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1 Introduction

The neoclassical investment model with capital adjustment costs is a workhorse in the investment

literature and has been used to explain many perceived anomalies in the cross section of stock

returns. However, the model in its standard form is unable to explain the magnitudes of the

significant run-up and subsequent fall in market values of equity during the late 1990s and

early 2000s. This leaves two possibilities: either 1) the neoclassical framework cannot account

for observed stock price behavior during this period and we need to appeal instead to investor

irrationality (e.g., Hong and Stein, 1999) or time-varying uncertainty (e.g., Pastor and Veronesi,

2003, 2006); or 2) the standard neoclassical model needs to be patched up so that it can account for

observed stock price behavior during this period. This paper shows that three modifications to the

assumptions of the standard model, all of which are consistent with the spirit of the neoclassical

framework, allow the model to accommodate the large changes in equity values observed during

the late 1990s and early 2000s along with the high stock return volatility.

In the model’s standard form (à la Cochrane, 1991), firms maximize shareholder value by

choosing levels of investment in productive fixed capital which is subject to quadratic adjustment

costs. In this framework, the equilibrium market value of the firm’s equity, pt, plus its debt, bt, is

equal to its capital stock, kt+1, times the shadow price of capital, qt, or marginal q:

pt + bt = qtkt+1.

Figure 1 shows the actual market values of equity scaled by output for the US corporate nonfinancial

sector from 1953 to 2005 and the NASDAQ sector from 1983 to 2005 along with the fitted values

predicted by the standard model using a Generalized Method of Moments estimation procedure.

The model is able to fit mean levels, but is not flexible enough to explain the extreme changes in

prices — especially during the “bubble” period.

I modify the standard model in three ways. First, I make a distinction between structures capital

(real estate, buildings, etc.) and equipment capital (machines, software, etc.). In practice, fixed

capital is heterogeneous both in terms of productivity and in terms of capital adjustment costs. For

example, a square foot of office space is not necessarily a good substitute for a new software package

of the same value in terms of producing goods and services. Also, more time is likely to be diverted

towards learning how to use the software package than towards learning to navigate a new room.

In equilibrium, marginal q is equal to both the discounted marginal cash flows from investment
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and the marginal capital adjustment costs. If firms simply scale all inputs up and down over

time in fixed proportions, the standard model may suffice, despite the heterogeneity. However, the

composition of the aggregate capital stock has shifted from structures towards equipment in both

sectors recently, but not necessarily monotonically. Additionally, equipment investment-capital

ratios tend to be more pro-cyclical than corresponding structures ratios. This assumption is crucial

in both the US corporate nonfinancial and NASDAQ sectors.

Second, I adjust for the changing quality of equipment capital. Standard models hold the

productive quality of capital constant. In reality, the quality of new capital – especially equipment

– changes over time. A common example used to illustrate this “investment-specific technological

change” is “Moore’s Law” which states that the number of transistors that can be inexpensively

placed on an integrated chip doubles approximately every two years. If the price of the chips

increases at a lower rate than the productivity, then the real price of a chip will underestimate

the level of technology embodied in each new vintage of hardware. This assumption is especially

important in the NASDAQ sector which is more heavily invested in equipment capital.

Third, I allow adjustment costs to be non-quadratic. Quadratic adjustment costs are typically

used for analytic convenience: with such adjustment costs, qt is linear in investment-capital ratios.

However, there is no ex-ante reason to expect a quadratic function to provide a better approximation

of adjustment costs than another convex function. Because this function determines changes in q,

its curvature is important in determining the price levels, price changes, and the volatility of price

changes.

When the standard neoclassical investment model is extended to include heterogeneous capital,

investment-specific technological change and non-quadratic adjustment costs, it can explain most of

the extreme price movements during the “bubble” period in both sectors. The equilibrium pricing

equation from this generalized model is

pt + bt = qs
t st+1 + qe

t et+1,

where st and et are the structures and quality-adjusted equipment capital stocks, respectively,

and qs
t and qe

t are the corresponding shadow prices. Figure 2 shows the actual market values of

equity scaled by output for each sector along with the values predicted by the generalized model.

The model performs very well during the “bubble”. During this period, investment is high. This is

consistent with managers willing to incur relatively high adjustment costs because they expect high
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marginal cash flows from investing. When expected cash flows are high, prices are high. Managers

subsequently decrease rates of investment, expecting marginal cash flows to be lower in the future.

Low marginal cash flows mean low prices. On average, their forecasts are correct. The time series

of prices reflects the time series of investment.

During the “bubble” period, adjustment costs associated with equipment investment are

relatively high. Investment in new equipment must be accompanied by possibly unobservable

complementary investment in human capital or intangible capital. This is consistent with the nature

of investment in technologically advanced equipment observed during this period. Furthermore,

controlling for price, each new vintage of equipment capital is more productive than the previous.

As firms replace old capital with newer, more productive capital, this leads to an additional increase

in value. When investment is high, this is especially pronounced. Indirect adjustment costs for

structures investment are close to zero.

I also examine the effect of heterogeneous capital, investment-specific technological change,

non-quadratic adjustment costs and leverage on the empirical relation between investment and

stock returns and I compare the results to Cochrane’s (1991) results in terms of volatilities and

autocorrelations of returns. In particular, I generate the model predicted stock returns and find

them to be as volatile as observed returns. Cochrane (1991) uses a model with homogeneous capital,

quadratic adjustment costs and all-equity financing and generates a stock return standard deviation

of less than half of the actual value. The model in this paper generates quarterly return standard

deviations of about 6.1% in the US corporate nonfinancial sector and 12.6% in the NASDAQ sector

compared to the observed standard deviations of 6.4% and 10.4%, respectively. The adjustment

costs associated with structures are essentially zero. Most of the results are driven by equipment

capital. In the US corporate nonfinancial sector, heterogenous capital and debt financing have the

biggest effect on stock return volatility, but non-quadratic adjustment costs are also important.

Generating high stock return volatility is much easier on the NASDAQ, where investment-capital

ratios are much more volatile.

Both firm value and stock returns are functions of investment. When adjustment costs functions

are quadratic, marginal returns from investing are linear in the investment-capital ratios. When

the powers are greater than two, the relation between marginal returns and investment is convex.

From a shareholder’s perspective, if investment is unexpectedly high next quarter, the marginal

cost of investment will be higher than in the quadratic case. Controlling for the other parameters,
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the volatility of the investment-capital series is amplified relative to the quadratic adjustment costs

case. As a result, stock returns are more volatile.

Adjustment costs are crucial to the model. Managers increase investment up to the point at

which the marginal cost of investment – including adjustment costs – is equal to the marginal

expected profit from investment. If marginal costs are too low, the implied marginal profits will

be too low. On the other hand, if marginal adjustment costs are too high, the model may be

inconsistent with reality. The implied adjustment costs from the model are reasonably small for

the US corporate nonfinancial sector – 2% of output per quarter – and slightly larger for the

NASDAQ – about 12% of output. Average marginal adjustment costs are 1 for structures and

1.954 for equipment compared to 1 and 7.331 in the NASDAQ. These all lie within the range of

previous estimates1.

I find that measured productivity growth drops with increases in equipment investment growth,

consistent with accumulation of human capital during periods of high investment. If equipment

capital and human capital are complementary inputs in the production function, periods of high

investment in equipment will coincide with periods of high investment in human capital. Human

capital is accumulated through the process of learning. When new equipment is introduced, workers

must spend time learning the best way to use it. This diversion of labor from producing output

towards learning how to use new capital reduces output. Because labor is not disaggregated into

time spent learning and time spent producing, measured productivity is low when investment in

equipment is high. I do not find a statistically significant effect for structures investment. This is

consistent with small indirect structures adjustment costs.

I cannot rule out every behavioral explanation for the “bubble”, nor do I attempt to do so.

Instead, I provide a rational model that is consistent with the prices, returns, and return volatilities

observed during this period. I also do not directly model expectations. I cannot explain why

investment is high during the late ’90s. However, I do show that it is consistent with rational

decision making on the part of the firm. On average, firms’ forecasts about returns from investing

are correct - both unconditionally and controlling for predictive variables. Prices are high because

investment is high, and on average, high investment is followed by high returns from investing.

High investment alone does not lead to high firm value. Both the level of investment and value
1Merz and Yashiv (2005) find capital adjustment costs that average 4.2% of output in the US corporate nonfinancial

sector. To my knowledge no previous estimates of average adjustment costs on the NASDAQ exist. Past estimates
of marginal adjustment costs range from about 1 (Cooper and Haltiwanger, 2006) to 10.5 (Cummins et al., 1994)
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of the firm are determined in equilibrium as a function of unobserved expected productivity of

capital. If the expected marginal return from investing is high, investment will be high, and so

will firm value. Furthermore, if marginal adjustment costs are increased for the same equilibrium

levels of investment, it must be that rational managers expect equally high marginal returns from

investing. In such an equilibrium, firm value will be even higher. High investment, high marginal

adjustment costs, and high firm value are consistent with high expected marginal returns from

investing.

1.1 Related Literature

The methodology in this paper is related to that in Merz and Yashiv (2005, 2007) who examine the

effect of labor market frictions and capital adjustment costs on the value of the firm. In such an

economy, labor adds to the market value of the firm. They are able to explain much of the relative

difference in levels from the 1970s through the late 1990s and early 2000s. Instead of focusing

on labor or intangible assets, I show that by disaggregating fixed capital into two components,

structures and equipment, accounting for changes in the quality of equipment, and incorporating

non-quadratic adjustment costs, a neoclassical q-theory model can explain the high price levels in

the late 1990s and early 2000s relative to other years in both the US corporate nonfinancial and

NASDAQ sectors. Merz and Yashiv do not examine the high tech sector or the relation between

investment returns and stock returns.

The valuation literature has two major strands. The first consists of papers using partial and

general equilibrium neoclassical models to explain firm value. The benefit of using these models is

that firm value is a function of potentially observable variables. If the firm is behaving optimally,

the shadow price of capital, qt, is an objective forecast of discounted marginal cash flows. The firm’s

optimal forecast is used in lieu of a subjective forecast. While qt may not be directly observable, it

is a function of a firm’s observable investment decisions. Several papers add unmeasured intangible

capital in the valuation context to explain firm value. Hall (2001) defines intangible capital as

the difference in the market value of the firm and the value of the firm’s tangible capital. By

construction, the model fits the data perfectly. McGrattan and Prescott (2005, 2007) use first

order conditions to infer intangible capital and investment and are able to generate a run-up in

scaled US corporate values from the 1970s to the late 1990s. Because they use general equilibrium

models, they rely on aggregate consumption data and wage data and do not examine individual

firms or sectors.
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At the other extreme are papers using accounting-based methods: relative valuation, in which

a firm’s financial ratios (e.g., price-to-earnings and market-to-book equity) are compared to peer

firms, and discounted cash flow analysis, which involves discounting projected future cash flows at

the appropriate risk-adjusted rate. Both types of valuation are widely used in practical applications.

However, both types also involve an amount of subjectivity in the form of growth forecasts and

discount rates.

Pastor and Veronesi (2003, 2006) use the clean surplus accounting relation to model dynamics

of the book value of equity. To relate book value and market value, they assume that at some

random time in the future the two will be equal. They parameterize the firm’s productivity process

and assume that investors know all of the model parameters with certainty except for the firm’s

average profitability. Through the process of learning, investors update their beliefs about this

parameter. Because market values are convex in average profitability, firm valuations increase with

investors’ uncertainty about average profitability. After calibrating the model using annual data,

they find the implied levels of uncertainty about average profitability for several NASDAQ stocks

necessary to justify the prices at the height of the “bubble” and argue that they are reasonably

small.

In the model in this paper, there is no uncertainty about model parameters on the part of

investors. Instead, the investment decisions of managers are taken as given. Any learning about

profitability is implicitly embedded in the observed investment decisions. Rational managers will

equate marginal costs with marginal returns. Given the amount of fixed capital of the firm and the

adjustment costs function, managers’ investment decisions perfectly reveal their forecasts about

profitability. The rational market value of the firm immediately follows. In order to ensure

that observed investment decisions are consistent with rationality, I include the investment Euler

equations as moments in the estimation procedure. On average, managers’ one period ahead

forecasts of profitability are correct – both unconditionally and with respect to the instruments.

These two first order conditions restrict the set of parameter estimates to those that are consistent

with rational decision making. Pastor and Veronesi (2003, 2006) do not directly use the information

contained in a firm’s investment decisions. Instead, they use a reduced form approach and model

the profitability process itself. Using the investment information could shed further light on the

plausibility of their parameter values and the implied uncertainty about average profitability.

Section 2 describes the model and its implications. Section 3 presents the empirical strategy.
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Section 4 describes the data construction and summary statistics. Section 5 presents the empirical

results for the main model along with alternate specifications. Section 6 examines the effect of

investment on productivity growth. I conclude in Section 7.

2 The Model

I use an augmented version of the standard neoclassical q-theory model. Firms use two capital

inputs to produce homogeneous output. In the basic q-theory model, all types of fixed capital are

treated equal. In practice, capital is heterogeneous in terms of productivity, adjustment costs and

depreciation. In the production process, an expensive machine is not necessarily a good substitute

for a small piece of real estate of the same value. To capture these differences, and to test the

importance of these distinctions in valuation, I incorporate multiple capital goods into the model.

Output, π(st, et, θt), depends on the stocks of structures, st, and equipment, et, and a vector of

exogenous aggregate, firm- and input-specific productivity shocks, θt. To simplify the notation, I

suppress these arguments and define π(t) ≡ π(st, et, θt). The production function exhibits constant

returns to scale, so that π(st, et, θt) = πs(t)st +πe(t)et, where subscripts denote partial derivatives,

i.e., πs(t) ≡ ∂π(st, et, θt)/∂st and πe ≡ ∂π(st, et, θt)/∂et are the marginal products of structures

and equipment, respectively. Labor is not included in the production function. When labor can be

adjusted immediately at no cost, wages are equal to the marginal product of labor and all of the

moments used in this paper are unchanged2.

