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Abstract

Standard New Keynesian models have often neglected temporary sales. In this paper, we ask
whether this treatment is appropriate. In the empirical part of the paper, we provide
evidence using Japanese scanner data covering the last two decades that the frequency of
sales was closely related with macroeconomic developments. Specifically, we find that the
frequency of sales and hours worked move in opposite directions in response to technology
shocks, producing a negative correlation between the two. We then construct a dynamic
stochastic general equilibrium model that takes households' decisions regarding their
allocation of time for work, leisure, and bargain hunting into account. Using this model, we
show that the rise in the frequency of sales, which is observed in the data, can be accounted
for by the decline in hours worked during Japan's lost decades. We also find that the real
effect of monetary policy shocks weakens by around 40% due to the presence of temporary
sales, but monetary policy still matters.
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1 Introduction

Standard New Keynesian models have often neglected temporary sales,! although the frequency
of sales is far higher than that of regular price changes,? and hence it is not necessarily guar-
anteed that the assumption of sticky prices holds. Ignoring this fact is justified, however, if
retailers’ decision to hold sales is independent of macroeconomic developments. If this is the
case, temporary sales do not eliminate the real effect of monetary policy. In fact, Guimaraes
and Sheedy (2011, hereafter GS) develop a dynamic stochastic general equilibrium (DSGE)
model incorporating sales and show that the real effect of monetary policy remains largely
unchanged. Empirical studies such as Kehoe and Midrigan (2010), Eichenbaum, Jaimovich,
and Rebelo (2011), and Anderson et al. (2012) argue that retailers’ decision to hold a sale is
actually orthogonal to changes in macroeconomic developments.

However, in Japan, there seems to be a negative link between the frequency of temporary
sales and working hours. Since the start of the 1990s, the Japanese economy has experienced

’

what has come to be called “lost decades,” a period of sluggish GDP growth and very low rates
of inflation or deflation. During the lost decades, the frequency of sales increased gradually but
monotonically, allowing households to purchase a greater number of goods at sale prices rather
than at regular prices. At the same time, hours worked per worker followed a secular decline,
reflecting both a statutory reduction in working hours and a decline in productivity growth
(Hayashi and Prescott [2002]). Thus, there appears to be a negative correlation between the
frequency of sales and working hours. Similarly, for the United States, Klenow and Willis (2007)
and Coibion, Gorodnichenko, and Hong (2012) provide evidence showing that the frequency of
temporary sales is influenced by the business cycle.?

The aim of the present paper is twofold. First, we examine empirically whether there is a link
between the frequency of temporary sales and changes in macroeconomic developments, par-
ticularly working hours, making extensive use of Japanese supermarket scanner data. Second,
we investigate whether temporary sales mitigate the real effect of monetary policy, employing
a model that takes households’ decisions regarding their allocation of time for work, leisure,
and bargain hunting into account. To this end, we extend the GS model, in which a represen-
tative household consists of two classes of consumers, price-insensitive “loyal customers” and
price-sensitive “bargain hunters,” and the fraction of the two classes of consumers is fixed. In

our model the fraction is endogenously determined. The more the fraction of bargain hunters

!See, for example, the textbooks by Woodford (2003) and Gali (2008).

2See, for example, Bils and Klenow (2004) and Nakamura and Steinsson (2008) for the United States and
Sudo, Ueda, and Watanabe (2014) for Japan.

3Coibion, Gorodnichenko, and Hong (2012), however, report that the effect works in the opposite direction
to that found in our paper and is therefore counter-intuitive. That is, the frequency of sales falls rather than
rises when local unemployment rates rise. We discuss possible reasons for the difference in Section 2.



increases, the more the household can substitute away from relatively expensive items. At
the same time, search activity for lower prices reduces the time available for work and leisure,
imposing a cost on the household. These two opposing effects generate the optimal fraction of
bargain hunters in the household.

Our analysis provides both new empirical and new theoretical findings. Our empirical
analysis, using Japanese supermarket scanner data covering a period of two decades, reveals
that the frequency of temporary sales increased during Japan’s lost decades. Further, during
this period, both Japanese households’ price elasticity and the time households spend shopping
appear to have increased. Our analysis also shows that there is a significant correlation between
labor market conditions and the frequency of sales. Specifically, we find that when the time
spent working decreases, the frequency of sales rises and the time spent shopping increases.
The vector autoregression (VAR) analysis we conduct shows that the frequency of temporary
sales and hours worked react in opposite directions to technology shocks, producing a negative
correlation between the two.

Our theoretical analysis shows that the effect of a monetary policy shock on real economic
activity is weaker when both temporary sales and endogenous bargain hunting are incorporated
into the model, although monetary policy shocks still have real effects. For example, an expan-
sionary monetary policy shock increases hours worked, which, in turn, increases the fraction
of loyal customers (and decreases the fraction of bargain hunters). Observing this, firms lower
the frequency of sales. Because the quantity of goods sold is typically higher at sales prices
than at regular prices, these changes in households’ and firms’ behavior result in downward
pressure on aggregate demand for goods. The real effect of monetary policy thus diminishes.*
According to our simulation, the real effect of monetary policy weakens by about 40% due to
endogenous bargain hunting. In contrast, the real effect of a technology shock is stronger when
endogenous bargain hunting is taken into account. In our model, a positive technology shock
lowers hours worked. This decreases the marginal disutility of bargain hunting, and firms raise
the frequency of sales. Because the quantity of goods sold is higher at sales prices than at regu-
lar prices, aggregate production increases further. Applied to Japan, our model illustrates that
the decline in hours worked helps to explain the increase in the frequency of temporary sales

during the lost decades. In addition, our model implies that the fraction of loyal customers has

4An additional mechanism contributing to this effect is intensified strategic substitutability of sales. Suppose
that all firms except for firm A raise the frequency of sales. As in GS, firm A does not have an incentive
to follow others and raise the frequency of sales, because this decreases the marginal revenue from sales. In
our model, an additional channel emerges. When all firms except for firm A raise the frequency of sales, the
aggregate price level falls. This increases aggregate demand for goods, and in turn, aggregate demand for labor.
Households supply more labor and lose time for bargain hunting. The fraction of loyal customers increases and
that of bargain hunters decreases. Observing this, firm A lowers the frequency of sales. This intensified strategic
substitutability of sales mitigates the real effect of monetary policy.



been shrinking and that of bargain hunters growing. In other words, households have become
increasingly price sensitive.

Our paper is relevant to at least two strands of research. The first concerns the interaction
between hours worked and bargain hunting on the household side. Using scanner data and time
diaries to examine households’ substitution between shopping and home production, Aguiar
and Hurst (2007) find that older households shop the most frequently and pay the lowest prices.
Lach (2007) analyzes store-level price data following the unexpected arrival of a large number
of immigrants from the former Soviet Union in Israel. He finds that the immigrants have a
higher price elasticity and lower search costs than the native population.®

The second strand of research to which our paper is related is the modeling of temporary
sales. While there are several different reasons why retailers hold temporary sales, including
the desire to liquidate excess stock and implicit contracts between retailers and manufactur-
ers, the one we focus on is retailers’ use of sales to maximize profits by exploiting consumer
heterogeneity. Specifically the approach we take in this paper is most closely related to the
ones adopted by Salop and Stiglitz (1977), Varian (1980), and Guimaraes and Sheedy (2011),
an important common feature of which is that they introduce heterogeneity across consumers.
Varian (1980) starts with the setting that some consumers are informed but others are not,
showing that firms’ optimal pricing strategy is to randomize prices to discriminate between the
two types of consumers, where the lower price can be interpreted as the sale price. Guimaraes
and Sheedy (2011) assume that some consumers are loyal to retailers but others are not (i.e.,
bargain hunters), and that they differ in terms of their price elasticity.5 Our study is closely
related to that by Guimaraes and Sheedy (2011) in this respect, but differs from it in that
in our model the ratios of loyal customers and bargain hunters are endogenously determined.
Our study is also related to that by Kehoe and Midrigan (2010), which has a similar research
interest to ours (i.e., examining the stickiness of the aggregate price level and the real effect
of monetary policy), although the way they model temporary sales is not based on consumer
heterogeneity. Instead, they develop a DSGE model that incorporates not just menu costs
associated with regular prices but also costs associated with the deviation of sale prices from
regular prices and conclude that prices are sticky on the whole, which implies that the real
effect of monetary policy remains large.

The structure of this paper is as follows. Using micro price data for Japan, Section 2

®See also Pashigian and Bowen (1991), Sorensen (2000), Brown and Goolsbee (2002), McKenzie and Schar-
grodsky (2004), and Pashigian, Peltzman, and Sun (2003).

SThese studies are related to the literature on consumer search. How consumers search across shops and
products influences how retailers set the prices of their products. Although they do not explicitly model tempo-
rary sales, studies incorporating consumer search and price setting include those by Benabou (1988), Watanabe
(2008), and Coibion, Gorodnichenko, and Hong (2012).



provides evidence that bargain hunting and the frequency of temporary sales are related to
macroeconomic conditions and hence are endogenously determined. In Section 3, we develop
the DSGE model of temporary sales which we use to examine the implications of endogenous
bargain hunting, while Section 4 presents the impulse responses of the model. Section 5 applies
our model to Japan to explain the increase in the frequency of temporary sales during the lost

decades. Section 6 concludes the paper.

2 Evidence for Endogenous Bargain Hunting

This section presents various types of evidence that provides the basis for our modeling strategy
regarding endogenous bargain hunting. Specifically, we focus on the following. First, using
household surveys for Japan, we show that working time moves in the opposite direction of
shopping time. Second, using point-of-sales (POS) scanner data, we show that temporary
sales have come to play an increasingly important role in retailers’ business during Japan’s
lost decades. The frequency of sales is significantly correlated with macroeconomic indicators,
especially labor market indicators. We find that when hours worked are long, the frequency of

sales tends to be low.

2.1 Survey on Time Use

Let us begin by looking at the Survey on Time Use and Leisure Activities for Japan. The
survey is conducted by the Statistics Bureau every five years. It asks around 200,000 members
in 83,000 households about their daily patterns of time allocation. The questionnaire includes
questions on the time used for working and shopping. These questions help us to examine the
relationship between the time spent working and the time spent shopping, which is important
for our model.”

Tables 1 and 2 show the time household members spent on shopping and working (including
commuting time to work or school), respectively. The sample consists of those aged 15 and
over. The numbers in the tables show the weekly average of the minutes per day. Two findings
are worth highlighting. First, those not working tend to spend more time shopping than those
working. Moreover, women tend to spend more time shopping than men and spend less time
working. Second, time spent shopping steadily increased from 1986 to 2011. At the same time,
hours worked continued to decline, although they increased slightly between 2001 and 2006.
These findings provide support to our assumption that bargain hunting negatively depends on

hours worked.

"Only aggregated data are available.



2.2 POS Data

Next, let us look at temporary sales using POS scanner data.® The POS data are collected by
Nikkei Digital Media from retail shops around Japan. They consist of daily data covering the
period from March 1, 1988 to February 28, 2013. The number of records amounts to 6 billion,
where each record contains the number of units sold and the sales amount in yen for product ¢
at shop s on date t. The cumulative number of products appearing during the sample period
is 1.8 million. The data include processed food and domestic articles, but unlike the consumer
price index (CPI), do not include fresh food, recreational durable goods (such as television sets
or personal computers), or services (rent and utilities). Overall, the POS data cover 170 out of
the 588 items in the CPI, which, according to data from the Family Income and Expenditure
Survey, make up 17% of households’ expenditure. Each product ¢ is identified by a Japanese
Article Number (JAN) code.

Our POS data have three noteworthy advantages. First, the data include quantity infor-
mation as well as price information. Second, the data are at a daily frequency. This contrasts
with scanner data for the United States, which are weekly. Third, the POS data span a long
observation period, starting from 1988 and going up to the present, thus covering the period
of the lost decades.

We aggregate the POS data using the following four steps. First, at the lowest (i.e., most
detailed) JAN code level, we collect data for the variable we are interested in, such as price,
for product i at shop s on date t. Second, we aggregate these data across shops using the
turnover as weights to derive the weighted mean. Third, we aggregate the obtained values
to the 3-digit code product level,” again using the turnover as weights to derive the weighted
mean. Finally, we aggregate the values obtained in the previous step across 3-digit codes again
using the turnover as weights to derive the weighted mean. Weights are defined by the turnover
during the same month in the previous year. That is, if date ¢ is January 1, 2012, for instance,

we use the turnover in January in 2011 as weight.

2.2.1 Temporary Sales

We measure the price charged for a particular product at a particular retailer on a particular
date from the POS records by dividing the turnover for product i at shop s on date ¢ by the
number of units sold of that product at that shop on that date. Recorded turnover excludes

the consumption tax, which was introduced in April 1989 and raised in April 1997.

8See Abe and Tonogi (2010) and Sudo, Ueda, and Watanabe (2014) for earlier studies using these data.
9Nikkei Digital Media classifies products using 3-digit codes, where each code represents a product category
such as yogurt, beer, tobacco, toothbrushes, etc.



The POS data do not include information as to whether a price is a regular price or a
temporary sales price. Therefore, to isolate temporary sales prices, we follow Eichenbaum,
Jaimovich, and Rebelo (2011) and define the most commonly observed price (mode price)
during the three months centered on the date as the regular price of a product on that date.'®
Temporary sales are identified when the posted price differs from the regular price.

