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Abstract

I study the determinants of investment in assets with different depreciation rates. When

physical capital is discounted like a bond with a similar duration, a high term spread is

associated with low average duration for investment. I document a strong negative correlation

between the term spread and the duration of investment, implying an important role for the

cost of capital in determining the composition of aggregate investment. The results are robust

to including a variety of controls. Consumer durable goods purchases display similar behavior.
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1 Introduction

This paper studies the cross-section of investment. While there is an enormous amount of work

studying the aggregate level of investment and the determinants of firm-level investment, there is
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essentially no analysis of the determinants of investment in different types of assets. This paper

begins that task by analyzing the distribution of investment across assets according to their de-

preciation rates. I show that when interest rates for long-duration assets are higher than those for

short-duration assets, aggregate investment shifts relatively towards high-depreciation assets.

The response of investment to the cost of capital is a key mechanism in macroeconomics and

finance. It is a primary feedback mechanism in standard general-equilibrium models; one of the

key drivers for the response of the economy to monetary policy shocks; the source of the classical

crowding-out effect of government spending; an important determinant of the size of distortions

from taxes, and central to production-based asset pricing theories (e.g. Cochrane 1991, 1996). This

paper considers a novel method for uncovering an empirical relationship between investment and

the cost of capital.

There is a long literature that studies the effect of the cost of capital on investment. Simple

methods have, in general, failed to find important effects.1 Bernanke and Gertler (1995) find that

nonresidential investment seems to respond only weakly to shocks to the Federal funds rate.2 The

discount rate is also a determinant of Tobin’s Q, but estimates of the impact of Q on investment

tend to be small (Summers, 1981; Eberly, Rebelo, and Vincent, 2009, give a recent review). The

primary contribution of this paper is to show that interest rates affect what assets firms invest in

at the aggregate level. Furthermore, the effect is relevant at the cyclical frequency: it is neither

centered around discrete (and somewhat rare) policy changes, such as tax changes, or dependent

on very long-term effects.3

The basic idea here is to forecast the cross-section of investment using the cross-section of interest

rates, instead of forecasting the level of investment with the level of interest rates. Long-term assets

are discounted with long-term interest rates, and short-term assets with short rates. When long

1See Chirinko, 1993, for an extensive review.
2However, in recent unpublished papers, Gilchrist and Zakrajsek (2008) and Guiso et al. (2002) find a relationship

in micro data between investment and interest rates.
3Caballero (1994) and Schaller (2006) use cointegration methods to show that in the long run the cost of capital

is meaningfully related to the size of the capital stock (and hence the level of investment). A number of researchers
have also focused on high-frequency changes in taxes which produce large movements in the cost of capital and
investment (Hassett and Hubbard, 2002, provide an extensive review).
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rates are higher than short rates– the term spread is high– a cost-of-capital effect implies investment

should shift towards short-duration assets. The negative relationship holds strongly in the data: it

explains one third of the cross-sectional variation in investment by duration, and the effect holds

both within and across industries.

Standard regressions of aggregate investment on the level of interest rates have the fundamental

identification problem that periods of high interest rates may also be periods when investment

demand is high, so the correlation between investment and interest rates could be zero or even

positive. By studying the cross-section, I abstract from aggregate shocks, hopefully reducing this

endogeneity problem. The strong empirical results suggest that in fact endogeneity is less of an

issue in the cross-section.

The data is simple to construct. I obtain nominal investment by asset and year from the Bureau

of Economic Analysis. I study an index of average duration defined as the average the of the assets’

economic life-spans, weighted by their share in aggregate investment in each year.4 Figure 1 shows

that this index of average duration is highly negatively correlated with the spread between interest

rates on ten and one-year nominal Treasury bonds (note that the axis for average duration is reversed

for the sake of clarity). When interest rates are relatively high for long-duration assets, investment

shifts towards short-duration assets, creating a strong negative correlation between average duration

and the term spread.

A negative raw correlation between investment and interest rates suggests that the cost of capital

has an important role in determining the cross-sectional distribution of investment, but there are

alternative mechanisms that could produce this result. I therefore build a simple Q-theory model

to help elucidate the possible sources of bias in the basic result in figure 1 and try to account for

them in subsequent regressions. I control for the level of productivity and expected productivity

growth in a variety of ways and find that they do not eliminate the basic effect. More importantly, I

find that the term spread—average duration relationship is not driven by changes in demand across

industries. When the term spread is high, investment shifts towards low-duration assets within

4Specifically, "lifespan" is measured as a Macaulay duration using data on economic depreciation rates.
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individual industries, in addition to shifting from industries that use more long-duration assets

to ones that use more short-duration assets. The basic results are also robust to controlling for

measures of volatility and bank lending.

The structure of the main analysis is to document the simple duration/term-spread correlation

and then ask whether it is causal by trying to reject potential non-causal explanations. As an

alternative strategy, I use a standard recursively identified VAR to ask whether shocks to monetary

policy, which affect short-term interest rates and hence the term spread, affect the average duration

of investment. I find that there is a substantial and immediate response (raising short-term interest

rates increases the average duration of investment), a notable difference from aggregate output and

investment, which respond only sluggishly. The VAR thus provides additional evidence that the

composition of investment responds quickly and strongly to shifts in the cross-section of the cost of

capital.

In addition to contributing to the literature on the determinants of the level of investment, this

paper is related to the recent literature on production-based asset pricing with projects that have

differing characteristics (e.g. Berk, Green, and Naik, 1999, and Gomes, Kogan, and Yogo, 2009).

While those papers show that variation in the types of capital owned by firms can lead to differences

in their stock prices, I find that variation in the cross-section of asset prices can affect the types of

investment that firms undertake.

Lastly, the findings here are relevant to understanding the relationship between interest rates and

debt issues. The final section of the paper provides novel evidence that firms match the maturity

of their debt issues to their physical investment, consistent with previous evidence in the finance

literature (e.g. Stohs and Mauer, 1996). The results suggest that the timing of debt issues to

the term spread documented by Baker, Greenwood, and Wurgler (2003) could be explained by the

dynamics of physical investment and the fact that firms match the maturity of their debt to their

assets.

The remainder of the paper is organized as follows. Section 2 describes the data and section 3

reports the main result. Next, I outline in section 4 a simple model that justifies the regression of
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the average duration of investment on the term spread. Section 5 controls for a number of possible

biases suggested by the investment model and shows that the term spread is the single most powerful

predictor of the average duration of investment, while section 6 considers an alternative VAR-based

identification strategy. In section 7 I show that the relationship between duration and the term

spread also appears in purchases of consumer durable goods. Section 8 examines the relationship

between the type of debt that firms sell and the duration of their assets. I find a positive relationship

(consistent with maturity-matching theories), which gives added support for the idea that long-term

interest rates are the relevant cost of capital for long-duration assets and short rates for short-term

assets. Finally, section 9 concludes.

2 Data

To study the relationship between investment and the cost of capital in the cross-section, we need a

relevant measure of the cost of capital that differs across assets. The duration of assets is a natural

source of variation because it is easy to quantify for both physical assets (through their depreciation

rates) and bonds (through maturities). Of course, the cost of capital depends on more than simply

the level of interest rates: the equity premium is large and variable (e.g. Lettau and Ludvigson,

2001). The advantage of focusing on interest rates here is that we can directly observe the cost

of capital for assets of different durations. While there have been studies of the term structure of

equity (Lettau and Wachter, 2007), there is no simple way to actually measure the term structure

of expected returns on equity, let alone the variation in the slope of that term structure.

I obtain data on Treasury yields measured at year-end from the Federal Reserve. Treasury data

has the advantage of including bonds with a large variety of maturities over a long period of time.

