No.18-E-14
October 2018

Bank of Japan Working Paper Series

New Facts about Firms' Inflation
Expectations: Simple Tests for a
Sticky Information Model

Yosuke Uno’
yousuke.uno@boj.or.jp

Saori Naganuma™
saori.naganuma@boj.or.jp

Naoko Hara™
naoko.hara@boj.or.jp

Bank of Japan
2-1-1 Nihonbashi-Hongokucho, Chuo-ku, Tokyo 103-0021, Japan

" Research and Statistics Department

" Research and Statistics Department (currently at the Financial System and Bank
Examination Department)

™ Research and Statistics Department (currently at the Institute for Monetary and
Economic Studies)

Papers in the Bank of Japan Working Paper Series are circulated in order to stimulate discussion
and comments. Views expressed are those of authors and do not necessarily reflect those of
the Bank.

If you have any comment or question on the working paper series, please contact each author.

When making a copy or reproduction of the content for commercial purposes, please contact the
Public Relations Department (post.prd8@boj.or.jp) at the Bank in advance to request
permission. When making a copy or reproduction, the source, Bank of Japan Working Paper
Series, should explicitly be credited.



New Facts about Firms’ Inflation Expectations:
Simple Tests for a Sticky Information Model*

Yosuke Unof Saori Naganumat Naoko Hara$

August 21, 2018

Abstract

In this paper, we use a large dataset based on firm-level micro-
data from the Tankan survey to examine firms’ inflation expectations.
We first present two basic findings: (i) firms’ inflation expectations
are downwardly rigid at zero, and (ii) differences in firms’ inflation
expectations are larger across firm sizes than across sectors. We then
report three findings which are in line with predictions of the simple
sticky information model proposed by Mankiw and Reis (2002). First,
in each period, a number of firms do not revise their expectations.
Second, the frequency of forecast revisions is constant over time. Third,
our estimates of the frequency of forecast revisions based on the Tankan
survey are much smaller than those in previous studies and are much
closer to the value that Mankiw and Reis (2002) assumed in their
simulation exercises.
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1 Introduction

Expectations of future inflation rates are regarded as an important determi-
nant of current inflation. Particularly crucial in inflation dynamics are the
inflation expectations of firms, which, after all, to a large part are respon-
sible for setting prices. Yet, until not long ago, there were relatively few
empirical studies on firms’ inflation expectations. The reason is that it has
been relatively more difficult to obtain data on the inflation expectations of
firms than those of households and professional forecasters.

In recent years, however, there have been a number of studies trying
to overcome this data constraint. For instance, Coibion et al. (2015) and
Afrouzi et al. (2015) conducted a large-scale survey on firms’ inflation ex-
pectations in New Zealand and analyzed the detailed firm-level data they
obtained. They found that firms’ average forecasts of inflation have been
systematically higher than actual inflation, suggesting that forecast errors
of firms’ inflation expectations are predictable and sticky. Although they
conducted some follow-up surveys of firms from the first wave, the sample
size in each wave differs considerably and the intervals between surveys are
not constant.

Kaihatsu and Shiraki (2016) performed an analysis using firms’ implied
forecasts for the GDP deflator—derived from the difference between firms’
forecasts for nominal GDP and those for real GDP—as a proxy for firms’
inflation expectations. They find that the distribution of inflation expec-
tations and responses to shocks differed significantly across firm character-
istics. While the panel data used in their study is well-balanced and their
time series data spans a longer period than the data used by Coibion et al.
(2015) and Afrouzi et al. (2015), the measure of inflation expectations is
calculated indirectly.

Against this background, the aim of the current paper is to examine how



firms formulate their inflation expectation using a dataset that is a substan-
tially larger and more well-balanced panel of direct quantitative information
about firms’ inflation expectations than the datasets used in previous stud-
ies. Specifically, we use the confidential firm-level micro-data underlying
the Short-term Economic Survey of Enterprises in Japan (Tankan), which
is a quarterly survey conducted by the Bank of Japan’s Research and Statis-
tics Department. The Tankan survey covers over 10,000 firms and provides
quantitative information on firms’ inflation expectations. The panel struc-
ture of the Tankan survey allows us to observe individual firms’ expectation
formation over time. Specifically, by using this novel panel dataset, we can
directly calculate the frequency of firms’ forecast revisions. To the best
of our knowledge, no studies so far have examined the frequency of firms’
forecast revisions based on micro-data due to data constraints. We use our
estimates of the frequency of forecast revisions to test a set of predictions of
the simple sticky information model developed by Mankiw and Reis (2002)
and Reis (2006).

This paper contributes to the literature in two respects. First, it presents
two basic findings on firms’ inflation expectations in Japan: (i) firms’ infla-
tion expectations are downwardly rigid at zero, and (ii) differences in firms’
inflation expectations are larger across firm sizes than across sectors. The
latter finding is particularly noteworthy given that there is large heterogene-
ity across sectors in price changes, meaning that forecast revisions are not
simply related to price changes.