Given the operating profits, firms choose structures-investment, is, and equipment-investment,

ie, to maximize the market value of the firm. Structures and equipment evolve according to the

following equations:

st+1 = ist + (1− δs
t )st (1)

et+1 = γti
e
t + (1− δe

t )et (2)

Structures at time t+1 is equal to investment in new structures at time t plus the non-depreciated

portion of the existing stock of structures from the previous period. The accumulation of equip-

ment, on the other hand, is subject to investment-specific technological change (as in Greenwood,

Hercowitz and Krusell (2000) and Cummins and Violante (2002)). I represent the level of the tech-
2Merz and Yashiv include (2007) labor adjustment costs in their model. The addition of labor adjustment costs

would strengthen my results. In such a case, labor adds to the value of the firm, reducing the need for large capital
adjustment costs.
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nology for producing equipment as γt. This is typically increasing over time. Changes in gamma

represent investment-specific technological change. Controlling for price, each new vintage of equip-

ment capital tends to be more productive than the previous. To account for this change, a “new”

equipment capital stock must be generated using equation (2) along with observed investment and

an estimate of γt. Details are in Section 4.3. I assume that the proportional depreciation rates, δs
t

and δe
t , vary with time.

There are costs to investing in new capital. These include direct purchase and installation

costs and indirect adjustment costs. Adjustment costs include the indirect costs of installing and

integrating new capital and practices. The adjustment costs function φ(ist , st, i
e
t , et) is convex in

each of the inputs and is homogeneous of degree one in its inputs:

φ(ist , st, i
e
t , et) = φis(t)i

s
t + φs(t)st + φie(t)i

e
t + φe(t)et. (3)

Both the levels of investment, ist and iet , and the sizes of the capital stocks, st and et, may affect

the magnitude of the adjustment costs. To simplify notation, I suppress the arguments of the

adjustment costs function and use φ(t) ≡ φ(ist , st, i
e
t , et) whenever possible. In addition to the cost

of adjusting structures and equipment, I assume that firms incur flow operating costs each period

that are proportional to the capital stocks, fsst and feet, where fs, fe > 0.

Liu, Whited, and Zhang (2007) show that when firms use both debt and equity financing, stock

returns are no longer equal to simple investment returns. At the portfolio level, they find debt to

be important in relating stock and investment returns. To add this element of realism to the model

I include debt financing and test its importance in firm valuation. Following Hennessy and Whited

(2005), I model one-period debt. At the beginning of period t, firms issue one-period debt, bt, that

must be repaid at the beginning of period t + 1. The gross interest rate on bt, is denoted lt. When

applying the model to the data, I treat the choice of debt as given. Because there are no taxes or

bankruptcy costs, the choice of debt should not affect the firm’s investment decisions.

2.1 Value Maximization

Managers maximize the discounted future cash flows, dt, of the firm to the shareholders using the

exogenously determined pricing kernel, mt,t+τ , by choosing investment in structures and equipment
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capital over an infinite horizon. In this case, the cum-dividend market value of equity of the firm is

v(st, et, bt, θt, γt) = max
{ist+τ ,iet+τ}∞τ=0

Et

[ ∞∑

τ=0

mt,t+τdt+τ

]
(4)

subject to

dt = π(st, et, θt)− fsst − feet − φ(ist , st, i
e
t , et) + bt − ltbt−1 (5)

st+1 = (1− δs
t )st + ist (6)

et+1 = (1− δe
t )et + γti

e
t . (7)

The shareholders receive the cash flow, or dividend, dt, which consists of the revenues, π(t), minus

the flow operating costs, fsst and feet, minus the direct and indirect costs of investment, φ(t), plus

the difference between the amount of debt raised, bt+1, and the amount due, ltbt−1.

The optimality conditions which must be consistent at time t and t + 1 are:

ist : qs
t = φis(t) (8)

iet : qe
t =

φie(t)
γt

(9)

st+1 : qs
t = Et

[
mt+1

{
πs(t + 1)− fs − φs(t + 1) + (1− δs

t+1)q
s
t+1

}]
(10)

et+1 : qe
t = Et

[
mt+1

{
πe(t + 1)− fe − φe(t + 1) + (1− δe

t+1)q
e
t+1

}]
, (11)

where qs
t and qe

t are the present-value multipliers or shadow prices associated with constraints (6)

and (7), respectively. The first order conditions (8) and (9) equate the marginal costs of investing

in structures capital, φis(t), and equipment capital, φie(t)/γt, with their marginal benefits, qs
t and

qe
t . The equations (10) and (11) are the Euler equations that describe the evolution of the shadow

prices of capital. Rolling equations (10) and (11) forward and recursively substituting the results,

qs
t and qe

t can be represented as the expected present value of the marginal profit from investing in

structures and equipment capital. Managers will increase investment up to the point at which the

marginal costs of investment are equal to the expected marginal benefits.

Equations (8) and (9) imply that Et[mt+1r
I
st+1] = Et[mt+1r

I
et+1] = 1, where

rI
st+1 ≡

πs(t + 1)− fs − φs(t + 1) + (1− δs
t+1)φis(t + 1)

φis(t)
(12)
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is the return to investing in new structures,

rI
et+1 ≡

πe(t + 1)− fe − φe(t + 1) + (1− δe
t+1)φie(t + 1)/γt+1

φie(t)/γt

(13)

is the return to investing in new equipment. The returns to investment in equations (12) and (13)

are the ratios of the marginal benefit at time t + 1 to marginal cost at time t .

The costs of investing in an additional unit of structures capital include the purchase price

and marginal adjustment costs, both of which are represented by φis(t). The term πs(t + 1) − fs

in the structures investment return equation is the marginal revenue minus the marginal flow

operating cost from an additional unit of structures capital at time t + 1. The term −φs(t + 1)

represents the marginal adjustment costs from an additional unit of kt+1. With economies of

scale in the adjustment costs function, this term will be positive. The marginal investment cost

term (1 − δs
t+1)φis(t + 1) represents the continuation value, or shadow price at time t + 1, net of

depreciation, which can be seen by substituting using equation (8). Thus, the ratio of the net

profits at time t + 1 to the cost of investing at time t represents the gross investment return. The

equipment investment return is analogous with the exception of the term γt which adjusts for the

level of technology in producing equipment.

2.2 Market Values and Stock Returns

I use the Generalized Method of Moments procedure to estimate the model parameters and to test

how well the model performs in a valuation context. I define the ex-dividend market value of equity,

pt, as

pt ≡ v(st, et, bt, θt, γt)− dt (14)

and the stock return as

rS
t+1 ≡

v(st+1, et+1, bt+1, θt+1, γt+1)
pt

=
pt+1 + dt+1

pt
. (15)

Using these two definitions, the following two propositions provide two of the four moments used

in the estimation procedure.

Proposition 1 (Market Value of the Firm) Let the market value of the firm, vt, be as in (4) and

define the ex-dividend market value of equity, pt, as in (14). Then, in equilibrium, the market value
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of the firm can be expressed as

vt = pt + bt = qs
t st+1 + qe

t et+1. (16)

Proof. See Appendix A.

Proposition 1 states that the market value of the firm’s equity and debt is equal to the value of

the structures and equipment capital stocks using the shadow prices of capital investment. Note that

the structures and equipment capital stocks are evaluated one period ahead. This is because capital

takes one period to become productive and is determined by the optimal amount of investment at

time t. The effect of investment-specific technological change is captured in qe
t , which can be seen

by plugging equation (9) into (11).

Proposition 2 (Stock Returns) Let the market value of the firm, vt, be as in (4) and define the

firm’s market leverage ratio, νt, as νt ≡ bt/(pt + bt). Then, in equilibrium, the firm’s stock and

bond returns are related to investment returns as follows:

νtr
B
t+1 + (1− νt) rS

t+1 = ωtr
I
st+1 + (1− ωt) rI

et+1, (17)

where the stock return, rS
t+1 is defined in (15), the investment returns, rI

st+1 and rI
et+1, are defined

in (12) and (13), and ωt is defined as:

ωt ≡ qs
t st+1

qs
t st+1 + qe

t et+1
=

φis(t)st+1

φis(t)st+1 + φie(t)et+1
. (18)

Proof. See Appendix A.

Proposition 2 states that the leverage-weighted average of the stock and bond return is equal

to the weighted average investment return. This is a generalization of the stock-investment return

relation introduced by Cochrane (1991). The investment returns are weighted according to the

contribution of the type of capital to total market value. These two equations are used along with

the firm’s first order conditions for investment to estimate the model parameters.

3 Econometric Methodology

3.1 Estimation Strategy

I use Hansen’s (1982) Generalized Method of Moments (GMM) procedure to estimate seven

parameters of the model. In the rational expectations framework, the firm’s expectational errors for

each moment, εt, should be orthogonal to the instruments, Zt, which are in the firm’s information
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set at the time t: Et[Zt
⊗

εt(xt+1,Θ0)] = 0. In this orthogonality condition,
⊗

is the Kronecker

product, xt is a vector of data and Θ0 is the vector of true model parameters. In the GMM

framework, the best estimate of Θ0 is that which minimizes the quadratic form using the sample

counterparts to the orthogonality condition:

Θ̂ = argmin
Θ

(
1
T

T∑

t=1

Zt

⊗
εt(xt+1, Θ)

)′

W

(
1
T

T∑

t=1

Zt

⊗
εt(xt+1,Θ)

)
, (19)

Where W is a weighting matrix. The four moment conditions used in the estimation process are

described below. The instruments are described in the data section.

The Investment Euler Equations

Two quantity moment conditions corresponding to the structures-investment Euler equation from

combining equations (8) and (10):

φis(t) = Et

[
mt+1

(
πs(t + 1)− fs − φs(t + 1) + φis(t + 1)(1− δs

t+1)
)]

(20)

and the equipment-investment Euler equation from combining equations (9) and (11):

φie(t)
γt

= Et

[
mt+1

(
πe(t + 1)− fe − φe(t + 1) +

φie(t + 1)
γt+1

(1− δe
t+1)

)]
(21)

are included in the set of moments. To induce stationarity, I scale (20) and (21) by πt/st and

πt/et, respectively. These two equations restrict the set of possible shadow prices to those that can

occur in equilibrium. On average, managers’ forecasts of marginal profits from investing will equal

marginal costs. Pastor and Veronesi (2006) use a reduced form model of firm profitability and do

not directly use the information contained in firms’ investment decisions.

The Asset Valuation Equation

Combining equations (10) and (11) with equation (16) and rearranging yields the valuation

equation:

pt

π(t)
=

st+1

π(t)
Et

[
mt+1

(
πs(t + 1)− fs − φs(t + 1) + φis(t + 1)(1− δs

t+1)
)]

+
et+1

π(t)
Et

[
mt+1

(
πe(t + 1)− fe − φe(t + 1) +

φie(t + 1)
γt+1

(1− δe
t+1)

)]
− bt

π(t)
(22)

Prices are not stationary. In the long run, prices increase at roughly the same rate as profits. I

scale the moment condition by πt to deal with stationary variables in the estimation. Merz and
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Yashiv (2005) estimate a similar equation—equation (2.20)—in their paper.

The asset valuation equation allows me to study the important question as to whether the

q-theoretic model can quantitatively explain the stock market “bubble” in the late 1990s as well as

how different ingredients of the model contribute to the stock price run-up and subsequent decline.

The Expected Return Equation

Cochrane (1991) tests the relationship between investment returns and stock returns, which are

equal in his model. In my model, the relationship is more complex. To further restrict the set

of parameter values allowed by my model, I include in my set of moment conditions the following

expected-return equation implied from equation (17):

E

[
rS
t+1 −

ωtr
I
st+1 + (1− ωt)rI

et+1 − νtr
B
t+1

1− νt

]
= 0 (23)

This relation holds with or without expectations. Note that Merz and Yashiv (2005) do not estimate

the return moment condition. The second term in the brackets is the levered investment return.

Liu, Whited and Zhang (2007) implement this equation in the cross-section of returns.

3.2 Functional Forms

The production function is Cobb-Douglas, π(st, et, θt) = A(θt)sα
t e1−α

t , which exhibits constant

returns to scale. Its partial derivatives are

πs(t) = α
π(st, et, θt)

st
(24)

πe(t) = (1− α)
π(st, et, θt)

et
, (25)

with α and (1 − α) denoting the output elasticities of structures and equipment, respectively. I

estimate α. The linear homogeneous adjustment costs function allows costs to vary across the two

types of capital:

φ(ist , st, i
e
t , et) = ist + iet +

(
as

ist
st

)ηs

st +
(

ae
γti

e
t

et

)ηe

et. (26)

Over the relevant parameter space, adjustment costs are increasing in investment, ist and iet , and

decreasing in the capital stocks, st and et. For the same level of investment, larger firms incur

smaller adjustment costs. The coefficients, as and ae, are scale parameters to be estimated. These

functions are typically assumed to be quadratic, but following Merz and Yashiv (2007), I estimate
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the powers of the adjustment costs function, ηs and ηe, and test the importance of this assump-

tion. In the quadratic case, marginal adjustment costs are linear in investment-capital ratios. With

powers greater than 2, this relationship is convex. Because qs
t and qe

t are equal to marginal adjust-

ment costs in equilibrium, increasing the powers of the adjustment costs function will magnify the

variability the investment-capital ratios, and in turn, the variability of implied returns.

3.3 Diagnostics

After estimating the production function parameter, the two operating cost parameters, and

the four adjustment costs parameters, I use a variety of diagnostic tests to evaluate the model

performance along several important dimensions.

