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Abstract

The thesis has three main papers.

The �rst paper presents a model of inventory dynamics to explain the sign
puzzle�the positive relationship that is often found between inventories and
interest rates. Firstly, the study updates the empirical evidence on the puzzle
in the United States, Canada and South Africa by means of a log linear
inventory model and an inventory growth model. The empirical results reveal
that the positive e¤ect of interest rates on inventories still exists in the United
States and Canada, especially in the data sample period that precedes the
global �nancial crisis of 2007-2009. However, the study �nds no evidence-in
support of the sign puzzle in South Africa. Secondly, the theoretical analysis
of the structural model that we develop in this study reveals that the sign
puzzle is mainly driven by the elasticity of bene�ts for inventory holdings
and the sensitivity of stockouts cost to changes in the cost of capital.

The second paper shows that the New Keynesian dynamic stochastic general
equilibrium (NK DSGE) model which incorporates inventory dynamics can
generate a hump-shaped response of macro variables to shocks, even without
habit-formation. Furthermore, we �nd that only a moderate level of price
indexation, far below those normally estimated at the macro level, is needed
to generate a gradual response of in�ation to a monetary policy shock. More-
over, the model replicates stylized facts about inventory dynamics, such as
the procyclicality of inventories and the countercyclical nature of inventory-
sales ratio. Finally, the results are robust to variations in the probability of
price stickiness and the inventory adjustment cost parameter.

The third paper shows that adding inventory dynamics rather than habit
formation to a small open New Keynesian dynamic stochastic general equi-
librium (NK DSGE) model, ampli�es the immediate response of asset prices
to a monetary policy shock. Speci�cally, and without the �nancial accel-
erator e¤ect, a 100 basis-point increase in the nominal interest rate leads
the stock price to decline by 17:06% in the model with inventories and the
stock price declines by 4:38% in the model without inventories. The results
suggest that inventories magnify the �nancial accelerator e¤ect and habit
formation reduces the amplifying role of inventories. The model also repli-
cates a procyclical response in inventories and a countercyclical response in
the inventory-sales ratio and the equity premium.
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In summary, the �rst paper provides a solution to the sign puzzle and the
second paper shows that inventories play the role of habit formation in a New-
Keynesian DSGE model. The third paper reveals that the response of asset
prices in macro-�nance models without inventories could be underestimated.
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1 Introduction

1.1 Background of the study

We are in the midst of a pandemic and this global health crisis, also known
as Covid-19 epitomizes almost every aspect of the role inventories play in
the real economy. The body of the literature that studied inventories up
to the end of 1990 notes that, at the �rm level, inventories can be used to
smooth production, avoid stockouts, speculate on price changes and to avoid
delays in delivery (Blinder and Maccini, 1991). This implies that inventories
could become extremely important during economic and �nancial crises, as
well as during any other crisis that disrupts the supply and demand factors
of an economy. For instance, as noted by Maccini et al. (2015), invento-
ries accounted for almost one third of the decline in the US output during
the global �nancial crisis of 2007-2009. The ongoing crisis (Covid-19) has
a¤ected both demand and supply sides factors. Therefore, inventories may
be of great importance to the economies with highly developed supply chain
management systems.

At the macro level, inventories serve as a transmission channel for monetary
policy. This is because �rms that hold inventories incur the opportunity
cost of doing so. Therefore, an increase in the real or nominal interest rates
is expected to lead to a decline in inventories and therefore output. This
channel is known as the supply side e¤ect of monetary policy and in sources
such as Barth and Ramey (2001), Ravena and Wash (2006) and Henzel et al.
(2009) is termed the cost channel. The demand side e¤ect of the monetary
policy shock works through the relationship between sales and inventories.
Thus, if a contractionary monetary policy shock leads to a decline in sales,
inventories would be the �rst to absorb the negative demand shock. If the
shock persists, the decline in inventories would depend on expectations about
future demand and, the motives of inventory holdings. However, the increase
in the opportunity cost of holding inventories would make it less important
to accumulate stocks, while the decline in both sales and inventories would
lead to a signi�cant decline in output.

It is important to note that empirical studies on the relationship between
inventories and interest rates report mixed results. Some report a negative
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e¤ect of interest rates on inventories (Irvine, 1981; Akhtar, 1983), while oth-
ers report a positive e¤ect (Maccini et al, 2004; Jones and Tuzel, 2013). The
positive e¤ect has been termed the sign puzzle and needs close attention.
Furthermore, even though inventories represent a smoothing device in macro
models (Blinder and Fischer, 1982; Boldrin et al., 2001; Wen,2005), the mod-
ern macroeconomic models such as the New-Keynesian general equilibrium
models of Christiano et al. (2005) and Smets and Wouters (2007) rely heavily
on habit formation to introduce a delayed response in consumption and thus
output. In addition, the role of inventories in macro-�nance models can be
traced back to the �nancial accelerator theory presented by Bernanke et al.
(1996, 1999). Nonetheless, the impact of inventories on the response of asset
prices to a monetary policy shock is not considered in the literature.

1.2 Motivation for the study

This study is motivated by (a) the scarcity of both theoretical and empir-
ical inventory research in emerging economies, and (b) the gap that exists
in the literature where the theoretical relationship between inventories and
interest rates is not supported by the data, and (c) the gap that exists in the
New Keynesian literature, where models that incorporate inventory behav-
iour are rare1, and (d) the gap that exists in the New-Keynesian literature,
where general equilibrium models that incorporate the asset pricing role of
inventories are rare.

1.3 Objectives of the study

a) To formulate a model of inventory dynamics to explain the possibility of
the sign puzzle
b) To test whether inventories can play the role of habit formation in a New-
Keynesian model

1For example, though the real business cycle (RBC) model of Kydland and Prescott
(1982) incorporates the behaviour of inventories, the importance of inventories in the
dynamic stochastic general equilibrium models of the New-Keynesian type is not much
studied.
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c) To extend the New-Keynesian model to study how inventories in�uence
the response of asset prices to a monetary policy shock.

1.4 Research questions

a) What are the structural parameters that drive the sign puzzle?
b) Can inventories play the role of habit formation in a new Keynesian model?
c) How do asset prices respond to a monetary policy shock in a New-Keynesian
model with inventory dynamics?

1.5 Research gaps

The study addresses the following research gaps. Firstly, we extend the
empirical evidence on the relationship between inventories and interest rates
and then formulate a model of inventory dynamics to explain the possibility
of the sign puzzle. Secondly, we use inventories to explain the hump-shaped
responses in aggregate variables. Thirdly, we employ the �nancial accelerator
mechanism to link inventories and asset prices and sudsequently study how
the presence of inventories limits or ampli�es the impact of monetary policy
shock on asset prices.

1.6 Contribution of the study

This study provides both theoretical and empirical contributions to the ex-
isting literature. First of all, we extend the empirical evidence on the sign
puzzle using a log linear model and an inventory growth model. We then ex-
plicitly model the dynamics of inventory �uctuations in order to expose the
structural parameters that drive the puzzle. Secondly, we employ a dynamic
stochastic general equilibrium (DSGE) model to test whether inventories play
the role of habit formation. Finally, using the �nancial accelerator mecha-
nism, we signi�cantly add to the literature by testing whether the presence of
inventories ampli�es the response of asset prices to a monetary policy shock.
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2 Chapter. Inventory Dynamics, Interest Rates and the Sign

Puzzle

2.1 Introduction

This study develops a model of inventory dynamics to explain the sign puzzle�
the positive relationship that is found between inventories and the cost of
capital as measured by the real interest rate. Inventories are known to play
an important role in explaining economic �uctuations (Metzler, 1941; Blan-
chard, 1983). For instance, Wen (2005) notes that the $252 billion fall in
the Gross Domestic Product (GDP) of the United States in 1982 was accom-
panied by $219 billion fall in inventory stock. Furthermore, Maccini et al.
(2015) show that during the 2007�2009 recession, inventories accounted for
one third of the decline in the US output. In addition, the current global
health crisis (Covid-19) has led the inventory-sales ratio of the US economy
to jump from its level of 1.39 in December 2019 to 1.67 in April 2020, and
then to drop to 1.51 by the end of May 2020. These rises and falls show the
shock-absorbing nature of inventories.

Inventories are also known to serve as transmission channels for the real e¤ect
of monetary policy (Frankel, 2006; Barth and Ramey, 2001). Inventories are
expected to decline following a rise in the real short term interest rate (Mac-
cini et al., 2004). This negative relationship arises from the fact that the real
short term interest is the opportunity cost that �rms incur by accumulating
inventories. On the relationship between inventories and interest rates, early
studies such as those by Gertler and Gilchrist (1994) and Bernanke et al.
(1996) �nd that the inventory stock of small manufacturing �rms responds
negatively to positive changes in the monetary policy rates. Maccini et al.
(2004) show that the negative relationship between �nished goods inventories
and interest rates exists only in the long term, but Bivin (2010) �nds that the
long term e¤ect for the period 1997-2007 for �nished goods, and the results
for the raw materials and work in progress inventories are less supportive of
the negative long term relationship.

The gap we intend to �ll in this study is to update and extend the empiri-
cal evidence on the puzzle and also to provide a theoretical explanation for
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the sign puzzle. Theoretical explanations of the sign puzzle are rare in the
literature. Nonetheless, Benati and Lubik (2014) note that the total e¤ect
of monetary policy on inventories depends on whether its e¤ect on sales and
therefore inventories dominates its direct e¤ect on inventories. Bivin (2011)
also notes that when the bene�t of inventory holdings (in terms of markups)
is signi�cant, �rms will still accumulate inventories. This view is in line with
the relationship noted between stockouts cost and markups in Bils (2016).
A more recent study by Jones and Tuzel (2013) shows that risk premiums
rather than short term interest rates should be the appropriate costs of capi-
tal for inventory holdings. What is rare in the literature, however, is evidence
of the puzzle in countries other than the US and also a structural model to
explain the sign puzzle.

This research study contributes both theoretically and empirically to the ex-
isting literature. Firstly, we provide empirical evidence on the sign puzzle
in economies such as the United States, Canada and South Africa. This is
accomplished by estimating a log linear inventory model and an inventory
growth model for these countries where we employ short term real and nom-
inal interest rates as the cost of capital for inventory holdings. For example,
previous studies such as those by Maccini et al. (2004) and Jones and Tuzel
(2013) focus on the US data. Therefore, extending the empirical evidence
to include countries like Canada and South Africa would shed more light on
the status of the puzzle in small open economies. Secondly, we expose the
structural parameters that govern the sign puzzle by calibrating the coe¢ -
cient of the cost of capital of the structural inventory model in the countries
that present with the sign puzzle.

The remainder of this paper is structured as follows: Section 2 uses data
on inventories to provide evidence on the micro behaviour of inventories and
the relationship between inventories and interest rates. Section 3 updates
the empirical evidence on the puzzle, and Section 4 presents the structural
model, as well as the estimates of the structural model. Section 5 exposes
the structural parameters that govern the sign puzzle. Section 6 concludes
the paper and provides some policy implications.
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2.2 The economics of inventories and the role of interest rates

2.2.1 The importance and role of inventories

The role of inventories in the real economy can be looked at from both
micro and macro perspectives. According to Blinder and Maccini (1991),
the microeconomic role of inventories can be epitomized by the motives for
holding inventories at the �rm level. In this regard, these scholars note the
incentives for the �rm to ensure a smooth production process, to reduce
costs related to stockouts, to use inventories to take advantages of price
�uctuations and to reduce delays in delivery. The role of inventories at the
macro level can be summarized in terms of their role in driving the up and
down �uctuations in the aggregate variables. Inventories represent a source
of persistence in output (Blinder and Fischer, 1981). They also allow �rms to
make fewer price changes to restor equilibrium to the goods market. In other
words, inventories play an important role in real price stickiness (Blinder,
1982).

1.2

1.3

1.4

1.5

1.6

1.7

92 94 96 98 00 02 04 06 08 10 12 14 16 18

Total Business: Inventories­sales ratio, monthly, seasonally adjusted
Country: United States

2007­2009 Financial Crisis

Covid­19 Pandemic

December 2019

April 2020

May 2020

Total Business: Inventories­sales ratio, monthly, seasonally adjusted
Country: United States

2007­2009 Financial Crisis

Covid­19 Pandemic

December 2019

April 2020

May 2020

Figure 1: The role of inventories in crises
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In crises, inventories act as shock absorbers and at the same time allow �rms
to mitigate the impact of the crisis on revenues. Figure 1 shows the monthly
trend of inventory-sales ratio for the United States total business inventory
from 1992. During the global �nancial crisis of 2007-2009, this ratio rose
signi�cantly from nearly 1.28 by the end of 2007 to approximately 1.47 in
March, 2009, before declining to a level of 1.28 in December, 2009. The rise
in inventories between December, 2007 and March, 2009 demonstrates the
shock-absorbing nature of inventories and is a sign of a worsening economic
depression. The drop between March, 2009 and December, 2009 could be
a sign of a slow recovery where �rms �rst eliminate the surplus inventories,
or a sign of worsening depression, involving a decline in both output and
inventories.

Like the �nancial crisis, the same jump in the monthly inventory-sales ratio
during the 2007-2009 crisis is also noted in the case of the current global
health crisis also known as the Covid-19 pandemic. The total business
inventory-sales ratio was, on average, 1.39 in December, 2019. It rose to
a level of 1.67 by the end of April, 2020 after dropping to 1.51 by the end of
May, 2020. We are still in the midst of the health crisis and the �uctuations
in inventory-sales ratio are tied to the �uctuations in demand or sales. What
is important to note here is that, the rise in the inventory-sales ratio noted
for both crises does not imply that inventories are rising, but instead demand
(sales) is falling faster than inventories.

The literature on inventory behaviour notes that two basic theories are em-
ployed by researchers to investigate the motives of inventory holdings at
the �rm level (Wen, 2005). These are the production smoothing model and
the stockout avoidance model. According to Blinder (1986) and Fitzgerald
(1997), the assumptions that underlie the production smoothing model are:
(i) demand is required to vary over-time, (ii) the production cost function
is required to be convex and (iii) the goods produced are required to be
inventoriable or storable. Thus, under these assumptions, the production
smoothing model predicts that inventory investment is countercyclical, and
inventory-sales ratio is procyclical, and that the variance of sales is greater
than the variance of output. Moreover, if demand has a random component
then inventories might act as a bu¤er stock.

The failure of the production smoothing model to reproduce the procycli-
cal behaviour of inventory data and the higher variance of output over the
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variance of sales has led to many modi�cations, especially those relating to
the introduction of the stockout avoidance model and the introduction of
observable and unobservable cost shocks. Empirical evidence on how the
production smoothing model has failed to match the data is noted in at
least Blanchard (1983) and Blinder (1986). The stockout avoidance model
reconciles the behaviour of the data and predicts a procyclical behaviour in
inventories and a countercyclical movement in the inventory-sales ratio. Wen
(2005) notes that the stockout avoidance model is better able to explain the
key inventory stylized facts than the production smoothing model.
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Figure 2: Cyclical �uctuations in inventories, inventory-sales ratio and sales
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A chronological review of the evolution of the modi�cations to the production
smoothing model are summarized in Blinder and Maccini (1991) and Fitzger-
ald (1997). These studies provide more detail, as well as the chronological
transformation of inventory literature. However, it is important to note that
the stockout avoidance model, although noted in Blanchard (1983), is mainly
attributed to the work of Khan (1987, 1992). In order to show how the pre-
dictions of the production smoothing model have failed the data, Figure 2
shows how inventories as deviation from the HP-trend �uctuate with the
cyclical variations in sales. We also document how inventory-sales ratio gap
�uctuate with sales. We provide evidence on these relationships in three
countries namely the United States, Canada and South Africa.

Although, the lack of data on inventory stocks limits our choice of countries,
the chosen countries summarize all types of economies. We follow Sarte et al.
(2015) and use the composition of inventory data that includes raw materials,
work in progress and �nished goods. The data for the United States and
South Africa consist of industrial and trade inventories while the data for
Canada pertain mainly to the manufacturing inventory. We collect the South
African data from the South African Reserve Bank (SARB) database and the
data for the United States and Canada from the Reserve Bank of St Louis�
database (FRED). The data covers the quarterly period 1970Q1�2018Q2 for
all the countries.

The results indicate that inventories are procyclical in the United States,
Canada and South Africa and inventory-sales ratios are countercyclical in
the United States and Canada. The behaviour of inventories and inventory-
sales ratio in the United States and Canada are consistent with the �ndings
in Kryvtsov and Midrigan (2013). However, the inventory-sales ratio for
South Africa displays a very weak type of countercyclical behaviour. These
�ndings are in line with the predictions of the stockout avoidance model.

