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Abstract
Inventories are an important, highly volatile and forward looking component of the
business cycle, yet they have been largely neglected by the literature on TFP news
shocks that argues such shocks are important drivers of macroeconomic uctuations.
We use a standard VAR identication to document a new fact: in response to TFP news,
inventories move procyclically along with the other major macroeconomic aggregates.
Our nding is not self-evident: conventional views would suggest news about higher
future productivity provides incentives to run the current inventory stock down and
increase stockholding in the future when productivity is high. We provide evidence that
this substitution eect is dominated by a demand eect due to which rms increase
inventories in response to sales in light of rising consumption and investment. Our
empirical fact corroborates the view that TFP news shocks are important drivers of
macroeconomic uctuations. However, it imposes a challenge to existing theoretical
frameworks as they fail to reproduce the procyclical inventory movements in response to
TFP news shocks. We suggest this comovement puzzle can be solved through extending
a standard framework with intangible capital and wage stickiness.
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Introduction
Expectations about future total factor productivity (TFP) have been proposed as a poten-

tially important source of aggregate uctuations (Beaudry and Portier (2004), Beaudry and
Portier (2014)). Substantial eort has been undertaken to understand how these, so called,
'TFP news shocks' can give rise to the empirically observed comovement of consumption,
investment and hours worked in structural frameworks (e.g. Jaimovich and Rebelo (2009),
Gunn and Johri (2011)) and whether these shocks play an important role once models are
taken to the data (e.g. Schmitt-Grohe and Uribe (2012), Khan and Tsoukalas (2012), Görtz
and Tsoukalas (2017)). Despite these important advances the literature on news shocks has
largely neglected inventory investment  a margin that has long been recognized to play a
large role in explaining aggregate uctuations (e.g. Ramey and West (1999), Wen (2005)).
Blinder and Maccini (1991) for example document that in a typical recession in the United
States, the fall in inventory investment accounts for 87% of the decline in output; and Blinder (1981) states "to a large extent, business cycles are inventory uctuations" (p.

500).

While the literature tends to suggest news about shifts in future technology can indeed be a
signicant source of business cycles, to date we know very little about the relation of news
shocks and movements in inventories. Does inventory investment co-move with consumption
and xed investment in response to TFP news shocks? Would this empirical nding support
the importance assigned to news shocks as relevant drivers of aggregate uctuations? Which
structural frameworks can account for the empirically observed movements in inventories 
do we need to rethink the existing ones? In this paper we make a step to answering these
questions.
We document a TFP news shock identied from a vector autoregression (VAR) implies
an increase in inventory investment along with the well documented expansion of output,
consumption, investment and hours worked in a U.S. post-Great Moderation sample.

1 The

expansion of inventories in response to a TFP news shock is a robust nding not only for the

1 Our baseline identication scheme follows the approach in Francis et al. (2014). We discuss robustness
to alternative identication approaches in section A.3.
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whole economy, but also across the retail, wholesale and manufacturing sector as well as for
nished goods, work in process and input inventories. It is a consensus in the literature that
unconditionally inventory investment is procyclical (e.g.

2 The

Ramey and West (1999)).

consistency between the unconditional and conditional movements in inventories provides
substantial support for the hypothesis that news shocks cannot be rejected as important
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drivers of business cycles.

The documented expansion of the inventory stock in response to news about higher future
TFP is not a priori self-evident. Conventional views about inventory behavior would suggest
that on the one hand, such news would provide incentives to run the current inventory stock
down and increase stockholdings in the future when the high productivity is realized.

In

addition to this negative substitution eect, one the other hand, the associated rise in sales
of consumption and investment goods would create a demand eect that would lead to an
incentive to increase inventories to avoid stockouts and enhance demand.

To the extent

that both these eects are present, our results suggest this negative substitution eect is
dominated by the positive demand eect.
We investigate the transmission mechanism leading to the documented increase in inventories. Measures for the opportunity costs of holding inventories suggested by Jones and
Tuzel (2013) point to the presence of a strong demand eect. In particular, we construct
aggregate measures of debt and equity cost of capital and implied cost of capital measures
from rm-level data. In response to a TFP news shock all measures decline signicantly prior
to the realization of higher TFP. This decline in the opportunity cost of holding inventories
is supportive of the documented expansion in this margin. We further study the response
of various measures of marginal cost to a TFP news shock.

Declining marginal costs be-

tween the time the news about higher future TFP arrives and the actual realization of higher
productivity is indicative for the presence of a negative substitution eect. However, once

2 The correlation between HP-ltered GDP and inventory investment is 0.75 in our sample.
3 Indeed, we nd that the TFP news shock is important for uctuations in key macroeconomic variables
as it explains between 44-66% (43-59%) of the forecast error variance in GDP (inventories) over a horizon
from 6-32 quarters.
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introduced in our VAR system, none of our marginal cost measures shows such a decline in
marginal costs that would point to a strong incentive to run down current inventories and
build up stockholdings again once the higher productivity has been realized.

Overall, we

nd evidence against a strong negative substitution eect, but in favor of a strong positive
demand eect, which corroborates the increase in inventories we document in response to
higher future TFP. Interestingly, this demand enhancing motive for holding more inventories
in light of rising sales has received considerable support and is widely used in the theoretical
literature following a seminal contribution by Bils and Kahn (2000).
Armed with these empirical results, we then ask whether a standard new-shock business
cycle model supplemented with inventories can replicate these features of the data.

We

study the response to TFP news in a standard New Keynesian model that includes the trio
of particular specication of preferences, investment adjustment costs and variable capital
utilization.

4

The model is augmented with nished goods inventories that have a sales

enhancing role as in Jung and Yun (2006), based on the stock-elastic demand model of Bils
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and Kahn (2000).

We show that our empirical evidence imposes two related challenges

to this standard model.

First, inventories respond countercyclically to TFP news.

This

holds for model versions with and without nominal rigidities. Second, the countercyclical
response of inventories in turn suppresses the response of hours, and as a result dampens
the response of utilization and output.

This is not consistent with the narrative in the

expectations driven business cycle literature of a strong boom in response to news about
higher future productivity. We term these challenges the inventory co-movement and pathof-hours challenges, respectively. What is the basis of these two challenges? With respect

to the rst challenge, we show that the countercyclical movement in inventories results from
a too-strong procyclical rise in marginal costs during the expansion in the standard model.
The second challenge then follows from the rst: since rms can satisfy any news-induced

4 These model features are widely recognized in the news-literature as a simple means for producing
comovement of consumption, investment and hours in response to a TFP news shock. As such, our model
nests the frameworks of Jaimovich and Rebelo (2009) and Schmitt-Grohe and Uribe (2012).

5 This mechansim received substantial empirical and theoretical support and is hence a widely used motive

to give rise to inventory holdings, see e.g. Lubik and Teo (2012) and Jung and Yun (2013).
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increase in sales by drawing down inventories, the demand for labour falls relative to a
model without inventories, suppressing the response of hours, utilization and output relative
to sales.

As such, our empirical nding poses a new puzzle to the theoretical literature

to develop frameworks that can account for the comovement and a strong expansion of
inventories, output, consumption, investment and hours in response to TFP news shocks.
We take a rst step in addressing this puzzle. We show that it is possible to generate
an expansion of all macroeconomic aggregates, including inventories, with a simple variant
of the standard model that assumes rms create productivity-increasing knowledge through
a learning-by-doing producess. Following researchers such as Chang et al. (2002), Cooper
and Johri (2002) and Gunn and Johri (2011) who have found such a mechanism helpful for
allowing business cycle models to match other features of the data, we extend the standard
model to include intangible capital as an additional input into production, and assume
this knowledge capital accumulates through a learning-by-doing process involving labour.
The mechanism then addresses the above challenges in an intuitive way.

The arrival of

news about an increase in TFP in the future raises the value of knowledge in the present,
since rms can accumulate knowledge over time and enhance the impact of the rise in TFP
in the future.

Firms as a result increase their demand for labour prior to the arrival of

TFP in order to accumulate knowledge, in the process driving up production levels and
accumulating productivity-enhancing knowledge, limiting the rise in marginal costs through
the boom and thereby increasing the incentive to accumulate inventories. Sticky wages are
additionally helpful for limiting the initial rise in marginal costs while rms are rst building
up knowledge capital. We see this model as one example to resolve the comovement puzzle,
but a rigorous investigation of data-generating mechanisms goes beyond the scope of this
paper.
Our study is related to the large research agenda on the role of news shocks for aggregate
uctuations. The VAR methodology we employ to identify the empirical response to TFP
news shocks has been widely used (e.g. Barsky and Sims (2011), Barsky and Sims (2012),
Ben Zeev and Khan (2015)) and employed, amongst others, to document the comovement of

4

macroeconomic aggregates (except inventories) over a post-Great Moderation sample (e.g.
in Görtz et al. (2017)). On the theoretical side, our paper links to a large strand of work
that investigates ways of facilitating procyclical movements in consumption, investment and
hours in response to TFP news shocks (e.g. Jaimovich and Rebelo (2009), Pavlov and Weder
(2013)).
A large long-standing literature investigates the empirical relation of inventories with
macroeconomic uctuations and the implications of introducing inventories in theoretical

6 Bils and Kahn (2000) highlight the

frameworks to which we cannot do full justice here.

unconditionally limited role of intertemporal substitution for variations in inventories that
is also documented in our work in the context of expectations about productivity.
To the best of our knowledge the only two papers that consider inventories in relation
to TFP news shocks are the contributions by Crouzet and Oh (2016) and Vukotic (2016).
Crouzet and Oh (2016) introduce inventories into existing models that had been successful
in generating comovement of investment, consumption and hours in response to TFP news
shocks.

They provide a very valuable analysis that shows these extended models imply

countercyclical movements of inventories under realistic calibrations.

This evidence from

theory is used to inform sign restrictions in a structural VAR to identify TFP news shocks.
Given the unconditional procyclicality of inventory investment and the imposed negative
sign restriction on this variable, Crouzet and Oh (2016) conclude TFP news shocks are
of very limited importance for aggregate uctuations.

We approach the question on the

relation between inventory movements and TFP news shocks the other way around. We use a
standard and widely used VAR methodology to identify the response of inventory movements
to a TFP news shock and let this empirical evidence inform our modelling choices.
Vukotic (2016) uses a TFP news shock identication similar to ours and documents the
VAR responses of industries in the U.S. manufacturing sector. She nds the propagation of
news shocks to be much stronger in the durables than in non-durables industries. Implications of a two-sector model can be aligned with this nding once inventories are introduced as

6 Surveys are e.g. Blinder and Maccini (1991) and Ramey and West (1999).
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factor of production in the durables sector where they play a buer stock role similar to xed
capital investment. While she does not explicitly discuss any empirical responses of inventories, she shows the inventory to sales ratio in durables sectors moves particularly strongly
countercyclical in response to TFP news shocks, which is consistent with our ndings for
the whole economy.
The remainder of the paper is structured as follows.

Sections 2.1 and 2.2 discuss the

VAR identication strategy and the data used in the empirical analysis. Section 2.3 presents
our main empirical ndings. We corroborate these and study the transmission mechanism in
sections 2.4 and 2.5. Sections 3 and 4 present a standard model with inventories and investigate the mechanisms underlying the comovement puzzle. Section 5 presents an extension
of the standard model as an example of a model that addresses the inventory comovement
puzzle. Section 6 concludes.

2

VAR Analysis

2.1 The VAR model
This section discusses the VAR model. The identication of a TFP news shock based on
this model is discussed in the following section. Consider the following reduced form VAR(p)
model,

yt = A(L)ut ,
where

yt

is an

n×1

a lag polynomial,
term with

n×n

vector of variables of interest,

A1 , A2 , ..., Ap

are

covariance matrix

and structural errors,

n×n
Σ.

(1)

A(L) = I + A1 L + A2 L2 + ... + Ap Lp

matrices of coecients and, nally,

ut

is

is an error

Dene a linear mapping between reduced form,

ut ,

εt ,
ut = B0 εt ,
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(2)

We can then write the structural moving average representation as

yt = C(L)εt ,
where

C(L) = A(L)B0 , εt = B0−1 ut

may also be written as

B0 = B̃0 D,

is an orthonormal matrix (DD
The

h

0

, and the matrix

where

B̃0

(3)

B0

satises

0

B0 B0 = Σ.

