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Inventory Investment and the Cost of Capital

Abstract

We examine the relation between inventory investment and the cost of capital in a theoretical model and
empirically using data from 1958 to 2006. We analyze a standard real business cycle model with two
types of capital goods, fixed capital and inventory. Fixed capital is costly to adjust but depreciates slowly,
while inventory can be changed freely but depreciates more quickly. We find that the lack of adjustment
costs makes inventory investment less risky, but in calibrations this effect is more than offset by the effect
of a higher depreciation rate, which makes inventory riskier than fixed capital. In support of this result,
our empirical work documents that risk premia, rather than real interest rates, are negatively related
to future inventory growth. This relation is highly significant and robust to a number of variations in
estimation method, inventory type, and risk premia proxy. Furthermore, the effect is stronger for durable
goods, whose sales are highly procyclical, than for nondurables, and for industries whose sales are more
procyclical.
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1 Introduction

As a form of investment, a firm’s optimal inventory stock should naturally be expected to vary with its
cost of capital. At a macro level, we would expect aggregate inventory investment to vary with measures
of the average cost of capital. One of the puzzling results from the empirical macroeconomic literature on
inventories is the apparent lack of relation between the accumulation of inventories and the cost of capital,
at least as proxied by short-term real interest rates. Maccini, Moore, and Schaller (2004) note that although
there is a “perception of an inverse relationship between inventory investment and interest rates, ... almost
no evidence exists for such an effect.”

The inability to relate inventory investment to the cost of capital is disconcerting given the importance
of inventory investment over the business cycle. Table 1 shows that inventory investment, as a fraction
of GDP, is more volatile than fixed investment or consumption, and it is strongly procyclical. As many
other authors have noted, the typical decline in GDP during a recession is almost exactly accounted for by
the contemporaneous decline in inventories. Understanding the cycles in inventories is therefore central to
understanding the cycles in output.

A potential shortcoming of prior work is that it generally focuses on the real interest rate as the cost of
capital relevant for determining inventory investment decisions. This assumption has obvious appeal, given
that it is likely that much inventory investment is financed by short-term borrowing, either in the form of
bank loans or commercial paper issuance. Nevertheless, it is incorrect if inventory investment is risky. Basic
corporate finance tells us that firm value maximization requires that the manager make inventory investment
decisions with a cost of capital that is commensurate with the riskiness of that investment. In particular, the
cost of capital that should be used is the same as what a stand-alone firm — a firm whose only investment
was that same inventory — would face when raising money to fund that investment.!

Viewed this way, it is not at all obvious what cost of capital is appropriate for making inventory decisions.
While many types of inventories, like food or tobacco, would appear to carry little risk, other types may
be risky for a number of reasons. The value of commodity-like inventories, for instance, might fluctuate
substantially with raw materials prices. Other goods, like automobiles, which are held in finished goods
inventory for longer amounts of time, may face considerable demand risk over the period from when they

are produced until when they are sold. This demand risk may be even more substantial for work in progress

IThe direct cost of borrowing is not low because inventory investment is not risky, but because the debt is effectively
collateralized with the assets of the entire firm. Were the firm to undertake any small investment, no matter how risky, it is
likely that they would be able to obtain financing at the same low rates. This does not make that rate the correct cost of

capital.



inventories of goods that require a substantial amount of time to produce.

If inventories are risky, then the real interest rate used in prior work may be a poor proxy for the relevant
cost of capital. Over the last several decades, the asset pricing literature has documented substantial variation
in risk premia, both in stock and bond returns, and this variation may dwarf that found in the real short-
term interest rate. In bond markets, work starting with Fama and Bliss (1987) and Campbell and Shiller
(1991) documented extensive levels of predictability in excess bond returns, much of it correlated with the
term spread. More recently, Cochrane and Piazzesi (2005) find that up to 44% of the variation in one-year
excess returns is predictable, suggesting that bond risk premia may change substantially from one month to
the next. The literature on stock market predictability is no less convincing, having documenting significant
variation in expected returns that is correlated with variables including the dividend yield, the default spread,
and the term spread (e.g. Keim and Stambaugh (1986) and Fama and French (1989)).

In contrast, volatility in real rates was quite low over much of the post-war sample period. With a dataset
covering 1953-1971, for instance, Fama (1975) fails to reject the hypothesis of constant ex ante real rates.
While subsequent rates have proved significantly more volatile, it is possible that they may still represent
the least volatile component of the average firm’s cost of capital. If the riskiness of inventories approaches
the riskiness of the average firm, then the variation in the real interest rate might be only weakly related to
the appropriate cost of capital.

An alternative explanation for the lack of any response to real interest rates is the presence of financing
constraints. Kashyap, Stein, and Wilcox (1993) investigated this possibility at the aggregate level and found
that a proxy for bank loan supply help predict inventory growth. Studies examining inventory patters and
financial constraints in the cross-section of firms include Gertler and Gilchrist (1994), Kashyap, Lamont,
and Stein (1994), and Carpenter, Fazzari, and Petersen (1994). All three of these papers document some
relationship between a firm’s balance sheet and its future inventory investment. Together, these results
suggest that there is variation in the effective cost of capital that is not captured by observed short-term
interest rates.

Whether or not inventories are in fact risky is something we investigate directly in a theoretical model
and indirectly in our empirical work. Our model builds off the classic dynamic production economy of
Kydland and Prescott (1982) and Christiano (1988). In their model, production requires investment in both
capital goods and inventories. An aggregate productivity shock makes investment in both risky, and the
utility function of a representative consumer determines how this risk is priced in equilibrium. Like Kydland
and Prescott, we introduce a friction into the adjustment of the capital stock, but we replace Kydland and

Prescott’s time-to-build constraint with a simple adjustment cost that has the effect of smoothing aggregate



capital. Somewhat differently from their model, we allow for inventories to depreciate, and in our calibrations
we assume this depreciation is at a rate that exceeds that of capital.

In our model, as is standard, the value of the firm is simply the sum of the values of the capital and
inventory owned by the firm. Thus, assessing the riskiness of inventory relative to the riskiness of the firm
as a whole is equivalent to comparing the beta of inventory investment with that of capital investment. Our
model provides a plausible range of values for each of these betas, and we find that the beta of inventory is
of comparable to or even larger than that of fixed capital. This suggests that the cost of capital appropriate
for discounting the returns from inventory investment may be fairly similar to the cost of capital for the firm
as a whole.?

The key to understanding this result is that the relative riskiness of capital goods and inventories depends
on their differences in two dimensions. The first difference comes from the assumption that capital goods
depreciate at a lower rate than inventories. The second is that firms are less flexible in adjusting the level of
their capital stock than they are in adjusting their inventories. When firms change their capital stock too
quickly, they can face a considerable. On the other hand, firms are able to adjust inventories freely.

Adjustment costs make it difficult to respond to productivity shocks by changing fixed investment. When
productivity shocks are negative, firms are unable to liquidate fixed investment easily, and the value of that
capital declines. When shocks are positive, then the value of fixed investment rises as new capital can only
be added gradually. The effect is to increase the riskiness of fixed relative to inventory investment.

This effect is offset, however, by the faster depreciation rate of inventories. With its longer life-span,
an investment in fixed capital is essentially a bet on productivity averaged over a long period of time. In
contrast, the payoff to inventory investment depends on productivity shocks that are realized over a shorter
horizon. Since productivity follows a mean-reverting process, the averaging effect makes fixed investment
less risky because this averaging occurs over a longer period of time. We answer whether or not this effect
offsets the effect of adjustment costs in a calibration exercise.