2.2.2 Interest rates and inventories

In the same era in which micro and macro behaviour of inventories were
investigated, very few studies focusing on the relationship between inventories
and interest rates were found. However, most inventory studies do mention
the role of interest rates in passing or include interest rates as a measure of
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the cost of capital for holding a desired level of inventories. Among the few
studies that pay a particular attention to interest rates, Irvine (1981) and
Akhtar (1983) �nd that interest rates have a signi�cant and negative e¤ect
on inventory investment. On the other hand, Maccini and Rossana (1981)
do not �nd any signi�cant e¤ect of real interest rates on inventories.

Recent studies by Maccini et al. (2004) and Jones and Tuzel (2013) report in-
signi�cant e¤ects of interest rates on inventories in the short term. Maccini
et al. (2004) use the regime switching approach and show that the rela-
tionship between inventories and interest rates is negative and signi�cant in
the long run. Jones and Tuzel (2013) argue that risk premiums constructed
from bond and equity portfolios constitute the appropriate costs of capital
for inventory holdings. Their �ndings are in line with the control variables
suggested by Frankel (2006) and the �ndings in Gortz et al. (2019, 2020)
that debt and equity costs move countercyclically with inventory demand.
However, Jones and Tuzel do mention that interest rates variables would be
poor proxies of the cost of capital only if investment in inventories were to
be considered risky. Further, Maccini et al. (2004) note that there is no
consensus on which between the real and the nominal interest rate to use in
inventory equations.

Table 1: Correlation with the growth rate of inventory
United States Canada South Africa

s1 s2 s3 s1 s2 s3 s1 s2 s3
�ny 0:52 0:46 0:60 0:42 0:43 0:42 0:66 0:62 0:81
�nys 0:58 0:50 0:71 0:50 0:51 0:46 0:57 0:53 0:74
�nr 0:17 0:11 �0:08 0:07 0:02 0:06 �0:16 �0:25 �0:04
�nR 0:09 0:08 �0:29 0:02 �0:003 �0:15 0:02 0:01 0:06

�ny (inventory and output), �nys (inventory and sales)
�nr (inventory and nominal rates), �nR (inventory and real rates)

To show the relationship between inventories and interest rates, we compute
the growth rate of inventory stock in each country and also compute the cor-
relation coe¢ ceints between the growth rate of inventory and the variables

10



such as output growth, sales growth and the real and nominal short term in-
terest rates. The correlation metrics are presented for three di¤erent samples.
The �rst is the full sample (s1) which covers the period 1970QQ1-2018Q2,
(s2) ends before the global �nancial crisis, that is 1970Q1-2006Q4 and (s3)
covers the period 2007Q1-2018Q2. The correlation metrics are presented in
Table 1.
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Figure 3: The relationship between inventory growth and interest rates

We also plot the growth rate of the inventory stock and the interest rate
variables, which are presented in Figure 2. The results in Table 1 and Figure

11



2 show that in the United States and Canada, the nominal interest rate has a
positive and weak correlation with inventory growth for the �rst and second
samples, but a negative for the third sample. The real interest rate displays a
positive but also a weak correlation with inventory growth across all samples
for the United States while the relationship is weakly negative for the �rst
and second samples for Canada, and weakly positive for the third sample. It
is also important to note that in the United States and Canada, both output
growth and sales growth are positively correlated with inventory growth.
This suggests that the stockout avoidance motive dominates the data for the
United States and Canada.

When it comes to South Africa, the nominal interest rate shows a negative
correlation with inventory growth across all samples, while the real interest
rate displays a weakly positive correlation with inventory growth. We note,
however, that the relationships between inventory growth and both output
and sales growth respectively is positive across all samples. This implies that
the stockout avoidance motive also dominates the inventory data in South
Africa. Although, we �nd mixed evidence of positive and negative coerre-
lation between interest rates and inventories, the main conclusion from the
analysis above is that the relationship between interest rates and inventory
growth is weak in most of the countries.

2.3 Inventory dynamics and the sign puzzle

2.3.1 Empirical evidence from the United States, Canada and
South Africa

First of all, we extend the empirical evidence on the sign puzzle to Canada
and South Africa. This allows us to compare the respective relationships
between inventories and interest rates in these countries to that of the US.
The empirical evidence on the puzzle in the literature focuses on the US
data and is rarely applied to other developed and emerging economies. We
follow Maccini et al. (2004), Frankel (2006), and Jones and Tuzel (2013) and
present reduced form estimates. We employ a log linear inventory model and
an inventory growth model. The econometric speci�cation is presented as
follows:

12



nt = �1nt�1 � �2nt�2 + �3 (y
s
t ; yt)� �4 (Rt; rt) + "t (1)

where nt can be in log form or as the growth rate of inventory stock. The
variables yst , yt are sales and output respectively and can also be in log form or
as the growth rate, depending on whether it is a log linear or a growth model.
The variables Rt, rt are the real and nominal interest rates respectively, and
"t is the disturbance term. Given the samples already de�ned in the previous
section, the use of output or sales and nominal or real interest rates implies
four estimations for each sample and for each type of model. That is each
cost of capital enters the model one at a time. Furthermore, output and sales
and output growth and sale growth also enter the model one at a time.

The inclusion of the �rst and second lags of the inventory variable allow us
to correct for serial correlations. The speci�cation also shows the expected
signs of the coe¢ cients. The coe¢ cient on sales/output �3 can be positive or
negative. It is negative when the production smoothing motive dominates,
and positive when the stockout avoidance motive dominates (Maccini et al.,
2004). �4 is positive when there no sign puzzle and negative when the puzzle
is present. We follow Jones and Tuzel (2013) and report reduced form coe¢ -
cients and HAC standard errors calculated with the Newey and West (1987)
approach.

Assuming that the coe¢ cient of a variable is gj, the results are reported
such that gys is the coe¢ cient when sales are used and gy when the output
series are used. The standard errors are reported in parentheses below the
estimated coe¢ cients. The adjusted coe¢ cients of determination (Adj-R2)
are also reported, where this metric for the models when output/output
growth series are used are presented in square brackets. The results for the
�rst, second and third samples are reported in Tables 2,3 and 4 respectively.
The discussion of the results is presented country by country.

United States

The results pertaining to the �rst sample (S1), which is also the full sample,
show that the coe¢ cients of sales/output, sales growth/output growth are all
positive and signi�cant regardless of the cost of capital used in each model.
The coe¢ cients of the real and the nominal interest rates in the log linear

13



model are negative and signi�cant regardless of whether output or sales is
used. This implies that if substituted in eq.(1), changes in the real or nom-
inal short term interest rate will have a positive e¤ect on inventories. This
con�rms the sign puzzle.

The coe¢ cient of the nominal interest rate for the growth model is also
negative and signi�cant. However, though negative, it is not signi�cant when
the real interest rate is used as the cost of capital in the growth model. The
results pertaining to the sub-samples (S2) are similar to the one derived from
the full sample (S1). We note in the third sample (S3) that the coe¢ cient of
the nominal interest rate in the log linear model is positive and signi�cant.
As such if substituted in eq.(1), changes in the nominal interest rate will have
a negative e¤ect on inventories. Nonetheless, this coe¢ cient is not signi�cant
in the inventory growth model.

Canada

The results pertaining to the full sample (S1) reveal that the coe¢ cients of
sales/output and sales growth/output growth are positive and signi�cant for
all of the speci�cations. The coe¢ cient of the real interest rate displays a
negative sign in the log linear model but not signi�cant. The coe¢ cient of
the nominal interest also displays a negative sign but is signi�cant when the
output series is replaced by the sales series. This �nding is consistent with
the sign puzzle phenomenon. In the growth model, the coe¢ cients of both
the real and the nominal interest rates are positive but are not signi�cant.
The results pertaining to the sub-samples (S2) are also consistent with the
results of the full sample. Like the results of the third sample for the United
States, we also note that in the third sample (S3) for Canada, the nominal
interest rate has a signi�cant and a negative e¤ect on inventories in the log
linear model.

South Africa

The results pertaining to the full sample reveal that the models that de-
scribe the South African data best are, the log linear and the growth models
with the nominal interest rate as the cost of capital. The coe¢ cients of
output/sales and sales/output growths are signi�cant and are acompanied
by the correct signs. The coe¢ cients of the nominal interest rate variable
are positive and also signi�cant. This implies that when the coe¢ cients are

14



substituted in eq.(1), an increase in the nominal interest rate will lead to
a decline in inventories. In the growth model, the coe¢ cients of the real
interest rate variable are positive but not signi�cant.
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The full sample results of the log linear model reveal that the coe¢ cients
of the nominal interest rate variable are also positive and signi�cant. This
communicates the same information as the growth model with the nominal
interest rate as the cost of capital. The di¤erence in the results is that
sales and output variables are not quantitatively important in the log linear
model. Most importantly, although the coe¢ cients of the real interest rate
variables are not signi�cant for South Africa, most of these coe¢ cients are
positive and if substituted in eq.(1) would imply the negative e¤ect of interest
rates on inventories. Based on these results, we might say that the puzzle is
not present in South Africa and that the nominal interest rate is apparently
better able to explain inventory behaviour than the real interest rate.

2.3.2 Summary of the main �ndings

In summary, the sign puzzle is applicable in the US and Canada, with the
only exception being in the third sample, where the nominal interest rate is
used in the log linear model. The existence of the puzzle in these two coun-
tries is in line with the �ndings in Maccini et al. (2004) and Jones and Tuzel
(2013). Thus, if one were to follow the theoretical justi�cation provided in
Benati and Lubik (2014), we would conclude that �rms derive more bene�ts
from accumulating inventories and avoiding stockouts. This conclusion em-
anates from the fact the stockout avoidance motive dominates the production
smoothing in the United States and Canada. Thus, the demand side e¤ect of
a contractionary monetary policy will lead to a decline in inventories, but the
supply side e¤ect would be positive if the �nancial cost of holding inventories
is less than the bene�ts �rms expect from avoiding stockouts.

Alhough all speci�cations indicate that interest rates have a negative e¤ect
on inventories in South Africa, the most appropriate models of inventory
dynamics in South Africa are the log linear and growth models with the
nominal interest rate as the cost of capital. Thus, changes in the nominal
interest rate would have a negative and signi�cant e¤ect on inventories should
these models be adopted for South Africa. To shed more light on the puzzle,
the following section presents a model of inventory dynamics in order to
expose the structural parameters that govern the sign puzzle or the coe¢ cient
of the cost of capital.
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2.4 A model of inventory dynamics

The components of the cost structure that we employ in this study are well
explained in Irvine (1981) and were used in Blanchard (1983), Maccini and
Pagan (2013) and Maccini et al.(2015). We augment their inventory holding
costs with the �nancing costs of holding inventories. Furthermore, we factor
in the view that stockout �rms can still accumulate inventories in the face of
rising �nancing costs as long as the bene�t emanating from doing so is higher
than the cost associated with it. This modi�cation yields an ambiguous sign
on the cost of capital variable and shows the structural parameters that lead
to the sign puzzle.

Following Pindyck (1994), we employ convex unit cost of storage as a function
of a lagged inventory-sales ratio and express it as a proportion of the current
inventory stock. This implies that it would be bene�cial for �rms to hold a
large stock of inventories, as in doing so, the storage costs would be reduced.
Storage costs are often expressed as the rate of depreciation of inventories
in the DSGE models without an explicit functional form of storage. Studies
in this category include the work of Jung and Yun (2005) and Kryvtsov and
Midrigan (2010, 2013).

Like the presentation in eq.(1), we assume that Qt can take the value of
sales Y s

t or output Yt. The aggregate inventory holdings cost Ht is therefore
determined as follows:

Ht = At

�
Nt
Qt

��

Qte

�Rt+RtNt+

�
Nt�1
Qt

��
s
Nt+

�

1 + #

�
Nt
Nt�1

�1+#
Nt (2)

where At captures the optimism of stock managers, which also allow �rms
to control the probability of stockout. Nt is the level of inventory stock,
Rt is a measure of the cost of capital and it is the real interest rate, which
can also be replaced by the nominal interest rate. The parameter 
 > 0
is the sensitivity of the probability of stockout to the inventory-sales ratio,
also known as the elasticity of bene�ts of inventory holdings, as presented
in Maccini and Pagan (2013). 
s > 0 is the sensitivity of storage cost to
the lagged inventory-sales ratio and � > 0 is the sensitivity of stockout costs
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to changes in the cost of capital. The �rst term in eq.(2) represents the
stockout cost. The second term stands for the opportunity cost of holding
inventories and the third term is the storage cost. The fourth component is
the inventory adjustment cost, which is similar in form to the one in Belo
and Lin (2012). # determines the degree of the adjustment cost function and
� is the adjustment cost parameter.

Assuming that stock managers choose the level of inventory in order to min-
imize the total cost of holding inventories, the �rst order condition is derived
as follows:


AtN
�(1+
)
t Q

(1+
)
t e�Rt = Rt +

�
Nt�1
Qt

��
s
+ �

�
2 + #

1 + #

��
Nt
Nt�1

�1+#
(3)

The level of inventories at time t that is consistent with eq.(3) is the desired
inventory at time t. Following Flaschel et al. (2001), the following supply
side identities are assumed at �rm level.

Nt = Nd
t + Yt�1 � Y s

t�1 (4)

Yt = Y s
t +Nt �Nt�1 (5)

The identity in eq.(4) constitutes inventory investment demand by the in-
ventory management unit, where Nd

t represents the desired inventories and�
Yt�1 � Y s

t�1
�
determines how the inventory management unit measures in-

ventory investment. The identity in eq.(5) is the normal output identity
and is equal to the sales plus inventory investment. We combine the �rst
order condition in eq.(3) with the identities in eqs.(4) and (5) to obtain the
linearized inventory dynamics as follows:

bnt = � 1

(1 + g)
+ �n

�bnt�1 � 1

(1 + g)2
bnt�2 + �qbqt � �R bRt + b"t (6)

where bqt represents the log deviation of output or sale from its steady state
level and bRt is the deviation of the measure of the cost of capital from its
steady state level. The parameters of eq.(6) are de�ned as follows:
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�n =
!i + �

'+ �
; �q =

'� !i
'+ �

; �R =
(�� 
�ps0)

� ('+ �)
; ' = 
 (1 + 
)

ps0
�
; ps0 = A0

e(�R0)

�


!i =

s

(1 + g) (�)
s
; b"t = 1

'+ �
bat; � = � (2 + #) (1 + g)(1+#)

In Eq.(6), � is the steady state inventory-sales/output ratio depending on
the series that is used. The inventory model reveals that the signs of �q and
�R are ambiguous. �q > 0 implies that the stockout avoidance motive dom-
inates and �q < 0 implies that the production smoothing motive dominates.
Furthermore, �R > 0 (or � > 
�ps0) implies that changes in the cost of cap-
ital have a negative e¤ect on the inventories. �R < 0 (or � < 
�ps0)implies a
positive e¤ect of costs of capital on the inventories which is termed the sign
puzzle. The main contribution here is that the sign of the coe¢ cient of the
cost of capital variable is ambiguous. Eq.(6) can further be reduced to the
following:

bnt = �1bnt�1 � �2bnt�2 + �qbqt � �R bRt + b"t (7)

where the parameters of eq.(7) are described as follows:

�1 =

�
1

(1 + g)
+ �n

�
; �2 =

1

(1 + g)2

Eq.(7) is similar to eq.(1), the only di¤erence being that variables are ex-
pressed as deviations from the steady state. �1 and �2 are comparable to
�1 and �2 in eq.(1) respectively and �q and �R are comparable to �3 and �4
respectively. We take this one step further by incorporating how in�ation in-
�uences inventory �uctuations, as presented in eq.(7). In doing so, we assume
that the cost of capital in eq.(7) is the nominal interest rate rt and there-
fore specify a simple monetary policy rule where the central bank smooths
the interest rate and react to both output and in�ation. The equations are
presented as follows:
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brt = �rbrt�1 + (1� �r) (��b�t + �ybyt) + b�t (8)bnt = �1bnt�1 � �2bnt�2 +  ybyt �  rbrt�1 �  �b�t + b�t (9)

where the parameters in eq.(9) are de�ned as follows:

 r = �r�r;  � = �r (1� �r) (��) ;  y = [�y � �r (1� �r) (�y)] ; b�t = b"t � �rb�t
The policy rule in eq.(8) is substituted in eq.(7) to obtain the inventory gap
equation with the lagged nominal interest rate and in�ation gap in eq.(9).
The signs of the coe¢ cients of the lagged nominal interest rate gap  r and
the in�ation gap  � are still ambiguous owing to the presence of �r. Note
that �r is the coe¢ cient of the cost of capital when the nominal interest rate
is used.