The

B0

is any arbitrary orthogonalization of

Σ

matrix
and

D

= I ).

step ahead forecast error is,

yt+h − Et−1 yt+h =

h
X

Aτ B̃0 Dεt+h−τ .

(4)

τ =0
The share of the forecast error variance of variable
then
0

Vi,j (h) =
where

ei

ei

P

i

attributable to shock

j

at horizon


0
0
0
Ph
0
0
0
Aτ B̃0 Dej ej D0 B̃0 Aτ ei
τ =0 Ai,τ B̃0 γγ B̃0 Ai,τ

P
=
,
Ph
0
0
h
0
A
ΣA
i,τ
ei
e
A
ΣA
i,τ
τ =0
i
τ
τ =0 τ

h
τ =0

h

(5)

denotes selection vectors with one in the i -th position and zeros elsewhere. The

vectors pick out the j -th column of

D, denoted by γ . B̃0 γ

is an

is

ej

n × 1 vector corresponding to

the j -th column of a possible orthogonalization and can be interpreted as an impulse response
vector. In the following section, we discuss the estimation and identication methodology
that yields an estimate for the TFP news shock from the VAR model.

2.2 Data and VAR estimation
We estimate the VAR using quarterly U.S. data for the period 1985:Q12015:Q2. This
sample horizon is guided by the literature that documents dierences in cross correlation
patterns of several macro-aggregates in samples before and after the mid-1980s (e.g. Galí
and Gambetti (2009)). Furthermore, McCarthy and Zakrajsek (2007) document signicant
changes in inventory dynamics occur in the mid-1980s due to improvements in inventory
management.

To identify the TFP news shock from the VAR model, we adopt the Max

Share identication method (based on Francis et al. (2014)). It assumes that (i) the news
shock does not move TFP on impact and (ii) maximizes the variance of TFP at a specic
long but nite horizon (we set the horizon to 40 quarters). The time series included in the
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VAR enter in levels, consistent with the treatment in the empirical VAR literature (see e.g.
Barsky and Sims (2011), Beaudry and Portier (2004) and Beaudry and Portier (2014)). To
estimate the VAR model we use three lags and a Minnesota prior.

Condence bands are

computed by drawing from the posterior.
We consider two dierent measures for total inventories in the VAR. First, non-farm
private inventories, which are dened as the physical volume of inventories owned by private
non-farm business, valued at average prices of the period (the replacement costs of inventories). The second measure, business inventories, diers from the former as stockholdings are
valued by the cost at acquisition of inventories that can dier from their price when sold.
In the NIPAs, inventory prots and losses resulting from dierences between acquisition
and sales price are shown as adjustments to business income. Business inventories are only
available from 1992Q1 which is why we reduce the sample horizon if these are included in
the VAR. Output is dened as GDP and total hours as hours worked of all persons in the
non-farm business sector. Investment is the sum of xed investment and personal consumption expenditures for durable goods.

Fixed investment is the component of gross private

domestic investment that excludes changes in private inventories. Consumption is the sum
of personal consumption expenditures for non-durable goods and services.

All these time

series are seasonally adjusted and in real per-capita terms (except for hours which are not
deated). Ination is constructed using the GDP deator. A measure of technology is key
to identify the news shock. We follow the convention in the empirical literature and use the

7 We also use the Michigan

measure of utilization-adjusted TFP provided by Fernald (2014).
consumer condence indicator (E5Y) in our VAR system.

8 The set of variables included

in our VAR system is, apart from inventories, standard in the literature and considering
the E5Y consumer condence measure is a way to provide forward looking information that

7 We use the 2015 vintage which contains updated corrections on utilization from industry data.
8 The Michigan consumer condence indicator summarizes responses to the following question: Turning
to economic conditions in the country as a whole, do you expect that over the next ve years we will have
mostly good times, or periods of widespread unemployment and depression, or what?

The variable is

constructed as the percentage giving a favorable answer minus the percentage giving an unfavorable answer
plus 100.

8
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captures expectations.

2.3 VAR results
Figure 1 shows impulse response functions to a TFP news shock from an eight-variable
VAR. It is striking that all activity variables are increasing prior to a signicant rise in TFP.
The comovement between output, consumption, investment and hours over this post Great
Moderation sample has been documented in existing work (e.g. Görtz et al. (2017)). The
fact we add here is to document the increase in the stock of private non-farm inventories
prior to a rise in TFP. The hump-shaped increase in the stock of inventories indicates that inventory investment is positive until about quarter 12, shortly before the higher productivity
is actually realized. Additionally, we report a short-lived decline in ination and an anticipation of the increase in TFP in the consumer condence indicator E5Y, both consistent
with ndings in previous work. Barsky and Sims (2012) highlight that the ination response
is broadly consistent with the New Keynesian framework in which current ination equals
an expected present discounted value of future marginal costs. The signicant increase in
the E5Y is indicative of an increase in consumer condence upon the arrival of news about
higher TFP (see e.g. Barsky and Sims (2011) or Görtz and Tsoukalas (2018)). The TFP
news shock is important for uctuations in inventories and GDP as we nd it to explain
between 43-59% (44-66%) of the forecast error variance in inventories (GDP) over a horizon
from 6-32 quarters. Details about the forecast error variance decomposition are provided in
Appendix A.1.
Figure 2 shows that the rise in inventories prior to TFP is also robust when we use total
business inventories as an alternative measure to private non-farm inventories. Evaluating
the response of inventories to a TFP news shock also with this alternative measure is important as it is not a priori clear at which prices inventories should be measured. However, this

10 All

measure is only available from 1992Q1 which restricts the sample for this VAR system.

9 See e.g.

Barsky and Sims (2012).

The S&P500 stock price index has also been considered for this

purpose. Our results are robust to including the S&P500 instead of the E5Y.

10 Note that data availability limits all VAR systems that include total business inventories or its subcom-
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variables in Figure 2 show very similar qualitative responses to the ones in Figure 1, albeit
the shorter sample results in somewhat wider condence bands. Overall, this gure conrms
the comovement of macroeconomic aggregates, including inventories, prior to the signicant
rise in TFP.

Figure 1:

IRF to TFP news shock  including Private Non-Farm Inventories.

Sample 1985Q1-2015Q2.

The shaded gray areas are the 16% and 84% posterior bands

generated from the posterior distribution of VAR parameters. The units of the vertical axes
are percentage deviations.

The vast majority of inventories are held in the manufacturing, wholesale and retail sectors (see e.g. Ramey and West (1999)). Figure 3 shows the responses of business inventories
in each of these sectors to the (aggregate) TFP news shock when we alternate between including one of the three separate sectoral measures of inventory in our eight-variable VAR.
It is evident that the expansion of the inventory stock is broad-based across the manufacturing, wholesale and retail sector. The two trade sectors almost entirely hold nished goods
inventories (see e.g.

Blinder and Maccini (1991)), while over our 1992Q2-2015Q2 sample

the inventory stock held in the manufacturing sector is split across nished goods inventories (36%), work in process (30%) and input inventories in form of materials and supplies
(34%).

11 Figure 4 shows the responses of inventory types in the manufacturing sector when

ponents to start in 1992Q1.

11 For the wholesale and retail sector, time series data that break the total stock down into inventory types

is not available.

10

Figure 2:

IRF to TFP news shock  including Business Inventories.

Sample 1992Q1-

2015Q2. The shaded gray areas are the 16% and 84% posterior bands generated from the
posterior distribution of VAR parameters.

The units of the vertical axes are percentage

deviations.

we include these one-by-one in our eight-variable VAR. In response to a TFP news shock,
nished goods and input inventories in the manufacturing sector rise strongly before TFP
increases signicantly after about 10 quarters. The increase in work in process inventories
is only marginally signicant, but the median also shows the positive hump shaped behav-

12 The strong response of inventories to news shocks is

ior evident in the other subplots.

consistent with results in Kesavan et al. (2010) who nd inventories to be a forward lookingvariable closely linked to future expectations of economic conditions as they help to improve
forecasts about sales.

2.4 The forces behind the inventory accumulation
The discussion above shows the increase in the inventory stock in anticipation of higher
future TFP is a robust fact across dierent measures for total inventories, dierent sectors
and dierent types of inventories.

Two potentially counteracting eects may be at play

12 The responses of the remaining seven variables in the VAR that we are not showing in Figures 3 and 4
are very similar to the ones reported in Figure 2 and are available upon request. We focus our discussion on
sectoral data for business inventories as private non-farm inventories in the manufacturing, wholesale and
retail sectors is available only from 1996Q4.

11

Figure 3:

IRF of business inventories by sector to TFP news shock.

2015Q2.

Subplots result from eight variable VARs comprising TFP, GDP, consumption,

Sample 1992Q1-

investment, hours, inventory measure, ination, E5Y. The inventory measures were included
one-by-one in the VAR system. The shaded gray areas are the 16% and 84% posterior bands
generated from the posterior distribution of VAR parameters. The units of the vertical axes
are percentage deviations.

IRF of business inventories in the manufacturing sector by inventory
type to TFP news shock. Sample 1992Q1-2015Q2. Subplots result from eight variable
Figure 4:

VARs comprising TFP, GDP, consumption, investment, hours, inventory measure, ination,
E5Y. The inventory measures were included one-by-one in the VAR system.

The shaded

gray areas are the 16% and 84% posterior bands generated from the posterior distribution
of VAR parameters. The units of the vertical axes are percentage deviations.
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in response to news about higher future TFP. Firms may increase inventories in light of
rising consumption and investment to ensure a relatively stable inventory to sales ratio and
enhance demand.

This demand eect, where inventories are productive for sales, has for

example been documented in Bils and Kahn (2000).

In addition to this positive demand

eect, a negative substitution eect may provide incentives to run the current inventory stock
down and increase stockholding in future when the higher productivity is actually realized.
The fact that inventories rise in response to a TFP news shock points towards dominance of
the positive demand eect over the negative substitution eect.
In the following subsections we will shed light on the transmission channel by providing
evidence for the importance of the demand and substitution eects. Jones and Tuzel (2013)
highlight an important role for the risk premium  measured e.g. by the implied cost of
capital (ICC) or debt and equity cost of capital  as opportunity cost for holding inventories.
Such cost of capital indicators reect the risk of holding inventories, e.g. as a result of input
inventories taking time to be transformed into nal products, or nished goods inventories
being subject to uncertainty about demand. A decline in the risk premium, and hence the
opportunity cost of holding inventories, at the time the news about higher future TFP arrives,
would be supportive of a strong demand eect and the cost of capital indicators can provide
an indication about the strength of this eect. We discuss the responses of measures for debt
and equity cost of capital constructed from aggregate data in section 2.4.1 and the responses
of ICC measures constructed from rm level data in section 2.4.2. Behind the substitution
eect is the assumption that the anticipation of higher future TFP implies a decline in future
marginal cost and hence an incentive to substitute production from today into the future
by drawing down the inventory stock. In section 2.4.3 we consider the response of measures
for marginal costs to a TFP news shock to evaluate whether there is evidence for such a
negative substitution eect.

2.4.1

Debt and Equity Cost of Capital

Jones and Tuzel (2013) show that inventory investment is negatively related to debt and
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equity cost of capital constructed from standard regressions of excess return on predictive
variables.

We construct these measures of risk premiums  the excess return on either

portfolios of stocks or on bonds  in line with the methodology of Jones and Tuzel (2013).
In particular, we use as dependent variable in these regressions either the return on the US
stock market minus the one-month Treasury bill return (RMRF) or the return on corporate
bonds minus the one-month Treasury bill return (RBRF). We include seven independent
variables that have been found to be relevant in previous work as predictors for excess bond
and stock returns and have also been used by Jones and Tuzel (2013). These are, the term
spread (TERM), the default spread (DEF), the dividend yield (DP), the ratio of new orders
to shipments of durable goods (NOS), and the consumption-wealth ratio (CAY) of Lettau
and Ludvigson (2001) as well as the real return on a nominally riskless asset (RF) and
the four-quarter moving average of this variable (RF4).

