(Un)Balanced Growth
Andreas Hornstein

S

ince the late 1800s, real output in the United States has been growing
at a steady rate of about 3.5 percent per year (see Figure 1).1 With the
exception of the 20 years between 1930 and 1950, the real aggregate
capital stock of the United States has also been growing at that same steady
rate. Thus, although output tripled and capital increased by a factor of 2.5 over
this time period, the capital-output ratio remained roughly constant before
1930 and after 1950. Available data also indicate that the relative price of
capital in terms of consumption goods has not changed much since the 1950s.
In this article I review to what extent the stability of the aggregate capital
accumulation pattern actually masks substantial changes in the composition
of the aggregate capital stock—namely, changes in the relative importance of
equipment and structures.
The observed stability of output and capital growth rates and the capitaloutput ratio are part of the “stylized facts” of growth (Kaldor 1957, 1961). The
stylized facts also include the observations that the rate of return on capital and
factor income shares have remained stable over long time periods in the United
States and other industrialized countries.2 These observed regularities suggest
that a common theoretical framework might be able to account for the output
and capital accumulation path of the U.S. economy and other industrialized
economies over the last 100 years. Indeed, neoclassical growth theory was
built around the stylized facts of growth.
I would like to thank Kartik Athreya, Yongsung Chang, Jason Cummings, and Marvin Goodfriend for helpful comments. I also would like to thank Jason Cummings for making his data
available to me, and Jon Petersen for excellent research assistance. The views expressed in
this article are those of the author and not necessarily those of the Federal Reserve Bank of
Richmond or the Federal Reserve System.
1 Detailed descriptions of the data used in this paper are in the Appendix.
2 The rate of return on capital as measured by the real return on equity in the United States

has not changed much over time. Siegel (1998) calculates an average rate of return on equity of
7.0 percent for the time period 1802–1870, 6.6 percent for 1871–1925, and 7.2 percent for 1926–
1997. Using BEA figures on nonfarm private business factor incomes, I calculate wage income
shares for the time period 1929–2001. The average wage income share is 0.66 and varies between
0.63 and 0.72 with no discernible trend. If I exclude the housing sector, the average wage income
share is 0.75 and varies between 0.71 and 0.84, again with no discernible trend.
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Figure 1 Real Output and Capital in the Private Business Sector,
1889–2001
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Neoclassical growth theory assumes that there are two inputs to production: non-reproducible labor and reproducible capital. For a given level of
technology, production is constant returns to scale in all inputs, and there are
diminishing marginal returns for individual inputs. Technical change is taken
as exogenous and is assumed to increase the marginal products of capital and
labor for given amounts of inputs. Both inputs are assumed to be paid their
marginal product, and the higher marginal product of capital induces more
capital accumulation. In an equilibrium, capital accumulation proceeds at a
rate such that the return on capital remains constant. Since the labor endowment is fixed, higher productivity and more capital increases payments to labor
over time.
Within the framework of neoclassical growth theory, the stylized facts are
interrelated. The rate of return on capital, r, is the gross rental rate, u, minus
the value of depreciation, δp, plus any capital gains due to changes in the
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Figure 2 The Relative Price of New Capital Goods, 1929–2001
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price of capital, p, divided by the price of capital:
r=

u − δp + p
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p
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−δ+
.
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y pk
p

(1)