2.4.1 Reduced form estimates of the structural models

Before providing a theoretical illustration of the puzzle, we �rst present the
reduced form estimates of eqs.(7) and (9) and compare the results to the esti-
mates that were obtained using eq.(1). The results are presented in Table.5.
The top and middle panels of the table show the results for eq.(7) and the
bottom panel the results for eq.(9). Firstly, the results pertaining to eq.(7)
reveal that the �rst and the second lags of inventory gap are signi�cant for
the United States, Canada and South Africa regardless of the cost of capi-
tal used. Secondly, regardless of the cost of capital, the coe¢ cients on the
output and sales gap are signi�cant for the United States and Canada.

We note that both the real and the nominal interest rates display negative
coe¢ cients for the United States and Canada. This implies that when sub-
stituted in eq.(7), the changes in interest rate gaps will have a positive e¤ect
on the inventory gap. When the sales gap series is used, the coe¢ cient of
the real interest rate gap is signi�cant for the United States but weakly sig-
ni�cant for Canada. The coe¢ cients of output and sales gaps are signi�cant
when the nominal interest rate gap is used as the cost of capital.
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In the case of South Africa, both the coe¢ cients of the �rst and second
lags of the inventory gap are signi�cant regardless of the cost of capital
used. Compared to the sales gap, the output gap signi�cantly explains the
�uctuations in the inventories. We note that the coe¢ cient of the real interest
rate is positive and not signi�cant, but positive and signi�cant when the
nominal interest gap is used. This implies that when substitutions are made
in eq.(7), the changes in the interest rate gap will have a negative e¤ect on
the inventory gap in South Africa. The results for all three of the countries
are consistent with the ones provided in Section 2 using the log inventory
model and the inventory growth model. Compared to the results of eq.(7),
the results pertaining to eq.(9) reveal that in�ation does not play a signi�cant
role in explaining inventory �uctuations.

In summary, the structural models presented in eq.(7) and eq.(9) respec-
tively generate results that are similar to the �ndings in Section 2. Most
importantly, we �nd that the sign puzzle is present in the United States and
Canada but absent in South Africa.

2.5 Numerical calibration of the sign puzzle

We start o¤ from the argument postulated by Benati and Lubik (2014).
These scholars note that the total e¤ect of changes in the monetary policy
rate on inventories depends on whether its e¤ect on inventories through sales
(or demand channel) dominates its direct e¤ect on inventories (or inventory
channel). The components of the total e¤ect can be shown by considering
the �rst derivative of eq.(7) with respect to changes in the cost of capital.
This is presented in eq.(10) below.

@n

@r
=

-,+
�s

-�
@ys

@r

�
demand channel

�
-,+
�R

inventory channel
(10)

What is important to note about eq.(10) is that inventories may still increase
even if �R > 0, that is ��R < 0. Thus, the focus of our paper is on the
structural parameters that determine the sign of �R. In order to understand
what makes the coe¢ cient of the cost of capital turn positive or negative, we
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provide a numerical calibration of the structural parameters that determine
this coe¢ cient.

Table 6: Calibration of the sign puzzle
Parameters United States Canada

� 1:4140 1:5774
Case 1 (A0= 0:055; 
 = 0:676; � = 0:5)

ps0 0:0438, 0:0413

�ps0 0:0148 0:0139
' 0:0351 0:0297

�� 
�ps0 1:3992 1:5635
� 1:6700 0:9500
g 0:0100 0:0100
# 1:0000 1:0000
� 5:1107 2:9073
�R 0:1923 0:3375

Parameters United States Canada
� 1:4140 1:5774

Case 2 (A0= 1:30; 
 = 1:676; � = 1:5)
ps0 0:7445 0:6571

�ps0 1:8716 1:6519

�� 
�ps0 �0:4576 �0:0745
' 2:3614 1:8683
� 1:6700 0:9500
g 0:0100 0:0100
# 1:0000 1:0000
� 5:1107 2:9073
�R �0:0433 �0:0099

�R =
(��
�ps0)
�('+�)

, ' = 
 (1 + 
)
ps0
�

Given the empirical evidence that the puzzle persists in the United States
and Canada, we now set to illustrate what drives the puzzle in these two
countries. We follow Maccini et al.(2015) and Dasgupta et al. (2019) to
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calibrate the di¤erent levels of the steady state elasticity of the bene�ts of
holding inventories. We provide two case examples to show how the coef-
�cient of the cost of capital could become positive or negative. The most
important parameters are the ones that de�ne the probability of stockout.
In our �rst case, we set 
 = 0:676, which is the calibrated value provided in
Maccini et al. (2015). In our second case, we set 
 = 1:676, which is closer
to the value 
 = 1:5 used in Dasgupta et al. (2019). The values of A0 are
set at 0:055 and 1:30 respectively for the �rst and second cases. The value
of A0 = 0:055 was �rst used to obtain a frequency value for stockout that is
closer to the one provided by Bils (2016) based on the US micro data.

The sensitivity of stockouts cost to changes in the nominal interest rate is set
at 0:5 and 1:5 respectively for the �rst and second cases. We use the historical
average of the nominal interest rate to de�ne the steady state interest rate.
The calibrated parameters above endogenously determine the probability of
stockout and therefore drive the sign puzzle. However, given the steady state
interest rate and the steady state level of optimism, the coe¢ cient of the cost
of capital shows that the sensitivity of stockouts cost to changes in the cost
of capital and the elasticity of the bene�ts for inventory holdings are the two
main parameters driving the sign puzzle. Thus, the willingness to accumulate
inventories in the face of a rising cost of capital does increase with the term

�ps0.

The numerical calibration provided in Table.6 shows that the values of �R
in the �rst case (A0 = 0:055; 
 = 0:676; � = 0:5) are 0:1923 and 0:3375 for the
US and Canada respectively. In the second case (A0 = 1:30; 
 = 1:676; � = 1:5),
the values are �0:0433 and �0:0099 for the US and Canada respectively.
These results con�rm that the puzzle is driven by the elasticity of the ben-
e�ts of �rms for inventory holdings and the sensitivity of stockout cost to
changes in the cost of capital.

2.6 Conclusion and policy implications

2.6.1 Conslusion

In this paper, we �rst update the empirical evidence on the sign puzzle and
using a log linear inventory model and an inventory growth model provide
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evidence for the US, Canada and South Africa. We �nd that the puzzle still
exists in the United States and Canada, especially in the sample researched
before the global �nancial crisis of 2007-2009. The sample that starts with
the period of the crisis shows that the nominal interest rate has a negative
and signi�cant e¤ect on inventories for both the United States and Canada
when the log linear model is used. We �nd that the puzzle is not present
in South Africa, and that the nominal interest rate has a signi�cant and
negative e¤ect on inventory growth in South Africa.

Secondly, we present a structural model of inventory dynamics to explain the
puzzle, with this model being further extended to include the role of in�ation.
The empirical evidence based on the structural models con�rms the results
documented using the log linear model and the growth model. Finally, we
numerically calibrate the structural parameters that determine the sign of
the coe¢ cient of the cost of capital in the structural model. We note that
the elasticity of bene�ts to �rms for holding inventories and the sensitivity
of stockouts cost to changes in the cost of capital determine the sign of the
coe¢ cient of the cost of capital, and therefore drive the sign puzzle.

2.6.2 Policy implications

The real e¤ect of monetary policy is known to be transmitted through several
channels, which include the inventory channel. The inventory channel is a
supply-side channel and has attracted attention in the literature owing to the
role inventories play in driving the real business cycles. Although the sign
puzzle has cast doubts on the e¤ectiveness of the inventory channel, studies
such as those by Barth and Ramey (2001) and Copeland et al. (2019) have
demonstrated that the inventory channel exists.

This study has extended the empirical evidence on the puzzle in countries
such as the United States, Canada, and South Africa, and �nds that the
puzzle still exists in the United State and Canada, but not in South Africa.
The absence of the puzzle in South Africa o¤ers an additional channel for the
transmission of the real e¤ect of monetary policy. Therefore, monetary policy
authorities should consider evaluating how the inventory channel contributes
to the transmission of the real e¤ect of monetary policy in South Africa.
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3 Chapter. Inventory Dynamics and Endogenous Persistence in

a New-Keynesian Model

3.1 Introduction

This paper uses a standard New Keynesian (NK) model to investigate the
role of inventories in generating a hump-shaped response of macroeconomic
variables to shocks. NK models rely on a number of frictions in order to repli-
cate the stylized facts of the data. Fuhrer (2000) �nds that habit formation
is necessary to generate a hump-shaped response of aggregate spending to
shocks. Consequently, habit formation has become a standard feature of the
NK consumption function. In in�uential models, such as those by Smets and
Wouters (2003) and Christiano et al. (2005), the estimate of habit formation
�uctuates between 0:60 and 0:71. An additional friction that is used in these
models on the aggregate demand side is the investment adjustment cost.

On the supply-side, NK models apply price stickiness in order to generate
the short-run e¤ects of monetary policy on output and to induce aggregate
persistence. For instance, the speci�cation in Christiano et al. (2005) yields
a range of 0.28 to 0.89 for the price stickiness parameter, while the range
estimated in Rabanal (2007) is 0.59 to 0.86. Justiniano and Preston (2010a)
estimate it to be 0.79 for Australia and 0.68 for Canada and New Zealand.
Various indexation schemes are also speci�ed in order to generate persistence
in in�ation. The estimate of price indexation in Smets and Wouters (2003,
2007) is 0.905 and 0.24 respectively. These frictions have been criticised, by
among others Fuhrer (2004), for their ad-hoc nature and the limited amount
of microeconomic evidence pertaining to them.

Some of the criticisms of the NK models (e.g. Chari et al., 2000), highlight
the fragility of nominal rigidities in these models. For example, in order for
the model to generate persistence, price stickiness has to be unrealistically
high (in some instances, prices have to be sticky for more than a year). In
Christiano et al. (2005), price stickiness needs to be very high when wage
stickiness is absent. Chari et al. (2009) also criticize the ad hoc nature of
price indexation and other frictions in these models. As already noted by
Fuhrer (2004), microeconomic studies �nd mixed results about the signi�-
cance of habit formation. Dynan (2000) �nds the habit formation estimate
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to be -0.038 and Iwamoto (2013) reports a value of -0.37. Nevertheless,
Kapteyn and Teppa (2003) estimate habit formation to be 0.77 and Ravina
(2019) estimates it to be 0:503 and 0:29 for internal and external habit para-
meters respectively. A review by Havranek et al. (2017) notes that the gulf
between macro and micro estimates of this parameter is 0:50.

In this paper, we show that incorporating inventory dynamics in the standard
NK model goes a long way to reducing the role of many of these frictions.
This is contrary to Kryvtsov and Midrigan (2013), who �nd that nominal
price rigidities are needed to replicate key stylized facts such as the procycli-
cal behaviour of inventories and the countercyclical nature of inventory/sales
ratio in the data. Most NK models do not take into account the role of
inventories as a smoothing device, a point already acknowledged in Boldrin
et al.(2001). Inventories play important roles at both micro and macro levels
(Blinder and Maccini, 1991). For instance, Blinder and Fischer (1981) and
Wen (2005) describe inventories as a natural source of persistence in output.
Furthermore, Blinder (1981) posits that real price stickiness prevails in in-
dustries with inventorable goods. What this means is that the presence of
inventories in industry allows �rms to maintain stable prices in the face of
shocks.

In modelling the dynamics of inventories, we minimize the inventory hold-
ing cost function proposed by Blanchard (1983) and used in Maccini et al.
(2015). This cost function is augmented with the inventory adjustment cost,
as motivated by the work of Jung and Yun (2005). The desired inventory
gap, which is obtained from the cost minimization problem, is combined with
an inventory accumulation identity of the �rm�s inventory management unit
to obtain the dynamics of the actual inventory. The demand side of the
model is an extension of the studies such as those by Smets and Wouters
(2007), Gali and Monacelli (2005) and Lubik and Schorfheide (2007). How-
ever, the closest studies in a spirit similar to ours are the works of Boileau
and Letendre (2011), Kryvtsov and Midrigan (2010; 2013) and Kim (2015).

The remainder of this paper is structured as follows: Section 2 presents the
model and its linearized version, while Section 3 presents the parameters of
the model economy. Section 4 presents the results and Section 5 concludes
the paper and provides some policy implications.
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3.2 Model

3.2.1 Households

We assume that households hold their wealth in terms of short-term domestic
and foreign bonds. The nominal returns on the bonds are rt and rft for
domestic and foreign respectively. In line with Gali and Monacelli (2005) and
Lubik and Schorfheide (2007), we assume that households consume domestic
and foreign goods and supply labour hours. They maximize utility with the
following technology:

Ut(Ct) + U t(Zt)� U t(Lt) =
(Ct � hCt�1)

1��c

1� �c
+
Z1��zt

1� �z
� L1+�lt

1 + �l
(1)

where Ut stands for utility and the parameters �c,�z and �l are the respec-
tive intertemporal elasticity of substitution for domestic consumption Ct,
imported goods Zt and the elasticity of labour Lt, and h is habit formation
in consumption. Households are paid wage incomes for supplying labour
hours and their networth is written as follows:

Bt
Pt
+
EetB

f
t

Pt
=
(1 + rt�1)Bt�1

Pt
+

�
1 + rft�1

�
Eet

Pt
Bf
t�1 +

Wt

Pt
Lt �Ct �

EetP
f
zt

Pt
Zt

(2)

In eq.(2), Bt and B
f
t are the risk-free domestic and foreign bonds respectively.

Pt is the domestic price index, P
f
zt is the foreign price index, which is the same

as the import price index, Wt is the nominal wage and Eet is the nominal

exchange rate. The term Eet P
f
zt

Pt
is the real exchange rate, which is further

de�ned in this paper as St. The equilibrium conditions from the household�s
utility maximization problem are derived as follows:
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(Ct � hCt�1)
��c = �t (3)

L�lt
�t
=
Wt

Pt
(4)

�t = �Et

�
1 + rt
1 + �t+1

�
�t+1 (5)

�Et

�
1 + rt
1 + �t+1

�
St = �Et

 
1 + rft

1 + �ft+1

!
St+1 (6)

Z��zt = St�t (7)

The variable �t is the Lagrangian multiplier and � stands for factor discount.
In the presence of inventories, we de�ne aggregate demand to be equal to
aggregate sales (Y D

t = Y s
t ) but aggregate demand di¤ers from output (Y

D
t 6=

Yt). Aggregate demand (sales) is therefore determined as follows:

Y s
t = Ct +Xt � Zt +Gt (8)

where Xt is exports and Gt government spending, which we transform into
a spending shock in the linearized version of the model.

3.2.2 Production unit

Following Batini et al. (2005) and Malikane and Mokoka (2014), we assume
that �rms produce goods using labour, and apply an exogenously determined
technology and �xed factors of production in �xed proportion to output.
That is Mjt = Y

�j
t where Mjt represents the quantity of non-labour inputs,

which we assume are nonlinear in output. The production technology is
therefore determined as follows:

Yt = �
0

tL
�
t

h
�nj=1Y

�j�j
t

i
(9)

Yt = �tL
�l
t (10)

32



where 0 < � < 1, Yt is the real output, and Lt is labour input. The reduced

form of eq.(9) is presented in eq.(10) where �t = �
0 1
1��0
t captures the state

of technology, �l = �
1��0 , �0 =

nX
j=1

�j�j. The parameter �j is the coe¢ cient

of input requirement and �j is the elasticity of output with respect to each
input. The total cost of production and the real marginal cost are presented
in eqs.(11) and (12). The production cost is composed of labour cost and
costs related to other inputs in the production process such as domestic and
foreign inputs.

TCt;Y =
Wt

Pt

�
�
� 1
�l

t Y
1
�l
t

�
+
EetP

f
zt

Pt
Y �z
t +

n�1X
j=1

Pjt
Pt
Y
�j
t (11)

 t =
1

�l
wt

�
�
� 1
�l

t Y
1��l
�l

t

�
+ �zStY

�z�1
t +

n�1X
j=1

�jpjtY
�j�1
t (12)

The variable Pjt is the price of domestic input, P
f
zt is the price of imported

inputs and wt = Wt

Pt
is the real wage.