13 All seven independent variables

potentially enter with one lag and we select those predictors that minimize the Akaike
Information Criterion (AIC). For the regression on excess stock market returns, RMRF, this
criterion implies to include DP, which has a coecient of 1.76*, and the intercept is -0.02.
For the excess corporate bond return, RBRF, the regression includes TERM (3.5931***),
RRF4 (1.1270***), DP (0.6617***), CAY (0.2527***) and the intercept (0.0433***) where

14 The tted values of these regressions are the equity

coecients are given in parenthesis.

cost of capital and debt cost of capital, respectively.
We separately add the equity and debt cost of capital measures in an eight-variable VAR
system as proxies for the opportunity costs of holding inventories. Figure 5 shows IRFs of

13 The term spread is the dierence between the 10 year and 3 months Treasury yields from the Federal
Reserve's H15 database.

The default spread is Moody's Seasoned Baa Corporate bond yield relative to

the yield on a 10-Year Treasury constant maturity from FRED. The dividend yield is computed, using data
from Robert Shiller's website, as the quarterly average of past Standard & Poor's (S&P) composite dividends
divided by the end-of-quarter level of the S&P composite index. The ratio of new orders to shipments is
provided by Jones and Tuzel (2013).

The real return on a riskless asset is calculated as the one-month

Treasury bill return from Kenneth French's website minus the Consumer Price Index growth available from
FRED. The market return and the one-month treasury bill is the Fama French market factor from Kenneth
French's website and for the bond return we employ Moody's Seasoned Baa corporate bond yield.

14 Signicance at the 10% (1%) level is indicated by * (***). Note that the time horizon for the regressions

and all gures that include their tted values is 1985Q1-2015Q1 due to the limited availability of NOS at
the end of the sample.
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selected variables of the two VAR systems in response to a TFP news shock. It is evident
that both cost of capital measures decline signicantly several years before TFP increases
signicantly.

This countercyclical movement of excess returns indicates a decline in the

opportunity costs for holding inventories and is hence consistent with the rise in inventories
prior to movements in TFP driven by a strong demand eect.
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IRF of Debt and Equity Cost of Capital measures to TFP news shock.

Sample 1985Q1-2015Q1. VAR I and II show selected IRFs from two separate eight-variable
VAR systems. They dier in the use of either the equity or the debt cost of capital measure. The remaining variables in the VAR are TFP, GDP, consumption, hours, inventories,
ination, E5Y. The shaded gray areas are the 16% and 84% posterior bands generated from
the posterior distribution of VAR parameters. The units of the vertical axes are percentage
deviations.

2.4.2

Implied Cost of Capital

Based on the evidence in Jones and Tuzel (2013), we also construct implied cost of
capital measures from rm level data to proxy the opportunity costs of holding inventories. The implied cost of capital (ICC) is a rm's internal rate of return that equates the
present value of expected future cash ows with the current stock price; as such the ICC

15 The responses of variables we do not show in Figure 5 in this section and Figure 6 in the next section
are almost identical to the ones reported in Figure 1. Figures with responses for all variables are available
on request.

16 The unconditional correlation between HP ltered GDP and HP ltered ECC (DCC) is -0.43 (-0.58).

This is much weaker than the unconditional correlation of HP ltered GDP and HP ltered activity variables:
consumption (0.84), hours (0.87), investment (0.89) and inventories (0.75). The correlation of HP ltered
private non-farm inventories with ECC (DCC) is -0.14 (-0.37). These correlations provide additional evidence
that the strong decline of opportunity cost measures conditional on a TFP news shock is not purely based
on an unconditional feature in the data.
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is the market discount rate used to discount rm's expected cash ows.

17 To ensure our

results are not driven by one specic method to construct ICCs, we employ four measures
 according to Joseph R. Gordon (1997) (GORDON), Easton (2004) (MPEG), Ohlson and
Juettner-Nauroth (2005) (OJ) and Gebhardt et al. (2001) (GLS)  which are widely used
in the literature.

These ICC measures can broadly be classied in three categories:

OJ

and MPEG are based on abnormal earnings growth models, GLS is based on the individual
income valuation model, and GORDON is based on the Gordon growth model. These dier
in assumptions regarding short- and long-term growth rates, their use of forecasted earnings, and the explicit forecast horizon.

We use quarterly rm-level data from Compustat

and CRSP of listed non-nancial corporations to estimate expected earnings forecasts and
subsequently construct the rm-level ICC measures.
methodologies summarized in Hou et al. (2012).

These procedures closely follows the

We describe the details of the ICC con-

struction in Appendix B. The quarterly rm level observations of a particular ICC measure
are aggregated to a quarterly time series by taking the average per quarter. While the four
measures are constructed from rm-level data that does not cover the whole economy, they
can still provide useful corroborative evidence in addition to the aggregate cost of capital
measures employed in the section above.
The resulting time series for the four ICCs are used one-by-one as an input to an eightvariable VAR system.

Figure 6 shows that all measures decline signicantly in response

to a TFP news shock. Overall, and consistent with the cost of capital measures based on
aggregate data in the section above, also these these measures constructed from rm-level
data provide corroborative evidence for a decline in the opportunity costs of inventories,
indicative of a strong positive demand eect driving up inventories in light of news about
higher future TFP.

17 Also Sarte et al. (2015) highlight the prominent role played by the discount rate for explaining inventory
dynamics in a post Great Moderation sample.
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Figure 6:

IRF of Implied Cost of Capital measures to TFP news shock.

Sample

1985Q1-2015Q2. Subplots result from eight variable VARs comprising TFP, GDP, consumption, hours, inventories, ICC measure, ination, E5Y. The ICC measures where included
one-by-one in the VAR system. The shaded gray areas are the 16% and 84% posterior bands
generated from the posterior distribution of VAR parameters. The units of the vertical axes
are percentage deviations.

2.4.3

Marginal Cost

While the sections above were concerned with the demand eect, in this section we
evaluate whether there is evidence for a negative substitution eect. For this purpose we
construct several measures for marginal costs considered in the literature.
Real marginal cost is given by

MC =

where the real wage is given by

W/P

and

W
P Fh (k, h)

FH (·)

is the marginal product of labor. Hence,

any formulation of marginal cost will depend on assumptions on the production function. If
the production function is Cobb-Douglas, log real marginal cost is proportional to the labor
share

M C CD = ln(s)

where the labor share

s is given by W h/(P F (k, h)).
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Considering a generalization that allows

for the production function to be CES, the log real marginal cost is proportional to

M C CES = ln(s) −

where technology is denoted by Z,
labor and

y

σ

1
σ


− 1 [ln(y) − ln(Z · h)],

is the elasticity of substitution between capital and

is output in terms of value added.

18 The labor share can be measured by the

BLS labor share in the private business sector (preferred measure by Nekarda and Ramey
(2013)), or the nonfarm business version of this measure (preferred by Galí et al. (2007)).
As a measure for technology, in line with Nekarda and Ramey (2013), we use the utilization
adjusted TFP series provided by John Fernald and a baseline value of 0.5 for

σ.

We use

nonnancial corporate business gross value added as measure for output which is divided by
population as well as the GDP deator. Hours worked,

h,

is dened as outlined in the data

section above.
We construct marginal cost measures based on the assumption of a Cobb-Douglas or
CES production function. Each of these are constructed either using the labor share series
preferred by Nekarda and Ramey (2013) or by Galí et al. (2007).

In addition to these

four measures, we construct two additional measures that aim to correct the labor share
for overhead labor under the assumption of either a Cobb-Douglas or a CES production
function. The labor share for these is constructed, in line with the methodology of Nekarda
and Ramey (2013), by multiplying BLS data on employees, average weekly hours and average
hourly wages (all of production and nonsupervisory employees in the private sector) and then
dividing by current dollar output in private business.
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Figure 7 shows the responses of marginal cost measures when they are included oneby-one in our eight-variable VAR. The rst subplot shows the response of a marginal cost

18 If output is measured as gross output, one obtains the same expression as long as the production function
is either (i) a generalized CES is which the elasticities of substitutions are equal across all inputs or (ii) a
nested CES in which

σ

is the elasticity of substitution between the labor input and a composite of the other

inputs (see Nekarda and Ramey (2013)). For this reason we use the value added measure for

y.

19 There is no time exact data on overhead labor and Nekarda and Ramey (2013) state that this correction

can only be treated as an approximation. However, Rotemberg and Woodford (1999) argue that failing to
account for overhead labor is an important reason for estimates of marginal costs to be biased.
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measure based on the Cobb-Douglas production function and the labor share measure preferred by Nekarda and Ramey (2013) (CD: Nekarda-Ramey 1). Interestingly, marginal costs
do not move in anticipation of news about higher future TFP but increase around the time
when TFP rises signicantly.

20 This doesn't provide any evidence for a strong negative sub-

stitution eect which would imply a decline of marginal costs at the time the productivity
is realized.

Under the assumption of a CES production function, also this marginal cost

measure (CES: Nekarda-Ramey 1, shown in the second subplot) rises once the increase in is
realized TFP. For the rst few quarters after the arrival of the news we see a decline in this
marginal cost measure, prior to the signicant increase in TFP at quarter 15 (not shown).
When using the labor share measure preferred by Galí et al. (2007) responses are qualitatively and quantitatively very similar. These are shown in Appendix A.2 where we provide
further evidence on robustness of the exercises related to marginal cost measures. Subplots
three and four in Figure 7 show responses of the marginal cost measures once accounting
for overhead labor (Nekarda-Ramey 2). Under the assumption of either the Cobb-Douglas
or the CES production function these measures do not move upon the arrival of news about
higher future TFP and they increase after several quarters. While the CES based measure
starts to decline from their peak only very slowly, after about 35 quarters, the Cobb-Douglas
based measure declines somewhat earlier and even falls below zero after 33 quarters.
The dierences in the responses of the marginal cost measures highlight that all these
measures can only be approximations to marginal costs and the discussion about the most

21 Despite the dierences in the responses, it is interesting

suitable construction is ongoing.

to note though that none of the marginal cost measures indicates a signicant decline of
marginal costs upon the arrival of the TFP news shock or in the rst quarters when the
increase in TFP is realized around quarter 10. Only the Cobb-Douglas based measure that
accounts for overhead labor (Nekarda-Ramey 2) falls below the zero line, but signicantly

20 The behavior of the variables in the VAR that are not shown are very similar to the ones in Figure 1
where TFP increases signicantly after about 12 quarters.

21 For example Rotemberg and Woodford (1999) and Nekarda and Ramey (2013) discuss several shortcom-

ings in the construction of marginal cost measures.
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only after 33 quarters, a long time after the realization of higher TFP. Hence, none of the
marginal cost measures indicates support for a strong negative substitution eect that would
provide incentives to shift production into the future and draw down the inventory stock
upon arrival of news about higher future TFP. Together with the evidence in the sections
above on the presence of a strong demand eect the documented behavior of marginal cost
is consistent with the increase in inventories in response to news about higher future TFP.

Figure 7:
2015Q2.

IRF of marginal cost measures to TFP news shock.
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Sample 1985Q1-

Subplots result from eight variable VARs comprising TFP, GDP, consumption,

hours, inventories, marginal cost measure, ination, E5Y. The marginal cost measures where
included one-by-one in the VAR system.

The shaded gray areas are the 16% and 84%

posterior bands generated from the posterior distribution of VAR parameters. The units of
the vertical axes are percentage deviations.

2.5 Corroborative evidence and guidance for models
This section briey discusses additional evidence that corroborates the results of the
sections above and provides further guidance for modelling inventory behavior in response
to news shocks.
Jaimovich and Rebelo (2009) state that for models to facilitate comovement of consumption and investment in response to news about future higher TFP a strong increase
in utilization and/or hours worked is required.

The VAR results in Figure 8 document a

strong increase in capital utilization and the real wage in response to a TFP news shock.
The positive hump-shaped response of the real wage is consistent with the increase in hours

22 Unconditionally, the correlations of HP ltered GDP with HP ltered measures for marginal cost indicate
weak countercyclicality or acyclicality (for detailed correlations see Appendix A.2). This is in line with the
pro-/acyclicality of markups reported in Nekarda and Ramey (2013). However, over a longer horizon our IRFs
to a TFP news shock indicate procyclicality of marginal costs. This is in line with the ndings in Rotemberg
and Woodford (1999) that the labor share tends to rise late in expansions and fall late in recessions.
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documented in Figure 1.

Further, it is broadly consistent with a procyclical response of

real marginal cost. In line with the evidence in the section above, it provides no evidence
for a negative substitution eect that would be in support of drawing down inventories in
response expected higher future productivity.
Figure 8 further shows that the inventory to sales ratio moves countercyclically in response to a TFP news shock.