This higher rate of depreciation is supported by a substantial amount of industry research. Richardson
(1995) argues that non-interest inventory carrying costs (which are equivalent to depreciation) range from

19% to 43% per year, and other trade publications report rates up to 35%.%> In contrast, the level of

2Indeed, leading industry consultants appear to suggest exactly this approach. Dennis Lord, an inventory management
consultant, advises that “Any company serious about knowing their carrying costs will use the weighted average cost of capital
(WACC) to calculate the inventory capital charge.” Timme and Williams-Timme (2003) write that “Given the inherent risk
of inventory, we recommend that companies use a weighted average cost of capital (WACC) to calculate the inventory capital

charge.”
3The Annual State of Logistics Report from the Council of Supply Chain Management Professionals estimates costs of 19%

annually, while the APICS Dictionary of the Association for Operations Management reports rates from 10% to 35%. Lord



depreciation typically assumed for fixed capital is relatively low, usually in the range of 5% to 10% per
year.?

Building off some loose predictions from the model, but also based on prior empirical work, our empirical
analysis investigates the relationship between the cost of equity and debt capital and the growth rate of
inventories. We find strong evidence documenting that forecasts of aggregate inventory growth can be
improved by adding variables that have been found by the finance literature to forecast future stock and
bond returns. Yet, this evidence is difficult to interpret because these same variables also forecast future
output growth. Hence, inventory growth may rise when costs of capital are low only because those costs of
capital forecast future demand for goods.

We separate these channels with a simple instrumental variables approach. We find that while variables
related to the cost of capital clearly affect growth in future sales, they have an additional effect on inventory
investment that we interpret as a pure discount rate effect. Specifically, we find that when expected excess
bond or stock returns are low, the growth rate of inventories tends to be high. This effect is highly significant
and holds for several alternative measures of the cost of capital. In contrast, but in line with most prior
literature, we find no relation between ex ante real interest rates and aggregate inventory behavior.

Our empirical work focuses more on input inventories (raw materials and work in progress) than it does
for output inventories (finished goods) for several reasons. First, we believe that the former are closer to the
stylized representation of inventories in our model, where inventories enter the production function directly.
Secondly, inventory inputs are a larger fraction of total inputs than are finished goods. Finally, inventory
inputs exhibit greater volatility and more procyclical behavior, at least for durable goods. This is illustrated
in Figure 1, in which real durable and nondurable inventories are plotted over our sample period along with
shaded areas representing NBER recessions.

Although we find a sensitivity to risk premia for both input and output inventories, the effect is weaker
for output inventories. It is possible that output inventories, being finished goods that are ready to be
sold, are less risky than input inventories, which take time to transform into final product. This would be
consistent with the relative lack of cyclicality we observe in output industries.

We also find that the effect is larger for durable goods than it is for nondurables. As noted by Yogo
(2006), expenditures are more strongly procyclical for durable goods than they are for nondurables. In our

sample, the beta of a regression of durable expenditure growth on GDP growth is around 2.5 times as large

(2008) claims that rates can run as high as 40% annually, but his figure is a total measure that includes the cost of capital.
4Furthermore, note that reported rates are likely averages over many goods types and are therefore endogenous, as firms will

tend to hold greater inventories in goods that do not depreciate as quickly. The true exogenous depreciation rates on specific

goods types might therefore be expected to be somewhat higher.



as the corresponding beta for nondurables. This greater sensitivity to the business cycle should naturally
make investment in durable inventories more risky and therefore more sensitive to the level of aggregate risk
premia.

We further disaggregate the data by examining inventory growth patterns in 12 different industries.
Although we find that the relation between inventory growth and expected risk premia is significant only
for about half of these industries, the effect seems to be stronger for those industries, like transportation
equipment, whose sales covary most positively with aggregate GDP growth, than for other industries, like
food, whose sales are relatively flat across the business cycle. While the results are only suggestive, they
reinforce our conclusion that inventory investment is, at least in part, determined by risk-based cost of
capital.

In the next section of the paper we introduce a simple general equilibrium model in which firms invest
in both capital goods and inventories. Section 3 of the paper solves this model. Our empirical analysis is

contained in Section 4, and Section 5 concludes.

2 Theoretical Model

Our model is a standard real business cycle model with two types of capital goods: fixed capital (equipment
and structures) and inventories (Kydland and Prescott, 1982, and Christiano, 1988). There is a representative
firm with CES production technology that faces adjustment costs in fixed capital and a representative agent

with standard preferences (power utility) over consumption.

2.1 The firm and its technology

There is a representative firm that produces a homogeneous good using both fixed capital and inventories.
Any investment in fixed capital is subject to convex adjustment costs, whereas inventories can be adjusted
costlessly.? Fixed capital depreciates at rate § and inventory depreciates at rate A\. We assume that fixed
capital depreciates slower than inventories, so that A > §. This is consistent with the average fixed capital
depreciation rates from BEA tables and the non-interest inventory carrying cost estimated by inventory

management experts.

51t is widely accepted in the literature that inventory investment has low adjustment cost. Carpenter, Fazzari, and Petersen
(1994) characterize inventories as a liquid, readily reversible investment with low adjustment costs. Chirinko (1993) estimates
adjustment costs on fixed capital and inventories separately and finds that the adjustment cost parameter on inventories is

negative.



We use the production function studied in Kydland and Prescott (1982) and Christiano (1988):
Yt = F(AtaKtaMt7Lt)
)
= A (1-0)K; " +oM;")™ L,

where Y; denotes output, K; the firm’s fixed capital stock, M; the firm’s inventories, L; the number of
hours worked, and a; = In (A;) denotes aggregate productivity. a; has a stationary and monotone Markov

transition function, denoted by p, (ai+1]at), given by
A1 = Pat + Taliyys (1)

where e¢, | is an IID normal shock. Labor is supplied inelastically and is normalized to L; = 1. The elasticity
of substitution between fixed capital and inventory is 1_+U The two capital goods become perfect substitutes
as v — —1 and perfect complements as v — oo. Taking the limit as v — 0 yields the Cobb—Douglas
specification.

The capital accumulation rules for fixed capital and inventory are
I
Ki = (1= 0K+ o (14) K )
t
Mt+1 = (1 — )\)Mt + IM,t;

where I+ and Ipr; denote investment in fixed capital and inventories, respectively. The efficiency of capital

investment is determined by the function

IK,t N a IK,t 1_%
¢(E)_1—1/§<Kt> o

which will always take values less than I /K. We set a and b so that the firm does not incur adjustment
costs when investing at the steady state rate (i.e. to replace depreciated capital). The parameter £ is the
elasticity of the fixed investment-inventory ratio Ix ;/K; with respect to Tobin’s q. If £ = oo, the capital
accumulation equation reduces to the standard capital accumulation equation without adjustment costs.

The firm is equity financed. The dividend to shareholders is equal to
Dy =Y — Ikt + Innt] — wi Ly, (3)

where w; is the wage payment to labor services. Labor markets are competitive, so wage payments are
determined by the marginal product of labor.
At each date t, the firm chooses K41 and M1 to maximize the net present value of their expected

dividend stream,
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subject to (1) and (2), where A4y /A; is the marginal rate of substitution of the firm’s owners between
time ¢ and t + k.