Conditional on a constant depreciation rate, δ, and a constant price of capital,
p = 0, the stability of either two of the three time series—capital-output
ratio, capital income share, and rate of return on capital—implies the stability
of the third time series.
In neoclassical growth theory, growth is driven by technological change,
and capital accumulation responds to technical change, but the source of technical change is not explored. Greenwood, Hercowitz, and Krusell (1997) have
argued that technical change in the sector that produces equipment capital is a
major source of growth. Their argument for relatively faster technical change
in this sector is based on the long-run decline of the relative price of equipment
capital. Since the 1960s, the price of equipment capital relative to the price of
consumption goods has been falling by about 40 percent, whereas the relative
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price of structures has been increasing by about 10 percent (see Figure 2).3 If
the relative price of equipment capital has been declining, then the producers
of equipment capital must have become relatively more efficient.
Greenwood et al. (1997) evaluate the long-run contribution of different
sources of technical change, including the response of capital accumulation
to technical change. This is a reasonable procedure since long-run growth
depends not only on exogenous technical change, but also on the endogenous
capital accumulation response to technical change. But in order to determine the capital accumulation response to hypothetical time paths of technical change, one needs a theory of growth. Greenwood et al. (1997) use a
straightforward extension of the aggregate neoclassical growth model to their
multi-sector view of the economy, and they use a standard characterization
of long-run growth. In particular, they assume that the long-run equilibrium
growth path is balanced; that is, all variables grow at constant but possibly
different rates. The stylized growth facts represent a balanced growth path
(BGP) for the aggregate economy.
In order to obtain a balanced growth path, Greenwood et al. (1997) have
to assume that the elasticity of substitution between inputs is unitary; that
is, production is Cobb-Douglas (CD) in all sectors of the economy. I argue
that the accumulation of equipment and structures in the second half of the
20th-century United States is not characterized by balanced growth. In particular, I argue that equipment capital has become relatively more important
over time. This means that the stylized facts of growth do not apply to a
more disaggregate view of the economy.4 It also means that one cannot argue
for a unitary elasticity of substitution between inputs based on growth path
properties alone.
The changing composition of the aggregate capital stock does have implications for the implicit aggregate depreciation rate. Because the relative
share of equipment capital has increased and equipment capital depreciates
relatively faster than structures, the implicit aggregate depreciation rate has
increased substantially since the 1980s. With a constant return on capital and
a constant capital income share, neoclassical growth theory would then imply
that the economy should move towards a new BGP with a lower aggregate
capital-output ratio, which we have not observed. Thus, growth theory now
appears to be at odds with the stylized facts of growth, at least for the last 20
years.
3 Alternative measures of the relative price of equipment and software that try to account
better for changes in product quality (Cummins and Violante 2002) indicate an even bigger decline,
about 90 percent, over the same time period.
4 This observation alone should not be too surprising since we have known for a long time
about the extent of structural change in the U.S. economy and its limited impact on the growth
path of the aggregate economy. See, for example, Kuznets’ (1971) work on the secular decline of
the agricultural sector and the corresponding increase of the service sector.
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In Section 1, I describe a balanced growth path for a simple growth model
where the relative price of capital is changing on the BGP. In the model are two
types of capital: equipment and structures. I show that the capital-output value
ratios are constant over time on the BGP but that the capital-output quantity
ratios are not constant. In Section 2, I first review the long-run evidence on
the ratio of the real capital stock to output. I find that from the late 1800s to
the present, the ratio of structures to GDP has been steadily declining, and the
ratio of equipment capital to GDP has been steadily increasing since 1950. I
then review the evidence on the ratio of the capital value to output value for
equipment and structures for the United States from 1950 on and find that these
ratios also do not remain constant. It thus appears that we can find evidence
for BGP properties of the U.S. economy at the level of aggregate capital only.
I then return to the evidence of stable aggregate capital-output ratios and argue
that this in fact appears to be evidence against, rather than for, balanced growth
since the 1980s because the depreciation rate of the aggregate capital stock
has increased substantially since the 1980s. In Section 3, I discuss some
implications for modeling long-run growth and economic policy.

1.

BALANCED GROWTH WITH MULTIPLE CAPITAL GOODS

I now describe a simple three-sector growth model with two types of capital
and a fixed labor supply based on Greenwood, Hercowitz, and Krusell (1997).
Technical change is labor-augmenting and sector specific. I will discuss under
what restrictions balanced growth can occur—all variables grow at constant
but not necessarily equal rates. In particular, I am interested in BGPs where
the relative price of capital changes over time. I will focus on the production
structure of the economy and disregard any restrictions on preferences necessary for a BGP. I will assume that, for the implied time paths of prices, a
constant labor supply and the implied constant consumption growth rate are
consistent with an equilibrium.

A Three-Sector Economy
Consider an economy that produces three goods: a consumption good, c, and
two investment goods—equipment, xe , and structures, xs . Inputs to the production of any of the three goods are labor, n, and the stocks of the two capital
goods—equipment, ke, and structures, ks . Assume that there is perfect mobility of labor and capital between the production sectors. Let ρ i ≥ 0 denote the
fraction of labor allocated toward the production of the type i = c, e, s good.
Analogously, let φ i ≥ 0 and µi ≥ 0 denote the fraction of the equipment
capital stock and the structures stock allocated toward the production of type
i goods. Capital stocks and labor allocated to each sector are limited by the
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total endowment of each input:
φ c + φ e + φ s ≤ 1, µc + µe + µs ≤ 1, and ρ c + ρ e + ρ s ≤ 1.

(2)

Production is constant returns to scale (CRS), and technical change is laboraugmenting:


(3)
c = C φ c ke , µc ks , Ac ρ c n ,


(4)
xe = E φ e ke , µe ks , Ae ρ e n , and


(5)
xs = S φ s ke , µs ks , As ρ s n .
The effective labor input in a sector equals employment times labor-specific
productivity, Ai . Labor-specific productivity may differ across sectors and
may change at different but constant rates. Time is continuous, and the rate of
change of labor-specific productivity is Âi = γ i .5 Investment augments the
existing capital stock after depreciation, δ i > 0:
k̇e = xe − δ e ke , and

(6)

k̇s = xs − δ s ks .

(7)

Balanced Growth with Constant Returns to Scale
On a BGP, all variables change at constant rates.6 Since total employment is
fixed by assumption, this means that, on a BGP, employment in each sector is
constant. Thus, the fraction of labor allocated to each sector, ρ i , is constant.
Given the resource constraint for equipment capital, the rate at which the use
of equipment capital grows in each sector must be the same as the growth rate
of total equipment capital. Therefore, the fraction of equipment capital, φ i ,
allocated to each sector remains constant on a BGP. By the same argument,
the fraction of structures, µi , allocated to each sector remains constant.
The equations for capital accumulation, (6) and (7), imply that on a BGP,
the investment-capital stock ratio is constant for each capital type:
k̂e =

xe
xs
− δ e , and k̂s =
− δs .
ke
ks

(8)

Thus, investment in new capital goods grows at the same rate as does the stock
of capital:
k̂e = x̂e , and k̂s = x̂s .

