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Abstract

Japan has failed to escape from deflation despite extraordinary monetary policy easing over
the past four years. Monetary easing undoubtedly stimulated aggregate demand, leading to an
improvement in the output gap. However, since the Phillips curve was almost flat, prices hardly
reacted. Against this background, the key question is why prices were so sticky. To examine
this, we employ sectoral price data for Japan and seven other countries including the United
States, and use these to compare the shape of the price change distribution. Our main finding
is that Japan differs significantly from the other countries in that the mode of the distribution
is very close to zero for Japan, while it is near 2 percent for other countries. This suggests that
whereas in the United States and other countries the “default” is for firms to raise prices by
about 2 percent each year, in Japan the default is that, as a result of prolonged deflation, firms
keep prices unchanged.
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1 Introduction

From the second half of the 1990s onward, Japan suffered a period of prolonged deflation, in which
the consumer price index (CPI) declined as a trend. During this period, both the government and
the Bank of Japan (BOJ) tried various policies to escape from deflation. For instance, from 1999
to 2000, the BOJ adopted a “zero interest rate policy” in which it lowered the policy interest
rate to zero. This was followed by “quantitative easing” from 2001 until 2006. More recently, in
January 2013, the BOJ adopted a “price stability target” with the aim of raising the annual rate
of increase in the CPI to 2 percent. In April 2013, it announced that it was aiming to achieve the 2
percent inflation target within two years and, in order to achieve this, introduced Quantitative and
Qualitative Easing (QQE), which sought to double the amount of base money within two years.
Further, in February 2016, the BOJ introduced a “negative interest rate policy,” in which the BOJ
applies a negative interest rate of minus 0.1 percent to current accounts held by private banks at
the BOJ, followed, in September 2016, by the introduction of “yield curve control,” in which the
BOJ conducts JGB operations so as to keep the 10-year JGB yield at zero percent. See Table 1 for
an overview of recent policy decisions made by the BOJ.

However, these efforts by the BOJ to escape from deflation have not been successful. That is,
while the year-on-year (y-o-y) rate of change in the CPI excluding fresh food did initially turn pos-
itive, price developments subsequently weakened again. Specifically, after leaving negative territory
and returning to zero in May 2013, the y-o-y rate of change in the CPI turned positive in June
that year and rose to 1.5 percent by April 2014 (excluding the effects of the consumption tax hike
in April 2014). This was a direct consequence of the depreciation of the yen in 2012-2015 (when
the yen depreciated about 40 percent vis-a-vis the US dollar from 78 yen/dollar in 2012 to 125
yen/dollar in 2015), which was induced by monetary easing by the BOJ. However, since then, in-
flation has gradually slowed as consumption demand declined and, if the effect of the consumption
tax hike is excluded, has fallen to under 1 percent since October 2014. Given this, it looks unlikely
that the BOJ’s 2 percent target will be achieved in the foreseeable future.

This paper investigates why it has been so difficult to escape from deflation. To do so, we focus
on the fact that Japan’s deflation since the mid-1990s consisted of an extremely mild decline in
prices. The largest monthly rate of y-o-y decline in the CPI during this period was only around
2 percent, and for the period as a whole the average was slightly less than 1 percent. Therefore,
even though it was deflation, it was very mild and did not turn into the kind of severe deflation

one might associate with the term; it certainly also did not turn into the kind of deflationary spiral
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many policymakers had feared. Of course, the fact that it was possible to avoid severe deflation
itself is a good thing. However, from the perspective of escaping from deflation, it is possible that
because the decline in prices was “neither here nor there,” the market forces to turn the price
decline into an increase were weak. Put differently, the fact that prices did not decline much even
during the period of weak aggregate demand means that the Phillips curve was almost flat. It is
this flattening of the Phillips curve that made it more difficult to escape from deflation. Given that
the flattening of the Phillips curve was at least partially caused by an increase in price stickiness,
the key question is why prices became so sticky in the 1990s. Against this background, the aim of
this paper is to measure to what extent price stickiness increased over the last two decades and
examine why this happened.