3.2.3 Inventory management unit

Following Blanchard (1983) and Maccini et al.(2015), we formulate the aggre-
gate inventory holding cost as the combination of stockout cost, the �nancing
cost of holding inventories, the storage cost and the inventory adjustment
cost. We augment their inventory holdings cost function with the oppor-
tunity cost of holding inventories, which is the real expected interest rate.
Gertler and Gilchrist (1994) note that a tight monetary policy shock weak-
ens the value of the assets of �rms. This reduces the incentive for �rms to
accumulate inventories, which implies that the probability of stockout will
increase when the cost of capital goes up. In line with the notion of the
marginal value of storage in Pindyck (1994), we employ a convex unit cost
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of storage as a function of the lagged inventory-sales ratio and express it
as a proportion of the current inventory stock. We also introduce inventory
adjustment cost which is motivated by the works of Jung and Yun (2005)
and Kryvtsov and Midrigan (2010).

The aggregate inventory holdings cost Ht is therefore determined as follows:

Ht = At

�
Nt
Y s
t

��

Y s
t e

�Rt +RtNt +

�
Nt�1
Y s
t

��
s
Nt +

�

1 + #

�
Nt
Nt�1

�1+#
Nt

(13)

where At captures the optimism of stock managers, Nt is the level of invento-
ries, Y s

t is sales, and Rt is the real expected interest rate, which is determined
by the Fischer equation. The parameter 
 > 0 is the sensitivity of the prob-
ability of stockout to the inventory-sales ratio also known as the bene�t of
stockout in Maccini and Pagan (2013). 
s > 0 is the sensitivity of storage
cost to the lagged inventory-sales ratio and � > 0 is the sensitivity of the
probability of stockout to changes in the cost of capital. The �rst term in
eq.(13) represents stockouts cost. The second term stands for the opportu-
nity cost of holding inventories and the third term is storage cost. The fourth
component is the inventory adjustment cost, which is similar in form to the
one in Jones and Tuzel (2013). # is the degree of convexity of the adjustment
cost function and � is the adjustment cost parameter.

Assuming that stock managers choose the level of inventory in order to min-
imize the total cost of holding inventories, the �rst order condition is derived
as follows:


AtN
�(1+
)
t Y

s(1+
)
t e�Rt = Rt +

�
Nt�1
Y s
t

��
s
+ �

�
2 + #

1 + #

��
Nt
Nt�1

�1+#
(14)

The level of inventories at time t that is consistent with eq.(14) is the desired
inventory at time t. Following Flaschel et al. (2001), the following supply
side identities are assumed at �rm level.
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Nt = Nd
t + Yt�1 � Y s

t�1 (15)

Yt = Y s
t +Nt �Nt�1 (16)

The identity in eq.(15) states that the gap between output and sales in the
previous period constitutes the inventory investment demand by the inven-
tory management unit. Thus, the actual inventory is equal to the desired
inventory plus inventory investment. The identity in eq.(16) is the normal
output identity. These identities show that within a �rm, the production
unit and the inventory management unit can be separated.

3.2.4 Linearized model economy

We present the linearized version of the model in terms of linearized quan-
tity variables, followed by cost and �nancial variables. The expression in
eq.(17) describes sales gap and the consumption gap in eq.(18) is obtained
by linearizing the �rst order condition (FOC) in eq.(5). The import gap in
Eq.(19) and the export gap in eq.(20) are obtained from the FOC in eq.(7).
The output expression in eq.(21) is obtained by linearizing the identity in
eq.(16), where g is the steady state growth rate.
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byst = 
cbct + 
xbxt � 
zbzt + 
Gb"Gt (17)
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bnt = 1
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(1 + g)2
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bndt = �nbnt�1 + �sbyst � �R bRt + b"t (23)
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b�t = �fb�t+1 + �bb�t�1 + � b t (27)bst = Etbst+1 + �brft � brt�+ �Etb�t+1 � Etb�ft+1� (28)brt = �rbrt�1 + (1� �r) (��b�t + �Y byt + �sbst) + b&t (29)

The parameters are de�ned as follows:
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The actual inventory gap in eq.(22) is derived from the combination of
eqs.(15) and (16). The desired inventory gap in eq.(23) is obtained by lin-
earizing the FOC in eq.(14). The expression in eq.(24) describes the dynamics
of the inventory-sales ratio. The parameters 
c, 
x, 
z and 
G are the re-
spective steady state consumption-sales ratio, export-sales ratio, import-sales
ratio and spending-sales ratio.

The real marginal cost gap in eq.(25) is obtained by linearizing the real
marginal cost function in eq.(12). The real wage gap in eq.(26) is derived
from the combination of eq.(4) and eq.(10). Lubik and Teo (2012) estimate
a NKPC with and without inventories. They conclude that the NKPC with
inventories performs just as well as the standard NKPC. This conclusion
allows us to simply adopt the standard NKPC as in Gali and Gertler (1999).
The presence of the real exchange rate in the real marginal cost makes our
NKPC a small open-economy version.

The real interest rate variable in the desired inventory equation is de�ned
by the Fischer relation, that is bRt = brt � Etb�t+1. The parameter � captures
the degree of price stickiness, ! is the degree of price indexation, � is the
discount factor, � is goods elasticity of substitution and � is the capital share
in output. The UIP condition in eq.(28) is derived from eq.(6). We follow
Lubik and Schorfheide (2007) to specify the monetary policy rule where the
parameters �r, ��, �Y , �s are the smoothing parameter of the central bank
interest rate, the central bank reaction to in�ation gap, the output gap and
the real exchange rate gap respectively. The model is driven by �ve major
�rst order autoregressive processes, namely the government spending shock
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b"Gt , the optimism shock b"t, the technology shock b�t and the monetary policy
shock b&t. All foreign variables are converted into a �rst order autoregressive
process. In all of these shocks, only the monetary policy and the technology
shocks are central to our analysis.

3.3 Parameterization of the model economy

The share of consumption in demand is set at 0:58, which is derived from the
Canadadian consumption data, the share of government spending is set at
0:20. Export/import share in sales is set at 0:22, which is the range used in
Justiniano and Preston (2010a). Owing to the small open-economy nature
of our model, we set the annual interest rate at 6%, that is 1:5% per quarter.
This corresponds to a discount factor of 0:985. We set the price indexation
parameter at � = 0:09, the same as the value estimated in Kryvtsov and
Midrigan (2010), by introducing inventories in Smets and Wouters (2007)
model. We chose this value to gain insights on whether in�ation inherits
some level of persistence from the inventories. We follow Christiano et al.
(2005) and set the price stickiness parameter at 0:60. This matches a price
reset duration of two and a half quarters. The goods elasticity of substitution
is set at 11, which corresponds to a price markup rate of 10%. In line with
Chang et al. (2009), we set the share of capital in production at 0:33.

We follow Justiniano and Preston (2010b) to de�ne the domestic and foreign
elasticity of substitution and follow Sugo and Ueda (2008) to set the elasticity
of labour hours to 2. The values �j = �z = 2 , !j = !s = 0:5 and �j = 0:40
are set to mimic the estimates in Batini et al. (2005) for United Kingdom and
Malikane and Mokoka (2014) for both developed and emerging economies.
In line with the Taylor rule principle, we follow Smets and Wouters (2007)
and set the central bank reaction to in�ation and output at 1:50 and 0:125
respectively. The reaction to the exchange rate variable is set at 0.25, which
is not far from the value 0.30 used in Justiniano and Preston (2010b). The
interest rate smoothing parameter is set at 0:85 and the persistence of the
shocks at 0:85, with these values having been taken from Smets and Wouters
(2003).
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Table 7: Calibrated parameters
Symbol Description Values

Non inventory related parameters

c Steady state consumption/sales ratio 0:58

G Steady state spending/sales ratio 0:20

x=
z Steady state imports,exports/sales ratio 0:22
� Discount factor 0:985
� Degree of price stickiness 0:60
! Degree of price indexation 0:09
� Goods elasticity of substitution 11:00
� Capital share in output 0:33

�c=�z Elasticity of substitution for domestic and imported goods 1:00
�l Elasticity of labour 2:00

�j=�z Fixed input requirement coe¢ cient 2:00
�j Output�s elasticity of �xed input 0:40
�r Interest rate smoothing 0:85
�� Central bank�s reaction to in�ation 1:50
�y Central bank�s reaction to output 0:125
�s Central bank�s reaction to exchange rate 0:25

Inventory related parameters
� Steady state inventory/sales ratio 1:40
� Steady state inventory/output ratio 1:38
� Inventory adjustment cost parameter 1:67

 Elasticity of the probability of stockout to changes in � 0:676

s Sensitivity of storage 1:39
� Sensitivity of the probability of stockout to cost of capital 0:50
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In line with Kryvtsov and Midrigan (2010), we set the inventory sales ra-
tio �=1:40 and the inventory adjustment cost parameter � = 1:67. The
inventory-sales ratio is approximately the same as the manufacturing inventory-
sales ratio for Canada over the period (1992Q1-2020Q1). We follow Maccini
et al.(2015) and set 
 = 0:676. In line with the estimates in Pindyck (1994),
we set the sensitivity of storage cost at 
s = 1:39. The annual steady state
growth rate is set at 5%. The value of the sensitivity of the probability of
stockout to changes in the cost of capital is set at � = 0:50 and the steady
state optimism at A0 = 0:06. These values are set to ensure that the steady
state probability of stockout matches the 5% used in Kryvtsov and Midrigan
(2013).

3.4 Results for calibration

3.4.1 Results of the model without inventories

The results are presented for three di¤erent degrees of habit parameter, that
is h = 0:00 (the solid black line), h = 0:35 (the dotted yellow line) and
h = 0:70 (the purple dashed line).2 Furthermore, the value of h = 0:35 is
set to compare our results to micro level evidence cases on habit formation.
Figure 4 shows the impulse responses with respect to a monetary policy
contraction and a positive technology shock.

The results show that to obtain a hump-shaped response of output and con-
sumption to a monetary policy contraction, a minimum value of h = 0:70
is required. This demonstrates why the value of this parameter is high in
monetary based DSGE models. For example, the values of habit formation
reported in Rabanal (2007) are above 0:73. A value of 0:98 is reported in
Bouakez et al. (2005), and one of 0.71 is reported in Smets and Wouters
(2007). Compared to output, in�ation failed to display a hump-shaped re-
sponse to the monetary policy contraction. This implies that the value of
price indexation used here is too low to drive a gradual response of in�ation
in the model without inventories.

2We chose the maximum level to be h = 0:70 because the average estimate of habit
parameter in DSGE models �uctuates around 0:70.
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Monetary policy contraction

Positive technology shock

Figure 4: Impulse responses of the model without inventories
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It is also observed that the real marginal cost displays a hump-shaped re-
sponse as the habit parameter increases above zero. The interest rate vari-
ables increase after the shock and nominal interest also shows a hump-shaped
response as habit formation increases above zero.

Table 8 reports the cyclical properties of the model. These are the standard
deviation of each variable, the correlation of the variables with output and the
�rst order autocorrelation of each of the variables. The results presented with
the impulse responses are also re�ected in these statistics. The role of habit
formation is to smooth the dynamics of consumption and therefore output.
This is shown by the statistics of the �rst order autocorrelation in Table 8.
It can be seen that the autocorrelations of output and consumption increase
from 0:85 at h = 0:00 to 0:96 at h = 0:70. Furthermore, the volatilities of
these two variables decrease from 4:09% to 3:36% and from 8:66% to 6:86%
respectively. This indicates that adding habit formation does indeed increase
the persistence of output and consumption.

Table 8: Cyclical properties of the model without inventories
Habit levels Habit levels Habit levels

h 0:00 0:35 0:70 0:00 0:35 0:70 0:00 0:35 0:70
Standard deviation (SD) Correlation with output Autocorrelation
y 4:09 3:82 3:36 1 1 1 0:85 0:93 0:96
c 8:66 8:07 6:86 0:98 0:98 0:97 0:85 0:92 0:96
 10:90 10:59 9:92 0:85 0:84 0:79 0:83 0:87 0:88
� 1:35 1:37 1:38 0:90 0:90 0:82 0:88 0:88 0:89
r 0:36 0:37 0:40 �0:37 �0:39 �0:32 0:96 0:96 0:95
R 1:26 1:29 1:36 �0:98 �0:96 �0:83 0:85 0:85 0:86

We reported the �rst order autocorrelation

The results with respect to a positive technology shock reveal that output,
consumption and both the nominal and the real interest rates respond grad-
ually to the shock even at h = 0:00. Output and consumption increase
after the shock and reach their respective peaks at nearly four quarters when
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h = 0:00, �ve quarters when h = 0:35 and approximately 7 quarters when
h = 0:70. The real marginal cost and in�ation on the other hand drop below
their steady states and then start increasing. In terms of the response of
in�ation to the positive technology shock, Dupor et al.(2009) also document
that in�ation falls as a response to a positive technology shock. Altig et al.
(2011) introduce �rm-speci�c capital and also �nd that in�ation decreases
after a positive technology shock.

3.4.2 Results of the model with inventories

Wemaintain the parameterization of the model without inventories and allow
inventory related parameters to drive the di¤erence between the two versions
of the model. The results of the model with inventories are also presented for
h = 0:00 (the solid black line), h = 0:35 (the dotted yellow line) and h = 0:70
(the purple dashed line). Table 9 reports the cyclical properties and Figure
5 reports the impulse responses.

Table 9: Cyclical properties of the model with inventories
Habit levels Habit levels Habit levels

h 0:00 0:35 0:70 0:00 0:35 0:70 0:00 0:35 0:70
Standard deviation (SD) Correlation with sales Autocorrelation
y 9:72 6:51 5:32 0:99 0:98 0:96 0:97 0:95 0:97
ys 7:18 3:60 2:51 1 1 1 0:97 0:93 0:94
� 6:20 2:54 1:56 �0:99 �0:99 �0:96 0:96 0:90 0:90
c 47:03 13:69 4:83 0:92 0:93 0:94 0:89 0:93 0:95
n 1:01 1:12 1:09 0:97 0:95 0:92 0:98 0:97 0:97
 13:19 10:62 11:11 0:99 0:84 0:86 0:69 0:88 0:89
� 1:91 1:60 1:54 0:95 0:89 0:89 0:95 0:91 0:90
r 3:38 0:71 0:45 �0:98 �0:79 0:25 0:96 0:94 0:95
R 5:14 2:01 1:33 �0:99 �0:91 �0:82 0:96 0:90 0:83

We reported the �rst order autocorrelation
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The results show that at h = 0:00, most of the variables, with the exception
of consumption, display a humped-shaped response to the monetary policy
shock. Output, sales and inventory gaps decline after the shock while output
and sales gaps reach their trough nearly a year after the monetary policy
contraction and inventory after a year and a quarter. The reason why no
hump-shaped response is observed in consumption at h = 0:00 is obvious.
The hump-shaped responses in output, sales and the inventory-sales ratio at
this habit level can be attributed to the presence of inventories. Owing to
their shock absorbing nature in the short run, inventories allow these variables
to be persistent. The smoothing role that inventories o¤er is also shown by
the �rst order autocorrelations presented in Table 9. The table shows that
the �rst order autocorrelation of output at h = 0:00 is 0:97, which is much
higher than the autocorrelation of output at h = 0:35 and approximately the
same as the autocorrelation at h = 0:70 in the model without inventories.

The response of inventories and the inventory-sales ratio in the model are
consistent with theoretical expectations. As such, inventories are procyclical
and the inventory-sales ratio is countercyclical. Table 9 also shows that
inventories are positively correlated with sales and the inventory-sales ratio
is negatively correlated with sales. Furthermore, the magnitude of response
of output and sales is higher at h = 0:00 compared to their responses at
h = 0:35 and h = 0:70. Thus, adding habit formation smoothes the dynamics
of consumption and reduces its volatility as well as the volatilities of sales
and output. Table 3 also reveals that even in the absence of inventories,
consumption is the most volatile component of the quantity variables in the
model. The main lesson from the results above is that inventories play the
same role assigned to habit formation in the NK models.

The results also show that the real marginal cost, in�ation and the interest
rate variables respond gradually. In�ation falls after the shock and reaches
its trough at about a year. This implies that in�ation inherits some level
of persistence from the presence of inventories. Therefore, only a moderate
level of price indexation, far below those levels estimated in the macro models
without inventories, is required to generate a gradual response of in�ation to
a monetary policy shock. The results are in line with the �ndings in Boileau
and Letendre (2011) which show that adding inventories to a shopping cost
model adds to the persistence of output and in�ation.
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Monetary policy contraction

Positive technology shock

Figure 5: Impulse responses of the model with inventories
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Kim (2015) also demonstrates that introducing inventories and margins in
the labour market into a general equilibrium model, results in a hump-shaped
response in output. His model with inventory alone is not able to generate
a hump-shaped response in output, however. Furthermore, he documents
counterfactual responses in inventories. What these studies neglect to con-
sider is what would happen under di¤erent degrees of habit formation. These
models are not based on the NKPC, where price indexation and nominal price
stickiness contribute to the persistence of in�ation and output respectively.

