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Household Inflation Expectation and Consumption

—— Evidence from Japan® —

Ryo Jinnai', Tomoaki Mikami®, Tatsushi Okuda® and Jouchi Nakajima'

We study household inflation expectation and consumption decisions jointly, using the micro-level
panel dataset based on household surveys in Japan when nominal interest rates stay at the effective
lower bound. We find that a rise in household inflation expectation generally leads to a rise in current
consumption relative to future. However, we find that this relation may not be robust in some
situations. Specifically, changes in household inflation expectations along with the fluctuation in food
and energy prices have a little impact on consumption, whereas changes in their inflation expectations
due to other factors have a strong impact. Building a formal model and calibrate its parameters, we
show that these results can be interpreted as the household’s optimal behavior under imperfect

information.
JEL Classification Codes: E50, E21, E61

1. Introduction

As short-term nominal interest rates declined
in many countries, inflation expectation has
drawn attention from policymakers. This is
because a standard theory predicts that the
central bank can still stimulate current
consumption if it successfully raises house-
holds’ inflation expectations, even though
nominal interest rates hit the zero lower
bound (Krugman 1998). This idea gives a
foundation to many innovative monetary
policies recently observed such as the
forward guidance (Eggertsson and Woodford
2003) V. However, as we discuss momentarily,
empirical evidence on the theoretical predic-
tion is mixed.

The current paper provides new evi-
dence on the issue with unique data. Specifi-
cally, we employ a panel dataset of Japanese
households during the period of virtually zero
lower bound, from 2010 to 2018. The data
contain numerical information on households’
inflation expectations, changes in expendi-
ture, changes in the planned expenditure, and
income expectations, with which various

demographic factors can be controlled using
individual level fixed effects in panel-data
estimations.

In the baseline regression, we confirm a
negative relationship between expected con-
sumption growth and inflation expectation. In
addition, we find interesting new results
suggesting no significant effect of the
changes in households’ inflation expectations
along with developments in recent food and
energy prices on their inter-temporal con-
sumption allocation. Meanwhile, changes in
households’ inflation expectations caused by
other factors lead to a significant adjustment.
In other words, the relationship between
households’ inflation expectations and con-
sumption may not be perfectly stable across
states, but it may be state dependent in the
sense that the relationship is observed in
certain situations but not in the other.

We interpret this result as household’s
optimal behavior under imperfect informa-
tion. We show a canonical consumption-
choice model having two types of goods. The
first one is meant to capture characteristics
of food- and energy-related products. Specifi-
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cally, people are less willing to substitute its
consumption across time, and its inflation
dynamics are subject to relative price shocks.
The other one is relatively easier to substi-
tute across time, and its inflation dynamics
are mainly determined by aggregate macro-
economic conditions.

Under this setting, we obtain the follow-
ing results. If households observe the price
hike in goods and services other than food
and energy, they increase current consump-
tion (and decrease future consumption) of
these items through inter-temporal substitu-
tion channel because they expect future
inflation in these items. By contrast, the price
hike in food- and energy-related products
does not increase households’ inflation ex-
pectations about the other items, because
they reasonably guess that sector-specific
shocks most likely caused inflation in food—
and energy-related products. Consequently,
the households do not adjust consumption
much, even though they update their inflation
expectations somewhat positively. Predic-
tions from a calibrated version of our model
are broadly consistent with the empirical
results.

The remainder of the paper is organized
as follows. Section 2 discusses related litera-
ture and subsequently presents an empirical
analysis on the relationship between house-
holds’ inflation expectations and their inter-
temporal consumption allocations at the zero
lower bound. Section 3 develops the model of
households’ inter-temporal consumption allo-
cations under imperfect information. Section
4 concludes.

Related literature. Our study is closely
related to two strands of literature. The first
one is a growing literature evaluating the link
between households’ inflation expectations
and their consumption (spending) decisions
(Coibion, Gorodnichenko, Kumar, and Pede-
monte 2020). Assuming households’” optimal
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behavior, one would expect a positive link
between Inflation expectation and current
consumption, because higher inflation expect-
ation means lower real interest rate, other
things being equal. In the United States,
Crump, Eusepi, Tambalotti, and Topa (2015)
reported a positive correlation between
households’ inflation expectations and the
growth of their consumption. Meanwhile,
Burke and Ozdagli (2013) and Bachmann,
Berg, and Sims (2015) found little evidence
on the link between households’ inflation
expectations and their readiness to spend (or
actual spending) on durables. In Europe and
Japan, several studies have found significant-
ly positive links between households’ inflation
expectations and their (intended or actual)
spending on both durables and non-durables
(Ichiue and Nishiguchi 2015; D’Acunto,
Hoang, and Weber 2017; Duca, Kenny, and
Reuter 2018; Vellekoop and Wiederholt 2017;
Ichiue, Koga, Okuda, and Ozaki 2019; Drager
and Nghiem 2020). Our study contributes to
this literature by reporting a new evidence
suggesting that not finding a strong link
between households’ inflation expectations
and their inter-temporal consumption alloca-
tions In some cases, because it may be state
dependent, is not completely surprising.
Second, our study is related to the
literature emphasizing the importance of
heterogeneous expectations. Several papers
have reported their important consequences
to households’ decisions (Bachmann et al.,
2015; Duca, Kenny, and Reuter 2018; Drager
and Nghiem, 2020). Jonung (1981), Bryan
and Venkatu (2001), Souleles (2004), Blanch-
flower and MacCoille (2009), and Pfajfar and
Santoro (2009) reported interesting regulari-
ties in expectation variations. For example,
women tend to have high inflation expecta-
tions, both perceived and expected, and so do
low education and low iIncome groups.
Similarly, inflation expectations among young
and old respondents are higher than those of
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middle-age respondents. Researchers at-
tempt to understand the reasons behind
these regularities. Clark and Davig (2008),
Coibion and Gorodnichneko (2015a,b), Wong
(2015), and D’'Acunto et al. (2019) argued
that the gender differences in inflation
expectations can be traced to differences in
daily grocery shopping experiences?. Fur-
ther, Ehrmann and Tzamourani (2012),
Malmendier and Nagel (2016), Axelrod et al.
(2018), and Diamond, Watanabe, and Wata-
nabe (2020) stressed the importance of long-
run inflation experience. Meanwhile, D'Acun-
to et al. (2019) argued the importance of
cognitive ability in inflation expectations
formations. We interpret heterogeneity in
inflation expectation in our data considering
these studies. Finally, we connect changes in
inflation expectation and consumption, and
interpret the empirical result in the context
of imperfect information models (Carroll
2003, Pfajfar and Santoro 2013, Coibion and
Gorodnichenko 2012, Abe and Ueno 2016)°.

2. Empirical Analysis

2.1 Dataset

The Preference Parameters Study is provid-
ed by the Institute of Social and Economic
Research at Osaka University”. The dataset
1s based on a longitudinal annual survey
conducted annually from January to March.
The first and last waves were conducted in
2003 and 2018, respectively. Note that a
hiatus occurred in 2014 and 2015. We use the
waves in the period of 2010 to 2018 for the
analysis, which corresponds to the periods of
the post-global financial crisis. The policy rate
has been near zero, and the nominal yield
curve Is quite flat during these periods. This
1s an advantage because we can relatively
safely assume that the nominal interest rate
is expected to be invariant for the households.
Under this assumption, changes in house-
holds’” inflation expectations and changes in
the real interest rate are identical.

B %

The dataset covers about 4,000 house-
holds on average each year, and the response
rate to each survey is more than 70 percent®.
Survey households are chosen based on
stratified two-stage random sampling using
the “Basic Resident Registration” compiled
by the Ministry of Internal Affairs and
Communications.

For this study’s purpose, asking the
respondents to choose items representing
numerical ranges for the one year ahead
inflation expectations is useful. The question
and choices are as follows.

e (Question) By what percentage do you
expect consumer prices will change in
2013 compared with the previous year?

¢ (Choices for answers) (0) Decrease by at
least 4.5%; (1) Decrease by at least 3.5%
but less than 4.5%; (2) Decrease by at
least 2.5% but less than 3.5%; (3)
Decrease by at least 1.5% but less than
2.5%; (4) Decrease by at least 0.5% but
less than 1.5%; (5) Change by less than
0.5% in either direction; (6) Increase by
at least 0.5% but less than 1.5%,; (7)
Increase by at least 1.5% but less than
2.5%; (8) Increase by at least 2.5% but
less than 3.5%; (9) Increase by at least
3.5% but less than 4.5%; (10) Increase by
at least 4.5%.