The second contribution of the paper is that it relates the observed
frequency of forecast revisions to a simple sticky information model. Specif-
ically, we obtain the following three findings, which are in line with the
predictions of sticky information models. First, in each period, a certain

fraction of firms leave their expectations unchanged. As argued by Reis



(2006), the simple sticky information model assumes that forecast revision
is costly, so that even when new information arrives rational firms revise
their expectations only infrequently. Note that this finding contrasts with
the theoretical prediction of the noisy information model proposed by Sims
(2003). Second, the frequency of forecast revisions is constant over time.
Again, this is consistent with the simple sticky information model, in which
a constant fraction of firms revise their expectations in each period. Third,
our estimates of the frequency of forecast revisions based on the Tankan sur-
vey are much smaller than those for households and professional forecasters
reported in previous studies using micro-data and are much closer to the
value assumed by Mankiw and Reis (2002) in their simulation exercises.
This paper proceeds as follows. Section 2 provides an overview of the
related literature. Section 3 describes the data used in this paper, while
Section 4 reports some basic findings on firms’ inflation expectations. Next,
Section 5 derives a set of testable predictions of the simple sticky information
model proposed by Mankiw and Reis (2002) and Reis (2006), while Section

6 present our results of testing these predictions. Section 7 concludes.

2 Related Literature

There are two well-known models to describe firms’ inflation expectations
formation. One is the sticky information model proposed by Mankiw and
Reis (2002) and Reis (2006), which assumes that acquiring information is
costly, so that it is optimal for firms to keep their expectations unchanged.
Firms that do not revise their expectations at time ¢ do not use information
available at time ¢, implying that their expectations are based on past in-
formation before time ¢. Therefore, forecast errors of these non-revisers can
be predicted by using information available at time ¢. Consequently, in the

sticky information model, the aggregate forecast errors at time t are also



predictable.

The second model is the noisy information model proposed by Sims
(2003). The model assumes that firms are limited in their capacity to acquire
and process information. Since it is impossible for firms to formulate their
expectations using all information at time ¢, the model suggests that the
aggregate forecast error is predictable given all information available at time
t.

While the two models have different predictions regarding the response of
firms’ information acquisition to shocks, the speed of convergence of normal-
ized forecast errors to shocks, and so on, Coibion and Gorodnichenko (2015)
show that the relationship between average year-ahead inflation forecast er-
rors across agents and average forecast revisions in the two models can be
expressed as the same equation. This means that one cannot simply dis-
tinguish the two models using aggregate data. However, the key difference
between the two models lies in the assumption regarding whether there are
firms that do not revise their expectations at time ¢. Therefore, whether
there indeed are such firms can be directly observed using micro-data.

Until recently, micro-data on firms’ inflation expectations has been sparse.
Therefore, as an alternative, some researchers have used micro-data on pro-
fessional forecasters’ inflation expectations. Although professional forecast-
ers are not explicitly included in both the sticky information model and the
noisy information model, as among the most informed economic agents in
the economy, they can serve as a benchmark for economic agents’ inflation
expectations formation. Using micro-data from surveys of professional fore-
casters, Andrade and Le Bihan (2013) and Dovern et al. (2014) measured
the share of professional forecasters revising their expectations, i.e., the fre-
quency of forecast revisions. They found that there is indeed a fraction

of professional forecasters whose expectations remain unchanged; at the



same time, however, they highlight that forecasts are revised much more
frequently than assumed by Mankiw and Reis (2002) in their simulation
exercises.

Similarly, Pfajfar and Santoro (2013) and Hori and Kawagoe (2013),
using household micro-data for the United States and Japan, find that there
is also a fraction of households who do not revise their expectations, which is
in line with Carroll’s (2003) epidemiological model that is consistent with the
intuition behind the sticky information model of Mankiw and Reis (2002).
Pfajfar and Santoro (2013) and Hori and Kawagoe (2013) find that like the
results for professional forecasters, the estimates for the frequency of forecast
revisions of households are also much larger than the plausible parameter
value.

Thus, previous empirical studies using micro-data on professional fore-
casters and households have shown that non-revisers do exist, which is in line
with the predictions of the sticky information model developed by Mankiw
and Reis (2002) and Reis (2006). Yet, at the same time, the previous em-
pirical studies find that the share of agents revising their forecasts at time ¢
is much larger than the value assumed by Mankiw and Reis (2002) in their
simulation exercises. This means that the evidence from micro-data on pro-
fessional forecasters and households is qualitatively supportive of the sticky
information model, but not quantitatively.

In contrast with professional forecasters and households, it has been
more difficult to obtain data on the inflation expectations of firms. Against
this background, a number of researchers have tried to overcome such data
constraints using different approaches. Coibion et al. (2015) and Afrouzi et
al. (2015), for example, conducted a large-scale survey of firms’ inflation ex-
pectations in New Zealand between September 2013 and August 2015 and

found that forecast errors of firms’ inflation expectations are predictable



and sticky.! Meanwhile, Richards and Verstraete (2016) used micro-data
from a quarterly survey conducted by the Bank of Canada. While the size
of the sample in a cross-sectional dimension is relatively small with about
100 firms, it is relatively large in a time-series dimension. Taking advan-
tage of the fact that the data cover a relatively long period, they use the
data to examine firms’ inflation expectations to find that expectations are
not fully rational but also are not simply adaptive either. Taking a differ-
ent approach, Kaihatsu and Shiraki (2016) used firms’ implied forecasts of
the GDP deflator—derived from the difference between firms’ forecasts of
nominal GDP and those of real GDP—as a proxy for firms’ inflation expec-
tations. Specifically, they used the Annual Survey of Corporate Behavior
conducted by the Cabinet Office of Japan and found that the distribution of
inflation expectations and responses to shocks differed significantly across
firm characteristics. Finally, Inamura et al. (2017), using the same data
as this paper, report that firms’ inflation expectations seem to differ across
firms of different sizes.”