Prices

The main aim of the paper is to apply a neoclassical q-theory model to firm valuation. I estimate

the model parameters with and without investment-specific technological change for both sectors.

After estimating the parameters, the predicted market value of equity is compared to the observed

value. Next, to evaluate the importance of each of the main elements of the model, I estimate several

alternate specifications and examine the resulting price levels. In particular, I estimate parameters

for the following variations: homogeneous capital, no leverage, and quadratic adjustment costs.

Finally, I divide the US corporate nonfinancial series into two subsamples and repeat the estimation.

Model Fit

In the GMM framework, when there are more equations than parameters, the quadratic form on

the right hand side of (19) will be greater than zero. The test of overidentifying restrictions is a

test of the overall fit of the model. In particular, defining JT as the minimized value of the right

hand side with an optimal weighting matrix, W ∗,

Jt =

(
1
T

T∑

t=1

Zt

⊗
εt(xt+1, Θ̂)

)′

W ∗
(

1
T

T∑

t=1

Zt

⊗
εt(xt+1, Θ̂)

)
,

then TJT ∼ χ2(#moments × #instruments − #parameters). If this quantity is large enough,

then we can reject that the model fits the data in a statistical sense. On the other hand, if this

number is sufficiently close to zero, then we will fail to reject the model.
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Adjustment Costs

In the standard model with no indirect adjustment costs, growth options, or intangible capital,

the price of capital is equal to one and the value of the firm is equal to the value of its assets in

place. Once indirect adjustment costs are added, this is no longer the case. Given the estimated

parameters, time series of total adjustment costs and marginal adjustment costs are generated for

the preferred models. These costs are examined for plausibility.

Stock Returns and Investment Returns

As shown in Cochrane (1991, Table I), aggregate investment returns generated using a standard

q-theory model with quadratic capital adjustment costs are much less volatile than aggregate stock

market returns. A natural test is whether a richer model can deliver stock market volatilities

comparable to those observed in the data. Specifically, having estimated the model parameters, I

compare the investment return volatility to the stock market return volatility. Additionally, the

autocorrelation structures of the investment returns and investment-capital ratios are compared

with those of the stock returns. Finally, correlations are calculated between stock returns and

investment returns, investment growth and growth in profits as in Cochrane (1991).

4 Data and Summary Statistics

4.1 US Corporate Nonfinancial

I use quarterly data from the period 1953:1 to 2005:2 for the nonfinancial corporate business sector

of the United States.

Output and Price Deflator

As my measure of output, π, I use the real value added of nonfinancial corporate business from

Table 1.14 (series A457RX1) of the NIPA accounts published by the BEA of the Department of

Commerce and its associated price deflator.

Investment, Capital, Depreciation and the Price of Investment

I require the quarterly data to conform to the annual data. This is a multi-step procedure.

First, I generate quarterly investment and depreciation data for aggregate physical capital that are

consistent with the annual data. Next, the quarterly investment data are separated into investment

in structures and investment in equipment. Finally, I generate the quarterly structures and
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quarterly equipment capital stocks using the quarterly investment data and the annual depreciation

data. All data are from the BEA NIPA tables and the Federal Reserve Flow of Funds data. See

Appendix B for details.

Market Value of Equity and Leverage

I use the market value of shares outstanding for nonfinancial corporate business from the Federal

Reserve (Table B.102, series FL103164003.Q) as my measure of the market value of equity, pt. In

the measure of financial leverage, ωt, I use total value of credit market instruments, bt, for nonfarm

nonfinancial corporate business from the Federal Reserve (Table B.102, series FL104104005.Q) and

the market value of equity.

Discount Factor and Stock and Bond Returns

Following Merz and Yashiv (2007), I use 1/rS
t+1 as the pricing kernel, mt,t+1. In this case, rS

t+1

is the CRSP Value Weighted NYSE, NASDAQ and Amex nominal, gross return deflated by the

inflation rate. For the bond return, rB
t , I use the Baa-rated bond yield from the Federal Reserve of

St. Louis. Stock and Bond returns are measured from point to point, and macroeconomic variables

are typically quarterly averages. Following Cochrane (1996), I average monthly returns and adjust

the timing so that they cover the period from the middle of the initial quarter through the middle

of the following quarter.

4.2 NASDAQ data

I use quarterly aggregate NASDAQ data from 1983:4 to 2005:3. The beginning of the sample is

limited by the availability of disaggregated firm level investment data.

Accounting Data

The historical exchange codes in the CRSP monthly file are used to determine when stocks were

listed and delisted from the NASDAQ exchange. Accounting data are gathered for those firms

which are included in Compustat. Sales, capital stocks, investment, and depreciation are gathered

from CRSP3. Total investment in fixed capital is reported quarterly, but is only disaggregated into

structures and equipment annually. For each stock, I divide quarterly total investment into its
3As in Love (2003) and Liu, Whited and Zhang (2007), sales are used in the marginal product of capital. This can

be done if the production function exhibits constant returns to scale and the shocks to profits are reflected in sales.
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two components based on the industry averages from the BEA NIPA fixed asset tables. Data are

aggregated based on market value of equity. See Appendix B for more details.

Returns, Market Value of Equity and Leverage and Pricing Kernel

The total market value of securities used in the NASDAQ index (usdval) is defined as the Market

Value of Equity, pt. The value-weighted stock return including dividends, rS
t , is taken from the

indices file (vwretd) and adjusted for timing as in Cochrane (1996). As a proxy for the return to

the debt, rB
t , I use the Baa-rated bond yield from the Federal Reserve of St. Louis.

Financial leverage, ωt, is calculated using aggregate book value of Long Term Debt from the

Compustat Industrial Quarterly file (data51), and the market value of equity. Firm debt data are

aggregated in the same manner as the other series.

As in the case of the aggregate US corporate nonfinancial sector, I use the CRSP value weighted

index as a proxy for the pricing kernel.

4.3 Investment-Specific Technological Change

The productive quality of equipment and software may change over time, even adjusting for

inflation. A common example used to illustrate this change is “Moore’s Law” which states that the

number of transistors that can be inexpensively placed on an integrated chip doubles approximately

every two years. As long as the price of the chips increases at a lower rate than the productivity,

then the real price of a chip will underestimate the level of technology embodied in the new vintage

of hardware.

To model the change in the technology in producing equipment and software, I follow

Greenwood, et al, (1997), and Cummins and Violante (2002), and use an exogenously determined

process for γt based on Gordon’s (1990) quality-adjusted prices for 22 categories of durable

equipment from 1947-1983. Gordon estimates quality adjusted prices using price hedonic

regressions. Using Gordon’s indexes, Cummins and Violante measure the quality bias implicit

in the NIPA price indexes for the 1947-1983 period and extrapolate the bias using the NIPA data

from 1984-2000. I repeat the exercise and extend each series through 2006. Using the Tornqvist

procedure4, I aggregate the asset-level price indexes into a structures and equipment index, pG
t . The

level of technology is then calculated as γt = pC
t /pG

t , where pC
t is a constant-quality price index for

4The Tornqvist procedure is used to form a moving-weight average of percentage growth weights. In this case,
the Tornqvist index is a cumulative exponential index of growth rates in prices, where the individual weights are the
shares of either the investment good, or consumption good
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consumption constructed by applying the Tornqvist procedure to NIPA data on prices and shares

of the consumption of non-durable goods (excluding energy expenditures) and nonhousing services.

The quality adjusted price, pG
t and the level of technology, γt for the period 1947-2006 are presented

in Panels A and B of figure 5.

Because old equipment loses some of its value as technology improves, depreciation is adjusted

according to the change in the relative price of the asset:

δeγ
t = 1− (1− δe

t )
γt−1

γt

. (27)

Finally, to capture the effect of technological change on the capital stock, a new equipment series,

eγ
t is generated using the observed investment, iet the adjusted depreciation, δeγ

t , the level of

technology, γt, and the capital accumulation equation. The new capital stock series is initialized

at the beginning of the sample using steady-state levels of the equipment capital stock. Panels C

and D of Figure 5 show the proportion of aggregate capital made up of equipment for both the

US corporate nonfinancial and NASDAQ sectors. Equipment capital has become relatively more

important in both cases, especially when controlling for investment-specific technological change.

4.4 Instruments

I use five instrumental variables in the GMM estimation which have been shown to have power

in predicting prices, returns and output. The default premium, deft, is defined as the difference

between the yields of Aaa and Baa corporate bonds. The term premium, termt, is the yield on

ten-year notes minus that on three-month Treasury bills. Corporate bond data are from Ibbotson’s

index of Long Term Corporate bonds. The risk free rate, rft, is from Ken French’s website.

The equally weighted aggregate dividend yield, divt, is from CRSP. Finally, I use the Lettau and

Ludvigsen consumption-to-wealth ratio, cayt.

4.5 Summary Statistics

Table 1 summarizes the data for the US corporate nonfinancial sector from 1953-2005 and for the

NASDAQ from 1983-2005. Structures investment-capital ratios are much smaller on average than

equipment ratios in both sectors. Adjusting for investment-specific technological change decreases

the difference between the two, mainly because the generated equipment capital stock is larger

than the observed stock. Investment in equipment is also more volatile than structures investment

which will also lead to a more volatile shadow price of equipment via the adjustment costs function.
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Investment-capital ratios are higher in the NASDAQ for every category. On average, from 1953

to 2005, the US corporate nonfinancial sector uses more structures than equipment. The average

equipment to total fixed capital ratio is 33% increases in almost every quarter, ranging between

23% in the first quarter of 1953 to 45% in the second quarter of 2005. After generating a constant

quality equipment capital stock series using investment specific technological change, the average

drops to 19% and the series ranges between 6% and 51%. A graph of both series is presented in

Panel C of figure 5. The NASDAQ firms use more equipment capital than structures capital for

most of the sample. On average, equipment makes up 56% of fixed capital, and ranges from a low

of 49% in the fourth quarter of 1983 to a high of 63% during the first quarter of 1999. Controlling

for investment-specific technological change, equipment makes up 61% of fixed capital on average

and ranges between 48% and 77%. These two series are shown in figure 5, Panel D. Equipment

depreciates more than twice as fast as equipment. The table also shows that the NASDAQ firms

use less debt on average, 17.1%, than the average US nonfinancial firms, 35.3%. The scaled price

levels of the US corporate nonfinancial and NASDAQ sectors are roughly the same on average –

price is equal to about 5.5 times output. The NASDAQ series, however, is much more volatile. As

can be seen in Figure 6, the two series mimic each other very closely during the 1983-2005 period

with the exception of the extremely high NASDAQ prices from 1999-2001.

5 Results

5.1 Valuation

To test how well the neoclassical q-theory model performs in the valuation of equity, I use the GMM

framework to estimate the parameters for the generalized model with and without investment-

specific technological change for both sectors and examine the parameter estimates and fit along

with the predicted price levels. Then, to determine which components of the model are necessary,

I add each of the following assumptions individually: homogeneous capital, equity-only financing,

and quadratic adjustment costs. Finally, to test for parameter instability, I estimate the model for

the US corporate nonfinancial sector for two subperiods.

Table 2 presents the parameter estimates and model fit for both sectors for the generalized

model with and without investment-specific technological change. Panel A presents the results for

the US corporate nonfinancial sector while Panel B presents those of the NASDAQ sector. For each

sector, the model is estimated with and without (γt = 1) investment-specific technological change.

19



Only in the US corporate nonfinancial sector with investment-specific technological change are the

structures adjustment costs nontrivial. In the three other cases, the adjustment costs for structures

are essentially zero. When this is the case, the standard errors for the structures adjustment cost

parameters are relatively large. This is because when adjustment costs are very small, the curvature

of the function is irrelevant. In these three cases, the parameter s is set to zero, the structures

power parameter is ignored and the remaining five parameters are estimated. In each of these cases,

the remaining parameters are relatively stable.

In all of the models, the p-value for the JT test of overidentifying restrictions is greater than

5%. In other words, the model is not rejected at the 5% level of significance. The fit is especially

good in the NASDAQ sector. In all four specifications, the structures output elasticity, α, is close

to one. All of the estimated equipment adjustment cost powers, ηe, are greater than 2, suggesting

that the quadratic adjustment costs specification is not necessarily the best choice at the aggregate

level. These parameters are all smaller with investment-specific technological change than without.

The equipment adjustment costs power parameter ranges from 5.45 to 6.54 on the US corporate

nonfinancial sector and from 2.18 to 3.68 on the NASDAQ. The coefficients of the adjustment

costs function, as and ae, are relatively stable for each sector. Evaluating the marginal adjustment

costs at the mean investment-capital ratios from Table 1 provides intuition as to the economic

significance of the magnitude of these coefficients. In equilibrium, these are equal to the present

value of the expected marginal profits from investing, qs
t and qe

t . For the US corporate nonfinancial

sector, the “average” marginal investment costs for structures without and with investment-specific

technological change are 1.00 and 1.39 per dollar invested. The corresponding costs for equipment

are 1.69 and 1.58 per dollar. In the NASDAQ sector, the “average” costs are 1.00 and 1.00 for

structures and 9.08 and 7.33 for equipment. In a model without indirect adjustment costs, these

values are all equal to 1 and the value of the firm is equal to the value of assets in place. When it is

costly to invest, managers will only do so if they expect marginal cash flows to be sufficiently high.

In this case, the marginal cash flows, or shadow prices of equipment, are much higher on average

on the NASDAQ than for the US corporate nonfinancial sector.

Using the asset valuation equation (22) and the parameter estimates from Table 2, a price series

can be generated for all four models and compared to the actual prices observed in the market.

Panel A of Figure 7 presents the resulting graphs for the US corporate nonfinancial sector for both

specifications – with and without investment-specific technological change. In the latter case, the
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model with the restriction as = 0 is used, although the price series in the other looks very similar.