However, firms do not in general borrow at the Treasury yield. I therefore also study the spread

between yields on 3-month commercial paper and the Moody’s seasoned Baa corporate bond yield

(from Global Financial Data and the Federal Reserve, respectively). The Moody’s index is meant

to measure bonds with remaining maturities near 30 years. The main results focus on the Treasury
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yield spread.5

A potential concern is that the relevant discount rate for investment is the real interest rate, not

the nominal rate. One method for obtaining the real interest rate would be to subtract an inflation

forecast from the nominal rate. In general, random-walk inflation forecasts are competitive with

more sophisticated methods (Atkeson and Ohanian, 2001). With a random-walk forecast, the

nominal term spread and the spread obtained after subtracting expected inflation will be identical,

which suggests that there is little to be gained by forecasting inflation here.6

Another option is to look at yields on inflation-protected bonds. The time series of inflation-

protected bonds in the United States is relatively short, but inflation protected bonds have been

sold in the United Kingdom since the 1980’s. Figure 2 plots the 10/5 year term spread in the

UK for both nominal and inflation-protected bonds since 1985. Over the sample, the two series

move together closely, even through the financial crisis. Their variances differ, but they are over 70

percent correlated. This result suggests that by studying the nominal term spread, we will obtain

results that are similar to what we would obtain with the unobservable real term spread.

Data on capital stocks and investment come from the Bureau of Economic Analysis’s (BEA)

fixed asset tables. The main results focus on aggregate investment by asset, but the BEA also

reports data at the asset×industry level. Data on depreciation rates is from Fraumeni (1997), the

source for current depreciation rates used by the BEA.7 The BEA uses geometric (declining balance)

depreciation for nearly all assets.8 Depreciation rates are estimated primarily from data on service

lives and sales of vintage assets. Given the resale value of an asset for each age along with a service

life, one can estimate an approximate geometric depreciation rate.9 These depreciation rates are

5Ideally, we would measure the true cost of capital for each asset, including the cost of capital for equity, in
particular. While there is research on the term structure for equity (Lettau and Wachter, 2007), it is not obvious
how to construct an equity cost of capital for each asset simply by looking at its depreciation rate.

6Furthermore, we would need to estimate a 10-year inflation forecast, which would be diffi cult even if inflation
were relatively easy to forecast at short horizons. Another option would be to use survey data on inflation forecasts,
but this would substantially limit the available time series.

7Her depreciation rates closely match depreciation obtained by simply diving BEA reported depreciation by the
capital stock.

8Missiles and nuclear fuel rods, for example, are modeled with straight-line depreciation.
9The BEA’s current estimates are a combination of data from a variety of studies on resale values reviewed in

Fraumeni, 1997.
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closer to economic depreciation than the straight-line method used for accounting purposes by many

firms (Hulten and Wykoff, 1981).

I use 36 asset classes from the BEA tables, excluding household and government assets and edu-

cational, health, and religion-related structures. The majority of the analysis focuses on equipment

investment. The investment literature generally finds that models have substantial trouble explain-

ing structures investment (Oliner, Rudebusch, and Sichel, 1995). This may be partly caused by

the fact that nonresidential building projects take fourteen months to complete on average (Edge,

2000).10 The main results below go through when structures are included, but the relationships are

far less clear. I therefore leave the analysis of structures to future work so as not to distract from

a complete analysis of equipment investment.

For each asset class, the BEA reports total stocks (on a current-cost basis) and investment for

the private nonresidential economy. The asset classes accounting for the most nominal investment

in 2007 were software (16 percent of total investment), petroleum and natural gas exploration and

wells (8 percent), communication equipment (7 percent), and computers and peripheral equipment

(6 percent). Except for oil and gas, these assets all have high depreciation rates, and substantial

investment is necessary just to keep the stocks at constant levels.

For an asset with geometric depreciation rate δi, if we assume that productivity is constant and

there is a fixed discount rate r∗, Macaulay’s duration, Di, will be

Di =

∞∑
j=1

j
(1− δi)j−1

(1 + r∗)j
=

1 + r∗

r∗ + δi
(1)

When measuring durations I fix r∗ = 0.03.11 Table 1 lists the assets used in this study along with

their depreciation rates and durations. Software, computers, and offi ce and accounting equipment

have the highest depreciation rates, all above 20 percent per year. Types of heavy industrial

machinery tend to have lower depreciation rates, as low as 5 percent.

10See Edge (2000) for an empirical model of residential and nonresidential structures investment that takes into
account building lags.
11Allowing for a constant rate of productivity growth would be the equivalent of choosing a lower value of r∗. The

results are not sensitive to the choice of r∗.
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Finally, for the purpose of summarizing the cross-section of investment, I define an index mea-

suring the average duration of investment,

D̄t ≡
∑
i

Iit∑
i Iit

Di (2)

D̄t is simply a weighted average of the durations of the assets, where the weights are the assets’

shares in aggregate nominal investment. When investment shifts relatively towards short-duration

assets, e.g. computers or software, D̄t falls. Furthermore, D̄t is constructed so that it is not

mechanically related to the level of investment. There is no particular reason why there need be a

positive or negative relationship between the level of investment (or the state of the business cycle)

and D̄t.12

Figure 3 plots D̄t for 1948—2011. As might be expected, average duration has been falling over

time. The fastest rate of decline appears in the late 1980’s, and the series flattens out after 1994.

We should not expect transitory changes in the term spread to explain the long-term changes in the

duration of investment; long run changes are driven by technological shifts, e.g. the introduction

of computers, software, and other electronic equipment. Instead, the term spread will explain the

year-to-year variation in D̄t.13

Table 1 shows that computers have a depreciation rate of 25 percent, and software 40 percent.

Their combined share of nominal investment rises from 5.4 percent in 1978 to 25.5 percent in 2011.

Figure 3 also includes a version of D̄t that excludes investment in computers and software, and

we can see that if not for computers and software, there is no decline in the average duration of

investment over time. Over the sample, though, the correlation of the first differences of the two

versions of D̄t is over 90 percent. For the main regressions, I detrend all of the variables using the

Hodrick—Prescott (HP) filter with a smoothing parameter of 25. I obtain similar results when I use

a polynomial trend or take first differences (see table 2 for results in first differences).

12Rather than using an index of average duration, which involves a discount rate, we could also simply use an index
of the average depreciation rate of investment. All of the results below go through with this alternative measure.
13Tevlin and Whelan (2003) give a more extensive discussion of the recent decrease in the duration of the capital

stock.

8



3 Results

Figure 1 plots HP-detrended D̄t and the 10/1 year term spread at the end of the previous year (with

the axis for D̄t reversed). The negative relationship is immediately apparent. The term spread and

average duration have a correlation of -57 percent. Gray bars indicate NBER-dated recessions. In

most recessions, the term spread rises due to the Fed cutting interest rates, and the duration of

investment falls. Duration is often high just prior to recessions, e.g. 1970, 1990, 2001, and 2007,

when the yield curve is inverted. Looking more closely, we can see that over time the term spread

has become more volatile while D̄t has become somewhat less volatile, which is a common finding:

the real economy has become less volatile (the great moderation), while Federal Reserve policy has

become more aggressive, causing higher volatility in interest rates.

Table 2 reports results of regressions of D̄t on the first lag of the term spread. All of the variables

in table 2 are standardized to have unit variance so that the regression coeffi cients indicate how a

one standard deviation increase in the independent variables affects D̄t in terms of its own standard

deviation. The units of D̄t have no deep economic meaning on their own.