Our results in terms of the response of output and inventory to the contrac-
tionary monetary policy shock are in line with the �ndings in Copeland and
Maccini (2019) and Kryvtsov and Midrigan (2013). Gertler and Gilchrist
(1994) also �nd that small �rms deplete inventories after a monetary policy
contraction, whereas large �rms increase their inventory stock because they
have access to more open sources of funding.

On the other hand, Jung and Yun (2005) and Kryvtsov and Midrigan (2010)
�nd that inventories decrease after an expansionary monetary policy shock.
It is important to note that these two studies follow inventory in the demand
function approach, which is proposed by Bils and Kahn (2000), and may be
called models of �nished goods inventories. However, our results approve the
decline in habit formation from h = 0:71 to h = 0:59 and the drop in price
indexation from ! = 0:24 to ! = 0:09 in the version of Smets and Wouters
(2007) with inventories, which is assessed in Kryvtsov and Midrigan (2010).
As such, the level of habit formation and price indexation in NK models with
inventories should re�ect more cases of micro evidence.

We also report the impulse responses to a positive technology shock. At h =
0:00, our results show an increase and a delayed response of output, sales and
inventory to a positive technology shock, while in�ation shows disin�ationary
behaviour in the short run. The results are also in line with Chang et al.
(2009). This source argues that when inventories take on the cost smoothing
role in an environment that has been subjected to a positive technology shock,
this allows the associated �rms to expand output in order to accumulate
inventories, which are used in turn to smooth production over time. Iacoviello
et al. (2011) estimate a DSGE model by introducing input inventories in the
production function and �nished goods inventories in the utility function.
They also �nd that both input and output inventories increase after a positive
goods sector speci�c technology shock.
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3.4.3 Model variations

Despite the role of price indexation and price stickiness in the NK literature,
some fragilities are noted with these models. One of the most important
critiques identi�ed by Cogley and Sbordone (2008) and Chari et al. (2009)
is the ad hoc nature of price indexation in the NK models. In addition,
Chari et al. (2000) also point to the fragile role of nominal rigidities in
generating persistence in the NKmodels. Jung and Yun (2005) and Kryvtsov
and Midrigan (2010) note that inventory adjustment cost help to reproduce
the cyclical behaviour of inventories. As a result, we test the robustness of
our results to the variations in these parameters. We have already shown
above that in�ation inherits some level of persistence from the presence of
inventories. That allows us to focus only on the variations in price stickiness
and the inventory adjustment cost parameters.

We reset the price stickiness and the inventory adjustments cost parameters,
but only one at a time. First of all, we follow Rabanal (2007) and reset the
price stickiness parameter to � = 0:0001, which leads the duration of price
reset to approximately a quarter. This is closer to the evidence presented
in Bils and Klenow (2004) and Cogley and Sbordone (2008). This version
of the model is called the "�exible price model". Secondly, we reset the
inventory adjustment cost parameter to � = 0:00 and call it the "model
without adjustment cost". The goal in this case is that, we want to test
whether by specifying a convex storage cost as we have done, there is enough
room to reproduce the results in the model with inventories as presented in
the previous section. The results are also presented for three di¤erent levels
of habit formation and in response to both monetary and technology shocks.
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Positive technology shock

Figure 6: Impulse responses of the �exible price model with inventories
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Positive technology shock

Figure 7: Impulse responses of the model without adjustment cost

49



Figure 6 shows the results for the �exible price model. The results reveal that
output, sales, inventories and the inventory-sales ratio still display a hump-
shaped response to the monetary policy shock. Furthermore, the response of
inventories is procyclical with sales, while the response of the inventory-sales
ratio is still countercyclical. This signi�es that the presence of inventories in
the NK models is enough to generate a hump-shaped response in output. In
addition, the observed price puzzle displayed by in�ation and in response to
the monetary policy shock is well explained in Rabanal (2007, pp 918-919).
Rabanal (2007) shows that low levels of price stickiness and price indexation
increase the positive response of in�ation to monetary policy contraction in
the short run. The responses of the interest rate variables are still consistent
with theoretical expectations.

With respect to the positive technology shock, the responses of the variables
in the �exible price model are still consistent but are prolonged. Further-
more, in�ation shows a persistent disin�ationary response to the positive
technology shock, which is consistent with the literature. The results of the
model without adjustment cost are presented in Figure 7. There is not much
di¤erence in the response of the variables to shocks when compared to the
response of the variables in the baseline model with inventory adjustment
cost. Therefore, a convex storage cost, which we modelled by following Pyn-
dick (1994), is enough to create gradual responses in the aggregate variables.
In summary, the ability of the model to spawn a hump-shaped response in
the variables at h = 0:00 and a gradual response in in�ation at a low level of
price indexation suggests that DSGE models can be misspeci�ed if inventory
adjustments are excluded.

3.5 Conclusion and policy implications

3.5.1 Conclusion

In this study, we investigate whether the addition of inventories to a standard
New Keynesian (NK) DSGE model would help spawn endogenous persis-
tence in the aggregate variables. We study whether the dynamic response of
macro variables is sensitive to variations in the habit formation, price index-
ation, nominal price stickiness and the inventory adjustment cost parameter.
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These exercises, undertaken with respect to a monetary policy shock and
a technology shock, reveal that the hump-shaped response of output to a
contractionary monetary policy is mainly driven by habit formation in the
model without inventories.

In the version of the model that includes inventory adjustments, the results
reveal that output, sales and inventory display a hump-shaped response to
both shocks at zero degrees of habit formation. Moreover, only a moder-
ate level of price indexation, far below those estimated in the macro models
without inventories, is required to generate a gradual response of in�ation
to a monetary policy shock. We also note that it would not be necessary to
introduce inventory adjustment cost into the total cost of holding invento-
ries. Furthermore, inventories are procyclical, while the inventory-sales ratio
is countercyclical. These results are robust and resilient in terms of the vari-
ations in the probability of price stickiness and the inventory adjustment cost
parameters

3.5.2 Policy implications

This study has shown that inventories are a natural source of persistence
in output, while in�ation inherits some level of persistence in the presence
of inventories. We document that inventories play the role of habit forma-
tion when they are incorporated in the new Keynesian models. Thus, using
inventories rather than habit formation in NK models not only allow cen-
tral bankers to successfully reproduce the behaviour of the data but also to
avoid the use of free parameters when modelling the behaviour of the real
economy. The implications of the �ndings for the existing literature is that
DSGE models without inventories can result in the wrong parameterization
of calibrated models and incorrect estimates in estimated models. Should
these decision be based on models without inventory dynamics, this, aspect
would consequently, lead to costly or erroneous policy decisions.
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4 Inventories and Asset Prices Dynamics in a New-Keynesian

Model

4.1 Introduction

The reaction of asset prices to monetary policy shocks has been studied
extensively using event studies, structural VAR as well as DSGE models.
For instance, Bernanke and Kuttner (2005) use an event study to report
that a 0:25% cut in the monetary policy rate increases the stock price by
approximately 1%. Bjørnland and Leitemo (2009) use a structural VAR
model and �nd that the S&P500 declines by 7% to 9% following a 1% increase
in the Fed�s rate. Alessi and Kerssen�scher (2019) note that the reaction of
asset prices is stronger in a dynamic factor model (DFM) than in a standard
VAR model. Challe and Giannitsarou (2014) employ a New-Keynesian (NK)
model and document that stock prices react by approximately 3:06% to 6:57%
to a 100 basis-point increase in the interest rate. However, none of these
studies considers the role that inventories might play in macro models with
asset prices and the �nancial accelerator.

Inventories are known for their role in business cycle �uctuations (Maccini
and Pagan, 2013). They are also known to play an intertemporal smooth-
ing role similar to habit formation (Boldrin et al., 2001). Despite these
acknowledgements, the use of habit formation to explain the asset pricing
implications of macro models, dominates the literature. Nonetheless, recent
studies such as Belo and Lin (2012) and Jones and Tuzel (2013) have also
documented that inventory based portfolios exhibit a substantial spread in
future excess returns. They also show that risk premia are the appropriate
costs of capital for inventory holdings. These �ndings, in combination with
the relationship between inventories and the �rm�s networth as documented
in Carpenter et al. (1994), motivate for the use of the �nancial accelerator
(FA) mechanism to link inventories and asset prices. Theoretical and empir-
ical evidences on the FA mechanism can be found in Bernanke et al. (1999)
and Christensen and Dib (2008).

The gap we intend to �ll in this study is to use a NK model with inventories
and the FAmechanism to explain the reaction of asset prices to monetary pol-
icy shocks. We show that when inventories rather than habit formation, are
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used as a smoothing device, this not only produces hump-shaped responses of
aggregate variables but also it ampli�es the reaction of asset prices to mon-
etary policy shocks. Studies such as Li and Palomino (2014) and De-Paoli
et al. (2010) focus on the role of real and nominal rigidities in explaining
asset price responses to both monetary policy and productivity shocks. Gali
and Gambetti (2015) study the reaction of the components of asset prices,
namely fundamental and bubbles, while Laopodis (2013) examines the inter-
connection between the stock market and the US monetary policy regimes.
Models with the FA mechanism and asset prices such as those devised by
Aoki et al. (2004) focus on the housing market. Scholars have not paid much
attention to the role of inventories in these studies, and that issue, constitutes
the focus of this paper.

We contribute to the existing literature by linking inventories and asset prices
and calibrating four versions of our open economy model. This allows us to
quantify and compare asset price multipliers and to detect how inventory ad-
justment and the FA mechanism amplify shocks to the economy. Secondly,
the calibrated versions of our model are subject to habit formation. This
allow us to detect which, inventory or habit formation explains asset prices
�uctuations more e¤ectively. Although our study is related to asset price
models such as Castelnuovo and Nistico (2010), Nistico (2012), and FA mod-
els such as those of De Graeve (2008) and Hansen (2018), the papers more
closely aligned with ours are the work of Li et al. (2010) and Challe and
Giannitsarou (2014). The work of Challe and Giannitsarou (2014) is a NK
DSGE model. However, it is not a small open economy model. In addition,
the small open economy nature of our model is motivated by the work of Li
et al. (2010) but they employ a structural VAR model. The main di¤erence
between our study and these two is that we incorporate inventory dynamics
and the FA mechanism.

The remainder of the paper is structured as follows: In Section 2, we present
both the NK model and its linearized version. Section 3 explains the para-
meters and the calibrated values, Section 4 presents the results of calibration
and Section 5 concludes the paper and provides some policy implications.
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4.2 Model

4.2.1 Households

Like the model of Adolfson et al. (2008, 2014) and Christiano et al. (2011),
we assume that the household consumption is based on domestically pro-
duced and imported goods. Households also supply labour hours in a com-
petitive labour market and earn a competitive labour income. They maximize
their utility using the following technology:

Ut(Ct) + Ut(Zt)� Ut(Lt) =
(Ct � hCt�1)

1��c

1� �c
+
Z1��zt

1� �z
� L1+�lt

1 + �l
(1)

In Eq.(1), Ct stands for domestic consumption, Zt is imported consumption
and Lt represents labour hours, and �c,�z, and �l are their respective elas-
ticity parameters. Following Castelnuovo and Nistico (2010) and Challe and
Giannitsarou (2014), we assume that from period to period households trans-
fer wealth using domestic and foreign government bonds and equity shares.
For simplicity�s sake, we assume a domestic (home) bias and postulate that
households hold only domestic equity shares Ekt , and do not invest in foreign
equity shares. Furthermore, households interact with �rms through the stock
market and require a premium over the riskless bond rate in order to hold the
risky equity shares of �rms. This risk premium is comparable to an equity
premium. Thus, following Bernanke et al.(1999), Gilchrist and Leahy (2002)
and Aoki et al. (2004), we use the FA mechanism to model the dynamics of
the gross value of the external �nance premium or equity premium as follows:

(1 + �t) =

�
Qt
Ekt
Bt
"nt

��
n
(2)

where Qt = Pet
Pt
is the real equity price, Pet is the nominal equity price, Pt

is the domestic price index, Bt is the domestic short term debt instrument
or risk free domestic bond, E

k
t

Bt
is networth, 
n is the elasticity of the exter-

nal �nance premium and the disturbance term "nt stands for the networth�s
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shock. Following the FA literature, especially the work of Christensen and
Dib (2008), we assume that networth is procyclical to output, which allows
us to rewrite eq.(2) as follows:

(1 + �t) = [Qtf (Yt) "
n
t ]
�
n (3)

where Yt is output. We now formulate the household�s budget constraint as
follows:

QtE
k
t +

Bt
Pt
+
Eet
Pt
Bf
t = QtE

k
t�1 +

(1 + rt�1) (1 + �t�1)Bt�1
Pt

+

�
1 + rft�1

�
Eet

Pt
Bf
t�1 +

Wt

Pt
Lt � Ct �

EetP
f
zt

Pt
Zt (4)

where the variable Bf
t stands for short term foreign bond, rt represents the

nominal domestic interest rate and rft is the nominal foreign interest rate. E
e
t

stands for the nominal exchange rate and the term Eet P
f
zt

Pt
is the real exchange

rate which we further denote by St. Wt

Pt
is the real wage and Wt is the

competitive nominal wage that households earn by supplying labour hours.
The introduction of �t captures the variations in the stock price.

It is important to point out that the mechanism in eq.(3) applies to both the
household�s portfolio as well as the �rm�s balance sheet. From the household
perspective, shocks that increase output and stock prices will increase the
household�s networth and reduce the premium required to hold equity shares.
From the �rm�s perspective, shocks that increase the �rm�s output and equity
price, increase the �rm�s networth and put a downward pressure on the equity
premium required to raise equity �nance using the stock market. The �rst
order conditions (FOC) from the combination of eqs.(1) and (4) are presented
as follows:
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(Ct � hCt�1)
��c = �t (5)

�t = �Et
(1 + rt) (1 + �t)

(1 + �t+1)
�t+1 (6)

L�lt
�t
=
Wt

Pt
(7)

�Et
(1 + rt) (1 + �t)

(1 + �t+1)
St = Et

�
1 + rft

�
�
1 + �ft+1

�St+1 (8)

�tQt = �Et (�t+1Qt+1) (9)

Z��z = St�t (10)

The FOC in eq.(5) is with respect to consumption while eq.(6) presents the
FOC with respect to the domestic bond. Eq.(7) displays the FOC with
respect to labour hours and eq.(8) represents the FOC with respect to the
foreign bond. Eqs(9) and (10) are the FOCs with respect to equity shares and
imported goods respectively. The variable �t is the Lagrangian multiplier and
� is the subjective factor discount. In the presence of inventories, demand
is equal to sales

�
Y D
t = Y s

t

�
but demand di¤ers from output

�
Y D
t 6= Yt

�
. We

therefore specify the aggregate demand (sales) as follows:

Y s
t = Ct +Xt � Zt +Gt (11)

where Y s
t and Xt are sales and exports respectively and Gt is government

spending, which is further used as a demand shock in the linearized version
of the model economy.

4.2.2 Production unit

The production unit of our model economy is based on Batini et al. (2005)
and Malikane (2014). Building on these studies allows us to derive a real
marginal cost equation that applies to small open economies. We assume
that �rms produce goods using labour, technology and other �xed domestic
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and foreign factors of production in �xed proportion to output. These other
inputs are nonlinear in output and the production technology is determined
as follows:

Yt = �
0

tL
�
t

h
�nj=1Y

�j�j
t

i
(12)

Yt = �tL
�l
t (13)

where 0 < � < 1, Yt is the real output, Lt is labour input and �t captures
the state of technology. The parameter �j governs the coe¢ cient of input
requirement and �j is the output�s elasticity of other inputs in the production
process. The reduced form of eq.(12) is presented in eq.(13) where �l = �

1��0 ,

�0 =
nX
j=1

�j�j, �t = �
0 1
1��0
t , Lt = �

� 1
�l

t Y
1
�l
t . The production cost is composed of

the cost of labour and costs related to other domestic and foreign inputs. The
total cost of production and the real marginal cost are therefore determined
as follows:
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where TCt is the total cost of production and  t is the real marginal cost. Pjt
is the price of other domestic inputs and P fzt is the price of imported inputs,

wt =
Wt

Pt
is the real wage, and St =

Eet P
f
zt

Pt
is the real exchange rate.
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4.2.3 Inventory management unit

In line with Maccini and Pagan (2013) and Maccini et al.(2015), we formulate
the aggregate inventory holding cost as the combination of the stockout cost,
the �nancing cost of holding inventories, the storage cost and the inventory
adjustment cost. Furthermore, we model the probability of stockout to cap-
ture the view that if �rms place much weight on stockouts, they would still
accumulate stocks of goods to maintain their desired level of inventory even
if the cost of capital for inventory holdings were to increase. In other words,
if the bene�t for the inventory holdings is high, �rms would still accumulate
inventories in the face of the increasing cost of capital. This modi�cation
captures the sign puzzle as explained in Maccini et al. (2004, 2015). How-
ever, Jones and Tuzel (2013) argue that it is not really a puzzle and that
risk premiums should constitute the appropriate cost of capital for inventory
holdings. This is what motivates the use of equity premium as the cost of
capital for inventory holdings in this study.