The survey also asks about the change in
respondents’ expenditure plans. The follow-
ing are the question-and-answer choices
regarding the expected changes in their
expenditure plans:

* (Question) In 2013, what will be the
approximate percentage change in your

family’s total annual expenditures com-
pared with 20127

¢ (Choices for answers) (0) Decrease by at
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least 9%, (1) Decrease by at least 7% but
less than 9% ; (2)Decrease by at least 5%
but less than 7%, (3) Decrease by at least
3% but less than 5% ; (4)Decrease by at
least 1% but less than 3%, (5) Change by
less than 1% in either direction,; (6)
Increase by at least 1% but less than 3% ;
(7)Increase by at least 3% but less than
5%; (8) Increase by at least 5% but less
than 7% (9) Increase by at least 7% but
less than 9%, (10) Increase by at least 9%.

In the following, we use the midpoint of
the numerical range of each response catego-
ry®.

The survey also provides information on
households’ detailed expenditures, incomes,
and demographic characteristics (e.g., gen-
der, age, employment status, and educa-
tion). Table 1 describes the summary statis-

tics of the survey.

2.2 Developments in inflation

expectations
We briefly refer to the developments in
households’ inflation expectations in the
Preference Parameter Survey. Panel (a)
of Figure 1 plots the aggregate inflation
expectations (mean and median) across
households and consumer price inflation. The
households’ inflation expectations comove
with the recent consumer price inflation at
the aggregate level. The households’ inflation
expectations have increased twice: during
the recovery from the global financial crisis
from 2010 to 2011, and after the introduction
of the two percent inflation target and
aggressive monetary easing in 2013. Panel
(b) shows the distribution of households’
inflation expectations in each wave, which
indicates heterogeneity of households’ infla-
tion expectations in Japan at the disaggre-
gate level”.

The developments in households’ infla-
tion expectations by demographic groups are

presented in Table 2. Columns (1), (2), and
(3) show the developments in the averages
of the households’ inflation expectations by
gender, education level, and income level,
respectively. Consistent with the existing
literature, women, low education, and low
income groups present higher inflation ex-
pectations”. In what follows, we associate
some of these variations to their recent
shopping experiences. In addition, column (4)
of Table 2 shows the inflation expectations by
age (cohort), confirming cohort -effects.
Specifically, older household members who
experienced high inflation periods (. e. oil
shocks in the 1970s) hold higher inflation
expectations. This finding is consistent with
the result by Diamond, Watanabe, and
Watanabe (2020), who examined the cohort
effects in inflation expectations formation
with a different dataset of Japanese house-
holds’ inflation expectations. We control these
cohort effects by including the dummy
variable for the elderly in our regression
analysis because they are less likely to be
explained by recent shopping experiences.

2.3 Developments in consumption growth
Next, we show the developments in house-
holds” plan for the growth rate of nominal
consumption over the next year. Table 3
compares the averages of the growth rates of
the expected and actual nominal consump-
tion. We find the comovement between the
expected and actual nominal consumption,
implying the link between the individuals’
consumption plans in the survey and actual
consumption. Table 4 decomposes the data.
The first table reports the averages of the
growth rate of expected nominal consump-
tion across households in each generation.
For example, the first column shows the
averages across elderly households who were
born between 1930 and 1949, and the last
column shows the averages across young
households who were born between 1980 and
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Table 1. Summary Statistics.

Questionnaire

Obs.

Mean

Stdev

Min  Max

Expected inflation rate over the next year

(year-on-year change, %)

24,281

097

1.45

-5 5

Expected nominal expenditure changes over the next year
Category [—10, —8, —6, —4, —2,0,2, 4,6, 8,10]
(year-on-year change, %)

24,498

1.04

442

—10 10

Expected nominal income changes over the next year
Category [—10, —8, —6, —4, —2,0,2,4,6,8,10]
(year-on-year change, %)

23213

—0.87

3.84

—10 10

Expected Japanese nominal average wage changes over the next year

Category [—5, —4, —3,—2,—1,0,1,2,3,4,5]
(year-on-year change, %)

3,556

0.33

1.16

Changes in nominal expenditure from one year ago
Category [—10, —8, —6, —4, —2,0,2, 4,6, 8,10]
(year-on-year change, %)

24,344

141

46

—10 10

Changes in nominal income from one year ago
Category [—10, —8, —6, —4, —2,0,2,4,6,8,10]
(year-on-year change, %)

24,266

—0.99

413

—10 10

Household income before tax and with bonuses
Category [05,15,3.0,50,70,90,11,13,15,17, 19, 21]
(Million yen)

23,373

6.12

3.82

05 21

Number of household members

25,764

338

144

T am so occupied with my daily life that I cannot save much money
Category [1,2,3,4,5]
(1: particularly true - 5: doesn’t hold true at all)

25892

2.86

1.18

Financial assets
Category [1.25,3.75,6.25, 875, 12,5, 17.5, 25, 40, 75, 110]
(Million yen)

21,876

1394

1917

125 110

Gender
Category [1,2]
(1: Male, 2: Female)

26,007

1.54

05

Birth year
Category [1,2,3,4,5]
(1:1980-1989, 2: 1970-1979, 3: 1960-1969, 4: 1950-1959, 5: 1930-49)

18,718

3.54

1.24

Education
Category [1,2] (1: Graduated from College or lower,
2: Graduated from University or higher)

10,155

1.25

043

1 2

Note) The figures are based on samples from 2010 to 2018 (excluding 2014 and 2015 due to a hiatus). Age and educational attainment were

consolidated into the five and three groups shown here by the authors. The survey collected responses on education by 2011. We

extrapolate them to apply for regression by using the response of the latest response.
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Figure 1. Household’s Inflation Expectation.
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Table 2. Household’s Inflation Expectations (over the next year, percent).

(1) Gender (2) Education (3) Annual household income
Year Male Female  University College X<4 4<X<8 8<X
(or higher) (or lower) (million yen)
2010 —0.0 04 —0.1 0.3 0.2 0.2 0.1
2011 09 1.0 0.8 10 11 1.0 0.8
2012 10 11 09 12 12 1.1 1.0
2013 1.3 1.3 12 13 14 1.3 1.2
2014 — — — — — — —
2015 — — — — — — —
2016 1.3 14 13 13 14 14 12
2017 12 1.3 11 13 1.3 12 11
2018 1.3 13 1.3 1.3 14 1.3 1.3
(4)Birth year
Year 1930 to 1950 to 1960 to 1970 to 1980 to
1949 1959 1969 1979 1989

2010 0.2 0.1 0.2 0.1 0.2

2011 11 10 09 0.8 0.7

2012 13 11 1.0 09 0.8

2013 15 14 12 1.0 12

2014 — — — — —

2015 — — — — —

2016 1.6 14 12 11 12

2017 15 1.3 1.0 11 1.0

2018 15 13 12 11 13
Note) College includes associate degree (2 year). Annual household income is before taxes and with

bonus basis.

Table 3. Household’s Planned and Actual Consumption
(annual change, percent).

Year Plan  Actual
2010 04 17
2011 0.8 14
2012 12 15
2013 — —
2014 — —
2015 — —
2016 1.6 1.8
2017 15 17

Note)
to both planned and actual consumption and keep the number of

The figures are the averages of the samples that answer

people per household unchanged between the waves.

1989. The entries show the tendency for
elderly households (vs. younger households)
to report lower growth rates. The second
table reports the averages of the growth rate
of expected nominal consumption across
households in each income bracket. For
Instance, the first column shows the averages
across relatively low income households
whose yearly income is less than 4 million

yen, and the last column shows the averages
across relatively high-income households
whose yearly income is more than 8 million
yven. The entries show a higher level of
growth rates among higher-income house-
holds than lower-income ones. These results
imply that the demographic characteristics of
the households affect their consumption
behavior. We control the effects by including
individual level fixed effects in our regression
analysis of the Euler equation”.

2.4 Inflation Expectations Formation

Using the dataset presented above, we
estimate the impact of households’ recent
shopping experiences on their inflation ex-
pectations formation. We begin our analysis
by examining the link between households’
recent inflation experience at the aggregate
level. We denote household 7’s one year ahead
inflation expectations reported in period ¢ by
(7). We then estimate the following



Household Inflation Expectation and Consumption

275

Table 4. Household’s Planned Consumption by Demographic
Groups (annual change, percent).