The pricing equations that come out of the firm’s optimization problem are:

A
= [0 R paecla)ds )

H
Il

A
/ﬂ /t\+1RM,t+1pa(at+1|at)da
t

where

Fg, = Fx (A, K¢, My, Ly)

FMt - FI(At;Kt;Mtth)

and where the returns to fixed capital and inventory investment are given by

1
(1-96)+ (%1/5 (I 41/ Kin)' ¢ +b) _ Ik
_1
a(Ir i1/ Kipa) ¢ fn

_1
RK,tJrl - FKt+1 + a (IK’t/Kt) ¢

Ryrpr1 = Fuy oy +1-A
Tobin’s ¢, the consumption good value of a newly installed unit of capital, is
I Iii\ ¢
— / ) — ) 6
o =0 (F2) =a (et )
qm, =1

for fixed capital and inventory, respectively
Multiplying both sides of pricing equations with K1 and M1, respectively, rearranging, and adding

the equations leads to:

it K1 + qureMipq =

/ BA1
Ay

The end of period value of a firm’s equity, denoted V;, is equal to the market value of its assets in place:

(gr 41K 42 + quir1Miyo + 0Yii1 — Ik iv1 — Ingig1) Pa(ais|as)ds. (7)

Vi = qre e K1 + qur,e My g1 (8)

Replacing equations (8) and (3) in (7) gives the standard Euler equation:

BAty1 Vig1 + Dy

1=
Ay Vi

Palar+ilar)da. (9)



2.2 The representative agent

The representative agent maximizes expected discounted utility. Preferences over consumption take the

standard form:

1=y

E .
t T—~

(10)

> ﬂku(CHk)] u(Ct)

k=0

The representative agent invests in a riskless one-period bond and a single risky asset, the stock in the

firm. At each date t, the representative agent must satisfy the budget constraint
bt+1qtrf+5t+lvt + Cy < 5¢(Ve + Dy) + by +wym (11)

where b1 and s;y1 denote holdings of the bond and stock at the end of period ¢. The prices of these assets
are given by ¢; I and V4, respectively. D; denotes period t dividend of the firm, as defined in the previous
section.

At each date ¢, the agent chooses byy1, st+1, and C; to maximize (10) subject to (11). The first order

conditions for the representative agent’s optimization problem are:

rf 5U,(Ct+1)
Q" = E, [ u’(C’t) } (12)
_ Bu' (Ciy1) Vigr + Diga
el i

2.3 Equilibrium

The state of the economy is characterized by the aggregate productivity a and the capital holdings K
and M. A competitive equilibrium consists of consumption function, C(a, K, M); investment functions
b (a, K, M) and s (a, K, M); policy functions Ik (a, K, M) and Ip;(a, K, M); capital accumulation functions
K/(a, K, M) and M (a, K, M); price function for installed fixed capital qx (a, K, M); price function for the
firm, V (a, K, M); and a risk free rate r/(a, K, M) that solve the firms’ optimization problems (i.e. maximize
(4) subject to (1) and (2)), solve the representative agent’s optimization problem (i.e. maximize (10) subject

to (11)), and satisfy the aggregate resource constraint:

Cla, K, M) + Ix(a, K, M) + Inf(a, K, M) < Y.

3 Calibration and Quantitative Results

Solving our model generates equilibrium solutions for macroeconomic aggregates such as output, fixed and

inventory investment, and consumption. QOur primary interest, however, is in assessing the riskiness of



inventory investment relative to the riskiness of the more commonly considered type of investment, fixed
investment. We will perform this assessment by comparing the “beta” of the inventory investment with that
of the fixed capital investment, where beta is measured with respect to the representative agent’s marginal

rate of substitution. I.e., the risk of investing in a generic type of capital i is equal to
A
—Covy (BAf’:'l,Ri,tJrl)
BA
Var, (—Atfl>

We calibrate the model to the data. In the data, we measure consumption, fixed investment, inventories

and output similar to Christiano (1988). Capital for our model reflects all tangible capital, including gov-
ernment and privately owned stocks of plant and equipment, housing and consumer durables. Consumption
includes the consumption of nondurables and services and government consumption. Investment is mea-
sured as fixed investment plus consumption of durable goods and government investment. Inventories are
all private inventories, sum of farm and nonfarm inventories.

Table 2 presents the parameters used in the calibration and simulations of the model economy together
with the model implied investment volatilities and betas. Following Kydland and Prescott (1982), the capital
share « is set to 0.36. Again following Kydland and Prescott (1982), we assume a subjective time discount
rate of four percent annually (8 = 0.99 quarterly) and abstract from growth. The coeflicient of relative risk
aversion v is set to 2. The depreciation rate for fixed capital is set to eight percent annually (6 = 0.02
quarterly), which is roughly the midpoint of values used in other studies. Cooley and Prescott (1995) use
1.6%, Boldrin, Christiano and Fisher (2001) use 2.1%, and Kydland and Prescott (1982) use a 2.5% quarterly
depreciation rate. The empirical estimates for the depreciation rate of inventories (A) ranges from 20% to
40%. We will allow this parameter to vary in different specifications. Similar to Kydland and Prescott
(1982), we require v and o to be such that the steady state ratio of the two capital goods, K/M is equal to
10. We will allow v (and thus the elasticity of substitution between fixed capital and inventories) to vary in
simulations. Similarly, we will allow the adjustment cost parameter £ to vary in different specifications. The
persistence and the conditional volatility of the aggregate productivity process, p, and o, are picked such
as to replicate the consumption and output growth volatility in the data, 0.60% and 1.16% respectively. In
the baseline parameterizations, we will pick £ and A such as to replicate the fixed investment and inventory
growth volatility in the data, which are 2.40% and 0.74%, respectively.

Panel C of Table 2 represent three calibrations that each match (to a close approximation) the observed
volatilities in the growth rates of fixed investment, inventories, consumption, and output. Matching the
volatility of fixed investment and inventories requires inventory depreciation rates that are slightly higher

than the empirical estimates of nonfinancial inventory holding costs. The minimum inventory depreciation



rates implied by the economy calibrated to match the volatilities is around 15% quarterly. As we reduce
this depreciation rate, calibration requires lowering the investment adjustment costs (higher £), but once
depreciation is at 15% the adjustment costs are already quite low, so decreasing them further has little
effect.

Calibrations of the model to the volatility of the macroeconomic aggregates yield somewhat higher betas
for inventory investment relative to fixed capital investment. To gain some intuition about these betas, we
perform a sequence of comparative statics in which we change one parameter at a time. These are reported
in Panels D, E, and F of the table.

Panel D varies the parameter v. Higher values of v lower the elasticity of substitution between the two
types of capital. This increases the volatility of fixed investment while lowering the volatility of inventories,
which leads to higher fixed investment betas but which has little effect on inventory betas.

In Panel E we experiment with lower values of £, implying higher adjustment costs for fixed capital. As
fixed investment becomes more difficult to adjust, its beta increases dramatically, reflecting the riskiness
that arises from the inability to respond freely to productivity shocks. At the same time, inventory betas fall
slightly as costs rise, possibly due to the dampening effects that higher adjustment costs have on investment
volatilities.

Finally, Panel F examines the effects of changing the inventory depreciation rate. This parameter turns
out to be extremely important in determining the relative riskiness of inventory and fixed investment. With
high depreciation, the inventory investment beta is twice that of fixed investment. With low depreciation, this
relation is reversed. Intuitively, both forms of investment are sensitive to the average productivity realized
over their life spans. Because productivity is a mean reverting process, its average becomes less volatile as
the horizon increases. Thus, the higher depreciation rate of inventories makes inventory investment more
risky because it represents a bet on short-term rather than long-term productivity.