Thus, unlike the studies on professional forecasters’ and households’ in-
flation expectations, previous studies using firms’ micro-data do not examine
the frequency of firms’ forecast revisions. Therefore, whether there are firms
that do not revise their expectations at time ¢ and, if so, how many do not

change their forecasts is still an open question.

!The sample sizes of the survey by Coibion et al. (2015) and Afrouzi et al. (2015) are
3,153 firms in the first wave, 714 firms in the second wave, 1,607 firms in the third wave,
1,257 firms in the fourth wave, and 50 firms in the fifth wave.

2QOther studies using micro-data on firms’ inflation expectations are those by Bryan et
al. (2015) and Cloyne et al. (2016). However, these studies do not focus on the formation
mechanism of firms’ inflation expectations.



3 Data

The data used for the analysis in this paper consist of the confidential micro-
data gathered by the Bank of Japan’s Research and Statistics Department
for the Tankan survey, a large-scale firm-level survey. This section provides
an overview of the Tankan data and discusses how our data differs from the

data used in previous studies.

3.1 Tankan data

The Tankan survey consists of three parts. The first part focuses on quali-
tative data representing firms’ subjective judgment on business conditions,
their capacity utilization, and so on. The second part consists of quantitative
data providing firms’ projections of their annual sales, fixed investment, etc.
Finally, the third part also provides quantitative data, focusing on firms’
inflation expectations for one year ahead, three years ahead, and five years
ahead. In this paper, we use this third part of the Tankan survey.

The Tankan gathers firms’ inflation expectations with regard to two sets
of prices: general prices and output prices. The question regarding general
prices is phrased as follows: “What are your institution’s expectations on
the annual percent change in general prices (as measured by the consumer
price index) for one year ahead, three years ahead, and five years ahead,
respectively? Please select the range nearest to your own expectation from
the options below.” Note that the question explicitly refers to the consumer
price index (CPI). Firms are provided with ten options starting with (1)
around +6% or higher, (2) around +5%, (3) around +4%, and continuing
in one-percentage point intervals until (10) around —3% or lower. If re-
spondents have no clear view on the outlook for general prices, they are
asked to select one of the following three reasons: (11) uncertainty over

the future outlook is high, (12) not really conscious of inflation fluctuations



because they should not influence the strategy of the institution, and (13)

other.?

In the analysis that follows, we exclude firms that chose options
(11), (12), or (13). We should also note that the Tankan survey asks firms
to respond “excluding the effects of institutional changes such as changes in
the consumption tax rate.”

Regarding output prices, the question is: “Relative to the current level,
what are your institution’s expectations of the rate of price change in your
mainstay domestic product or service for one year ahead, three years ahead,
and five years ahead, respectively? Please select the range nearest to your
own expectation from the options below.” Respondents are again pro-
vided ten options to choose from, starting with (1) around +20% or higher,
(2) around +15%, and continuing in five-percentage point intervals to (9)
around —20% or lower, and (10) don’t know. Firms that chose option (10)
are excluded from our analysis. Regarding their outlook for output prices
three and five years ahead, unlike in the case of general prices, firms are
asked to provide their outlook for cumulative changes in their output prices
relative to the current level.

Each quarterly Tankan survey covers around 10,000 firms selected from a
population of approximately 210,000 firms with paid in capital of at least 20
million yen. The question on inflation expectations is included in the survey
from March 2014 onwards. Our observation period therefore runs from
March 2014 to the latest survey available at the time of writing, September
2017. The Tankan data are an unbalanced panel in which there is a core
of firms that have been surveyed since the start (May 1974), while some
have dropped out because they fell below 20 million yen in paid in capital
and/or went bankrupt. To maintain the sample size, firms are newly added

every two or three years. In our sample, about 1,000 firms were added in

3 A sample form of the Tankan questionnaire is available on the Bank of Japan’s website
at http://www.boj.or.jp/en/statistics/outline/exp/tk/extk01.htm/
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March 2015. The panel structure of the Tankan survey allows us to track

individual firms’ expectations formation over time.

3.2 Differences from data in previous studies

In this subsection, we compare our Tankan data with survey data used in
previous studies, focusing on the format in which responses are provided
and what kind of prices respondents should focus on in their responses with
regard to inflation expectations.

The Consumer Confidence Survey used by Hori and Kawagoe (2013) to
examine inflation expectations of households in Japan, like the Tankan sur-
vey, provides respondents with various options to choose from. Specifically,
the Consumer Confidence Survey asks: “During the next 12 months, do you
think that prices of goods and services that you frequently purchase will go
down, up, or remain the same?” Respondents are asked to choose among
the following answers: (1) —10% or more, (2) —10% to —5%, (3) —5% to
—2%, (4) —2% or less, (5) around 0%, (6) 2% or less, (7) 2% to 5%, (8) 5%
to 10%, (9) 10% or more, and (10) don’t know. It should be noted that this
survey asks about the prices of frequently-purchased items rather than the
CPL

In contrast to the Tankan survey and the Consumer Confidence Survey,
in the survey conducted by Coibion et al. (2015) and Afrouzi et al. (2015)
in New Zealand, respondents—in answering to the question, “During the
next twelve months, by how much do you think prices will change overall in
the economy?”—are allowed to express their views freely instead of choosing
from a number of options. Similarly, the Survey of Professional Forecasters
conducted quarterly by the European Central Bank (ECB) of approximately
90 professional forecasters and used in Andrade and Le Bihan’s (2013) study,

asks respondents to provide their views on the inflation rate in the euro area



in their own words. It should be noted that the ECB survey explicitly refers
to the expected year-on-year rate of change in the Harmonised Index of
Consumer Prices.