Both predicted price series are slightly lower than the actual series from about 1958 until about

1973, and both are slightly higher during 1977 through about 1986. From 1986 until the end of the

sample, the model with no investment-specific technological change does a good job of matching

the observed levels with the exception of the extremely high prices during the peak of the “bubble”

during the year 2000. Once equipment capital is adjusted for changes in quality, the model is able

to match even the these extremely high prices. However, this second model produces prices that are

much too high starting in about 2003. By the end of the sample, the predicted prices are roughly

double those observed in the market. Panel B presents the results for the NASDAQ models. Again

the models with the restriction as = 0 are used, but the plots for the model without this restriction

look almost identical. The model without investment-specific technological change overvalues the

equity in almost every quarter until the 4th quarter of 1998. After the 2nd quarter of 2001, it

undervalues the equity relative to the market. In the intermediate period it is roughly able to

replicate the extreme run up and decline in prices with the exception of the most extreme quarter

– the 2nd quarter of 2000. With the introduction of investment-specific technological change to the

model, the fit improves drastically over the entire length of the sample. With the exception of the

most extreme quarter of the “bubble” period, the model fits the data very well.

5.2 Adjustment Costs

When adjustment costs are convex, managers increase investment until the marginal costs of

investing equal the present value of the expected marginal profits from investing. In equilibrium,

investment is relatively high when rational managers expect marginal profits to be relatively high.

When the present value of marginal profits is high, firm value is high. Figure 9 shows time series of

equipment investment-capital ratios, iet/et, and shadow prices of equipment, qe
t , for both sectors. In

equilibrium, the latter is equal to the marginal costs of investment in equipment. When adjustment

costs are quadratic, marginal costs are a linear function of investment-capital ratios. In our case,

the relation is convex. Panel A shows the two time series for the US corporate sector without

investment-specific technological change. In a relative sense, the investment-capital ratio mimics the

price time series. Mechanically, when investment is relatively high, adjustment costs are relatively

high. In equilibrium, marginal costs of investment are equal to marginal returns from investing.

Intuitively, when the present value of the marginal profits from investing in new capital is relatively

high, managers will increase investment and the value of the firm, Vt = qs
t st+1 + qe

t et+1, will be
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relatively high. The main driving forces behind the price series from the model are the structures

and equipment investment-capital ratios, which determine qs
t and qe

t .

One way to determine how reasonable the adjustment costs parameters are is to examine the

implied adjustment costs and shadow prices, which are equal to the marginal capital adjustment

costs. The adjustment costs function includes the purchase price of the capital along with the costs

of adjustment. Table 3 presents time series averages and standard deviations of adjustment costs

as a percentage of total output, net of direct investment costs, (φt − ist − iet )/πt, and the shadow

prices of capital investment, qs
t and qe

t . For the US corporate nonfinancial sector in Panel A, the

average adjustment costs as a percentage of output ranges from 2% to 2.5%. This is much smaller

than the 4.2% reported by Merz and Yashiv (2005) when treating capital as homogeneous for the

same sector. The corresponding ratios for the NASDAQ (Panel B) are between 9.6% and 13.8%,

which is much higher than the numbers found in Merz and Yashiv (2005). However, they do not

fit their model using NASDAQ data. The NASDAQ is more heavily weighted towards equipment

than towards structures. Part of the reason for the increase is that equipment capital is more costly

to adjust. Lichtenberg (1988) finds that an increase in capital investment of one dollar decreases

current output by 35 cents on average. He also finds evidence to suggest that the marginal costs

of adjusting equipment are larger than those associated with structures. For the US nonfinancial

sector, the time series average marginal costs of investment in structures, qs
t , varies between 1.000

and 1.364 and the average marginal cost of investment in equipment, qe
t , ranges from 1.954 to

2.119. NASDAQ estimates in Panel B are 1.000 and 1.000 for structures and are much higher for

equipment – between 6.045 and 9.789. The marginal costs for the model that best fits the price

time series are 1.000 for structures and 7.331 for equipment. Based on previous estimates, these

costs seem plausible. Merz and Yashiv (2005) include a survey of past estimates of total marginal

adjustment costs, excluding the direct marginal costs of investment. Adjusting for direct costs, past

estimates of the average marginal adjustment costs range between 1.02 and 10.47. These estimates

do not distinguish between types of capital. Because the adjustment costs for homogeneous capital

would be a convex combination of the costs for structures and equipment, the marginal costs of

adjusting equipment are an upper bound. The time series of qs
t and qe

t for the two preferred models

– without investment-specific technological change for the US sector and with this change for the

NASDAQ – can be seen in Figure 8.

When capital is divided into structures and equipment, and the adjustment costs function
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is allowed to be non-quadratic, the q-theory model does a good job of valuing aggregate US

corporate nonfinancial equity and the NASDAQ sector – especially from the mid-1990s through

2005. Investment-specific technological change improves valuation in the NASDAQ sector, but does

not seem to be as important in the US corporate nonfinancial sector. Both average and marginal

adjustment costs are reasonably small based on the past literature.

5.3 Alternative Specifications

To determine which of the elements of the generalized model are necessary, I start with the two

preferred models from Table 2 – the generalized model without investment-specific technological

change for the US corporate nonfinancial sector, and the model that includes this technological

change in the NASDAQ sector – and add the following assumptions individually: homogeneous

capital, equity only financing, and quadratic adjustment costs. Then, I examine the parameter

estimates and model fit and plot the time series of predicted price levels. Finally, I test for parameter

instability in the US corporate nonfinancial sector with a subsample analysis.

Single Capital Good

To evaluate the importance of separating fixed capital into structures and equipment, I treat all

capital as homogeneous, estimate the parameters, and examine the fit. The three moments that

are used in the GMM estimation procedure are

φi(t) = Et [mt+1 (πk(t + 1)− c− φk(t + 1) + φi(t + 1)(1− δt+1))] (28)

pt

πt
=

kt+1

πt
Et

[
mt+1

(
πk(t + 1)− c− φk(t + 1)

+φi(t + 1)(1− δt+1)

)]
− bt

πt
(29)

0 = E

[
rS
t+1 −

rI
t+1 − νtr

B
t+1

1− νt

]
(30)

These are the first order condition for investment in total fixed capital, kt, the asset valuation

equation, and the stock-investment returns identity for the single capital goods case. Before

estimating, the first order condition is scaled by πt/kt to help deal with stationarity issues. The

estimated parameters and model fit for the homogeneous capital case using the US corporate

nonfinancial data series are presented in Panel A of Table 4. As in the case of multiple capital

goods, the adjustment costs function is non-quadratic with a power parameter of 7.14. Panel A of

Figure 10 plots the actual scaled equity price versus the predicted prices from the preferred model

and the model with a single capital good with leverage. The two models perform similarly until
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the “bubble” period in which case separating capital into two components seems to help explain

the high prices. Panel B of Table 4 shows that the model with homogenous capital fits the mean

NASDAQ moments well. With homogeneous capital, the adjustment costs power parameter is

between 2.54 and 2.76. Panel B of Figure 10 shows that while the prices predicted by the model

with a single capital good match those of the model with heterogenous capital at the peak of the

bubble, it comes at the expense of a poor fit for the rest of the sample. By the end of the sample,

the model generated prices are one-third as large as those observed in the market.

All Equity

For simplicity, it may be convenient to treat a firm’s financing as equity only as done in Cochrane

(1991). This is a common assumption when examining the link between investment returns and

stock returns. However, it may not make much sense in the valuation context where absolute

levels are needed. For example, in the US corporate nonfinancial sector, the value of the fixed

capital exceeds the market value of equity. Any adjustment costs will increase this difference.

On average, the US nonfinancial sector has a leverage ratio of 35% compared to 17.1% for the

NASDAQ. Because NASDAQ firms use much less debt, I focus my energy on that sector. To test

the importance of leverage in valuation, I assume that firms have no debt (bt = 0) and repeat the

GMM estimation with the same moment conditions and instruments as in the general case and then

compare the predicted price levels to those from the preferred model. Again, investment-specific

technological change is included in the NASDAQ case. The first column of Panel B in Table 5

shows the parameter estimates and overall fit for the NASDAQ in the all equity case. As was the

case in the generalized model, the adjustment costs coefficient for structures, as, is very close to

zero. This causes problems when estimating the associated power parameter. As a result, I set the

as to zero and estimate the model a second time. The power parameter for the equipment is 2.43

which is larger in than in the preferred model which included debt. The overall fit of the model

is very good with a p-value of 0.921. From Panel B of Figure 11, we see that the predicted price

series for both the preferred model and the all equity model do very well at fitting the market data

for most of the sample. In fact, with the exception of four quarters during 2000 and 2001, the two

are almost indistinguishable. Thus, at least in terms of relative valuation, leverage does not seem

to be a crucial ingredient in pricing the NASDAQ over the course of this sample.
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Quadratic Adjustment Costs

Many models assume adjustment costs functions to be quadratic. In such a case, marginal costs

are linear in investment-capital ratios. As shown in the general case, this may not be ideal at

the aggregate level. However, imposing this assumption may aid in estimation by reducing the

number of parameters. As before, the assumption is imposed on the preferred specifications from

the generalized model, and the results examined and compared. The second column of Panel

A in Table 5 presents the results of the quadratic adjustment costs case for the US corporate

nonfinancial sector. With this added assumption, the p-value for the overall fit is 0.13 and the

estimated adjustment costs coefficients are 1.18 for structures and 3.43 for equipment. As seen in

Panel A of Figure 11, the prices behave much the same as those predicted by the preferred model

until the mid-90s during which time they significantly undervalue the equity. They are not able to

match the high prices observed during this period.

When quadratic adjustment costs are used in the NASDAQ, as seen in the second column of

Panel B, Table 5, the fit is very good. In the preferred case, the equipment adjustment costs were

close to quadratic with a power parameter of 2.19, and the marginal structures adjustment costs -

net of the direct investment costs - were essentially zero, so we might expect the model to perform

relatively well. The structures adjustment costs coefficient is 1.10, but is not significantly different

from zero. The equipment adjustment costs coefficient is 8.04 which is more than twice as large

as the coefficient in the aggregate US case. In Panel B of Figure 11 we see that the quadratic

adjustment costs model does almost as well as the preferred model in pricing the equity for most

of the sample. It does produce a run up in prices during the bubble period, but they are not quite

as great as those predicted by the model with non-quadratic costs.

Subsample Analysis

It is possible that the poor fit in the early part of the sample in the US corporate nonfinancial sector

is due to parameter instability. If the parameters of the underlying adjustment costs function, or

profit function are changing over time, the model is not likely to do well over the entire sample.

For example, the structures capital share decreases in almost every quarter, which suggest that

its output elasticity might also be changing with time. To test for this, I split the sample in half,

from the 1st quarter of 1953 through the 1st quarter of 1979, and from the 2nd quarter of 1979

through the 2nd quarter of 2005. In Table 6, I present results for two specifications – with and
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without investment-specific technological change – for each subsample. The fit of all four models

improves relative to the results from the entire sample. The structures elasticity of output, α is

much lower over the first part of the sample than the second. The power parameters for structures

are between 3.74 and 3.87 during the first subperiod and 2.34 in the second subperiod. In each case,

the structures parameter is less precisely estimated, but larger than the corresponding equipment

parameter. In the first subperiod, investment-specific technological change seems to improve the

overall fit. This is not the case in the second subperiod. However, because two more parameters,

as and ηs, are estimated, the degrees of freedom are smaller. From the plots in Figure 13, we can

see the results of breaking the sample into two parts and estimating each separately on valuation.

Without investment-specific technological change, Panel A, there does not seem to be a significant

change. Once investment-specific technological change in included, Panel B, the story changes

slightly. In the first subsample, the fit is much the same for the first third, slightly better in the

middle, and slightly worse at the end. For the second subsample, the fit is slightly better for the

first 6 years and slightly worse for the next decade. For the “bubble” period – from about 1995

through about 2003, the model using the subsample does a very good job of fitting the observed

data. The second subsample roughly corresponds to the period covered in the Merz and Yashiv

(2007) study. It still suffers from the same end of sample problem that we see in the model using

the full sample, but the overpricing is slightly lower. Overall, breaking the sample into two periods

and estimating each separately did little to improve the fit in terms of the time series of prices.

5.4 Stock and Investment Returns

As shown by Cochrane (1991), the investment returns from a q-theory model with quadratic

adjustment costs, homogenous capital and no debt are much less volatile than market stock returns.

In particular, he estimates the quarterly standard deviation of investment returns to be 3.42%

compared to the market return volatility of 7.24% for the period from 1947–1987. In standard

q-theory models, investment returns are exactly equal to stock returns. In the model in this paper,

the stock return is equal to the levered investment return as in (23). Figure 14 plots these returns

against the real stock returns for the US corporate sector and the NASDAQ sector using the

preferred models.
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Volatilities

The relation between stock returns and investment returns in Proposition 2 holds state-by-state.

In addition to the first moment holding, all higher moments should hold. The second moment

is not included in the GMM estimation procedure. A natural test is whether a richer model can

deliver stock market volatilities comparable to those observed in the data. I use the aggregate

US corporate nonfinancial levered investment returns predicted by the preferred model without

investment-specific technological change, and the investment returns predicted by the NASDAQ

model with investment-specific technological change and calculate means, standard deviations, and

autocorrelations. Tables 7 and 8 include these estimates along with means, standard deviations and

autocorrelations of the investment capital ratios and the CRSP value weighted real stock return.

For the US corporate nonfinancial sector, the standard deviation of the stock return for the

period from 1953–2005 is 6.41%, which is very close to the standard deviation of the investment

return of 6.13%. Consistent with Cochrane (1991, Table I), the investment returns are more

positively autocorrelated than the stock returns. The 1-quarter autocorrelation of the stock return

is 0.33 compared to 0.55 for the investment return. The investment-capital ratios have high positive

autocorrelations.