(1) Birth year

Year 1930 to 1950 to
1949 1959
2010 0.1 —0.1
2011 04 0.3
2012 1.0 0.6
2013 14 12
2014 — —
2015 — —
2016 16 11
2017 16 11
2018 16 15

1960 to 1970 to 1980 to
1969 1979 1989
1.1 0.6 0.3
14 15 05
16 14 05
1.8 14 0.9
1.3 21 14
1.3 19 0.8
12 1.8 21

(2) Annual household income (million yen)

Year X<4
2010 0.1
2011 1.1
2012 1.0
2013 1.3
2014 —
2015 —
2016 15
2017 1.2
2018 1.3

4<X<8 8<X
0.7 1.0
1.9 21
15 17
18 18
22 2.3
19 22
1.8 20

Note)

The figures are the averages of the samples that answer to

both planned and actual consumption and keep the number

of people per household unchanged between the waves.

empirical equation,

7Tte(l') = Cl"‘BﬂtC—PII"F')’Xt(Z.) +Et(i), €]
where @ is a constant term, 7 is the year-
on-year changes in consumer price index
(overall) as a proxy for the household’s
recent inflation experience at the aggregate
level, X;(7) is the dummy variable for the
elderly, and & (i) is the error term. Column
(1) of Table 5 lists the estimates for the
regression coefficients of the equation (1). It
shows a positive and statistically significant
B, which is the estimate of the coefficient for
the households’ recent inflation experience at
the aggregate level (7). Column (2)
shows an estimation result when the regional
consumer price index corresponding the
household’s prefecture of residence instead of
the index of the whole of Japan is employed,
confirming that A is positive and statistically
significant. These results are consistent with
the view that Japanese households form their

inflation expectations based on their recent
shopping experiences'”.

Next, we Investigate the households’
inflation expectations formation using the
year-on-year changes in the prices of food
(7/25*) and energy (7f%"") because they are
closely linked to households’ daily shopping
experience. The inflation rates of food and
energy are calculated based on the regional
consumer price index corresponding to the
household’s prefecture of residence. To
account for the heterogeneous consumption
basket across households, we calculate the
Engel's coefficient (s/*“(7)) based on the
information on the households’ expenditures
to food and their total expenditures from the
survey. We capture the heterogeneity by
including the cross term between the year-
on-year changes in the prices of food (z/%*
and the Engel's coefficient (s/°*(i)). The
control variable is the same as that in
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Table 5. Estimation Results for the Link Between Household’s Inflation Expecta-
tions Formation and Inflation Experience at the Aggregate Level.
Dependent variable: Expected inflation rate over the next year.

(D (2)

Consumer price inflation 049"
(year-on-year changes) (0.08)
Regional consumer price inflation 0.31™"
(year-on-year changes) (0.06)
Intercept 0.94 0.90"

(0.05) (0.03)
Birth year 0.227* 0.23"*
(dummy: 1930-1959) (0.02) (0.02)
Estimation period 2010-2018 2010-2018
Adjusted R-squared 0.16 0.11
Observations 24281 24281
Number of households 5262 5262
Individual fixed effect No No
Time fixed effect No No

Note) Robust standard errors in parentheses. *** indicates significance at the 1% level.
The coefficients are estimated using weighted least squares (WLS). For birth year

dummy, the baseline category is 1960-1989.

Table 6. Estimation Results for Household’s Inflation Expectations Formation.
Dependent variable: Expected inflation rate over the next year.

(D (2) 3 4)
Food price inflation 0.06" 0.04*** 021
(year-on-year changes) (0.01) 0.01) (0.01)
X Engel’s coefficient 0.01* 0.017*
(0.00) (0.00)
Energy price inflation 0.02* 0.05"*
(year-on-year changes) (0.01) (0.00)
Intercept 0.85* 091** 0.87** 0.88**
(0.02) (0.0D) (0.04) (0.01)
Birth year 0.17 0.11* 0.16"* 0.17
(dummy: 1930-1959) (0.02) (0.02) (0.03) (0.02)
Estimation period 2010-2018 2010-2018 2010-2018 2010-2018
Adjusted R-squared 0.03 0.02 0.05 0.56
Observations 24281 18532 24281 18532
Number of households 5262 4750 5262 4750
Individual fixed effect No No No No
Time fixed effect No No No No

Note) Robust standard errors in parentheses. *** and ** denote significance at the 1% and 5% level, respectively.
The coefficients are estimated using WLS. Price index is the regional consumer price index corresponding to
the household’s prefecture of residence. For birth year dummy, the baseline category is 1960-1989.

equation (1), that is, the dummy variable for
the elderly (X;(7)). The empirical specifica-
tion is given as
7t (1) = a+ Pial2P+ Bast (1) nf2y
+ B+ v X, (1) + & (D).
(2)
Table 6 shows the estimation results for
these regression coefficients. In particular,

column (4) shows the estimation result of the
parameters {51, B2, Bs} in the full model by
equation (2). Columns (1), (2), and (3) show
the estimation results of the parameters in
the simpler models. In particular, column (1)
shows the estimate of 51 under the assump-
tion of B:=p3=0. Column (2) shows the
estimates of {51, B2} under the assumption of
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Table 7. Robustness Check for the Link Between Household’s Inflation Expecta-
tions Formation and Inflation Experience at the Aggregate Level with
Additional Control Variables.

Dependent variable: Expected inflation rate over the next year.

277

(1 @)

Consumer price inflation 0.54*
(year-on-year changes) (0.20)
Regional consumer price inflation 0.33"*
(year-on-year changes) (0.04)
Intercept 0.90"* 0.85
(0.03) (0.03)
Birth year 0.20 0.21***
(dummy: 1930-1959) (0.04) (0.03)
Female 011 0.09***
(dummy) (0.02) (0.02)
College 011" 0.12**
(or lower, dummy) (0.03) (0.02)
Low income 0.01 0.01™
(less 4 million yen, dummy) (0.01) (0.006)
Estimation period 2010-2018 2010-2018
Adjusted R-squared 0.27 0.27
Observations 8060 8060
Number of households 3063 3063
Individual fixed effect No No
Time fixed effect No No

Note) Robust standard errors in parentheses. *** and ** indicate significance at the 1% and
5% level, respectively. The coefficients are estimated using WLS. For birth year dummy,

the baseline category is 1960-1989.

Bs=0; this implies that only the food price
affects inflation expectations. Column (3)
shows the estimate of 85 under the assump-
tion of B1=/>=0, which means that only the
energy price affects inflation expectations.
We observe the restrictive models, that is,
those including only the developments in food
prices or energy prices (columns (1)-(3)),
exhibit a low level of adjusted R-squared
(0.02-0.05). By contrast, the full model that
includes both prices (column (4)) generates
a high level of adjusted R-squared (0.56).
These results imply that households form
their inflation expectations based on the
recent price changes in both the food- and
energy-related products.

Table 7 presents the regression result
for robustness check. We add dummies for
women, low education, and low income group.
All the coefficients for these factors are
statistically significant in the direction im-

plied by the earlier discussion. We could
include contributions of these additional
factors for the following analysis; however, it
causes an unstable estimation result due to
the limited number of samples compared
with the number of explanatory variables.
Therefore, following Diamond, Watanabe,
and Watanabe (2020), we only include the
control variable of the age cohort effect and
leave the effects of the other control variables
as the other factors.

Using the estimated full model (equation
(2)), we show in Table 8 the decomposition
of the developments in average inflation
expectations into food price factors (averag-
es of S+ Past® (i) n/°% across all sam-
ples), energy price factors (averages of
B across all samples), constant (aver-
ages of a+7yX;(7) across all samples), and
residuals (averages of &(i) across all
samples). The first, second, and third col-
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Table 8. Decomposition of the Developments in Average Inflation Expectations.