The analysis in this paper makes extensive use of sectoral price data. Japan’s CPI is constructed
from items such as margarine and shampoo, and the total number of items is 588. For each of these
items, about 570 prices are collected by price collectors of the Statistics Bureau of Japan every
month. Therefore, the total number of prices collected each month reaches about 250,000. Roughly
speaking, the headline CPI announced each month is the average of this large number of prices,
and averages such as this certainly are an important statistical indicator. However, the average is
not the only useful indicator. Other statistical indicators - for example, higher-order moments as
well as the mode of the distribution of price changes for individual items - also provide a wealth
of information on developments in prices. This paper seeks to take advantage of such information
by looking at what kind of shape the distribution of price changes takes and how this distribution
evolves over time. We supplement this analysis by comparing the shape of the item-level price
change distribution for Japan with those for seven other countries including the United States to
determine whether and why prices are stickier in Japan than the other countries.

The rest of the paper is organized as follows. Section 2 provides a description of the salient
features of Japan’s deflation, in particular the mildness of the price decline and the flattening
of the Phillips curve. Section 3 then examines the shape of the distribution of price changes of
individual items in the consumer price statistics and how this shape changed over time. Section
4 examines the relationship between the share of items for which the rate of change is close to
zero and the overall CPI inflation rate. Section 5 then conducts a cross-country comparison of the
price change distribution in order to identify causes behind the prolonged deflation in Japan, while

Section 6 provides a summary and discusses some policy implications.
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2 Characteristics of Japan’s Deflation since the Mid-1990s

Japan’s deflation has two important characteristics. First, deflation has lasted for a long time.
Prices declined for two decades from the mid-1990s, so that it has clearly been prolonged. Second,
however, in terms of the pace of deflation, even when prices were falling relatively fast, they never
fell at a rate beyond 2 percent, and the average for the period is only 1 percent. In this sense,
deflation was mild.

These two characteristics become even clearer when comparing Japan’s experience with the
deflation in the United States during the Great Depression. The deflation during this period was
severe, with prices falling at an annual rate of more than 8 percent. On the other hand, the deflation
during the Great Depression ended in about three years, so the duration was short. The reasons
for these differences in the deflation rate and the duration are not easy to identify because the
two deflationary episodes concern not only different countries but also different eras. That being
said, these differences may stem, at least partially, from differences in the price setting behavior of
producers and distributors in the two countries.

As pointed out by Gordon (1981), during the Great Depression in the United States, firms
quickly adjusted prices in response to changes in demand and supply. That is, prices were flexible.
On the other hand, in Japan price flexibility has fallen in recent years, so that even when demand
and supply conditions change, there has been a strong tendency for firms not to change prices
immediately. For example, Abe et al. (2008), based on a survey of Japanese manufacturers, report
that more than 90 percent of firms responded that they “do not immediately change prices even if
demand and supply conditions change.” Moreover, in a survey published in the Annual Report on
the Japanese Economy and Public Finance 2013, only 21 percent of firms answered that they fully
passed on increases in marginal costs to consumers, while the majority indicated that they could
not fully pass on such cost increases.!

A possible reason that Japan’s deflation since the mid-1990s was mild is that firms did not see
a need to lower prices at a quick pace. For example, it is possible that firms did not experience
any change in marginal costs, so that they did not have to change prices. However, it is very likely
that firms did experience a substantial change in marginal costs. This can be seen by looking at
the evolution of the Phillips curve for Japan (Figure 1). In the 1970s and 1980s, there existed a
relationship such that when unemployment decreased, inflation increased. That is, an increase in
demand would lead to an increase in production and a fall in unemployment; this, in turn, increased

marginal production costs, pushing up inflation. However, from the 1990s onward, this relationship
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rapidly weakened. The slope of the Phillips curve became much shallower and for the period since
2000 has been close to zero. Looking at the period since 2000 in more detail, even though the
unemployment rate fluctuated within the range of 3.9 percent to 5.4 percent, the rate of change in
the CPI hovered in a narrow range between -1.4 percent (in 2009) and 1.4 percent (in 2008), and
in many years remained close to zero. Even during the global financial crisis, which resulted in a
sharp rise in the unemployment rate, the CPI did not fall much.

The flattening of the Phillips curve has important implications with regard to overcoming
deflation. Spurring demand through QQE and fiscal stimulus measures should help to reduce un-
employment and lead to an improvement in the output gap. Yet, if the Phillips curve is more or less
flat, a reduction in the unemployment rate or improvement in the output gap is less likely to result
in price increases, making it more difficult to overcome deflation. Watanabe (2013) shows, through
a numerical exercise based on the estimated slope of the Phillips curve, that the output gap would
have to increase by 5.3 percentage points each year in order to achieve the 2 percent inflation target
in two years. This means, assuming that Japan’s potential GDP growth rate is 1 percent, it would
require real GDP to grow at a rate of 6.3 percent per year, which is clearly unrealistic. In other
words, overcoming deflation only by stimulating demand is impossible; instead, it is vital to return

the Phillips curve to its original slope or to shift the Phillips curve upward.