Overall, these results demonstrate that the riskiness of inventory investment may be comparable to or
even exceed that of fixed capital. From our perspective, the exact magnitudes of the two betas is less
important than the finding that inventory betas can indeed be sizeable, certainly far enough above zero
to suggest that risk premia may be relevant in computing their cost of capital. In addition, the model
provides an intuitive explanation of the determinants of the riskiness of these two forms of investment, that
adjustment costs to fixed investment naturally make them more risky, but that this effect is offset by the

high depreciation rate of inventories that makes them an “all-or-nothing” bet on near-term productivity.
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4 Empirical Analysis

Our interest is in the empirical relation between inventory investment and the cost of capital, controlling
for other factors that past theory or empirical work has found to be relevant. If possible, we would run

regressions such as
A h’l Mt =7 + Y1 hl (Mt—l/Xt—l) =+ (SlEt_l[A hl Xt] =+ 52Et_1 [RFt] + 53Et_1[RBRFt] =+ €¢, (13)

where M; denotes input inventories at the end of month ¢, X; denotes month-t sales, RF; is the ex post real
rate of return on a short-term nominal bond, and where RBRF; denotes the excess return on a portfolio of
corporate bonds.

Each term in the regression has a simple interpretation. The ratio of past inventories to sales, M;_1/X;—1,
arises as in Lovel (1961) from a target adjustment motive, and we would expect a negative coefficient on this
term. The effect of higher expected sales growth, E;_1[AIn X}], is somewhat indeterminate. If inventories
are primarily used to smooth production, then we might expect d; to be negative. If, on the other hand,
inventories serve mainly to avoid stock-outs, then ds should be positive. Finally, the two components of the
cost of capital, E;_1[RF};] and E;_1[RBRF}], are included given the focus of our paper.

We note that it is impossible to compress the terms E;_1[RF;] and E;_;[RBRF}| into one single regressor
representing the total cost of capital. Were we able to observe returns on inventory investment, we could
measure empirically the “beta” of inventory investment and then conclude that the theoretically correct cost
of capital would be E;_1[RF}] + beta x E;_;[RBRF}]. Since these returns are not available to us, we must
include the real interest rate and risk premium as separate regressors.

The challenge in estimating the model above is clearly in the unobservability of the expectations on
the right hand side of the regression. Below we address this issue with two different instrumental variables

methods after explaining why a simpler approach is inappropriate.

4.1 Data

Our primary data source is the Manufacturers’ Shipments, Inventories, and Orders (M3) database from the
U.S. Census. From this database we obtain monthly values for aggregate and disaggregate sales (shipments)
and inventories. The data are available in seasonally-adjusted form, but they are nominal. We compute real
series using the appropriate Producer Price Index from the Bureau of Labor Statistics.

We use shipment data for all manufacturing goods, durables and nondurables separately, and for 12

different industries. The database contains total inventories corresponding to each of these shipments series.
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For all manufacturing, durable, and nondurable goods we also have inventories separated into raw materials,
work in progress, and finished goods. Following Humphreys, Maccini, and Schuh (2001) we refer to the sum
of raw materials and work in progress as “input” inventories and to finished goods as “output inventories.”

We augment this dataset with financial asset returns and predictive variables from several sources. Nom-
inal riskless returns and excess stock returns are from the website of Ken French. The returns on long-term
corporate and Treasury bonds are from Ibbotson and Associates. Real risk free returns are computed by
subtracting CPI growth from French’s nominal returns.

We compute the term spread as the difference between the 10-year and 3-month Treasury yields. These
data are from the Federal Reserve’s H15 database. Prior to 1962 we use monthly averages, but starting in
1962 we use month-end values. The default spread is computed as the difference between Moody’s average
BAA bond yield and the 10-year Treasury yield. These are also obtained from H15 data, but both yields
are monthly averages.

We compute the earnings/price ratio as the l-year moving average of past S&P Composite earnings
divided by the current level of the S&P Composite Index, where both data series are from from Robert
Shiller’s website. Finally, we make limited use of a GDP growth rate series computed from the quarterly
per capita real GDP series from the Bureau of Economic Analysis NIPA tables. Additional details on data

construction can be found in our appendix.5

4.2 An OLS approach

Omne approach to specifying a feasible counterpart to (13) is to replace the expected value of each variable
with lagged regressors known to predict those variables. Ex post real interest rates, for instance, are known
to be at least somewhat persistent (e.g. Nelson and Schwert (1977)), so we could proxy for E;_; [RF;] with
RF;_1. As noted above, excess returns on bonds are also predicted by the slope of the term structure. As
shown below, there is some additional predictability related to the lagged ex post real interest rate, so we
can replace E;_1[RBRF}] with some linear combination of TERM;_; and RF;_,. Finally, we will see below
that expected sales growth, E;_;[Aln X;], is predicted by a number of variables, including several of its own
lags.

The top two lines of Table 3 demonstrate the predictability of excess corporate bond returns. Using our

entire sample period, we regress monthly values of RBRFE on the lagged values of the ex post real interest

SData sources:
French:  mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.htm

Shiller:  www.econ.yale.edu/~shiller/data.htm
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rate and the term structure slope, i.e.
RBRF;, = ap+ a1 RF;_1 + asTERM—1 + 1.

The t-statistics in parentheses are computed using Newey-West (1987) standard errors using 12 lags.

As in previous literature, we find a highly significant positive value for &s, but we find a significantly
positive &1 as well. The adjusted R-squared in this regression is around 5%, which is in line with prior work
that examines monthly returns (e.g. Fama and French (1989)).

Based on these results, we run a forecasting regression in which inventory growth is predicted via lagged
values of sales growth, the lagged inventory /sales ratio, and the lagged ex post real interest rate. We compare
this regression to another that is identical except that the term structure slope is included as an additional

regressor, resulting in the following regression equation:
AlnM; = Bo+ AKXy 14+ AN Xy o+ B3AIn Xy 3+ F4In (M;_1/ X 1)+ BsRF_1 + B TERM; 1+ €

The results, in the middle of Table 3, show that TERM is highly significant and that including it in the
regression more than doubles the adjusted R-squared. The negative sign of the coefficient is consistent with
the inverse relation we would expect between costs of capital and investment quantities. In contrast, but in
line with most prior literature, the lagged real rate has no significant relation to future inventory growth.
This is the case whether or not TERM is included in the regression.

The shortcoming of this regression approach is that it is not at all clear whether the significance of
TERM represents a pure cost of capital effect, or whether TERM simply captures a component of expected
sales growth that is orthogonal to the sales growth lags that are included in the regression. The last two
lines of Table 3 demonstrates that this is a real concern. In this regression, we simply replace the dependent
variable of the previous regression, Aln My, with the growth rate in future sales, or Aln X;. We find that
TERM has a highly significant coefficient in this regression as well, but it now appears with a positive
coefficient. It is therefore possible that higher values of TERM imply a higher sales forecast than would be
implied by the other variables in the model. If inventories are used to smooth production, then this effect
would naturally lead to a decrease in the expected inventory growth rate. Separating out these two channels

requires a slightly different approach, which we describe in the next subsection.

4.3 Empirical method

Because of issues surrounding the difficulty in interpreting T ERM in regressions like those in the previous

section, our primary empirical method estimates models such as (13) directly via two-stage least squares.
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We consider two variants of this approach, one of which is completely standard. All predetermined variables
are used as instruments, making the two-stage least squares approach equivalent to instrumental variables.

Using all potential instruments in each first stage regression is optimal, at least in large samples, but
it is possibly unattractive for several three reasons. First, many of the instruments may be irrelevant
for predicting some of the endogenous variables — the third lag of sales growth, for instance, is probably
unimportant for predicting future stock market returns. Given weak relations like this, restricting some of
the first stage regressions could result in stronger finite sample inference.

In addition, allowing the excess market return, for instance, to depend on variables like past sales growth
would make our proxies for the cost of capital inconsistent with a large finance literature that does not con-
sider such variables. Even if our approach is slightly inefficient, it has the advantage of greater comparability
with previous work.