Meanwhile, the University of Michigan’s monthly Surveys of Consumers
used in Pfajfar and Santoro’s (2013) studies combines both response formats.
That is, respondents can choose from options as well as give their opinion
in their own words. Specifically, presented with the question, “During the
next 12 months, do you think that prices in general will go up, or go down,
or stay where they are now?,” respondents are provided with the following
four options: (1) go up, (2) stay the same, (3) go down, and (4) don’t
know. Respondents that choose either option (1) or (3) are asked to fill in
a quantitative answer expressed in percentage terms.*

These differences in response formats potentially are important when
examining respondents’ forecast revisions. That is, in the Tankan and the
Consumer Confidence Survey, even if respondents revise their forecast, if
the forecast remains within the range provided by the options, their answer
will remain unchanged. This means that these surveys potentially underesti-
mate the frequency with which respondents revise their forecasts, while such
revisions would be picked up in surveys that allow respondents to provide
forecasts in their own words, such as the ECB’s Survey of Professional Fore-
casters and the University of Michigan’s Surveys of Consumers. In addition,
it should be noted that only the ECB’s Survey of Professional Forecasters
like the Tankan explicitly asks about inflation expectations with regard to

the consumer price index.

4The Michigan survey includes a question not only about the next twelve months but
also about the next five to ten years, and the answers are to be provided in the same
format.
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4 Basic findings

In this section, we present some basic findings about firms’ inflation expec-

tations.

4.1 Basic statistics

Table 1 reports the basic statistics of our sample. We begin by focusing on
general prices in the upper part of Table 1, which shows the basic statistics
for the different surveys during our observation period from March 2014 to
September 2017. The table indicates that the average of one-year ahead
inflation expectations in the last survey of our observation period was 0.69
percent, which is lower than the average inflation expectations for three and
five years ahead.”

The cross-sectional standard deviation for one, three, and five years
ahead in the September 2017 survey were 0.96 percent, 1.09 percent, and
1.26 percent, respectively. Like the mean, the standard deviation is smaller
for shorter-term forecasts.

The degree of skewness for one, three, and five years ahead in the Septem-
ber 2017 survey was 1.46, 0.89, and 0.70, respectively. This means that the
right side of the distribution was more long-tailed for all time horizons.
Moreover, the skewness of one-year ahead expectations increased rapidly
during our observation period, rising from 0.81 in March 2014 to 1.46 in
September 2017. To show this sharp increase in skewness more clearly, Fig-
ure 1 shows the histogram of inflation expectations over time. As can be
seen, the shape of the histogram gradually changes, with the number of
firms with positive inflation expectations gradually decreasing, the number

of firms expecting zero inflation increasing substantially, and the number

5We examine how different inflation expectation levels and frequencies of forecast re-
visions are at different time horizons in our companion paper (Uno et al. (2018)).
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Table 1: Basic statistics