3 The Distribution of Item-Level Price Changes

The frequency with which firms adjust prices is an important parameter determining the slope of
the Phillips curve. For example, the coefficient associated with the output gap in the Phillips curve
derived in a Calvo (1983) setting is positively related with the probability of price adjustment, which
is assumed to be exogenously given and constant over time. If the probability of price adjustment
is low, changes in economic conditions (as represented by changes in the unemployment rate) will
not be factored into prices quickly, so that the slope of the Phillips curve will be shallow.

This suggests that the change in the slope of the Phillips curve in Japan may have been caused
by a decline in the frequency of price adjustment. This raises a host of questions such as: Did the
frequency of price adjustment actually decline? And if it did decline, for which items is this the
case? What are the causes of such a decline in the frequency of price adjustment? And has the
adjustment frequency started to increase again since April 2013, when QQE began? In order to
find answers to these questions, this section looks at price developments in the individual items
making up the CPI. Specifically, the shape of the distribution of price changes of individual items

and the evolution of that distribution over time are examined.
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3.1 The shape of and changes in the item-level price change distribution

Figure 2 shows the distribution of price changes (monthly y-o-y changes) for each of the 588 items
making up the CPI. The vertical axis shows the sum of the CPI weights of the items included in each
bin on the horizontal axis. The blue line shows the distribution for March 2014, when the inflation
rate was relatively high due to monetary easing, while the black line shows the distribution just
before the start of the BOJ’s policies to overcome deflation (December 2012). Looking at the blue
line, the density is highest in the bins from -0.75 percent to -0.25 percent and from -0.25 percent
to 4+0.25 percent, and these two bins alone make up about 50 percent of the total CPI weight.

The rate of change of the CPI excluding fresh food for March 2014 was +1.3 percent, and the
figure clearly shows that this increase does not reflect a uniform increase in prices of 1.3 percent;
rather, there is substantial heterogeneity across items in the rate of price change. Comparing the
distribution for March 2014 with that for December 2012 shows that the former has a fatter upper
tail (for items whose prices increased) and a thinner lower tail (for items whose prices decreased)
than the latter, and it is this that is responsible for the rise in the CPI inflation rate from —0.2
percent in December 2012 to +1.3 percent in March 2014. On the other hand, the shape of the
central part of the distribution (representing items whose prices remained unchanged) is almost the
same.

In order to examine when the distribution started to take this shape with the peak in the vicinity
of zero, Figure 3 plots the share over time of items for which the rate of price change was close to
zero. Specifically, four different definitions for “close to zero” are used: +0.5 percent, £0.3 percent,
+0.1 percent, and 0 percent. Then, for each year, items for which the rate of change was close to
zero are identified and the CPI weights of those items are summed up, and it is this value which is
shown on the vertical axis in the figure. Starting with the purple line, which defines “close to zero”
as +0.5 percent, the share of items whose rate of price change was close to zero was only 10-20
percent during the period of high inflation in the 1970s. This indicates that during this inflationary
period, almost all items registered price changes every year and only for a limited number of items
was the rate of change close to zero, presumably due to circumstances specific to those items.
During the 1980s, as overall CPI inflation decelerated, the share of such items increased to a level
of about 20-25 percent. Note that the sharp drop in 1989 seen in the figure reflects the effect of the
introduction of the consumption tax, as a result of which prices inclusive of tax increased. Similarly,
in 1997, the increase in the consumption tax rate resulted in another sharp drop in the share.

However, it is from 1995 that the most conspicuous change in the share of such items can be
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observed: with the exception of 1997, the share rose rapidly until 1999. In that year, the share of
items whose rate of price change was close to zero reached 55 percent, and it has remained at that

high level, with some fluctuations, ever since.

3.2 Item-level price change distributions before and after QQE

Next, let us examine if and how items whose price remained unchanged contributed to inflation
under the BOJ’s monetary easing since spring 2013. Table 2 shows the transition probabilities from
2012 to 2014. Items are divided into those whose price in March 2012 had risen on a y-o-y basis,
those whose price had remained unchanged, and those whose price had fallen, and the table shows
for each of these groups how prices subsequently developed. Specifically, taking the topmost row
as an example, the table is read as follows: among items whose price had fallen in 2012, 23 percent
also registered a price decline in 2014, while for 30 percent of these items, prices in 2014 remained
unchanged, and 48 percent of items that had registered a fall in 2012 actually saw a price increase in
2014. Note that for the construction of this transition matrix, price changes between -0.75 percent
and +0.75 percent are defined as “zero” price changes, while anything below is defined as a decrease
and anything above as an increase.