This is another indication that TFP news shocks are po-

tentially important drivers of aggregate uctuations as the unconditional countercyclicality
of the inventory to sales ratio is a commonly accepted view in the literature (e.g. Blinder
(1981)). In the sections below we will show that in our model this countercyclicality is a
necessary condition for comovement of inventories with the other macroeconomic aggregates
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in a setup with exible prices.

The following sections will discuss the implications of the empirically documented procyclical inventory movements in response to TFP news shocks for structural models.

Figure 8:

IRF to TFP news shock.

Sample 1985Q1-2015Q2. Subplots result from seven-

variable VARs comprising TFP, GDP, consumption, hours, ination, E5Y and one of the
plotted variables above at a time. The shaded gray areas are the 16% and 84% posterior
bands generated from the posterior distribution of VAR parameters. The units of the vertical
axes are percentage deviations.

23 The inventory to sales ratio is the ratio of private non-farm inventories and nal sales of domestic business
as in Lubik and Teo (2012). Utilization is provided by Fernald (2014). The real wage is compensation of
employees, nonnancial corporate business, in real per capita terms. Responses of the other variables in the
seven-variable VAR system are virtually identical to the ones in Figure 1 and are available upon request.
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3

A standard business cycle model with inventories
We now present a relatively standard business cycle model supplemented with inventories

and study the behaviour of inventories and other important macroeconomic variables in
response to TFP news. The model is a New Keynesian framework with sticky prices and
wages, augmented with inventories introduced as in Jung and Yun (2006) and Lubik and
Teo (2012), in the spirit of Bils and Kahn (2000). Following Jaimovich and Rebelo (2009),
we include the trio of a particular specication of preferences, investment adjustment costs
and costly capacity utilization as a common and simple means for producing comovement
of consumption, investment and hours-worked in response to news about TFP. Our New
Keynesian framework nests the case of exible prices and wages, and thus our standard
model builds on the work of Crouzet and Oh (2016) who study the behaviour of inventories
in response to TFP news in a exible price and wage Jaimovich and Rebelo (2009) real
business cycle model.
The model economy consists of a large number of identical innitely-lived households, a
competitive intermediate goods rm, a continuum of monopolistically competitive distributors indexed by

i ∈ [0, 1], a competitive nal goods producer, a continuum of monopolistically

competitive labor unions indexed by

j ∈ [0, 1],

and a competitive employment agency. The

intermediate goods rms owns its capital stock and produces a homogeneous good which it
sells to distributors, who then dierentiate the good into distributor-specic varieties which
they sell to the nal goods rm who aggregates the varieties into a nal good. The nal good
may be used for consumption or investment. Distributors face frictions in setting prices for
each distributor-specic variety and hold inventories of each variety.

Monopolistic unions

buy homogeneous labor from households, transform it into dierentiated labor inputs, and
sell them to the employment agency who aggregates the dierentiated labor into a composite
which it then sells to the intermediate goods producer. The unions face frictions in setting
wages for each labor type. Since this particular decentralization of wage stickiness implies
that consumption and hours are identical across households, henceforth we will refer to a
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stand-in representative household.

3.1 Household, employment unions and employment agency
The stand-in household's lifetime utility is given by

E0

∞
X

βt

t=0

where

ct

is consumption,

discount factor,

ξ > 0

nht




1
1 − σ

ct −

1+1/ξ
nht

!1−σ 


1 + 1/ξ

,

(6)



is hours supplied to the labor union,

0 < β < 1 is the subjective

is the Frisch labor supply elasticity and

σ > 0

is the household's

elasticity of intertemporal substitution. The particular functional form of preferences follows

24 The household's period

the one in Greenwood et al. (1988).

t

budget constraint is given

by

ct +
where

Pt

(7)

is the price of the nal good in terms of the nominal unit under the control of

the central bank,

Wth

n
Bt+1
Bn W h
= Rtn t + t nht + ft ,
Pt
Pt
Pt

Btn

is the nominal wage rate paid by the labor union and

ft

are any real prots owing

collectively from the various other entities in the model. The household chooses

n
Bt+1

Rtn ,

are nominal bonds earning a risk-free gross nominal rate of return

ct , nht ,

and

to maximize (6) subject to (7).

Our sticky-wage framework follows the decentralization of Schmitt-Grohé and Uribe
(2006) and Smets and Wouters (2007) and so we discuss it only briey, leaving the details to appendix C.1.1. Labor unions acquire homogenous labor
wage

Wth ,

dierentiate it into labor types

agency for wage
at wage

Nt ,

Wjt

Wjt .

njt , j ∈ [0, 1],

nht

from the household at

which they sell to the employment

The employment agency acquires each jth intermediate labor type

njt

from the labor unions, and combines the dierentiated labor into a composite

and then sells the composite labor to the intermediate goods producers for wage

Wt .

24 These no-income eect preferences are a special case of the more general form used in Jaimovich and
Rebelo (2009).
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3.2 Intermediate Goods Firm
The competitive intermediate goods rm produces the homogeneous good

yt

according

to the technology

θ

yt = zt nαt k̃t y ,
where

zt

(8)

is total factor productivity that follows an exogenous stochastic process, and

is physical capital services. Capital services is dened by
stock of physical capital and

ut

k̃t = ut kt ,

where

kt

k̃t

is the rm's

is the utilization rate of that stock. The rm's capital stock

evolves according to





kt+1 = (1 − δ(ut ))kt + it 1 − S
where

it


,

it−1

δ(·) is a depreciation function satisfying δ 0 (·) > 0, δ 00 (·) > 0 and δ(1) = δk > 0. S(·) is

an investment adjustment cost function as in Christiano et al. (2005) with
and

(9)

S(1) = S 0 (1) = 0

S 00 (1) = s00 > 0.

Each period, the rm acquires
nal goods producer at price

Pt ,

nt

at wage

Wt

from the employment agency,

and then sells its output

yt

at nominal price

it

from the

Pt τ t

to the

Πyt = τt yt − wt nt − it .
P β t λt y
E0 ∞
t=0 λ0 Πt subject to

distributors. The above then implies the rm's real prots are given by
The rm's problem involves choosing

kt+1 , it

and

nt

to maximize

equation (9).
Additionally, dene the marginal cost of production, mct , for the intermediate goods rm
as mct

=

w

t
MPNt , where MPNt is the marginal product of labor. From the intermediate goods

rm's labor rst-order condition,

wt = τt α nytt , it then follows that the output price τt

to the the marginal cost of production mct .
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is equal

3.3 Final goods rm
The competitive nal goods rm produces goods for sale,

sit , i ∈ [0, 1],

st , by combining goods varieties

according to the technology

"Z

1

st =

θ
# θ−1

θ−1
θ

1
θ

,

νit sit di

θ > 1,

(10)

0

where

νit

is a `taste shifter' depending on the stock of goods available for sale

ait

(taken as

given by the nal goods producer), dened as


νit =

and where

at

ait
at

ζ
,

ζ > 0,

(11)

is the economy-wide average stock of goods for sale, given by

The parameters

θ

and

ζ

at =

R1
0

ait di.

capture the elasticity of substitution between dierentiated goods

and elasticity of demand with respect to the relative stock of goods, respectively.
The rm acquires each ith goods variety at nominal price
sells the nal good at nominal price

Pt

R1
0

Pit sit di

by choosing

from the distributors, and

where it may be used as a consumption or as an

input into the production of investment goods.

Πt = Pit st −

Pit

sit ∀i,

The rm maximizes the prot function

yielding a demand function for

sit

for the

j th

variety,

sit = νit
and price index

 P −θ
it

Pt

st ,

Pt ,
"Z
Pt =

(12)

1
# 1−θ

1

νt (i)Pit1−θ dj

.

(13)

0

3.4 Distributors
Distributors acquire the homogenous good
price

τt ,

yt

from the intermediate goods rm

and then dierentiate it into goods-variety

yit

yt

at zero cost, with a transformation

rate of one unit of the homogeneous good to one unit of the dierentiated good.

25

at real

Goods

available for sale are the sum of the dierentiated output and depreciated previous period's
inventories,

ait = (1 − δx )xit−1 + yit ,
where inventories,

xit ,

(14)

are the stock of goods remaining at the end of the period, given by

xit = ait − sit ,

and

δx

(15)

is the period depreciation of the inventory stock. The distributors have market power

over the sales of their dierentiated varieties, and thus the ith distributor sets the price
for sales

sit

Pit

of its variety, subject for to the demand curve for that variety. The distributors

face frictions in setting their prices, and as in Lubik and Teo (2012), we assume that the
ith distributor faces convex adjustments costs in the form

κ
2

period, the ith distributor then faces the problem of choosing

∞
X

λt+k
βk
Et
λt
k=0

(

h

Pit+k
ιp
πt−1
π 1−ιp Pit+k−1

Pit , sit , yit

and

i2
− 1 st .
ait

Each

to maximize

)
i2
κh
Pit+k
Pit+k
sit+k − τt yt+k (j) −
− 1 st ,
ιp
Pt+k
2 πt−1
π 1−ιp Pit+k−1

(16)

subject to the demand curve (12), the stock and inventory expression (14) and (15). Substituting in the demand curve (12) for

sit ,

and letting

µat

and

µxt

be the multipliers on (14)

and (15) respectively, the distributor's rst-order conditions are given by

τt = µat

(17)

λt+1 a
µ (1 − δx )
λt t+1
h
Pit sit
sit i
µat =
ζ
+ µxt 1 − ζ
Pt ait
ait
µxt = βEt

(1−θ)

(18)

(19)

i
i P s
sit h
Pit
st
λt+1 h Pit+1
sit
it+1 t+1
−κ ιp 1−ιp
−1 ιp 1−ιp
+βEt
κ ιp 1−ιp −1 ιp 1−ιp 2 +µxt θ
= 0,
Pt
λt
Pit
πt−1 π
Pit−1
πt−1 π
Pit−1
πt π
Pit
πt π
Pit
(20)

where (17), (18), (19) and (20) describe the optimal choices of

yit , xit , ait

and

Pit .

Note from equation (14) that with beginning of period inventories predetermined, a
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distributor can only further increase its stock of available goods for sale
acquiring additional output

yit ,

purchased at real price

τt .

ait

in period

t

by

Thus the cost of generating an

additional unit of goods for sale is equal to the price of output (or marginal cost of output)

τt , which from the intermediate goods rm's problem is also the marginal cost of production
mct . At the optimum, equation (17) says that the cost of an additional unit of goods for
sale

τt

is equal to the value of those goods for sale,

µat ,

Next, note from the inventory denition (15) that for a given level of goods available for
sales,

ait ,

any increase in sales

sit

results in a reduction in inventory. Thus, the opportunity

cost of sales for the distributor is equal to the value of foregone inventory,

µxt ,

which we can

then interpret as the marginal cost of sales. The rst-order condition (18) then says that the
value of an additional unit of inventory today,

µxt ,

is the expected discounted value of the

extra level of goods available for sale next period generated by that inventory,
value is in turn equal to the price of output next period,

τt+1

µat+1 ,

whose

from (17). Thus, in a model

with inventory, the marginal cost of sales is equal to the expected discounted value of next
period's marginal cost of output, since increasing sales by drawing down inventories to forgo
production today means that eventually the distributor will need to increase production in
the future.
The rst-order condition (19) says that the marginal value of extra goods for sale
consists of the value of the extra sales generated by the additional

ait ,

additional inventory yield from the unsold portion of the additional

µat

plus the value of the

ait .

Combining (17),

(18) and (19) yields

τt = ζ

h
sit
λt+1
sit i
+ βEt
τt+1 (1 − δx ) 1 − ζ
,
ait
λt
ait

showing that the distributor chooses
of output

τt .

ait

(21)

such that this benet is equal to the marginal cost

We will refer to (21) as the distributor's optimal stocking condition.

