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I. INTRODUCTION

Even though the true stock of capital is not directly observable, capital
stock estimates are needed for production functions, cost and profit functions,
growth theory, and interregional trade theory. The alternative is to make
heroic assumptions concerning proportionality relationships between capital
and other variables or strong equilibrium assumptions such as equalization of
returns to capital across regions.' However necessary or appropriate these
assumptions may have been in the past, the development of disequilibrium
models, flexible functional forms,^ and interest in adding natural resources
such as energy to economic models have dictated that capital stocks must be
estimated directly as part of the model itself. Indeed, Miemyk [8] in a com
mentary on recent regional growth theories notes that one of the reasons that
Richardson's regional growth model [13] remains statistically untestable is
the lack of regional data on capital stocks.
The purpose of this paper is to statistically compare the two methods which

have been used to estimate regional capital stocks, namely book value and the
perpetual inventory method (hereafter BV and PIM respectively). Examples of
the former include Winkler [17] in this Review and others such as Lande and

Gordon [7], Vinod [16], Moroney [9], and Moroney and Walker [10]. Ex
amples of the latter include Field and Grebenstein [2], Persky [11], and
Persky and Klein [12].
The empirical test of this study uses data for U. S. manufacturing in 1976

with states as the unit of observation. The major conclusion is that the varia
tion in BV and PIM estimates of the capital stock by state for manufacturing
in 1976 are virtually indistinguishable from each other. Though this result
does not directly prove that the same association exists for particular indus
tries, for regions smaller than states, or for nonmanufacturing, it does suggest
that BV is a valid proxy for the capital stock. This finding is significant in that
the data requirements for the PIM estimates of the capital stock virtually
preclude their use in most regional studies, whereas BV may be available
directly or through primary data collection.
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II. METHODOLOGY

The true economic stock of capital in today's prices is unknown because of
its heterogeneous nature, its durability, and the lack of secondary markets to
establish current prices. Other problems in estimating the stock of capital in
clude significant questions about technical embodiment, spatial dispersion of
new technology, and utilization rates of the existing stock of capital. Suffice it
to say that either BV or PIM estimates of the capital stock are at best only
crude estimates or proxies for the true but unknown stock of capital.
BV is the total acquisition cost at purchase year prices of all structures and

equipment on the books of firms at the end of a year [ 14]. Its advantage is that
it is a direct and readily available measure of the capital stock. However, since
BV is stated on an original cost basis, there is no adjustment for inflation, and
no such adjustment is possible due to the lack of information about the year of
purchase for the components of that stock. If a region such as New England
contains predominantly old capital, then BV may seriously understate the
stock of capital, particularly given the high inflation rates of the 1970's. Thus,
the primary weakness of BV as a measure of the value of the capital stock is its
failure to price that stock in today's prices or some constant dollar equivalent
thereof.

PIM estimates of the capital stock, on the other hand, resolve the problem
of pricing the capital stock and in so doing develop a more viable measure of
the economic stock of capital.-' The basic relationship is

(1) K^=PI-iIj+(l-d)K^_,

where

Kf = stock of capital in year t
Pit = price index for investment goods in year t (base = 1.0)
It = gross investment in year t
d = constant depreciation rate

If sufficient historieal data are available for the price index'' and gross invest
ment series, then the current capital stock can be found by iteration of (1)
given some value for the depreciation rate, d. Furthermore, the existence of a
capital benchmark allows the iteration process to begin in that year.
The determination of the appropriate rate of depreciation may be

troublesome, but tax information, industry surveys, and expert opinion may
provide an approximation of d. The assumption that d is constant over time is
based on the belief that given the stock nature of capital such rates will change
only slowly and the fact that a constant d greatly simplifies the calculations by
avoiding direct dating of the stock. The additional assumption that d is con
stant across regions is necessitated by the lack of information about spatial
variation in depreciation rates. If d actually varies across regions, then the
PIM estimates of regional capital stocks are biased by this spatial variation in
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d. In contrast, notice that BV is not subject to this criticism since it is a direct
measure that allows for spatial variation.