The results in Table 2 show that an extremely high share - 79 percent - of items that registered
no price change in 2012 remained in that category in 2014. On the other hand, the share of items
that transitioned from no price change in 2012 to an increase in 2014 is only 16 percent. In other
words, items that registered no price change in 2012 made hardly any contribution to the increase
in CPI inflation, suggesting that the BOJ’s inflation targeting policy and QQE had very little effect
on these items. On the other hand, among items that registered a price increase in 2012, 64 percent
also registered an increase in 2014 and contributed to raising the inflation rate. Moreover, among
items that registered a price decrease in 2012, 48 percent saw a price increase instead, and this
also contributed to pushing up inflation. Thus, items with flexible prices contributed to raising the
inflation rate, while items with sticky prices tended to register no price change and were the major

obstacle to increases in the CPI inflation rate.

4 Why Have Prices Become Stickier?
4.1 Exogenous vs. endogenous changes in price stickiness

There are two possible reasons as to why prices in Japan have become stickier since the mid-1990s.
The first is a structural change in the economy, such as a change in the competitive environment

that firms operate in, leading firms to change their price setting behavior and resulting in the
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increase in price stickiness. Previous studies point to a variety of factors that may have resulted in
structural changes in the competitive environment. For instance, the second half of the 1990s is a
period when the rise of new firms in emerging economies such as China gathered pace, intensifying
global competition. This may have created a situation in which firms were unable to pass on any
increases in marginal costs to customers.

An alternative to this is that the increase in price stickiness since the mid-1990s may have been
caused endogenously rather than exogenously. Ball and Mankiw (1994) argue based on a menu
cost model that price stickiness can change endogenously depending on the level of trend inflation.
That is, when trend inflation is high, the profits forgone for a firm by not adjusting prices will
be considerable. Such a firm would fall behind if it alone does not raise prices while its rivals do.
Because the profits forgone due to not adjusting prices are large, firms will choose to adjust prices
despite incurring menu costs. As a result, prices are flexible and the Phillips curve is steeper. In
contrast, when trend inflation is close to zero, as has been the case in Japan since the mid-1990s,
the profit forgone due to not adjusting prices is smaller than the menu costs, so that firms will put
off adjusting prices. Prices are stickier and the slope of the Phillips curve is smaller. In this way,
changes in trend inflation lead to endogenous changes in price stickiness. See Levin and Yun (2007)
and Bakhshi et al. (2007) for more on this issue.

Note that whether the increase in price stickiness arose exogenously or endogenously has quite
different implications. If the increase in price stickiness is due to exogenous structural changes,
prices should continue to be stickier and it seems unlikely that the slope of the Phillips curve will
return to its previous level. In contrast, if the increase in price stickiness emerges endogenously
with a decline in trend inflation, then price stickiness should decline and the slope of the Phillips

curve should return to where it was once trend inflation picks up.

4.2 Relationship between the share of items with no price changes and the rate
of inflation

To determine whether the increase in price stickiness occurred exogenously or endogenously, this
subsection examines the relationship between price stickiness and trend inflation. Specifically, we
check whether the share of items whose prices are not adjusted is inversely correlated to the rate
of inflation.

To examine whether this is the case, the shares of items whose prices increased, fell, or remained
unchanged are calculated for each month from January 1971 to March 2014. In the panels of Figure

4, these shares are depicted on the vertical axis and monthly observations are plotted against the
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inflation rate, which is shown on the horizontal axis. It should be noted that “unchanged prices”
here are defined as price changes that are strictly zero, while any positive price change is defined
as an increase and any negative price change as a decrease. Also, note that observations for April
1989-March 1990 and April 1997-March 1998, when the inflation rate was respectively affected by
the introduction of and hike in the consumption tax, are excluded from the sample.

Starting with the panel depicting the relationship between the share of items whose prices rose
and the inflation rate, this indicates that in the period 1971-1994, which is represented by the blue
circles, a higher inflation rate was associated with a higher share of items whose prices increased.
The same relationship can be observed for the period 1995-2014, represented by the red squares,
but the blue circles and the red squares display a break somewhere around 3 percent inflation. From
1995 onward, the share of increasing price items declines more quickly with the rate of inflation.