Finally, the rst-order condition (20) describes the distributor's optimal choice of price

pit

in terms of the marginal cost of sales

µxt

and in response to the pricing frictions. The

interpretation of this expression is standard, except for the presence of the marginal cost of

27

sales instead of the marginal cost of output as in a typical model without inventories. Indeed
in standard models without inventories, the marginal cost of sales is equal to the marginal
cost of output. Here however, the presence of inventories drives a wedge between the marginal
cost of output and marginal cost of sales. Thus we can think of there being two additive
markups: the markup between marginal cost of production and the marginal cost of sales,
and the markup between the marginal cost of sales and the price. The distributor adjusts
these two margins jointly through its joint decision of inventories and prices. The optimal
stocking condition (19) describes the adjustment of the rst markup through inventories;
the optimal pricing condition (20) describes the adjustment of the second markup through
price-setting.
A special case of this occurs under exible prices, where the pricing condition (20) reduces
to

(1 − θ) sPitt + µxt θ Psitit = 0,

implying

θ
Pit
µx ,
=
Pt
θ−1 t

(22)

such that the distributor sets its relative price as a constant markup over the marginal cost
of sales.

Even under this condition however, the distributor still dynamically adjusts the

total markup between marginal cost of production and price by using inventories to adjust
the markup between marginal cost of production and the marginal cost of sales.

3.5 Monetary policy, stochastic processes and equilibrium
The nominal interest rate,

Rtn ,

is set by the monetary authority according to a feedback

rule,

Rtn
=
Rn
where the parameters

ρπ

and

φπ



n
Rt−1
Rn

ρπ 

πt (1−ρπ )φπ
,
π

determine the interest rate's persistence and its response

to deviations of ination from target, respectively.
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The productivity shock process follows

zt = ρzt−1 + z,t ,

where

ρ

determines the persistence and the innovation

ipated shock,

0,t ,

and an anticipated component,

ahead arrives at time
and

N (0, σh2 ),

t − h.

z,t

t−h,h ,

is the sum of a standard unantic-

where news about

The innovations are uncorrelated across time,

h>0

quarters

i.i.d and N (0, σ02 )
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respectively.

We dene a symmetric equilibrium for the model economy in the appendix. We solve
the resulting non-linear system by taking a linear approximation around the steady state.

3.6 Calibration
In general, our calibration strategy involves using parameter ranges close to those in the
news models of Jaimovich and Rebelo (2009) and Schmitt-Grohe and Uribe (2012), and
the New Keynesian inventory model of Lubik and Teo (2012). Our analytical results below
suggest that suppressing the rise of maginal costs relative to sales in an expansion will be
critical to obtaining a procyclical response of inventories in response to news. To this end,
we choose values of key parameters such as labor supply elasticity, elasticity of capacity
utilization, and the Calvo sticky wage parameter intended to limit the rise of marginal costs
and thus give the standard model the best possible chance of matching the data, while still
using parameter values within the ranges in the literature.
Beginning with the household, we set the household's subjective discount factor
0.995 and elasticity of intertemporal substitution to
(2009). We set the Frisch elasticity of labor supply

ξ

σ

β

to

to 1, as in Jaimovich and Rebelo

to 5, slightly larger than the 2.5 used in

Jaimovich and Rebelo (2009). For goods production, we set the elasticity of output to current
labor

α

to 0.64 as in Jaimovich and Rebelo (2009), and then following Schmitt-Grohe and

Uribe (2012), we assume decreasing returns to scale of 10%, implying an elasticity of output

25 The way we introduce news shocks is standard in the literature, see for example in Schmitt-Grohe and
Uribe (2012)) and Khan and Tsoukalas (2012).
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26 For the parameters related to physical capital, we set steady-state

θy

to capital

of 0.26.

physical capital depreciation
marginal utilization

δ

to 0.025, steady state utilization to

δk00 (1)/δk0 (1)

uss = 1,

the elasticity of

to 0.05, slightly lower than the 0.25 used in Jaimovich and

Rebelo (2009), and the investment adjustment cost parameter

s00

to 2, slightly larger than

the 1.3 used in Jaimovich and Rebelo (2009).
For the parameters related to inventory, we start by setting the inventory depreciation
rate

δx

to

0.05,

based on one of the two cases considered by Lubik and Teo (2012). We then

set the goods aggregator curvature
and then the taste shifter curvature

θ
ζ

to 6.8 to yield a steady state goods markup of 10%,
to 0.67 to yield a steady state sales-to-stock ratio of

0.55, as in Lubik and Teo (2012).
For the parameters related to the New Keynesian aspects of the model, we set the price
and wage backwards indexation parameters

ιp

and

ιw

to 0.45, and the steady state wage

markup mkpw to 1.10. For the cases with sticky prices, we set the price adjustment cost
parameter

κ

to 250 so that the coecient

κmc

on the marginal cost term in the linearized

New Keynesian Phillips Curve (NKPC) is equal to 0.025, consistent with the restricted GMM
estimate of the NKPC in Lubik and Teo (2012). For the cases with sticky wages, we set the
Calvo probabillty

ζw

to 0.85. For the monetary rule, we set the Taylor rule inertia

ρπ

and

ination parameters to 0.8 and 1.5 respectively. Where we investigate exible wages and/or
prices, we set

κ=0

and/or

ζw = 0

accordingly.

Finally, we set the TFP process persistence
a news shock horizon

h

ρ

to 0.95. For all our simulations, we use

of 8. Panel A of Table 1 summarizes all parameter values for the

standard model.

26 Jaimovich and Rebelo (2009) discuss how decreasing returns to scale can be interpreted as a result of
the presence of organizational (intangible) capital in production. In our present context, decreasing returns
to scale has little impact on the response of inventory in the standard model. We nevertheless assume it
here to hold constant the elasticity of output to current labour between our standard model and extended
model, which will feature intangible capital.
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Table 1: Summary of calibrated parameters

Description

Parameter

Value

Panel A: Standard model

Steady state capacity utilization

β
σ
ξ
α
θy
δk
δk00 (1)/δk0 (1)
s00
δx
θ
ζ
ζw
ιw
κ
ιp
n
u

Steady state wage markup

mkpw

TFP process persistence

ρ
σ
ρπ
φπ

0.95

y
γh
νh
τh

0.15

Subjective discount factor
Household elasticity of intertemporal substitution
Frisch elasticity of labor supply
Labor elasticity in production
Capital elasticity in production
Capital depreciation
Depreciation elasticity of capacity utilization
Investment adjustment cost
Inventory depreciation
Goods aggregator curvature
Taste shifter curvature
Calvo wage probability
Wage indexation
Price adjustment cost
Price indexation
Steady state hours

TFP innovation standard devation
Taylor rule inertia
Taylor rule ination

0.99
1
5
0.64
0.26
0.025
0.05
2
0.05
6.8
0.67
0.85
0.45
250
0.45
0.2
1
1.1
1
0.8
1.5

Panel B: Model with knowledge capital

Knowledge capital elasticity in production
Contribution of prior knowledge in its production
Internalized labor elasticity in knowledge capital
Externalized labor elasticity in knowledge capital
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0.8
0.15
0.15

4

Understanding the comovement puzzle
We now explore the behaviour of inventories in response to TFP news shocks in the

standard model. We begin by deriving some analytic equilibrium expressions to gain insight
into the model.

We then explore the simulated response to TFP news in the calibrated

version of the model.

4.1 Analytical framework
Combining the equilibrium versions of equations (15), (17) and (19) and then linearizing
yields

τ − ζ as x
τ
µ̂t ,
x̂t = ŝt − τ̂t +
Φ
Φ

(23)

which we can decompose further, using equation (18), as

o
τ − ζ as n
τ
f
τ̂t+1 − R̂t ,
x̂t = ŝt − τ̂t +
Φ
Φ
where the real interest rate is given by
any variable

mt , m̂t

Rtf =

1
βEt

λt+1
λt

,

Φ = (τ − µx ) xa > 0,

denotes the %-deviations of variable

mt

(24)

and where for

from the non-stochastic steady

state. The equilibrium behaviour of inventories in the model is summarized in equation (24).
Thus, we can frame any explanations about why inventories will or will not rise in response
to news through the lens of this expression. The equation shows that there are potentially
three dierent forces inuencing the dynamics of inventories: the levels of sales, the path of
the marginal cost of output, and the level of the real interest rate.
The rst term on the right hand side of equation (24) represents a demand eect on
inventories whereby they respond positively to contemporaneous increases in sales. We can
think of the remaining terms as describing an intertemporal substitution eect comprised
of current marginal costs and discounted future marginal costs, whereby rms use inventories
to shift production through time in response to temporal variation in the cost of production.
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All else equal, an expected decline in marginal costs over time puts downward pressure
on inventory accumulation in the present as rms draw down inventories in order to shift
production from the present to the relatively less costly future. For a given path of marginal
costs, a rise in the real interest rate then puts downward pressure on inventories as rms
discount the impact of future marginal costs more heavily.
Finally, knowing the relative size of the coecients in equation (24) is important for
determining the quantitative role these various inuences at play. Using the steady state and
parameter denitions, it follows that that

τ > τ − ζ as > 0 for all parameter values consistent

with the parameter denitions, implying that there is more weight on the negative eect
of current marginal costs than the positive eect of future marginal costs. Indeed, for our
baseline calibration,

τ
Φ

= 37.2 and

τ −ζ as
Φ

= 22.1, such that there is about 67% more weight on
27 Comparing the relative importance of

current marginal costs than future marginal costs.

the coecients on sales and marginal costs is dicult here, because in general the percentage
change of sales over the business cycle will dier from that of marginal costs. Looking at
just the intertemporal substitution channel however, the above discussion of equation (24)
suggests that the response of current marginal cost will have more inuence on inventories
than expected discounted future marginal costs.

4.1.1

Understanding the impact of TFP news

Equation (24) is helpful for quantifying the forces driving inventory dynamics in the
model in general.

To understand the particular impact of TFP news on inventories, we

need to consider the general equilibrium eects of TFP news on the main components of
this expression.

In our particular decentralization, it is helpful to visualize the impact

of TFP news on the market for output goods in

τ t -y t

space that exists in our particular

27 It follows from steady state denitions that the ratio of the coecients on current and future marginal
costs is given by

τ
Φ
τ −ζ s
a
Φ

=

1
1−θ(1−β(1−δx )) . This ratio is increasing in both the elasticity of substitution

the inventory depreciation rate

δx .

into implausibly high values.

For example, decreasing

Decreasing

θ

θ

and

much below our calibrated value however drives the markup

θ

from 6.8 to 5 moves the ratio of marginal-costs-

coecients from 1.67 to 1.42, but also moves the markup from 10% to about 18%. There is more uncertainly
in the data about

δx .

Decreasing this parameter to 0.025 from 0.05 reduces the marginal-costs-coecient

ratio from 1.67 to 1.31.
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decentralization between between the intermediate goods rm and the distributors.

The

intermediate goods rm sells into this market according to an upward-sloping output supply
curve equal to its marginal cost of production curve given

wt = τt α nytt ,

and the distributors

buy into the market according to a downward-sloping output demand curve formed by the
combination of equilibrium versions of equations (14), (15) and (21).

When TFP news

arrives, as is well known in the literature, the wealth eect of the TFP news drives up the
demand for consumption. In this particular context, this is in turn drives up the demand
for sales of distributors. Note that for a given value of discounted expected future marginal
costs, the optimal stocking condition (21) establishes a link between the current marginal
cost of output

τt ,

and some optimal value of the sales-to-stock ratio

in demand for sales, for a given marginal cost

at

τt ,

st
. Given the increase
at

the optimal stocking condition suggests

must then rise to maintain the optimal sales to stock ratio

st
.
at

With inventories xed

in the initial period, the only way distributors can increase stock available for sales
by acquiring more output

yt

at

is

in the market for output. Thus the news shock has the eect

of shifting the distributors' demand for output. Additionally, this shift is either amplied
or suppressed by the eect of any changes in the expected future marginal costs term in
equation (19).
If output goods were supplied inelastically with a at supply curve, then any increase in
sales

st

would be met by an equal increase in inventory to maintain the xed sales-to-stock

ratio

st
at

=

rise in

st

τt

st
st +xt

=

1
x . Under an upward-sloping supply curve howvever, any equilibrium
1+ s t
t

then implies a higher optimal sales-to-stock ratio, which for a given level of sales

necessarily implies a reduction in the inventory-to-sales ratio

xt
. While inventories could
st

still rise under a drop in the inventory-to-sales ratio, if the rise in marginal costs is large
enough, for the given rise in sales, inventories may actually need to decrease as it becomes
more attractive for the distributors to draw down inventories in the present to avoid the high
current production costs. Thus, as we can see from both this intuition and the linearized
equations, whether inventory will rise or fall for a given increase in sales

st

depends on

the magnitude of the rise in marginal costs relative to the increase in sales, as well as the
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magnitude of any expected increases or decreases in expected marginal costs in the future.
Additionally, it is evident from the above discussion that a countercyclical inventory-sales
ratio  a feature consistent with our empirical evidence in Section 2.5  is a necessary
condition for co-movement.