The NASDAQ returns are more volatile than those for the US corporate sector. The levered

investment returns from the model are even more volatile. The model produces a quarterly standard

deviation of returns of 12.63% compared to the observed standard deviation of 10.44%. Liu, Whited

and Zhang (2007) found the monthly levered investment return volatility to be smaller than the

observed stock return volatility in 24 of the 25 Fama-French size and book-to-market portfolios.

They use a neoclassical model similar to mine. However, they do not consider non-quadratic

adjustment costs or multiple capital goods.

To better understand the source of the model’s ability to generate higher volatilities than

that of previous models, I calculate standard deviations from the predicted stock returns for each

specification and present the results in Table 9. Each specification represents the change in one

model assumption. However, because all of the model parameters change for each specification, it is

difficult to attribute the changes in standard deviations to any one parameter. The various models

produce a wide range of standard deviations. The first column of Table 9 presents results for the

US corporate nonfinancial sector. Cochrane (1991) uses homogeneous capital, equity only financing

and quadratic adjustment costs in the US corporate sector and generates standard deviations of less
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than half the size of those observed. Three of the specifications represent these three assumptions

individually. In each of these three cases, the predicted standard deviations are much lower than

the observed value. The model with homogenous capital and the model with equity-only financing

generate stock return standard deviations of about 2.5% per quarter compared to the actual value

of 6.41%. Restricting adjustment costs to be quadratic in investment results in quarterly standard

deviations of 4.32%. In the general case, with and without investment-specific technological change,

predicted returns are roughly as volatile as actual returns at 6.32% and 6.13%, respectively.

At the aggregate NASDAQ level, it is much easier to generate high stock return volatilities.

Within the framework of the model, return volatility is driven principally by volatility in marginal

revenues and marginal costs, which in turn are driven by investment-capital ratios and output. As

shown in Table 1, the NASDAQ investment capital ratios are much more volatile than those of the

US corporate nonfinancial sector, with standard deviations of 1.31% versus 0.18% for the structures

series and 1.64% versus 0.75% for the equipment series. Once investment-specific technological

change is added the standard deviations of the investment capital ratios for equipment become

1.65% for the NASDAQ and 1.06% for the US corporate nonfinancial sector. This disparity carries

through to the predicted stock return series. As shown in the second column of Table 9, all of

the models produce stock returns that are at least as volatile as observed returns. The standard

deviation of returns in the quadratic adjustment costs case, 10.8% per quarter, is the closest to

the actual value of 10.36%. The standard deviations generated by the other specifications range

from 11.53% in the all-equity case to 18.70% in the generalized model without investment-specific

technological change. It is not clear how these specifications would compare if the second moment

were included in the GMM estimation procedure.

Correlations

In Table 10, the correlation between stock returns and model generated levered investment returns

is estimated. For the US corporate nonfinancial sector, there is some positive correlation between

the equipment investment return and the stock return, but virtually none between the levered

investment return. For the NASDAQ, however, there is a strong, statistically significant relation

between the two. The correlation between the actual and predicted stock return is 0.37 and is

highly significant. Table 10 also presents correlations between stock returns and investment growth

and growth in output. Growth in investment and output are highly correlated with US corporate

nonfinancial stock returns. Structures investment growth and growth in output are not significantly
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correlated with the NASDAQ stock return index.

6 Adjustment Costs and Human Capital Accumulation

Fixed capital loses much of its productive capacity when it used improperly. The amount of

knowledge required to effectively use capital varies. It may take very little effort to learn the best

way to dig a hole with a new shovel or to learn to unlock a door. On the other hand, many hours

may be required to learn how to effectively utilize a new computer program or operate a complex

machine. Investment in new capital — especially high technology capital — is often accompanied

by unmeasured investment in human capital. Workers who would otherwise be producing goods

and services spend time learning how to use newly acquired equipment and software. If labor is

not disaggregated into time spent producing and time spent learning, measured productivity will

decrease when investment is high. This should be especially true where large amounts of human

capital are required.

To examine whether some of the adjustment costs measured in the previous sections are proxies

for human capital accumulation, consider the following model. The firm uses structures, st,

equipment, et, labor, lt, and human capital, ht, to produce output, πt, as follows:

πt = Ats
αs
t k(et, ht)αe(θπ

t lt)1−αs−αe . (31)

Here, θπ
t is the fraction of observed labor hours dedicated to producing output and At is the time

varying total factor productivity which has the following process:

At = At−1e
g+εt , (32)

where g is the mean growth rate of At and εt ∼ iid and mean zero. The function k(et, ht)

relates the use of equipment and human capital. For simplicity, I assume that the two are perfect

complements5:

k(et, ht) = min(et, νht). (33)

With this Leontief production function, equipment and human capital will be optimally used in

fixed proportions. The structures, equipment and human capital stocks evolve according to the
5A more general CES production function with a low elasticity of substitution will generate the same qualitative

predictions.
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familiar one period dynamics:

st+1 = (1− δs)st + ist (34)

et+1 = (1− δe)et + iet (35)

ht+1 = (1− δh)ht + iht . (36)

In practice, we can observe capital stocks, depreciation rates, and investment in structures and

equipment. However, we cannot directly observe human capital or investment in human capital. I

model investment in human capital as a production process that requires labor input:

iht = Bt(1− θπ
t )lt, (37)

where Bt is the level of productivity in producing human capital. Dividing πt by lt and taking log

differences, we get the growth of output per labor hour:

log

(
πt/lt

πt−1/lt−1

)

= g + εt + αslog

(
st/lt

st−1/lt−1

)
+ αelog

(
et/lt

et−1/lt−1

)
+ (1− αs − αe)log

(
θπ

t

θπ
t−1

)
. (38)

We can observe all of the variables except for εt and θπ
t . Though we cannot observe θπ

t directly, we

can test for its influence on the estimated growth rate of total factor productivity:

ĝt ≡ log

(
πt/lt

πt−1/lt−1

)
− α̂slog

(
st/lt

st−1/lt−1

)
− α̂elog

(
et/lt

et−1/lt−1

)
, (39)

where α̂s and α̂e are regression coefficients from the following (misspecified) equation

log

(
πt/lt

πt−1/lt−1

)
= g + αslog

(
st/lt

st−1/lt−1

)
+ αelog

(
et/lt

et−1/lt−1

)
+ εt. (40)

Because the growth rate of θπ
t was omitted from the regression, the estimate ĝt will be positively

correlated with changes in θπ
t . When log(θπ

t /θπ
t−1) is relatively high, ĝt, overestimates the true

growth rate in productivity. Because equipment and human capital are perfect substitutes,

investment in equipment will be positively correlated with the production of human capital. In other

words, when iet is relatively high, θπ
t will be relatively low. To test the hypothesis that investment in

equipment capital is accompanied by unobservable complementary capital accumulation, I estimate
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the following equation:

ĝt = a + βslog(ist/ist−1) + βelog(iet/iet−1) + wt (41)

If labor is being diverted from production towards accumulating human capital when investment in

equipment is high, the coefficient βe should have a negative sign. The same is true for βs. However,

the earlier results indicate that adjustment costs for structures are very small. In that case, we

would expect the structures coefficient, βs, to be zero.

To estimate the growth in productivity in equation (39) the total number of labor hours is

needed. This is not readily available for the US corporate nonfinancial and NASDAQ sectors.

However, the BLS provides these data for the private non-farm business sector and also provides

estimates of g using labor and capital inputs (BLS Table XG 4c). Panel A of Table 11 reports

summary statistics for real annual productivity growth, and real annual structures and equipment

investment growth (BEA Fixed Assets Table 4) for the private non-farm business sector from 1949

to 2007. On average, productivity grew at a rate of 1.35% per year during this period. In real

terms, investment in structures capital declined at a rate of 0.06% per year. Real investment in

equipment capital grew at rate of 1.22% per year. Productivity growth was much less volatile than

investment growth with a standard deviation of 1.82% per year compared to 6.98% for structures

and 7.93% for equipment.

Panel B presents OLS regression coefficients, standard errors, t statistics and the R square for

the equation (41). Consistent with the hypothesis that investment in equipment is accompanied by

the diversion of labor towards human capital accumulation, the coefficient estimate for βe is equal

to -10.16% and is statistically significant at the 1% level. Because the dependent and independent

variables are in logarithms, this coefficient can be interpreted as an elasticity. Increasing equipment

investment growth by 1% leads to a 0.10% decrease in measured productivity. The sign of the

coefficient on structures investment growth, βs, is negative, but is not significantly different from

zero. This is consistent with the trivially small indirect adjustment costs estimated in the US

corporate nonfinancial and NASDAQ sectors.

7 Conclusion

I have shown that a generalized version of the standard neoclassical q-theory model can be used

in a valuation context. The prices observed during the late 1990s and early 2000s are roughly

31



consistent with such a model. In standard valuation techniques, subjective forecasts are required

to project future cash flows. In the q-theory framework, on the other hand, managers maximize

firm value. When firms behave optimally, the shadow price of capital includes a forecast of future

marginal cash flows. This price is not directly observable, but it can be inferred – via an adjustment

costs function – from a firm’s observable investment decisions. When capital is disaggregated into

structures and equipment, adjustment costs are not restricted to the quadratic case, such a model

does reasonably well at explaining prices of the aggregate US corporate nonfinancial sector. When

investment-specific technological change is introduced, the model fits the NASDAQ sector very well.

Including first order conditions as moment conditions ensures that managers’ forecasts are correct

on average – unconditionally, and with respect to the instruments. The implied adjustment costs

and shadow prices of capital are reasonably small for the aggregate US market and higher for the

NASDAQ sector, but still within the range of past estimates. In this framework, the stock returns

predicted by models in both sectors are as volatile as the observed stock returns. I find evidence

that supports the idea that investment in equipment is accompanied by unobserved investment in

human capital or intangible capital. This diverts labor from production and leads to a decrease in

measured productivity.
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A Detailed Derivations

To derive the relation between stock returns, bond returns and capital investment returns, I roll
back the structures and equipment first order conditions one period and multiply by structures
and equipment, respectively, use the law of iterated expectations, sum up, and use the linear
homogeneity of π, and φ to get

Et

[
mt+τ−1

(
qs
t+τ−1st+τ + qe

t+τ−1et+τ

)]

= Et




mt+τ




π(st+τ , et+τ , θt+τ )− fsst+τ − feet+τ

−φ(ist+τ , st+τ , i
e
t+τ , et+τ )

+φis(t + τ)ist+τ

+φie(t + τ)iet+τ

+(1− δs
t+τ )q

s
t+τst+τ

+(1− δe
t+τ )q

e
t+τet+τ







. (42)

Here I have defined mt+τ ≡ mt,t+τ . Substituting the first order conditions for investment in
structures and equipment and using the dynamics of structures and equipment accumulation I get

Et

[
mt+τ−1

(
qs
t+τ−1st+τ + qe

t+τ−1et+τ

)]

= Et


mt+τ




π(st+τ , et+τ , θt+τ )− fsst+τ − feet+τ

−φ(ist+τ , st+τ , i
e
t+τ , et+τ )

+qs
t+τ (i

s
t+τ + st+τ )

+qe
t+τ (γt+τ i

e
t+τ + et+τ )





 . (43)

Subtracting Et[mt+τ (lt+τ bt+τ−1− bt+τ )] and Et[mt+τ (qs
t+τst+τ+1 + qe

t+τet+τ+1)] from both sides of
(43) gives us

Et




mt+τ−1

(
qs
t+τ−1st+τ + qe

t+τ−1et+τ

)
−mt+τ

(
qs
t+τst+τ+1 + qe

t+τet+τ+1

)
−mt+τ (lt+τ bt+τ−1 − bt+τ )




= Et




mt+τ




π(st+τ , et+τ , θt+τ )− fsst+τ − feet+τ

−φ(ist+τ , st+τ , i
e
t+τ , et+τ )

+bt+τ − lt+τ bt+τ−1

−qs
t+τ

(
st+τ+1 −

(
1− δs

t+τ

)
st+τ − ist+τ

)
−qe

t+τ

(
et+τ+1 −

(
1− δe

t+τ

)
et+τ − γt+τ i

e
t+τ

)







. (44)

Now, notice that the left hand side of (44) is equal to the τ th element of the sum in the value
function. Applying the fundamental theorem of asset pricing to the firm’s debt, we get

1 = Et[mt+1lt+1] (45)

After plugging this in, the right hand side becomes

Et

[
mt+τ−1

(
qs
t+τ−1st+τ + qe

t+τ−1et+τ − bt+τ−1

)
−mt+τ

(
qs
t+τst+τ+1 + qe

t+τet+τ+1 − bt+τ

)
]

. (46)
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The sum of (46) from τ = 1 to ∞ combined with the transversality conditions is equal to

qs
t st+1 + qe

t et+1 − bt. (47)

This result combined with the definition value function and the definition of pt give us the relation:

pt + bt = qs
t st+1 + qe

t et+1. (48)

Using the first order conditions (8)-(11), this can be expressed as:

pt + bt = st+1Et

[
mt+1

(
πs(t + 1)− fs − φs(t + 1) + (1− δs

t+1)φis(t + 1)
)]

+ et+1Et

[
mt+1

(
πe(t + 1)− fe − φe(t + 1) + (1− δe

t+1)φie(t + 1)/γt+1

)]
. (49)

Define the market leverage ratio, νt, as

νt ≡ bt

pt + bt
. (50)

Then, using the stock and bond return definition, (15), and the bond return identity, rB
t+1 = lt+1,

we get

νtr
B
t+1 + (1− νt) rS

t+1 =




lt+1bt

pt+1 + π(st+1, et+1, θt+1)− fsst+1 − feet+1

−φ(ist+1, st+1, i
e
t+1, et+1)

−lt+1bt + bt+1




qs
t st+1 + qe

t et+1
. (51)

Using equation (48), the structures and equipment accumulation dynamics yields

νtr
B
t+1 + (1− νt) rS

t+1 =




qs
t+1

(
ist+1 +

(
1− δs

t+1

)
st+1

)
+qe

t+1

(
γt+1i

e
t+1 +

(
1− δe

t+1

)
et+1

)
+π(st+1, et+1, θt+1)− fsst+1 − feet+1

−φ(ist+1, st+1, i
e
t+1, et+1)




qs
t st+1 + qe

t et+1
. (52)

Now, plugging in the first order conditions with respect to investment in structures and equipment
gives us

νtr
B
t+1 + (1− νt) rS

t+1 =




π(st+1, et+1, θt+1)− fsst+1 − feet+1

+
(
1− δs

t+1

)
φis(t + 1)st+1

+(1−δe
t+1)φie(t+1)

γt+1
et+1




qs
t st+1 + qe

t et+1
. (53)

Finally, using the linear homogeneity of π, we get the relation between stock, bond and investment
returns:

νtr
B
t+1 + (1− νt) rS

t+1 = ωtr
I
st+1 + (1− ωt) rI

et+1, (54)
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where ωt is defined as

ωt ≡ qs
t st+1

qs
t st+1 + qe

t et+1
. (55)

B Data

B.1 US Corporate Nonfinancial

Investment, Capital, Depreciation and the Price of Investment

I require the quarterly data to conform to the annual data. This is a multi-step procedure.
First, I generate quarterly investment and depreciation data for aggregate physical capital that are
consistent with the annual data. Next, the quarterly investment data are separated into investment
in structures and investment in equipment. Finally, I generate the quarterly structures and
quarterly equipment capital stocks using the quarterly investment data and the annual depreciation
data.