As expected, in the first column we find a highly significant negative coeffi cient on the term

spread and an R2 of 0.33. This is a high value; Oliner, Rudebusch, and Sichel (1995), when

forecasting the level of aggregate investment using models with as many as 11 lags of quarterly

data, obtain at best an R2 of 0.34. With a single variable, I am able to get an R2 nearly as high for

D̄t. Column two uses the term spread on corporate bonds instead of Treasuries and finds a nearly

identical coeffi cient and R2.

The third column of table 2 controls for the lagged level of D̄t. The coeffi cient is only marginally

significant and the coeffi cient on the term spread is essentially unchanged. Column 4 reports a simple

Granger-causality test, showing that leading values of the term spread have no explanatory power

for average duration, which is consistent with the theory that firms are responding to the cost of

capital, rather than D̄ driving the term spread or there being some underlying variable that causes

the term spread and D̄ to generally move together.

Finally, the fifth column runs the basic regression using investment in all assets instead of
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equipment alone. The results still go through. The symmetrical regression using only structures

investment is unenlightening because there is not enough variation in duration within structures to

provide reasonable statistical power.

To test for a break in the relationship between D̄t and the term spread, I use the sup-F test (also

known as the Quandt likelihood ratio test). We might expect that the break in this relationship

would have appeared following the great moderation, when monetary policy became more aggressive

and the economy less volatile. The F-test for a break, though, is maximized in 1958. Looking at

figure 1, it is clear that after 1958 the volatility of D̄t fell and the volatility of the term spread rose.

The F-statistic for a break is never above the critical value reported in Andrews (1993) except for in

1958 and 1959. The highest value outside those two years is 4.56 in 1992, well below the 10 percent

critical value of 5.00. There is thus evidence for a structural break, but not where we might have

thought. For the period since 1960, we cannot reject the hypothesis that the relationship between

D̄t and the term spread has been stable.

4 Model

With the basic result in hand, it is useful to build a simple and stylized model to help understand

where this correlation might come from. It is tempting to immediately jump to the conclusion

that there is variation in the cost of capital (i.e. shocks to the supply of investment goods), which

drives the result in figure 1. The model helps identify what other factors might induce a similar

correlation.

I consider a standard infinite-horizon setup with a few simplifications for analytic tractability.

Firms face a linear production function in each type of capital, where the current level of productivity

for asset i is exp (bit). That is, revenue is equal to

∑
i

exp (bit)Kit (3)

where Kit is the stock of asset i at date t. Note that this revenue function ignores complementarities
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between types of assets. In general, if a decline in the term spread is expected to shift investment

towards long-duration assets, complementarity across assets will attenuate this effect (in the limit

of a Leontief production function, firms would never vary the composition of the capital stock).

I follow Baxter and Crucini (1993) and Jermann (1998) in specifying the (continuous-time)

update process for capital as

K̇it = −δiKit + φ (Iit) (4)

where δi is asset i’s depreciation rate. The adjustment-cost function φ takes the form

φ (Iit) =
η

1− 1/γ
I

1−1/γ
it + η2 (5)

φ has the useful property that the elasticity of investment with respect to Tobin’s Q will equal the

constant γ.14

Denoting the instantaneous discount rate at time t+ k from the perspective of date t as ft,t+k,

the firm maximizes the discounted value of its revenue net of investment costs,

Πt = max
Iit

∫ ∞
j=0

∑
i

[
exp

(
−
∫ j

k=0

ft,t+k

)
Et exp (bi,t+j)Kit+j − Iit+j

]
dj (6)

where Et denotes the expectation operator conditional on information available at date t.

I assume discount rates follow the process,

ft,t+j = r̄ + zrt + exp (−φrj)xrt −
δ̄ + r̄(

φr + δ̄ + r̄
)xrt

where zrt is a level factor and x
r
t a slope factor. Level and slope factors are generally found to

explain 95 percent or more of the variation in U.S. interest rates (e.g. Litterman and Scheinkman,

1991). It is not a priori obvious whether we should think of an increase in the slope of the term

structure as coming from a decline in short-term interest rates, an increase in long-term interest

14This functional form has the drawback that it is not necessarily consistent with negative investment. However,
asset-level investment is always positive in the data, so this is not a practical concern here.
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rates, or something in between. Here, a shock to xrt represents a rotation of the forward curve with

the property that it has no first-order effect on the price of capital with depreciation rate δ̄. the

parameter φr represents how rapidly rotation x
r dies out as the time horizon gets longer.

For productivity growth, I assume that different assets may have different current levels of

productivity, but expected productivity growth in the future is the same for all assets, Etḃt+j =

µt,t+j, where

µt,t+j = µ̄+ zbt + exp (−φrj)xbt −
δ̄ + r̄(

φb + δ̄ + r̄
)xbt

As above, zbt and x
b
t are assumed to have mean zero and their interpretation is the same as that for

zrt and x
r
t .

Taking the first-order condition for Iit yields the standard Tobin’s Q type solution

I
1/γ
it = Qi,t (7)

Qi,t ≡ (δi + r̄)

∫ ∞
j=0

exp (−δj)
[
exp

(
−
∫ j

k=0

ft,t+k

)
Et exp (bi,t+j)

]
dj (8)

where the normalization (δi + r̄) ensures that Qi,t is equal to 1 in steady state. The appendix shows

that, using a first-order approximation, we can derive an approximate expression for the index of

average duration, D̄t,

D̄t =

∑
i IitDi∑
i Iit

≈ d0 + krx
r
t − kbxbt + kzrz

r
t − kzbzbt + kd

∑
i

Dibit (9)

for positive constants d0, kr, kb, kzr, kzb, and kd that depend on the fundamental parameters of the

model.

The previous section considered a simple regression of D̄t on the term spread, which is driven

here by xrt . Holding all else equal, equation (9) confirms the simple intuition that this relationship

should be negative. Equation (9) shows, however, that there are at least four potential omitted

variables in this regression: long-run expected productivity growth and discount rates, zbt and z
r
t ;

the productivity growth spread, xbt , and the covariance of the levels of idiosyncratic productivity,
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bit, with durations Di.

First, holding the term spread and the productivity spread fixed, an increase in productivity

growth, zbt , or a decrease in discount rates z
r
t , will tilt the distribution of investment towards long-

duration assets. This effect is the primary feature of duration: long-duration assets gain more

value from a permanent decline in interest rates or increase in expected productivity growth than

do short-duration assets. To the extent that the term spread is correlated with long-term average

productivity growth and interest rates, then, a regression of the average duration of investment on

the term spread will be biased.

Specifically, we could spuriously find a negative relationship between the term spread and D̄t

if expected long-term productivity growth is low in periods when the term spread is high. The

term spread is countercyclical, so this would correspond to a situation in which expected long-term

productivity growth zbt is low during recessions. I will try to control for these effects by controlling

for the level of aggregate investment and various other indicators of the state of the business cycle.

The second source of bias is that the productivity spread, xbt , could be correlated with the term

spread. In particular, if productivity growth is expected to slow down in the same periods that the

term spread is high, we would find a spurious negative relationship between average duration and

the term spread. In this case, recessions would have to be periods in which productivity growth is

expected to decelerate in the future, which seems unlikely given that recessions are periods when

growth is already slow in the first place (by definition).

Finally, the levels of productivity across assets could be related to duration, affecting D̄t through

the covariance term, which can be thought of as the covariance between duration and productivity

across assets. If this covariance changes over time and is systematically related to the level of the

term spread, then omitting it from the regression would bias the coeffi cient on the term spread.