4.1.2

Special cases of exible wages or prices

Crouzet and Oh (2016) study the response of inventories to TFP news in a exible
price and wage real business cycle model built around the Jaimovich and Rebelo (2009)
framework.

Under the assumption of constant capacity utilization, they rst derive an

analytical expression showing that inventories do not rise in response to TFP news for
economically signicant parameter values. They then demonstrate that inventories fall in
response to TFP news in simulated impulse response functions of the calibrated model with
variable capacity utilization. Crouzet and Oh (2016) further highlight the generatlity of this
result in an appendix where they show the analytical result holds across dierent ways of

28 We now consider the special case of exible wages and prices to

introducing inventories.

show how our expression (24) nests their stock-elastic demand model case.
First, imposing exible wages has no direct impact on the form of equation (24).

All

terms in the expression are the same with or without sticky wages, and thus sticky wages
can only have an impact on the dynamics of inventory indirectly through its impacts on
the response of the other variables in this expression, such as the impact of sticky wages on
marginal costs.
Imposing exible prices in contrast eliminates a key component of (24). Under exible
prices (κ

= 0),

the equilibrium version of the pricing expression (20) reduces to

µxt =

θ−1
,
θ

such that (23) is given by

x̂t = ŝt −

τ
τ̂t .
Φ

(25)

28 This includes the stock-elastic demand model of Bils and Kahn (2000) and the stockout-avoidance model
of Kryvtsov and Midrigan (2013).
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Importantly, under exible prices, only contemporaneous sales and marginal costs drive
inventory dynamics; the intertemporal substitution eect that describes the role of timevariation in the path of marginal costs through time is not a factor.

Said another way,

it is time-variation in the level, and not the path of marginal costs that matters under
exible prices (independent of whether wages are exible or sticky). While Crouzet and Oh
(2016) derive an analytical expression for their stock-elastic demand case that includes a role
for expected discounted growth in marginal costs, our analysis above shows that expected
discounted growth in marginal costs are constant under exible prices.

Indeed we show

Appendix C.1.3 that the expression of Crouzet and Oh (2016) is equivalent to our equation
(25), and that equation (24) nests their case.

4.2 Response to news in the standard model
We now investigate the simulated responses to TFP news in various versions of the
calibrated standard model. In all scenarios, we consider the eect of a news shock about a
one standard deviation rise in TFP 8 periods in the future, which will eventually be realized
as anticipated.

Response to news in a model version

without

inventories.

Before looking at

the response of the standard model with inventories, as a point of reference, we briey
consider the response of companion model without inventory under fully exible wages and
prices to TFP news.

When we abstract from inventories, our model nests the type of

frameworks in Jaimovich and Rebelo (2009) and Schmitt-Grohe and Uribe (2012) which are
now widely used in the news-literature as they are successful in resembling the empirically
observed comovement of consumption, investment and hours worked in response to news
about future productivity. Figure 9 (dashed line) shows IRFs of the standard model with
fully exible wages and prices (κ

= 0

and

ζw ≈ 0),

but without inventories, using the

particular calibration of the non-inventory parameters in the associated model. In response
to news about higher TFP in the future, this model can successfully generate comovement
of output, consumption, investment and hours. As shown in Jaimovich and Rebelo (2009),
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in response to news, investment adjustment costs induces a drop in the value of new capital
and thereby a reduction in the cost of utilization of capital. This in turn leads to a rise in
utilization and corresponding shift in labor demand. With the absence of the income-eect
under this particular form of preferences, the increase in labor demand on its own leads to
an increase in hours-worked in equilibrium.

Response to news

with

inventories under exible prices and wages.

Figure 9

(solid line) shows the response of the standard model with inventories under fully exible
wages and prices to TFP news (κ

=0

and

ζw ≈ 0).

It becomes apparent from the gure that our VAR evidence imposes two challenges to
the model.

First, inventories move countercyclically which is at odds with our empirical

evidence. Second, the countercyclical response of inventories adversely impact the dynamic
paths of other key variables. In particular, the response of hours, utilization and output are
nearly at and close to the steady state for the rst 8 periods, even though sales grows over
time.

Quantitatively, this is not consistent with the VAR evidence and the strong boom

prior to the realization of higher productivity generally thought of in the news-literature.
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We discuss these two challenges in turn.

Countercyclical inventories. Recall that under exible prices, equation (25) says that
the response of inventories is governed by the response of current sales and current marginal
costs. Given the relative size of the coecients on sales versus marginal costs, marginal costs
would either need to fall, or, rise by a small amount relative to sales in response to news for
inventories to rise. Using the earlier intuition about the output goods market, the increase
in sales demand

st

induced by TFP news shifts the distributor's demand curve outwards,

and with no intertemporal substitution channel under exible prices which could potentially

29 Tangential to the issue at hand, note that Figure 9 shows that adding inventories reduces the spike in
the real interest rate in the period before the TFP shock hits. Such real interest rate spikes are well known in
news-driven models, reecting the high opportunity costs of consumption in the period before the TFP shock
hits and increases the marginal product of capital. See Christiano et al. (2008) for a discussion. In the case
here, adding inventories reduces this spike, because the incentive to accumulate inventories increases when
the TFP shock hits and lowers marginal costs, increasing hours more so than in the model without inventory.
Since with the non-separable preferences the marginal utility of consumption is increasing in hours worked,
this rise in hours increases the marginal utility of consumption in the period of the TFP shock, thereby
reducing the real interest rate in the period before.
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IRF to TFP news shock - Standard model with exible wages and prices.

Units are percentage deviations from steady state. Solid line: Standard model with exible
wages and prices; Dashed line: companion model without inventories.
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temper or amplify this shift, the resulting equilibrium rise in marginal costs relative to sales
is the only consideration for the response of inventory. Even though the eect of capacity
utilization and a relatively elastic labor supply makes the intermediate goods rm's output
supply curve relatively at, the rise in marginal costs is still sucient to drive to the optimal
inventory-to-sales ratio enough that inventories fall over the rst several periods.

Path of hours, utilization and output. Why does the countercyclical response of
inventories adversely impact the response of the other macro variables relative to the model
without inventories? To see this, combining the labor supply and demand conditions, equations (25), (14) and (15) yields

x
1
(1 + )n̂t = Aŝt + B x̂t − (1 − δx ) x̂t−1 .
ξ
y
where

A =

s
y

+

Φ
τ

> 0

and

B =

x
y

−

Φ
τ

> 0

for

s
a

< 1.30

Since

(26)

xt−1

is predetermined,

the response of hours varies directly with the relative movement of contemporaneous sales
and inventories. As such, for a given increase in sales in response to TFP news, reductions
in inventories will depress the response of hours. Intuitively, despite the increase in labor
demand from the rise in utilization due to the investment adjustment costs per the JaimovichRebelo mechanism, distributors can reduce their demand for produced goods (relative to the
model without inventories), since they can meet some of the demand for sales by drawing
down inventories, which in turn reduces the demand for labor and capacity utilization as
inputs into production. The fall in inventories is thus intimately linked to the muted response
of hours, which then leads to a muted response in output and utilization.

As we can see

from Figure 9, over the rst several periods, sales rises and inventory falls, yet the response
of hours, utilization and output are nearly at. This result is consistent with the suppressing
eect of inventories on hours.

Response to news under sticky prices.

Figure 10 (dashed line) shows the response

of the standard model to TFP news for the case of sticky prices and exible wages. As is

30 The restriction s
a

1
1+x/s < 1 is supported by the data where the inventory to sales ratio,
reported to be consistently above unity.

=
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x/s,

is

clear from gure, while adding sticky prices enhances the overall response of the other macro
variables, it does not change the countercyclical response of inventories. Indeed, introducing
price stickiness actually causes inventories to drop further in the initial period.
With sticky prices (and exible wages), the behaviour of inventories is governed by equation (24) such that the intertemporal substitution channel is present. Relative to the case
with exible prices, note that both sales and marginal costs rise much more in the initial
period relative to the case with exible prices and wages, as the TFP shock shifts the distributor's demand for output more so than in the exible price economy, consistent with the
countercyclical markup eect of the price-setters with sticky prices.

The positive growth

in marginal costs over the rst eight or so periods implies a positive intertemporal substitution eect that puts upwards pressure on inventories in the earlier periods, but this is
not enough to overcome the initial rise in marginal costs due to the larger rise in current
marginal costs associated with the typical countercyclical markup channel operative under

31 Thus, despite the presence of an intertemporal substitution channel (that

sticky prices.

puts upward pressure on inventories), the eect of current marginal costs on inventories is
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dominant.

Response to news under sticky wages.

Figure 10 (dashed-dotted line) shows the

response of the standard model to TFP news for the case of exible prices and sticky wages.
Sticky wages on their own similarly enhance the overall response of the other macro variables
as with sticky prices on their own. Yet without sticky prices, the intertemporal substitution
channel is shut down, and the behaviour is inventories is governed by equation (25) such
that the response of inventory depends only on current sales and current marginal costs.
Importantly, note that with sticky wages marginal costs rise much less than with sticky prices,
despite a slightly larger initial increase in sales. Inventories as a result are actually able to
rise above the steady state in the rst period to the combined eect of the amplication of

31 Recall from the discussion of equation (25) that the coecient on current marginal costs is larger than
that on future marginal costs).

32 It is possible to obtain a fall in marginal costs in the future relative to the present using an alternative

calibration of the monetary policy rule.

In this case, the substitution eect puts downward pressure on

inventories, and thus inventories still fall.
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sales and suppression of marginal costs. Nevertheless, beyond the initial period, inventories
drop below steady state, moving countercyclically.

5

A possible solution to the comovement puzzle
Our discussion thus far has demonstrated the challenges involved in attempting to the

33 Our theoretical analysis suggests

address the comovement puzzle in the standard model.

that increasing the response of inventories requires both enhancing the response of sales
and suppressing the reaction of marginal costs in the periods leading up to the shock. This
suppression of marginal costs is also consistent with our conditional empirical evidence in
sections 2.4.3 and 2.5, showing no large initial increases in marginal costs in response to
news, as well as an only gradual rise in the real wage. It is also consistent with empirical
evidence for example in Anderson et al. (2018) against signicant movement in markups over
the business cycle. In the following, we propose one way of extending the standard model
that results in an alternated news shock transmission with a suppressed response of marginal
costs and a enhanced response of sales which help to resolve the comovment problem.

5.1 Extended model with knowledge capital
We extend the standard model by modifying the homogeneous goods production technology to include an additional input to production in the form of intangible capital that
we refer to as knowledge capital. Knowledge capital evolves over time as a learning-by-doing
process, whereby the rm acquires new technological knowledge through its experiences in
engaging labor in the production process. While learning-by-doing as a modeling mechanism
has had a long history in studying long-run issues such as growth, e.g. in Arrow (1962), it
also has a history in its role as a propagation mechanism in business cycle models, including

33 For exible price versions of this model, this has also been discussed by Crouzet and Oh (2016), who
also show the countercycliality of inventories is independent of whether this margin is introduced in the
Jaimovich and Rebelo (2009) type framework, a stock-elastic demand model as in Bils and Kahn (2000) or
the stockout-avoidance model of Kryvtsov and Midrigan (2013). They show that in all cases the dynamics
of inventories are governed by an expression that is nested in our equation (24).
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Chang et al. (2002), Cooper and Johri (2002) and Gunn and Johri (2011).
The extension has a distinct advantage in the present application in terms of its parsimony. Relative to the standard model, the modication only impacts the specication of
the intermediate goods rm.

All other aspects of the standard model remain unchanged,

including the primary inventory mechanisms.

Thus, in understanding what gives rise to

positive co-movement of inventory in response to TFP news, we can still frame our analysis
through the same inventory equation (24) and supporting framework for analysis that we
used in the standard model.