2010-2012 2013 2016-2018
average average
Expected inflation rate 0.76 1.33 1.33
Food price factors —0.06 0.00 0.39
Energy price factors —0.05 0.21 —0.21
Intercept 0.98 0.98 0.98
Residuals —0.11 0.14 0.16

Note) The expected inflation rate is over the next year. Food price factors include the cross
term with Engel's coefficient. Intercept includes the dummy variable for the elderly

(whose birth year is during 1930-1959).

umns indicate the averages of the contribu-
tion of each factor in 2010-2012, in 2013, and
in 2016-2018, respectively. The figures are
computed by averaging each contribution of
each sample by year. The contribution of
intercept includes the effect of the birth
dummy. Table 8 indicates negative food and
energy price factors in 2010-2012. Mean-
while, food and energy price factors gave
inflationary and deflationary pressure, re-
spectively, in 2016-2018. These results imply
that both food and energy price factors play
unique roles in shaping households’ inflation
expectations. We thus confirm the impor-
tance of considering changes in both food and
energy prices for the analysis on households’
inflation expectations formation, justifying
the specification by equation (2). Interesting-
ly, the unexplained component in changes in
households’ average Inflation expectations
has been exhibiting positive contributions
since 2013. Perhaps the introduction of the
two percent inflation target, adopted by the
Bank of Japan, contributed to it.

2.5 Euler Equation

We next examine the link between house-
holds’ inflation expectations and consumption
plans (the growth rate of consumption).
Following Ichiue and Nishiguchi (2015), we
convert nominal values into real values
because respondents answer their consump-
tion plans in nominal values. Specifically, we
construct the variable for the expected
growth of real consumption by subtracting

the inflation expectations from the expected
growth of nominal consumption. Here, we
assume that a consumption basket of the
consumption plan for each household is the
same as In the inflation expectations. We
denote the variable for household 7 in period ¢
by yf (7).

We first evaluate whether households’
adjustment process of their consumption
plans agrees with the standard theory and
existing studies on the empirical validity of
the Euler equations for Japanese households
(Ichiue and Nishiguchi 2015; Ichiue, Koga,
Okuda, and Ozaki 2019). In particular, we
estimate the following Euler equation,

Ayl (1) = a(i) +brf (i)

+cYi (i) nf () +e(i),

3
where a (7) is the individual level fixed effect,
£ (7) is the inflation expectations, Y;(i) is
the control variable, and &(7) is the error
term'”. The policy rate in Japan has been
near zero, and the nominal yield curve is
quite flat during the sample period. There-
fore, we reasonably assume that the nominal
interest rate is invariant for the households.
We input a variety of control variables into
Y:(i) to control the effects of demographic
characteristics and borrowing constraint on
the sensitivity of the households’ inter-
temporal consumption allocations to changes
in their underlying inflation expectations'?.
Note that because the dependent variable is
the growth rate of real consumption from
today, the income effect is expected to be
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Table 9. Estimation Results for the Euler Equation.
Dependent variable: Expected growth of real consumption over the next year.
()] (2 3) (4) (5)

Inflation expectations —0.28"** —0.32"* —0.22"* —0.23" —0.31™
over the next year (0.03) (0.05) (0.02) (0.03) (0.03)
X Birth year 0.07
(dummy: 1930-1959) (0.05)
X Male —0.12"
(dummy) (0.04)
X University graduate —0.21"
(or higher, dummy) (0.03)
X Little saving 0.05
(dummy) 0.07)
Intercept 0.35" 0.35** 0.34** 0.34** 0.35"

(0.07) 0.07) (0.07) 0.07) (0.07)
Estimation period 2010-2018 2010-2018 2010-2018 2010-2018 2010-2018
R-squared 0.32 0.32 0.32 0.32 0.32
Observations 23991 23991 23991 23965 23991
Number of households 5233 5233 5233 5226 5233
Individual fixed effect Yes Yes Yes Yes Yes
Time fixed effect No No No No No

Note) Robust standard errors in parentheses. *** denotes significance at the 1% level. The coefficients are estimated using WLS. For
birth year dummy, the baseline category is 1960-1989. Little saving refers to the answer " I am so occupied with my daily life that

I cannot save much money.”

silent about the changes in the dependent
variable®.

Table 9 shows the estimation results.
The table has five columns, and in each
column, we employ different variables into
Y:(7). Some interaction terms between
households’ inflation expectations (7f(7))
and the control variable (Y:(i)), that is,
some elements of ¢ in equation (3), are
significant. Important for us, in all columns
the coefficients for households’ inflation
expectations (b) are negative and statistical-
ly significant, which are consistent with the
Euler equation in standard economic theory
and existing studies on the empirical validity
of the Euler equations for Japanese house-
holds (Ichiue and Nishiguchi 2015; Ichiue,
Koga, Okuda, and Ozaki 2019).

We then examine our hypothesis that
the link between households’ inflation expect-
ations and their inter-temporal consumption
allocations could be state dependent. Our
strategy is to decompose individual's inflation
expectations #f(7) into the components in

equation (2). Namely, each household’s
inflation expectations are disassembled to (i)
the contribution of the recent changes in food
price (B m/%%%+ Bosi (i) %), (i) the con-
tribution of the recent changes in energy
price (Bszf™™), and (iii) the sum of the
contribution of other variables (&(7))
where (B, 52, ;) are the estimates in Table
6 and (7/%%¢ s/%(i), nf¢* & (7)) are the
household 7's variables. We call the contribu-
tions (i), (i), and (i) as “food price
factors”, " energy price factors”, and “other
factors”, respectively. We then estimate the
following empirical equation:

Aft/fﬂ\t(i)

food price factors
= a (i) + bul i+ Bost™ (1) mi24¢]

energy price factors
—t—

other factors
——
energy

+ 0, 8371’;—1 + b3 ét(i)

+e1 V(i) [Burfot+ Bost™™ (i) nfot!]

+¢ Vi(i) By g™

+esYi(i) & (i) +& (1), 4)
where a (7) is the individual level fixed effect,
b1 1s the coefficient for food price factors, b2 is
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Table 10. Estimation Results for the Euler Equation: The Role of Inflation Experience.
Dependent variable: Expected growth of real consumption over the next year.

(D 3) 4) (5)
Food price factors 0.04 —0.34™* —0.12 0.16 0.14
(0.16) (0.08) 0.17) (0.16) 0.21)
X Birth year 0.69™
(dummy: 1930-1959) (0.29)
X Male 0.33
(dummy) 0.21)
X University graduate —0.37
(or higher, dummy) (0.15)
X Little saving —0.10
(dummy) (0.19)
Energy price factors —0.12 —0.21™ —0.09 0.00 —0.16
(0.11) (0.06) (0.14) (0.11) (0.16)
X Birth year 0.16
(dummy: 1930-1959) (0.24)
X Male —0.05
(dummy) (0.10)
X University graduate —040™*
(or higher, dummy) (0.14)
X Little saving 0.08
(dummy) (0.19)
Other factors —0.32" —0.36"* —0.25"* —0.27" —0.37
(0.03) (0.05) 0.02) (0.03) (0.03)
X Birth year 0.06
(dummy: 1930-1959) 0.07)
X Male —0.13"*
(dummy) (0.04)
X University graduate —0.21"*
(or higher, dummy) (0.05)
X Little saving 0.07
(dummy) 0.07)
Intercept 0.09 0.09 0.08 0.08 0.08
(0.06) (0.06) (0.06) (0.06) (0.06)
Estimation period 2010-2018 2010-2018 2010-2018 2010-2018 2010-2018
R-squared 0.35 0.35 0.35 0.35 0.36
Observations 18490 18490 18490 18480 18303
Number of households 4744 4744 4744 4741 4734
Individual fixed effect Yes Yes Yes Yes Yes
Time fixed effect No No No No

Note)

Robust standard errors in parentheses. *** and ** denote significance at the 1% and 5% level, respectively. The coefficients are

estimated using WLS. For birth year dummy, the baseline category is 1960-1989. Little saving refers to the answer “I am so

occupied with my daily life that I cannot save much money.”

the coefficient for energy price factors, and bs
is the coefficient for other factors™.

Table 10 shows the estimation results of
(4). We find statistically insignificant coeffi-
cients for food price factors (Bia/’%+
B2s°4 (i) 7/%%%) and for energy price factors
(Bsmf™™™), but negative and statistically
significant coefficients for other factors

(&(i)). This suggests little effects of the
changes in their inflation expectations driven
by recent changes in food and energy prices
on underlying consumption decisions where-
as have significant effects of the changes in
their inflation expectations driven by other
factors. These results imply the state-
dependence of the link between households’
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inflation expectations and their Inter-
temporal consumption allocations.

We also examine whether the estimation
results on the Euler equation in Table 10
holds in actual consumption. We regress the
difference between the actual growth rate of
real consumption and the actual growth rate
of real income on food price factors, energy
price factors, and other factors. The growth
rate of actual nominal consumption depends
on the price changes between the periods;
therefore, we also include the inflation rates
of food, energy, and other prices as control
variables.