Over long horizons, investment and productivity shift substantially across different assets. The

most notable of these changes is the long-run decline in prices and increase in investment in com-

puters and software (Tevlin and Whelan, 2003).15 The model would interpret this phenomenon as

15See also Caballero, 1994, and Schaller, 2006, for studies of the relationship between investment and the cost of
capital in the long-run.
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an increase in bit for low-duration assets, which drives D̄t downward. A simple way to control for

those movements is to detrend D̄t.

Short-run movements in idiosyncratic productivity are more diffi cult to account for, though. If

changes in the term spread are correlated with shifts in productivity that favor certain assets, then

the regression of D̄t on the term spread will be biased. In the empirical analysis below, I discuss and

control for some specific mechanisms, most importantly industry demand shifts, that could drive

high-frequency movements in
∑

iDibit.

Instead of running a regression of average duration on investment, it would be nice to estimate

a more fundamental parameter, such as the coeffi cient on marginal Q, which tells us about the

size of adjustment costs in investment. One way to do that would be to calculate Tobin’s Q for

each asset individually, as in Abel and Blanchard (1986), by discounting expected future marginal

products using the full term structure of real discount rates. The problem is that we do not actually

directly measure the marginal product of any individual asset at any point in time. Moreover, we

do not measure anything like the true discount rate for each asset. Rather, the term spread in this

paper is measured using Treasury yields and is taken as an indicator of differences in discount rates

across assets. A deeper problem is that Abel and Blanchard’s method would also require forecasting

inflation at very long horizons, when the literature generally finds that inflation is diffi cult to forecast

even at quarterly and annual horizons (e.g. Atkeson and Ohanian, 2001).16

What the regression of average duration on the term spread is useful for is testing whether the

16Euler equation estimation is also an option. In a pair of papers, Oliner, Rudebusch, and Sichel (1995, 1996)
study the effectiveness and internal consistency of Euler equation models for investment. They obtain parameter
estimates that are somewhat diffi cult to reconcile with economic theory, find that supposedly "structural" parameters
are unstable over time, and that the models have little forecasting power. There are also legitimate concerns about
the validity and relevance of the instruments used in these models (especially when extended to asset-level data).
I attempted to estimate an Euler equation using the panel of data on asset-level investment. Between two-stage

least squares, LIML, and GMM methods, there were substantial differences in results indicating that the model is
misspecified or there are problems with the instruments. I also replicated some of the troubling results found by
Oliner, Rudebusch, and Sichel. Furthermore, Euler equations are clearly diffi cult to estimate even with quarterly
data, and I only have annual data on asset-level investment.
The Euler-equation method is also more restrictive than the methods used in this paper because it is diffi cult

or impossible to incorporate all of the controls that I consider. Euler equations are useful for estimating specific
parameters in tightly theorized models. The regressions used here are meant to test a broader range of possible
explanations for the correlation between average duration and the term spread and to measure the explanatory
power of the term spread. I therefore leave the Euler equation analysis of this panel dataset for future work.
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term spread drives investment in the direction that we would expect and how much explanatory

power the term spread has for the cross-section of investment. A high R2 in a regression of average

duration on the term spread is evidence that the cross-section of interest rates is an important

determinant of the cross-sectional distribution of investment.

5 Alternative explanations

The working hypothesis is that the negative relationship between average duration and the term

spread is a simple cost-of-capital effect. The model in the previous section shows that there are

a number of other factors that could cause us to find the correlation we observe in figure 1. This

section considers a range of possible alternative explanations. I find that the correlation is driven

to some extent by these other factors, but that the cost of capital retains a substantial amount of

explanatory power and is generally the most powerful variable for explaining average duration.

5.1 Correlations by asset and industry

One possible explanation for the correlation between the term spread and D̄ is that demand for the

products of different industries depends on the term spread. For example, suppose when the term

spread is high consumers demand fewer durable goods (the term spread tends to be countercyclical,

as are durables purchases; Yogo, 2006). If durable goods industries tend to use relatively more long-

duration capital than services providers (for example, a car manufacturer may use more heavy ma-

chinery than a barber shop), then we would see investment shift towards low-duration assets. In the

terms of the model, this is a story about the covariance term
∑

iD (δi) [log (Bi0)−N−1
∑

i log (Bi0)].

The correlation between D̄ and the term spread then would be driven by consumer demand (and

hence the variation in the marginal product across assets) instead of the cost of capital. We can

test this hypothesis by decomposing D̄ into components driven by within-industry reallocation and

changes in the composition of investment across industries.

As noted above, the BEA not only reports data on aggregate investment; it also gives levels
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of investment at the asset×industry level. Denoting the first difference of D̄t as ∆D̄t, we can

decompose ∆D̄t following van Ark and Inklaar (2006) using the industry-level data as

∆D̄t =
∑
j

[
1

2

(
Ij,t
Īt
− Ij,t−1

Īt−1

)(
D̄j,t + D̄j,t−1

)]
+
∑
j

[
1

2

(
Ij,t
Īt

+
Ij,t−1

Īt−1

)(
D̄j,t − D̄j,t−1

)]
(10)

where D̄j,t ≡
∑

i
Ij,i,t
Īj,t

Di is the average duration of industry j at time t. The first part of equation

(10) can be thought of as a cross-industry reallocation effect. It sums the changes in the industry

investment shares weighting by their average depreciation rates at dates t and t−1. The second term

is the within-industry reallocation term. It represents the effects of industries changing their mix

of investment among different assets. I refer to the two effects as the between and within-industry

effects, respectively.

The final three columns of table 2 report results from first-differenced regressions of ∆D̄ and

its decomposition (10) on the change in the term spread. ∆D̄ and ∆TS are standardized to have

unit variance as in the remainder of the table. The three columns report results from regressions

with different dependent variables. The first column uses ∆D̄. The coeffi cient on the term spread is

similar to though somewhat smaller than the coeffi cient in column 1. In other words, the relationship

between D̄ and the term spread is somewhat weaker in high frequency data, which is perhaps

not surprising considering the effects of planning, ordering, and building lags. The coeffi cients in

columns 7 and 8 by definition sum to the coeffi cient in column 6. The within-industry coeffi cient

is twice the size of the between-industry coeffi cient; in other words, two thirds of the aggregate

effect comes from reallocation within industries. The hypothesis that industry demand is correlated

with the term spread seems to be true, but it explains only a minority of the variation in average

duration over time.

To analyze how the relationship in figure 1 and table 2 differs across assets, I run a regression

of each asset’s share of aggregate investment on the term spread.17 Specifically, for each asset we

17To control for long-term changes in the composition of investment I first detrend the dependent variable and the
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run the regression
Iit∑
i Iit

= αi + βiTSt + εit (11)

It is straightforward to show that if βi is negatively related to each asset’s duration, then there will

be a negative relationship between the term spread and D̄t. This is a way of asking whether the

relationship we observe at the aggregate level is pervasive across assets, or is driven by a few outlier

assets.

Figure 4 plots the coeffi cients βi against duration. The black boxes are for equipment, grey

diamonds structures. Regression lines are included for the sample of all assets and for equipment

only. The correlations between βi and Di are -0.42 and -0.31 for equipment only and all assets,

respectively. Looking across equipment, the relationship between the composition of investment

and the term spread is broadly based not driven by a few outliers.

The plot includes labels for the assets that make up the largest part of investment over the

last 15 years. Numbers in parentheses represent their percentage shares over that period. Within

equipment, auto purchases as a share of total investment are far more positively correlated with

the term spread than any other asset, though they represent a relatively small part of aggregate

investment. Software is the single largest component of investment and it is well above the best fit

line. Communication equipment and computers are next in the rankings and are somewhat closer

to the regression line.