Turning to the share of items whose prices fell, the figure indicates that in the period 1971-
1994 this tends to fall when inflation rises. However, similar to the share of increasing price items,
the share of decreasing price items displays a break in the neighborhood of 3 percent and rapidly
increases when inflation falls to zero.

A simple linear regression shows that in the period 1971-1994, a 1 percentage point fall in the
inflation rate led to a 1.3 percentage point decline in the share of items whose price increased and
a 0.9 percentage point rise in the share of items whose price fell, indicating that the decline in the
former was greater than the increase in the latter. Consequently, a 1 percentage point decline in the
inflation rate raised the share of items whose price remained unchanged by 0.4 percentage points.
The fact that the blue circles in Figure 4(c) are downward sloping provides a graphic representation
of this relationship. In other words, price stickiness as measured by the share of unchanged items
increases as the inflation rate declines from a positive value to zero. This finding suggests that
the observed increase in price stickiness is, at least partially, due to the endogenous mechanism
described by Ball and Mankiw (1994).2

Figure 4(c) also shows that price stickiness decreases as the inflation rate falls from zero into
negative territory.®> A simple regression shows that the share of items whose price remained un-
changed increases by 0.008 percentage points for a 1 percentage point deviation in the rate of
inflation from zero in a negative direction. Interestingly, the corresponding figure is greater when
the rate of inflation deviates in a positive direction (0.003), suggesting that the extent to which
prices become less sticky is greater when the inflation rate moves from zero into negative territory

than when it moves into positive territory. Note that this is the opposite of downward price rigidity.
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5 Cross-country Comparison of Price Change Distributions

In this section, we conduct a cross-country comparison to investigate more on causes of the in-
crease in price stickiness in Japan. Specifically, we compare item-level price change distributions
for major industrial countries including Japan and the United States, with a particular focus on

price stickiness in these countries.

5.1 Item-level price change distributions as of March 2014

Let us begin by comparing the item-level price change distribution for Japan as of March 2014 with
those for the United States, Canada, and the United Kingdom (Figure 5). Starting with the United
States, the peak of the distribution lies between 2 and 3 percent. Although there is also a small
peak around zero, the peak around 2-3 percent is much higher. The shape of the distribution is
quite different from that for Japan. It seems that in the United States price increases of around 2-3
percent are the default, meaning that unless there are special circumstances, US firms raise their
prices every year in the range of 2-3 percent. On the other hand, in Japan the default is to leave
prices unchanged, and this likely gives rise to the difference in the distributions.

Looking at the results for the other two countries, the peaks of the distributions for both Canada
and the United Kingdom are in the range of 1-2 percent. In other words, for all three countries —
the United States, Canada, and the United Kingdom — the peak of the distribution is in the vicinity
of 2 percent. These countries have an inflation target of 2 percent and the peak of the distribution
and the level of the inflation target more or less coincide with each other. We will come back to

this issue later.

5.2 The fraction of items with a near-zero price change conditional on the mean
of the item-level price change distribution

As we saw in the previous section, the shape of the item-level price change distribution differs de-
pending on the level of trend inflation. Therefore, a simple comparison of price change distributions
in different countries at a particular point in time may be misleading, since the rate of inflation in
different countries differs at any particular point in time. In what follows, we instead focus on the
distribution of item-level price changes in period t conditional on the mean of the distribution in
the same period (i.e., the rate of inflation in period t). We compare such “conditional” distributions
for eight countries, namely, Japan, the United States, Canada, Germany, France, Switzerland, Italy,
and the United Kingdom.*

The first thing we do is to calculate, for each country, the fraction of items with a near-zero
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price change for a given overall inflation rate. A “near-zero” price change here is defined as a price
change within +0.25 percent. The results are shown in Figure 6, which is read as follows. The value
on the vertical axis corresponding to, say, 2 percent on the horizontal axis represents the fraction
of items with a near-zero price change in those months in which the mean of the distribution — i.e.,
the overall inflation rate — was in the vicinity of 2 percent. As can be seen, a common feature across
countries is that the fraction of items with near-zero inflation tends to decrease with the rate of
inflation. In other words, prices tend to be stickier the closer the rate of inflation is to zero.