Aym(z')
= a (i) + bi[ Bt + Bost®™ (i) nf*y

+ bp Bs w5+ bs & (0) + 12

+ e+ el e (i), (5)
Table 11 shows the estimation results of (5).
The results about the sign and statistical
significance of (&, bs, b3) in Table 10 remain
unchanged’.

2.6 Summary of Empirical Results

In this section, we empirically investigated
households’ inflation expectations formation
and its implications for their inter-temporal
consumption allocations. Specifically, we
connected the literature on the determinants
of households’ inflation expectations forma-
tion and the literature on the relationship
between households’ inflation expectations
and their underlying inter-temporal con-
sumption allocations.

As is consistent with existing studies on
the link between households’ shopping expe-
rience and their inflation expectations, heter-
ogeneity of households’ inflation expectations
can be partly accounted for by their shopping
experience on daily products (food) and
energy-related products. We also find that
the changes in households’ inflation expecta-
tions lead to changes in their inter-temporal
consumption allocations, which is consistent
with existing research on the relationship

between households’ inflation expectations
and their underlying consumption decisions.

The new findings of our study are the
state-dependence of the relationship between
households’ inflation expectations and their
underlying  consumption  decisions: (1)
households do not adjust their inter-temporal
consumption allocations because of the
changes in households’ inflation expectations
along with changes in recent food and energy
prices; and (2) households adjust their inter-
temporal consumption allocations because of
the changes in households’ inflation expecta-
tions caused by other factors.

We interpret these results as follows.
Households do not adjust their inter-
temporal consumption allocations if they
change their inflation expectations along with
recent changes in food and energy prices.
This is because the changes in their inflation
expectations are driven by changes in
relative prices of food and energy prices and
they do not expect changes in other prices in
the future. Food- and energy-related prod-
ucts are daily necessities and thus house-
holds’ inter-temporal elasticity of substitution
on these items is expected to be low and the
changes in households’ expectations on
relative prices of food and energy do not lead
to changes in their consumptions.

By contrast, households do adjust their
inter-temporal consumption allocations if
they change their inflation expectations by
other factors. This is because the changes in
their inflation expectations are linked to the
shift in their expectations on the macroeco-
nomic conditions. Moreover, households’
inter-temporal elasticity of substitution on
some of the products are expected to be high,
thereby leading to the changes in their inter-
temporal consumption allocations.

In the next section, we formalize afore-
mentioned interpretation. Specifically, we
extend canonical consumption models and
show that predictions from the model are
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Table 11. Estimation Results for the Euler Equation: Role of Inflation Experience, Robustness Check.
Dependent variable: Changes in nominal expenditure from one year ago
minus changes in nominal income from one year ago

D (2) 3) 4) (5)
Food price factors —0.24 —0.50"* —0.33" —0.27 —043
(when planned) (0.11) (0.14) 0.19) (0.26) (0.28)
X Birth year 048
(dummy: 1930-1959) (0.51)
X Male 0.16
(dummy) (0.33)
X University graduate 0.03
(or higher, dummy) (0.23)
X Little saving 0.32
(dummy) (0.25)
Energy price factors 0.01 0.06 —0.01 —0.11 0.07
(when planned) (0.13) (0.35) (0.15) (0.10) (0.15)
X Birth year 0.10
(dummy: 1930-1959) (043)
X Male 0.01
(dummy) (0.24)
X University graduate 043"
(or higher, dummy) 0.22)
X Little saving —0.08
(dummy) (0.18)
Other factors —0.09" —0.15" —0.17"* —0.07 —0.21"
(when planned) (0.04) (0.06) (0.06) (0.04) 0.11)
X Birth year 011"
(dummy: 1930-1959) (0.04)
X Male 0.15*
(dummy) 0.06)
X University graduate —0.10
(or higher, dummy) (0.12)
X Little saving 0.18*
(dummy) (0.10)
CP], food —0.26" —0.25" —0.26™* —0.25"" —0.25"
(0.08) (0.08) 0.08) (0.08) (0.08)
CPI, energy —0.05" —0.05"* —0.05"* —0.05"* —0.05"*
(0.01) (0.01) (0.01) (0.01) (0.01)
CPI —0.25" —0.26* —0.25" —0.25" —0.26"
ex. food and energy (0.15) (0.15) (0.15) 0.14) (0.15)
Intercept 237 237 2.38"** 237 2.36*
(0.11) (0.1D) (0.11) (0.10) (0.11)
Estimation period 2010-2018 2010-2018 2010-2018 2010-2018 2010-2018
R-squared 0.46 0.46 0.46 0.46 0.46
Observations 12174 12174 12174 12167 12174
Number of households 4190 4190 4190 4187 4190
Individual fixed effect Yes Yes Yes Yes Yes
Time fixed effect No No No No No

Note) Robust standard errors in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. The
coefficients are estimated using WLS. For birth year dummy, the baseline category is 1960-1989. Little saving refers to the
answer “I am so occupied with my daily life that I cannot save much money.”
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consistent with our narrative interpretation
given above.

3. The Model

We consider a model of households’ inter-
temporal consumption allocations. The econo-
my is divided into many regions, and each
region is populated by a representative
household. The time is indexed by ¢ € {, —1,
0,1,, 7}, and the households’ decision is
considered in period 0. There exist two types
of goods: good A and good B. Good A
represents the food- and energy-related
products; they face large relative price
shocks. Meanwhile, good B represents goods
and services excluding food and energy, and
their prices are assumed to depend on more
stable aggregate macroeconomic conditions.
Importantly, we assume that the degree of
inter-temporal elasticity of substitution is
different between these two goods. Other-
wise, the model is a canonical consumption
allocation model, except for the information
structure we describe momentarily. In the
following, we analyze the household’s belief
updating process and inter-temporal con-
sumption allocations in a certain region.

3.1 Set-up
The representative household in each region
maximizes the following utility.

r (C#)mos  (CP)ee
{IC{}%%}IEOB’EO 1—0a + l—os [ ©)
where C¥ indicates the consumption to good
X € {A, B} in period t and (oi',08') is
inter-temporal elasticity of substitution in
consumption regarding the consumption of
goods A and B, respectively. For simplicity,
we assume additivity of the utility across
different goods. Moreover, o' is assumed to
be smaller than oz
The budget constraint in each period is
given as follows:
P& C§+PICE = 1—S,,
for period 0 and, for period ¢ € {1,2,, T},

(7
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PACA+PPCP+S, = (1+R)Si-1, (8)
where P indicates the price of good
X €{A, B} inperiod t € {0,1,2,, T}. [ is an
endowment in the initial period. S; is the
saving and must be non-negative in period 7.

R; indicates the nominal interest rate.
We assume that the economy hits the lower
bound in all periods from period 0, and thus,
1+R:=1 holds for all # € {0,1,2,, T'}.

By combining the budget constraint in
each period, equations (7) and (8), we obtain
the following single inter-temporal budget
constraint.

T
S (PACI+PPCP =1

To map our model predictions into our
empirical results, we define the price index
and aggregate consumption for the household
as follows.

P, = PAC*+PPC?,

¢, = PACIPEC?

P, ’
where (C# C?) are consumption levels in
the non-stochastic steady state. Here, no
shock occurs, and the relative prices of the
good A and the good B are normalized by 1.

3.2 Euler Equation

In the following, we denote the logarithm of
the original variable by small letter as x=
log X. Similarly, we denote deviation of the
variable from the non-stochastic steady state
by small letter with the hat as £=log X —
log X. By solving the household’s problem
characterized by equations (6), (7) and (8),
we obtain the Euler equations for two goods
as follows.

Lemma 1 (i) The optimal inter-temporal
consumption allocation of the household about
good A and B 1s

L g,

A Al —
Eoléft—¢4'l o

9

1
Bolef—cf] = ———Eolaf].  (10)
B
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(i1) The optimal inter-temporal consumption
allocation of the household about consumption
N

1
Eoléi—c] = —w—Eol ri']
04

—<1—w)6iBE0[nf], (11

CA
where w = W €(0,1).
Proof: See Appendix B. 1.[]

Lemma 1 states that the expected
growth rate of the consumption of the good
between two periods solely depends on the
underlying inflation expectations of the good
(equations (9) and (10)) because the nomi-
nal interest rate is zero. In addition, the
growth rate of consumption can be expressed
as a weighted sum of sectoral inflation
(equation (11)).