5.2 Intermediate Goods Firm in extended model with knowledge
capital
The competitive intermediate goods rm produces the homogeneous good

yt

according

to the technology

θ



yt = zt nαt k̃t y ht y ,
where

ht

(27)

is knowledge capital. The denition of all other variables is as in the intermediate

goods problem in the standard model in section 3. The rm's stock of knowledge capital
evolves according to

ht+1 = hγt h nνt h Ntτh ,
where

nt

and

Nt

(28)

are the internalized and economy-wide (externalized) eects of labor in

knowledge capital accordingly. The log-linear specication of (28) is similar to that of Chang

34

et al. (2002) and Cooper and Johri (2002).
The rm's problem involves choosing

kt+1 , ht+1 , it

and

nt

to maximize

E0

β t λt y
t=0 λ0 Πt .

P∞

subject to its physical capital constraint (9) and its knowledge capital constraint (28). Rel-

34 Numerous other specications of knowledge/intangible capital accumulation that have been explored in
the literature are possible here. Variations include linear versus log-linear accumulation, as well as altering
the assumption of by-product nature of learning-by-doing to one where rms must instead transfer resources
out of production in order to produce intangible capital.

See the discussion in Cooper and Johri (2002),

as well as applications in McGrattan and Prescott (2010), Gunn (2015) and Hou and Johri (2018).
advantage of the specication in (28) is its analytical simplicity for our illustrative example.
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The

ative to the standard model, the rst-order condition with respect to
rst-order condition with respect to

ht+1

is new. Dening

qth

nt

is modied and the

as the Lagrange multiplier on

(28), these are given by

wt = τt α
qth

λt
= βEt
λt+1

ht+1
yt
+ qth νh
nt
nt

(29)



xt+1
ht+1
h
y τt+1
+ qt+1 γh
.
ht+1
ht

(30)

Note in (29) that the presence of knowledge capital in the rm's technology adds an additional term into the rm's hours-worked rst order condition that serves to shift labor
demand. All else equal, a rise in the value of knowledge capital,

qth ,

increases labor demand

as the rm attempts to increase its knowledge capital. Equation (30) then describes

qth

as a

function of the expected discounted value of the marginal product of that knowledge capital
in production next period and the continuation value of that knowledge capital.
Additionally, as in the standard model, dene the marginal cost of production, mct , for
the intermediate goods rm as mct

=

w

t
MPNt . From the rm's labor rst-order condition (29),

it then follows that

τt = mct − qth

νh ht+1
,
α yt

(31)

such that the presence of knowledge capital drives a wedge between the output price
(marginal cost of output ) and the marginal cost of production mct .
knowledge

τt

When the value of

qth is high, the rm increases hours-worked in order to increase knowledge, thereby

in turn increasing output

yt

for a given

τt ,

and in eect, shifting the rm's output supply

curve outwards.

5.3 Calibration
All parameters in our previous standard model are also present in our extended knowledge
capital model, and thus we used the same values of these parameters, detailed in Panel A of
Table 1. For the parameters unique to our knowledge capital model, we set h , the knowledge
capital elasticity in production, to 0.15 based on Gunn and Johri (2011), and consistent with
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learning rates in the order of 20% measured in the empirical literature on learning-by-doing,
as discussed by Cooper and Johri (2002). We then set

γh , the contribution of prior knowledge

in its own production, to 0.8, based on Gunn and Johri (2011), and then set

νh , the elasticity

of internalized labor in knowledge, to 0.15 in order to yield zero economic prots in steady
state for the production rm.

Finally, we impose that the internalized and externalized

elasticities of labor in knowledge capital are equal, yielding

τh = νh = 0.8.

Panel B of Table

1 summarizes the paramater values unique to the knowledge capital model.

5.4 Response to news in extended model with knowledge capital
We now investigate the simulated response to TFP news in the extended model.

Response to news with sticky wages and exible prices.

Figure 11 shows the

response of the knowledge capital model with inventory with sticky wages and exible prices
to TFP news.
to news.

In contrast to the standard model, inventories now increase in response

Moreover, the response of the main macroeconomic variables like hours-worked,

consumption and sales is enhanced relative to the standard model. Consistent with our VAR
results, the real wage increases gradually, and the initial rise in the marginal cost of output

τt

is muted relative to the overall expansion.
To understand how this knowledge capital mechanism produces procyclical inventory

movements, it is helpful to rst understand how the mechanism drives a boom in hoursworked and output.

Since knowledge capital is a complement in production to labor and

physical capital, when TFP news arrives, the rm knows that in the future, the direct positive
impact of the TFP shock on labor and capital will also increase the return on knowledge in the
future, increasing the value of knowledge in the future. By virtue of being an accumulated
stock, this in turn raises the value of knowledge capital in the present, evidenced by the
immediate increase in the shadow-price of knowledge in the present, leading in turn to an
outward shift in labour demand. In other words, knowing that there will be technological
change in the future, the rm begins preparing for that change in the present, building up its
knowledge in the present by engaging labour in order to respond optimally when the change
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comes in the future.

35

How then does this lead to an increase in inventory?

Since the rm has an incentive

to immediately increase its hours worked in response to news, it is foregoing prots in the
present in anticipation of more in the future, and therefore is willing to sell a greater quantity
of homogenous goods to the distributors for a given price
output goods in

τ t -y t

τt .

In eect, in the market for

space, this shifts the intermediate goods rm's output supply curve

to the right, putting downward pressure on the price of output
distributors purchasing these goods respond to this drop in

τt

τt .

All else equal, the

by increasing their purchases

of these homeogenous goods. In tandem with this increase supply however is the increase in
demand for sales due to the wealth eect of the TFP shock on consumption that was present
in the standard model also. The net eect then is both an outward shift in the supply and
demand curves in the market for output. This has the benet of reducing the equilibrium
price

τt

associated with a given rise in sales, thereby increasing the chances that inventory

can rise along with sales in maintain the optimal sales to stock ratio.

For a given rise in

sales, the extent to which output increases in equilibrium depends on the relative steepness
of the supply curve, and the relative magnitude of the supply shift. The equilibrium increase
in output relative to the increase in sales then in turn determines whether inventories will
rise or fall.
Note that in the initial period upon the receipt of news, since the stock's of

kt

and

ht

are

predetermined, the rm still actually faces the same mechanism driving the marginal cost
of production as the rm without knowledge capital in the standard model. The dierence
now however is that the rm is willing to sell this production at a lower price than it would
otherwise in the standard model. In periods

t+1

and beyond however, knowledge accumu-

lates as a faster pace, increasing the stock of knowledge in production, directly lowering the
rm's marginal costs of production.

35 See Gunn and Johri (2011) for additional discussion.
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5.5 Robustness
Table 2 shows the robustness of the knowledge capital model's inventory comovement
properties to changes in several key parameters. For each parameter in question, the table
shows the upper and lower bounds of values that generate comovement on impact of output,
consumption, investment, hours and inventories. In general, the most sensitive parameters
for the response of inventories on impact for the baseline calibration are the depreciation of
the elasticity of capital utilization and the Calvo wage stickiness parameter. For higher values
of the former and lower values of the latter, current marginal costs rise more initially, and
inventories fall below steady state on impact. Importantly, this nding about the importance
of the role of these two parameters in suppressing marginal costs is consistent with ndings
elsewhere in the DSGE literature for models without inventory.

For example, Christiano

et al. (2017) discuss the importance of variable capacity utilizationan and sticky wages for
ensuring marginal costs area relatively a-cyclical, a feature that helps the models address
various features of the data such as the response of ination to demand shocks. There are
variants of the current calibration that allow comovement of inventories under a larger range
of sticky wages, and indeed, under fully exible wages and prices or vaious combinations
of nominal rigidities.

We view our exercise as being illustrative however, and leave more

complete explorations of parameter spaces preferred by the data to future work.
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Table 2: Parameter range for comovement of all macroeconomic aggregates

Investment adjustment cost
Depreciation elasticity of capital utilization
Wage Calvo probability
Wage indexation
Frisch elasticity of labour supply

lower

baseline

upper

bound

calibration

bound

1.01

2

24.85

0

0.05

0.85

0.67

0.85

0.92

0

0.45

1

0.57

5

5.92*

Table entries show the upper and lower bounds of parameter values that generate comovement on
impact of output, consumption, investment, hours and inventories. We vary one parameter value at
a time and keep the others xed at baseline values. * indicates that Blanchard-Kahn conditions are
violated above the upper range.
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IRF to TFP news shock - Knowledge capital model with exible prices
and sticky wages. Units are percentage deviations from steady state. Solid line: KnowlFigure 11:

edge capital model with exible prices and sticky wages; Dashed line: Standard model with
exible prices and sticky wages.
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6

Conclusion
In this paper we use standard VAR identication to document a new empirical fact: in

response to TFP news, inventories move procyclically along with the other major macroeconomic aggregates. This fact is robust across many dimensions such as sectors and types of
inventories. Even though unconditionally inventories are strongly procyclical, conditional on
TFP news shocks our nding is not a priori self-evident. Conventional views would suggest
two potential counteracting eects on inventories in response to news about higher future
productivity. A negative substitution eect provides incentives to run the current inventory
stock down and increase stockholding in the future when the higher productivity is actually
realized. We provide evidence that this substitution eect is dominated by a demand eect
due to which rms increase inventories in response to sales in light of rising consumption
and investment.
Our empirical nding corroborates the view that TFP news shocks are important drivers
of macroeconomic uctuations.

However, we show this nding imposes two challenges to

existing theoretical frameworks used in the news-literature:

First, they fail to reproduce

the procyclical inventory movements in response to TFP news shocks due to a strong negative substitution eect. Second, introducing inventories in standard frameworks implies an
intertemporal labor choice that makes even comovement of consumption, investment and
hours much harder to achieve. Our empirical ndings impose this new comovement puzzle
to the theoretical literature. A rigorous investigation of data-generating mechanisms goes
beyond the scope of this paper and is left for future research. However, we suggest one way
to solve the comovement puzzle by extending a standard framework with intangible capital
and sticky wages.
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Appendix

A

Additional VAR evidence

A.1 Forecast Error Variance Decomposition
Figure 12 displays the variance shares explained by the TFP news shock.
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and 84% posterior bands generated from the posterior distribution of VAR parameters.

A.2 Additional evidence realated to marginal cost measures
This section provides additional evidence to the discussion of the response of marginal
cost measures in Section 2.4.3.
Figure 13 shows the response of two marginal cost measures to a TFP news shock when
they are included one-by-one in an eight-variable VAR. The two marginal cost measures
in the gure are constructed using the preferred measure for the labor share by Galí et al.
(2007), the BLS labor share in the non-farm business sector, and are either based on the CES
(CES: Gali et al.) or Cobb-Douglas (CD: Gali et al.) production function. Qualitatively and
quantitatively the responses of these two marginal cost measures to a TFP news shock are
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very similar to the responses shown in Figure 7 when using the labor share measure preferred
by Nekarda and Ramey (2013) (CES: Nekarda-Ramey 1, CD: Nekarda-Ramey 1). In line
with the discussion in the main body, neither of the two marginal cost measures in Figure 13
provides evidence for a strong negative substitution eect through a fall in marginal costs.
This is consistent with the rise in inventories we report in response to a TFP news shock
driven by a positive demand eect dominating the negative substitution eect.

Figure 13:
2015Q2.

IRF of marginal cost measures to TFP news shock.

Sample 1985Q1-

Subplots result from eight variable VARs comprising TFP, GDP, consumption,

hours, inventories, marginal cost measure, ination, E5Y. The marginal cost measures where
included one-by-one in the VAR system.

The shaded gray areas are the 16% and 84%

posterior bands generated from the posterior distribution of VAR parameters. The units of
the vertical axes are percentage deviations.

Table 3 shows the unconditional correlations of HP-ltered GDP with all our considered measures for marginal costs.

Marginal costs are acyclical or mildly countercyclical

which is in line with the evidence in Nekarda and Ramey (2013) who report that markups
are acyclical or mildly procyclical. In addition to the abbreviations explained in the paragraph above, CD: Nekarda-Ramey 2 and CES: Nekarda-Ramey 2 refer to the marginal cost
measures constructed considering a measure for overhead labor (as suggested by Nekarda
and Ramey (2013)) under the assumption of either a Cobb-Douglas or a CES production
function. Details of the construction are outlined in Section 2.4.3 in the main body.
The results shown in Figures 7 and 13 are robust to variations of the elasticity of substitution between capital and labor,

σ,

in the construction of the marginal cost measures.

