can produce most cheaply at currently pre-
vailing prices. Thus the wutilization rate of each vintage
depends mainly on two factors: 1) the rate of utilization of the
overall stock of capacity, and 2) the current cost of producing
with that vintage relative to other vintages 1in the stock.
Increased overall capacity utilization can be expected to 1in-
crease the rate of utilization of each vintage. A reduction in
the cost of producing with a vintage relative to others will
increase its relative rate of utilization.

Usually, the vintages having lowest costs are the newest
ones. Because they embody the most recent advances and
discoveries in production technology, more recent vintages are
usually more efficient than older ones. In addition, if relative
input prices tend to move in a consistent direction over time,
then more recent vintages will reflect price conditions closer to
current prices than older vintages.u If the sample period over
which the parameters of the model are being estimated is charac-
terized by rapid technical progress and non-cyclic movements. 1in
relative factor prices, then we can consider relative utilization
rates to depend chiefly on age -- newer vintages being used more

heavily, older ones less heavily.
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Functionally, we shall represent such behavior by

(I11.6) o= u (0 =7
where Y is an unknown but fixed parameter, and ki 1s a scale fac-

tor which depends on y and the age distribution of the stock of

capacity. kt is chosen so that the aggregation identity

(IIL.7) oy, =

e

Ui t-s o,

s=0

holds. Substituting (III.6) into (III.7) and solving yie1d55

L
(I11.8) k= £ (1-7)

Notice that equation (ITI.6) implies that utilization rates
of wvarious vintages are an exponential function of their ages.
In particular, the ratio of the utilization rates of two consecu-

tive periods are in the constant ratio

(II1.9) Wy gogoq _

e, t-s

Substituting the utilization rate hypothesis of (III.6) into
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the expression for overall input-output ratios (III.3) yields

k, (v)7. L

t ,t
(III1.10) ——F= = %
ut s=

with k, written as a function of ¥ to emphasize its dependency on
that parameter. Equation (III.10) contains only observable vari-
ables and for the generalized Leontief function it is 1linear 1in
all unknown parameters except Y.

The presence of prices from the early pre-sample period can

be eliminated by noting that

*
(ITI.11) Keoa (D24 g LET 4 sf%3
(1 - v) . = Z Qt_s(1 - Y) X
t-1 s=1 t-s
Substituting (III.11) into (III.10) yields
ke 2y o Ke o124 oy a (%i\
— U t O\,
t He-1 t

(II1.12)

a L+1(Z' *
- 0f . (1 =) —3>
t-L-1 X £=-L-1

Equation (III.12) has a straight—forwafd interpretation.
The left-hand variable is the overall input of factor i in year
t adjusted for the rate of capacity utilization. On the right-

hand side, overall input 1is decomposed 1into three additive
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components. The first represents input required by production
units carried over from the preceding year. Demand from these
units 1is discounted by the quantity (1-y) to reflect the in-
creased age and correspondingly reduced utilization rates of the
units. This term 1is 1likely to be the largest in quantitative
measure. It embodies the continuity of capacity from one period
to the next which is essential to the dynamic structure of the
model.

The second term captures the demand for inputs of the new
vintage being added to the stock in the «current period. The
technology of this vintage is based on current prices and condi-
tions. Althougn this term may be of smaller magnitude than the
first, 1t is of equally critical importance. It is through this
term that changes over time in relative factor prices affect the
overall employments of factors.

The final term removes the demand by wunits which are
currently being retired from the stock. The retirements term is
most likely small in magnitude and of relatively minor importan-
ce, Not only are the old vintages being retired likely to be
small in capacity terms relative to more recent ones, but their
importance is discounted heavily by their very low rates of util-
ization. For example, if y=.1 and L is forty, the retiring capa-
city 1is being wutilized only 1.3% as intensively as the newly-
added vintage. Applying this utilization rate to a vintage which
may be only ten to twenty percent as large as the new vintage

results in a term of negligible magnitude in comparison with the
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other effects.

Furthermore, it is only in the negligible third term that
early pre-sample prices enter equation (III.12). Thus it is
operationally convenient to allow the effect of the third term to
be subsumed 1in the general stochastic error term which is atta-
ched in the econometric specification. For the generalized Leon-
tief function, the final econometric specification of the set of

variable factor demand equations is

o
ke (N2 ¢ Kee1N 23 g B 5 [Py
SRR VLSS ) = 2,02 (52
He i1 j=1 13 i
t
(I1I.13)
m
* k§1uikAk,t T Sit

As mentioned above, the demand for capital must be treated
differently than the demand for variable factors of production.
The capital input of a plant or production unit 1is inherant in
the physical manifestation of the unit. If the rate of output
desired from a machine declines, some of the operators associated
with its functioning may be fired and the input of fuel to the
machine may be reduced. However, the capital input cannot be
changed since it 1is embodied in the physical existence of the
machine. In addition, the flow of expenditures on capital input
to a production unit is concentrated at the beginning of its life

when it is built or purchased. Since in this simplified form of
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the model we are ignoring gestation lags, we shall suppose that
all of the investment expenditures on each production wunit are
made in the year in which it is added to the stock of capacity.
The real value of the investment associated with a vintage is the
capital-output ratio embodied 1in the vintage multiplied by its

full capacity size

a [%k *
III.14 = _
(11 I, Qt(x '

*
where It is real investment expenditures and (‘X)t is the

K

(Z

minimum-cost input-output ratio for capital at period t prices.
Substituting the generalized Leontief function yields the fol-
lowing 1linear 1investment function with stochastic disturbance

term added:

H

S|
t |t

(III.15)

il
I e
™3

P, \x
. 16Kj 2 . 1de Byt
] t

The system of equations (III.13) and (III.15) is 1linear 1in
all  its parameters except y. For a given specification of the
joint distribution of the stochastic Ei’tterms, a pseudo-linear
estimation procedure can be carried out. Given any value of Y,
the time series kt(Y) can be constructed and the left-hand varia-
bles formed for each input. Linear regression tehniques can then

be appled to this system, imposing the cross-equation coefficient

restrictions Bijz Bji‘ This procedure can then be repeated for
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different values of Y. The final estimate of ¥ is that value ?
for which the 1least squares criterion function reaches its
minimum (or the concentrated likelihood function reaches its max-
imum) . The estimates of the and parameters are those from
the linear system based on Yz;.

Equations (III.13) and (III.15) are strikingly similar to
the estimating equations of the corresponding static equilibrium
model, (II.5). The same estimation methods can be applied to
both, although the estimation of the vintage <capacity model 1is
slightly more complicated due to the presence of the non-linear
parameter Y .

With two exceptions, the same data is used to estimate both
models. Tne static equilibrium model requires a measure of the
size of the capital stock of the industry. The construction of
such data from observed time series on real capital 1investment
can be a difficult task, since one must estimate an initial level
of the stock and a rate of depreciation for it. The vintage
capacity model does not require capital stock data. As was seen
above, the demand for capital is formulated in terms of real
investment expenditures -- a directly observable data series,
The stock variable of the vintage capacity model is not measured
as capital but rather 1in terms of capacity. For many important
industries in the economy, detailed data on capacity, including
stocks, additions, and retirements, are readily available in pub-
lished sources. Thus the data requirements of the vintage capa-

city model may actually be less stringent than those imposed by
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the static equilibrium model.

IV. CONCLUSION

The vintage capacity model provides to production modelers
an alternative system to the static equilibrium model, based on a
different hypothesis about the structure of production technolo-
gY. The models share a common set of data requirements and can
be estimated using similar econometric techniques. Because of
these similarities, two potential applications of the model may
be suggested., Firstly, for many industries the assumptions of
the vintage capacity model more closely approximate reality than
those of the static equilibrium model. In the form discussed in
Section III, the vintage capacity model could be most fruitfully
applied to industries characterized by large, fixed, durable, and
inflexible production wunits. It is less appropriate for indus-
tries where production is carried out using small, decentralized,
flexible facilities winich are often remodeled or replaced.

Secondly, the model could be useful to provide alternative
estimates of production parameters in cases where the relative
merits of the assumptions of the two models are not <clear. For
most industries, the technologies of existing production units
are neither as freely flexible as the static equilibrium model
assumes, nor totally fixed as the vintage capacity model assumes.
The two models may be used together to provide alternative es-

timates wunder polar boundary conditions. In Parker (1980), the
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vintage capacity model is applied to the U. S. electric wutility
industry.

Numerous extensions can be made to the basic structure of
the vintage capacity model. In many industries, the construction
of production units requires more than one year's time. Lengthy
and variable gestation lags can be easily attached to the model
and may be important if the technologies of production units are
fixed .at the time their inétallation process begins. The model
can easily be generalized to include the possibilities of in-
creasing returns to scale and multiple outputs.

Two possible extensions of the vintage capacity model bear
further careful rstudy. One is the generalization of the putty-
putty and putty-clay hypotheses to a model which allows some ex
post factor substitution without requiring equally free flexibil-
ity both ex ante and ex post. Fuss and McFadden (1978) have
developed such a model, but its estimation requires detailed data
on the inputs énd outputs‘of individual plants.

The second extension is to de?elop a less restrictive and
more rigorous model of vintage capacity utilization., Although it
is 1likely to cohplicate the non-lihearity of the model, such a
system would pgrmit the analysis of important questions relating
to economic obsolescence. If the model can be extended in these
two ways without requiring additional daté or greatly complica-
ting the econometric esﬁimation, it will provide an even more

useful tool for the econometric analysis of production.
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FOOTHOTES

Such variables might include indices of the state of technical
progress, weather and other natural conditions, and variables
such as pollution controls relating to the legal and regulatory
environment of the industry.

Although most studies estimate only the linear demand functions
(I1,3), the cost function (II.2) is also a linear function in its
parameters and contains only variables which are observable. For
maximum efficiency in estimation, the cost function should be
included in the system of equations.

One could imagine reducing the capital-labor ratios of existing
production units by removing and selling labor-saving components
of the machine or plant, if that is physically possible. However,
while a firm may do this in isolation, it is doubtful that the
industry or economy as a whole could reduce its capital-labor
ratio in this way. If the reduction in wages relative to capital
costs is general throughout the industry or economy (as it would
be if aggregate ractor prices changed), then no other firm or
industry will want to purchase these labor-saving components,
since they too will be attempting to reduce their capital-labor
racios.

However, if relative input prices move in a «cyclical manner,
this effect will be in the opposite direction. For exaanple, if
labor is cheap relative to fuel in 1950, expensive in 1960, and
cheap again 1in 1970, then in 1970 labor-intensive 1950 plants
might be cheaper to use than fuel-intensive plants of the 1900
vintage.

Notice that the computation of k requires knowledge <c¢f the
size of vintages back L years into the pre-sample period. 1If
this data 1is unavailable, then some approximation or extrapola-
tion technique must be used, such as equally-sized vintages or a
constant rate of growth of vintage size.
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