Structures do not match the results for equipment very well. While the shares of structures are

generally negatively related to the term spread, they are not as negative as we would think from just

looking at equipment. Electric-power plants, in particular, are a large positive outlier. As noted

above, the fact that building lags average over a year (a time that does not take into account the

time required for planning) is likely to distort the regressions for structures.

term spread using the HP filter with a smoothing parameter of 25 as above.
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5.2 The business cycle, volatility, and other explanations

Table 3 explores a number of other mechanisms that could cause the observed correlation beyond

changes in demand across industries. Columns 1 and 2 control for the business cycle with the lagged

detrended unemployment rate and level of output. In both cases the coeffi cient on the term spread

is smaller but still statistically and economically significant. This is perhaps not surprising: even

if the term spread does represent a true cost-of-capital effect, it is also a proxy for the business

cycle. Controlling for other business cycle indicators will probably lower its coeffi cient. Including

the current value and longer lags of unemployment and output do not change the results of the

regressions.

Another obvious question is whether there is a mechanical relationship between average duration

and the level of investment. Suppose a firm has equal stocks of two assets, one with a depreciation

rate of 1 percent, the other 10 percent. In a maintenance phase with no net capital growth,

there will be 10 times as much investment in the high depreciation as the low depreciation asset.

However, in an expansion phase, assuming both assets are expanded equally, investment will shift

towards being equally balanced between the two assets. If the term spread is correlated with the

level of investment, it might also then be correlated with average duration. Column 3 tests that

hypothesis by including detrended aggregate equipment investment. Puzzlingly, unlike the example

just given, when investment is high, duration actually tends to be low. However, the coeffi cient on

the term spread is still large and significant. The term spread thus has explanatory power beyond

its indication of either the business cycle of overall level of investment. Column 4 shows that if we

include all three aggregate indicators, unemployment, GDP, and investment, the coeffi cient on the

term spread is the highest, and has the highest t-statistic, of any of the variables (implying that

the marginal R2 of the term spread is higher than any of the business-cycle indicators).

Abel et al. (1996), among many others, study the effects of irreversibility on investment. With

irreversibility, when idiosyncratic uncertainty is high, firms may be less willing to invest in long-

duration assets. Intuitively, if it is more diffi cult to sell a long-duration asset (e.g. a large wind

turbine) because it is more costly to disassemble than a short-duration investment, then there is
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option value to delaying investment which is increasing in uncertainty.18 Campbell et al. (2001)

and Bloom (2009) find that when the volatility of returns on the aggregate stock market is high,

so is idiosyncratic firm volatility. If the term spread is partially driven by aggregate volatility (a

finding of Bloom, 2009, and implied by many term structure models, e.g. Longstaff and Schwartz,

1992), and volatility drives D̄, then we would find a spurious correlation between the term spread

and D̄.

I use two measures of cross-sectional volatility that are also used in Bloom (2009): the period-

by-period cross-sectional standard deviations of firm quarterly profit growth and stock returns,

including controls for 3-digit SIC industries.19 Column 5 of table 3 reports results of a regression

of D̄ on the volatility indexes. Both measures of volatility are positively correlated with the next

year’s term spread, which is consistent with Bloom’s (2009) results. He finds that volatility shocks

lead to economic contractions and reductions in the short rate. Table 3 shows that conditional

on the term spread and the state of the business cycle, high stock return volatility (though not

profit growth volatility) in the following year is associated with low duration investment. This is

consistent with the hypothesis that long-duration investment involves a bigger commitment for firms

than short-duration investment. That is, the hypothesis that high volatility interacts with fixed

costs of adjustment to decrease investment seems to apply more strongly to long than short-term

assets. Note, though, that even when controlling for volatility, the term spread remains significant

and has a large coeffi cient.

Another alternative hypothesis is that the term spread does not reflect the cost of capital but

is simply an indicator of the stance of monetary policy. When the Federal Reserve contracts the

money supply, this may inhibit bank lending, as in Kashyap and Stein (2000). If banks are more

likely to finance projects of a certain duration (either high or low), then the term spread might

simply be correlated with movements in D̄ because it is correlated with bank lending standards.

One way to test this hypothesis is to try to directly measure bank lending standards. The Federal

18House and Shapiro, 2008, discuss the relationship between real option-type effects and asset duration.
19The original data was retrieved from Compustat and CRSP. I obtained the data used here from Nick Bloom’s

website.
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Reserve has administered a Survey of Senior Loan Offi cers since 1967 (with a gap between 1983 and

1989) that asks banks about the level of their lending standards.20 Column 6 includes the tightness

index from this survey in the regression. The coeffi cient on the term spread remains significant.

When bank lending standards are relatively tight (a high value of the index), average duration

is low. This is perhaps surprising, since banks are usually thought of as financing short-duration

projects, while firms go to credit markets for longer-term financing. One possible explanation is

that lending standards tend to be high when other factors are driving firms towards short-duration

investment. In particular, standards might be high in times of high uncertainty.

The appendix includes further robustness tests. When all of the controls are included simulta-

neously, the term spread is the only significant variable and it has more explanatory power than

any of the other variables individually.

Lettau andWachter (2007) argue that the differences in returns between high and low book/market

(B/M) stocks can be explained by differences in the duration of their cash flows (see also Hansen,

Heaton, and Li, 2008). A high value spread is associated with a high valuation for growth stocks, or

long-duration assets, which implies investment in long-duration assets should be high. Since stock

prices represent claims on capital, whereas Treasury bonds are claims on currency, we might expect

that the value spread would have more predictive power than the term spread. Column 7 of table

3 reports the results of a regression including the value spread. I measure the value spread here

as the ratio of the book to market ratios for the top and bottom third of stocks sorted by book to

market (as reported on Kenneth French’s website).21 The coeffi cient is significantly negative: the

opposite of what the duration theory of the value spread would predict. One possible explanation

for this result is that firms with growth stocks tend to have lower-duration assets– e.g. technology

firms– so when their values are high average duration falls. To many readers, that may have been

the obvious result all along. Nevertheless, it runs against Lettau and Wachter’s theory.

20I obtain data from Lown and Morgan, 2006.
21Specifically, French reports value spreads for small and large stocks, split at the median of market capitalization.

I average these two value spreads. Furthermore, I detrend the value spread using the HP filter with a smoothing
parameter of 100.
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6 VAR evidence

The analysis thus far proceeded by documenting the raw correlation between the term spread and

average duration and then tried to establish a causal relationship from a cost-of-capital effect by

systematically rejecting other possible mechanisms that could induce the observed correlation. This

section uses a different approach. I estimate a standard VAR in basic macro variables (as in, e.g.,

Christiano, Eichenbaum, and Evans, 1999). I show that shocks to monetary policy that increase the

Fed Funds rate significantly reduce the term spread and raise the average duration of investment.

Moreover, the average duration of investment responds to monetary policy shocks faster than other

variables, such as output and consumption.

The data series included in the VAR are the annual logged levels of output, consumption,

investment, the GDP deflator, and labor productivity, the level of the Fed Funds rate, D̄t (detrended

as above), and the term spread. The Fed funds rate and term spread are measured at the end of

each year.

I identify the structural shock to the Fed Funds rate through the standard recursive scheme.

Since the Fed Funds rate is measured at the end of the year, I assume that it moves last except for

the term spread (also measured at the end of the year), i.e. it is allowed to respond to the shocks to

all the other variables except for the term spread. I allow four years of lags in the VAR, as selected

by the AIC.

The identifying timing assumption means that in measuring the shocks to the cost of capital at

the end of year t (affecting investment in year t+ 1) we control for any factors that affect the other

variables in year t. For example, if there is a change in the long-run level of real discount rates

(zrt above) or long-run productivity growth (z
b
t ) we will control for it as long as it has an effect on

output, consumption, or any of the other endogenous variables in year t.