Total Quarterly Investment and Depreciation

I follow Merz and Yashiv (2005) in constructing the aggregate investment data. First, for the
purpose of comparison, I calculate an implied annual investment series for real physical capital
using the end-of-year capital stock series from the BEA fixed asset tables 4.1 and 4.2 and the
annual depreciation series from BEA fixed asset tables 4.4 and 4.5 according to:

it = kt − kt−1 + kdeprt, (56)

where kt is the real capital stock (Table 4.1, Item k1nnofi2es000 for the year 2000 multiplied by Table
4.2, series kcnnofi2es000) and kdeprt is the real capital depreciation (Table 4.4, item m1nnofi2es000
for the year 2000 times Table 4.5 series mcnnofi2es000).

Next, I calculate the real quarterly investment by taking the nominal quarterly investment data
from table F.6 of the Flow of Funds Accounts of the Board of Governors of the Federal Reserve
(series FA105013005.Q), and deflate them to year 2000 dollars using the nonresidential private fixed
investment price index from the BEA’s NIPA table 1.1.4 (series B008RG3).

Then, the time-aggregate end of year real investment from the quarterly data (Federal Reserve)
is compared to the implied annual real investment from the BEA. Any discrepancy is equally spread
between the two series across the quarterly entries of any given year using Denton’s (1971) method.

I generate quarterly depreciation rates by dividing the real quarterly consumption of fixed
capital (NIPA table 1.14, item N456RX1) by a quarterly log-linear interpolated series using the
annual physical capital series from the fixed assets tables 4.1 and 4.2.

Incorporating depreciation, Denton’s (1971) method is again used to adjust the quarterly
investment series such that annual investment, iet is equal to

iq,1(1− δq,1)(1− δq,2)(1− δq,3) + iq,2(1− δq,2)(1− δq,3) + iq,3(1− δq,3) + iq,4, (57)

where iq,j , j = 1, 2, 3, 4 is equal to investment in quarter j, and δq,j , j = 1, 2, 3, 4 is equal to
depreciation in quarter j.

35



Generating Quarterly Structures and Equipment Capital Stock Series

Because I do not have access to quarterly investment data for nonfinancial corporate business
broken down by structures and equipment, I assume that the ratio of investment in structures,
ist , to equipment, iet , remains constant for the four quarters of each year. If this is the case, the
total quarterly investment in capital can be used together with the annual ratio of investment in
structures to investment in equipment to generate disaggregated quarterly investment series.

As was done with total investment, I generate implied annual investment in structures and in
equipment:

ist = st − st−1 + deprs
t (58)

iet = et − et−1 + depre
t , (59)

where st is the real structures capital stock (Table 4.1, Item k1nnofi2st000 for the year 2000
multiplied by Table 4.2, series kcnnofi2st000), et is the real equipment capital stock (Table 4.1,
Item k1nnofi2eq000 for the year 2000 multiplied by Table 4.2, series kcnnofi2eq000), deprs

t is the
real structures capital depreciation (Table 4.4, item m1nnofi2st000 for the year 2000 times Table
4.5 series mcnnofi2st000), and depre

t is the real equipment capital depreciation (Table 4.4, item
m1nnofi2eq000 for the year 2000 times Table 4.5 series mcnnofi2eq000).

Next, the real total quarterly investment is divided into investment in structures and investment
in equipment based on to the annual ratio of real investment of the two types of capital.

I generate real quarterly depreciation rates for structures and for equipment by log-linearly
interpolating the structures and equipment capital using the annual data from tables 4.1 and 4.2
and then holding constant the annual depreciation rates,

δs
t =

deprs
t

st−1
(60)

δe
t =

depre
t

et−1
, (61)

through the quarters of year t.
Finally, using starting values, I generate real quarterly capital stock data for structures and

equipment according to the capital accumulation equations

st+1 = st(1− δs
t ) + ist (62)

et+1 = et(1− δe
t ) + iet , (63)

where t now expresses quarters as opposed to years.

B.2 NASDAQ data

Output and Total Capital Stock and Investment

From the Compustat quarterly file, I use both sales (data2) as a measure of output, πt, and
Net Property Plant and Equipment (data42) as a measure of total net fixed capital, kt. Total
investment in fixed capital, it, is obtained from the Property Plant and Equipment Expenditures
series (data90). This item represents the cumulative amount invested over the course of the fiscal
year. The appropriate measure for quarters two, three and four is the difference between the
current and lagged value. For consistency in aggregation, I require that firms have observations of
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the variables in the preceding and succeeding quarter.

Structures and Equipment

In Schedule V of the Compustat Industrial Annual file, the stock of firms’ PPE is broken down
by type. I define structures as the sum of “Buildings”, “Construction in Progress”, “Natural
Resources”, “Land and Improvements” and “Capital Leases” and equipment as the sum of
“Machinery and Equipment” and “Other”6. The categories are reported net of depreciation from
1969 to 1997 and at historical cost from 1984 to 2003. Capital at cost, or gross capital, kg

t is equal
to net capital, kt, plus accumulated depreciation.

Net structures and equipment capital are the variables of interest. However, because Compustat
does not disaggregate the annual depreciation expense into these categories it is not possible to
calculate these directly using the gross capital data for the latter period. Instead, using data from
1984 to 1993, I regress the ratio st/kt on the ratio kgs

t /kg
t , and two lags, kgs

t−1/kg
t−1 and kgs

t−2/kg
t−2,

and then apply the model out of sample for the years 1994 to 2006. While Compustat reports net
capital by type through 1997, the number of firms reporting these items drops significantly starting
in 1994. I log-linearly interpolate the annual ratio of (net) structures to total (net) fixed capital to
the quarterly frequency and multiply this ratio by the quarterly total fixed capital to generate an
approximation of the quarterly structures and equipment capital stocks.

Unfortunately, Compustat also does not report disaggregated investment. In order to
estimate both heterogenous investment and depreciation, I gather annual structures and equipment
investment and depreciation data broken down by 63 BEA industry codes from the NIPA Fixed
Assets tables. For each of the industries, I calculate the annual ratio of investment in structures
to total investment. Next, I match the 4 digit SIC codes from Compustat (dnum) to the BEA
industry codes. Assuming that firms in the NASDAQ index behave on average like the average
firm in their industries, the value weighted average ratio ist/(ist + iet ) will be a good proxy for the
true ratio. Depreciation rates, δs

t and δt, are estimated in a similar manner using capital stocks
as weights. Finally, I make the assumption that the annual structures to total investment ratio
and the depreciation rates are constant across the quarters of the year. Quarterly investment in
structures and equipment is then calculated using the quarterly observations of total investment
and the structures to total investment ratios.

Aggregation

Aggregating NASDAQ data in an appropriate manner presents a unique challenge. Ideally, data
from every firm listed on the NASDAQ index would be included. In reality, a small percentage of
NASDAQ firms (both in terms of numbers and total market size) are not included in the Compustat
database or are missing data. Figure 3 shows the proportion of NASDAQ market capital included
in Compustat for four variables. At times, the proportion becomes larger than one. This is because
firms’ fiscal quarters do not necessarily line up with calendar quarters. I aggregate all available
firm data and make the assumption that the aggregate unobserved firms behave as the observed
firms on a per-market-capitalization basis.

Seasonality

The aggregate US corporate nonfinancial investment data are seasonally adjusted. However, there
is seasonality in both the number of NASDAQ firms included in Compustat and the amount of

6See Tuzel (2007) for a discussion of the categories
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investment. Requiring NASDAQ firms to have observations before and after the current observation
corrects for much of the former source. To correct for the latter, I remove seasonal effects using
the Census Bureau’s X-11 seasonal adjustment procedure. Figure 4 compares the adjusted and
unadjusted investment series.
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Figure 1 : Valuation - US Corporate Nonfinancial (1953–2005) and NASDAQ (1983–2005):
Standard Model

These panels present actual and predicted market values of equity scaled by total output, pt/πt for the US corporate

nonfinancial sector (Panel A) from 1953Q1 to 2005Q2 and the NASDAQ sector (Panel B) from 1983Q4 to 2005Q3.

For the US corporate nonfinancial sector, The actual values are from the market value of shares outstanding for

nonfinancial corporate business from the Federal Reserve (Table B.102, series FL103164003.Q) divided by the real

output of nonfinancial corporate business sector from Table 1.14 (series A457RX1) of the NIPA accounts published

by the BEA of the Department of Commerce. For the NASDAQ, the actual values are the market value of equity for

all the NASDAQ stocks from CRSP divided by the aggregate sales for all NASDAQ stocks in Compustat adjusted

for missing data. The models include quadratic adjustment costs and one capital good and are estimated using

Generalized Method of Moments.

Panel A: US Corporate Nonfinancial (1953–2005)

Q1−1950 Q1−1960 Q1−1970 Q1−1980 Q1−1990 Q1−2000 Q1−2010
2

4

6

8

10

12

14

Date

p t/π
t

 

 
Actual
Standard Model

Panel B: NASDAQ (1983–2005)

Q1−1985 Q1−1990 Q1−1995 Q1−2000 Q1−2005
0

5

10

15

20

25

Date

p t/π
t

 

 
Actual
Standard Model

41



Figure 2 : Valuation - US Corporate Nonfinancial (1953–2005) and NASDAQ (1983–2005)

These panels present actual and predicted market values of equity scaled by total output, pt/πt for the US corporate

nonfinancial sector (Panel A) from 1953Q1 to 2005Q2 and the NASDAQ sector (Panel B) from 1983Q4 to 2005Q3.

For the US corporate nonfinancial sector, The actual values are from the market value of shares outstanding for

nonfinancial corporate business from the Federal Reserve (Table B.102, series FL103164003.Q) divided by the real

gross value added of nonfinancial corporate business from Table 1.14 (series A457RX1) of the NIPA accounts published

by the BEA of the Department of Commerce. For the NASDAQ, the actual values are the market value of equity for

all the NASDAQ stocks from CRSP divided by the aggregate sales for all NASDAQ stocks in Compustat adjusted

for missing data. The model used in the US corporate nonfinancial series does not include investment specific

technological change. Both models are estimated using Generalized Method of Moments.
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Figure 3 : Missing NASDAQ Data in Compustat

This figure presents the total market capitalization from aggregating non-missing data for all NASDAQ firms listed

in Compustat as a proportion of the market capitalization of the entire universe of NASDAQ firms. The variables

are Sales, πt, Net Fixed Capital, (st + et), PPE Expenditures, (ist + iet ), and Long Term Debt, bt.
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Figure 4 : Seasonal Adjustment of NASDAQ Data

This figure presents the aggregate NASDAQ investment-to-capital ratios with and without seasonal adjustment. The

Census Bureau’s X11 procedure is used to seasonally adjust the data.
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Figure 5 : Quality Adjusted Price of Equipment and Software (1947–2006)

Panel A plots the time-series of the quality adjusted price of equipment, pG
t . Using Gordon’s (1990) 22 indexes, the

quality bias implicit in the equivalent NIPA price indexes for the 1947-1983 period is calculated and extrapolated

using the NIPA data from 1983Q4-2006Q3. The aggregate index is then formed by applying the Tornqvist procedure

to the asset-level price indexes. Panel B plots the level of technology in producing equipment capital which is

calculated as γt = pC
t /pG

t , where pC
t is a constant-quality price index for consumption constructed by applying the

Tornqvist procedure to NIPA data on prices and shares of the consumption of non-durable goods (excluding energy

expenditures) and nonhousing services. Panels C and D present the proportion of total capital made up by equipment

for the US corporate nonfinancial and NASDAQ sectors with and without investment-specific technological change.
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Figure 6 : Scaled Market Values of Equity (1953–2005)

These panels present market values of equity scaled by total output, pt/πt, for the US corporate nonfinancial sector

from 1953Q1 to 2005Q2, and for the NASDAQ sector from 1983Q4 to 2005Q3.For the US Corporate sector, the series

is defined as the market value of shares outstanding for nonfinancial corporate business from the Federal Reserve

(Table B.102, series FL103164003.Q) divided by the real gross value added of nonfinancial corporate business from

Table 1.14 (series A457RX1) of the NIPA accounts published by the BEA of the Department of Commerce. The

NASDAQ series is defined as the total market value of equity of all NASDAQ stocks from CRSP divided by the total

sales of all NASDAQ stocks adjusted for missing data. Data are quarterly.
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Figure 7 : Valuation - US Corporate Nonfinancial (1953–2005) and NASDAQ (1983–2005)

These panels present actual and predicted market values of equity scaled by total output, pt/πt for the US corporate

nonfinancial sector (Panel A) from 1953Q1 to 2005Q2 and the NASDAQ sector (Panel B) from 1983Q4 to 2005Q3.