However, a number of important differences across countries can be observed. First, the fraction
of items with near-zero inflation is significantly higher in Japan than the other countries, irrespective
of the rate of inflation shown on the horizontal axis. In other words, the difference in price stickiness
between Japan and the other countries cannot be accounted for by differences in trend inflation.
Note that this result may be due to differences in terms of the data granularity. The number of
items in the Japanese item-level price data is 588, which is comparable to the number of items in
the data for Germany and the United Kingdom but much larger than for the other countries (see
footnote 4 for the number of items in the other countries). The granularity of the Japanese data is
finer in this sense, so that it is possible that there are more zeros in the Japanese data. To check
whether this is the reason for the higher fraction of items with near-zero inflation, we construct a
new dataset in which we reduce the number of items from 588 to about 300 through aggregation
and repeat the same exercise as in Figure 6. However, we find no significant difference in the result.

Second, the fraction of items with near-zero inflation for Japan takes the highest value when
the inflation rate is somewhere around -2 percent and tends to become smaller as the rate of
inflation goes deeper into negative territory, which is again consistent with the prediction by Ball
and Mankiw (1994). The same tendency can be seen for the other countries, but the location of
the peak is different from that of Japan. For the United States and the United Kingdom, the
peak is negative but not that far from zero. For Canada and Switzerland, the peak is located in
positive territory. Meanwhile, for the other three countries (Germany, France, and Italy), no peak
is observed, since there are not many observations with a negative inflation rate. However, looking
at the curves for these countries, it appears that any peak likely would not be located in positive
territory - at least in the case of Germany and France.

Note that if the mode of the conditional distribution is located somewhere around zero ir-
respective of the rate of inflation, we would expect the fraction of items with zero inflation to
monotonically increase as the rate of inflation comes down from positive to zero, reaching its max-

imum when the inflation rate is zero. However, the result that this does not happen in some of the



Escape from Deflation 12

countries suggests that the mode of the conditional distribution in those countries deviates from

zero depending on the inflation rate.

5.3 The mode of the item-level price change distribution conditional on the
mean of the distribution

As we saw in Figure 5, the mode of the item-level price change distribution as of March 2014 was in
the vicinity of zero for Japan, while it was above zero for the United States, Canada, and the United
Kingdom. To investigate this in more details, we now show in Figure 7 the mode of the conditional
distribution for each of the eight countries.”> We see that for Japan the mode is much lower than
for the other countries irrespective of the rate of inflation. For example, when the inflation rate,
which is shown on the horizontal axis, is 3 percent, the mode is about 1 percent for Japan, while
it is around 3 percent for the United States.

A feature that is common to all countries is that the mode and the mean of the item-level
price change distribution do not necessarily coincide. Specifically, the mean tends to be greater
than the mode when the mean is high, indicating that the distribution is skewed to the right. Such
positive skewness arises when prices rise for a particular set of sectors (for example, due to a energy
price hike or currency depreciation) but remain unchanged for the other sectors, thereby resulting
in relative price changes. In contrast, when the mean is low, the mean tends to be smaller than
the mode, indicating that the distribution is skewed to the left. The presence of such a positive
correlation between the mean and the skewness of the cross-sectional price change distribution has
been discussed by Ball and Mankiw (1995) among others.®

It is important to note that, for Japan, the mean and the mode coincide when the inflation
rate is in the vicinity of zero, indicating that the threshold associated with symmetry/asymmetry
of the distribution is somewhere around zero. However, this is not true for the other countries.
For example, the threshold is slightly above 3 percent for the United States, much higher than for
Japan. This means that the inflation rate can reach 3 percent in the United States without any
changes in relative prices across sectors. However, for Japan, 3 percent inflation can be achieved
only with a positive supply shock. To the extent that supply shocks are inherently short-lived, this
implies that 3 percent inflation would not be sustainable for Japan. It may be the case that inflation
expectations are well anchored somewhere near 2-3 percent for countries like the United States, but
they are anchored at zero percent for Japan, so that Japan has to rely on positive supply shocks,

such as yen depreciation, to achieve positive inflation.
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5.4 The dispersion of the item-level price change distribution conditional on
the mean of the distribution

Finally, we examine how the dispersion of the distribution, which is referred to as relative price
variability (RPV), is related to the rate of inflation. Previous studies on RPV empirically show
that RPV tends to increase with the rate of inflation. Sheshinski and Weiss (1977) and Weiss
(1993) provide an explanation of these empirical results based on menu cost models. Specifically,
Weiss (1993) argues that, at moderate inflation rates, an increase in inflation raises the relative
size of each price increase; in addition, the degree of synchronization in firms’ price adjustments is
rather low, so that RPV rises with inflation. However, Weiss (1993) also argues that, at very high
rates of inflation, most firms raise prices within the same period (so that price adjustments are
synchronized) and at more similar rates, so that RPV declines as the rate of inflation increases.