An important observation is that the
changes in the households’ inflation expecta-
tions on each good (Eol[xf'l, Eolxf]) cause
smaller adjustments of the households’ con-
sumption allocation (Eoléi—c]) if the
inter-temporal elasticity of substitution Iin
consumption for the households on the good
(oa',05') is low (equation (11)). We then
examine the dynamics of the households’
inflation  expectations on each good
(Eo[ﬂ'f‘], Eo[ﬁf;] )

3.3 Inflation Expectations Formation
3.3.1 Inflation dynamics and information
structures

We assume realistic inflation dynamics. First,
we assume that the dynamics of inflation of
both goods A (energy- and food-related
products) and B are somewhat persistent.
Second, we assume that the inflation dynam-
ics of good A is driven mainly by relative
price shocks.

Specifically, we set-up the following
inflation dynamics in a reduced form and
estimate the parameters with Japanese data
for quantitative exercise'.

Pt = O telf+eb, (12)
PP = O,+ef, (13)
where 6, is the linear combination of aggre-
gate variables and &F is the linear combina-
tion of region-specific variables, which are
assumed uncorrelated to each other. & is a
relative price shock.
The law of a motion of the variables is
given by

Oy = O-rtety, (14)
& = pSt—1+5:9, (15)
et = e+ of, (16)
et = ettt a7
nit = panit1+ 64, (18)

where 7 is fixed (during the same monetary
policy regime), and for analytical simplicity,
we assume 7/-s= 0= 0/-s=0, for s=0, 1, 2, ,
until the period 0. Given equations (12), (13),
(14), (15), (16), (17), and (18), inflation
dynamics (7= pi* — pit1 and 7= pf —pi1)
1s expressed as follows.

7 = a+oftnitty, 19

7P =etof+7. (20)
The distributions of &, 6F and 64 are
assumed as

8f ~ N(0,08), (21
8F ~ N (0, 7&), (22)
8t ~ N(0, 73). (23)

Note that by taking logarithm and the first-
order approximation of

P. _ PACAHPPCE
Py PACA+PE.CE
L ST
_ PP PP
PEs Placay oo’

t—1
around the non-stochastic steady state, the
aggregate inflation rate is expressed as
= rt+w(pit—pf) —w (piti— pis)
= wrf+(1—w)nf
where 7,=In p;—1In pr-1.

The key setting of the information
structure is that the households in period ¢
cannot observe 6,&f, and &' directly, but
they can observe p# and p7. Namely, they can
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observe the changes in prices, but they
cannot observe the distinct factors behind the
price changes. Therefore, they infer the
contribution of each variable ({6, &, &*}) to
price changes ({p#, p#}) following Bayes’
law. These information structures capture
the situation that the households rely mainly
on their shopping experiences when they
form their inflation expectations as indicated
by existing empirical literature.

3.3.2 Bayesian updating

Under the information structures character-
ized by equations (12), (13), (14), (15),
(16), (17), and (18) and distributions (21),
(22), and (23), we derive the household’s
inflation expectations as follows.

Lemma 2 (1) The household’s inflation
expectations about goods A and B are,
respectively, given as

Eolri] =0 =y (x¢—7)
[od+73]7! M
T oA g 0T
(24)
-2
T
Eol7f] =pﬁ@_z(n§—y)+7. (25)

(it) The households’ inflation expectations
about aggregate price is given as
[of+ ]

_ _LOGTTRI 4

Eo[ﬂ-l] w4 [0-,92+T12g]_1+2';2 (71-0 7)
=2
TR B__

+p7§2+d€_2 (zd—7)+vr, (26)
CA
h =———-¢€ (0,1)
whnere w CA+CB

Proof: See Appendix B. 2.[]

Lemma 2 shows that the changes in the
inflation rate of each good in the current
period affect households’ inflation expecta-
tions. This is because the households employ
Bayesian updating of their beliefs about
persistent shocks (67, 6#). This is our
interpretation of the effects of shopping
experience for households’ inflation expecta-
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tions formation observed in Section 2. 4. The
equation (26) also indicates important obser-
vation that the effects of the changes in the
inflation rates of goods A and B on the
households expectations on aggregate infla-
tion vary depending on the structural param-
eters of inflation dynamics (o, 0a, 04, 73, T4,
t#). Importantly, the aggregate inflation
expectations (Eolm]) are affected by both:
the expectations about the contribution of

relative price shocks (a) —[65+T12e]_1
A% = =

b Ol 3+ B+ 2
(mf’—y)) and the expectations about

the contribution of aggregate conditions
-2

_ R . B_ )
(p tor? (n8—1v) +7). However, the role

of the inflation dynamics of good A (x¢') in
shaping households’ inflation expectations is
different from that of good B (xf). The
households view the changes in the inflation
of good B as a noisy signal for the changes in
macroeconomic conditions, and thus, they
update their inflation expectations by pre-
suming the changes in future macroeconomic
conditions. Meanwhile, the households regard
the changes in the inflation of good A mainly
as a noisy signal for the relative price shocks,
and thus, they revise their inflation expecta-
tions by expecting the relative price shocks in

the future'”.

3.4 Inflation Expectations and
Consumption Plan

By combining lemma 1 and 2, we obtain the

following relationship between the inflation

expectations and consumption plan.

Proposition 1  The household’s consumption
plan depends on each component of inflation
expectations:

EO[EI_EO]
= o Bolnt]— (1—w) = Eolzf]
UA 0 1 GB 0 1

1 [of+ k]

A
) - — (o —
O‘A‘OA[O‘g‘FT]ze] 1+Z'A2( 0 7)
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—(wi+(1—w)0i3>lES)[m],

on (28)

CA
C*+C*

loé+ 73]
Et[m] = pAm(ﬂéq—?’),

where w = € (0,1),

Ef[m] = (z¢—7) +7.

O+ 07

Proof: By substituting equation (24)
and (25) into equation (11), we obtain the
result above.[ ]

In equation (28) of proposition 1,
E#[m] corresponds to the changes in
household’s inflation expectations by food and
energy price factors, and E{[m] is equiva-
lent to those by other factors. The impact of
changes in inflation expectations by food and
energy price factors (E¢[r:]) on the inter-
temporal consumption allocation depends
only on the inter-temporal elasticity of
substitution in consumption regarding the
consumption of good A (o0x'). This is
because the changes in inflation expectations
by food and energy price factors (E&[m])
entail the changes in inflation expectations
about good A, but not those about good B.
Meanwhile, the impact of changes in inflation
expectations by other factors (E¢[z1]) on
the inter-temporal consumption allocation
relies both on the inter-temporal elasticity of
substitution in consumption regarding the
consumption of goods A and B (o1, 05!).
This is because the changes in inflation
expectations by other factors (E§[m])
imply changes in macroeconomic conditions
and thus affect the inflation expectations
about both goods. Hence, the equation

B %

indicates that the link between the house-
holds’ aggregate inflation expectations and
their inter-temporal consumption allocations
could change depending on the factors
shifting the households’ aggregate inflation
expectations.

Equation (27) of proposition 1 shows
that changes in the inflation rate of each good
in the current period affect households’ inter-
temporal consumption allocations, and the
effects depend on the structural parameters
of inflation dynamics (o, 04, 07, 74, T8, T7).

Proposition 2

6E0[51_50] aEO[él_éO] ‘
JEAm] | S| ECIm] | ol
Proof: From equation (28),
0Bolai—6l | 1 1 . 1 _
DB ] | Yo, g, TUT@) =
an[El_EO]
TRl holds.[]

Inequality in the equation of proposition
2 shows that consumers adjust the expected
growth of the consumption to a smaller
extent if food and energy price factors drive
the changes in their inflation expectations.
Meanwhile, if other factors drive the changes
in their inflation expectations, they adjust the
expected growth of the consumption to a
larger extent. This theoretical prediction
explains our empirical observation in section
2.5 when oz1' is sufficiently small.