For the US corporate nonfinancial sector, The actual values are from the market value of shares outstanding for

nonfinancial corporate business from the Federal Reserve (Table B.102, series FL103164003.Q) divided by the real

gross value added of nonfinancial corporate business from Table 1.14 (series A457RX1) of the NIPA accounts published

by the BEA of the Department of Commerce. For the NASDAQ, the actual values are the market value of equity for

all the NASDAQ stocks from CRSP divided by the aggregate sales for all NASDAQ stocks in Compustat adjusted

for missing data. The other two series are those generated by the generalized model with and without (γt = 1)

investment-specific technological change.
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Figure 8 : Marginal Adjustment Costs

These panels present the implied marginal adjustment costs, qs
t and qe

t for the US corporate nonfinancial sector from

1953Q1 to 2005Q2, and for the NASDAQ sector from 1983Q4 to 2005Q3. The adjustment costs for the US corporate

nonfinancial sector (Panel A) are those implied by the model without investment-specific technological change in

the first column of Table 2. The implied adjustment costs in the NASDAQ sector are those from the model with

investment-specific technological change in the final column of Table 2. Data are quarterly.
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Figure 9 : Marginal Adjustment Costs and Investment Capital Ratios

These panels present the implied marginal adjustment costs for equipment and the equipment investment-capital

ratios for the US corporate nonfinancial sector from 1953Q1 to 2005Q2, and for the NASDAQ sector from 1983Q4

to 2005Q3. The adjustment costs, qe
t , and investment-capital ratio, iet/et, for the US corporate nonfinancial sector

(Panel A) are those implied by the model without investment-specific technological change in the first column of

Table 2. The implied adjustment costs, t, and investment-capital ratio, ieγt/eγ
t in the NASDAQ sector are those

from the model with investment-specific technological change in the final column of Table 2. Data are quarterly.
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Figure 10 : Valuation - Homogeneous Capital

These two panels present actual and predicted market values of equity scaled by total output, pt/πt, assuming that

capital is homogeneous. Panel A presents results for the US corporate nonfinancial sector from 1953Q1 to 2005Q2,

and Panel B presents results for the NASDAQ sector from 1983Q4 to 2005Q3. For the US Corporate sector, the

actual values are from the market value of shares outstanding for nonfinancial corporate business from the Federal

Reserve (Table B.102, series FL103164003.Q) divided by the real gross value added of nonfinancial corporate business

from Table 1.14 (series A457RX1) of the NIPA accounts published by the BEA of the Department of Commerce. The

preferred series in Panel A is from the generalized model with no investment-specific technological change (γt = 1).

For the NASDAQ, the actual values are the market value of equity for all the NASDAQ stocks from CRSP divided

by the aggregate sales for all NASDAQ stocks in Compustat adjusted for missing data. The preferred series in Panel

B is from the generalized model with investment-specific technological change.
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Figure 11 : Valuation - All Equity Model

These two panels present actual and predicted market values of equity scaled by total output, pt/πt, assuming that

firms are entirely equity financed. Panel A presents results for the US corporate nonfinancial sector from 1953Q1 to

2005Q2, and Panel B presents results for the NASDAQ sector from 1983Q4 to 2005Q3. For the US Corporate sector,

the actual values are from the market value of shares outstanding for nonfinancial corporate business from the Federal

Reserve (Table B.102, series FL103164003.Q) divided by the real gross value added of nonfinancial corporate business

from Table 1.14 (series A457RX1) of the NIPA accounts published by the BEA of the Department of Commerce. The

preferred series in Panel A is from the generalized model with no investment-specific technological change (γt = 1).

For the NASDAQ, the actual values are the market value of equity for all the NASDAQ stocks from CRSP divided

by the aggregate sales for all NASDAQ stocks in Compustat adjusted for missing data. The preferred series in Panel

B is from the generalized model with investment-specific technological change.
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Figure 12 : Valuation - Quadratic Adjustment Costs

These two panels present actual and predicted market values of equity scaled by total output, pt/πt, assuming

that adjustment costs functions are quadratic. Panel A presents results for the US corporate nonfinancial sector

from 1953Q1 to 2005Q2, and Panel B presents results for the NASDAQ sector from 1983Q4 to 2005Q3. For the

US Corporate sector, the actual values are from the market value of shares outstanding for nonfinancial corporate

business from the Federal Reserve (Table B.102, series FL103164003.Q) divided by the real gross value added of

nonfinancial corporate business from Table 1.14 (series A457RX1) of the NIPA accounts published by the BEA of the

Department of Commerce. The preferred series in Panel A is from the generalized model with no investment-specific

technological change (γt = 1). For the NASDAQ, the actual values are the market value of equity for all the NASDAQ

stocks from CRSP divided by the aggregate sales for all NASDAQ stocks in Compustat adjusted for missing data.

The preferred series in Panel B is from the generalized model with investment-specific technological change.
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Figure 13 : Valuation - US Corporate Nonfinancial - Subsample Analysis

These panels present actual and predicted market values of equity scaled by total output, pt/πt. The actual values

are from the market value of shares outstanding for nonfinancial corporate business from the Federal Reserve (Table

B.102, series FL103164003.Q) divided by the real gross value added of nonfinancial corporate business from Table

1.14 (series A457RX1) of the NIPA accounts published by the BEA of the Department of Commerce. The other three

series are those generated by the generalized model for the entire sample, from 1953Q1 to 1979Q1, and 1979Q2 to

2005Q2l. Panel A presents the series with no investment-specific technological change. Panel B presents the results

with investment-specific technological change.
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Figure 14 : Stock Returns

These panels present actual and predicted stock returns for the US corporate nonfinancial sector and the NASDAQ

sector. Panel A presents the results for the US corporate nonfinancial sector using the model with leverage and

without investment-specific technological change in Table 2 for the period 1953Q1–2005Q2. Panel B presents the

results for the NASDAQ sector using the model with leverage and with investment specific technological change in

Table 2. The stock returns are from the CRSP value weighted portfolio in Panel A, and the NASDAQ value weighted

index from CRSP in Panel B. Both are deflated using the CPI.
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Table 1 : Descriptive Statistics for the US Corporate Nonfinancial (1953–2005) and
NASDAQ (1983–2005) sectors

This table reports sample averages, standard deviations, minima, and maxima of data for the US corporate

nonfinancial and NASDAQ sectors. The variables consist of the structures investment-capital ratio, ist/st, equipment

investment-capital ratios, iet/et & ietγt/keγ
t , equipment capital shares, et/(st + et) & eγ

t /(st + eγ
t ), depreciation rates,

δs
t , δe

t , & δeγ
t , leverage ratios, bt/(tt + bt), scaled market values of equity, pt/πt, and gross stock and bond returns,

rs
t & rs

b . The output variables are gross value added for the US and sales for the NASDAQ sector. US data come

from the BEA, Federal Reserve and CRSP and cover the period from 1953Q1–2005Q2. The NASDAQ data are from

Compustat, CRSP and the BEA and cover the period from 1983Q4–2005Q3. The timing of the stock and bond

returns has been adjusted to match the macroeconomic data as in Cochrane (1996).

Panel A: US Corporate Panel B: NASDAQ
Mean St Dev Max Min Mean St Dev Max Min

ist/st 1.32% 0.18% 1.68% 1.01% 3.67% 1.31% 6.53% 1.33%
iet/et 3.94% 0.75% 5.89% 2.47% 8.70% 1.64% 13.34% 6.31%

ietγt/eγ
t 3.66% 1.06% 5.97% 1.58% 4.91% 1.65% 10.31% 2.60%

et/(st + et) 33.25% 6.52% 44.96% 22.99% 55.93% 3.52% 62.70% 48.92%
eγ
t /(st + eγ

t ) 18.53% 13.29% 51.46% 5.86% 60.78% 8.66% 76.73% 48.36%
δs
t 0.73% 0.03% 0.80% 0.68% 0.72% 0.02% 0.77% 0.69%

δe
t 2.87% 0.61% 4.27% 2.24% 4.23% 0.57% 5.20% 3.42%

δeγ
t 1.76% 0.63% 4.03% 0.53% 2.78% 0.56% 3.79% 1.91%

bt/(pt + bt) 35.3% 7.7% 50.3% 21.5% 17.1% 3.3% 26.6% 7.6%
pt/πt 5.73 1.87 12.09 2.84 5.21 3.21 20.63 2.29

rs
t 1.02 0.06 1.19 0.84 1.02 0.10 1.39 0.77

rb
t 1.01 0.04 1.20 0.88 1.02 0.03 1.11 0.93
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Table 2 : GMM Estimation Results for the US Corporate Nonfinancial and NASDAQ sectors.

This table reports parameter estimates, standard errors, JT statistics and p-values for the US corporate nonfinancial

sector from a GMM estimation procedure. The parameter α represents the structures output elasticity. The

parameters es and ee control scale in the adjustment cost function, while ηs and ηe are power parameters. The

flow operating cost parameters are fs and fe. Four moments and five instruments are used in the estimation. The

four moments are the first order conditions (20) and (21), the valuation function (22), and the stock-investment

returns relation (23). The US corporate nonfinancial data are quarterly and cover the period from 1953Q1–2005Q.

The NASDAQ data are quarterly and cover the period from 1983Q4–2005Q3. Five instrumental variables are also

included. Corporate bond data are from Ibbotson’s index of Long Term Corporate bonds. The default premium, deft,

is defined as the difference between the yields of Aaa and Baa corporate bonds. The term premium, termt, is the yield

on ten-year notes minus that on three-month Treasury bills. The risk free rate, rft, is from Ken French’s website. The

equally weighted aggregate dividend yield, divt, is from CRSP. Finally, I use the Lettau and Ludvigsen consumption-

to-wealth ratio, cayt.The timing of the stock and bond returns has been adjusted to match the macroeconomic data

as in Cochrane (1996). Two stage GMM is used with an identity weighting matrix in the first stage and an optimal

weighting matrix in the second stage. Six Newey-West lags are used to estimate the optimal weighting matrix. In

three cases, the structures adjustment costs coefficient, as is set to zero. Standard errors are in parentheses.

Panel A: US Corporate Nonfin. Panel B: NASDAQ
No Tech. Change Tech. Change No Tech. Change Tech. Change

restr.: none (as = 0) none none (as = 0) none (as = 0)

α 0.95 0.92 0.95 0.86 0.98 0.96 0.95
(0.14) (0.13) (0.02) (0.13) (0.13) (0.08) (0.08)

as 0.04 7.30 5.71 7.85
(1.57) (3.36) (66.14) (18.50)

ae 10.60 10.37 9.86 7.32 7.29 8.34 8.35
(0.63) (0.41) (0.73) (0.10) (0.08) (0.11) (0.10)

ηs 1.43 2.67 6.64 8.98
(2.99) (0.64) (88.55) (32.38)

ηe 6.54 6.04 5.45 3.68 3.57 2.18 2.19
(0.92) (0.47) (0.90) (0.30) (0.19) (0.06) (0.05)

fs 0.19 0.19 0.20 1.94 2.25 2.19 2.14
(0.03) (0.03) (0.01) (0.31) (0.30) (0.19) (0.18)

fe -0.02 -0.01 0.02 0.18 -0.07 -0.21 -0.07
(0.06) (0.06) (0.02) (0.26) (0.26) (0.13) (0.13)

TJT 23.93 25.64 21.99 12.13 12.13 10.87 10.95
p-value 0.121 0.140 0.170 0.792 0.880 0.863 0.926
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Table 3 : Adjustment Costs

This table reports time series means and standard deviations for total adjustment as a proportion of output,

(φt − ist − ie)/πt, structures investment relative to output, ist/πt, equipment investment relative to output, iet/πt the

shadow price of structures, qs
t , and the shadow price of capital, qe

t for the US corporate nonfinancial and NASDAQ

sectors using 6 models. Panel A presents the results for the US corporate nonfinancial sector from 1953Q1–2005Q2.

Panel B presents results for the NASDAQ sector from 1983Q4–2005Q3. Standard deviations are in parentheses.