Figure 1 illustrates developments over time in four variables associated with temporary
sales: (i) the frequency of sales (%), (ii) the magnitude of sales discounts (%), (iii) the ratio of
quantities sold at the sale price to those at the regular price, and (iv) the ratio of turnover at
the sale price to total turnover in a month (%). Variable (iii) shows the amount of products sold
at sale prices relative to the amount sold at regular prices, on a certain date when a retailer
chooses to hold a sale. On the other hand, variable (iv) shows how much temporary sales
contribute to a retailer’s total turnover in a certain month, meaning that this variable depends
on the frequency of sales. In the graphs, the red dashed lines represent the original series, which
are very volatile, while the black solid lines show smoothed series using the Hodrick-Prescott
(HP) filter with A\ = 14, 400.

The figure shows that temporary sales have become increasingly important for retailers
during the lost decades. The frequency of sales has risen from around 15% to 25%, indicating
that recently temporary sales have been taking place once every four days. Parallel to the
increase in the frequency, the magnitude of sales discounts has shrunk from around 20% to
14%. Despite these two developments, the ratio of quantities sold at sales prices to those at
regular prices has been relatively stable at around 1.7. Consequently, turnover from temporary

sales reached 30% of total turnover during the 2000s compared to 20% in the 1990s.

2.2.2 Price Elasticity

One of the advantages of using the POS data is that both price and quantity series are available,
enabling us to investigate the relationship between the two, and in turn, the price elasticity
of demand. Figure 2 shows a scatter plot for daily quantity changes (vertical axis) and the
corresponding daily price changes (horizontal axis) for a particular item, namely cup noodles,
of a specific type (brand, flavor, size, and so on). The slope is clearly negative. According to
standard theory, which assumes that supply slopes upward and demand slopes downward, this
suggests that supply shocks are more prevalent in the market for this particular item. The size
of the slope can thus be interpreted as a proxy for the price elasticity of demand.

To examine how this proxy for the price elasticity of demand has changed over time, we

calculate the slope of quantity changes against price changes for each product and store and

10They refer to this as the reference price rather than the regular price. See Sudo, Ueda, and Watanabe (2014)
for a detailed discussion of the identification of sales.



then construct the weighted median of slopes across products and stores.!! The value calculated
for each year from 1989 to 2012 is depicted in Figure 3. The figure shows a clear upward trend
from the mid-1990s, indicating that households have become increasingly price-sensitive in
recent years. Given that bargain hunters are more price sensitive than loyal customers, the
upward trend in the price elasticity suggests that the fraction of loyal customers has fallen and
that of bargain hunters has risen. Thus, whereas GS in their model assume these fractions to

be constant, in practice this does not seem to be the case.

2.3 The Link between the Frequency of Sales and Macroeconomic Condi-

tions
2.3.1 Labor Market Indicators

To examine the link between the frequency of sales and macroeconomic conditions, we start
by looking at labor market indicators. Figure 4 plots the frequency of sales against the un-
employment rate in the upper panel and hours worked in the lower panel. The figure shows
that during the 1990s, the unemployment rate increased, while hours worked decreased. These
developments reflect the deterioration in the labor market in the decade following the burst of
the bubble economy. In addition, the decline in hours worked also reflects the reduction in the
statutory workweek length as a result of the revision of the Labor Standards Law.'? Looking
at trends in the unemployment rate and hours worked and comparing them with developments

in the frequency of sales suggests that these are related.

2.3.2 Correlation between the Frequency of Sales and Macroeconomic Conditions

The relationship described in the previous subsection was for a relatively long time horizon (a
decade or two). Next, we examine the link between the frequency of sales and macroeconomic
conditions for a shorter time horizon, the business cycle. We isolate the cyclical component

of time series between 1.5 to 8 years using the Baxter-King band pass filter and compute

11n order to accurately measure the price elasticity of demand, we employ the following procedure for our
sample selection. First, we drop observations when demand shocks may be large, because this causes us to
identify the supply curve rather than the demand curve. To this end, we only use observations in the second and
fourth quadrants of the scatter plot. Second, we use monthly data and calculate the month-on-month change
in quantities and prices so as to eliminate the effect of temporary sales. Price changes of less than or equal to
three yen are omitted. Because we use monthly data, we have at most 12 observations a year for calculating
the slope. We omit an item from the calculation of the weighted median when the number of observations falls
below six. However, even when using daily data to calculate changes, we find that the price elasticity of demand
has increased.

12The revision stipulated a gradual shortening of the workweek length from 48 to 40 hours. See Kawaguchi,
Naito, and Yokoyama (2008) for an analysis of the impact of the revision on hours worked, as well as Kuroda
(2010), who argues that hours worked remained essentially unchanged once demographic changes are controlled
for.



the contemporaneous correlation between temporary sales and macroeconomic conditions. As
indicators of macroeconomic conditions, we focus on the following seven variables: the unem-
ployment rate, total hours worked, the number of employed persons, the index of industrial
production, the monthly growth rate of the CPI, and the leading, coincident, and lagging in-
dexes of business cycle indicators (the last three are components of the Composite Indexes
compiled by the Cabinet Office). All are expressed in logarithm except for the monthly growth
rate of the CPI, which is expressed in terms of the logarithm difference. In Figure 5, correla-
tions are represented by the red circles. The blue dashed lines represent the 95% confidence
interval for no correlation.'?

The figure suggests that the frequency of sales is negatively correlated with hours worked
at the 5% significance level. The frequency of sales rises when hours worked decline. Moreover,
although the correlations are significant only at the 10% level, the results indicate that the
frequency of sales rises when the unemployment rate rises or the lagging index worsens. All
these correlations suggest that retailers raise the frequency of sales when households are less
busy working, which appears plausible if such households increase time spent bargain hunting.
On the other hand, no significant correlation between the frequency of sales and the CPI

inflation rate, the leading index, or the coincident index can be observed.

2.3.3 Measuring Impulse Responses using a VAR Model

The above correlation analysis does not tell us anything about the direction of causality, that is,
whether, for example, the change in the frequency of sales is due to a change in hours worked
or vice versa. In addition, it is possible that some other factor may have caused changes
in hours worked and the frequency of sales in the opposite direction. Therefore, in order to
examine the causal link between the changes, we next estimate a vector autoregression (VAR)
model and calculate the impulse responses to various shocks. Following Altig et al. (2011), we
assume that the only shocks that affect productivity in the long run are innovations to neutral
and capital-embodied technology. Monetary policy shocks have a contemporaneous impact
on the central bank’s policy instrument, but they do not have a contemporaneous impact on
aggregate quantities and prices. We use quarterly data from 1989:1Q to 2013:1Q. We employ a
total of ten variables: the relative price of investment, labor productivity, the quarterly growth
rate of the CPI, hours worked multiplied by employment, the ratio of consumption to gross

domestic product (GDP), the ratio of investment to GDP, the frequency of temporary sales,

1376 take into account the possibility that the Baxter-King band pass filter may yield spurious correlations, we
calculate the 95% confidence interval using Monte Carlo simulation. That is, we replicate two independent time-
series variables, extract their business-cycle components using the Baxter-King band pass filter, and calculate
their correlation.



the annualized short-term loan rate, the ratio of the monetary base to nominal GDP, and the
quarterly growth rate of the Nikkei commodity price index. All variables are in logarithm,
except for the short-term loan rate and the growth rates of the CPI and the commodity price
index. While other studies include similar variables in their analysis, what is distinct here is
the inclusion of the frequency of temporary sales in the VAR model.!*

Figures 6 and 7 show the impulse responses of aggregate quantities and prices including
the frequency of sales to innovations to neutral and capital-embodied technology.'® Gray
areas indicate the 95% confidence intervals. The graphs show that the frequency of temporary
sales moves in the opposite direction to hours worked. Positive technology shocks, both to
neutral and to capital-embodied technology, increase output and investment. In the first case,
consumption increases as well. The impact on hours worked differs between the two shocks.
While a neutral technology shock initially decreases hours worked before they return to their
original level, a capital-embodied technology shock increases them. Meanwhile, the response of
the frequency of sales also differs between the two shocks. It increases initially in response to
a neutral technology shock, while it falls persistently in response to a capital-embodied shock.
That is, irrespective of which type of technology shock is examined, the frequency of sales falls

(rises), when hours worked rise (fall).

2.4 Difference from the United States

This section so far has provided various pieces of evidence regarding the frequency of sales and
its relationship with the macroeconomic environment. The key finding is that the frequency
of temporary sales moves in the opposite direction of hours worked. The likely reason is that
when hours worked are lower, households have more time for bargain hunting and therefore
are more price sensitive; observing this, retailers hold more frequent temporary sales. This
result is in line with the findings by Aguiar and Hurst (2007) and Lach (2007), but is in
stark contrast with studies on sale pricing in the United States such as Kehoe and Midrigan
(2010), Eichenbaum, Jaimovich, and Rebelo (2011), and Anderson et al. (2012), who argue
that retailers’ decision of holding sales is orthogonal to macroeconomic circumstances. Most
strikingly, Coibion, Gorodnichenko, and Hong (2012) arrive at the opposite of our result, finding
that the frequency of sales falls when the unemployment rate rises.

There are at least two possible explanations for this difference. First, pricing strategies

14 As seen in Figure 4, the frequency of temporary sales and hours worked exhibit a non-zero trend. This means
that we could use changes in these variables rather than their levels in estimating the VAR model. However, we
use levels because, in theory, the variables should be I1(0).

15 Appendix A shows the results when examining the economic impact of a monetary policy shock, which is
found to be insignificant. We decided not to show the analysis here, since the fact that nominal interest rates
were facing the zero lower bound prevents us from accurately isolating monetary policy shocks.
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in Japan and the United States differ. Unlike in Japan, many retailers in the United States
use an every-day-low-price strategy. The key to Coibion, Gorodnichenko, and Hong’s (2012)
result is the fact that it is mainly lower-priced stores such as Wal-Mart that adopt an every-
day-low-price strategy, while temporary sales are conducted mainly by higher-priced stores.
Given this situation, if we assume a rise in unemployment, customers are likely to switch from
higher- to lower-priced stores to reduce their expenditure. Higher-priced stores give up on such
price-sensitive customers and concentrate on loyal customers. They thus reduce the frequency
of temporary sales. In Japan, by contrast, even lower-priced stores conduct very frequent
temporary sales. As Sudo, Ueda, and Watanabe (2014) point out, prices in Japan are revised
ten times more frequently than those in the United States, due to frequent temporary sales.'6
Although these differences in retailers’ pricing strategies yield opposite results in Coibion,
Gorodnichenko, and Hong’s (2012) and our study regarding the link between unemployment
and the frequency of sales, the effect of unemployment on average prices paid by consumers
(effective prices) is in the same direction in both cases. That is, average prices decrease when
the unemployment rate rises.

The second possible explanation is that our POS data cover a very long period, from 1988
to 2013. This is considerably longer than the typical duration of business cycles. By contrast,
the U.S. price data used by Coibion, Gorodnichenko, and Hong (2012) are for a relatively short
period, from 2001 to 2007.!7 The widely used Dominicks supermarket dataset is for the period
from 1989 to 1997. Unless the observation period is sufficiently long relative to the duration of
business cycles, it is difficult to accurately estimate the link between the frequency of sales and
macroeconomic conditions. If the difference is mainly due to the second reason, our findings
for Japan may hold more generally; that is, the frequency of sales decreases when hours worked

rise.

3 Model

In this section, we present our DSGE model of temporary sales. We extend the model by GS

so as to incorporate endogenous bargain hunting. To this end, we make two innovations.

16 Japanese households are said to go shopping more frequently from Monday to Sunday: they walk to super-
markets nearby, purchase a small amount of products, and bring them back on foot. In contrast, U.S. households
go shopping mainly on weekends by car. According to the Survey of Consumer Behavior by the Japanese Meat
Information Service Center, the average shopping frequency in the 2000s was three to four times a week. These
characteristics peculiar to Japan (or the United States) may be responsible for these differences in retailers’
pricing strategies.

"To resolve problems due to this short period, they extend the sample size in a cross-sectional dimension
using data for 50 metropolitan areas.
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3.1 Setup

The Household A representative household consists of a unit mass of household members

and has the following lifetime utility function:

U, = iﬁjEt v(Chyj) — 200 (Htﬂ v ¢LHW>] : (3.1)
j=

where C; is an aggregate composite of differentiated consumption goods that is defined below,
H; is hours worked (H is its steady state level), and L; € [0,1) is the fraction of household
members that are chosen to be loyal customers in the household. The fraction of loyal customers
L; is endogenous, with mean A. 1 — L; is interpreted as the fraction of bargain hunters in the
household. Parameter 8 € (0,1) is the subjective discount factor, ¢ represents the utility
weight for being a loyal customer, and 67, > 0 represents the elasticity of the fraction of loyal
customers with respect to changes in hours worked. Z]' represents a stochastic shock to the
utility weight of labor supply with unit mean, and the logarithm deviation of the stochastic
shock is denoted by E,}J. A positive shock works to decrease labor supply and increase the
fraction of loyal customers. The function v(C}) is strictly increasing and strictly concave in Cj,
and v(X}) is strictly increasing and convex in X;.

The first innovation in our model is the inclusion of the last term, that of 1 — L;1;, in
equation (3.1). This suggests that the utility of the representative household increases, as the
fraction of loyal customers rises (the fraction of bargain hunters falls). Bargain hunting, like
supplying labor, decreases the time for leisure and hence utility.