In short, PIM develops more viable estimates of the economic stock of
capital, but there is a cost involved in that the depreciation rate itself must be
determined and that estimated rate is assumed constant over time and across

regions. Furthermore, there remains for the regional economist the very prac
tical problem that sufficient historical data are not usually available to con
struct PIM estimates of the capital stock. Thus, it is an appropriate empirical
question to determine the statistical correlation of BV and PIM estimates of
the capital stock.
A priori it is reasonable to expect BV and PIM estimates of the capital stock

to be positively correlated. However, it is important to note that BV informa
tion is collected directly from businesses as part of the surveys of the Bureau of
the Census,'^ while PIM estimates are constructed from gross investment data.

To the extent that BV is subject to the inflationary bias discussed earlier or the
PIM estimates are biased by spatial variation in the rate of depreciation, then
that correlation will be lowered unless the two effects are somehow offsetting.
This latter possibility is considered highly unlikely, though unexplored in the
current study.

III. EMPIRICAL TEST

BV and PIM estimates of the capital stock for manufacturing are compared
for a cross-section of states in 1976. BV by state was obtained directly from
the Annual Survey of Manufactures [14] for 1976. The perpetual inventory
estimates were constructed as follows.

First, the rate of depreciation was estimated as the mean rate implicit in the
national capital stock estimates for U.S. manufacturing, 1958-76.® Solving (1)
for d, then

(2) d = 1 -
Kt- It

Kt-,

where specifically K is the constant dollar net stock of capital for manufactur
ing [15], and I is new capital expenditures for manufacturing [14] deflated by
the price index for nonresidential investment [15].' The estimated mean
depreciation rate was .1085 with a standard error of .0025. As expected, the
rate appears quite stable based upon its low variance.

Second, 1957 was chosen as the base year to begin the calculations for the
PIM estimates of the capital stock by state because of the complete BV infor
mation available in that year in the Survey of Manufactures [14]. Although the
benchmark year uses BV information, less than 13 percent of the original
1957 capital stock estimates remain available in 1976 and thus do not signifi
cantly upward bias the correlation of the PIM estimates in 1976 with BV in
the same year.
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The price index for nonresidential investment was set equal to 1.0 in 1976,
and the investment data for each state, 1958-76, are from the various editions
of the Census of Manufactures and its annual supplements [ 14]. In brief, itera
tion of (1) using the estimated depreciation rate and the referenced data yields
the PIM estimate of the capital stock in 1976 in current dollars for a particu
lar state, and the procedure is repeated for all 48 states.**
The simple correlation of book value and the PIM estimates of the capital

stock by state in 1976 for manufacturing is .9942.*^ Apparently the variation
across states in 1976 in book value and the PIM estimates of the capital stock
are almost identical. To determine the difference in absolute levels between

the two variables, the no intercept regression of BV on the PIM estimates was
used; it was found that BV is .741 of the PIM estimate of the capital stock with
a standard error of .0085. It should not be surprising that BV is smaller ab
solutely than the PIM estimates since BV is not stated in terms of today's high
er prices.

IV. CONCLUSIONS

The major conclusion of this study is that the variation across states in BV
and the PIM estimates for U.S. manufacturing in 1976 are very similar.
Perhaps the high correlation coefficient is somewhat surprising in that the BV
estimates are a direct original cost measure while the PIM estimates are stated
in today's prices assuming a constant depreciation rate. In any case, there is no
evidence in this study that depreciation rates vary across regions or that the
data on BV are biased by the existence of predominantly old capital regions.
The primary significance of these findings for regional analysis is that BV

appears to be a valid proxy for regional capital stocks, differing only from the
PIM estimates by a multiplicative constant less than one which can be esti
mated from aggregate data, if needed. Due to the paucity of regional data, such
a finding is heartening indeed.

FOOTNOTES

1. For an example of this latter approach see
Kraft and Kraft (6, p. 97] in this Review.

2. A functional form is flexible if it does not a

priori constrain the price and income
elasticities. See Fuss, McFadden, and
Mundlak [3, pp. 230-240).

3. The perpetual inventory method was
populariz^ by Goldsmith [4j.

4. Data limitations necessitate the use of national

price indices.
5. The survey forms actually used can be found

in the 1972 edition of the Census of Manufac
tures [14].

6. This procedure follows Berndt and Christen-
sen [ 1, p. 106 j.

7. The capital stock estimates so obtained and
used throughout this study are clearly net esti
mates. Kendrick and Lee [5] show that PIM
estimates may be obtained for either net or
gross stocks of capital.

8. The sample included the continental United
States excluding the District of Columbia.

9. The Spearman rank correlation was .9945.
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