Lastly, the standard instrumental variables approach is somewhat problematic when comparing alterna-
tive model specifications. Below we will compare, as an example, the behavior of durable inventories to that
of nondurables. When doing so we will naturally change the measure of lagged inventories that appears as
an explanatory variable in that regression. In a standard IV approach, this has the effect of changing the
first-stage predictions of all the endogenous variables, including our cost of capital measures. This makes
it difficult to tell whether durables and nondurable inventories actually have different behavior, or instead
whether one is merely better at forecasting future returns on the market portfolio.

Because of all these issues our primary results will be from regressions in which first-stage regressions
use different subsets of all available instruments. As we discuss below, these subsets will be chosen by
minimizing the Akaike information criterion. In the interest of maintaining large sample optimality and
checking robustness, we will in addition report standard IV regression results for most of our specifications.

Whether or not instruments are equation-specific, estimates are still obtained by two-stage least squares.
The standard IV-based approach for computing standard errors no longer applies, however, when instruments
vary across first-stage regressions. In this case, we use Pagan’s (1984) approach for computing standard errors
in models, like ours, that contain generated regressors. In both methods, we allow for heteroskedasticity and

autocorrelation in the residuals by using the Newey-West (1987) covariance matrix with 12 lags.

4.4 Predictive regressions

Our empirical approach requires instruments that have predictive power for the endogenous variables in
our model. In this section we investigate predictability in sales growth, real riskless returns, and excess

returns on portfolios of risky assets. The sales growth measure we consider is computed from sales of all
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manufacturing goods. Below we will also look at durables and nondurables separately, but these results will
use the same instruments determined here.

Our approach, with two exceptions noted below, is to select those instruments that minimize the Akaike
information criterion. We search over all possible combinations of predictive variables from a set that includes
three lags of sales growth and the logarithm of the lagged inventory/sales ratio (using manufacturers’ input
inventories). We also include five predictive variables related to lagged asset prices. The first is the lagged
real return on a nominally riskless asset, and the second is a 12-month moving average of this variable
that is included to capture trends in real rates. The rest are the term spread, the default spread, and the
earnings/price ratio, all described above in the Data section.”

Table 4 reports the results of this process. The top part of the table contains results for the sales growth
regressions. The first regression is the specification that minimizes the AIC.® The second regression includes
all available instruments.

Interestingly, sales growth is negatively related to its one-month lag, a result that we find even when
that lag is the only explanatory variable in the regression. Only the third lag of sales growth is significant
with a positive sign. The lagged inventory/sales ratio is also significant and positively related to future
sales. Finally, the coefficients on TERM and EP, the earnings/price ratio, are also highly significant,
indicating the ability of financial variables to forecast economic growth, similar to results widely reported in
the literature (e.g. Harvey (1988) or Ang, Piazzesi, and Wei (2006)).

The next two regressions are identical except that the inventory/sales ratio is detrended by fitting a
constant and a time trend to the original ratio and subtracting out the fitted value. We report these results
because it is well-known from prior work that aggregate inventory stocks have generally fallen throughout
our sample period. While linear detrending may not be appealing to many readers, the results in Table 4 at
least suggest that few inferences are sensitive to removing the trend in inventories. Furthermore, we obtain
similar results both by detrending with the Hodrick-Prescott filter and by including a time trend directly in
the sales growth regressions.

The remainder of the table contains results on the predictability of various components of the ex post
cost of capital. In order to produce cost of capital measures that are consistent with previous literature, we
focus on predictors popular in prior literature and specifically exclude non-financial variables (lagged sales
growth and inventory /sales ratios) when finding the minimum AIC instrument sets.

For regressions of real returns on nominal one-month bonds, the specification that minimizes the AIC

"Note that we do not include Lettau and Ludvigson’s (2001) cay variable since it is only available quarterly.
8 Actually, the specification that minimized the AIC did not include the second lag of sales growth, which we viewed as

unreasonable. We therefore minimized the AIC subject to this lag being included.
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includes both the first lag of RF, its lagged 12-month moving average, and the term spread, though only
the first two regressors are statistically significant. Adding the remaining instruments to the regression does
not result in much improvement in fit, with the adjusted R-squared falling slightly.

The second panel of the table examines predictive regressions for RBRF', the excess return on corporate
bonds, RM RF, the excess market return, and RBRT, the return on corporate bonds minus the return on
long-term Treasuries. We include the latter series to try to isolate the component of the corporate bond
return that is unrelated to movements in the term structure of Treasury yields.

For RBRF, the most important financial predictors are RF and TERM. Interestingly, sales growth
also appears to be significant at the first and second lag, and including the full set of instruments raises the
adjusted R-squared from 0.050 to 0.067. It is also notable that we do not find the default spread variable
DEF to be important for predicting future excess corporate bond returns.

The default spread does turn out to be important for predicting RBRT', suggesting that this measure of
excess returns is less related to movements in the Treasury yield curve and more to movements in aggregate
credit risk. Following much previous work, the model for RM RF' includes lagged RF, TERM, and EP,
though the coefficient on EP is insignificantly different from zero. None of the non-financial variables turn
out to be significant either for RBRT or RMRF'.

Since fitted values from these regressions represent different components of the cost of capital, it is
straightforward to examine which measures exhibit the greatest variation. Figure 2 plots the fitted values of
RF, RBRF, and RM RF from the regressions that use our preferred instrument sets. What is immediately
apparent is the lack of variation in the ex ante real rate relative to the expected risk premia. It is also
apparent that the expected bond and stock premia are highly correlated, with a coefficient of 0.88. Their
correlations with the ex ante real rate are much lower, with both between 0.4 and 0.5.

Fitted values of RBRT are not plotted, but they differ substantially with the other series, being most
correlated (with a coefficient of 0.42) to the fitted values of RBRF. Unlike RBRF or RM RF, variation in
the expected values of RBRT is low, with a standard deviation that is only about three quarters as large as

the expected values of RF.

4.5 Results for aggregate inventories

Table 5 contains the paper’s main empirical result. Regardless of which measure of risk premia is used, and
whether or not the log inventory/sales ratio is detrended, higher risk premia predict lower growth rates in
manufacturing input inventories. The only difference between the two panels in the table is that Panel A

uses equation-specific instruments (with Pagan/Newey-West standard errors) while Panel B uses all available
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instruments (with regular IV/Newey-West standard errors).

The choice of instruments generally has little effect on our results. The only variable that is reliably
significant is the risk premium. In some specifications, expected future sales is positively related to inventory
growth. When In(M/X) is detrended, it generally appears with a negative coefficient that is statistically
significant about half the time. The ex ante real rate does not have a significant effect in any of the regressions.

Table 6 repeats this analysis using manufacturing output (i.e. finished goods) inventories, which we denote
as N;. Coeflicients on the three risk premia variables are still generally negative, but statistical significance
is lost when all instruments are used and the log inventory/sales ratio (now In(XN/X)) is detrended. Few of
the other parameters are statistically significant, with the coefficient on expected future sales almost always
insignificantly positive and the coefficient on lagged In(N/X) significantly negative for most of the regressions
using detrended data. Again, the real rate has no effect.

As noted in the introduction, durable expenditures are much more sensitive to the business cycle than non-
durables. In addition, our model implies that greater durability leads to increased riskiness via a “duration”-
like effect. We examine the prediction that durable input inventories are more sensitive to the cost of capital
in Table 7.

The results are unambiguous that durable inventory growth has a much greater response to changing
risk premia than do nondurables. This result holds for all four of the specifications we consider in these two
tables. Furthermore, although we report only those results where risk premia are proxied by E;_1[RBRF}],
nearly identical and equally convincing results are obtained with E;_1[RBRT};| and E;_1[RM RF}].