The result can be intuitively interpreted
as follows. The changes in inflation expecta-
tions driven by changes in price of good A do
not lead to changes in the expectations about
the price of good B because the price of good
A iIs mostly determined by relative price
shocks. Therefore, the households adjust
their inter-temporal consumption allocations
of good A only slightly, because the inter-
temporal elasticity of substitution regarding
good A is low. Moreover, they do not adjust
their inter-temporal consumption allocations
of good B because they expect the price of
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Table 12. Calibrated and Estimated Parameter Values in a Baseline Case.

o Persistence of changes in aggregate variables 0.81
oa  Persistence of changes in food and energy variables 043
o0f  The variance of changes in aggregate variables 051
ri  The variance of changes in food and energy variables 223
% The variance of regional shocks 0.23
w  Proportion of the expenditure on food and energy 04
oa' Inter-temporal elasticity of substitution, food and energy 0.2
oz' Inter-temporal elasticity of substitution, non-food and energy 05

good B does not change much in the future.
By contrast, if the changes in the price of
good B drive the changes in inflation
expectations, the households adjust their
inter-temporal consumption allocations of
good B.

3.5 Mapping the Model to Empirics

This subsection demonstrates the explanato-
ry power of the calibrated version of our
model about our empirical observations in
section 2.

3.5.1 Calibration and estimation strategy
To discipline our analysis, we estimate the
parameters of the inflation dynamics using
the data on regional consumer price indexes
in 1985-2019 in Japan'®. We then use the
estimates for the wvalues of parameters
(p, 04,08, 74, 78) to evaluate the models
prediction numerically. Appendix C shows
the detailed explanation of our estimation
strategy'?.

The proportion of the expenditure on
food and energy is calibrated as 0.4 because
the approximated values of the averages of
the Engel’s coefficients across the samples in
each year is around 0.35, and we add the
weight for energy-related products that is
assumed to be about 0.05. For the inter-
temporal elasticity of substitution in con-
sumption of goods A and B, we set 04a'=0.2
and 05'=05, respectively. The data are
summarized in Table 12.

3.5.2 Inflation expectations formations
First, we examine the relationship between
the households’ shopping experience and
their inflation expectations in equations (26).
The contributions of the factors to inflation
expectations (¢, 7§) are given by

0Eo[m] [of+ k]!

ord Yo+ rE i (29)
61@0[7[1] . 2'1;2

o Urttor?

By substituting the parameters in Table
12 into the equations (29), we obtain
OEo[ ] - B[] -
o 0.13, o 0.56.
Therefore, the theoretical prediction about

the effects of food and energy price factors on

inflation expectations (M ~O.13) Is in

ord "
. . 0Bl
a range of the point estimates of # for
0

food prices and energy prices that are 0.21
and 0.05, respectively. Note that if 73, that is,
the variance of relative price shocks on good
A, is small, the effects of changes in inflation
of good A do not lead to changes in inflation

expectations (of the general price). That is,

0Eolx ..

% becomes smaller. This is because
0

small 74 means that the aggregate inflation is

affected by the relative price shocks on the

good A only weakly.

3.5.3 Euler equation

We then evaluate the model on the relation-
ship between the contributions of food and
energy price factors and other factors to infla-
tion expectations and the underlying inter-
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temporal consumption allocations in equation
(28). The contributions of the factors to
inflation expectations (E¢[m], E¢[m]) are

0Bolei—6) _ _ 1
6E€[ﬂ1] oa’
0Eolé1—éol

= —<w%+ (1—w)%3>.

A

(30)
As before, by substituting the parame-
ters of Table 12 into the equations (30), we

have
aEO[EI_EO] aEO[El_EO]

a]Ef)‘l[ﬁJ aE(())[fh]

which is consistent with the estimates in
Table 10. Namely, the sensitivity of consump-
tion to the changes in inflation expectations
by food and energy price factors is not
significant, and the sensitivity to the changes
in inflation expectations by other factors is
around -0.32. Note that if w, that is, the
weight of good A for the consumption basket
in the non-stochastic steady state, is larger,

aEg[ﬂ1]

~ —0.08, ~ —0.38,

a EO [ 51 - 50]
the absolute value of OE "AA[ p, ]A takes
larger values, and that of M would

aEg[ﬂ'l]

be smaller. This is because the higher the
weight of good A (B) for the consumption
basket, the more heavily the inter-temporal
allocation of consumption depends on the
inter-temporal consumption allocation of
good A (B).

Therefore, our model can replicate our
empirical results with a reasonable set of
parameters summarized in Table 12.

4. Concluding Remarks

Utilizing the micro-level panel dataset con-
structed on the basis of household surveys in
Japan, we show the state-dependency of the
link between the households’ inflation expect-
ations and their underlying inter-temporal
consumption allocations. We find that
changes in households’ inflation expectations
by the food and energy price fluctuations do

B %

not affect their inter-temporal consumption
allocations, whereas changes in their inflation
expectations owing to other factors lead to
the adjustment of their inter-temporal con-
sumption allocations. We then propose a
model of households’ inter-temporal con-
sumption allocations that can consistently
explain our empirical results with reasonable
parameter values. Our finding provides a
new Insight into a recent discussion on
inflation expectation and consumption. Our
results suggest the necessity to carefully
monitor the factors causing shifting inflation
expectation to assess their impacts on the
economy.

('Institute of Economic Research, Hitotsubashi
University, *Bank of Japan,
SBank of Japan, "Bank of Japan)

A. Additional Results in Empirical Analysis
This Appendix explores the information
reflected by the “other factors”. Food and
energy price factors capture most of the
effects of recent shopping experiences on
households’ inflation expectations. Thus,
other factors should be related to, among
other things, households’ shopping experi-
ence on other items and their economic
outlook. We first regress households’ expecta-
tions about the growth rate of the one year
ahead aggregate nominal wages on inflation
expectations. As shown in column (1) of
Table 13, the inflation expectations have a
positive correlation with the expected nomi-
nal aggregate wage?.

We next regress households’ expecta-
tions about the growth rate of the one year
ahead aggregate nominal wages on “food
price factors”, “energy price factors”, and
“other factors” of the inflation expectations,
respectively. Food price factors and energy
price factors have a negative relationship
with the expected wages (columns (2) and
(3)). By contrast, the relationship between
other factors and the expected wages is
positive and significant (column (4)), which
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Table 13. Estimation Results: Expected Wage and Inflation Expectations.

Dependent variable: Expected growth of nominal wage over the next year.

1

(2) (3) (&)

Inflation expectations 0.16™

(0.00)
Food price factors —0.01™*

(0.00)
Energy price factors —0.34"*
(0.00)
Other factors 0.12"
(0.00)

Intercept 513" 5.35"* 5.26™* 5.32"*

(0.00) (0.00) (0.00) (0.00)
Estimation period 2017-2018 2017-2018 2017-2018 2017-2018
Adjusted R-squared 0.69 0.74 0.68 0.74
Observations 3533 2834 3556 2829
Number of households 2034 1741 2043 1737
Individual fixed effect Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes

Note) Robust standard errors in parentheses. *** denotes significance at the 1% level.

is the same in column (1). These results
suggest that households lower their income
outlook in real terms when they increase
their inflation expectations based on the
shopping experience on food and energy-
related products (i.e, relative price changes)
whereas the increase in households’ inflation
expectations driven by other factors does not
lead to the downward revision of the
expected real wage.

We interpret the observations in Table
13 as follows. If households change their
inflation expectations along with recent
changes in food and energy prices, they
expect mainly relative price changes about
food and energy and do not expect the shift of
general prices. Therefore, they do not expect
the changes in nominal wages which should
be linked to the general prices. On the other
hand, if households change their inflation
expectations by other factors, they expect
the shift of general prices and nominal wages.

For robustness checks, we conduct the
same exercise by changing the explained
variable from the expected growth rate of
nominal wage to the expected growth rate of
household's own nominal income, and the

estimation results are shown in Table 14. We
then confirm that our main results in Table
13 remain intact; that is, only other factors
have a positive relationship with the expect-
ed growth rate of nominal wages. Meanwhile,
the correlations between food and energy
price factors and the expected growth rate of
their own nominal income are not statistically
significant unlike the case of the expected
growth rate of nominal wages.

B. Proofs

B.1 Proof of Lemma 1

Optimality conditions. We set the Lagran-
gian for the representative household’s
maximization problem as follows.

[ (G0 (G
{g‘},ag;}tgoﬁ Eo 1—0a 1—o05

T
+A{[—§O [p;*cf+p,3ct31]

—+

where A is Lagrange multiplier. The first-
order  conditions  with  respect to
{C&, CE Cft, CE} are, respectively, given as
follows.
(C$H)™ ™ —APs = 0,
(C§)™7"—APF = 0,
EolB(CH)™—AP{] =0,
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Table 14. Estimation Results: Expected Incom and Inflation Expectations.
Dependent variable: Expected growth of nominal income over the next year.