Panel A: US Corporate Nonfinancial
Without Tech. Change With Tech. Change

Leverage Leverage
(φt − ist − ie)/πt 0.020 0.025

(0.021) (0.029)
ist/πt 0.059 0.059

(0.014) (0.014)
ie/πt 0.084 0.084

(0.021) (0.021)
qs
t 1.000 1.364

(0.000) (0.159)
qe
t 1.954 2.199

(0.703) (0.885)

Panel B: NASDAQ
Without Tech. Change With Tech. Change
All-Equity Leverage All-Equity Leverage

(φt − ist − iet )/πt 0.103 0.138 0.096 0.123
(0.093) (0.115) (0.100) (0.125)

ist/πt 0.017 0.017 0.017 0.017
(0.007) (0.007) (0.007) (0.007)

iet/πt 0.049 0.049 0.049 0.049
(0.014) (0.014) (0.014) (0.014)

qs
t 1.022 1.000 1.024 1.000

(0.269) (0.000) (0.251) (0.000)
qe
t 8.050 9.789 6.045 7.331

(4.142) (4.587) (2.533) (3.031)
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Table 4 : GMM Estimation Results for the US Corporate Nonfinancial and NASDAQ sectors
using homogenous capital

This table reports parameter estimates, standard errors, JT statistics and p-values for the US corporate nonfinancial

and NASDAQ sectors from a GMM estimation procedure. The parameter a control scale in the adjustment cost

function, while η is the power parameter. The flow operating cost parameter is f . Three moments and five instruments

are used in the estimation. The three moments are the first order conditions for investment in capital, the valuation

function, and the stock-investment returns relation. The US corporate nonfinancial data are quarterly and cover the

period from 1953Q1–2005Q2. The NASDAQ data are quarterly and cover the period from 1983Q4–2005Q3. Five

instrumental variables are also included. Corporate bond data are from Ibbotson’s index of Long Term Corporate

bonds. The default premium, deft, is defined as the difference between the yields of Aaa and Baa corporate bonds.

The term premium, termt, is the yield on ten-year notes minus that on three-month Treasury bills. The risk free

rate, rft, is from Ken French’s website. The equally weighted aggregate dividend yield, divt, is from CRSP. Finally,

I use the Lettau and Ludvigsen consumption-to-wealth ratio, cayt. The timing of the stock and bond returns has

been adjusted to match the macroeconomic data as in Cochrane (1996). Two stage GMM is used with an identity

weighting matrix in the first stage and an optimal weighting matrix in the second stage. Six Newey-West lags are

used to estimate the optimal weighting matrix. In three cases, the structures adjustment costs coefficient, as is set

to zero. Time series standard deviations are in parentheses.

Panel A: US Corporate Nonfinancial Panel B: NASDAQ
Leverage All Equity Leverage

a 16.71 7.43 7.69
(0.96) (0.25) (0.25)

η 7.14 2.76 2.54
(0.61) (0.17) (0.16)

f 0.12 0.83 0.81
(0.01) (0.05) (0.06)

TJT 19.11 11.39 11.27
p-value 0.209 0.724 0.733
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Table 5 : GMM Estimation Results for the US Corporate Nonfinancial and NASDAQ
Sectors - Alternate Specifications.

This table reports parameter estimates, standard errors, JT statistics and p-values for the US corporate nonfinancial

sector from a GMM estimation procedure. The parameter α represents the structures output elasticity. The

parameters es and ee control scale in the adjustment cost function, while ηs and ηe are power parameters. The

flow operating cost parameters are fs and fe. Four moments and five instruments are used in the estimation. The

four moments are the first order conditions (20) and (21), the valuation function (22), and the stock-investment

returns relation (23). The US corporate nonfinancial data are quarterly and cover the period from 1953Q1–2005Q2.

The NASDAQ data are quarterly and cover the period from 1983Q4–2005Q3. Five instrumental variables are also

included. Corporate bond data are from Ibbotson’s index of Long Term Corporate bonds. The default premium, deft,

is defined as the difference between the yields of Aaa and Baa corporate bonds. The term premium, termt, is the yield

on ten-year notes minus that on three-month Treasury bills. The risk free rate, rft, is from Ken French’s website. The

equally weighted aggregate dividend yield, divt, is from CRSP. Finally, I use the Lettau and Ludvigsen consumption-

to-wealth ratio, cayt.The timing of the stock and bond returns has been adjusted to match the macroeconomic data

as in Cochrane (1996). Two stage GMM is used with an identity weighting matrix in the first stage and an optimal

weighting matrix in the second stage. Six Newey-West lags are used to estimate the optimal weighting matrix. In

three cases, the structures adjustment costs coefficient, as is set to zero. Standard errors are in parentheses.

Panel A: US Corporate Nonfin. Panel B: NASDAQ
Quadratic All Equity Quadratic

restrictions: (ηs = ηe = 2) (as = 0) (ηs = ηe = 2)
α 0.96 0.97 0.96 0.90

(0.10) (0.08) (0.07) (0.07)
as 1.18 7.66 1.10

(1.04) (23.38) (1.09)
ae 3.43 7.84 7.89 8.04

(0.22) (0.11) (0.11) (0.09)
ηs 8.98

(40.66)
ηe 2.40 2.43

(0.07) (0.06)
fs 0.19 2.19 2.16 2.02

(0.02) (0.17) (0.16) (0.16)
fe -0.04 -0.16 -0.05 -0.11

(0.04) (0.12) (0.11) (0.11)

TJT 25.99 11.05 11.08 11.22
p-value 0.130 0.854 0.921 0.916
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Table 6 : GMM Estimation Results for the US Corporate Nonfinancial Sector - Subsample
Analysis.

This table reports parameter estimates, standard errors, JT statistics and p-values for the US corporate nonfinancial

sector from a GMM estimation procedure. The parameter α represents the structures output elasticity. The

parameters es and ee control scale in the adjustment cost function, while ηs and ηe are power parameters. The

flow operating cost parameters are fs and fe. Four moments and five instruments are used in the estimation. The

four moments are the first order conditions (20) and (21), the valuation function (22), and the stock-investment

returns relation (23). The US corporate nonfinancial data are quarterly and cover the period from 1953Q1–1979Q1 .

Five instrumental variables are also included. Corporate bond data are from Ibbotson’s index of Long Term Corporate

bonds. The default premium, deft, is defined as the difference between the yields of Aaa and Baa corporate bonds.

The term premium, termt, is the yield on ten-year notes minus that on three-month Treasury bills. The risk free

rate, rft, is from Ken French’s website. The equally weighted aggregate dividend yield, divt, is from CRSP. Finally,

I use the Lettau and Ludvigsen consumption-to-wealth ratio, cayt.The timing of the stock and bond returns has

been adjusted to match the macroeconomic data as in Cochrane (1996). Two stage GMM is used with an identity

weighting matrix in the first stage and an optimal weighting matrix in the second stage. Six Newey-West lags are

used to estimate the optimal weighting matrix. In three cases, the structures adjustment costs coefficient, as is set

to zero. Standard errors are in parentheses.

Panel A: 1953Q1–1979Q1 Panel B: 1979Q2–2005Q2
No Tech. Change Tech. Change No Tech. Change Tech. Change

(γt = 1) (γt = 1)

α 0.32 0.48 0.99 0.73
(0.08) (0.05) (0.13) (0.05)

as 7.61 13.29 3.39
(8.50) (1.93) (14.86)

ae 6.62 8.68 9.92 5.35
(0.76) (0.90) (0.24) (0.68)

ηs 3.74 3.87 2.34
(2.27) (0.41) (4.07)

ηe 3.57 2.85 5.81 2.28
(0.42) (0.41) (0.33) (0.42)

fs 0.04 0.07 0.24 0.17
(0.02) (0.01) (0.03) (0.02)

fe 0.32 1.18 -0.06 0.13
(0.03) (0.13) (0.05) (0.03)

TJT 13.57 13.85 13.45 13.95
p-value 0.649 0.678 0.815 0.671
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Table 7 : Means, Standard Deviation, and Autocorrelations of Investment/Capital Ratios,
Investment Returns and Stock Returns: US Corp. (Compare to Cochrane (1991), Table 1)

This table reports time series means and standard deviations and autocorrelations for investment-capital ratios,

investment returns and stock returns for the US corporate nonfinancial sector from 1953Q1–2005Q2. Investment

returns are those generated by the model without investment-specific technological change in Table 2. All returns

are gross returns. The stock returns are the CRSP value weighted market index deflated with the CPI.

Investment/Capital Ratios Investment Returns Stock
Structures Equipment Total Structures Equipment Levered Return

Mean 1.32 3.94 2.12 102.78 102.02 102.11 102.04
St Dev 0.18 0.75 0.38 5.02 5.72 6.13 6.41

Autocorr 1 0.97 0.98 0.99 1.00 0.33 0.55 0.33
(by lag) 2 0.93 0.96 0.96 1.00 0.22 0.46 0.01

3 0.87 0.92 0.93 1.00 0.16 0.33 -0.02
4 0.81 0.87 0.89 1.00 0.17 0.28 0.00
5 0.73 0.82 0.84 1.00 0.03 0.19 -0.09
6 0.66 0.77 0.79 0.99 -0.08 0.11 -0.05
8 0.55 0.68 0.70 0.99 -0.22 0.04 0.03

12 0.41 0.59 0.60 0.99 -0.03 0.15 0.06

Table 8 : Means, Standard Deviation, and Autocorrelations of Investment/Capital Ratios,
Investment Returns and Stock Returns: NASDAQ (Compare to Cochrane (1991), Table 1)

This table reports time series means and standard deviations and autocorrelations for investment-capital ratios,

investment returns and stock returns for the NASDAQ sector for the period 1983Q4–2005Q3. Investment returns are

those generated by the model with investment-specific technological change in Table 2. All returns are gross returns.

The stock returns are the NASDAQ value weighted index from CRSP deflated with the CPI.

Investment/Capital Ratios Investment Returns Stock
Structures Equipment Total Structures Equipment Levered Return

Mean 3.67 4.91 4.57 104.61 103.09 102.46 102.47
St Dev 1.31 1.65 1.05 25.59 11.78 12.63 10.36

Autocorr 1 0.97 0.92 0.89 0.31 -0.12 -0.03 0.22
(by lag) 2 0.96 0.84 0.80 0.41 0.18 0.19 0.02

3 0.94 0.73 0.67 0.34 0.07 0.02 0.08
4 0.92 0.64 0.55 0.31 -0.12 -0.11 0.01
5 0.88 0.56 0.45 0.17 -0.08 -0.07 -0.18
6 0.86 0.50 0.37 0.20 0.05 0.04 0.02
8 0.79 0.37 0.21 0.00 -0.23 -0.23 0.03

12 0.65 0.28 0.04 -0.11 -0.01 -0.05 -0.03
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Table 9 : Model Generated Stock Return Standard Deviations

This table reports time series standard deviations for stock returns for the US corporate nonfinancial and NASDAQ

sectors for the periods 1953Q1–2005Q2, and 1983Q4–2005Q3, respectively. Actual return standard deviations are

compared to those predicted by various model specifications to examine the effect of each assumption. Unless

otherwise noted, investment specific technological change is used for the NASDAQ but not for the US corporate

nonfinancial sector. The specifications are: with homogenous capital, with investment-specific technological change,

without investment-specific technological change, with all equity financing, and with quadratic adjustment costs. The

stock returns for the US corporate nonfinancial sector are the CRSP value weighted market index deflated with the

CPI. The stock returns are for the NASDAQ come are the NASDAQ value weighted index from CRSP deflated with

the CPI.

US Corporate Nonfinancial NASDAQ
Actual 6.41% 10.36%
Homogenous Capital 2.48% 16.59%
Inv. Spec. Tech. Change 6.32% 12.63%
No Inv. Spec. Tech. Change 6.13% 18.70%
All Equity 2.57% 11.53%
Quadratic Adj. Costs 4.32% 10.80%

Table 10 : Regression of Real Stock Returns on Investment Returns, Investment Growth,
and Growth in Output (Compare to Cochrane (1991), Table 2)

This table reports correlations, t-statistics and p-values for regressions of stock returns on investment returns (rI
st,

rI
et and r̂S

t ) , investment growth, and growth in output for the US corporate nonfinancial sector (1953Q1–2005Q2)

and the NASDAQ sector (1983Q4–2005Q3). Investment returns for the US corporate nonfinancial sector are those

generated by the model without investment-specific technological change in Table 2. Investment returns for the

NASDAQ are generated using the model with investment-specific technological change in Table 2. All returns are

gross returns. The stock returns are the CRSP value weighted market index, and the NASDAQ value weighted index

deflated with the CPI. Growth in Output is the log-change in value added for the US Corporate sector and log-change

in revenues for the NASDAQ.

rS
t = α + β × (Right Hand Variable)t + εt

Panel A: US Corp. Nonfin. Panel B: NASDAQ
RHV t-stat %p-value Corr w/RHS t-stat %p-value Corr w/RHS
rI
st -0.64 52.2 -0.04 2.84 0.6 0.29

rI
et 3.64 0.0 0.24 2.97 0.4 0.30

r̂S
t -0.10 91.8 -0.01 3.67 0.0 0.37

ist -growth 2.73 0.7 0.19 1.36 17.9 0.15
iet -growth 3.60 0.0 0.24 3.01 0.3 0.31

(ist + iet )-growth 3.29 0.1 0.22 2.52 1.3 0.26
πt-growth 6.30 0.0 0.40 1.55 12.6 0.17
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Table 11 : Productivity and Adjustment Costs

This table reports summary statistics and regression coefficients for the regression log(At/At−1) = α+βslog(ist/ist−1)+

βelog(iet/iet−1) + et where At is net multifactor productivity in the private non-farm business sector (BLS, Table XG

4c) and ist and iet are real investment in structures and equipment, respectively, by the private non-farm business

sector (BEA, Fixed Assets Table 4). Data are annual and cover the period from 1949 through 2007. Panel A presents

means, standard deviations, minima and maxima for the growth rates. Panel B presents regression coefficient results,

standard errors, t statistics and the R square for the OLS regression.

Panel A: Summary Statistics
Variable Mean St. Dev. Min Max
log(At/At−1) 1.23% 1.82% -3.60% 6.30%
log(ist/ist−1) -0.06% 6.98% -18.55% 12.20%
log(iet/iet−1) 1.22% 7.93% -25.17% 13.27%

Panel B: Regression
Variable Coefficient St. Err. t Stat.
Intercept 1.35% 0.21% 6.43
log(ist/ist−1) -2.93% 3.47% -0.85
log(iet/iet−1) -10.16% 3.06% -3.32

R square 25.96%
Observations 59
Dep. Var. log(At/At−1)
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