(9)

5 In the following, a dot represents the time derivative of the variable, ẏ = dy/dt, and a hat
denotes the growth rate of the variable, ŷ = ẏ/y.
6 Variables may remain constant on a BGP; that is, their rate of change is zero.
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Since production is CRS, we can rewrite the production functions as


c/ke = C φ c , µc ks /ke , nρ c Ac /ke ,


xe /ke = E φ e , µe ks /ke , nρ e Ae /ke , and


xs /ks = S φ s ke /ks , µs , nρ s As /ks .
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(10)
(11)
(12)

A sufficient condition for a BGP to exist is then that each argument in the
rescaled production functions, (10) to (12), is constant; that is,
k̂s = k̂e = Âc = Âe = Âs .

(13)

Note that, without imposing any additional restrictions on the form of the
production functions, a BGP exists only if labor-augmenting technical change
proceeds at the same rate in each sector.
Relative goods prices do not change on the BGP of a competitive equilibrium if technical change proceeds at the same rate in each sector. In a
competitive equilibrium, profit maximizing firms take prices as given and hire
inputs until an input’s rental rate is equalized with the value of the marginal
product of that input. Because inputs are perfectly mobile across sectors,
they are paid the same rental rate no matter where they are employed. The
conditions for optimal input use are then:7


ue = pe Ee φ e ke , µe ks , Ae ρ e n
(14)




= ps Se φ s ke , µs ks , As ρ s n = Ce φ c ke , µc ks , Ac ρ c n ,


(15)
us = ps Ss φ s ke , µs ks , As ρ s n




= pe Es φ e ke , µe ks , Ae ρ e n = Cs φ c ke , µc ks , Ac ρ c n , and


(16)
w = Cn φ c ke , µc ks , Ac ρ c n Ac




= pe En φ e ke , µe ks , Ae ρ e n Ae = ps Sn φ s ke , µs ks , As ρ s n As .
Normalize the price of the consumption good to one, and let pe (ps ) denote
the price of new equipment (structures) in terms of consumption goods. Let w
denote the real wage, that is, the price of labor in terms of consumption goods,
and let ue (us ) denote the rental rate of equipment (structures) capital. The
rate of return on investment in either of the capital goods is also equalized:
r=

us − δ s ps + ṗs
ue − δ e pe + ṗe
=
.
pe
ps

(17)

We now see that if labor-augmenting technical change proceeds at the
same rate in each sector, the relative price of capital will be constant on a BGP.
Because production is CRS—that is, homogeneous of degree one—the first
derivatives of the production function (marginal products) are homogeneous
7 The notation, I for I = C, E, S and i = e, s, n, denotes the partial derivative of the function
i
I with respect to the input i.
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of degree zero. We can therefore rewrite equation (14) as


Ce φ c , µc ks /ke , nρ c Ac /ke

,
pe =
Ee φ e , µe ks /ke , nρ e Ae /ke

(18)

and, on a BGP, all ratios on the right-hand side are constant. The same argument applies to the relative price of structures.

Balanced Growth With Unitary Elasticity
of Substitution
We can construct a BGP where relative goods prices change at a constant rate
if production in each sector is of the Cobb-Douglas variety. On a BGP, the
total derivative of consumption (3) with respect to time is8
ċ = Ce φ e k̇e + Cs µs k̇s + Cn Ȧc ρ c n.

(19)

This expression gives us the growth rate of consumption goods in terms of the
growth rates of inputs and labor-augmenting technical change:
ċ
Ce φ e ke k̇e
Cs µs ks k̇s
Cn Ac ρ c nc Ȧc
=
+
+
.
(20)
c
C ke
C ks
C
Ac



Let ηIj ≡ ∂I /∂kj kj /I denote the input elasticity of type I production
with respect to the type j capital good. Then we can write the BGP growth
rates for outputs as9


ĉ = ηC,e k̂e + ηC,s k̂s + 1 − ηC,e − ηC,s Âc ,
(21)


(22)
x̂e = ηE,e k̂e + ηE,s k̂s + 1 − ηE,e − ηE,s Âe , and


(23)
x̂s = ηS,e k̂e + ηS,s k̂s + 1 − ηS,e − ηS,s Âs .
On a BGP, investment grows at the same rate as the capital stock (9), implying
the following system of equations for the growth rates of consumption and
capital goods:


ĉ = ηC,e k̂e + ηC,s k̂s + 1 − ηC,e − ηC,s Âc , (24)




(25)
1 − ηE,e k̂e − ηE,s k̂s = 1 − ηE,e − ηE,s Âe, and




(26)
−ηS,e k̂e + 1 − ηS,s k̂s = 1 − ηS,e − ηS,s Âs .
Thus, a BGP with potentially different rates of labor-augmenting technical
change exists if the input elasticities are constant. That is, the production
functions are of the Cobb-Douglas (CD) variety. For example, the production
8 I have used the fact that the total labor endowment is constant, and, on a BGP, the fraction
of resources allocated to each sector remains constant.
9 Because of constant returns to scale, the input elasticities sum to one.
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function for consumption goods is
1−ηC,e −ηC,s
η 
η 