The overall aggregator of consumption is given by

€
e—1

C = /(/ cr(r b db) ir| (3.2)
T B

where ¢;(7,b) is the household’s consumption of brand b € B of product type 7 € T. GS

give the example of beer and dessert as product types and Corona beer and Ben & Jerry’s ice
cream as brands falling into those product categories. Following GS, we assume that 1 > €, so
that household members are more willing to substitute between different brands of a specific
product type than between different product types. In the original GS model, equation (3.2) is
the aggregator of consumption only for bargain hunters, and loyal customers have a different
aggregator.

As the second innovation to the model, we assume that the household faces the following

12



constraint when purchasing goods:

€E— e—1 —
(/ (7, B) 51d7'> > G, (3.3)
AN €T

Gy = (W) o (3.4)

where

A; € T represents the set of product types where consumers in the household are loyal to a
particular brand. The range of A; increases with the fraction of loyal customers L;, and for
simplicity, we assume that the fraction of A; in T equals L;. The left-hand side of inequality
(3.3) corresponds to the aggregator of consumption for loyal customers in the original GS
model.

Inequality (3.3) suggests that, if the representative household assigns to a household member
the role of loyal customer, the household member has to consume at least C;. At the same time,
the household member has to optimize the allocation of expenditure across product types 7 € T'
to maximize the left-hand side of inequality (3.3), where his choice is limited to a particular
brand of each product type. In other words, the loyal customer in our model is involuntarily
loyal to a particular brand. Without the constraint (3.2), household members would freely
choose a brand with a lower price. As for Cy, equation (3.4) states that the minimum amount
of consumption is decreasing in the ratio of the price index for all brands of product type 7,
pB.(T), to the average aggregate price level P, with an elasticity of e. Finally, C} represents
aggregate consumption spending for the representative household.

Solving the expenditure minimization problem subject to equation (3.2) as well as constraint

(3.3) yields the following demand function:'®

pB,t(T) 7Pz
(p tgt’b)> Cy for the fraction of household, L;

(pt(T’b) )-77 (pB’t(T)>_€ Cy for the fraction of household, 1 — L;

ci(r,b) = (3.5)

where p(7,b) is the price of brand b of product type 7. This demand function has exactly
the same form as that in GS, which drastically simplifies our analysis below. The first line of
equation (3.5) illustrates that bargain hunters, who make up 1— L; of the household, are agents
that have a higher price elasticity . They can freely substitute from a relatively expensive brand
b’ to a less expensive brand b” within type 7 products. This form of demand is optimal unless
constraint (3.2) binds. The second line of equation (3.5) suggests that loyal customers, who

make up L; of the household, are agents that cannot make such substitutions. They have

1
8See Appendix B. To be precise, we need to assume c;(7,b) "7 < c(7, b)_%. This is not a strict condition,
because n > e.
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a lower price elasticity € < 7. As the fraction of loyal customers increases, a higher fraction
of household members are bound by constraint (3.2) and obliged to consume the suboptimal
amount of products.

In choosing the optimal L;, the household faces a trade-off. On the one hand, an increase
in L; raises the household’s utility. As equation (3.1) shows, the household increases time for
leisure by decreasing the time spent on bargain hunting. On the other hand, the increase in
L; decreases the benefit from bargain hunting. The household decreases its utility by selecting
the sub-optimal amount of demand, because the household is more strongly constrained by
inequality (3.3) and forced to purchase products according to the second line of the demand
function (3.5). This second effect is illustrated by the relationship between utility-related
consumption C; and spending-related consumption C}. Appendix B shows that C; depends

not only on C} but also on the following consumption wedge f ;'

PBt>_E
C = F,- ( : . 3.6
t t Pt t ( )

and that F; < 1 and dF{/dL; < 0. As the household engages in more bargain hunting, L,
decreases and f; increases. The household enjoys higher utility from the same amount of
consumption spending C}. If the household engages in bargain hunting for all product types,
that is, Ly = 0, F becomes highest as f; = 1.

The household’s budget constraint is given by

PCY + EyQpy1)iAtt1] < WeHy + Dy + Ay, (3.7)

where W; is the wage, D; is dividends received from firms, @); is the asset pricing kernel, and
A is the household’s portfolio of Arrow-Debreu securities.

Additionally, following GS, we introduce Calvo-type wage stickiness into the model. That
is, the household supplies differentiated labor input to firms, and wages can be adjusted at a

probability of 1 — ¢,,.

Firms An advantage of our model is that firms’ behavior is described in exactly the same
way as in GS. The demand function faced by firms, given by equation (3.5), is the same as that
in GS. It is thus optimal for firms to randomize their prices across shopping moments from a
distribution with two prices. Firms set a normal high price, Py, with a frequency of 1 — s;

and a low sale price, Pg;, with a frequency of s;. Following GS, we refer to the higher price as

19Utility-related consumption C' also depends on the price ratio Ps/P, but this fact does not influence the
household’s decision regarding L, since the household is a price taker.
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the normal price instead the regular price. The only, but important, difference from GS is that
firms optimize their pricing decisions by observing changes in the fraction of loyal customers,
Ly.

As argued by GS, the strategic substitutability of sales plays a crucial role in firms’ pricing.
The more other firms hold sales, the less an individual firm will want to have a sale. Suppose
that other firms always have a sale. If the individual firm stops holding a sale and sells its good
at the normal price, its profit increases, since price-insensitive loyal customers tend to buy the
good even at the normal price. As the opposite case, suppose that other firms do not hold
sales. Because sales attract price-sensitive bargain hunters, the individual firm can increase
its profit by having sales. Such strategic substitutability leads firms to randomize their prices
between the high normal price and the low sale price.

Adjustments of normal prices by firms are characterized by Calvo-type price stickiness.
That is, in each period, firms can reset their normal prices with a probability of 1 — ¢,. Sale
prices can be adjusted freely.

Wholesalers produce goods using labor input:
Q= Z{Hf, (3.8)

where o represents the elasticity of output with respect to labor input and Z represents a
stochastic shock to productivity, which has a mean of one, and the logarithm deviation of

which is denoted by &f.

Monetary Authority The monetary authority sets the nominal interest rate ¢; based on

the following monetary policy rule:

ir = pir1 + (1= p)gamy + ¢, (3.9)

where 7" represents the change in the normal price. The official CPI excludes sales, so we

assume that the monetary authority refers to the inflation rate based on the normal price.
Policy parameters p and ¢, represent interest rate inertia and the size of the response to the
inflation rate, respectively. ¢! represents a shock to monetary policy with zero mean.

Resource Constraint The resource constraint of goods is given by

Y, =C; + 77, (3.10)
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where ZJ represents a stochastic shock to government expenditure. Its mean is zero and the

logarithm deviation from the steady-state Y is denoted by &Y.

Exogenous Shocks We consider four types of shocks, namely, shocks to monetary policy,

technology, government expenditure, and labor supply, which are respectively given by

el =, (3.11)
€f = Pagi—1 1}, (3.12)
e} = pgei_1 + 1, (3.13)
el = puefy 1 (3.14)

We do not assume inertia for the monetary policy shock, since the monetary policy rule has its

own inertia.

3.2 Log-Linearized Equations

Leaving detailed derivations to Appendix B, here we summarize the log-linearized equations.

We denote log deviations of variables by small letters.

Sale Pricing It is optimal for a firm j to adjust its sale price, pg ;:, one-for-one in line with

any change in its nominal marginal cost, z; 4+ p;, that is,

PS,jt = Tt + Pt, (3.15)

where the real marginal cost is denoted by x;.

The frequency of sales is given by

1-65 1 1-05 A 1
ssp = — B;ct—< & + )lt. (3.16)

ep 1—19 ep 1—-¢ (Mm—e)(1-Nypsp

The second term on the right-hand side, which is not in the original model by GS, indicates
that as the fraction of loyal customers [; increases, firms decrease the frequency of sales s;.
In other words, when the fraction of bargain hunters decreases, the merit of holding sales
decreases, and hence firms decrease the frequency of sales. Like in GS’s model, an increase
in the real marginal cost x; decreases the frequency of sales. Because the sale price responds

one-for-one to changes in marginal costs, the sale price increases more than the normal price.
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This decreases the relative demand for goods when they are on sales, thereby decreasing the

frequency of sales.

Fraction of Loyal Customers The fraction of loyal customers I; is given by:

1490 « -\ h 1—A
B 1
e e gt}
tregbit - Ly (3.17)

Two things are worth noting. First, the fraction of loyal customers I; increases with aggre-
gate demand, 3, and consequently, hours worked, h;. As hours worked increase, the disutility
from bargain hunting increases, and hence the fraction of loyal customers increases.

Second, the fraction of loyal customers I; increases with the consumption wedge, f;. A larger
consumption wedge means greater utility from a given amount of consumption spending. As
the wedge grows, the benefit from bargain hunting diminishes, raising the fraction of loyal
customers.

We can also show that the consumption wedge increases with the ratio of the sale price to the
normal price, iy = Ps;/Ppn, and decreases with the sale frequency, s;. In other words, as the
sale price converges to the normal price or sales become less frequent, prices for different brands
become more homogenous and the consumption wedge grows. Specifically, the consumption
wedge is given by

n & — (-5

pu— -1
fe= M e Ao (3.18)

where

1—n

(17 =) {1+ (1= )} = 5= ) {s T+ (1 9)]
{on™™" + (=) {spt=r+ (1= 9)}
P S Ll 4 (1= 9 — st =) (s (- s) )

1-n

{su7" + =9} {7+ (1= 5}

& =

SS¢

Stg. (3.19)
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The ratio of the sale price to the normal price is given by

Lt ($t + Alt) . (320)

1
=17
Phillips Curve with Sales The New Keynesian Phillips curve with sales is given by

T = BEimi

{Hl’t + w(Al‘t — ,BEtA.TH_l) + kAl + A(Alt — ﬁEtAlH_l)} . (321)

N 1
-9
Compared with the standard New Keynesian Phillips curve, the equation has two additional
terms. First, as in GS, changes in the real marginal cost, Az, influence the inflation rate, .
This is because the overall price depends on the sale price and the sale price is proportional
to the real marginal cost, as shown in equation (3.15). Second, unlike in GS, the fraction of
loyal customers [; influences the inflation rate. As the fraction of loyal customers increases, the
household substitutes less from relatively expensive brands to cheaper brands. Observing this,
firms lower the frequency of sales, and hence the overall price index increases.

The New Keynesian Phillips curve with respect to the normal price index is given by

(1 = ¢p)(1 = By

(@t +pt — DNE)- (3.22)
bp

TNt = ,BEtﬂ'NﬂH-l +

In other words, the curve for the normal price hardly changes in the presence of sales.

The real marginal cost, x;, is given by

1 n 0%
= w
1++5 " " 1+~6

Tt (yt — Blt) . (323)

As in the standard New Keynesian model, the real marginal cost increases with the real wage,

Wt.
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Wage Phillips Curve The wage Phillips curve is given by
Twit = BTw i1

(1 — ¢w)(1 — B¢w> 1
¢w 1+§9;71

16" 5 0!
—1 ’h_ _ Zh
[(96 +1+75a>yt <1+1+75a>wt
-1

— 035? +el — 01l
X
(-0 {ft e <a:t + mg H . (3.24)

Awt = Tw,t — Tt- (325)

+

971
—( ! hB+9,j10quL1_

1490 a

where

An increase in the fraction of loyal customers decreases the real wage on both the labor demand
and the labor supply side. On the labor demand side, when the fraction of loyal customers
increases, firms lower the frequency of sales. The quantity of goods sold is generally higher
when goods are on sale than when they are sold at the normal price, so if the frequency of sales
decreases, total demand for such goods decreases. This reduces the supply of those goods and,
in turn, labor demand and the real wage. On the labor supply side, as the fraction of loyal
customers increases, the disutility from labor supply diminishes, which lowers the real wage.
Moreover, the consumption wedge, f;, worsens, which raises labor supply and lowers the real

wage due to the income effect.
Euler Equation The Euler equation is given by

Yr = Erypp1 — 0c(iy — Eymyy1) + (6] — Eyel )

+(1-6,) {A fri1—€ (Aa:tH + math) } . (3.26)

Monetary Policy Rule The monetary authority sets the nominal interest rate based on the

following monetary policy rule:

iy = pit_1 + (1 — p)ormiy + el (3.27)
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Labor Demand Production input is given by

. 1 yt—éwt—Blt l
1496 a a

he e, (3.28)

4 Impulse Response Functions

We simulate impulse response functions (IRFs) of economic variables to four types of shock.
The first shock is an accommodative shock to the monetary policy rule; the second is a positive
shock to wholesalers’ production technology; the third is a government expenditure shock; and

the fourth is a labor supply shock.

4.1 Calibration

Most of the calibration of our model parameters is based on GS, with two exceptions. First,
in our model, the central bank follows an interest rate monetary policy rule, with p = 0.8
and ¢, = 1.5, while in GS the central bank follows a money growth rate rule. Second, we use
parameters associated with sales so that they are consistent with the POS data for Japan shown
in Figure 1. The average of the frequency of sales, s, is 0.18; the average ratio of quantities sold
at the sale price to those at the normal prices, , is 1.7; and the average size of sales discounts
is 17%, which means p = 0.83. Details of the setting are shown in Tables 3 and 4. As for the
parameters associated with the fraction of loyal customers, we target the steady state level of
the fraction of loyal customers to calibrate ¢, given 6. We set two alternative values for 0y: 4
or 100. A lower 67, implies a higher elasticity of the fraction of loyal customers with respect to
changes in hours worked. The value of §; =4 is chosen to match the historical change in the

frequency of sales, as shown below.