1-year 3-year o-year
time N Mean SD SKW Mean SD SKW Mean SD SKW
General prices
Mar.14 6129 148 1.35 0.81 1.66 1.42 0.72 1.72  1.60 0.58
Jun.14 6230 148 1.28 0.85 1.64 1.38 0.73 1.70 1.56 0.67
Sep.14 6152 1.49 1.32 0.87 1.63 1.40 0.70 1.69 1.57 0.61
Dec.14 5993 1.39 1.28 0.93 1.62 1.36 0.68 1.67 1.52 0.61
Mar.15 6723 1.35 1.25 1.05 1.56 1.30 0.74 1.64 1.47 0.63
Jun.15 6666 1.32 1.19 1.09 1.52  1.25 0.70 1.59 1.43 0.61
Sep.15 6569 1.16 1.17 1.11 1.40 1.24 0.78 1.48 1.40 0.64
Dec.15 6533 1.03 1.11 1.16 1.30 1.20 0.77 1.38 1.35 0.64
Mar.16 6416 0.84 1.10 1.24 1.12  1.17 0.82 1.21 133 0.74
Jun.16 6385 0.72 1.02 1.32 1.05 1.15 0.74 1.14 1.31 0.57
Sep.16 6318 0.64 0.99 1.31 0.99 1.11 0.77 1.05 1.28 0.60
Dec.16 6268 0.66 0.99 1.48 1.00 1.11 0.90 1.06 1.28 0.70
Mar.17 6269 0.70 0.96 1.47 1.03 1.08 0.87 1.07 1.25 0.76
Jun.17 6289 0.75 0.97 1.40 1.07  1.09 0.86 1.12  1.26 0.76
Sep.17 6315 0.69 0.96 1.46 1.03 1.09 0.89 1.06 1.26 0.70
Output prices
Mar.14 6788 1.13 3.73 0.56 1.84 5.14 -0.10 2.08 6.40 —-0.36
Jun.14 6818 1.14 3.50 0.61 2.00 5.06 -0.12 230 6.29 -—-0.37
Sep.14 6680 1.06 3.46 0.42 1.80 4.98 —-0.09 212 6.17 —-0.36
Dec.14 6500 1.01 3.33 0.60 1.79  4.82 —-0.17 2.07 5.92 —-0.42
Mar.15 7193 098 3.37 0.46 1.81 4.70 -0.12 216 5.79 -0.36
Jun.15 7112 1.00 3.20 0.60 1.81 4.61 -0.15 2.07 5.80 -0.39
Sep.15 7035 0.72 3.12 0.44 1.53 4.57 —-0.22 1.77 5.68 —-0.47
Dec.15 6979 0.59 2.95 0.41 1.36 4.41 -0.25 1.63 5.54 —-0.54
Mar.16 6942 043 2.89 0.40 1.09 434 -0.21 133 5.43 -0.50
Jun.16 6884 0.31 2.73 0.19 091 422 -0.32 1.13 526 —0.55
Sep.16 6784 0.28 2.69 0.41 0.88 4.14 —-0.24 1.01 524 —-0.51
Dec.16 6712 0.36 2.68 0.59 093 4.18 —-0.25 1.07 5.23 —-0.53
Mar.17 6752 0.39 2.68 0.33 0.98 4.11 -0.42 1.10 5.18 —0.58
Jun.17 6722 048 2.74 0.37 1.04 4.14 -037 1.17 5.17 —-0.60
Sep.17 6726 0.50 2.77 0.63 1.06 4.19 -031 1.16 5.22 -0.59
Notes. SD and SKW denote the standard deviation and the skewness.
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of firms with negative inflation expectations remaining largely unchanged.
This evolution of the histogram suggests that firms’ inflation expectations
are downwardly rigid at zero. This result is line with Kamada’s (2013) obser-
vation that households’ inflation expectations in Japan are also downwardly
rigid. This means that downward rigidity in inflation expectations can be

regarded as a feature common to both households and firms in Japan.

Figure 1: Histogram of inflation expectations over time
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We now turn from general prices to output prices, basic statistics for

which are shown in the lower part of Table 1. As mentioned in Section 3,
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forecasts for output prices three and five years ahead are for the cumulative
change relative to the current level, so that forecasts for the different horizons
are not readily comparable.

Looking at the basic statistics for the September 2017 survey, the av-
erage of inflation expectations for one year ahead is 0.50 percent. This is
lower than that for general prices, suggesting that firms are more pessimistic
about their output prices than general prices. In contrast to general prices,
the skewness of three- and five-year ahead forecasts is negative, meaning
that the left side of the distribution has a longer tail. This implies that
only a relatively small share of firms expect their output prices to increase

substantially in the medium to long term.

4.2 Rationality

The time series data of average inflation expectations for one year ahead
allow us to calculate ex-post forecast errors. Figure 2 reports two types of
ex-post forecast errors based on general prices and output prices. The green
line in Figure 2 represents the ex-post forecast errors based on general prices
(i.e., the CPI). The line indicates that ex-post forecast errors have a negative
bias and are persistent—the lag-1 autocorrelation is 0.75, implying that
firms’ inflation expectations for general prices do not satisfy the rationality
assumption.

Unlike general prices, realized output prices are not available, so that it
is not possible to calculate ex-post forecast errors of output prices. However,
we can compute forecasts for a pseudo-CPI using the output prices of firms
belonging to “Retailing,” “Services for individuals, and accommodations,”
“Eating & drinking places,” which are included in the CPI. This means
that for some sectors, the ex-post forecast errors of output prices can be

calculated by comparing the forecasts for their output prices—the pseudo-

14



CPI—with the actual CPI. The blue line in Figure 2 represents the ex-post
forecast errors for the pseudo-CPI. The ex-post forecast errors also have a
negative bias and are persistent—the lag-1 autocorrelation is 0.67—which is
similar to the result for the CPI, implying that forecasts for output prices

also do not satisfy the rationality assumption.

Figure 2: Ex-post forecast errors
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4.3 Differences in inflation expectations across firm sizes and
sectors

Firm size Using the Tankan data, Inamura et al. (2017) find that firms’
inflation expectations depend on their size. In this subsection, we provide
more detailed evidence on the difference in inflation expectations across
firm sizes. As shown in Table 2, large firms have lower average inflation
expectations with regard to both general prices and output prices than small
and medium-sized firms. This is also the case for the standard deviations.
Given that actual CPI inflation was around zero during our observation
period, the lower positive average inflation expectations of large firms imply
that their forecasts were relatively accurate. In contrast, Coibion et al.
(2015) found that the forecast errors of large firms were larger than those
of small and medium-sized firms. The difference between our results and
theirs may due to differences in the size of large firms: in the sample used

by Coibion et al. (2015), even the largest firm had only 698 employees, while
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in our Tankan data, the largest firm had 163,406 employees.