Table 8 repeats this analysis with manufacturers output inventories. The results here are, unfortunately,
less clear. When In(N/X) is not detrended, then we get the same result as for input inventories that durables
are more sensitive to the cost of capital. With detrending, this conclusion no longer holds, and results using

E;_1[RBRT;] and E;_1[RM RF;] are no more conclusive.

4.6 Results for industries

Our final empirical results concern the behavior of inventory growth rates at the industry level. As discussed
above, we only have inventory data from 12 industries, and these inventories cannot be disaggregated into
durables vs. nondurables or inputs vs. outputs.

The results of estimating (13) on industry-level total inventories appear in Table 9. We report only those
results with equation-specific instruments and risk premia proxied by E;_;[RBRF;], but results that use all
instruments or other risk premia specifications are very similar. The table also includes the “GDP beta,”

which is simply the slope coefficient of a regression of quarterly sales growth (where quarterly sales is the sum
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of monthly sales) on quarterly growth in per capita GDP. This regression is run completely independently
of our model for inventory growth.

The estimated coefficient on E;_;[RBRF}] is negative in 10 out of 12 cases but statistically significant in
only five. The coefficients on the two non-financial variables are usually insignificant, with the exception of a
highly significant positive relation between expected petroleum sales and inventory growth. The coefficient
on the ex ante real rate is significant in five out of 12 industries, but it is positive for four of those cases.

What is most interesting, however, is the relation between GDP betas and the coefficient on E;_1[RBRF}].
Figure 3 plots the relation between the two, and though we are unable to make formal conclusions about
this relationship with just 12 data points, the observed relation appears strongly negative. Though we do
not believe that our GDP beta measure is the only — or even most important — measure of the riskiness of
inventory investment, this result at least suggests that riskier types of inventory investment respond more

strongly to fluctuations in aggregate costs of capital.

5 Conclusion

We believe that our results demonstrate conclusively that inventory investment is affected by time variation
in the cost of capital. Unlike other work, which focuses only on variation in the real interest rate, we identify
fluctuating risk premia as a significant source of time-varying inventory growth. As in most of the prior
literature, we find no relation between real interest rates and inventory growth.

Our results are robust to a number of different specifications of the risk premium and to an alternative
method for selecting instruments for our IV regressions. We find significant effects both for input and output
inventories, and the results are generally insensitive to detrending the ratio of inventories to sales.

We develop a theoretical model that in calibration suggests that inventory investment might be as risky as
investment in fixed capital, if not more so. The relative betas of the two types of investment are determined
by the costliness of adjusting fixed capital and the higher depreciation of inventories. Adjustment costs make
fixed capital more risky as firms are unable to respond freely to surprises in productivity. But a second effect
arising from the higher depreciation rate of inventories works in the opposite direction, making inventory
investment relatively risky. Intuitively, higher depreciation makes either form of investment riskier because
it makes payoffs depend on short-term productivity instead of smoother long-term averages.

Empirically, we find suggestive evidence that higher risk inventories are more sensitive to movements
in risk premia. Our model implies that more durable inventories are riskier, and in the data we find that

expenditures on durable goods are 2.5 times more sensitive to GDP growth than nondurables. Consistent
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with this view we find that durable inventory growth is much more sensitive to time varying risk premia
than is growth in nondurables.

We also find that industries, like transportation equipment and primary metals, that are more sensitive
to the business cycle are also more sensitive to risk premia relative to industries that are not, like food
and tobacco. While the small number of industries in our sample has made a formal statistical test of this
relation difficult, we believe that the result is striking enough to merit further investigation.

Our study does not answer the puzzle as to why real interest rates appear unrelated to the inventory
investment decision. One possibility is simply a lack of power in our statistical tests — real rates exhibit little
variation relative to our proxies for bond and stock risk premia, and it is possible that real rates are simply
too smooth to exert a detectible effect on inventory growth rates. Alternatively, financial constraints such
as those studied by Kashyap, Stein, and Wilcox (1993) might make the real rate an unreliable proxy even

for the cost of short-term borrowing. We believe that our paper makes these issues no less interesting.

A Data appendix

For deflating our aggregate nominal inventories and shipments data, we either use the PPI for manufactured
goods, durable manufactured goods, or nondurable manufactured goods depending on the type of good. For
industries, we use the PPI series suggested by Roberts, Stockton, and Struckmeyer (1994) In several cases,
when PPI data are only available for subsectors of a given industry, we follow their approach and aggregate
the subsector-level series into an industry-level series by taking shipments-based weighted averages. In all
cases, PPI data are not seasonally adjusted, so we seasonally adjusted them using the U.S. Census’ X12a
program.

In the M3 database, most data series are available monthly from January 1958 until the end of our sample
in December 2006. Prior to 1992, industry classifications are based on the Standard Industrial Classification
(SIC) codes. Between January 1992 and March 2001, both SIC and NAICS (North American Industry
Classification) codes are used, but after March 2001 the database includes only NAICS codes. Data for
broad categories such as manufacturing, durables and nondurables are labeled the same way both based on
SIC and NAICS codes. For industry-level data, we match SIC and NAICS codes using the “Dispersement
of M3 SIC Categories” and “Origination of M3 NAICS Categories” files from the M3 website. We consider
SIC- and NAICS-based industries “matched” if more than 90% of the SIC industry is dispersed into a given
NAICS industry for which data are available and more than 90% of the NAICS industry originates with that

same SIC industry. In some cases, one SIC industry is dispersed into multiple NAICS industries in such a
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way that the NAICS industries combined meet our criteria for inclusion, which we then splice onto the single
SIC industry.

Though the levels of inventory and shipments data differ between SIC-based and NAICS-based industries,
their growth rates are quite similar over the 1992-2001 period when both classifications were used. We
therefore use data reported based on SIC codes until March 2001 and then extend the series by splicing
NAICS-based growth rates starting in April 2001.

Table A1l summarizes the data series used. Industry name is from the SIC classifications. SIC denotes
the code used in the M3 database to denote that SIC-based industry. NAICS is the code used in the
M3 database to describe a NAICS-based industry. Deflator code and PPI Series are the code and name,
respectively, used by the Bureau of Labor Statistics to describe the PPI series that we use to deflate the

corresponding shipments and inventories data.
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Table 5: Manufacturing input inventory growth regressions

In this table we perform instrumental variables regressions of manufacturing input inventory
growth rates on an inventory stock measure, expected sales growth, the real riskless interest rate,
and a risk premia measure. Values reported are 2SLS regression coefficients and t-statistics. All
variables are defined in Tables 3 and 4, and first-stage regressions for each variable are in Table 4.
In Panel A, we use separate instruments for each explanatory variable. These use the restricted
first-stage regressions in Table 4. Standard errors for these results are computed using the method
of Pagan (1984) with a Newey-West adjustment with 12 lags. In Panel B, all instruments are
used. These are the unrestricted regressions from Table 4. Standard errors here use a standard
IV /Newey-West approach with 12 lags. All quantity data are real and seasonally adjusted, and
the sample period is 1958 M2 to 2006M12. Where noted, we detrend In(M/X) by regresssing it on
a constant and a simple time trend and then subtracting the fitted value.