4.2 Comparison between the Standard New-Keynesian Model and the GS
Model

To understand GS’s results, let us begin by comparing the IRFs in the GS model and in the
standard New Keynesian (NK) model. The GS model is the model discussed above without
endogenous changes in the fraction of loyal customers. The standard NK model corresponds
to the GS model without sales.

Figure 8 presents the IRF's of three economic variables: aggregate output ¥, the inflation
rate excluding sales (i.e., changes in normal prices) mx, and the nominal interest rate i;. The
horizontal axis shows the time up to 12 quarters after a shock. The shock we consider is an

accommodative monetary policy shock of one unit. The dashed and solid lines represent the
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IRFs for the GS and the standard NK model, respectively.
The left panel shows that, as argued by GS, the real effect of monetary policy in the model
with sales remains large and close to that in the model without sales. The real effects are

similar, because sales are strategic substitutes.

4.3 The Effects of Endogenous Bargain Hunting

In this subsection, we examine the IRFs of our model and compare them with those of the
GS model. The graphs below show the IRFs of nine economic variables, with the blue solid
lines representing the IRFs of the GS model. The thick solid lines and the lines with asterisks
represent the IRF's of our model with endogenous changes in the fraction of loyal customers for

the two different elasticity parameter values 6;, =4 and 100, respectively.

4.3.1 Monetary Policy Shock

Figure 9 presents the IRF's for the accommodative monetary policy shock. The figure indicates
that temporary sales dampen the effect of such a shock on aggregate demand by around 40%.
The mechanism runs as follows. In response to the monetary policy shock as a result of a
lowering of the nominal interest rate, aggregate demand increases. This raises hours worked.
Since the household spends more time working, its disutility from bargain hunting increases.
With endogenous bargain hunting, the fraction of loyal customers (bargain hunters) increases
(decreases). Observing this, firms lower the frequency of sales. Since the quantity of goods sold
is higher when goods are on sale, the decrease in the frequency of sales dampens the increase
in aggregate demand. The effect of monetary policy on demand is smaller the lower 6, is.

The attenuated real effect of monetary policy is also explained by the increased strategic
substitutability of sales. Suppose that all firms except for firm A raise the frequency of sales.
As in GS, this reduces the incentive for firm A to raise the frequency of sales, since doing so
would decrease the marginal revenue from sales. In our model, an additional channel emerges.
When all firms except for firm A raise the frequency of sales, the aggregate price level falls. This
increases aggregate demand for goods and, in turn, aggregate demand for labor. The household
supplies more labor and loses time for bargain hunting. The fraction of loyal customers (bargain
hunters) increases (decreases). Observing this, firm A lowers the frequency of sales. Such
intensified strategic substitutability of sales mitigates the real effect of monetary policy.

The inflation rate excluding sales (i.e., changes in normal prices) also fluctuates less in this
model than in the GS model. As explained in the previous section, an increase in the fraction of
loyal customers has the effect of decreasing the real wage and the real marginal cost. Although

the accommodative monetary policy shock increases hours worked and exerts upward pressure
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on the real marginal cost, the effect of the increase in the fraction of loyal customers dominates
when 07, is low. On the other hand, the model yields greater increases in the inflation rate
including sales than the GS model. This is because the aggregate price level increases as a
result of the rise in the fraction of loyal customers and the decline in the frequency of sales in
response to the shock.

Finally, although our model shows that temporary sales dampen the real effect of monetary
policy shocks, we should emphasize that monetary policy shocks still have real effects. Tem-
porary sales do not fully eliminate the real effect of monetary policy shocks, despite the fact

that aggregate price levels including sales look perfectly flexible.

4.3.2 Technology Shock

Figure 10 shows the IRF's for a positive technology shock. Our model yields far greater effects
on aggregate demand than the GS model and brings about inflation, not deflation. In this
type of sticky price model, a positive technology shock tends to decrease hours worked. This
decreases (increases) the fraction of loyal customers (bargain hunters). Firms react to the shock
by increasing the frequency of sales, which increases the quantity of goods, thus amplifying the
increase in aggregate demand. The aggregate price level including sales falls due to the decrease
in the fraction of loyal customers and the increase in the frequency of sales. In contrast, the
aggregate price level excluding sales rises. This results from the increase in the real wage and
in the real marginal cost brought about by the decrease in the fraction of loyal customers and

the subsequent increase in the disutility of labor supply.

4.3.3 Government Expenditure Shock

Next, Figure 11 shows the IRFs for a positive government expenditure shock. As can be seen,
the economic responses resemble those to an accommodative monetary policy shock. The real

effect of a government expenditure shock is attenuated.

4.3.4 Labor Supply Shock

Finally, we simulate the IRFs for a shock to labor supply. The way that this shock is for-
mulated is motivated by Hayashi and Prescott (2002). In analyzing Japan’s first lost decade
and incorporating the effects of the shortening of statutory work hours, they use the following
utility function:

H.
log Cy — 044—5Et,
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where H; and Ey represent the workweek length (hours) and the fraction of household members
who work. For 1990 to 1992, they take H; as exogenous. In our model, as we showed in equation
(3.1), we replace the exogenous H;/40 with the labor supply shock Z! and the endogenous E;
with labor supply H; given by v (Ht + gZ)L%) 20

The way that we formulate the labor supply shock is also motivated by innovations in
“bargain hunting technology” made in the last two decades. Brown and Goolsbee (2002) argue
that the internet lowers search costs for customers. In our model, ¢, in equation (3.1) can be
interpreted to capture technological changes that facilitate bargain hunting in that ¢y, presents
the degree of disutility from bargain hunting. A decrease in ¢y reduces the disutility from
bargain hunting. Thus, if we interpret the rise of the internet as an innovation in bargain
hunting technology, then this innovation encourages more bargain hunting (a fall in X).2!

The responses to the labor supply shock are shown in Figure 12. As can be seen, this type
of shock, unlike the other types of shocks considered above, results in hours worked and the
fraction of loyal customers moving in opposite directions. A positive shock 51}} makes labor
supply more costly, decreasing hours worked, h;, which has the effect of lowering the fraction of
loyal customers. At the same time, the positive labor supply shock directly raises the disutility
of bargain hunting, which has the effect of increasing the fraction of loyal customers. Since the
elasticity of labor supply is below one, the former effect dominates the latter and the fraction
of loyal customers decreases.??

These effects implied by the model are inconsistent with actual observations for Japan. It
therefore seems unlikely that the negative correlation between hours worked and the frequency

of sales can be explained by a supply shock to labor, be it as a result of the shortening of

statutory work hours or innovations in bargain hunting technology.

5 Why Did the Frequency of Sales Rise During Japan’s Lost

Decades?

As we saw in Figure 1, the frequency of sales, s¢, rose during Japan’s lost decades. In this
section, we aim to examine why the frequency of sales rose using our model and argue that
the reason is the decline in hours worked coupled with the decline in employment. Moreover,

we aim to calibrate the elasticity of the fraction of loyal customers with respect to changes in

20Tn our simulation, the elasticity of labor supply is 0.7. In Hayashi and Prescott (2002), it equals one.
2'More precisely, innovations to bargain hunting technology may need to be attached to the second term of

6
((lliL;))eLL) rather than being attached outside the function of v (-) as Z'. We find
that even if we formulate the shock in this way, similar impulse responses are obtained.

22 Although we do not show here, the fraction of loyal customers increases (unchanges), when the elasticity of

labor supply exceeds (equals) one.

the argument of v (Ht + or
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hours worked, 67, which plays an important role in determining the real effect of monetary

policy.

5.1 Simulation Method

We conduct simulations using our model assuming that the only shocks to the economy are
technology shocks. We draw the time-series path of the technology shocks so as to account for
the actual movements in hours worked in Japan.?® While we do not claim that this assumption
is fully valid, the following points provide some support. First, as suggested by real busi-
ness cycle theory, technology shocks are likely to be the chief driving force of business cycles.
Moreover, as argued by Hayashi and Prescott (2002), a key reason for Japan’s slow growth
during the lost decades is the slowdown in the growth of total factor productivity, which rep-
resents the contribution of technological progress in the broadest sense.?* Second, when the
statutory workweek length was shortened, labor hoarding may have decreased. The resulting
improvement in labor efficiency can be regarded as a positive technology shock.

As before, parameters associated with sales are calibrated to fit the POS data for Japan.
The only parameter that we estimate is the persistence of technology shocks. We use the
period from 1981:2Q to 2013:1Q as our observation period. To match the actual time-series
path of hours worked with the simulated time-series path from our model, we draw the time-
series path of technology shocks. Using this, we can calculate simulated time-series paths of
variables associated with temporary sales, including the frequency of sales. For comparison,
two models are used: the GS model and our model with endogenous changes in the fraction
of loyal customers characterized by 67 = 4, which is chosen to fit the data. For simplicity, we
neglect the zero lower bound on the nominal interest rate, which constrained the effectiveness

of monetary policy during Japan’s lost decades.

5.2 Simulation Results

Figure 13 shows simulated paths of variables associated with temporary sales, namely, the
frequency of sales (%, s¢), the size of sales discounts (%, 1 — p¢), the ratio of quantities sold
at sale prices to those at normal prices (x;), and the ratio of turnover at sale prices to total
turnover in a quarter (%). The figure illustrates that our model successfully explains the
increase in the frequency of sales, s, in particular its trend. The top-left panel plots the
model-based and actual sale frequencies. In terms of the direction of the trend and the size

of changes, the model-based sale frequency moves very closely to the actual one. Both series

23 As for hours worked, we use hours worked multiplied by one minus the unemployment rate to take account
of total labor input.
24For a detailed investigation of Japan’s low productivity growth during the lost decades, see Fukao (2013).
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show steady increases in the frequency of sales in the 1990s and 2000s. For the 1980s, for
which actual data are missing, our model suggests a slightly decreasing but stable trend in
the frequency of sales. Around 2010, both series exhibit a dip. By contrast, the GS model
predicts much smaller changes in the frequency of sales, which almost follows a flat line in the
graph. However, our model performs as poorly as the GS model in explaining the size of sales
discounts, 1 — p;, and the ratio of quantities sold at sale prices to those at normal prices, xt,
which are drawn in the top-right and middle-left panels. The simulated values exhibit smaller
fluctuations than the actual ones. In sum, these simulation results suggest that our model
improves on the GS model in explaining the extensive margin of sales (the frequency of sales)
but not the intensive margin (sales discounts). As for the ratio of turnover at sale prices to
total turnover, our model performs well. Note that the log-linearized deviation of this variable
equals 1/(1 — s+ sx)st + (1 —s)/(1 — s + sx)x¢. Although our model fails to explain x;, the
fact that it explains s; means that our model explains the sale turnover ratio well.

Our model also shows changes over time in the fraction of loyal customers, which is unob-
servable. The bottom-left panel indicates that the fraction of loyal customers remained almost
constant in the 1980s. However, during the lost decades of the 1990s and 2000s, it then exhibits
a downward trend. Put differently, the fraction of bargain hunters increased. Obviously, in the
GS model, the fraction remains constant. The rise in the fraction of bargain hunters is consis-
tent with the actual observations shown in Table 1 and Figure 3. Because the price elasticity
of loyal customers can be assumed to be lower than that of bargain hunters, the rise in the
price elasticity is consistent with the rise in the fraction of bargain hunters. In the graph, the
fraction of bargain hunters started to rise in the mid-1990s, which coincides with the increase

from the mid-1990s shown in Figure 3.2

5.3 Robustness

In the simulation above, we assumed that developments in business cycles were driven by
technology shocks. However, this assumption may not necessarily be correct. Other types of
shocks may better account for the actual decline in hours worked.

Therefore, to check the robustness of our results, we consider two other types of shocks:
a government expenditure shock and a labor supply shock. First, the government expendi-
ture shock, in part, captures the idea that the decline in hours worked was brought about by

decreasing government expenditure and thus a decline in labor demand. Or if the statutory

25 As for other macroeconomic variables, Appendix C reports the simulated paths of the inflation rate and the
GDP growth rate. Unfortunately, the performance of our model is poor, probably because it does not incorporate
several important features such as capital investment with adjustment cost and the presence of the zero lower
bound.
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decline in hours worked decreased firms’ profits and/or households’ labor income, the govern-
ment may have compensated them through an increase in government spending. Furthermore,
if Japan’s lost decades reflect insufficient demand rather than a lack of technological innova-
tion,2% it would be more appropriate to focus on demand shocks than technology shocks. The
government expenditure shock in our model is one way to incorporate such a demand shock,
since it appears on the demand side of the goods resource constraint (3.10) and introduces
fluctuations in goods demand. Based on these considerations, we conduct a simulation using
government expenditure shocks. We find that the simulation results are not very different from
those using technology shocks.?”

Second, we conduct a similar exercise assuming that actual changes in hours worked are the
result of labor supply shocks. Assuming a labor supply shock, the simulation results show that
our model predicts movements opposite to the ones actually observed. That is, the frequency
of sales falls during the lost decades, while the fraction of loyal customers rises. The reason
for this can be seen from Figure 12. A decline in hours worked is accompanied by a rise in the
fraction of loyal customers, which lowers the frequency of sales.

Finally, when all three shocks are incorporated into the model, we find that the simulation
results are almost the same as those shown in Figure 13 when only technology shocks are

considered.