,
c = φ c ke C,e µc ks C,s Ac ρ c n
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(27)

with ηC,e , ηC,s , 1 − ηC,e − ηC,s ≥ 0. Analogous expressions hold for the
production of new equipment and structures. For CD production functions,
the elasticity of substitution between inputs is unitary. That is, cost minimizing
firms respond to a 1 percent increase in the relative price of an input with a
corresponding 1 percent reduction in the relative usage of that input such that
the cost share of the input remains constant at the input elasticity.10
We can now derive expressions for the rate of change of relative capital
goods prices. Using the CD production structure, we can rewrite the condition
for the profit maximizing use of equipment capital (14) as
ηC,e c
ηE,e xe
ηS,e xs
= pe
= ps
.
(28)
ue =
φ c ke
φ e ke
φ s ke
Given the constant input elasticities and the constant allocation shares of total
equipment capital, this expression implies that the rates of change for relative
prices are given by
p̂e = ĉ − k̂e and p̂s = ĉ − k̂s

(29)

Thus, the relative price of capital in terms of consumption goods will change
if capital accumulation proceeds at a different pace than does consumption
growth. On the other hand, even if capital accumulation proceeds at a different
pace than does consumption growth, the value of the capital stock relative to
the value of consumption will remain constant. Finally, equation (28) for
equipment and the corresponding expression for structures also imply that the
rate of return on investment in either of the capital goods is constant.
The implications of the CD production structure for a BGP are most easily seen if we further simplify the production structure and assume that input
elasticities (income shares) are equal in all industries, ηI,j = ηj (see, for example, Greenwood, Hercowitz, and Krusell 1997). In this case, consumption
and capital growth rates on the BGP are


ĉ = ηe Âe + ηs Âs + 1 − ηe − ηs Âc ,
(30)


(31)
k̂e = 1 − ηs Âe + ηs Âs, and


(32)
k̂s = ηe Âe + 1 − ηe Âs .
The rates of change for relative prices are






p̂e = 1 − ηe − ηs Âc − Âe , and p̂s = 1 − ηe − ηs Âc − Âs .
(33)
10 This fact is immediate from equations (14) to (16) and the constant input elasticities.
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Note that the relative price changes directly reflect differences in the rates of
labor-augmenting technical change.
Finally, we can define real output as total output in terms of consumption
goods:
y = c + p e xe + p s xs .
Since capital investment grows at the same rate as capital stocks and since the
value of capital grows at the same rate as consumption, real output grows at
the same rate as consumption.

2.

OBSERVATIONS ON CAPITAL ACCUMULATION
IN THE UNITED STATES, 1869–2001

The fact that the relative price of equipment capital declined substantially,
whereas the relative price of structures increased somewhat, suggests a differential productivity growth rate in the two broadly defined capital goodsproducing sectors. An economy with productivity growth rates that are
constant but different across capital goods-producing sectors can still achieve
a BGP. Note that, however, on the BGP, the capital-output value ratios remain
constant but that the capital-output quantity ratios do not. I now argue that
there is no evidence for balanced growth in the United States economy at this
more disaggregate level. Over the long run, capital-output quantity ratios do
not appear to be stationary, and, for the post-WWII period, the equipment
capital-output value ratio does not appear to be stationary either. Finally, I
argue that one of the conditioning assumptions for balanced growth at the
aggregate level—namely, constant depreciation rates—also does not hold for
the late 20th century. Some of the changes in depreciation rates have to be
attributed to the changing composition of the aggregate capital stock.
The structure of the U.S. economy changed drastically over the time period
I consider. For example, government accounted for between 4 and 5 percent
of GDP in the late 1800s, but since the 1930s, government’s share in GDP has
increased to about 10 percent. Within the private business sector, the share of
value added that originated in agriculture declined from 30 percent in 1889
to 10 percent in 1930. It then stayed there until the mid-1940s and since then
has declined to less than 1 percent.11 These changes in GDP shares are also
reflected in the changed employment shares of government and agriculture,
but they are not the focus of this article.12 In an attempt to limit the potential
impact of this structural change on the BGP properties of capital-output ratios,
I limit my analysis to output and capital in the nonfarm private business sector.
11 The shares for the pre-1929 period are calculated from Kendrick’s (1961) constant dollar
estimates, and the shares for the post-1929 period are from BEA’s current dollar estimates. In
1930, the shares based on constant and current dollar estimates are both roughly the same.
12 See, for example, Kuznets (1971).
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Figure 3 Real Capital and Output in the Nonfarm Private Business
Sector, 1889-2001
Panel A: Equipment
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Notes: A detailed description of the data is in the Appendix.