Intercept In(Mi—1/X:—1) E[AlnX;] E [RF¢] E[RBRF:] E[RBRT{] E [RMRF¢]
Panel A: Equation-specific instruments
No detrending
0.0006 0.0007 0.2572 0.4157 -0.3756
(0.7057) (0.2079) (1.6190) (1.0222) (-3.2763)
0.0013 -0.0006 0.0322 -0.0114 -2.3425
(1.5918) (-0.1621) (0.1998)  (-0.0296) (-7.2088)

0.0017 0.0039 0.1481 0.3729 -0.2695
(2.4284) (1.1185) (1.3582)  (1.1235) (-3.5854)
Detrended In(M/X)

0.0005 -0.0104 0.2582 0.4663 -0.3596
(0.6247) (-2.0011) (1.9836) (1.1961) (-3.7118)

0.0013 -0.0021 0.0229 0.0007 -2.2511
(1.2907) (-0.2875) (0.0925)  (0.0016) (-3.0657)

0.0013 -0.0071 0.1760 0.3015 -0.2059
(2.4295) (-1.4051) (1.9810)  (1.0478) (-2.9604)
Panel B: All instruments used
No detrending

0.0003 -0.0005 0.3716 0.3455 -0.3283
(0.3998) (-0.1613) (2.3389)  (0.8496)  (-2.8634)

0.0015 0.0066 0.0007 -0.1998 -1.4075
(1.8261) (1.9051) (0.0046) (-0.5169) (-4.3313)

0.0017 0.0029 0.1840 0.0614 -0.2271
(2.4703) (0.8310) (1.6879)  (0.1851) (-3.0209)
Detrended In(M/X)

0.0003 -0.0115 0.3319 0.4257 -0.2848
(0.3325) (-2.2109) (2.5498)  (1.0920)  (-2.9397)

0.0015 -0.0091 -0.1622 0.0677 -1.6952
(1.4708) (-1.2411) (-0.6560) (0.1474) (-2.3087)

0.0012 -0.0111 0.1589 0.1349 -0.1540
(2.3264) (-2.1915) (1.7876)  (0.4688) (-22136)
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Table 6: Manufacturing output inventory growth regressions

In this table we perform instrumental variables regressions of manufacturing output inventory
growth rates on an inventory stock measure, expected sales growth, the real riskless interest rate,
and a risk premia measure. Values reported are 2SLS regression coefficients and t-statistics. The
regressions in table are identical to those in Table 5 except that they examines output rather than
input inventories. The same regressors are used except that we now use the the log of the lagged
ratio of output inventories to sales (In(N¢y—1/X¢—1)) in place of the corresoinding measure for
input inventories.

Intercept  In(N;_1/Xt—1) E[AInX: E[RF;] E[RBRF; E[RBRT; E[RMRF]

Panel A: Equation-specific instruments

No detrending

-0.0001 -0.0012 0.1823 0.5041 -0.2936
(-0.0265) (-0.2982) (1.1694)  (1.1708)  (-2.9888)

0.0000 -0.0019 0.0186 0.1303 -1.5385
(0.0119) (-0.4847) (0.1572)  (0.4388) (-5.1383)

0.0027 0.0015 0.0893 0.4296 -0.1887
(0.9294) (0.3995) (0.8172)  (1.3055) (-2.6724)

Detrended In(N/X)

0.0008 -0.0206 0.1704 0.4670 -0.2294

(0.9743) (-2.0875) (1.3067)  (1.1955)  (-2.5302)

0.0013 -0.0095 0.0073 0.1491 -1.2249
(1.7647) (-0.5795) (0.0441)  (0.4864) (-1.6948)

0.0013 -0.0204 0.1198 0.3636 -0.1253
(2.0539) (-2.2186) (1.2776)  (1.2229) (-2.0290)

Panel B: All instruments used

No detrending

-0.0005 -0.0016 0.2554 0.4218 -0.2221
(-0.1596) (-0.3922) (1.6383)  (0.9796)  (-2.2610)

0.0065 0.0072 -0.0357 0.1244 -0.9317
(2.2390) (1.8765) (-0.3022)  (0.4193) (-3.1117)

0.0030 0.0020 0.1169 0.2696 -0.1640
(1.0627) (0.5441) (1.0697)  (0.8193) (-2.3227)

Detrended In(N/X)

0.0006 -0.0209 0.2093 0.4038 -0.1448

(0.7899) (-2.1181) (1.6046)  (1.0336)  (-1.5973)

0.0014 -0.0017 -0.0507 0.1444 -1.0818
(1.8880) (-0.1030) (-0.3086)  (0.4711) (-1.4967)

0.0012 -0.0196 0.1300 0.2807 -0.0970
(1.9281) (-2.1375) (1.3857)  (0.0441) (-1.5715)
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Table 7: Manufacturing input inventory growth regressions

In this table we perform instrumental variables regressions of durable and nondurable manufactur-
ing output inventory growth rates on an inventory stock measure, expected sales growth, the real
riskless interest rate, and a risk premia measure. Values reported are 2SLS regression coefficients
and t-statistics. The regressions in table are identical to those in Table 5 except that we now sep-
arate durables from non-durables. This changes the dependent variable and also the measure of
input inventories used to construct one independent variable, the ratio of inventories to shipments
(In(M¢—1/X¢—1)). Results for all manufacturing goods are repeated from Table 5 for convenience.

Intercept In(M;_1/X:—1) E[AInX;] E[RF:] E[RBRF
Panel A: Equation-specific instruments
No detrending
All manufacturing 0.0006 0.0007 0.2572 0.4157 -0.3756
(0.7057) (0.2079) (1.6190)  (1.0222)  (-3.2763)
Durables only 0.0014 -0.0015 0.1648 0.5011 -0.4862
(1.2524) (-0.4455) (1.1177)  (0.9564)  (-3.4010)
Non-durables only 0.0015 0.0022 0.2054 0.0744 -0.1307
(1.0967) (0.8389) (1.6601) (0.2617) (-1.4595)
Detrended In(M/X)
All manufacturing 0.0005 -0.0104 0.2582 0.4663 -0.3596
(0.6247) (-2.0011) (1.9836)  (1.1961)  (-3.7118)
Durables only 0.0009 -0.0105 0.1377 0.5503 -0.4270
(1.0066) (-2.4949) (1.1664) (1.1806) (-3.6784)
Non-durables only 0.0005 -0.0335 0.2271 0.0805 -0.1589
(0.8315) (-2.7591) (2:1604) (0.2544)  (-2.0439)
Panel B: All instruments used
No detrending
All manufacturing 0.0003 -0.0005 0.3716 0.3455 -0.3283
(0.3998) (-0.1613) (2.3389) (0.8496) (-2.8634)
Durables only 0.0014 -0.0030 0.2695 0.5415 -0.4509
(1.2956) (-0.8713) (1.8273)  (1.0336)  (-3.1541)
Non-durables only 0.0016 0.0021 0.2184 -0.1129 -0.0859
(1.1386) (0.8004) (1.77649)  (-0.3969)  (-0.9590)
Detrended In(M/X)
All manufacturing 0.0003 -0.0115 0.3319 0.4257 -0.2848
(0.3325) (-2.2109) (2:5498)  (1.0920)  (-2.9397)
Durables only 0.0006 -0.0119 0.1992 0.5785 -0.3612
(0.6912) (-2.8223) (1.6867)  (1.2411)  (-3.1116)
Non-durables only 0.0005 -0.0318 0.2452 -0.0960 -0.0977
(0.9432) (-2.6194) (2.3324) (-0.3035) (-1.2567)
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Table 8: Manufacturing output inventory growth regressions

In this table we perform instrumental variables regressions of durable and nondurable manufactur-
ing input inventory growth rates on an inventory stock measure, expected sales growth, the real
riskless interest rate, and a risk premia measure. Values reported are 2SLS regression coefficients
and t-statistics. The regressions in table are identical to those in Table 7 except that we examine
input rather than output inventories.