Figure 8 shows the relationship between RPV, which is measured as the difference between
the 10th and 90th percentiles of a distribution, and the inflation rate for the eight countries. We
find the presence of a U-shaped relationship in all countries except Italy and Germany, for which
the number of observations with negative inflation rates is quite limited.” More interestingly, the
bottom of the U-shape differs across countries. It is slightly below zero for Japan, but positive for
the other countries. For example, the bottom is located at 1 percent for the United States, 1.5
percent for Canada, 0.5 percent for Switzerland, 1.5 percent for France, and 1.5 percent for the
United Kingdom.

The theoretical argument by Weiss (1993) implies that RPV takes a minimum value when
price changes are synchronized to the utmost extent. Suppose, for example, that price indexation
is adopted in an economy and the rate of indexation is exogenously fixed at 7. In this case, price
adjustments are synchronized across almost all firms, and RPV is minimized when the inflation rate
is equal to 7.8 This suggests that the observed difference in the bottom of the U-shape between
Japan and the other countries stems from the difference in 7 across countries. Note that the literal
definition of 7 is the rate of price change associated with price indexation. However, a more realistic
interpretation is that there is an implicit understanding among sellers and buyers that prices will
be revised each year at a fixed rate, which is given by 7. In this sense, @ may be interpreted as the
reference level of inflation shared by firms.? Figure 8 indicates that this reference inflation level is
somewhere around 1 to 2 percent in all countries other than Japan, where it is in the vicinity of

ZeTro.
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6 Summary and Policy Implications

The main findings of this paper can be summarized as follows. First, for the majority of the 588
items constituting the CPI, making up about 50 percent of the CPI in terms of weight, the y-o-y
rate of price change was close to zero. In this sense, price stickiness was high. This situation started
during the onset of deflation in the second half of the 1990s and continued even after the rate of
inflation turned positive in 2013 and 2014 due to monetary easing by the BOJ.

Second, we show that the fraction of items with a near-zero price change increased as the overall
inflation rate fell and approached zero, which is consistent with the argument that as inflation
approaches zero, prices become stickier due to menu costs.

Third, the cross-country comparison of item-level price change distributions showed that Japan
differs significantly from other countries in that the mode of the distribution is very close to zero
for Japan, while it is near 2 percent for the other countries examined, including the United States.
Importantly, this result remains unchanged even if we control for differences in trend inflation across
countries, implying that the observed increase in price stickiness in Japan since the second half of
the 1990s cannot be by fully accounted for by the menu cost-type argument.

Our empirical results indicate that inflation expectations are anchored somewhere near 2 percent
for the United States and the other countries, but they are anchored at zero percent for Japan. Put
differently, whereas in the United States and the other countries the “default” is for firms to raise
prices by about 2 percent each year, in Japan the default is that, as a result of prolonged deflation,
firms keep prices unchanged. Such pricing behavior in Japan has contributed significantly to the
flattening of the Phillips curve, thereby making it difficult to escape from deflation. One of the
most important lessons to be learned from the Japanese experience during the Abenomics period
is that it is extremely difficult to eliminate the deflationary mindset and the pricing behavior based

on this mindset once it has become deeply ingrained in society.

Notes

!According to the survey in the Annual Report on the Japanese Economy and Public Finance 2013, 23 percent of
firms answered they passed on about half, 12 percent answered that they passed on less than half, and 26 percent
answered that they could not pass on any cost increases at all.

2Similar results are reported for other countries. See, for example, Gagnon (2009).

3Note that all of the studies to date using micro price data deal with periods of positive inflation and there are no
examples of studies on the relationship between the inflation rate when this is zero and price rigidity. Gagnon (2009)
also mainly focuses on a period of positive inflation, although in 2001 and 2002 the prices of fresh vegetables and
fruits in Mexico fell due to weather factors and the y-o-y rate of change in the CPI for goods turned negative. It
appears that during this period, symmetry held in that price stickiness tended to decrease the more the inflation rate
in terms of the CPI for goods fell below zero (see Figure 4 in Gagnon (2009)). However, this bout of deflation lasted
only for a few months, so that it is not possible to tell whether this is a robust tendency.
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4The number of items and the observation period for each country are as follows: for Japan, the number of items is
588 and the observation period is 1970 to 2016; for the United States, the number of items is 182 and the observation
period is 1970 to 2016; for Canada, the number of items is 170 and the observation period is 1985 to 2016; for
Germany, the number of items is 577 and the observation period is 1991 to 2016; for France, the number of items
is 262 and the observation period is 1990 to 2016; for Switzerland, the number of items is 268 and the observation
period is 1982 to 2016; for Italy, the number of items is 215 and the observation period is 1996 to 2010, and finally,
for the United Kingdom, the number of items is 687 and the observation period is 1997-2016. The number of items
for each country may not be the same throughout the observation period. Note that the analysis in this and later
subsections is based on unweighted data (e.g., unweighted rather than weighted mean of the item-level price change
distribution.