Table 2: Basic statistics by firm size and sector

General prices (1-year) Output prices (1-year)
N Mean SD SKW N Mean SD SKW
All firms 135600 1.06 1.20 1.16 146272 0.64 3.18 0.30

Large firms 23991 0.82 094 1.14 26895 0.36 2.73 0.10

S&M firms 111609 1.11  1.24 1.11 119377 0.71 3.27 0.31
Manu 1 20130 1.08 1.22 1.14 21726 0.83 3.42 0.37
Manu 2 33967 1.00 1.14 1.15 36980 0.14 3.09 -0.16

Non-Manu 81503 1.07 1.22 1.16 87566 081 3.13 0.46

Notes. SD and SKW denote the standard deviation and the skewness. Large firms
are defined as firms with capital of at least 1 billion yen; S&M firms—small and
medium-sized firms—are defined as firms with capital of at least 20 million yen but
less than 1 billion yen. Manu 1, Manu 2, and Non-Manu denote manufacturing (basic
materials), manufacturing (processing), and non-manufacturing, respectively.

There is also a striking difference in skewness across firm sizes. While
there is little difference in the skewness of expectations for general prices,
for output prices there is a large difference in the skewness of expectations.
Specifically, while the skewness of expectations for output prices is around
zero for large firms, it is clearly positive for small and medium-sized firms,
implying that a small number of small and medium-sized firms expect their

output prices to go up significantly.

Sector Next, we investigate differences in inflation expectations across
sectors. The lower three rows of Table 2 report the basic statistics for the
manufacturing (basic materials) sector (Manu 1), the manufacturing (pro-
cessing) sector (Manu 2), and the non-manufacturing sector (Non-manu).
Broadly speaking, expectations for general prices appear to be homoge-
neous across sectors, which contrasts with the differences observed across
firm sizes. On the other hand, expectations for output prices exhibit rel-

atively large differences. Specifically, the mean, standard deviation, and

16



skewness of expectations are substantially lower among firms in the man-
ufacturing (processing) sector than in the manufacturing (basic materials)

and non-manufacturing sectors.

5 Simple tests for the sticky information model

The panel structure of our Tankan data allows us to examine how firms
revise or update their inflation expectations. In this section, we focus on
the simple sticky information model proposed by Mankiw and Reis (2002)
and Reis (2006), which provides a number of predictions on firms’ forecast

revisions, which can be directly tested with our Tankan data.

5.1 Overview of the model

We start by providing a brief overview of the simple sticky information model
presented by Mankiw and Reis (2002) and Reis (2006). The key assumption
is that it is costly for firms to acquire, absorb, and process information.
Given these costs, firms optimally choose the period of being inattentive to
maximize their expected profits conditional on the information they have.
Based on the additional assumptions that firms do not have private infor-
mation and make their choices independently, Reis (2006) derives that the
share of firms which revise their forecasts is constant over time and equal to

0 < XA <1 as follows:
Ft = )\E[ﬂ't ‘ Qt] + (1 — )\)thl, (].)

where F; is the average of inflation expectations in the economy, 7 is the
inflation rate, §); represents all information available at time ¢, and E[- |
-] denotes the conditional expectations operator. It should be noted that
fraction A of firms have access to all information available at time ¢ and

formulate their expectations in line with this model.
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5.2 Testable predictions of the model

In this subsection, we discuss a set of empirically testable predictions of the
simple sticky information model. Although the predictions are straightfor-
ward to obtain, so far it has been impossible to empirically test them due to
the lack of firm-level micro-data. This study therefore is the first attempt
to test the predictions directly.

Testable prediction 1 There is a fraction (1 — A) of firms which do not
revise their forecasts at time ¢, i.e., 0 < A < 1. That is, a fraction (1 — \) of
firms optimally choose to be inattentive to new information at time ¢. This
is one of the most important predictions of the model, which contrasts with
the theoretical prediction of the noisy information model proposed by Sims
(2003), which competes with the sticky information model.

The frequency of forecast revisions has been empirically examined using
survey data on professional forecasters’ and households’ expectations by
Andrade and Le Bihan (2013), Hori and Kawagoe (2013), and Pfajfar and
Santoro (2013). They directly observed whether all professional forecasters
or households frequently revised their forecasts over time using micro-data
with a panel structure and found that, just as the simple sticky information
model predicts, a fraction of professional forecasters or households did not

revise their forecasts in every period.

Testable prediction 2 The distribution of inattentiveness across firms
tends to the exponential distribution with parameter A. As a result, at the
aggregate level, A is constant over time. As Reis (2006) has shown, this
can be directly derived from the assumption that each firm randomly and
independently revises its forecasts.

However, Pfajfar and Santoro (2013) and Andrade and Le Bihan (2013)
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find that A does vary over time in the case of households and professional

forecasters, which is inconsistent with this prediction of the model.

Testable prediction 3 There is no disagreement among firms that revise
their forecasts with regard to the inflation rate they forecast. This is directly
derived from the assumption that a fraction X\ of firms rationally revise their
forecasts based on the same information set at time ¢. That is, the simple
sticky information model predicts that firms that revise their forecast do
not disagree such that at time ¢ one firm revises its inflation forecast for
the CPI to, say, 2 percent, while another revises it to 3 percent, since they
have access to the same information set and formulate their forecasts based
on the same model. Note that in our Tankan data, we can only examine
disagreement with regard to expectations for general prices, but not output
prices, which are specific to each firm.

Professional forecasters who revise their forecast, however, tend to dis-

agree substantially, as shown by Andrade and Le Bihan (2013).