6 Concluding Remarks

In this study, we first examined empirically whether there is a link between the frequency of
sales and changes in macroeconomic developments. Japanese supermarket scanner data cover-
ing a period of two decades show that there is a significant negative correlation between the
frequency of sales and hours worked. Moreover, our VAR model suggests that the frequency of
sales and hours worked move in opposite directions in response to technology shocks, produc-
ing a negative correlation between the two. Second, we examined the real effect of monetary
policy by constructing a DSGE model with temporary sales and endogenous bargain hunting.
Because sale prices are frequently revised and endogenous bargain hunting increases the strate-
gic substitutability of sales, the real effect of monetary policy shocks weakens by around 40%,

although monetary policy still matters for the real side of the economy. The model also showed

26Sugo and Ueda (2008) estimate a sticky-price DSGE model and find that one of the main driving forces
of business cycles in Japan was investment adjustment cost shocks. Bayoumi (2001) and Caballero, Hoshi,
and Kashyap (2008) argue that financial shocks were the cause of Japan’s lost decade(s). Although investment
adjustment cost and financial shocks do not necessarily represent demand shocks, these studies suggest that
Japan’s business cycles are not the result of technology shocks only.

2TResults not shown to conserve space.
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that the decline in hours worked during Japan’s lost decades accounts for the actual rises in the

frequency of sales and implies that the fraction of price-sensitive bargain hunters has increased.

There are several potential avenues for future research. The first would be to present

further qualitative and quantitative evidence for endogenous bargain hunting. In particular,

more empirical research using micro data on how individuals optimize time spent bargain

hunting and working is necessary. Second, our model needs to be improved to account not just

for the extensive margin (the frequency of sales) but also the intensive margin (the size of sales

discounts).
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Table 1: Time Spent Shopping (minutes per day)

Men Women
Working Not working | Working Not working

1986 6 9 27 37
1991 9 12 30 38
1996 11 15 30 39
2001 13 18 31 39
2006 14 20 31 39
2006 15 22 32 40

Source: Statistics Bureau, Survey on Time Use and Leisure Activities.

Table 2: Time Spent Working (including commuting time, minutes per day)

Men Women
Working Not working | Working Not working
1986 493 - 371 -
1991 481 - 358 -
1996 469 - 345 -
2001 456 - 324 -
2006 470 - 335 -
2011 466 - 326 -

Source: Statistics Bureau, Survey on Time Use and Leisure Activities.
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Table 3: Model Parameters

Parameters
I} Discount factor 0.9975
0. Elasticity of consumption 0.333
o, Elasticity of labor supply 0.7
S Elasticity btw differentiated labor 20
« Elasticity of output to hours 0.667
~y Elasticity of marginal cost 0.5
Dp Calvo price stickiness 0.889
bw Calvo wage stickiness 0.889
p Monetary policy rule inertia 0.8
O Monetary policy response to inflation | 1.5

Parameters

Pa Technology shock 0.85

Py Government expenditure shock | 0.85

Ph Labor supply shock 0.85

Table 4: Parameters Related to Sales

Target variables
I Ratio of sale prices to normal prices 0.83
X Ratio of sale quantity to normal quantity | 1.7
S Frequency of sales 0.18
Calibrated parameters
€ Elasticity btw product types 1.8969
n Elasticity btw brands 8.5529
A Fraction of loyal customers 0.8877

Calibrated parameters

Utility weight 1.310~*% 64, =100
oL on loyal customers 0.0033 0 =4
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Figure 1: Variables Associated with Temporary Sales

Note: The red dashed lines represent the original series, while the black solid lines show
smoothed series using the HP filter with A = 14,400.
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Note: The blue dashed lines represent the 95% confidence interval for two uncorrelated band-
pass filtered series calculated using Monte Carlo simulation.
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Appendix for “Working Less and Bargain Hunting More: Macro

Implications of Sales during Japan’s Lost Decades”

A Impulse Responses for a Monetary Policy Shock Using a
VAR Model

In Section 2, we estimated a VAR model and presented impulse responses for two types of
technology shocks. In this appendix, we show impulse responses for a monetary policy shock.
To this end, we need to identify monetary policy shocks, but the zero lower bound on nominal
interest rates presents a major challenge. The overnight call rate has been below 0.25% since
1995, meaning that except for the first few years, it was almost zero for most of our observation
period. This makes it difficult to identify monetary policy shocks.

To overcome the challenges posed by the zero lower bound, we take various steps. The first
is that we use short-term interest rates on loans as the interest rate in the VAR model.! The
reason for using short-term interest rates on loans is that loan rates are less constrained by
the zero bound because they contain a premium. Second, in addition to loan rates, we use the
monetary base, since this also contains information on the stance of monetary policy. However,
even using both loan rates and the monetary base, identifying monetary policy shocks remains
difficult.? We therefore compare the impulse responses of the main macroeconomic variables
using the shocks identified from the residuals of the equation corresponding to either loan rates
or the monetary base and examine which responses are more consistent with those reported in
previous empirical studies for the United States. We find that the monetary base is better for
identifying monetary policy shocks than loan rates.

To identify monetary policy shocks, we use the following recursive restrictions. Monetary
policy shocks have a contemporaneous impact on the ratio of the monetary base to nominal
GDP as well as the commodity price index but do not have a contemporaneous impact on the

other variables.

!The data are taken from the Bank of Japan.

2There are a number of studies that have sought to estimate a VAR model for Japan, such as Bayoumi (2001),
Miyao (2002), Fujiwara (2006), and Iwata (2010), but no clear consensus has been reached so far on how to best
identify monetary policy shocks.



Figure A shows the impulse responses of aggregate quantities and prices including the
frequency of sales for a monetary policy shock. The gray areas indicate 95% confidence intervals.
The economic impact of monetary policy is not highly significant, although the directions of
changes are in line with those reported for the United States such that a reduction in the
monetary base leads to an economic contraction. There is no significant change in the frequency

of sales.

B Model Details

B.1 Deriving the Demand Function

In this subsection, we show that the demand function of the representative household can be
derived as the outcome of an expenditure minimization problem. For simplicity, we omit the
time subscript .

Assumption 1:

e—1

/ o(r,B) < dr >C<, (B.1)
AET

where
—€

C = (Jaerp(T, i)l_EdT)H C* (B.2)

and A represents a set of product types where consumers in the household are loyal.

Assumption 2:
e(7,b) 71 < ¢(r,b)"%. (B.3)

Assumption 1 states that if the representative household assigns to a household member
the role of loyal customer, the household member has to spend at least a certain amount of
their expenditure on A-type products. Assumption 2 is not a strict condition, because n > e.

The expenditure minimization problem is given by

min /T < /B p(r b)e(r, b)db> dr, (B.4)

subject to the overall aggregator of consumption,

€
n(e—1) e—1

C = /T</Bct(7,b)nnldb) Y ar (B.5)
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and (B.1). We will show that its solution is derived as

(pt(T’b) >—n <p5£,t(7))_6 Cy for the fraction of household, 1 — L,

pB,t(T)

Ct (T7 b) = —€
<M) Cy for the fraction of household, L

P

The first-order conditions with respect to ¢(,b) are
€1
_1 n=1 e(n=1)
0 = p(1,b) — ®c(7,b) (/ c(r,b) db>
B
— Uey(T, b)_%

for 7 € A and

_1 n—1 e(en_jm
0 =p(7,b) — ®e(1,b) </ e(r,b) db)
B

(B.6)

(B.8)

for 7 € T\ A, where ® and VU are the Lagrange multipliers for equations (B.5) and (B.1).

By multiplying ¢(7, b), taking the integral with respect to 7 and b, and summing equations

(B.7) and (B.8), we obtain

e—1

PC*=9C =

e—1

—vC .

Inserting the above V¥ into equation (B.7) and using Assumption 2 yields

c(r,b) = p(7,b)"¢ (PC’ - <I>C'E;1>6 cte.

Inserting this into equation (B.1) yields

Inserting this equation into (B.10) and using (B.2), we obtain the demand function

(r,b) = (”(;b)yg o

for 7 € A.
Next, we consider 7 € T\ A. From (B.8) and (B.11), we have

e—1 _1 n—1 6(Eninl)
p(1,b) = {PC— / p(T, B)16d7'~PEC*}Cec(T, b) n ( / c(r,b) 7 db> :
AeT B
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(B.9)

(B.10)

(B.11)

(B.12)

(B.13)



Taking the power of 1 — 7 and the integral with respect to b yields

n

= n— <
PB(T)W:{PC—/A Tp(T,B)IEdT'PEC*} ohral G (/BC(T,b)’nldb> . (B.14)
€

n-1
Inserting the above (IB c(r,b) n db) into equation (B.13) yields

o) = <p<n b))‘ﬂ (me > . { PC — [,pp(r, B)'~“dr - P<C* } | B1s)

pB(7T) P PC

Before we simplify the right-hand side of equation (B.15), let us note that

pC = /T < /B p(7,b)e(r, b)db) dr
- /A ( /B (. b)e(r, b)db) dr + /\ ) ( /B p(r,b)e(r, b)db> dr. (B.16)

Inserting equation (B.12) and (B.15) into this, we have

PC* = /A < /B p(r,b)e(, b)db) dr + /\ ) ( /B p(r,b)e(, b)db) dr

:/AP(T,B)I_EdT (113) c*
1\, [PC— [\opp(r,B)'~dr - PC* "
1=n4p . n—e - AeT
—i—/\A/Bp(T,b) db-pp(T) dT(P) c{ e

- /A p(r, B)<dr (;) o

e [ e ) (1) o [ PO~ ferplr By tdr POt
+ (P /Ap(T,b) dT) (P C PO .

Thus, we obtain

PC — [\ opp(r,B)'=dr - P<C* |
* = . B.1
cr=C { PO (B.17)
Inserting this into equation (B.15), we obtain the demand function
p(7;b) ) K (pB(T) ) o
c(r,b) = C B.18
) = (B0 (22 (B.19

for 7 € T\A.
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B.2 The Household

The representative household has the following lifetime utility function:

. _ Y3
U = JgoﬁjEt [U(CtJrj) - ZZ_J'U <Ht+j + ¢LH(1(1_L:3JO)L>} , (B.19)

where c
e—1

n—1 %
Cy = / (/ ce(r,0) 7 db) dr (B.20)
T B

and Z represents a stochastic shock to the utility weight of labor supply with unit mean, and

the logarithm deviation of the stochastic shock is denoted by . For simplicity, we do not

show the time subscript ¢ below.
As shown in Appendix B.1, given equations (B.1) and (B.3), we obtain demand functions

of the same form as GS’s specification [7]:

<p(T’b)>_n (pB—(T)) B c* for the fraction of household, 1 — L;
c(r,b) ={ \Pe) P (B.21)
(&P’b» Cc* for the fraction of household, L;

Substituting this into equation (B.20) yields

€
—1) e—1

n—1 Z((;—l)
C = /(/ e(r,b) db> dr
T \/B

- n(e=1) =
e(n—1)

_en=l
/ N R
= )\ (pa(n)\ " et
v g (3) 7 ()
)\ ey )
p(T, n p\7,
_ | Jr (LfB (25) db+(11_L)fB (573) db) cr (B22)
(pBF(.T)> EdT

The price index for bargain hunters, pp(7), is given by

pi(r) = < /B p(r, b)l_”db>1in. (B.23)

As in equation [20] in GS, given that a fraction s of all prices are at the sale price Ps and the



remaining 1 — s are at the normal price Py, we obtain
1
Pg = pp(r) = (spg‘" +(1- s)P}V—”) = (B.24)

Note that the above equation holds true in a flexible price model and a Rotemberg-type sticky
price model, in which the normal price Py is the same across product types 7. On the other
hand, in a Calvo-type sticky price model, Py differs across product types 7, so the above
equation does not hold exactly. However, given that that equation is in a log-linearized form,

it holds. As is shown in equation [E.6] in GS, Py needs to be defined as

o0

P = (1= ¢p) > $hRN -, (B.25)

j=0

where Ry ;_; is the new normal price set at ¢ — j.

The terms in equation (B.22) can be simplified as follows:

/ <p(7', b))l‘" i — sPg 4 (1 —5)Py "
B

pB(T) Py
=1, (B.26)
1 _.n—1 _.n—1
/(pu,w)‘f”n g tPs (=8P
1
B pB(T) P;e"n
1—n 61—7]

= =, (B.27)
(1= + (1= )’
where the ratio of the sale price to the nominal price is defined as
Ps
= —. B.28
n=po (B.28)
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Equation (B.22) thus becomes

n(e—1)

elzn e(n—1)
C = <L s +(L=s) +(1—L)>
(spl=1+ (1 —s))n

( s#1n+ _:));+(1—L))M<];f)_ec*

_ . <];f> o (B.29)

where the consumption wedge F is defined by

n

F=(LE+(1—-1L))"1 (B.30)
with
S (1—ys)
==K - (B.31)
(st + (1 — 5))’
Suppose ;4 < 1, € > 1,7 > 1, and ¢/n < 1. We then obtain
=<1, (B.32)

because f(x) = 2/ is a concave increasing function, and the denominator and numerator of
are the weighted average of 1 and p!~7(> 1). Therefore, the consumption wedge satisfies f < 1.
This means that, because the goods demand of some members of the household is suboptimal,
the household’s consumption decreases. The wedge decreases with L, since the first differential

dF /dL is given by

<0. (B.33)

If all the members of the household engage in bargain hunting, that is, L = 0 , then we have
F = 1. The household enjoys higher utility from consumption. However, the trade-off is that

the household will spend more time bargain hunting, lowering utility.
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The aggregate price index P satisfies

:/T/Bp(T,b)c(T,b)dde
:/T{L/Bp(T,b) (p(;’b)>_60*db
+(1- L) /B p(7,b) (Z (;(Tb)) >_n (pB]@ )_6 C’*db} dr, (B.34)
which leads to
|V ﬁBfipb?d:fm e ) 7

_ /T (L /B p(r.b) ¢db+ (1 — L)PL" Pg—e> dT] =

= [L{sPs' + (1 — s)Py } + (1 — L) P} ™°] =3 (B.35)

Substituting this P into equation (B.29), we obtain

(%) - <
P (L{sPs'=¢ + (1 — )P} + (1 — L)PL ) T~

[ L{sPs'“+ (1 —s)Py}+(1—L)Py“\ " °
Py

16 l1—e
+ (1 —s)Py

sPl (1 - s)P}V"?) =

_ L (1= 5)6;1 +(1- L)) o (B.36)

The right-hand side of the equation is larger than one and decreases with 1 — L. As the fraction
of bargain hunters (1 — L) increases, the weight of bargain price index Pp increases, and the
aggregate price index P declines. Thus, the relative bargain price index to the aggregate price
index increases.