Capital-Output Ratios for Equipment and Structures
Over the long run, capital-output quantity ratios for either equipment or structures do not appear to be stable. Figure 3 displays real nonfarm private GDP,
nonfarm private equipment and structures, and the relevant capital-output ratios from 1889 to 2001. The stock of structures includes residential structures.
There is a clear downward trend in the capital-output ratio for structures—the
ratio has been falling steadily since the late 1800s, from 1.4 to 0.6 today. The
behavior of the equipment capital-output ratio is more ambiguous. This ratio
appears to be quite stable before 1929, then declines substantially until the
1950s and from then on shows a clear upward trend.
We now study the capital-output quantity and value ratios for the nonfarm
private business sector, excluding housing. A big component of the housing
sector output in National Income and Product Accounts (NIPA) consists of
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Figure 4 Capital-Output Ratios in the Nonfarm Private Business
Sector Excluding Housing, 1950–2001
Panel A: Real Capital-Output Ratios
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Notes: A detailed description of the data is in the Appendix.

imputed rental income for owner-occupied housing. One could argue that
NIPA data that includes residential housing is less reliable and that one should
therefore focus on the non-residential business sector. Figure 4 graphs the
capital-output quantity and value ratios for this sector. Even though residential
structures are now excluded, the structures-output quantity ratio continues to
decline for the period from 1.3 in 1950 to 0.8 in 2000. The structures-output
value ratio, however, remains relatively stable over this time period. For
equipment capital, we see that both the quantity and the value capital-output
ratio increase from 0.4 in 1950 to 0.6 in 2000.
Figure 4 also includes real and nominal equipment-output ratios based on
updated data from Cummins and Violante (2003). Cummins and Violante
(2003) argue that the official NIPA figures overestimate the inflation rate
for equipment capital because they do not appropriately account for quality
change. Based on Cummins and Violante (2003), the real equipment-output
ratio increased drastically from 0.2 in 1960 to 0.7 in 2000. On the other hand,
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according to their numbers, the nominal equipment-output ratio actually fell
from 1.6 to 0.5.13

Other Related Work
Maddison (1991) also argues that real capital-output ratios are not stationary, in
particular, that the ratio of nonresidential capital to GDP changed substantially
for some countries other than the United States. According to Maddison (1991,
67), from 1890 to 1987 the capital-GDP ratio doubled for the UK (from 0.95
to 2.02) and almost tripled for Japan (from 0.9 to 2.8). Maddison (1991)
also calculates big increases for France and Germany from 1913 to 1987.
Finally for the 19th-century United States, Gallman (1986, 192) argues that
the real equipment capital-GDP ratios actually increased from 0.15 in 1840 to
0.91 in 1900 and that the corresponding nominal capital-GDP ratios increased
from 0.23 in 1840 to 0.40 in 1900. Related to the stability of capital-output
ratios on a BGP is the stability of expenditure shares in GDP. Along these lines
King, Plosser, Stock, and Watson (1991) argue that the behavior of real private
GDP, consumption, and investment in the United States satisfies the balanced
growth conditions from 1949 to 1988. Their statistical tests indicate that
output and consumption, as well as output and investment, are cointegrated
and that the consumption-output and investment-output ratios are stationary.
Whelan (2003) reviews the evidence for balanced growth of two expenditure
components: consumption and investment. He also emphasizes that in the
face of drastically changing relative prices of investment in producer-durable
equipment and investment in structures, one should not expect that the ratios of
real consumption to real investment in either of the two types remain constant,
but rather that the ratios of nominal expenditures remain constant. Whelan
shows that for an extended sample—the United States from 1949 to 2000—
one can reject the null hypothesis of cointegration for real investment and real
consumption, but one cannot reject the null hypothesis of cointegration for
nominal consumption and nominal investment.

Depreciation
Depreciation rates for equipment capital have been increasing significantly
since the 1980s (see Figure 5). This increase reflects mainly an aggregation
13 At first, one might be surprised that the capital-output value ratios for Cummins and Vi-

olante (2003) are so different from the corresponding NIPA ratios. After all, we usually observe
values, and the problem is one of obtaining a quantity index by deflating values with an appropriate price index. The problem with capital is that most capital is not traded, so we do not observe
values. The NIPA procedure to obtain current values of the capital stock is to evaluate the estimated real capital stock at the current prices of capital stocks. I have used the same procedure
to obtain capital stock values for Cummins and Violante (2003), and there is no reason to expect
that the two estimates should agree on their values.
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Figure 5 Depreciation Rates, 1926–2001
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effect since information technology (IT) equipment has higher depreciation
rates than other equipment capital types, and the relative share of IT in total
equipment has been increasing as part of the IT revolution. Assuming a stable
real rate of return on capital, higher depreciation rates require a higher rental
rate of capital to satisfy the optimal capital accumulation condition (1). This,
in turn, implies that the aggregate capital-output ratio should have declined
significantly, since the capital income share has remained stable for this time
period. Thus, the stability of the aggregate capital-output ratio since the 1980s
suggests that the behavior of the U.S. economy has not been well approximated
by a BGP.
The aggregate depreciation rate on private nonfarm capital increased from
about 4 percent before the 1970s to about 10 percent in the year 2000 (see
Figure 5). Based on the neoclassical growth model, this increase in the depreciation rate should have resulted in a significant decline of the capital-output
ratio. Before 1970, the capital-output ratio for the nonfarm private business
sector was about 2.5 (1.5, excluding housing), and the capital income share
was about 0.33 (0.25, excluding housing) (cf. footnote 2). Assuming a con-