5.3 Two measures of forecast revisions

To empirically test the testable predictions discussed in Section 5.2, we
need to specify how to measure forecast revisions in our Tankan data. This
subsection presents two measures of forecast revisions.

In general, a forecast revision consistent with the theoretical model is
defined as a change in the forecast from time ¢ — 1 to time ¢ with respect
to an event at time t + s. One important feature is that the forecasting
horizon ¢t + s is fixed. As described in Section 3, in the Tankan survey,
respondents provide rolling horizon forecasts for one, three, and five years
ahead. Accordingly, a forecast revision consistent with the model is defined,
for example, by comparing the current forecast for one year ahead with the

forecast for three years ahead of two years ago. Formally, for any time ¢ and
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firm 4, the measure of a forecast revision consistent with theory is as follows:

Titits = Lit|Tits] — Eiy—8[Tttst8] (2)

with s =4, 12, and 20, where r; ; 14, indicates the forecast change from time
t — 8 to time ¢ for the forecasting horizon t + s, E;[] is the expectations
operator conditional on firm 4’s belief on the state of the economy at time
t, and m.ys denotes the inflation rate at time ¢ + s.

The revision interval is set to eight quarters due to the design of the
Tankan survey, which may potentially result in downward bias in the esti-
mation of the frequency of forecast revisions. The reason is that we count
only one forecast revision during the eight quarters, regardless of how many
times firms actually revised their forecasts during the eight quarters. In
addition, it should be noted that this measure can be calculated only for
general prices, not output prices. As described in Section 3, regarding out-
put prices for three and five years ahead, firms are not asked to answer in
terms of year-on-year changes but in terms of the cumulative changes com-
pared to the current level. This implies that we cannot calculate r; ¢ 445 for
output prices using the forecasts of the different horizons.

The alternative measure for forecast revisions is simply defined as fore-

cast changes from the previous survey:

Tittrs = Bit[Ters) — Eig1[meys—1]- (3)

As shown by Carroll (2003), if certain additional assumptions on agents’
views about the inflation process are satisfied, rg’tyt 1 is consistent with the-
ory, ie., B 1[miys—1] = Eip—1[mits)-

Following Andrade and Le Bihan (2013) and others, for these two mea-
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sures, the frequency of forecast revisions is defined as

Nt Nt
1 1
)\t,t+s,8 = ﬁt Z I(Ti,t,t+s 75 0)’ £,t+s = ﬁt Z I(Tg,t,H»s 7"é O) (4)
i=1 i=1

where N; denotes the number of respondents to the survey at time ¢, I(x # 0)
is an indicator function equal to 1 if  # 0 and 0 otherwise. Note that when
comparing A ;s g8 and )\Q’t ¢ units should be adjusted to quarterly values.
Here, assuming that the frequency of forecast revisions during the eight
quarters is constant, A ;4,8 is converted to a quarterly rate, i.e., A¢ 145 =

1— (1= Appyss) /B
6 Results

This section presents our results of testing the simple predictions discussed

in the previous section.

Result for test 1: Is ) less than 17 The results for this test are pre-
sented in Table 3. Four results in the table stand out. First, at the aggregate
level—represented by the results for “All firms” in the table—the frequency
of forecast revisions is less than one regardless of whether this is measured
using A or \. Our estimates of X\ are 0.139 and 0.115 per quarter, while
those of X\ are 0.305 and 0.168 per quarter. Note that \ is lower than )\ be-
cause of the downward bias due to the forecast revision interval of A being
defined as eight quarters as mentioned in Section 5.3.

Second, our estimates of the frequency of forecast revisions for firms are
much smaller than those for households and professional forecasters found
in previous studies using micro-data. For instance, Andrade and Le Bihan
(2013) and Dovern et al. (2014) report that the frequency of forecast re-
visions of professional forecasters ranges between 0.7 and 0.9 per quarter,

while Pfajfar and Santoro (2013) and Hori and Kawagoe (2013) respectively
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Table 3: Frequency of forecast revision

General price

1- vs. 3-year

3- vs. 5-year

1-year

General price

Output price

(0.136,0.140)

(0.115,0.119)

(0.306,0.312)

All firms 0.139 0.115 0.305 0.168
(0.137,0.140)  (0.114,0.116)  (0.303,0.308)  (0.166,0.170)

Large firms 0.112 0.091 0.238 0.119
(0.109,0.116)  (0.088,0.005)  (0.232,0.244)  (0.114,0.123)

S&M firms 0.145 0.120 0.320 0.180
(0.144,0.147)  (0.118,0.121)  (0.317,0.323)  (0.177,0.182)

Manu 1 0.141 0.113 0.299 0.171
(0.138,0.143)  (0.110,0.115)  (0.295,0.303)  (0.168,0.174)

Manu 2 0.139 0.110 0.287 0.150
(0.136,0.142) (0.108,0.113) (0.282,0.292) (0.147,0.154)

Non-Manu 0.138 0.117 0.309 0.167

(0.164,0.169)