Chirinko (2008) concludes that the literature estimates

58

σ,

in the range of 0.4 and 0.6. (our

Table 3: Correlations of marginal cost measures with GDP

CES: Nekarda-Ramey 1

-0.31

CES: Gali et al.

-0.30

CD: Nekarda-Ramey 1

-0.06

CD: Gali et al.

-0.04

CD: Nekarda-Ramey 2

-0.21

CES: Nekarda-Ramey 2

-0.38

Notes. Time series are HP(1600)-ltered.
Sample is 1985Q1-2015Q2.
baseline calibration is 0.5). Robustness using these two values yields very similar responses of
all marginal cost measures to a TFP news shock. Qualitatively they are virtually unchanged.
Detailed results are available upon request.

A.3 Robustness to alternative VAR news identication
The results in the main body of the paper are generated using the Max-share method
proposed by Francis et al. (2014). This section reports VAR ndings using three alternative
approaches.

First, the identication scheme in Barsky and Sims (2011) that recovers the

news shock by maximizing the variance of TFP over the horizons zero to 40 quarters, and
the restriction that the news shock does not move TFP on impact. Second, the identication
scheme in Kurmann and Sims (2016), that recovers the news shock by maximizing the FEV
of TFP at a very long horizon (60 quarters) without however imposing the zero impact

36 Third, the Forni et al. (2014) long-run

restriction on TFP conditional on the news shock.

identication scheme which is similar in spirit to the Max Share method and has been used
in an application with news shocks. The latter method identies the news shock by imposing
the zero impact restriction on TFP, and seeks to maximise the impact of the news shock on
TFP in the long run.
Figure 14 shows, the median responses between the Max share method and the methods

36 These authors argue that allowing TFP to jump freely on impact, conditional on a news shock, produces
robust inference to cyclical measurement error in the construction of TFP.
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proposed by Barsky and Sims (2011) and Forni et al. (2014) are virtually indistinguishable.
Figure 15 also shows responses based on the methodology proposed by Kurmann and Sims
(2016) are qualitatively and quantitatively very similar to the ones based on the Max-share
method.

Importantly, all methods suggest inventories increase in anticipation of higher

future TFP.

Figure 14:

IRF to TFP news shock.

Sample 1985Q1-2015Q2.

The black solid line is

the median response identied using the Max-share method. The shaded gray areas are the
corresponding 16% and 84% posterior bands generated from the posterior distribution of
VAR parameters. The blue dashed (red dotted) line is the median response identied using
the Barsky and Sims (2011) (Forni et al.

(2014)) methodology.

The units of the vertical

axes are percentage deviations.

B

Implied Cost of Capital Construction
The construction of rm-level ICCs using data from Compustat-CRSP requires a measure

for earnings forecasts. Based on Hou et al. (2012), we generate earnings forecasts by estimating the following pooled cross-sectional regression for each quarter from 1985Q1, using
the the previous ten years of data

Ei,t+τ = β0 + β1 Ai,t + β2 Di,t + β3 DDi,t + β4 Ei,t + β5N egEi,t + β6 ACi,t + εi,t+τ .
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Figure 15:

IRF to TFP news shock.

Sample 1985Q1-2015Q2.

The black solid (red

dash-dotted) line is the median response identied using the Max-share (Kurmann and Sims
(2016)) method. The shaded gray areas (dashed red lines) are the corresponding 16% and
84% posterior bands generated from the posterior distribution of VAR parameters.

The

units of the vertical axes are percentage deviations.

Here,

Ei,t+τ

denotes earnings of rm

Extraordinary Items (IBQ).

i at time t + τ .

N egEi,t

negative earnings and zero otherwise.
(DVTQ) and

DDi,t

and zero otherwise.

Earnings in Compustat is Income Before

is a dummy variable that equals one for rms with

Ai,t

is Total Assets (ATQ).

Di,t

is dividend payments

is the associated a dummy variable that equals one for dividend payers

ACi,t

is accruals.

These are calculated in our dataset as change in

Current Assets (ACTQ) minus change in Current Liabilities (LCTQ) minus change in Cash
and Short-Term Investments (CHEQ) plus change in Debt in Current Liabilities (DLCQ)
minus Depreciation and Amortization (DPQ) according to Hribar and Collins (2002).
We closely follow the methodology outlined in Hou et al. (2012), Appendix A, to generate
the four dierent ICC measures, which is why we do not repeat the detailed equations for
the ICC measures here.

37 Note that for this purpose we merge the Compustat data with

information from CRSP on market equity (MVAL) dened as the product of Number of
Shares Outstanding (CSHO) and the Stock Price at the end of the quarter (PRCC). We
further use the 1-Year Treasury Constant Maturity Rate as risk free rate. Prior to computing

37 Hou et al. (2012) show these ICC measures based on earnings forecasts outperform the measures when
constructed using IBES analyst earnings forecast data.

61

earnings forecasts and ICC measures we have applied the cleaning procedures outlined in
the section below to the Compustat-CRSP data. We follow the convention in the literature
and set any ICC estimates below zero to missing. We further set the top one percentile of
all rm-time observations for a particular ICC measure to missing prior to aggregating the
rm observations by taking averages over each quarter.

Cleaning procedures applied to Compustat-CRSP data:
We select the sample by making the following adjustments to the data retrieved from
Compustat-CRSP:

•

We delete all regulated, quasi-public or nancial rms (primary SIC classication is
between 4900-4999 and 6000-6999).

•

We delete rms reported earnings in a currency other than USD.

•

We account for the eects of mergers and acquisitions by deleting all observations
including of rms with (i) acquisitions (ACQ) exceeding 15% of total assets (ATQ), or
(ii) sales growth exceeding 50% in any year due to a merger.

•

We drop companies with all values for total assets (AT) or investment in plant, property
and equipment (CAPX) missing or zero. We drop missing observations for CAPX if
they are at the beginning or end of a company's reported data. If CAPX is missing in
the middle of a company's reported data we drop the entire company.

•

We drop rms with less than three quarters of data.

•

We apply the following lters to key variables:



We replace missing values of DPQ with zero.



We set negative values of CHEQ, DLCQ, DPQ and DVPQ to missing.



We set values smaller or equal to zero of ACTQ, LCTQ, ATQ and MVAL to
missing.
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We winsorise IBQ at the top and bottom percentile.



We winsorise ATQ, ACTQ, LCTQ, CHEQ, DLCQ, DPQ, DVPQ and MVAL at
the top percentile.

•

ATQ, ACTQ, LCTQ, CHEQ, MVAL, DLCQ, IBQ and DPQ are deated applying the
Gross Domestic Product: Implicit Price Deator. DPQ is deated applying the Gross
Private Domestic Fixed Investment: Nonresidential Implicit Price Deator.

C

Additional model detail

C.1 Standard model
C.1.1

Employment unions and employment agency

Typical sticky-wage frameworks based on Erceg et al. (2000) model households as monopoly
suppliers of dierentiated labor, introducing equilibrium heterogeneity across households in
hours-worked, which can be problematic when household preferences are non-separable in
consumption and leisure as we consider in this model. Instead, we follow the decentralization
of Schmitt-Grohe and Uribe (2005) and Smets and Wouters (2007) whereby a monopolistic union buys homogenous labor from households, transforms it into a dierentiated labor
inputs

q ∈ [0, 1],

and sells it to the employment agency who aggregates the dierentiated

38 This particular

labor into a composite which it then sells to intermediate goods producers.

decentralization of wage stickiness implies that consumption and hours are identical across
households.
Labor unions acquire homogenous labor
it into labor types
agency for wage

njt , j ∈ [0, 1],

Wjt .

nht

from the household at wage

Wth , dierentiate

and then sell the dierentiated labor it to the employment

The unions have market power, and can thus choose the wage for

each labor type subject to the labor demand curve for that labor type.

The unions face

38 Schmitt-Grohe and Uribe (2005) show this decentralization yields a wage Phillips curve that is identical
to that from the Erceg et al. (2000) model, up to a log-linear approximation.
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Calvo frictions in setting their wages, such that each period they can re-optimize wages with
probability

1 − ζw .

indexation rule

ιw
π 1−ιw ,
Wjt = Wjt−1 πt−1

state, and where
wage

Wjt∗

A union that is unable to re-optimize wages re-sets it according to the

0 ≤ ιw ≤ 1.

0 ≤ ιw ≤ 1,

where

πt = Pt /Pt−1

∞
X

ζws β s

s=0

A union that can re-optimize its wage in period

is its steady

t

chooses its


λt+s Pt  ∗ s
ιw
h
π 1−ιw ) − Wt+s
njt+s ,
Wjt (Πk=0 πt+k−1
λt Pt+1

subject to the demand curve for

njt .
njt , j ∈ [0, 1],

at

from the labor unions, and combines the dierentiated labor into a composite

nt

The employment agency acquires each jth intermediate labor type

Wjt

π

to maximize

Et

wage

and

according to

1

Z

nνjtw dj

nt =

 ν1w
0 < νw ≤ 1.

,

0
The agency sells the composite labor to the intermediate goods producers for wage
agency chooses

njt

for the

j th

njt ∀j

to maximize prots

Wt nt −

R1
0

Wjt njt dj ,

Wt .

The

yielding a demand function

labor type,



Wjt
njt =
Wt
and wage index

Wt ,

1
w −1

ν

nt ,

given respectively by

1

Z

ν /(νw −1)

Wjtw

Wt =

 (νwνw−1)
dj

.

0

C.1.2

Equilibrium
yit = yt∗ , ait = a∗t , xit = x∗t , Pit = Pt∗ and sit = s∗t ∀i,
R1 ∗
R1
It then follows that yt =
y di = yt∗ , at = 0 a∗t di = a∗t ,
0 t

In a symmetric equilibrium,

Wjt∗ = Wt∗ , njt = n∗t ∀j .
R1
R1
xt = 0 x∗t di = x∗t , nht = 0 n∗t dj = n∗t .
and

Z

1

Z
νit di =

0

0

Integrating over the taste shifter then yields

1



ait
at

ζ
dj =
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1
aζt

Z
0

1

aζit di = 1,

and hence

"Z

1
# 1−θ

1

= Pt∗

νit (Pt∗ )1−θ di

Pt =
0
and

"Z

1

st =

1
θ

θ
# θ−1

∗ θ−1
θ

νit st

= s∗t .

di

0
Similarly,

Z

1

Wt∗ νw /(νw −1) dj

Wt =

 (νwνw−1)

= Wt∗ ,

0
and

Z
nt =

1

n∗t νw dj

 ν1w

= n∗t .

0
w
Additionally, dene mkpt

=

Wt
to eliminate the household wage
Wth

Wth ,

and dene

bnt =

Btn
.
Pt

w
n
An equilibrium consists of contingent sequences of ct , nt , it , kt+1 , bt+1 , ut , st , xt , yt , at , mkpt , τt , λt
and prices

wt , Rtn , πt

such that the household solves its problem, all rms solves their prob-

lems, and markets clear.

C.1.3

Relation to the results of Crouzet and Oh (2016)

In their appendix, Crouzet and Oh (2016) consider a stock-elastic demand model of inventory with exible prices and wages. They dene the expected discounted growth in marginal
costs of production as

Γt =

βEt

λt+1
τt+1 (1−δn )
λt

τt

=

µx
t
. Combining this with our equilibrium
τt

versions of (15) and (19) and then linearizing yields

x̂t = ŝt −

ζγ x τ
µ̂ + Γ̂t .
Φ t Φ

(32)

This expression is similar to that of Crouzet and Oh (2016), with the addition of the second
term on the right hand side, which arises in our model due to the impact of sticky prices.
Under exible prices,

µxt

is constant, so substituting

x̂t = ŝt +
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µ̂xt = 0

τ
Γ̂t ,
Φ

into (32) yields

(33)

as in Crouzet and Oh (2016). Note however that despite the presence of the expected discounted growth in marginal costs term
uctuations in

Γt =

µx

mct

=

Γt

in (33), with

mct+1 (1 − δn ) constant,
µxt = βEt λλt+1
t

are actually only due to movements in current marginal costs mct , since

θ/(θ−1)

mct

Γ̂t

.

We can thus write (33) as

x̂t = ŝt −

τ
m̂ct as in equation (25) in the
Φ

main text, such that only variation in sales and current marginal costs drive the response of
inventory accumulation under exible prices.
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