A. Hornstein: (Un)Balanced Growth

39

stant price index for the aggregate capital stock and use of the optimal capital
accumulation condition (1) implies a 9.3 (12.5, excluding housing) percent
rate of return on capital.14 An increase of the depreciation rate to 10 percent
would then imply that the capital-output ratio should decline to 1.7 (1.1, excluding housing), conditional on a constant return on capital and a constant
capital income share. We have not observed such a decline in the capital-output
ratios.15
I interpret the depreciation rates constructed from the BEA depreciation
and capital stock series as physical depreciation of the capital stock. Whelan
(2002) argues that this is not a valid interpretation of the BEA depreciation
rates since the BEA frequently applies depreciation schedules in its procedures
that include both physical and economic depreciation. While this is a valid
concern, it does not necessarily affect our conclusions. First, to the extent
that the BEA data overestimate the depreciation of the capital stock, they also
underestimate the size of the capital stock. This means that the equipment
capital-GDP ratio should have increased even faster over the last 20 years,
implying that the aggregate capital-output ratio would have increased rather
than remained stable. Second, it is not clear that the higher depreciation
rate observed for the BEA data can only be attributed to faster economic
depreciation. IT equipment depreciates at a rate of more than 20 percent,
which is substantially higher than the 10 to 20 percent rates of other equipment
capital.16 Thus, the composition effect induced by an increase of the relative
share of IT equipment alone increases the aggregate depreciation rate.

3.

CONCLUSION

Does it matter whether the time path of the economy is characterized by
balanced growth? Yes. Observed empirical regularities are important for
the development of our understanding of how the economy works, and a
breakdown in one of these empirical regularities might be viewed as a setback.
The perceived stylized facts of growth certainly stimulated research on growth,
and the neoclassical growth theory provided a simple interpretation of the facts
that added to the appeal of that theory. On the other hand, since the behavior
of the capital-output ratio over the last 20 years apparently no longer conforms
14 Note that these estimates for the return on capital are significantly higher than other estimates, such as Siegel’s (1998) estimate of 7 percent for the long-run rate of return on equity.
15 One can argue that it takes some time for the economy to converge to the new BGP, given

the new higher depreciation rates. Note, however, that for the observed capital income shares and
depreciation rates, convergence—as predicted by the growth model—tends to be fast, and a higher
depreciation rate speeds up the convergence process.
16 In a recent reevaluation of the BEA depreciation scheme for PCs, Doms et al. (2003)
have found annual depreciation rates of up to 35 percent, even accounting for quality change and
economic depreciation. The work of Doms et al. (2003) has already been incorporated in the
2003 NIPA revisions.
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to the stylized facts, it may just point to some structural break. After all, there
was also a structural break in the aggregate capital-output ratio between 1930
and 1950, and the ratio was quite stable before 1930 and after 1950. We
would then have to come up with some explanation for this structural break.
The behavior of the aggregate capital-output ratio is also of some interest
for the evaluation of monetary policy. Some observers have argued that the
investment boom in the late 1990s was in part due to monetary policy that
did not raise interest rates fast enough. The collapse of the investment boom
and the ensuing 2001 recession are then attributed to having too much capital
around, that is, overcapacities. In order to talk about whether the capital stock
is too high, one needs an estimate of the “normal” capital stock. If the long-run
capital-output ratio is quite stable, we might use this ratio to construct a good
first indicator of the “normal” capital stock. Since the aggregate capital-output
ratio at the end of the 1990s was not much out of line with its long-run average,
we would therefore conclude that the investment boom of the 1990s did not
result in any overcapacities. Thus, it did not contribute to the 2001 recession.
On the other hand, taking into account the substantial increase of aggregate
depreciation rates, we should conclude that the “normal” capital-output ratio
was much lower than the observed capital-output ratio. Thus, the investment
boom did result in “excess” capital.

APPENDIX
Economic time series are usually reported in current prices—nominal terms.
For much of our analysis, we want to eliminate the effect of price level changes
and use time series in “real” terms. These real time series are supposed to reflect quantity rather than price movements. Given the level of aggregation
we usually deal with, the construction of aggregate quantity indexes is neither easy nor unambiguous. Most data on historical “real” series calculate
constant-dollar base period quantity indexes. That is, aggregate quantities are
constructed by weighting individual quantity series with a fixed set of base
period prices. For the most part, aggregation procedures are a matter of convention, but based on economic theory, some indexes are better than others.
One can make an argument that quantity indexes from constant base period
prices are not very reliable indicators for quantity movements when large
changes of relative prices occur during the period of interest. In response to
these concerns, the Bureau of Economic Analysis (BEA), which provides the
National Income Accounts for the United States, has shifted from quantity
indexes that are based on constant base period prices to chain-weighted quantity indexes that deal better with relative price changes. The BEA constructs
Fisher-Ideal quantity indexes that, for most applications, are well approxi-
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mated by Divisia-quantity indexes. For a more detailed description of the
BEA procedures, see Seskin and Parker (1998) or USBEA (1997).