Notes. Frequencies are quarterly. The table reports the mean frequency with the
95% bootstrap (B = 500) confidence interval in brackets. Large firms are defined
as firms with capital of at least 1 billion yen; S&M firms—small and medium-
sized firms—are defined as firms with capital of at least 20 million yen but less
than 1 billion yen. Manu 1, Manu 2, and Non-Manu denote manufacturing (basic
materials), manufacturing (processing), and non-manufacturing, respectively. “1-
vs. 3-year” denotes the forecast revision comparing the current forecast for one
year ahead with the forecast for three years ahead of two years ago. “3- vs. 5-year”
denotes the forecast revision comparing the current forecast for three years ahead
with the forecast for five years ahead of two years ago.
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found that those of households is 0.98 and 0.86 per quarter.® At the same
time, we should highlight that our estimates are much closer to the value
that Mankiw and Reis (2002) assumed in their simulation exercises—they
set A = 0.25. However, we should add a caveat to our estimates of the fre-
quency of forecast revisions. As described in Section 3.2, when comparing
our estimates to those found in previous studies, the way in which survey
participants were asked to respond matters. Since the University of Michi-
gan’s Surveys of Consumers used by Pfajfar and Santoro (2013) and the
Consumer Confidence Survey used by Hori and Kawagoe (2013) employ the
same response format as our Tankan data, the results are comparable. On
the other hand, the ECB’s Survey of Professional Forecasters used by An-
drade and Le Bihan (2013) asks respondents to provide their forecasts in
words instead of choosing among options, partly explaining why our esti-
mates tend to be lower than those obtained Andrade and Le Bihan (2013).

Third, by firm size, the frequency of forecast revisions is less than one
both for large firms and for small and medium-sized firms. Moreover, the
estimates for large firms are statistically significantly lower than those for
small and medium-sized firms. This suggests that based on the simple sticky
information model, the costs for large firms to update their forecasts was
relatively large, or that the shocks faced by large firms were relatively small.
If it is more costly for large firms to revise their forecast, it is unsurprising
that their forecasts, as shown in Section 4.3, are more accurate than those
of small and medium-sized firms.

Fourth, by sector, the frequency of forecast revisions is less than one
in both the manufacturing and non-manufacturing sectors. Moreover, in
contrast with the substantial differences in the frequency of forecast revisions

between large firms on the one hand and small and medium-firms on the

STheir data are monthly observations, so that we convert their estimates to quarterly
values.

23



other, hardly any difference is observed across sectors. For instance, the
estimates of A based on the 1-year vs. 3-year comparison are not statistically
significantly different across sectors.

Combining these results with the findings presented in Section 4.3 sug-
gests that both in terms of the level of inflation forecasts and in terms of the
frequency of forecast revisions, differences across firm sizes but not across
sectors can be observed. This contrasts with the observation that when it
comes to the frequency of prices changes, as highlighted by Nakamura and
Steinsson (2008), substantial heterogeneity across sectors can be observed.
Taken together, these findings suggest that forecast revisions are not related
simply to price changes. Exploring this issue in more detail provides an

interesting avenue for future research.

Result for test 2: Is A\ constant over time? In order to examine
the interval of forecast revisions of individual firms, panel data covering a
sufficiently long period is required. Our Tankan data, however, as outlined
in Section 3, only spans the period from March 2014 to September 2017, i.e.,
fifteen quarters, which is too short to obtain unbiased estimates of forecast
revision intervals.

Given this limitation of our Tankan data, we confine our examination to

whether A and ) are constant over time or not.

Figure 3: A and ) over time
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Figure 3 presents the evolution of A and ). The left panel indicates
that \ appears to be more or less constant over time, while the right panel
suggests that ) tends to decline over time. Although it is possible that
our estimate of \ is biased downward, it seems reasonable to assume that
the size of this bias does not vary over time. Therefore, when examining
developments over time, A is likely more reliable than ). The fact that
A is more or less constant provides evidence supporting the simple sticky

information model.

Result for test 3: Is there disagreement among firms that re-
vise their forecasts? To examine this, we measured, for each period,
the disagreement—the cross-sectional standard deviation—of general price
expectations among firms that revised their forecasts. As Figure 4 clearly
shows, the disagreement among forecast revisers differs from zero for all time
horizons in all periods. This finding is similar to the result obtained by An-
drade and Le Bihan (2013) for professional forecasters and is not consistent

with the prediction of the simple sticky information model.

Figure 4: Disagreement of expectations for general prices
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7 Conclusion

In this paper, we presented new evidence on firms’ inflation expectations.
Using a large dataset based on micro-data from the Tankan survey, we first
obtained two basic findings on firms’ inflation expectations in Japan: (i)
firms’ inflation expectations are downwardly rigid at zero, and (ii) differ-
ences in firms’ inflation expectations are larger across firm sizes than across
sectors. The latter finding is particularly noteworthy given that there is
large heterogeneity across sectors in price changes, meaning that forecast
revisions are not simply related to price changes.

We then provided simple tests for the sticky information model proposed
by Mankiw and Reis (2002) and Reis (2006). We obtained the following
three findings, which are in line with the predictions of the sticky informa-
tion model. First, in each period, a certain fraction of firms leave their ex-
pectations unchanged. Note that this finding contrasts with the theoretical
prediction of the simple noisy information model proposed by Sims (2003).
Second, the frequency of forecast revisions is constant over time. Third, our
estimates of the frequency of forecast revisions based on the Tankan survey
are much smaller than those for households and professional forecasters re-
ported in previous studies using micro-data and are much closer to the value

assumed by Mankiw and Reis (2002) in their simulation exercises.
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