Intercept In(Ni—1) —In(Xt—1) E[AlnXy] E[RF¢] E [RBRF]

Panel A: Equation-specific instruments

No detrending

All manufacturing -0.0001 -0.0012 0.1823 0.5041 -0.2936
(-0.0265) (-0.2982) (1.1694)  (1.1708)  (-2.0888)
Durables only -0.0036 -0.0063 0.1429 0.5831 -0.3631
(-0.8072) (-1.1855) (0.8878) (0.9569) (-2.4694)
Non-durables only 0.0018 0.0017 0.1576 0.4069 -0.1847
(0.6904) (0.4932) (1.1914) (1.1938) (-1.9795)

Detrended In(N/X)

All manufacturing 0.0008 -0.0206 0.1704 0.4670 -0.2294
(0.9743) (-2.0875) (1.3067) (1.1955) (-2.5302)
Durables only 0.0012 -0.0219 0.0397 0.4767 -0.2068
(1.5131) (-3.3531) (0.3942) (1.0162) (-1.8774)
Non-durables only 0.0005 -0.0131 0.1935 0.4464 -0.2044
(0.7636) (-1.6904) (1.4998)  (1.2812)  (-2.2772)

Panel B: All instruments used
No detrending
All manufacturing -0.0005 -0.0016 0.2554 0.4218 -0.2221

(-0.1596) (-0.3922) (1.6383) (0.9796) (-2.2610)
Durables only -0.0045 -0.0072 0.2198 0.5831 -0.3157
(-1.0104) (-1.3502) (1.3656) (0.9570) (-2.1473)
Non-durables only 0.0027 0.0031 0.1267 0.2643 -0.0699
(1.0589) (0.8844) (0.9572) (0.7754) (-0.7491)

Detrended In(N/X)

All manufacturing 0.0006 -0.0209 0.2093 0.4038 -0.1448
(0.7899) (-2.1181) (1.6046)  (1.0336)  (-1.5973)
Durables only 0.0011 -0.0240 0.0400 0.3986 -0.0932
(1.3891) (-3.6887) (0.3967)  (0.8497)  (-0.8457)
Non-durables only 0.0006 -0.0104 0.1984 0.2720 -0.1067
(0.7962) (-1.3371) (1.5376) (0.7806) (-1.1885)
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Table 9: Industry-level inventory growth regressions

In this table we perform instrumental variables regressions of industry-level manufacturing inventory
growth rates on an inventory stock measure, expected sales growth, the real riskless interest rate, and a
risk premia measure. Values reported are 2SLS regression coefficients and t-statistics. The regressions
in table are identical to those in Panel A of Table 5 except that they examine total inventories at the
industry level rather than aggregate input inventories. The same regressors are used except that we now
use industry-level sales growth and an inventory-sales ratio that includes both input and output inventories
(In((M¢—1 + Nt—1)/X¢—1)). The table also includes the “GDP beta,” which is the result of a completely
separate regression of quarterly industry-level sales growth on GDP growth.

My_ 14Ny

Intercept In E [Aln X¢] E [RF¢] E [RBRFy] GDP beta

Xi—1
Food & Kindred 0.0019 0.0067 -0.0693 -0.2882 0.1839 0.4896
Products (0.9873) (0.6559) (-0.2290) (-0.3783) (0.7899) (1.7203)
Tobacco -0.0053 0.0028 0.0076 -1.8404 0.1042 0.2145
Products (-2.6266) (1.6866) (0:2227)  (-2:3449)  (0.3454) (0.7035)
Paper & Allied 0.0003 0.0045 -0.0576 0.6577 -0.2642 0.9325
Products (0.1519) (0.5218) (-1.0002)  (2.3737)  (-2.0554) (4.0885)
Chemical & Allied -0.0030 0.0097 0.0569 2.0319 -0.1672 1.7072
Products (-1.6390) (1.3956) (0.3883) (4.0420) (-1.3128) (5.2048)
Petroleum & Coal -0.0047 -0.0067 1.1794 -0.2135 -0.0459 0.9660
Products (-2.5719) (-1.9174) (7.3158)  (-0.2232)  (-0.1891) (2.7753)
Rubber & Misc. 0.0036 -0.0038 0.0953 0.1463 -0.2171 1.6049
Plastics Products  (2.4048) (-0.5802) (0.7468)  (0.3162)  (-1.0146) (6:2610)
Stone, Clay, & 0.0018 -0.0046 0.0458 0.7219 -0.3411 1.7952
Glass Products (1.1378) (-0.9716) (0.5096) (2.5166) (-2.8584) (8.6263)
Primary Metal 0.0001 -0.0007 -0.0501 0.3241 -0.2963 3.1165
Industries (0.0285) (-0.0932) (-0.4775) (0.3450) (-1.2888) (4.3290)
Fabricated Metal 0.0040 -0.0053 0.0747 0.0395 -0.2789 1.8389
Products (1.8773) (-1.2676) (0.5827)  (0.0962)  (-1.7409) (9.4615)
Industrial 0.0032 -0.0016 0.1483 -0.1725 -0.4352 1.2757
Machinery (1.6177) (-0.6459) (1.7586) (-0.4267) (-3.2033) (6.4829)
Electronic 0.0018 -0.0005 0.3186 0.7289 -0.5487 1.4767
Equipment (0.9511) (-0.1548) (2.7520) (1.3468) (-3.1466) (5.0732)
Transportation 0.0056 -0.0073 -0.0017 1.0252 -0.4641 3.3295
Equipment (2:2098) (-1.4994) (-0.0354)  (2.2173)  (-2.8312) (7.7270)
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Table Al: Corresponding M3 and PPI series

Industry name SIC NAICS Deflator code  PPI Series
Stone, clay, and glass 32M 27S wpul3 Nonmetallic mineral products
Primary metals 33M 31S wpulOl Iron and steel
wpul022 Primary nonferrous metals
Fabricated metals 34M 32S wpul07 Fabricated structural metal products
wpul08 Miscellaneous metal products
Industrial machinery 35M 33S wpull Machinery and equipment
wpull? Electrical machinery and equipment
Electronic equipment 36M  34S435S  wpull? Electrical machinery and equipment
wpul24 Household appliances
wpul2b Home electronic equipment
Transportation equipment 37TM 36S wpuldl Motor vehicles and equipment
Food 20M  11S+12A  wpusop2110 Food manufacturing
Tobacco 21M 12B wpulb2 Tobacco products
Paper 26M 225 wpu0913 Paper
Chemicals 28M 258 wpu061 Industrial chemicals
Petroleum products 29M 2485 wpu057 Petroleum products, refined
Rubber 30M 26S wpu07 Rubber and plastic products
All manufacturing wpudur0200 Manufactured goods
All durable manufacturing wpudur0211 Durable manufactured goods
All nondurable manufacturing wpudur0222 Nondurable manufactured goods
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Figure 1A: Durable goods

Materials

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Figure 1B: Nondurable goods

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

This figure shows time series of the stocks of the six components of U.S. manufacturing inventories.
Shaded areas denote NBER recessions. The figure covers the period from 1958M2 to 2006M12.
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% monthly

Figure 2
Ex ante real interest rates and stock and bond risk premia

Stock Risk Premium

Ex Ante
-1 Real Rate

Bond Risk Premium

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

This figure shows time series plots of estimated ex ante real interest rates and risk premia on
U.S. equities and corporate bonds. These are fitted values from regressions of realized one-month
rates and excess returns on a set of lagged predictive variables. The regressions used are the
restricted specifications reported in Table 4. The figure covers the period from 1958 M2 to 2006 M12.
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Sensitivity to E[RBRF]

Figure 3
Cross-sectional relationship between shipment growth betas
and the sensitivity of inventory investment to the cost of capital
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Shipment Growth Beta

This figure shows the relation between the slope coefficient of a regression of quarterly industry
sales growth rates on GDP growth and the sensitivity of inventory investment to the cost of capital.
This sensitivity is measured by the coeflicient on E[RBRF] in the regressions of inventory growth
reported in Table 9. Both values are computed using data from 1958M2 to 2006M12.
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