We de�ne the unit cost of storage following Pindyck (1994), which is a convex
function of the lagged inventory-sales ratio and expressed as a proportion of
the current inventory stock. The aggregate inventory holding cost Ht is
therefore determined as follows:

Ht = At
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where At captures the optimism of stock managers, Nt is the level of inven-
tories, Y s

t represents sales,�t denotes the cost of capital or the risk premium,
and 
 > 0 is the sensitivity of the probability of stockout to changes in the
inventory-sales ratio.3 � > 0 is the sensitivity of the probability of stockout
to changes in the cost of capital and 
s > 0 is the sensitivity of storage cost to
the lagged inventory-sales ratio. The �rst term in eq.(16) represents stockout
cost. The second term stands for the opportunity cost of holding inventories
and the third term is the storage cost. The fourth component is the inven-
tory adjustment cost. # is the degree of convexity of the adjustment cost

3Maccini and Pagan (2013) note that it captures the �rm�s elasticity of bene�ts for
inventory holdings.
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function and � is the adjustment cost parameter. The �rst order condition
using eq.(16) is derived as follows:
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The level of inventories at time t that is consistent with eq.(17) is the desired
inventory at time t. Following Flaschel et al. (2001), we assume that the
supply side has two inventory accumulation identities which are speci�ed as
follows:

Nt = Nd
t + Yt�1 � Y s

t�1 (18)

Yt = Y s
t +Nt �Nt�1 (19)

The identity in eq.(18) is related to the inventory management unit and states
that the level of the actual inventory is equal to the desired inventory plus
inventory investment. Eq.(18) is formulated using adaptive expectations.
The identity in eq.(19) is the normal output identity.

4.2.4 Linearized model economy

The demand side of the model is comprised of aggregate sales, consumption,
exports, imports, the equity premium and the stock price. The supply side is
composed of output, inventories, inventory-sales ratio, the real marginal cost,
the real wage and in�ation. The aggregate sales gap in eq.(20) is obtained
from eq.(11), while the consumption gap in eq.(21) is obtained from the FOCs
in eqs.(5) and (6). Exports and imports in eqs.(22) and (23) respectively are
obtained from the FOC in eq.(10) where exports are simply foreign imports as
in McCallum and Nelson (2000). The equity premium in eq.(24) is obtained
by linearizing eq.(3) and the stock price gap in eq.(25) is obtained from the
FOC in eq.(9). The output gap in eq.(26) is derived from the identity in
eq.(18). The dynamics of inventory gap in eq.(27) is obtained from eq.(19)
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and the FOC in eq.(17), where the desired inventory gap is obtained from
eq.(17) and substituted in the linearized form of eq.(19). Eq.(28) signi�es
the inventory sales ratio gap.

byst = 
cbct + 
xbxt � 
zbzt + 
Gb"Gt (20)

bct = � (1� h)
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b�t = �fb�t+1 + �bb�t�1 + � b t (31)bst = Etbst+1 + �brft � brt�+ �Etb�t+1 � Etb�ft+1�� �t (32)brt = �rbrt�1 + (1� �r) (��b�t + �ybyt + �sbst) + �t (33)

The linearized real marginal cost presented in eq.(29) is from eq.(15). The
real wage gap in eq.(30) is derived from the FOC in eq.(7) and eq.(13). We
follow Gali and Gertler (1999) to specify the hybrid New Keynesian Phillips
curve (NKPC) in eq.(31), this because the NKPC with inventories presented
in Lubik and Teo (2012) performs just as well as the standard NKPC. The
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uncovered interest parity (UIP) condition in eq.(32) is obtained by linearizing
the FOC in eq.(8), which is the same as the one in Gali and Monacelli (2005).
To close the model, we follow Justiniano and Preston (2010a) and specify the
interest rate rule in eq.(33), where the central bank reacts to in�ation, output
and the exchange rate. Complex parameters in the model are summarized
as follows:
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The parameters of the NKPC are de�ned as: � is the degree of price stick-
iness, ! is the degree of price indexation, � is the discount factor and � is
goods elasticity of substitution. The interest rate rule parameters �r, ��, �Y ,
�s include the central bank interest rate smoothing parameter, the central
bank reaction to the in�ation gap, the output gap and the exchange rate re-
spectively. The model is driven by six autoregressive processes. These are the
government spending shock b"Gt , the optimism shock b"t, the networth shockb"nt , the technology shock b�t and the monetary policy shock b&t. All foreign
variables are converted into a �rst order autoregressive process. However,
the main focus of the paper is the monetary policy shock.
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4.3 Parameterization of the model economy

In line with Smets andWouters (2007), we set the government spending/sales
ratio to 0:18, which is also closer to the value 0:20 used in Bernanke et
al. (1999). Following Justiniano and Preston (2010a), we calibrate the im-
port/export share in sales to 0:27, which is closer to the prior values of
0:28 these authors used for Canada as a small open economy. These values
imply a consumption/sales ratio of 0:55, which is also consistent with the
consumption-sales ratio of Canada.

The steady state annual interest rate is set at 6%, which corresponds to
a discount factor of 0:985. The price stickiness parameter is taken from
Challe and Giannitsarou (2014) and the price indexation is set closer to the
estimated value in Lubik and Teo (2012). The elasticity of substitution for
domestic and imported goods are given a value of unity, which is consistent
with the literature. The share of capital in output is set at the same value
in Aoki et al. (2004). The elasticity of labour is set at 2, which is below
the value of 2.5 used in the FA model of Agenor et al. (2014). We follow
Christiano et al. (2005) and set the goods elasticity of substitution to 21,
which corresponds to a markup rate of 5%. We employ standard interest
rate rule parameters but take the central bank reaction to the exchange rate
from Justiniano and Preston (2010b). Parameters such as the coe¢ cient of
input requirement, the elasticity of other inputs to output are set following
Malikane and Mokoka (2014).

The parameters for the inventory-sales ratio and the inventory adjustment are
taken from Kryvtsov and Midrigan (2010, 2013). The value 1:40 adopted in
this study is closer to the average value 1:38 of the manufacturing inventory-
sales ratio for Canada for the period 1992Q1-2020Q1. This period also
matches the period of in�ation targeting in Canada and justi�es the use
of an interest rate rule in this study. The value of the inventory-sales ratio
is set to also re�ect the recent trends in the manufacturing inventory-sales
ratio for Canada. We choose to match the frequency of stockout of 5% used
in Kryvtsov and Midrigan (2013) which is approximately the average value
reported in Bils (2016). This requires us to set the steady state optimism
parameter at A0 = 0:055, which yields a frequency of stockout of 4:93%.
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Table 10: Calibrated parameters
Symbol Description Values

Non inventory and non FA related parameters

c Steady state consumption/sales ratio 0:55

G Steady state spending/sales ratio 0:18

x=
z Steady state imports,exports/sales ratio 0:27
� Discount factor 0:985
� Degree of price stickiness 0:60
! Degree of price indexation 0:40
� Goods elasticity of substitution 21:0
� Capital share in output 0:33

�c=�z Intertemporal elasticity for domestic and imported goods 1:00
�l Elasticity of labour 2:00

�j=�z Fixed input requirement coe¢ cient 2:00
�j Output�s elasticity of �xed input 0:38
�r Interest rate smoothing 0:85
�� Central bank�s reaction to in�ation 1:50
�y Central bank�s reaction to output 0:125
�s Central bank�s reaction to exchange rate 0:25

Inventory and FA related parameters
� Steady state inventory/sales ratio 1:40
� Steady state inventory/output ratio 1:38
� Inventory adjustment cost parameter 1:67

 Sensitivity of stockout to inventory/sales ratio 0:35

s Sensitivity of storage cost 1:39
� Sensitivity of stockout to changes in the cost of capital 0:50

n Elasticity of the external equity premium 0:05
�y Output�s elasticity of the external equity premium 0:58
�0 Steady state equity premium/annum 0:06
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We set the elasticity of the probability of stockout to the inventory-sales ratio
in the range provided in the literature. For example, Maccini and Pagan
(2013) estimate this parameter to be 0:026 for �nished goods inventories and
0:015 for input inventories. Furthermore, Maccini et al. (2015) provide a
value of 0:676 for this parameter while Dasgupta et al. (2019) calibrate it
at 1.5. Therefore, the value 0:35 adopted here is within the range reported
in recent literature. The value of the inventory adjustment cost parameter
that we employ is the estimated value in Kryvtsov and Midrigan (2010). The
sensitivity of the probability of stockout to changes in the cost of capital is
set at 0:50 and the steady state growth rate at 5% per annum. It is important
to note that inventory related parameters are set so that the coe¢ cient on

the cost of capital �� =
(��
�ps0)
�('+�)

is positive. The combination of inventory
related parameters yields a value of �� = 0:1928, which is consistent with the
estimates in Jones and Tuzel (2013).

We use the elasticity of external �nance premium provided in Bernanke et
al. (1999) and Gilchrist and Leahy (2002). The value of this parameter often
�uctuates around 0:05 in the literature. For instance, Christensen and Dib
(2008) estimate it to be 0:042 and De Graeve (2008) reports it at 0.10, while
Aoki et al. (2004) calibrate it to be 0:10. We set the steady state equity
premium at 6%, which is consistent with the recent statistics of the equity
premium provided in Horvarth (2020). He reports an average equity premium
of 4:9% for developed economies and 9:7% for emerging economies. This value
is consistent with the average value often reported in the literature pertaining
to the equity premium puzzle (see for example Boldrin et al., 2001).

We follow Aoki et al. (2004) and set the standard deviation of the monetary
policy shock at 0:0025, which correspond with an annualized 1% or a 100
basis-point increase in the nominal interest rate. The use of this value is
common in the literature that studies the interdependence between monetary
policy and asset prices. We follow Challe and Giannitsarou (2014) and set the
standard deviation of technology shock at 0:025, while the standard deviation
of all the other shocks in the model is set at 0:0025. Finally, we follow Challe
and Giannitsarou (2014) and report the results for h = 0 and for h = 0:80.
Setting h = 0 allows us to �rstly focus on the role of inventories. Increasing
it to h = 0:80 helps to determine the role of habit formation in a NK model
with inventories and asset prices.
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4.4 Results for calibration

First of all, the system is reduced to the nine aggregate variables we deem
important to the objectives of the study. These are output gap, sales gap,
inventory-sales ratio gap, inventory gap, the stock price gap, equity premium,
nominal interest rate, real expected interest rate and in�ation. The real ex-
pected interest rate, that is the di¤erence between the nominal interest rate
and expected in�ation, is measure with the Fischer equation. The reported
variables are simply the ones reported in Challe and Giannitsarou (2014)
to which we add the dynamics of inventory and the inventory-sales ratio.
The versions of the model for which we report results are (a) with �nancial
accelerator and inventories (henceforth, WFAN), (b) without �nancial accel-
erator (henceforth, WTFA), (c) without inventories (henceforth, WTN) and
(d) without �nancial accelerator and inventories (henceforth, WTFAN).

The most important statistics pertaining to our objectives are the impulse
responses and the asset prices multipliers. The impulse responses for the
baseline model are presented in Figures 8. The black solid line displays the
results for WFAN, the dotted yellow line shows the results for WTFA, the
dashed purple line presents the results for WTN and the green dotted-dashed
line presents the results for WTFAN. For h = 0:00 , the results show that the
magnitude of response of output gap in the model with the FA mechanism
is greater than that re�ected in the model without FA. This holds true,
regardless of the presence of inventories. We observe similar responses in
sales gap, inventory-sales ratio gap, equity price gap, equity premium and
in�ation.

The responses of the interest rate variables are persistent and consistent with
the theory and do not display any liquidity puzzle. However, we note that
the decline in inventories following the shock is less with the FA mechanism
and greater without the FA mechanism, which implies that inventories are
less volatile in the version WFAN than in WTFA.

The stock price and equity premium multipliers are reported in Table 11. At
h = 0:00, the stock price declines by 33:36% in the model with both FA and
inventories (WFAN) compared to 17:06% in the model without FA (WTFA).
The baseline model without FA corresponds to the model with inventories.
In the presence of habit formation, the model without inventories (WTN)
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generates a multiplier of 5:27%, while the model without both inventory and
the FA mechanism (WTFAN) generates a stock price multiplier of 4:38%.

In the baseline model with both the FA mechanism and inventories (WFAN),
equity premium responds by 1:70% but only 0:34% in the model without in-
ventories (WTN). Furthermore, it is noted that the reactions of the inventory
and stock price gap are procyclical with sales, while that of the inventory-
sales ratio and equity premium is countercyclical.

Table 11: Asset price multipliers of the baseline model
WFAN WTFA WTN WTFAN

Mq (h = 0) �33:36 �17:06 �5:27 �4:38
M� (h = 0) 1:70 : 0:34 :
Mq (h = 0:80) �5:44 �4:97 �5:16 �4:42
M� (h = 0:80) 0:26 : 0:26 :

Mq = stock price multiplier (in percentage)
M� = equity premium multiplier(in percentage)

When we increase habit formation to above zero, that is h = 0:80, we note
that the magnitude of response of the variables in the model with both FA and
inventories (WFAN) is not much di¤erent from those values generated in the
model without inventories (WTFA). Thus, adding habit formation nulli�es
the amplifying role of inventories and reduces the magnitude of response of
the aggregate variables. We note that in the presence of inventories, the
smoothing role of habit formation in output through consumption and sales
dominates in the model. This brings the stock price multipliers of the versions
calibrated with habit formation to 5:44% in WFAN, 4:97% in WTFA, 5:16%
in WTN and 4:42% in WTFAN. The equity premium multiplier drops to
0:26% in both WFAN and WTN.
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Monetary policy contraction (h = 0:00)

Monetary policy contraction (h = 0:80)

Figure 8: Responses of aggregate variables in the baseline model
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The main innovations at this stage can be summarized as follows: (i) By
adding inventory dynamics to our standard small open NK DSGE model
without habit formation, the stock price response, on impact, is ampli�ed
by 12:68% (calculated as 17:06% minus 4:38%) and only 0:47% (calculated
as 5:44% minus 4:97%) when habit persistence is added in the model. On
impact, the response of the external �nance premium, which in our case is
the equity premium, is magni�ed by 1:36%. (ii) Inventories also magnify
the amplifying role of the FA mechanism. Thus, in the presence of both the
FA mechanism and inventories, and without habit formation, the response
of stock price increases from 17:06% to 33:36%, a di¤erence of 16:30%. In-
ventories magnify the e¤ect of the FA because the contribution of the FA
mechanism in the absence of inventories is only 0:89% (computed as 5:27%
minus 4:38%) and 0:74% (computed as 5:16% minus 4:42%) in the presence
of habit formation.

The results of our model without inventories are consistent with the results
presented in the DSGE literature, the VAR literature, as well as in event
studies. For example, Rigobon and Sack (2004) employ an event study and
report that in absolute values, the S&P500 reacts by 6:8%, WILD5000 by
6:5%, and NASDAK and DJIA by 9:42% and 4:85% respectively to an annu-
alized 100 basis-point increase in the monetary policy rate. These results are
not far from the range reported by Bernanke and Kuttner (2005), who com-
bine event study and VARmethodology. The range documented in Bjørnland
and Leitemo (2009) for quarterly data using a VAR analysis is 3:80%-7:20%
in absolute values. Li et al. (2010) also use a structural VAR model and �nd
that the response of the stock price in Canada to a surprising 100 basis-point
increase in the Canadian repo is 0:01% , while the same percentage increase
in the Fed rate yields a response of 2:2% in the US stock price.