The household’s budget constraint is given by
PCY + Ey[QeiapAvy1] = Wil + Dy + Ay (B.37)
The household takes Pg/P as given. The first-order conditions are written as follows: with
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respect to C,

VA vo(Civ1) P Fer1 (Peiv1/Pei\ €
E t+1 t+ t t+ ( S+ y ) - E
PE: zb ve(Cy) P Fy Pi1/P; ¢ [Qeray
1
= ; B.
e (B.38)
with respect to H,
h (1-L:)°z
Zt VH (Ht + QSLH (1_)\t)9L ) . % PBJ —e . (B 39)
ve(Cy) P ! Py ’ .
and with respect to L,
h (l—Lt)9L>
oo =L Zbvn (Hi+ 001 (=5 _ Gdry (B.40)
(1= A0 ve(Cr) FedLy '
The last equation can be rearranged as follows:
h (-L)z
0L¢>LH(1 — L)t Zivn (Ht o (1—/\t)"L )
(1—A)0 ve(Cr)
C _ 1 _
= L (L (1= L) (1-E)
1 _
_ 1 g (LeZe + (1= Ly)) 1 (1 — )
- _n_
n—1 (LiZ¢ + (1 — Ly)) T
n 1—=
= C . B.41
n—1 "LiZ + (1 - L) (B41)
B.3 Resource Constraint
The resource constraint is given by
Y, =C} + Z7, (B.42)
C
_ t — + Zf, (B43)

(%)

where Z{ represents a stochastic shock to productivity. Its mean is zero and the logarithmic

deviation from the steady-state Y is denoted by &7. It is log-linearized as

ct =y + fr —€(ppe —p1) — €. (B.44)
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B.4 Monetary Policy

The monetary policy rule is given by
it = pis_1 4+ (1 — p)pml + €l (B.45)

where the inflation rate for normal prices is defined by 7y ; = pnt — Py -1 and el represents

a monetary policy shock.

B.5 Firms

This part is related to Theorem 3 in GS. Firms’ problem is almost the same as that in GS,
because firms face the same demand function (B.21). The share of loyal customers L; is time-
varying, but since each firm takes L; as given, this does not change firms’ optimization problem.

Regarding the demand function at the sale and normal prices, equation [22] in GS becomes

Qs = (L+ (1 - L)vg)(Ps/P)"Y (B.46)
Qn = (L+ (1= L)vn)(Pn/P)”Y, (B.47)

where v is the purchase multiplier defined in equation [10] in GS:
v(p; Pg) = (p/Pp)~ ", (B.48)

This represents the ratio of quantities sold at the same price to a given number of bargain
hunters relative to the same number of loyal customers. Log-linearizing the above demand

functions, equations [E.la] and [E.1b] in GS become

A1 —vg) (1 —XNug
A —Nus ' TAF T = Ns
)\(1 — UN) (1 — )\)’UN
Wit =N a- )\)fuNlt TN (= Noy

qsjt = VS it — E(ps,j,t —pt) + Y, (B.49)

UN,jt — €(rNe—j — Pe) + Ut (B.50)

where ry;_; is a normal price set j periods ago. Regarding the purchase multiplier v, we obtain

an equation of the same form as equation [E.2] in GS:

vsj = —(n — €)(Ps,jt — PBL)

UNGt = —(n—€)(rni—j — PB)- (B.51)



The above four equations yield equations that are equivalent to [E.3a] and [E.3b] in GS:

A1 —vg) (1—Nvs
= I, — _ o _ L
(IS,],t )\ + (1 _ ),US t )\ _|_ (1 _ )\)US (n E)(ps,],t pB7t) 6(ps,j,t pt) + yt
A+ (1 — Nvg
Ae + (1 = Nnug (1 —XNvg
a ' )N T B.52
N (1= g P T = O TP T et o (B.52)
. )\(1 — UN) (1 — )\)’UN )
gN,jt = Pt (1 — )\)UN t N+ (1 _ )\)UN (77 6)(7“N,t—g pB,t) G(TN,t—g pt) +u
__AMlzow)
A+ (1= Moy

Ae + (1 = Nnoy (1= XNoy

- —j —€) . B.53
A+ (1= Moy TNi—j + (0 6))\+(1_)\)UNPB,t+€pt+yt ( )

The optimal ratio of the sale price to the normal price is given by equation [17] in GS. GS’s

equation [17] can be rewritten as
{L(e—=1)+ (1= L)(n—L)v(p; Pp)} u(p; Pp) = Le + (1 — L)nu(p; Pp). (B.54)

Log-linearization yields

AMe =Dl — A(n— Dol + (1 = N)(n — Doy o= Xely — Aol + (1 — X)novy
Me—1) +(1— N — 1w He= Xe+ (1— N

X1



el — Aol + (1= Nnovg - Me— 1)l — M — Dvly + (1 = X)(n — 1oy

a Xe+ (1— N - Me—1) + (1—N(n— 1w
_ {Xely — Mol + (1 = Nnoog b {A(e—=1)+ (1 = A)(n — 1)v}
{Pe+ 1 =Mnup{A(e—1)+ (1 —=N)(n—1)v}
{Me= Dl — A — Dty + (1= A)(n — Dow} {Ae + (1= Npo}
{Ae+ (1=} {Ae—1)+(1=XN)(n—1)v}

_lemmbMe =D+ =N =~ Dvp = {le=1) = (n = Do} {Ae + (1= Mo}

{Ae+ (1 =XNnp}{Ae—1)+(1=XN)(n—1)v}

A€ =D+ (1= N0 = Db = (= e+ (L= N}

{Ae+ (1=} {Ae—1)+(1=XN)(n—1)v}
_ e(1=XN)(n—1Dv—nuXle—1)—(e—=1)(1 = XN)nv+ (n—1)vle
{Ae+ (1=} {Ae—1)+(1=XN)(n—1)v}
n A1 = A)(e—n)v "
e+ (1 =Mnui{Ae—=1)+ (1 —=XN(n—1v}
_ (1 =X —ev+vA(n—e)
e+ (1 =Mnui{Ae—=1)+ (1 —=XN(n—1)v}
A1 = A)(e—n)v
e+ (1 =XMnui{Ae—=1)+ (1 —=N(n—1)v}
_ A(n —€e)v L
e+ (1 =Mnui{Ae—=1)+ (1 —=XN(n—1v}
B A1 =) (n—¢€w y
e+ (1= {AMe—1)+ 1 =N(n—1o} ©

Al

Aly

+ (3

We define

05 = A1 =) —e)vs
{Ae+ (1= NnusH{Ae—1)+ (1 = A)(n—1vs}
A1 =XN)(n—e)vn

N e+ (= Nmont Me— 1)+ (1= A)(n— Lon}’

and transform equations [E.4a] and [E.4b] into

1
psje = —esvsje+ T esh,

= — ; ——onls.
KNt ONVUN,jt + 1 )\QNt

Overall demand is given by
Qjt = 55Qsjt + (1 = 550 ) QN s
which is log-linearized as

Qi+ = sQs(sjt +qs,jt) — sQnsjt + (1 — $)QNgN jt-

xii

(B.55)

(B.56)

(B.57)

(B.58)

(B.59)



Using x = Qs/Qn, we obtain equation [E.5] in GS:

(SX +1- S)Qj,t = SX(Sj,t + QS,j,t) — S$s5¢ + (1 - S)QN,j,t,

x—1 SX (1—s)
j ; —————gN.it- B.60
3X+1—sss]’t+SX—l—l—sqs’J’H_sx—i—l—sqN’J’t (B.60)
Note that we define s;; as the logarithmic deviation of the sale frequency from its steady state,

while GS define it as the deviation from steady state.

qgjt =

We define the weighted average of variables as in equations [E.6] and [E.7] in GS:

%Sji’

(18

se=(1—¢p)

7=0

[e'e} . o0 .
png = (L= dp) 2 dprne—s,  ane = (1 — &p) 2o dhan,je,
=0 =0

o0 .
ong = (1= ¢p) > PNt
=0

(B.61)
[e’e} . o0 .
psi = (L—dp) X dhpsje,  ase = (1 —dp) X dhas it
§=0 j=0
oo
vse = (1= p) 3 dvs.je- (B.62)
j=0
The bargain hunters’ price index Pp; is log-linearized as in equation [E.8] in GS:
pBt = Oppst + (1 = 0p)pN¢ — pBsst, (B.63)
where
s
9 pu—
P s (= st
1 1—pnt
= . B.64
°B n—1s+ (1 —s)ur! (B:64)

The price index for a hypothetical loyal customer Py, ; is log-linearized as in equation [E.10] in
GS:

prt = 0rpst + (1 —0L)pNnt — ©Lsst, (B.65)
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where

s
st (1-s)ul

1 1_Me—1
n—1s+(1—s)u1

01

(B.66)

YL =

The aggregate price level given by equation (B.35) is transformed into

1
P=[LP;“+(1-L)Py]". (B.67)

In steady state, using h = Pg/Pr, we have

1=\ <]]DDL>1_€+(1 - ) (1;;3)1-5’
Y <]]Dj>1_€ (1= <hP];L>1_€.

P\ 1
(P) A+ (-NEE (0%

PB 1—e B 51—6
() A+ (- NR R

The aggregate price level is log-linearized as

(1-— e)Pl_ept =A1- e)PIlfepL,t +(1-=XN(01- e)P]_};epBﬂg
+ AP}l — AP €Uy,

Xiv



P
A PL 1—e PB —€
*(1—@{(1)) (%) }“
A (1- MR
= ——PLt T —1—PBit
A+ (1— M)A A+ (1= M)A
LA 1-7° l
bt
T=x+1-N7"
AR 1- A
= —1 b —1 DBt
AR (1= ) AR 4 (1= )
A o l
€— L
L=+ (1= N

Equation [E.11] in GS thus becomes
l—w _ _w_
pr = (1 —w)prs +wpBr — A (Al_/\> lt,

where

XV

(B.70)

(B.71)



Equation [E.12] in GS becomes

l-w

pe=(1—w@)prLy+ @pps — A <)\€_11)‘> L

=(1—-w)Orpst+ (1 —0r)pNt — pr55t)
+ w(0Bps: + (1 —0B)pN: — BSSL)

1w _ _@_
) ) =X |y

={(1 —w)fr + wlp}ps:
+{1-w)(1—-0r)+w(l—-60B)}pN:

—{(1 —w)er + wep}ss:
521

S N I S e, O Y
< c—1 )ta

pt = 0ppst + (1 —0p)pn s — ppss

l-w @
A 1—X
)\< 6—1 )lta

Op = (1 —w)lL + whp

where

op=(1—-w)pL +wpB.

(B.72)

(B.73)

The production technology is governed by constant returns to scale using labor input:

_ a ryo
ijt =7, Hj,t7

(B.74)

where Z{ represents a stochastic shock to productivity, which has a mean of one, and the

logarithm deviation of which is denoted by ef. Equations [E.13] and [E.14] in GS become

qt = ahy + €7,

Tt = Yqt + Wt

xvi

(B.75)

(B.76)



Firms’ profit maximizing problem yields equation [27] in GS:

pS,j,th,j,t — TN,t*quz.]zt
4s,jt — ANt

=Tt + Dt (B??)
Equation [E.15] holds, as shown in the following equation:
(x = D)(zj4 +pi) = HSXDS,jt — HNTNt—j T (ps — 1)X(QS,j,t —qNjt) (B.78)

Substituting equations (B.52) and (B.53), we obtain

A1 —wvg) (1= XNvg
o= I, — _ - _ o
qu]vt )\ + (1 _ ),US t )\ + (1 _ )\)'US (T’ 6)(ps,],t pB,t) 6(ps,j,t pt) + yt
Gl ) )
A+(1- )\)US
Xe+ (1 = N)novs (1= MNwvg
N ’ Y9N T v B.79
A_A'_ (1 _A)US pS,],t+(77 6)A+ (1 _/\)USPB,t+€pt+yt, ( )
_ Al —ww) (1= Nun
gN,jt = Pt (1 — )\)UN t— Pt (1 — )\)’UN (77 - 6)(7“N,t—g —pB,t) - 6(7“N,t—g —pt) + Uy
_ _AMloow)
A+ (1= Ny
Xe+ (1= Nnon (1 —=XNon
- —J — )T . B.80
purnrp v s U A b ey v O (B-80)

(x — 1)(zjt + pt) = psxps,jt — UNTN—; + (s — 1)x

{< Al-vs) Al -on) >l
A (1—Nvs A+(1—Nwy /)"
)\6 +(1- )\)nvsps
+ (1= Aog 7

)\6 + (1= XN)nun
) TN,t—j

+ (1=
(1= MNuvs (I—-XMv
= )(A+(1—>\) _>\+(1—)\])V1;N>p3’t}'

xvil



Hence, we have

Ae+ (1 — )\)77'05}
PS¢

(= Do) = s = (s = )5 T

-~ {MN (s — xS A)mN} -

A+ (1 — )\)’UN
(I —=X)vs (I—=Xon
= ()\ F1-MNvs A +(1- )\)UN) (1s = 1)xpa.