Figure 5 plots the responses of D̄t, output, consumption, and investment to a one-standard-

deviation increase in the Fed Funds rate. On the impact of the shock, D̄t immediately rises by

12 percent of its standard deviation. Output, consumption, and investment only display minimal

responses in the first year following the shock. There is clearly a strong relationship between interest
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rates and the composition of investment. When the Fed cuts interest rates, short-term yields fall,

while long-term yields are affected by relatively less. The dotted line in the top-left panel of figure 5

shows the response of the term spread to the monetary policy shock. The path is almost the mirror

image of the response of D̄t exactly as we would expect from the raw correlation between the term

spread and D̄t.

The VAR results here show that when we attempt to identify exogenous shocks to the term

spread, they have highly similar effects on the average duration of investment as we observe from

simple raw correlations.

7 Consumer durables

If the term spread truly represents a cost of capital effect then we would expect household purchases

of durable goods to respond to it in a manner similar to nonresidential investment. Households face

some of the same choices as firms when deciding what types of durable goods to purchase. In

particular, long-lasting durable goods may have financing arrangements with longer terms than

those of shorter duration assets.22

Denoting the duration of durable good of type i as Ci and purchases as Pi, I define the average

duration of consumer durables purchases as

C̄t ≡
∑

iCiPit∑
i Pit

(12)

Table 4 lists the assets available from the BEA, along with their depreciation rates and durations.

The two assets with the lowest depreciation rates are luggage and furniture at 13 percent. Computer

software and motor vehicle parts have the highest rates at 76 and 90 percent, respectively. The assets

are mostly clustered in a small range of depreciation rates, though: three fourths have depreciation

rates between 16 and 25 percent.

22Attanasio, Goldberg, and Kyriazidou (2008) show that auto loan terms tend to be between three and five years,
while home loans may be as long as 30 years.
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Figure 6 plots HP-detrended C̄t against the detrended term spread. As in figure 1, the axis

for C̄t is reversed so that a negative correlation in the data is an easier-to-read positive correlation

in the figure. For most of the sample, there is a strong negative correlation, just as we observe

for nonresidential investment. In a regression similar to those in table 2, consumer durables on

the lagged term spread, the coeffi cient is -0.31 with a p-value of 0.008. There is thus a significant

relationship over the full sample, though the correlation is somewhat weaker than what we observe

for nonresidential investment. The correlation is clearest between 1965 and 1991. For nonresidential

investment the correlation is more consistent over time, which explains why the QLR test in section

3 indicated a break point only in the very beginning of the sample.

The relationship between C̄t and the term spread seems to abruptly break down after 1991. If

we run a QLR test as before, we can reject the hypothesis of no break at the 1 percent level. The

F-statistic is maximized in 1991, only one year different from the local maximum that is obtained in

the F-statistic for nonresidential investment.23 The fact that these two break tests are maximized

around the same time suggests that the breakdown in the consumer durables plot is not due to a

factor that is specific to consumers.

One possible consumer-specific explanation is that there was some sort of change in consumer

credit markets around 1991. Perhaps easier access to credit cards made consumers less dependent

on long-term financing for some durables purchases, which made them less sensitive to long-term

credit conditions. The Flow of Funds accounts measure total credit card balances and household

net worth. The ratio of consumer credit debt to net worth rises from 1.0 to 3.8 percent between

1945 and 1965, but then stays flat subsequently. While there were certainly changes in consumer

credit markets following 1965, the total quantity of credit has remained in this sense stable.

8 The firm-level mechanism

The link between the term spread and the cost of capital will be most clear to managers if investment

in long-duration assets is financed with long-duration debt. If, for example, firms always borrow
23Note, again, that the local maximum for nonresidential investment is not statistically significant.
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at the same maturity and simply roll over their debt, then they might only pay attention to the

interest rate for the maturity at which they borrow, instead of the full term structure.

Baker, Greenwood, and Wurgler (BGW, 2003) find that firms time the debt market when they

sell bonds. In particular, when the term spread is high firms sell short-term debt. BGW argue that

firms do this because when the term spread is high, the prices of short-term bonds are expected

to fall in the future. Firms are selling expensive or overpriced debt, which BGW claim represents

arbitrage.

But if it is true that firms try to match the maturity of their debt to the maturity of their

investments, then the results in the previous sections could explain the BGW result. Matching the

maturity of debt to assets reduces potential deadweight losses from bankruptcy (see, e.g., Stohs and

Mauer, 1996). Graham and Harvey (2002) report evidence from surveys that maturity matching is

the single most important determinant of debt maturity choice.24

Section 3 showed that when short-term yields are low, firms invest in short-duration assets. If the

maturity-matching hypothesis is correct then those firms should also sell short-duration debt. That

matches the Baker et al. result: low short yields are associated with short-duration investment,

which is associated with sales of short-duration debt. BGW claim that firms are arbitraging debt

markets; I claim they are managing risk through maturity-matching. The key to completing the

argument is showing that firms actually do try to match the duration of their debt to that of their

assets. In this section I provide evidence in support of this proposition.25

I obtain data from two sources. Data on capital stocks come from the BEA’s detailed fixed asset

24See also Barclay and Smith, 1995, and Guedes and Opler, 1996, among many others.
25Baker at al. tried measuring the duration of assets with a similar strategy to mine. However, rather than using

industry depreciation reported by the BEA, they used the amount of depreciation reported to the IRS by individual
firms. Presumably this data was substantially more noisy than the BEA data, which caused them to find inconclusive
results. Moreover, accounting depreciation is in general not the same as economic depreciation. The majority of firms
use straight line depreciation, rather than the declining balance method found to better match the resale value of
assets (Hulten and Wykoff, 1981).
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tables as before.26 I continue to measure average duration within industry j as

D̄jt =

∑
iDiIijt∑
i Iijt

(13)

where i indexes assets, j indexes industries, and I is investment

I obtain data on corporate debt from Compustat. Following Baker et al. (2003) and Greenwood

et al. (2009), the long-term share in a given industry and year is the sum of all outstanding long-

term debt reported by firms in that industry divided by all long and short-term debt.27 I estimate

issuance of long-term debt as the change in the level of long-term debt, and short-term issuance

as simply the level of short-term debt (since short-term debt has, by definition, a maturity of less

than one year). The long-term issuance share is then just the ratio of long-term issuance to total

issuance.28

An important issue here is that Compustat only covers publicly traded firms, whereas the BEA’s

fixed-asset data covers all firms. To the extent that private firms have limited access to long-term

credit markets, this will bias the level of the long-term share upwards.29 It is less clear, though, that

selection should cause us to spuriously find that high-depreciation industries have a low long-term

share. The selection would need to occur in such a way that firms in high-depreciation industries

are more likely to go public but are no more likely to have access to long-term credit markets.

Table 5 reports regressions of the long-term level and issuance shares on industry average du-

ration. The first two columns use the level share, the second two the issue share. Columns 2 and

4 include industry fixed effects. Each regression includes year dummies and the standard errors

are corrected for clustering within industries. Columns 1 and 3 show that there is a significant

negative relationship between long-term debt levels and issuance and the depreciation rate of assets

26The BEA has its own industry classification which is slightly different from NAICS. I use industries that roughly
correspond to a 2-digit NAICS classification, but I combine some industries to ensure that I have suffi cient firm
observations to get good financial data. I end up with 22 industries
27I measure long term debt as the sum of items 9 (long term borrowing) and 44 (long term debt about to retire),

and short term debt as item 9 plus item 34 (current liabilities) minus long term debt.
28I drop firm observations if the level of long term debt drops by more than one half (as this amount of retirement

is implausible). Industry-year observations are dropped if they have a negative level of long term debt issuance.
29For example, Titman and Wessels, 1988, find that small firms are less likely to use long-term debt financing.
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in an industry. However, columns 2 and 4 show that when we include industry dummies the effect

goes away. That is, there is not evidence that when an industry shifts towards higher-depreciation

assets, it also changes the composition of its debt.