Using a NK DSGE setup, Challe and Giannitsarou (2014) �nd that the stock
price reacts by approximately 3.06% to an annualized 1% increase in the pol-
icy rate. This �nding is closer to the ones in our model without inventories.
Kontonikas et al. (2013) also document conventional reactions of the stock
price to a surprise cut in the monetary policy rate. They �nd signi�cant re-
action prior to the global �nancial crisis of 2007-2009 but no reaction during
the crisis itself. Paul (2019) �nds that before the �nancial crisis, the reaction
of both stock and house prices were not sizeable, while Alessi and Kerssen-
�scher (2019) �nd that the response of stock and house prices are stronger
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in a dynamic factor model than in a VAR setup.

The cyclical behaviour of inventories and the inventory-sales ratio is also
consistent with the �ndings in Kryvtsov and Midrigan (2013). The cyclical
behaviour of the equity premium is consistent with the literature that uses
the �nancial accelerator mechanism of Bernanke et al. (1999) and Gilchrist
and Leahy (2002). Ravn (2014), for example, documents a countercyclical
response of the external �nance premium. While Gomes et al. (2003) docu-
ment a procyclical behaviour of the �nance premium, Agenor et al. (2014)
document a countercyclical behaviour of the external �nance premium and
note that the studies with procyclical �nance premium are the ones in which
the entrepreneur has no capital stock.

4.4.1 Model variations

We now subject the results to variations in key NK parameters, namely the
price indexation and the price stickiness, as well as the inventory adjustment
cost parameter. We �rst set the price indexation ! = 0:00 and price stickiness
� = 0:011 such that the duration of the price reset is approximately a quarter.
This variation is called the �exible price model. Secondly, we reset these
parameters to their benchmark levels and reset � = 0:00. This variation
is called the model without adjustment cost. We present the results of the
two sets of variations for both h = 0:00 and h = 0:80. Figure 9 presents
the results for the �exible price model. The results show that the dynamics
response of the aggregate variables is consistent with the relevant theories.
However, the response of asset prices in the �exible price model are slightly
more ampli�ed while those of the model without adjustment cost are less
ampli�ed as opposed to the results in the baseline model.

Multipliers of stock price and equity premium are reported in Table 12. The
reaction of stock price at h = 0:00 in the �exible price model with both FA
and inventories is 5:56% higher than the response generated in the baseline
model. The �exible price model without FA, generates a response in the
stock price which is 0:94% less compared to the baseline model without FA
(WTFA). This implies that the sticky price model with inventories and the
�exible price model with inventories produce responses of approximately the
same magnitude. The response in the �exible price model without inventories
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is nearly 2:52% greater compared to the baseline model without inventories.
The stock price multiplier in the �exible price model without FA and without
inventories is 5:53%, which is 1:15% greater than the 4:38% generated with
the sticky price model. The �exible price model also ampli�es the response
of the equity premium.

Table 12: Asset price multipliers of the variated models
The �exible price model
WFAN WTFA WTN WTFAN

Mq (h = 0:00) �38:92 �16:12 �7:79 �5:53
M� (h = 0:00) 1:97 : 0:47 :
Mq (h = 0:80) �5:31 �4:48 �7:66 �5:65
M� (h = 0:80) 0:25 : 0:37 :

Model without inventory adjustment cost
WFAN WTFA

Mq (h = 0:00) �23:15 �12:24
M� (h = 0:00) 1:20 :
Mq (h = 0:80) �4:16 �3:87
M� (h = 0:80) 0:21 :

Mq = stock price multiplier (in percentage)
M� = equity premium multiplier(in percentage)

When we increase habit formation in the �exible price model, the results
do not di¤er much from the responses in the sticky price model with habit
formation. The only version with a signi�cantly ampli�ed response is the
�exible price model without inventories. Figure 10 shows the impulse re-
sponses of the model without adjustment cost. The stock price multipliers in
the lower panel of Table 12 reveal that the reaction of stock price at h = 0:00
in WFAN is 23:15% in absolute value compared to 33:36% in the model with
inventory adjustment costs. The response is 12:24% in WTFA compared to
17:06% in the baseline model with adjustment costs. The responses of asset
prices with habit formation are similar to the ones in the baseline model.
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Monetary policy contraction (h = 0:00)

Monetary policy contraction (h = 0:80)

Figure 9: Responses of aggregate variables in the �exible price model
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Monetary policy contraction (h= 0:00)

Monetary policy contraction (h = 0:80)

Figure 10: Responses of variables in the model without adjustment cost
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The response of the equity premium drops from 1:70% in the baseline model
to 1:20% in the model without adjustment cost. The remark here is that
inventory adjustment costs play an important role in the response of asset
prices to a monetary policy shock.

In summary, we �nd that inventories amplify the response of asset prices
to a monetary policy shock and that the results generated from the model
without inventories are consistent and comparable to the ones documented
using event studies, VAR models and those documented in Challe and Gi-
annitsarou (2014) using a NK DSGE model. Furthermore, in comparison to
Li et al. (2010), a source which studies a small open economy like Canada
versus a large and closed economy like the United States, our results, which
are based on a NK DSGE model, reveal a much higher reaction of the stock
price to a monetary policy shock.

4.5 Conclusion and policy implications

4.5.1 Conclusion

This study uses a New-Keynesian DSGE model to investigate the manner
in which inventories contribute to the reaction of asset prices to a monetary
policy shock and whether the models account for the cyclical behaviour of
key macro-�nance variables. The �nancial accelerator mechanism is used to
link the demand side and the supply side through the e¤ect of the external
�nance premium or equity premium on inventories. We subject the dynamics
of the aggregate variables to an annualized 100 basis-point increase in the
nominal interest rate.

The results show that the response of variables such as output and sales
are consistent with theoretical expectations. Speci�cally, we �nd that the
response of stock price and equity premium are ampli�ed in the presence of
inventories and the FA mechanism. Moreover, we note that the amplifying
role of the FA mechanism is magni�ed by inventories. Furthermore, we �nd
that adding an additional smoothing device, such as habit formation, nulli�es
the amplifying role of inventories and thus reduces the magnitude of response
of the aggregate variables.
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We reproduce the results using a �exible price model and a sticky price model
without inventory adjustment cost. The main �ndings are that, in the absent
of the the �nancial accelerator mechanism, the sticky price and the �exible
price models reveal a similar contribution of inventories in respect of the
reaction of stock price to a monetary policy shock. Furthermore, we note that
inventory adjustment cost play a crucial role in the response of stock price to
a monetary policy shock. With the exception of these innovations, the results
in the models without inventories are consistent with the existing literature.
Our macro model therefore displays important asset pricing implications, and
inventories should be considered in future macro models with asset prices.

It is important to point out that we do not distinguish between small and
large �rms and do not incorporate the dynamics of capital stock and therefore
investment as often noted in the �nancial accelerator literature. However,
these issues have constituted the cores of previous FA models with invest-
ments. Moreover, the main objective of this study is to investigate the asset
pricing implications of a macro model with inventories. We therefore recom-
mend further extension in these directions, as well as an acknowledgement
of the ability of our model to shed light on whether the central bank should
react to asset prices.

4.5.2 Policy implications

Bernanke and Kuttner (2005) note that asset prices constitute a transmis-
sion channel for monetary policy shocks. They argue that the most imme-
diate e¤ects of monetary policy shocks are often re�ected in asset prices.
On the other hand, other scholars have pointed to the need for monetary
policy authorities to control the volatility of asset prices, as it signi�cantly
contributes to the volatility of the economy. Therefore, understanding the in-
terconnection between asset prices and monetary policy shocks is important
to comprehend the mechanism behind the transmission of monetary policy.

This study shows that inventories amplify the reaction of equity prices to
monetary policy shocks. The decline in equity premium following a contrac-
tionary monetary policy shock is ampli�ed by the negative e¤ect of mone-
tary policy contraction on sales and inventories. The decline in inventories,
in turns, ampli�es the response of equity prices. Given these �ndings, it
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becomes imperative for monetary policy authorities to consider models that
incorporate inventory behaviour when quantifying the real e¤ect of monetary
policy on the economy.
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5 Concluding remarks and directions

5.1 Introduction

This thesis answers three major research questions. Firstly, it provides both
empirical evidence and theoretical justi�cation for the sign puzzle. Secondly,
the thesis investigates whether inventories can be used as a smoothing device
in the New-Keynesian model. Thirdly, the thesis investigates how asset prices
respond to a monetary policy shock in the presence of inventories. This
chapter summarizes the major conclusions and provides directions for future
research.

5.2 Inventory dynamics, interest rates and the sign puzzle

Firstly, this paper employs a log linear inventory model and an inventory
growth model to provide empirical evidence on the sign puzzle. While data
on inventory stock is still the main barrier to the lack of empirical evidence
on the sign puzzle in both developed and emerging economies, we provide
evidence in respect of the United States, Canada and South Africa. Secondly,
we develop a model of inventory dynamics to explain the puzzle. In line
with Bivin (2011), the main assumption made in the formulation of the
structural model is that �rms, especially the stockout avoidance �rms, will
still accumulate inventories in the face of the increasing cost of capital.

The results based on the log linear model and the inventory growth model
show that the puzzle still exists in the United States and Canada, but not in
South Africa. The reduced form estimates of the structural model con�rm
the results based on the log linear inventory model and the inventory growth
model. The structural model shows that the coe¢ cient on the cost of capital
variable is ambiguous. We calibrate this coe¢ cient to show the conditions
under which the sign puzzle can materialize. The study concludes that the
elasticity of bene�ts for inventory holdings and the sensitivity of stockouts
cost to change in the cost of capital determine the sign of the coe¢ cient of
the cost of capital and therefore drive the sign puzzle.
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Inventories are known to serve as monetary policy transmission channels
(Frankel, 2006). The inventory channel was acknowledged in Barth and
Ramey (2001) to function as a supply side channel. Thus, if the inventory
channel does in fact exists, its size would depend on the elasticity of bene-
�ts of stockouts cost and the sensitivity of stockouts cost to changes in the
cost of capital. Our �ndings, therefore, complement the view in Benati and
Lubik (2014) that the e¤ect of monetary policy on inventories depends on
whether its e¤ect on inventories through sales, dominates its direct e¤ect on
inventories. This direct e¤ect of interest rates on inventories is known as the
inventory channel and its size depends on the two parameters that drive the
sign puzzle.

5.3 Inventory dynamics and endogenous persistence in a New-
Keynesian model

This paper investigates whether inventories could play a similar role to habit
formation in the New-Keynesian (NK) model. In doing so, we introduce the
dynamic of inventories into a small open dynamic stochastic general equilib-
rium (DSGE) model. The fact that NK models rely on habit persistence to
spawn a gradual response in aggregate variables such as consumption and
output has been the motivation for this paper. However, the role of inven-
tories as a smoothing device or in generating persistence in output has long
been acknowledged, as in Blinder and Fischer (1982), Boldrin et al. (2001)
and Wen (2005), and empirically supported by Boileau and Letendre (2011).
We calibrate a small open economy model and study its sensitivity to changes
in the price indexation, price stickiness and the inventory adjustment cost
parameter.

We �nd that the NK model with inventories but without habit formation
generates a hump-shaped response of aggregate variables to both monetary
policy and technology shocks, while the version of the model without inven-
tories and without habit formation fails to spawn a hump-shaped response
in consumption and output. We also �nd that in�ation inherits some level of
persistence from the presence of inventories and, therefore, only a moderate
level of habit formation is required to generate a gradual response of in�a-
tion to a monetary policy shock. Furthermore, our �exible price model with
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inventories generates similar results when compared to the baseline model.
We note that the addition of inventory adjustment costs to the total inven-
tory holdings cost is not necessary. Finally, we note that our DSGE model
replicates the cyclical behaviour of inventories and the inventory-sales ratio.

These results suggest that DSGE models without inventories can su¤er from
wrong speci�cations and may therefore lead to unreliable policy decisions if
employed by policy makers in policy decision making.

5.4 Inventories and asset prices dynamics in a New-Keynesian
model

This paper investigates the response of asset prices to a monetary policy
shock in the presence of inventories. We calibrate a small open economy
DSGE model with inventories and asset prices. The relationship between in-
ventories and asset prices is embedded using the �nancial accelerator mech-
anism. We �nd that a 100 basis-point increase in the nominal interest rate
causes the equity price gap to respond by 17.06% as opposed to 4.38% in the
absence of inventories. We also note that inventories amplify the response
of asset prices to a monetary policy shock, while habit formation nulli�es
the role of inventories. The implications of the �ndings in this paper for
the existing literature are that (i) macro-�nance models without inventories
can underestimate the response of asset prices to shocks and that (ii) macro-
�nance models without inventories may therefore mislead policy makers in
making macro policy decisions.

5.5 Directions for future research

The research questions posed in this study focus on the role of inventories
while ignoring the role of long term investments. Thus, inventories are con-
sidered as short term assets and inventory investment merely constitutes
only a portion of the �rm�s total investment. Future studies should consider
advancing the ideas developed in this study to also include long term assets.
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6 Appendix

This appendix presents the derivation of the model of inventory dynamics in
section 2.4.

The total cost of inventory holdings is presented as follows:

Ht = At
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The �rst order condition from eq.(1) is presented as follows:
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We assume that the level of inventories at time t that is consistent with eq.(2)
is the desired inventory at time t. The linearized version of eq.(2) gives the
desired inventory gap as follows:
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The inventory accumulation identities of the inventory management and the
production units are presented as follows:

Nt = Nd
t + Yt�1 � Y s

t�1 (4)

Yt = Y s
t +Nt �Nt�1 (5)

By substituting eq.(5) into eq.(4) and linearizing around the steady state,
the dynamics of the actual inventory gap is obtained as follows:

bnt = 1

(1 + g)
bnt�1 � 1

(1 + g)2
bnt�2 + bndt (6)

By substituting the desired inventory gap in eq.(3) into eq.(6), the dynamics
of the actual inventory gap is presented as follows:

bnt = � 1

(1 + g)
+ �n

�bnt�1 � 1

(1 + g)2
bnt�2 + �qbqt � �R bRt + b"t (7)

80



7 Reference list

Altig, D., Christiano, L. J., Eichenbaum, M., & Linde, J. (2011). Firm-
speci�c capital, nominal rigidities and the business cycle. Review of Eco-
nomic dynamics, 14(2), 225-247.

Akhtar, M. A. (1983). E¤ects of interest rates and in�ation on aggregate
inventory investment in the United States. The American Economic Review,
73(3), 319-328.

Alessi, L., & Kerssen�scher, M. (2019). The response of asset prices to mone-
tary policy shocks: stronger than thought. Journal of Applied Econometrics,
34(5), 661-672.

Agénor, P. R., Bratsiotis, G., & Pfajfar, D. (2014). Credit frictions, collateral
and the cyclical behavior of the �nance premium. Macroeconomic Dynamics,
18(05), 985�997.

Adolfson, M., Laséen, S., Lindé, J., & Svensson, L. E. (2014). Monetary
policy trade-o¤s in an estimated open-economy DSGE model. Journal of
Economic Dynamics and Control, 42, 33-49.

Adolfson, M., Laséen, S., Lindé, J., & Villani, M. (2008). Evaluating an
estimated new Keynesian small open economy model. Journal of Economic
Dynamics and Control, 32(8), 2690-2721.

Aoki, K., Proudman, J., & Vlieghe, G. (2004). House prices, consumption,
and monetary policy: a �nancial accelerator approach. Journal of Financial
Intermediation, 13(4), 414-435.

Benati, L., & Lubik, T. A. (2014). Sales, inventories and real interest rates: a
century of stylized facts. Journal of Applied Econometrics, 29(7), 1210-1222.

Barth III, M. J., & Ramey, V. A. (2001). The cost channel of monetary
transmission. NBER Macroeconomics Annual, 16, 199-240.

Belo, F., & Lin, X. (2012). The inventory growth spread. The Review of
Financial Studies, 25(1), 278-313.

81



Bernanke, B. M. (1996). Gertler and S. Gilchrist, 1996, The Financial Accel-
erator and the Flight to Quality. Review of Economics and Statistics, 78(1),
1-15.

Bils, M. (2016). Deducing markups from stockout behavior. Research in
Economics, 70(2), 320-331.

Bils, M., & Klenow, P. J. (2004). Some evidence on the importance of sticky
prices. Journal of Political Economy, 112(5), 947-985.

Bils, M., & Kahn, J. A. (2000). What inventory behavior tells us about
business cycles. American Economic Review, 90(3), 458-481.

Bivin, D. G. (2011). Inventories, Interest Rates, and Markups. Theoretical
Economics Letters, 1(02), 41.