1 —vg 1—wun
* ()\ +(1=MNvg A+(1-— A)UN> (ns — L)xAls. (B.81)

Note that, under flexible prices, the optimal ratio of the sale price to the normal price is given

by equation [17] in GS:

Le + (1 — L)nv(p; Ps)

i Pp) = . B.82
wePB) = Ly (= 1) — Dolp: Pa) (B.82)
Its steady-state value is given by
Ae + (1 = Nnvs
= , B.83
Hs AMe=1) 4+ (1—=XN)(n—1)vg ( )
A+ (1= MNvg
—1= B.84
Hs Me—1)+ (1= A)(n— vs (B:84)

Ae + (1 — N)nvg
{Ms—(ﬂs ) N (1= Vs }X
_{ B A+ (1= Nvg )\e—l-(l—)\)nvs}
U TN e— D+ (TN —Dus A+ (1—Nws S ¥
B e + (1 — Nnog
‘{“S‘M —1)+(1—>\)(77—1)’vs}x

The coefficient on 7y ;—; similarly becomes

e + (1 — Nnoy
A W Gy

Ae + (1 = MNnoy
A Wy

pun — (ps — 1)

=pN — (uy — 1)

=0.
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The coefficient on pp; becomes

(1 — )\)US (1 — /\)UN
(n—e) <A+ 1—Nvs A+ (1— /\)UN) (s = 1x

(1—)\)1)3 )\—‘,-(1—)\)’05
_ (77 N 6) A (1-Nvg )\(efl)+(1f)\)(nfl)vgx

_ (17/\)1)1\[ )\+(17)\)UN
M A=Nox Me—D)+HI-N(0—Tow

_ — ¢ (1 — )‘)US _ ( A)UN

=@ )<A&—U+O—%XW—UWX e -1+ (- xn—nmJ

_ <)\e + (L= Nnvs —{Ae+ (1 = Nevs} e+ (1= AN)nuv —{Ae+ (1 - )\)evN}>
Me—D+(1-Nm—1os Me—1)+ (1-N(n— Doy

= psx — (s — 1)xe — pun + (uy — 1)e

= USX — UN

py —1 ps(pn —1) —pun(ps —1)  pnv —1—(us —1)
= ps —MUN = =

s—1 ps — 1 ps —1

The coefficient on I; becomes

1— vg | — oy
<)‘+(1—)\)vs A+ (1_>‘)UN> (ns — 1)xA

_ 1 —wvg A+ (1= ANug \

_)\+(1—)\)Us/\(€—1)+( “ N - Dus ™

B 1 —wn + (1 =Xy \
)\—l-(l—)\)vN (6—1)+( )\)T]—l)UN

_ 1 —wvg A\

T e+ (- N - Dugt

_ 1N \
Me—=1)+(1=XN)(n—1)vy
{us—n(us—l) us—e(us—l)} N

x9N
pn —n(pn —1)  pn —e(uy — 1)
+{ (71— o <n—e><1—A>}A

_ Jusx—nlun —1) | psx —e(py —1)
- { CEr I m—@u—A>}A
+{uw—n(uzv—1) w\r—e(/uv—l)}A

(n— (1N
_ HsX _ KN
S Thmona N T T moa
_ __MSXTHEN
(-0 N
x—1

IUERICEPY)
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Therefore, equation (B.81) is simplified as

_ x—1
(x = D(zje +p) = (x — Dppt — mln
Tjr+ Dt =DPByt — (77—6)1(1—)\)lt' (B.85)

The right-hand side of the equation is independent of j, so all firms have the same marginal
cost.

Equation [27] in GS suggests

DS,jt = KS,jt + Tjt + Pt

Substituting equations (B.51) and (B.58) into the above equation, we obtain the following

equation:

1
Psjt = —08sVsjt + T yosle+ T + pe

1
= 0s(n—€)(psjt —pBt) + 1= )\Qslt + Zje+pr

— 05(n — )psi — 05(n — €) @+ pi + ! T ST S S
= 05N = €)ps,jt — 051 — € t T Dt (n—e)(l—)\)t 1\ 98t T e P
and equation [E.17] in GS

{1—0s(n—e)} (psje — 2 —pi) = {1%?)\ - (néigir)}(zi)A) } lt
0.

(B.86)
We thus have
DSt = Tt + Dt (B.87)

Regarding normal prices, the log-linearization of the first-order condition, equation [26] in

GS, becomes

ZO (Bdp) Er[rne — UNjtri — Terj — Ders) = O, (B.88)
j:

which corresponds to equation [E.18] in GS. Using equations (B.51) and (B.59), we can express

the ratio of the sale price to the normal price, py j ¢+, as follows:
1
UNjt = —ONUN,jt T ﬁQNlt
1
=oN(n—€)(rNi—j —PBt) + T—onNl

1—A

XX



Equation (B.85) yields

R _ g — o — I l
BNGt = oN(n — €) (TN,t J— Tjt — Pt (n—e)(1—N) t> Ty onk
=on(n—€) (rNi—j — @t — pe) -

Equation (B.88) thus becomes

o0 .

{1—on(n—e)} X (Bop) Er[rne — @ity — praj] = 0,

§=0

yielding equation [E.19] in GS:
o0

rne = (1= Bop) S (Bbp) Er(isj + prsj)-

Jj=0

Equations (B.72) and (B.87) mean that equation [E.20] in GS becomes
lw _ _@_
ppsst = Oppst + (1 —0p)pne —pr — A (Ael_’\> l
lw _ _w_
=0px; + (1 —0p)(pNy — ) — A <>\€1—>\> lg.
Similarly, equations (B.63), (B.85), and (B.87) mean that equation [E.21] becomes

opssy = 0ppst + (1 —0B)pNt — PB:

= Hth + (1 - HB)pN,t — Xt — Pt — (77—6)1(1—)\)lt
1
- (1 - HB>(pN,t — I —Pt> - mlt

Using equations (B.90) and (B.91), we obtain

{(1 —0B) (PNt — @t — pr) — (77_6)(1_)\)51‘} /¢B
lw _ @
= {HPUCt + (1 =0p)(pNys —pt) — A <)‘6_11_/\ lt} /ep
A

l—w _ _w@_
= {xt + (1 —0p)(pNng — ¢ — Dt) — (AH\> lt} [ep

xxi

(B.89)

(B.90)

(B.91)



Tt 1—03 1—9]3
— = - (PN,t — Tt —Pt)
Ypr ¥B ¥Yp

_ 1 A (e ]
m—e)1—=Nps ¢@p\ e—1 !

. — {(1 —0p)pr — (1 - 0p)pn
' ¥B

} (PNt — xe — pr) — Al

where
l—-w

op [ x =
A= 90— Vs A( 1 )

Equation [E.22] in GS becomes

= (1 —)(ze + pr — o) — Aly,

where equation [E.23] is defined as

(1-0p)pp — (1 —-0p)pp

T
¥YB
p=1y L=0B)er = (1= 0p)os
¥YB
(1-0B)pp +0pyn

¥B

Rearranging equation (B.61) yields equation [E.24] in GS,
PNt = GpPN -1+ (1 — dp)rn e,
and rearranging equation (B.89) yields equation [E.25] in GS,
Nt = BopEirn 11 + (1 — Bdp)(x + pr)-
Multiplying the above by (1 — ¢,,) and substituting it into equation (B.95) yields
PNt = PpPNt—1 + (1 = ¢p)BopErrn 41 + (1 — ¢p) (1 — Bop) (e + pr),

PNt — OpPN—1 = (1 — ¢p) BopErrn 41+ (1 — ¢p) (1 — Bdp) (¢ + pr)
= Bop {EpNi+1 — OppN,tt + (1 — dp) (1 = Bop) (2 + py).

(B.92)

(B.93)

(B.94)

(B.95)

(B.96)

Defining 7y = pnt — pn,t—1 and adding (¢, — 1)pn+ to both terms, we obtain equation [E.26]

xxii



in GS:

Gp(PNt — PNi—1) = BOp {EtDNt4+1 — PNt + PN — OpPNe ) + (1 — ¢p) (1 — Bdp) (2 + pr)
+ (Cbp - 1)PN,t
¢p7TN,t = B¢pEt7fN,t+1 + (1 - ¢p)(1 - /3¢p)(xt +pt) - (¢p - 1)<1 - 5¢p>pN,t
)

GpNg = BOpErmn i1 + (1 — ¢p) (1 — Bop) (2t + pr — prt)

(1 = ¢p)(1 = B¢p)
P

TNt = BETN 41 + (¢ +pt — DN, (B.97)

where we define
(1~ ép)(1 — Bdp)
bp

Taking the first difference of equation (B.91) yields an equation that is equivalent to equation
[E.27] in GS:

K

(B.98)

1—-0p 1

sAs; = — (Azy + 71 —TNy) —

Al (B.99)

B
The first difference of equation (B.72) is

= 0p(pst — psi—1) + (1 —0p)TN: — ppsAs,

l-w _ @
— 2 A
A(E_l) "

From pg j+ = o + p¢, we can transform the above equation into the following form:

w

lw  _w_
T = O0p(Azy +m) + (1 — Op)7n: — ppsAsy — A <)\6_1> Al

=7N:+ GP(A:L‘t + T —TNg)

1
P{ A$t+7Tt—7rNt)+ A)(,OBAlt}
<1

vB (n—e)(1—
—ﬁAh
= (Azy + m — 7TN,t) + AAl,

(1—-6B)op+0ppn
7 SDB

=7Nt +V(Azy + 1 — ) + AAL.

We can also transform equation (B.93) into the following form:

= (1 =) (@t +pt — pne) — Al (B.100)
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A$t = (1 — ¢)(Al‘t + T — 77N,t) — AAlt,

A
TNt = Tt — &AQ% — WAlt (B].Ol)
Substituting this into equation (B.97) yields
A
T — 11_/}1/}Al't — mAlt
A 1-— 1—
= BE; {WtJrl - &sz%l - l—wAltH} + ( ¢p);p Bé,) (¢ +pr — DNE)-
Using equation (B.93), we obtain
A
Tt — &Alﬂt — WAlt
A
= BE; {Ft+1 — &Axt—i-l — HZ)Alt—H}
(1—p)(1—Bgp) [ 1 A
+ ¢p 1_1/}xt+1_wlt )

and an equation which is equivalent to equation [32] in GS:

Tt = /BEtﬂ't—f—l

1
¢ {IifL‘t + d}(AIEt — BEtALL‘t+1) + HAlt + A(Alt - ﬁEtAlt+1)} . (B102)

+1_

Next, we derive Lemma 4 in GS. From

Ht = PSt — PNt (B-103)

equation (B.93) is given by

xy = (1 =) (xe + pr — pnye) — Aly,
= (1 - @D)(ps,t - pN,t) — Al
= (1 =) — Al

This yields an equation which is equivalent to equation [E.37] in GS:

1
L=
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From equations (B.49) to (B.51), we have

st = j\_((ll__U;)US li + \ _(:(I i):i}S {—=(n—e€)(pst —pBt)} — €(ps — pt) + yr,
N = i<gliv)]\\;lN b+ 5 J(rl(; i):z)va {=n—e)one —pBr)} — €PN — Pi) + Y-

Using equations (B.85) and (B.87), we have

A1 —wvg) (1= MNwvg
= - l -
S v gyl Al e g Ul s e g L ]
=l —ext + Y

. )\(1 — ’UN) (1 — /\)UN e _ _ 1
ED TS e e r s Ui (pN’t L (s T - )\)lt>

—e(pnt —pt) + Yt

gN,t

1—XMv
=1l — N+ (1= Vow i 1 _))\])\;N (n—¢€) (pnt —Dpsit) — €(DNt — DSt + DSt — Pe) + Yt
(n—e) (1 =Non +e{A+ (1 =Ny}
:l —_ — R
t 2 (1= Moy (PNt — Psy) — €Tt + Yy
ex+n(l — Moy
=1 - .
t+ A+ (1= Now Mt — €Tt + Yt

Thus, the quantity ratio becomes

Xt =4St — (4Nt
= —CN Uty

where
ex+n(l — Ny

A+ (1= Aoy ’

SN =

From equation (B.104), we can express the quantity ratio as follows:

S
Xt:_livw (l‘t+Alt)

The ratio of turnover at the sale price to total turnover is defined as

StQS,t
(1—s)Qnyt + Qs

XXV

(B.105)

(B.106)

(B.107)

(B.108)

(B.109)

(B.110)



which is log-linearized as
1 1—s

sx+1—sst+sx+1—s

Xt-

(B.111)

Equation (B.91) is transformed into an equation which is equivalent to [E.39] in GS:

1—93( ) 1 ]
f— 7"1:7 —_
T Ty PN T P (1 = N
_ﬂ( — psi) — 1 l
o TNETEPS) T T 0= Nes
1-6g 1 1
=— x + Aly) — l
o 1—g A = T T "

S
op 1—9 "

71—03 1 <1—93 A 1

Let
Ay =y — qr.