One reason I do not find within industry effects in table 5 could be that the data is not suffi ciently

precise. The median number of firms that is used to create the industry×year observations is only

148, and the 25th percentile is 30. Moreover, the measure of the duration of debt is extremely rough.

Firms could easily be changing the maturity of their long-term issues, rather than substituting

between long and short-term issues.30

9 Conclusion

This paper shows that there is a strong relationship in aggregate data between investment and the

cost of capital. I find that the term spread can explain a third of the variation of the cross section

of investment. While this relationship does not quantify the magnitude of internal adjustment costs

facing firms, it does show that the cost of capital is a major factor driving the variation in the type

of investment that firms do. The composition of investment changes meaningfully over the business

cycle, and a substantial portion of these changes can be explained by the term spread alone.

The results are robust to including a variety of controls, including multiple indicators of the

state of the business cycle. None of the controls eliminate the coeffi cient on the term spread.

Moreover, when we include all of the controls at once, the term spread is the only variable that

remains significant. Of all of the variables I study, the term spread is the most robust and powerful

predictor of the distribution of investment. The dimension of investment studied here has not been

examined before. The results extend also to consumer durables purchases: households tend to buy

less-durable durables when the yield curve is steep.

Cochrane (2011) gives an extensive review of the literature on return predictability and variation

in the price of risk, arguing that shifts in discount rates are part of "the central organizing question of

30While there is data with more detail on the duration of corporate debt, it does not have a long enough time
series to be useful for finding the aggregate effects that I am looking for here.
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asset pricing research." As Treasury bonds have (nominally) riskless payoffs, shifts in the term spread

are purely driven by discount rates. The finding that the term spread determines the composition

of investment is thus connected to Cochrane’s organizing question by showing its relevance for the

aggregate economy, and not just financial markets.

There are many other cross-sectional sources of variation in the cost of capital beyond differences

in asset lives. Tax policies, e.g. R&D tax credits and bonus depreciation, distort the cost of capital,

as will changes in the price of risk. The finding here that shifts in the term structure of interest rates

affect the composition suggests that tax policy can succeed distorting investment choices. Similarly,

to the extent that the price of risk varies over time, an interesting question is whether a high price

of risk causes businesses to shift relatively towards low-risk/low-reward projects.
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A Further robustness tests

This section describes table 1A, which has extra robustness tests for the regressions of D̄ on the

term spread and other controls. Column 1 includes up to three lags of the term spread. The second

lag enters significantly, and with a coeffi cient slightly larger than the first lag. This sort of lagged

response to price changes is commonly found in the literature. It is generally interpreted as being

due to planning and delivery lags. The second column includes every one of the other controls

simultaneously, instead of individually as in tables 2 and 3. The result is that the coeffi cients on

the various other controls all become marginally significant at best, while the term spread is still

highly significant. There is thus something different about the term spread from all of the other

business cycle, volatility, and investment controls. Column 3 is identical to column 2 except it only

uses one lag of the term spread, and the coeffi cient is still significant at the one percent level.

Finally, column 4 includes the current and lagged values of volatility instead of just the leading

value. The leading value has a negative sign, indicating that high future volatility lowers duration

today (consistent with a model of irreversible investment). The current value has a positive sign.

One way to reconcile this is if the volatility variable should actually enter as a first difference: an

increase in volatility lowers average duration, instead of a high value by itself. The lagged level of

volatility is uncorrelated with D̄t.

B Model

From the text, we can write Tobin’s Q for asset i as

Qt = (r + δ)

∫ ∞
k=0

exp (−kδ) exp

∫ k

j=0

−r̄ − zrt − exp (−φrj)xrt + δ̄+r̄

(φr+δ̄+r̄)
xrt

+zbt + exp (−φbj)xbt − δ̄+r̄

(φr+δ̄+r̄)
xbt

dj

 dk

= (r + δ)

∫ ∞
k=0

exp (−kδ) exp

 −kr̄ − kzrt + φ−1
r (exp (−φrk)− 1)xrt + δ̄+r̄

(φr+δ̄+r̄)
kxrt

+kzbt − φ−1
b (exp (−φbk)− 1)xbt − δ̄+r̄

(φr+δ̄+r̄)
kxbt

 dk
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Noting that

Ii,t = η1Q
γ
t

we have

∑
iDiIi∑
i Ii

=

∑
iDiη1

(r̄ + δi)
∫∞
k=0

exp (−k (δi + r̄)) exp

 bit − kzrt + φ−1
r (exp (−φrk)− 1)xrt + δ̄+r̄

(φr+δ̄+r̄)
kxrt

+kzbt − φ−1
b (exp (−φbk)− 1)xbt − δ̄+r̄

(φr+δ̄+r̄)
kxbt

 dk


γ

∑
i η1

(r̄ + δi)
∫∞
k=0

exp (−k (δi + r̄)) exp

 bit − kzrt + φ−1
r (exp (−φrk)− 1)xrt + δ̄+r̄

(φr+δ̄+r̄)
kxrt

+kzbt − φ−1
b (exp (−φbk)− 1)xbt − δ̄+r̄

(φr+δ̄+r̄)
kxbt

 dk


γ

Taking a first-order approximation with respect to
{
zrt , x

r
t , z

b
t , x

b
t

}
around the point {0, 0, 0, 0}, yields

∑
iDiIi∑
i Ii

≈
∑
i

Diγ


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−
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−1 (r + δ)− φ−1
b + δ̄+r̄
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1

(δ+r̄)

]
xbt

−Diz
r
t +Diz

b
t + bi


to make this more easily interpretable, I take a linear approximation to the term in brackets around

the point Di = D̄, where D̄ =
(
δ̄ + r̄

)−1
, yielding

∑
iDiIi∑
i Ii

≈
∑
i

Diγ


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∑
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Figure 1. The average duration of investment versus the term spread
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Note: The term spread is the gap between the 10 and 1-year treasury yields at the beginning of the year. Both variables are HP-detrended. The axis 
for average duration is reversed. Grey bars indicate NBER-dated recessions.
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Figure 5. Responses to an orthogonalized Fed Funds rate shock

Notes: Reponses to a unit-standard-deviation innovation to the Fed Funds rate. Average duration is detrended and normalized to have unit standard deviation. Output, consumption, and 
investment are reported in logs. Gray regions indicate 9-percent confidence regions.
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Table 1. Assets, depreciation rates, and durations
Depreciation 
rate (percent)

Duration 
(years)

Asset

   Information processing equipment and software
0.25 3.73       Computers and peripheral equipment
0.40 2.37       Software
0.14 6.11       Communication equipment
0.14 6.24       Medical equipment and instruments
0.14 6.24       Nonmedical instruments
0.18 4.90       Photocopy and related equipment
0.31 3.01       Office and accounting equipment

   Industrial equipment
0.09 8.46       Fabricated metal products
0.05 12.62       Engines and turbines
0.12 6.75       Metalworking machinery
0.10 7.74       Special industry machinery, n.e.c.
0.11 7.51       General industrial, including materials handling, equipment
0.05 12.88       Electrical transmission, distribution, and industrial apparatus

   Transportation equipment
0.15 5.72       Trucks, buses, and truck trailers
0.22 4.12       Autos
0.12 7.10       Aircraft
0.06 11.31       Ships and boats
0.06 11.59       Railroad equipment

   Other equipment
0.14 6.15       Furniture and fixtures
0.12 6.87       Agricultural machinery
0.16 5.51       Construction machinery
0.15 5.72       Mining and oilfield machinery
0.16 5.42       Service industry machinery
0.18 4.83       Electrical equipment, n.e.c.
0.15 5.81       Other nonresidential equipment

   Structures
0.02 18.83       Office, including medical buildings
0.02 19.73       Commercial
0.03 16.89       Manufacturing
0.02 19.18       Electric
0.02 19.18       Other power
0.02 19.18       Communication
0.08 9.80       Petroleum and natural gas
0.05 13.73       Mining
0.02 19.62       Other buildings
0.03 17.91       Railroads
0.02 19.11       Farm

Note: Depreciation rates are otained from the BEA.  Duration is measured as 1.03/(0.03+δ).