®See Watanabe and Watanabe (2017) for details on the estimation method of the mode of the item-level price change
distribution. See Cavallo and Rigobon (2011) for more on the estimation of the mode of a price change distribution.

5Ball and Mankiw (1994) argue that if the distribution of sector-specific shocks, such as oil price hikes, is skewed to
the right, firms in a particular sector that experiences a large shock have an incentive to raise their prices, while firms
in a sector that experiences only a very small shock do not want to change their prices, since this would incur menu
costs. Therefore, even if the mean of the sector shock distribution is zero, the mean of the inflation rates in individual
sectors could be positive, creating a positive correlation between the mean and skewness. More recently, Choi (2010)
has argued that the degree of price stickiness differs across sectors, so that even common shocks (i.e., shocks common
to all sectors) may have different impacts on prices across sectors, thereby creating skewness in sectoral price change
distributions.

"Choi (2010) finds similar a U-shaped relationship between inflation and RPV for the United States and Japan.

8See Watanabe and Watanabe (2017) for a more detailed discussion of this issue .

9Okun (1981) and Schultze (1981), among others, argue that firms have implicit contracts with their customers, which
constitute social norms. An interpretation of our result is that inflation norms differ between Japan and the other
countries, possibly reflecting the experience of prolonged deflation in Japan.
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Table 1: Monetary Policy Decisions Made by the Bank of Japan in 2013-2016

Jan 22, 2013

Apr 4, 2013

Oct 31, 2014
Jan 29, 2016

Sep 21, 2016

Joint statement of the Government and BOJ on overcoming deflation and achieving
sustainable economic growth was released. BOJ set an inflation target of 2 percent.
BOJ introduced Quantitative and Qualitative Monetary Easing (QQE).

BOJ decided to double the monetary base to achieve the 2 percent target

with a time horizon of about two years.

BOJ expanded QQE by increasing its annual net purchases of JGBs from 50 trillion
yen to 80 trillion yen.

BOJ decided to apply a negative interest rate of minus 0.1 percent to part of

BOJ current account balances.

BOJ decided to employ yield curve control with the target level of 10-year JGB
yields set to zero.

Table 2: Transition Probability Matrix from December 2012 to March 2014

Item Level Inflation in Mar. 2014

Negative Zero Positive

Negative 23% 30% 48%

Item Level Inflation in Dec. 2012  Zero 4% 79% 16%
Positive 16% 20% 64%

Unconditional Probability 11% 57% 32%

Note: “Zero” here is defined as a price change between +0.75 percent.
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Figure 2: Distribution of price changes across items
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Figure 3: Fraction of items with a near-zero inflation rate

60%

== |nflation rate=0% /J\/\
co0 6 /\/

= -(),1%<Inflation rate<+0.1% \/ v/

== -0.3%<Inflation rate<+0.3%
40%

e _(0).5%<Inflation rate<+0.5% Y

30%

20%

10%

0% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

— MNm N N OO N NN O A O N N O 9N In~N O I on
N IN IN IN IN 00O 00 00 00 00 O OO OO OO O O O O O O «dH -
a O OO O O 00 OOy OO0 OOy 0 OOy O O O O O O O
T 1 1 o H A e A e —+d 4 4 N AN AN AN AN NN

Fiscal year



aseasoul 3o1d Y1m Swall Jo uonoel

agueyd 221d ou Y3Im SWayl JO UoldeI

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Figure 4: Fraction of items with price increase, price

decrease, and no price change
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Figure 5: Price change distributions for Japan, US,

Canada, and UK, March 2014
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Figure 6: Fraction of items with no price change
conditional on the inflation rate
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Figure 7: Mode of the price change distribution
conditional on the inflation rate
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Figure 8: Relative price variability conditional on the
inflation rate
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