Output
The GDP series used in this article are from Kendrick (1961) and the official
NIPA series published by the BEA. Output in Figure 1 is real private business
GDP; in Figure 3, output is real nonfarm private business GDP, and in Figure
4, output is real (nominal) nonfarm private business GDP, excluding the contributions of the housing sector. For the long-time series in Figures 1 and 3,
I splice the constant 1929 dollar GDP series from Kendrick (1961) with the
chained 1996 dollar GDP series from the BEA in 1929 at the level of 1929
BEA GDP. Obviously, there are potential problems since the two series use
different methods to obtain estimates of real activity. Nevertheless the average growth rates of real private business GDP for the pre-1929 and post-1929
periods are remarkably similar—3.8 percent before 1929 and 3.7 percent after
1929. For the time series in Panel A of Figure 4, I construct real nonfarm
private business GDP excluding housing as a Divisia index using the series on
nonfarm private business GDP and housing GDP.
In this article I rely on the work of Kendrick (1961) for the time period
before 1929. Balke and Gordon (1989) provide a useful survey on the different
sources for GNP data in the United States before 1929, the most important
source being Kuznets (1961). Kendrick (1961) essentially restates Kuznets’
estimates of GNP for the definitions used by the Department of Commerce
in its construction of the NIPAs. Balke and Gordon (1989) update this early
work, but their concern is with the relative volatility of GNP in the period
before and after WWII. Since they consider the work of Kuznets (1961) and
Kendrick (1961) as providing acceptable estimates of trends, they construct
their own GNP estimates around the Kuznets and Kendrick trend estimates.
Thus Balke and Gordon’s (1989) updates do not affect the information in
Kendrick (1961) that is relevant for this article.
Cummins and Violante (2002), discussed below, have recently provided
alternative estimates of the price deflator for producer-durable equipment investment. Using this alternative deflator affects the measure of real investment
and, in turn, the measure of the real capital stock and real GDP. In Figure 4,
Panel A, I also display an equipment capital-GDP ratio that is based on Cummins and Violante’s (2002) measure of real nonfarm private business GDP,
excluding housing, and their estimate of the real capital stock.

Capital Stock
The capital stock series in this article is based on Kendrick (1961) and on the
official fixed durable asset series published by the BEA. Capital in Figure 1
is real total private capital; in Figure 3, it is real nonfarm private capital; and
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in Figure 4, it is real (nominal) nonfarm private capital excluding residential
structures. From 1889 to 1953, Kendrick (1961) provides constant 1929 dollar
estimates of farm structures and land, nonresidential structures and equipment,
and residential structures.
Total capital is the sum of all these capital stocks. From 1929 to 2001,
the BEA provides data on current and chained 1996 dollar estimates of capital
stocks and depreciation for agricultural equipment (tractors and other farm
machinery) and structures, nonresidential equipment (information technology
and software, transportation equipment, etc.) and structures, and residential
equipment and structures. The quantity index for individual asset classes is
constructed based on the perpetual inventory method using deflated investment
expenditures and estimates of the depreciation pattern for that class. The
current dollar estimate is then calculated as the quantity index for the stock
evaluated at current prices. To the extent that I have to construct quantity
indexes from the BEA data, I construct them as Divisia indexes from the
available current dollar and chained dollar estimates.
Real capital stock estimates by Kendrick (1961) and the BEA are quantity
indexes of the real value of capital. That is, the components of the aggregate
quantity index are weighted using their asset values. For the nominal capitalGDP ratios in Figure 4, Panel B, the nominal asset value series for capital
are appropriate. From the point of view of production theory, one would
prefer a quantity index that uses factor rental weights for the different assets
in the aggregation procedure for the real capital-GDP ratios in Figures 1,
3, and 4 (Panel A).17 A capital stock index that is based on factor rentals
better reflects the role of capital as an input to production and is used in total
factor productivity studies (see, for example, Jorgenson, Gollop, and Fraumeni
1987). A problem with this approach is that we do not have observations on
the average factor rentals of individual asset categories. The usual procedure
is then to impute factor rentals based on required returns on capital using a
version of equation (17) (Hall and Jorgenson 1967).
For the long time series in Figures 1 and 3, I splice the constant 1929
dollar capital stock series from Kendrick (1961) with the chained 1996 dollar
capital stock series from the BEA in 1929 at the level of 1929 capital stock.
From 1929 to 1954, the Kendrick and BEA series overlap and do not behave
very differently.
I also display in Figure 4 the equipment capital-GDP ratio based on Cummins and Violante’s (2002) estimates of the real equipment capital stock. For
the nominal capital-GDP ratio in Figure 4, Panel B, I evaluate Cummins and
Violante’s (2003) estimate of the real equipment capital stock using their price
deflator for new equipment capital.
17 For a discussion, see Whelan (2002).
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Depreciation
The depreciation rates are based on official fixed durable asset series published by the BEA. The depreciation rates in Figure 5 are the ratio of nominal
depreciation to nominal capital stock. The alternative calculation of depreciation rates as the ratio of constant-dollar depreciation to constant-dollar capital
stocks yields slightly lower depreciation rates, but they are also increasing
from the mid-1980s on.
Prices
For the period 1929 to 2001, the BEA provides current and chained 1996
estimates of personal consumption expenditures (PCE) for nondurable goods
and services separately. I aggregate these to a nondurable goods and services
index—consumption price index for short. For the same time period the BEA
also provides price indexes for new investment in equipment and software
and nonresidential structures. We can compare these price indexes with the
capital price indexes implied by the current value and quantity indexes for
the capital stock. Although the new investment price index and the implied
capital price index are not the same, they follow each other closely, more so for
structures than for equipment. The relative price of capital in Figure 1 is the
implied capital price index for total private capital relative to the consumption
price index. The relative capital prices in Figure 2 are the implied capital
price indexes of nonfarm equipment and software and structures relative to
the consumption price index. Figure 2 also displays an alternative relative
price index for equipment and software constructed by Cummins and Violante
(2002). Following the work of Greenwood, Hercowitz, and Krusell (1997),
Cummins and Violante (2002) essentially extrapolate the quality adjustments
of Gordon (1990) for producer-durable equipment prices from the time period
1947–1983 to the period 1983–2001.