Table 2. Regressions of the average duration of investment

(1) (2) (3) (4) (5) (6) (7) (8)
Assets: Equip. Equip. Equip. Equip. All Equip. Within Between
Term spread(t-1) -0.58 *** -0.53 *** -0.56 *** -0.37 *** -0.39 *** -0.22 *** -0.17 ***

[0.10] [0.10] [0.11] [0.12] [0.11] [0.08] [0.06]
Corporate TS(t-1) -0.55 ***

[0.08]
Duration(t-1) 0.19 **

[0.08]
Term spread (t) -0.04

[0.08]
Term Spread(t+1) 0.08

[0.08]
N 62 62 62 61 62 62 62 62
R2 0.33 0.31 0.37 0.34 0.13 0.21 0.17 0.19
Note: * indicates significance at the 10 percent level, ** 5 percent level, *** 1 percent level. Annual data, 1950–2008, where available. The dependent variable is the average 
duration of investment. Investment and depreciation rates are obtained from BEA. The term spread is the 10-year minus the 1-year treasury yield at the end of the calendar 
year. The corporate term spread is the spread between the Moody's AAA corporate 30 year index and the St. Louis Fed's 3 month commercial paper yield. Columns 7 
through 9 give results from first differenced regressions. Column 8 uses the effect of within-industry reallocation on average duration as the dependent variable. Column 9 is 
defined analogously using cross-industry reallocation. All variables are detrended with the HP filter with a smoothing parameter of 25 and standardized to have unit variance. 
Newey-West standard errors with a 3-year window are reported in brackets.

First differences



Table 3. Robustness tests
(1) (2) (3) (4) (5) (6) (7)

Term Spread(t-1) -0.29 ** -0.35 *** -0.64 *** -0.44 *** -0.39 *** -0.50 *** -0.61 ***
[0.12] [0.10] [0.10] [0.10] [0.08] [0.08] [0.09]

Unemployment(t-1) -0.43 *** 0.07
[0.14] [0.21]

GDP(t-1) 0.37 *** 0.44 ** 0.39 ***
[0.09] [0.18] [0.11]

Investment(t) -0.14 ** -0.20 *
[0.11] [0.12]

SD_profits(t+1) -0.01
[0.09]

SD_returns(t+1) -0.29 ***
[0.07]

Bank tightness(t) -0.05
[0.10]

Value spread(t) -0.21 ***
[0.09]

N 62 62 62 62 44 39 62
R2 0.44 0.47 0.35 0.50 0.65 0.52 0.37

Note: See table 2. The dependent variable is the detrended average duration of equipment investment. The value spread is the gap between log book/market 
(B/M) for the top and bottom 30 percent of firms ranked by B/M, among the smaller 50 percent of firms, measured at the beginning of the year. SD_profits and 
SD_returns are the cross-sectional standard deviations of quarterly firm profit growth and stock returns, controlling for a time trend and 3-digit industry dummies. 
The unemployment rate is the national rate obtained from the BLS. GDP is real GDP from the BEA.  Bank tighness is the Fed's Survey of Senior Loan Officers 
index (from Morgan and Lown, 2006). Investment is aggregate real nonresidential equipment investment.  All variables are detrended with the HP filter with a 
smoothing parameter of 25 (except for the value spread, for which it is 100), and standardized to have unit variance.



Table 4. Consumer durables, depreciation rates, and durations
Depreciation 
rate (percent)

Duration 
(years)

Asset

   Motor vehicles and parts
0.28 3.27       Autos
0.25 3.70       Light trucks
0.90 1.11       Motor vechicle parts & accessories

   Furnishings and household equipment
0.13 6.63       Furniture
0.18 4.90       Clocks, lamps, lighting fix & other 
0.18 4.91       Carpets and other floor coverings
0.18 4.89       Window coverings
0.16 5.37       Household appliances
0.18 4.90       Glassware, tableware, & household uten
0.18 4.90       Tools & equipment for house & garden

   Recreational goods and Vehicles
0.20 4.45       Video & audio equipment
0.18 4.92       Photographic equipment
0.44 2.21       Personal computers and peripheral equip
0.76 1.31       Computer software & accessories
0.18 4.91       Calcs, typewrtrs, & oth info proc equip
0.18 4.91       Sporting equip, supplies, guns, & ammo
0.18 4.91       Motorcycles
0.18 4.92       Bicycles & accessories
0.18 4.90       Pleasure boats
0.18 4.91       Pleasure aircraft
0.26 3.52       Other recreational vehicles
0.18 4.91       Recreational books
0.20 4.46       Musical instruments

   Other durable goods
0.16 5.36       Jewelry & watches
0.32 2.95       Therapeutic appliances & equip
0.18 4.91       Educational books
0.13 6.63       Luggage & similar personal items
0.18 4.88       Telephone & facsimile equipment

Note: Depreciation rates are otained from the BEA.  Duration is measured as 1.03/(0.03+δ).



Table 5. Regressions of the long-term corporate level and issues shares
(1) (2) (3) (4)

Levels Levels Issues Issues
Duration 0.013 *** -0.008 0.021 ** -0.008

[0.005] [0.006] [0.11] [0.012]
Fixed Effects? No Yes No Yes
N 1,040 1,040 1,023 1,023
Note: The long term level share is the share of total corporate debt accounted for by long term (>1 year 
maturity) debt. The issues share is the share of issues accounted for by long term debt.  Duration is the 
average duration rate of the industry's capital stock. All regressions include year dummies. Standard 
errors reported in brackets are corrected for clustering within industries. Annual data for 22 industries, 
1950–2008.



Table 1A. Further robustness tests
(1) (2) (3) (4)

Term Spread(t-1) -0.24 ** -0.38 *** -0.41 *** -0.55 ***
[0.09] [0.07] [0.09] [0.07]

Term Spread(t-2) -0.24 *** -0.28 ***
[0.08] [0.07]

Term Spread(t-3) 0.12 0.13 *
[0.09] [0.08]

Unemployment(t-1) 0.21 -0.06
[0.29] [0.28]

GDP(t) -0.05 0.01
[0.12] [0.14]

GDP(t-1) 0.35 *** 0.55 ** 0.32
[0.10] [0.25] [0.24]

Investment(t) -0.07 -0.20
[0.18] [0.17]

Investment(t-1) -0.10 0.04
[0.22] [0.24]

SD_returns(t+1) -0.23 ** -0.19 ** -0.25 ***
[0.10] [0.09] [0.08]

SD_returns(t) 0.16 **
[0.07]

SD_returns(t-1) -0.10 *
[0.05]

N 62 47 47 45
R2 0.50 0.73 0.68 0.55
Note: See tables 2 and 3.
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