Bivin, D. G. (2010). Inventories and Interest Rates: A Stage of Fabrication
Approach. The BE Journal of Macroeconomics, 10(1), 1-32.

Blanchard, O. J. (1983). The production and inventory behavior of the
American automobile industry. Journal of Political Economy, 91(3), 365-
400.

Blinder, A. S., & Maccini, L. J. (1991). Taking stock: a critical assessment
of recent research on inventories. Journal of Economic Perspectives, 5(1),
73-96.

Blinder, A. S., & Fischer, S. (1981). Inventories, rational expectations, and
the business cycle. Journal of Monetary Economics, 8(3), 277-304.

Blinder, A. S. (1982) Inventories and sticky prices: more on the microfoun-
dations of macroeconomics, American Economic Review, 72, 334�48.

Blinder, A. S. (1986). Can the production smoothing model of inventory
behavior be saved?. The Quarterly Journal of Economics, 101(3), 431-453.

Blinder, A. S., Lovell, M. C., & Summers, L. H. (1981). Retail inventory
behavior and business �uctuations. Brookings Papers on Economic Activity,
1981(2), 443-520.

82



Batini, N., Jackson, B., & Nickell, S. (2005). An open-economy new Key-
nesian Phillips curve for the UK. Journal of Monetary Economics, 52(6),
1061-1071.

Boileau, M., & Letendre, M. A. (2011). Inventories, sticky prices, and the
persistence of output and in�ation. Applied Economics, 43(10), 1161-1174.

Bouakez, H., Cardia, E., & Ruge-Murcia, F. J. (2005). Habit formation and
the persistence of monetary shocks. Journal of Monetary Economics, 52(6),
1073-1088.

Bernanke, B. S., & Kuttner, K. N. (2005). What explains the stock market�s
reaction to Federal Reserve policy? The Journal of Finance, 60(3), 1221-
1257.

Bernanke, B. S., Gertler, M., & Gilchrist, S. (1999). The �nancial accelerator
in a quantitative business cycle framework. Handbook of Macroeconomics, 1,
1341-1393.

Bernanke, B. S. M. Gertler (1989).Agency costs, collateral, and business
�uctuations.American Economic Review 79, 14-31.

Bjørnland, H. C., & Leitemo, K. (2009). Identifying the interdependence
between US monetary policy and the stock market. Journal of Monetary
Economics, 56(2), 275-282.

Boldrin, M., Christiano, L. J., & Fisher, J. D. (2001). Habit persistence,
asset returns, and the business cycle. American Economic Review, 91(1),
149-166.

Copeland, A., Hall, G., & Maccini, L. J. (2019). Interest rates and the
market for new light vehicles. Journal of Money, Credit and Banking, 51(5),
1137-1168.

Chari, V. V., Kehoe, P. J., & McGrattan, E. R. (2009). New Keynesian
models: not yet useful for policy analysis. American Economic Journal :
Macroeconomics, 1(1), 242-66.

Chari, V. V., Kehoe, P. J., &McGrattan, E. R. (2000). Sticky price models of
the business cycle: can the contract multiplier solve the persistence problem?.
Econometrica, 68(5), 1151-1179.

83



Christiano, L. J., Eichenbaum, M., & Evans, C. L. (2005). Nominal rigidities
and the dynamic e¤ects of a shock to monetary policy. Journal of Political
Economy, 113(1), 1-45.

Christiano, L. J., Trabandt, M., &Walentin, K. (2011). Introducing �nancial
frictions and unemployment into a small open economy model. Journal of
Economic Dynamics and Control, 35(12), 1999-2041.

Chang, Y., Hornstein, A., & Sarte, P. D. (2009). On the employment e¤ects
of productivity shocks: The role of inventories, demand elasticity, and sticky
prices. Journal of Monetary Economics, 56(3), 328-343.

Cogley, T., & Sbordone, A. M. (2008). Trend in�ation, indexation, and in-
�ation persistence in the New Keynesian Phillips curve. American Economic
Review, 98(5), 2101-26.

Challe, E., & Giannitsarou, C. (2014). Stock prices and monetary policy
shocks: A general equilibrium approach. Journal of Economic Dynamics
and Control, 40, 46-66.

Christensen, I., & Dib, A. (2008). The �nancial accelerator in an estimated
New Keynesian model. Review of Economic Dynamics, 11(1), 155-178.

Carpenter, R. E., Fazzari, S. M., Petersen, B. C., Kashyap, A. K., & Fried-
man, B. M. (1994). Inventory investment, internal-�nance �uctuations, and
the business cycle. Brookings Papers on Economic Activity, 1994(2), 75-138.

Castelnuovo, E., & Nistico, S. (2010). Stock market conditions and monetary
policy in a DSGE model for the US. Journal of Economic Dynamics and
Control, 34(9), 1700-1731.

Dasgupta, S., Li, E. X., & Yan, D. (2019). Inventory behavior and �nancial
constraints: Theory and evidence. The Review of Financial Studies, 32(3),
1188-1233.

Dynan, K. E. (2000). Habit formation in consumer preferences: Evidence
from panel data. American Economic Review, 90(3), 391-406.

Dupor, B., Han, J., & Tsai, Y. C. (2009). What do technology shocks tell
us about the New Keynesian paradigm?. Journal of Monetary Economics,
56(4), 560-569.

84



De Graeve, F. (2008). The external �nance premium and the macroecon-
omy: US post-WWII evidence. Journal of Economic Dynamics and Control,
32(11), 3415-3440.

De Paoli, B., Scott, A., & Weeken, O. (2010). Asset pricing implications of a
New Keynesian model. Journal of Economic Dynamics and Control, 34(10),
2056-2073.

Fazzari, S. M., & Petersen, B. C. (1993). Working capital and �xed in-
vestment: new evidence on �nancing constraints. The RAND Journal of
Economics, 328-342.

Flaschel, P., Gong, G., & Semmler, W. (2001). A Keynesian macroeconomet-
ric framework for the analysis of monetary policy rules. Journal of Economic
Behavior & Organization, 46(1), 101-136.

Fitzgerald, T. J. (1997). Inventories and the business cycle: an overview.
Economic Review-Federal Reserve Bank of Cleveland, 33, 11-22.

Frankel, J. A. (2006). The e¤ect of monetary policy on real commodity prices
(No. w12713). National Bureau of Economic Research.

Förster, M. (2014). An empirical analysis of business cycles in a New Key-
nesian model with inventories (No. 13-2014). Joint Discussion Paper Series
in Economics.

Fuhrer, J. C. (2000). Habit formation in consumption and its implications
for monetary-policy models. American Economic Review, 90(3), 367-390.

Fuhrer, J. C. (2004). Empirical and policy performance of a forward-looking
monetary model, comments. In Federal Reserve Bank of San Francisco Pro-
ceedings (No. Mar).

Gertler, M., & Gilchrist, S. (1994). Monetary policy, business cycles, and the
behavior of small manufacturing �rms. The Quarterly Journal of Economics,
109(2), 309-340.

Görtz, C., Gunn, C., & Lubik, T. (2020). Is there News in Inventories?
CESifo Working Paper No. 8728.

85



Görtz, C., Gunn, C., & Lubik, T. (2019). What Drives Inventory Accumu-
lation? News on Rates of Return and Marginal Costs. Federal Reserve Bank
of Richmond Working Paper No. 19-18.

Galí, J., & Gambetti, L. (2015). The e¤ects of monetary policy on stock mar-
ket bubbles: Some evidence. American Economic Journal: Macroeconomics,
7(1), 233-57.

Gali, J., &Monacelli, T. (2005). Monetary policy and exchange rate volatility
in a small open economy. The Review of Economic Studies, 72(3), 707-734.

Gali, J., &Monacelli, T. (2005). Monetary policy and exchange rate volatility
in a small open economy. The Review of Economic Studies, 72(3), 707-734.

Gal¬, J., & Gertler, M. (1999). In�ation dynamics: A structural econometric
analysis. Journal of Monetary Economics, 44(2), 195-222.

Gilchrist, S., & Leahy, J. V. (2002). Monetary policy and asset prices. Jour-
nal of Monetary Economics, 49(1), 75-97.

Gomes, J. F., Yaron, A., & Zhang, L. (2003). Asset prices and business cycles
with costly external �nance. Review of Economic Dynamics, 6(4), 767-788.

Havranek, T., Rusnak, M., & Sokolova, A. (2017). Habit formation in con-
sumption: A meta-analysis. European Economic Review, 95, 142-167.

Horvath, J. (2020). Macroeconomic disasters and the equity premium puzzle:
Are emerging countries riskier?. Journal of Economic Dynamics and Control,
112, 103852.

Hansen, J. (2018). Optimal monetary policy with capital and a �nancial
accelerator. Journal of Economic Dynamics and Control, 92, 84-102.

Henzel, S., Hülsewig, O., Mayer, E., & Wollmershäuser, T. (2009). The
price puzzle revisited: Can the cost channel explain a rise in in�ation after
a monetary policy shock?. Journal of Macroeconomics, 31(2), 268-289.

Iacoviello, M., Schiantarelli, F., & Schuh, S. (2011). Input and output inven-
tories in general equilibrium. International Economic Review, 52(4), 1179-
1213.

86



Irvine, F. O. (1981). Retail inventory investment and the cost of capital.
The American Economic Review, 71(4), 633-648.

Iwamoto, K. (2013). Habit formation in household consumption: Evidence
from Japanese panel data. Economics Bulletin, 33(1), 323-333.

Jones, C. S., & Tuzel, S. (2013). Inventory investment and the cost of capital.
Journal of Financial Economics, 107(3), 557-579.

Jung, Y., & Yun, T. (2013). Inventory investment and the empirical Phillips
curve. Journal of Money, Credit and Banking, 45(1), 201-231.

Jung, Y. and Yun, T. (2005). Monetary Policy Shocks, Inventory Dynamics,
and Price-Setting Behavior.Working Paper 2006-02, Federal Reserve Bank
of San Francisco.

Justiniano, A., & Preston, B. (2010). Monetary policy and uncertainty in
an empirical small open-economy model. Journal of Applied Econometrics,
25(1), 93-128.

Justiniano, A., & Preston, B. (2010). Can structural small open-economy
models account for the in�uence of foreign disturbances?. Journal of Inter-
national Economics, 81(1), 61-74.

Kahn, J. A. (1987). Inventories and the volatility of production. The Amer-
ican Economic Review, 667-679.

Kahn, J. A. (1992). Why is production more volatile than sales? Theory
and evidence on the stockout-avoidance motive for inventory-holding. The
Quarterly Journal of Economics, 107(2), 481-510.

Kydland, F. E., & Prescott, E. C. (1982). Time to build and aggregate
�uctuations. Econometrica: 50(6), 1345-1370.

Kashyap, A. K., Lamont, O. A., & Stein, J. C. (1994). Credit conditions and
the cyclical behavior of inventories. The Quarterly Journal of Economics,
109(3), 565-592.

Kano, T., & Nason, J. M. (2014). Business cycle implications of internal
consumption habit for new Keynesian models. Journal of Money, Credit and
Banking, 46(2-3), 519-544.

87



Kim, K. H. (2015). Explaining the Delayed E¤ect of Monetary Policy: The
Role of Inventories and Factor-hoarding. International Economic Journal,
29(1), 37-55.

Kryvtsov, O., & Midrigan, V. (2013). Inventories, markups, and real rigidi-
ties in menu cost models. Review of Economic Studies, 80(1), 249-276.

Kryvtsov, O., & Midrigan, V. (2010). Inventories and real rigidities in New
Keynesian business cycle models. Journal of the Japanese and International
Economies, 24(2), 259-281.

Kontonikas, A., MacDonald, R., & Saggu, A. (2013). Stock market reaction
to fed funds rate surprises: State dependence and the �nancial crisis. Journal
of Banking & Finance, 37(11), 4025-4037.

Lubik, T. A., & Teo, W. L. (2012). Inventories, in�ation dynamics and the
New Keynesian Phillips curve. European Economic Review, 56(3), 327-346.

Lubik, T. A., & Schorfheide, F. (2007). Do central banks respond to ex-
change rate movements? A structural investigation. Journal of Monetary
Economics, 54(4), 1069-1087.

Li, E. X., & Palomino, F. (2014). Nominal rigidities, asset returns, and
monetary policy. Journal of Monetary Economics, 66, 210-225.

Li, Y. D., ·I̧scan, T. B., & Xu, K. (2010). The impact of monetary pol-
icy shocks on stock prices: Evidence from Canada and the United States.
Journal of International Money and Finance, 29(5), 876-896.

Laopodis, N. T. (2013). Monetary policy and stock market dynamics across
monetary regimes. Journal of International Money and Finance, 33, 381-406.

Maccini, L. J., Moore, B., & Schaller, H. (2015). Inventory behavior with
permanent sales shocks. Journal of Economic Dynamics and Control, 53,
290-313.

Maccini, L. J., & Pagan, A. (2013). Inventories, �uctuations, and goods
sector cycles. Macroeconomic Dynamics, 17(1), 89-122.

88



Maccini, L. J., Moore, B. J., & Schaller, H. (2004). The interest rate, learn-
ing, and inventory investment. American Economic Review, 94(5), 1303-
1327.

Maccini, L. J., & Rossana, R. J. (1981). Investment in �nished goods inven-
tories: an analysis of adjustment speeds. The American Economic Review,
71(2), 17-22.

Metzler, L. A. (1941). The nature and stability of inventory cycles. The
Review of Economics and Statistics, 23(3), 113-129.

Malikane, C., & Mokoka, T. (2014). The new Keynesian Phillips curve:
Endogeneity and misspeci�cation. Applied Economics, 46(25), 3082-3089.

McCallum, B., & Nelson, E. (2000). Monetary policy for an open economy:
an alternative framework with optimizing agents and sticky prices. Oxford
Review of Economic Policy, 16(4), 74-91.

Malikane, C. (2014). A new Keynesian triangle Phillips curve. Economic
Modelling, 43, 247-255.

Nisticò, S. (2012). Monetary policy and stock-price dynamics in a DSGE
framework. Journal of Macroeconomics, 34(1), 126-146.

Nolan, C., & Thoenissen, C. (2009). Financial shocks and the US business
cycle. Journal of Monetary Economics, 56(4), 596-604.

Newey W., West, K., (1987). A Simple, Positive-De�nite, Heteroskedasticity
and Autocorrelation Consistent Covariance Matrix. Econometrica, 55, 703�
708.

Paul, P. (2019). The time-varying e¤ect of monetary policy on asset prices.
Review of Economics and Statistics, 1-44.

Pindyck, R. S. (1994). Inventories and the Short-Run Dynamics of Com-
modity Prices. The Rand Journal of Economics, 141-159.

Ravenna, Federico, and Carl E. Walsh. "Optimal monetary policy with the
cost channel." Journal of Monetary Economics 53, no. 2 (2006): 199-216.

89



Rabanal, P. (2007). Does in�ation increase after a monetary policy tight-
ening? Answers based on an estimated DSGE model. Journal of Economic
Dynamics and Control, 31(3), 906-937.

Ravina, E. (2019), �Habit Persistence and Keeping Up with the Joneses:
Evidence From Micro Data,�NYU Working Paper No. FIN-05-046.

Rasaki, M. G., & Malikane, C. (2015). Macroeconomic shocks and �uctua-
tions in African economies. Economic Systems, 39(4), 675-696.

Ravenna, F., & Walsh, C. E. (2006). Optimal monetary policy with the cost
channel. Journal of Monetary Economics, 53(2), 199-216.

Ravn, S. H. (2014). Asymmetric monetary policy towards the stock market:
A DSGE approach. Journal of Macroeconomics, 39, 24-41.

Rigobon, R., & Sack, B. (2004). The impact of monetary policy on asset
prices. Journal of Monetary Economics, 51(8), 1553-1575.

Smets, F., & Wouters, R. (2007). Shocks and frictions in US business cycles:
A Bayesian DSGE approach. American Economic Review, 97(3), 586-606.

Smets, F., & Wouters, R. (2003). An estimated dynamic stochastic gen-
eral equilibrium model of the euro area. Journal of the European Economic
Association, 1(5), 1123-1175.

Sarte, P. D., Schwartzman, F., & Lubik, T. A. (2015). What inventory be-
havior tells us about how business cycles have changed. Journal of Monetary
Economics, 76, 264-283.

Sugo, T., & Ueda, K. (2008). Estimating a dynamic stochastic general
equilibrium model for Japan. Journal of the Japanese and International
Economies, 22(4), 476-502.

Wen, Y. (2005). Understanding the inventory cycle. Journal of Monetary
Economics, 52(8), 1533-1555.

90