REFERENCES
Balke, Nathan S., and Robert J. Gordon. 1989. “The Estimation of Prewar
Gross National Product: Methodology and New Evidence.” The Journal
of Political Economy 97 (February): 38–92.
Cummins, Jason G., and Violante, Giovanni L. 2002. “Investment-Specific
Technical Change in the United States (1947–2000): Measurement and
Macroeconomic Consequences.” Review of Economic Dynamics 5
(April): 243–84.

44

Federal Reserve Bank of Richmond Economic Quarterly

Doms, Mark E., Wendy E. Dunn, Stephen D. Oliner, and Daniel E. Sichel.
2003. “How Fast Do Personal Computers Depreciate? Concepts and
New Estimates.” Federal Reserve Bank of San Francisco Working Paper
2003–20.
Gallman, Robert E. 1986. “The United States Capital Stock in the
Nineteenth Century.” In Stanley L. Engerman and Robert E. Gallman,
Long-Term Factors in American Economic Growth. (Studies in Income
and Wealth 51): 65–206. Chicago: University of Chicago Press.
Gordon, Robert J. 1990. The Measurement of Durable Goods Prices. The
University of Chicago Press: Chicago.
Greenwood, Jeremy, Hercowitz, Zvi, and Krusell, Per. 1997. “Long-Run
Implications of Investment-Specific Technological Change.” The
American Economic Review 87(3): 342–62.
Hall, Robert E., and Dale W. Jorgenson. 1967. “Tax Policy and Investment
Behavior.” The American Economic Review 57 (June): 391–414.
Jorgenson, Dale W., Frank Gollop, and Barbara Fraumeni. 1987. Productivity
and U.S. Economic Growth. Cambridge: Harvard University Press.
Kaldor, Nicholas. 1957. “A Model of Economic Growth.” The Economic
Journal 67 (December): 591–624.
. 1961. Ed. F.A. Lutz and D.C. Hague. “Capital
Accumulation and Economic Growth.” The Theory of Capital. London:
Macmillan:177–222.
King, Robert G., Charles I. Plosser, James H. Stock, and Mark W. Watson.
1991. “Stochastic Trends and Economic Fluctuations.” The American
Economic Review 81 (September): 819–40.
Kendrick, John W. 1961. Productivity Trends in the United States. Princeton:
Princeton University Press.
Kongsamut, Piyabha, Sergio Rebelo, and Danyang Xie. 2001. “Beyond
Balanced Growth.” Review of Economic Studies 60 (October): 869–82.
Kuznets, Simon S. 1961. Capital in the American Economy: Its Formation
and Financing. Princeton: Princeton University Press.
. 1971. Economic Growth of Nations—Total Output and
Production Structure. Cambridge: Harvard University Press.
Maddison, Angus. 1991. Dynamic Forces in Capitalist Development—A
Long-Run Comparative View. Oxford: Oxford University Press.
Seskin, Eugene P. and Robert P. Parker. 1998. “A Guide to the NIPA’s.”
Survey of Current Business (March): 26–48.

A. Hornstein: (Un)Balanced Growth

45

Siegel, Jeremy L. 1998. Stocks for the Long Run. 2nd ed. New York:
McGraw-Hill.
U.S. Department of Commerce, Bureau of Economic Analysis. National
Income and Product Accounts of the United States, 1927–1997. At
http://www.bea.doc.gov/bea/an/nipaguid.pdf
U.S. Department of Commerce, Bureau of Economic Analysis. Fixed Assets
and Consumer Durables in the United States, 1925–97 (2003). At
http://www.bea.doc.gov/bea/dn/Fixed Assets 1925 97.pdf
Whelan, Karl. 2002. “Computers, Obsolescence, and Productivity.” Review
of Economics and Statistics 84 (August): 445–61.
. 2003. “A Two-Sector Approach to Modeling U.S. NIPA
Data.” Journal of Money, Credit and Banking 35 (August): 627–56.