Using equation (B.60), total output becomes

x—1 X (1—s)
sx+1—ssst+sx+1—sqs’t+

qt =

Equations (B.105) and (B.106) yield

x—1 sX
A - —r (1, -
X 1_S$8t 5X 1—S(t €Tt yt)

(1—29) { ex+n(l—Av

qt =

N
Mt — €T +yt}

e 1—19 - (n—e(1- A)sOB) b

sx+1—s A4 (1= Ny
x—1
- X I, —
sx+1—388t+t €xt + Yt
1-s SN
Aly) .
+sx—i—l—sl—a,b(rvlﬁ_ t)
Using equation (B.112), we obtain
X—l { 1—(93 1 <1—93 A 1
4t = - Ty — +
sx+1—s o 1—1 e 1—v m—e(l—-Nes

1-s SN
sy +1—s1—9

+1 —exy +yp + (z¢ + Aly)

=y — 0z — Bly,
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(B.112)
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where equation [E.40] in GS becomes
x—1 1—-6p 1 1—s SN
sx+1—s pp 1—¢v sxy+1—s1—19¢

_ L1 (x=D-0p)
—€+5X+1—51—¢< o (1 )<N>, (B.114)

=€+

B=_1+ x—1 (1—93 A n 1 >
sx+1=s\ ¢ 1-¢ (m—e(—-Nes
1-s SN

sy +1—s1—9
— 1+ 1 11/](()(_1)(1_93)_(1_8)9\[)14

sx+1—-s51-— ©B
n x—1 1
sx+1-—s(n—e(1—-Nes
x—1 1
=—-14+0—-€eA+ . B.115
R I D[y (B-115)
Thus, we have
A=y —q
From equation (B.76), we can express the real marginal cost as follows:
Ty = Yqr + wy
= (Y — A¢) +wy
Equation [A.9b] in GS becomes
1 Y

- 1+’y(5wt+ 1+~6
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From equation (B.76), we can express the quantity of products sold as follows:

a =y — Ay
=y — 0xy — Bly
_ 1 gl
—yt—5<1+75wt+ 1+75(yt_Blt)> — Bl
1 1) 1

- - - Bl,. B.119
11767 140t 118 (B.119)

B.6 Log-Linearization of the Equations for the Household’s Actions

Using equations (B.30) and (B.31), we can derive the log-linearized consumption wedge f; as

follows:
A AE(l + &) — Al
U1 A2+ (1))
n (E&—(1-5)
_ A : B.120
n—1 X2+ (1-)) ( )
where
6177] 1_77
¢ spe (e + ETMt) =55t espu T (sy 4+ (1 —n)ue) — ss¢
t = 1— - —
sus T +(1—s) U splm + (1 — s)
1-n 1=m q_
s = Dsc s e e (a1 = 1)+ (0 = )
suel% +(1—s) n spl= + (1 - s)
1— 1—
(1" =) {7+ (L= )} = £ (a1 = 1) {0 + (1 - 9)}
= g SS¢

{sn 7" + (=)} {4+ (1= s)}
pT S {4 (1= )} = £t (1 =) {5 4+ (1= 5) )

{on™7" + (=) Hspt=r+ (1= 5)}

+ Spit (B.121)

Using equation (B.44), we transform equation (B.38) into

(% .
0 = %C(Etct-‘rl — Ct) + (Zt — Etﬂt+1)

+ Ei(fis1 — fi) — €Ee [(PBt+1 — Peg1) — (PBt — P1t)]
=—0." {Ei(yes1 + frr1 — €PBus1 — pi1) —€01) — (e + fr —e(pe — 1) — &)}
+ (it — Eymer1) + Er(fror — fr) — €Ee [(PBt+1 — P+1) — (pByt —pe)] -
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Equation (B.85) yields

[ Bl + fia = e + Ggtrli] — )

—(ye + fr — ¢ [xt + mlt - 5?})
— (it = Eymeq1) — Ee(fee1 — f)

1 1
b [”“’t“ - N T i A)lt]

0=06_

[

and

Yo = Ewry1 — 0c(ic — Eymegn) + (6] — Eref, )

+(1—6,) {Aft+1 . (Aa:t+1 + (77—6)1(1—A)Alt+1> } . (B.122)

Equation (B.39) becomes

h , VHH (1 — )\)eLfl ele]
Et—i- v { ht QLgbL (1 )\)9L )\lt ve CCt

=w + fi — €(pBt — Pt)- (B.123)

The second term on the left-hand side of the equation implies that, all other things being equal,
hy is positively correlated with l;. A decline in hours worked involves a decrease in the fraction

of loyal customers. From equations (B.44) and (B.85), we can rewrite this equation as follows:

_ D)
er+o, ! <ht — 0L H(1—\) 1Hzt>
+ 07 Ny + fr— € |:l't+ ;

1
= w + ft — € |:.’Et + (77—6)(1—)\)lt:| . (B].24)

From equations (B.75) and (B.119), we can express hours worked as follows:

hy = qr — €f
(0%
1 — dw; — Bl 1
- Y O T T e, (B.125)
1+~0 o o}
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Substituting equation (B.125) into (B.124) yields

1 — dwy — Bl 1
h | p— Yt t t
&0y <1 + 76 o a ag'?)

— 0, 060 (1 — N) PN

+901(yt+ft_€|:$t+ ;

:wt+ft_€|:xt+(7]—6)1(1—/\)lt:|7

1 6! s 0t
— -1 Zh _ Zh
0_<90 +1+'y(5a>yt <1+1+75a>wt

-1

——g €8 4 el g1t

L 0 o .
_ <1+75QB+0h 9L¢L(1—)\) A lt

—-(1-6h {ft—e <azt+(n_€)1(1_)\)lt>}. (B.126)

In the presence of wage stickiness, the right-hand side of the equation deviates from zero

and the following equation can be derived:

Wit = BTw,i4+1
+ (1_¢w)(1_ﬁ¢w) 1
¢w 1 +§9;1

16! 5 0!
-1, = Zh — (1 Zh
[(90 +1+76a>yt <+1+'y5a w

1
—hgo e g1l
(6%

L6t .
— b _Byo7te 1—=N)""\]1
(1_1_’}/5 a + h L¢L( ) t

—(1-6h {ft—e <xt+mzt> H (B.127)
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Finally, equation (B.41) becomes

A
— (O = 1)k
Y gk 0rérH(L — NI — CC0¢ + eh
. _E ¢ CAE(L+ &) — M
FTICEY T AE+ -
A
— (= 1)k
+ 0, b — 0, o (1= N) TN+ 0 e + e
= -1
:Ct—l Hﬁt—n Tty
_= 1
A
— (= 1)k
_ 1 yt—5wt—Blt 1
1 a h h
+0, <1+75 " —aat—6t>+st

— 0, r(1— X)L

_ 1
w07 1) (me[r myt] -<0)
T Y

(1]

1476 o — A 1—\
1 1
e e (gt
+ 1 igﬁt + ; lft- (B.128)

B.7 Calibration from Steady-State Conditions

To calibrate the parameter associated with the fraction of loyal customers ¢ given 01, we

examine the steady state conditions.
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From equations (B.39) and (B.41)

1-L
(Ht—|—¢ H( t))L) %F PBt —€
(Ct) t Pt )

vn(Hy + gL H T
(Ct)

OLérLH(1— L)~

n 1-=
— C ,
n—1 "L+ (1— L)

we can obtain the following steady state condition:

Lo H(1— A)_lgf (J;f)_

n 1-=
n—lc)\E+(1—)\)'

—€
Substituting equation (B.43), that is, ¥ = C/ (F- (P—IE) ) into the above equation, we

obtain
L WHQ
[e— 17
n_o__1-= (B.129)

N—1AE+(1—-X)

As for the right-hand side of the equation, = is given by equation (B.31):

1—-n
_sw 7 +(s) (B.130)

(s + (1 - 5))

[1]

Sm

As for the left-side of the equation, we can obtain W H/PQ using the fact that from equation

[26] in GS firms’ optimal normal price satisfies

Py e X e WH
N = = . B.131
P e—1P e—1aPQ (B.131)
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From the definition of the price index, we can rewrite Py /P as follows:

Py _ Py
O R IR ol
_ Py/P
{)\ +(1- A)EH} e
B 1 Py
PRI S O R (Rl o A
1 1

- — — (B.132)
{)\ v(1- )\)EI_E} = {spl=c 41— s}T¢

The relationship between the sum of output of products, @), and aggregate demand for them,

Y, is given by
Q=3Qs+ (1—-5)Qn
— (A + (1= \vs) (fj) y

+ (1= )M+ (1= Noy) <];;V) Uy,

where

Pg > —(n—e) < Ps > —(n—e)
v frd _— f— —_—
s PB hPL

(1 i —(n—e)
h{spt=e +1— s}

B l 1 —(n—e)
h {sul=¢+1— 8}1%6 '
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Therefore, we obtain

§= s+ (1= M) (ff)e

(1= ) A+ (1= Now) (PN>_6

1 —(n—e)
—sdA+(1-)) (= a .
h{spl=e +1— s}

—€

1 %
1 1
{)\ T (1— A)EH} e {splme 41— s}Te

—_

1 —(n—e)
hf{spl= +1— s}

—€

+(1—s) )\+(1—)\)<

1 1
1 1
{A +(1— A)El_e} e {spl e+ L s

(B.133)

Equation (B.129) together with equations (B.130), (B.131), (B.132), and (B.133) yields the

steady state conditions to calibrate ¢ given 0.

B.8 Summary of the Model

Equation [A.9a] in GS becomes equation (B.102):

Tt = 5Et7Tt+1

1
+ -4 {H.%'t + ¢(A$t — BEtAfEt—H) + kAl + A(Alt — IBEtAlt+1)} . (B134)

The equivalent to equation [A.9b] in GS is given by equation (B.118):

S I
= w
1+~ ' 1476
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Equation [A.9¢c] in GS becomes equation (B.127):
W = BTw41

1_¢w)(1_5¢w) 1
¢w 1+§9;71

1 0! 5 0!
—1 Zh — Zh
[(96 +1+’y5 a)yt <1+1+75 oz)wt
-1
16!
‘(1+¢f§3+@f&@1_ )h

Hh 1
A
=0 { e (s gt}

a h
- = -0
o € +¢&¢ e €t
Equation [A.9d] in GS holds:

L

Awt = Tw,t — T¢-

Equation [A.9¢] in GS becomes equation (B.122):

Yt = Erysp1 — 0c(ic — Eymey1) + (ef — Eyel )

+(1-6.) {Aft+l —€ <A$t+1 + 11_)\)Alt+1> } .

(n =€)

The monetary policy rule is given by
. N | i
it = pit—1+ (1 — p)orm; + €.
The fraction of loyal customers is given by equation (B.128):
16! 5 0"
0= (o1 Zh 1 — Zh
(c +1—|—’y<504 )yt 1+75awt

971
- %6? N (= =

1 6! A A
- ( B4+ (0L -1)——~+6,"¢L ) Ly

1490 « 1—X 1-—A
S S U N

‘ ' ORIy

= —1
+1 ~§t+n ft-

= n
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(B.136)

(B.137)

(B.138)

(B.139)

(B.140)



The consumption wedge is given by equation (B.120) with (B.121):

=6, — (1- 2
n_ & ( )

fo= 9 A+ (1—N)

where
. (T =) st 1+ (1= s)} = £ = ) {7+ (1-5)}
{sn™ ™ + (=) s+ (1= 5)}
P A sl 4 (1— )} — £p1(1 - ) {s;fli" +(1- s)}

{5+ (0= 9} s+ (1= 5)}

+

The ratio of the sale price to the normal price is given by equation (B.104):

(.I't + Alt) .

1
Mt*l_w

The frequency of sales is given by equation (B.112):

1-60p 1 (1—93 A 1
S§St = —

os 1-v" \gp 1—¢+(77—6)(1—)\)903>lt.

Production input is given by equation (B.125):

. 1 yt—éwt—Blt_l
1496 o o

a

ht -

The Phillips curve for the normal price index is given by equation (B.101):

A
TNt = Tt — 7A£L‘t — 7Alt

1= L=

C Other Simulated Variables

(B.141)

(B.142)

(B.143)

(B.144)

(B.145)

(B.146)

The aim of our study was not to construct a DSGE model that improves the goodness of

fit of macroeconomic variables such as the inflation rate or GDP growth by incorporating

temporary sales and endogenous bargain hunting. Rather, the focus of our study was to model

the frequency of temporary sales using the actual path of hours worked. Nevertheless, it is

important to examine how our model performs in explaining changes in inflation and GDP

growth. Unfortunately, it performs very poorly. Figure B shows that the paths of the inflation

rate and the GDP growth rate simulated by our model are very different from the actual paths.

This poor performance suggests that we need to construct a richer model by incorporating
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many features not included here, such as capital investment with adjustment cost and the zero

lower bound on nominal interest rates.
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Figure A: Response for a Monetary Policy Shock through the Monetary Base
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