(D (2 3 4
Inflation expectations 0.10™"
(0.03)
Food price factors 0.07
(0.08)
Energy price factors 0.28
(0.24)
Other factors 0.09"*
(0.03)
Intercept —0.94* —0.81** —0.85"* —0.79*
(0.03) (0.0D) (0.02) (0.00)
Estimation period 2017-2018 2017-2018 2017-2018 2017-2018
Adjusted R-squared 040 042 040 042
Observations 2606 7940 3213 7738
Number of households 5140 4671 5187 4642
Individual fixed effect Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes

Note) Robust standard errors in parentheses. *** denotes significance at the 1% level.

Eo[B(CP)™2—APF] = 0.
Using these equations, we obtain the
following conditions for inter-temporal con-
sumption allocations of good A and B.

| (G )] = om] (56
— BEs| 13| @D
o ("] -l g 0

Similarly, we also obtain the conditions
for intra-temporal allocation between good A
and good B as follows.

Log-linearization. By taking logarithm and
first-order approximation of equations (31),
(32), (33) and (34) around the non-
stochastic steady state, we obtain the follow-
ing conditions.

1

Eoléf—éd]l = ——Eolni'],
oA

(35)

1
Eocf—éf] = —?Eo[ﬁf], (36)
B

—o0acd+ose8 = pit—pé, (37)
—0aA Eo[ffl] +O‘BE0[CA‘€] = Eo[pi‘l_ﬁf;].
(38)
Note that conditions (35) and (36) can
be reconciled with conditions (37) and (38)
as follows. If conditions (35) and (36) are
satisfied, then the following equation must
hold.
04 Eo[ffl—féq] _UBEO[ElB_E(?]
= —Eolpf'—ps'l + Eo[pi—p¢].
If conditions (37) and (38) are satisfied, the
equation above also holds.
PACA+PECE

The consumption | Ci= 2
t

is expressed as follows.

A
(55 )t
(P,A
PP

P

S |n C;: 11’1<<P7t3>c:A+CtB>
A
—1n((P‘ )CA+CB)

PF
e

Ct_é
=4 — X — — =
C ci+ct
cP-C”

CB

Ct:

Jcrtce
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CA4+CB\ P
cA /
_CLH?< )
_ c4 c4 _
S 6= MC?‘-F(I—W)QB.
Therefore, using (35) and (36),
=4
Eo[él_fo] = C_:AiC_:BEo[él 50]
~A
(12 Bl et—at)
~A
1
= - C‘S—CB?EO[”I]
a
1
_(1_CACEF(_:B>O‘BEO[”1]’
holds. []

B.2 Proof of Lemma 2
To begin with, we show the households’
updating process of their beliefs about
current economy. Denote the expectations
operator after observing p¢' and p¢ by E..
Then,
2 21-1
Eol78] = %(m{l—
-2

== = (=),
R [4

7),

Eo[&]

hold.
Next, we derive the inflation expecta-
tions as follows. With respect to the expecta-

tions on each shock,
Eo[% ] = Eo[ﬁAﬁ +51 ]

_ [oF + k] (7h—y)
O ot t B o )
E0[61R] = Oy
Eo[&] = E0[050+831]
Z_,—Z
:‘Ofd—z(ﬂo 7),

hold. Therefore, the inflation expectations
about each good is
Eolnf] = Eolei+6f+nf+71]

-2

T®
prgz(ﬁo 7)
o5+ r2]7"
oy T (rp—y) 4y,
pA[652+T1%] 1+TXZ (7f0 ?’) 4

Eo[ﬂ'f}] = Eo[&"‘sf"i‘?’]
—y)+7.

Aggregate inflation expectations is
Eo[ﬂl] = a)Eo[ﬂ ] + (1 CU) Eo[ﬂ'l ]

= [65+TR] ! (ﬂ_'A_ )

P ey e
TR

0=y o2 (xg—7y) +y[

C. Estimation Strategy of Inflation Dynam-
ics

This appendix explains our estimation strat-
egy of inflation dynamics in the model
(equations (19) and (20)) using Japanese
data of regional (47 capital cities) and
product-level consumer price indices (the
inflation rate of food- and energy- related
product for 77 and the inflation of all items
excluding food and energy for =). The
sample period is 1985-2019 and thus we have
35 observations in each city.

The equations (19) and (20) are sum-
marized as follows.
7t (i) = per1+ 67+ 08 (i) +oaniti+ ot + 7,
7t (i) = ogr-1+67+ 68 (1) + 7.
where &6/~ (0,0%),0% (i) ~A (0, 7%), and
A~ (0,73). (x (i), 7£(i)) are inflation
rates of goods A and Bincity i € {1,2,3,, 47}
and 67 (i) is the regional shock in city
1€1{1,2,3,,47}. The period ¢ takes ¢ € {1985,
2019}. The number of total observation is
thus 47 X 35=1645.

The parameters for our interest are
(p, pa, 04, 74, T, 7:). The unobservable varia-
bles are (e-1,6F 0F (i), n, 0) and the
observable variables are (77 (7), 77 (i)). We
estimate these parameters step by step as
follows.

First, we estimate the parameters
(oa, 3). By subtracting 77 (i) from 7/ (7),
we obtain the following equation.
7t (1) =P (i) = paniti+64

= 05477?4—2"‘0,45:41"‘5;4
= 0A(7l':A;1(Z') —ni(1)) +5:A.
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(i) —nP(i) and #iAi (i) —7xE.i(i) are
observable, and 8 ~/(0, 73) is assumed to
be white noise; hence, we estimate pa by
ordinary least squares. We then estimate 73
as the variance of error terms in the
regression. The estimates are given by,
(04, 74) = (043,2.23).

Next, we estimate other parameters
{0, 08 & v}. In so doing, we employ kalman
filtering with the following observation
equation and state equation. We set diffuse
priors in the initial prior.
Observation equation: 77 (i) = oegi—1+67

+ 5tR (1) + Y,
State equation: & = oe—1+ 067,
where,
of ~ /V(O, Gg),
OF (1) ~ N (0, 73),
v = vD[t < 2010]
+7D[2010 < t < 2012]
+v.D[t > 2012].

We assume that y: changed in 2010 and 2013.
The estimates of the parameters are

(0, 04, 03, T4, Th, 70, 71, 72)

= (0.81, 043,051, 2.23,0.23,0.54, 0.78,0.97) .

Notes

* The authors thank Naohito Abe, Kosuke Aoki,
Yoshiyuki Nakazono, Etsuro Shioji, Kensuke Teshima,
and seminar participants at Hitotsubashi University for
valuable comments. This research uses the microdata
from the Preference Parameters Study of Osaka
University's 21st Century COE Program “Behavioral
Macrodynamics Based on Surveys and Experiments”
and its Global COE project “Human Behavior and
Socioeconomic Dynamics.” We acknowledge the follow-
ing program/project’s contributors: Yoshiro Tsutsui,
Fumio Ohtake, and Shinsuke Ikeda. The views ex-
pressed in this paper are those of the authors and do not
necessarily reflect the official views of the Bank of
Japan.

1) The influence is also seen in the literature on
government spending multipliers (Christiano, Eichen-
baum, and Rebelo 2011).

2) Ueda (2010) found a similar result in Japan using
aggregate data.

3) Several studies find a consistency, at least

w5

partially, between consumers’ inflation expectations
formation and the rational inattention framework
developed by Sims (2003). For example, Cavallo,
Cruces, and Perez-Truglia (2017) and Driger and
Lamla (2017) found the link between aggregate
inflation volatility and consumers’ inflation expectations.
Ichiue, Koga, Okuda, and Ozaki (2019) showed that
observed heterogeneity in patterns of Japanese consum-
ers’ inflation expectations formation is consistent with
the rational inattention framework.

4) Ichiue, Koga, Okuda, and Ozaki (2019) and
Nakajima (2020) examined the households’ consump-
tion decisions using the same dataset.

5) The maximum number of households is 6,181 in
the 2009 wave, and the minimum is 1,696 in the 2018
wave.

6) The first and last categories do not have the
midpoint as they indicate open ranges. On the inflation
expectations, we assign minus 5% for the first question
“Decrease by at least 45%.” As a more statistical
approach, a generalized beta distribution or a spline
extrapolation for the first and last categories could be
used.

7) Kamada, Nakajima, and Nishiguchi (2015)
showed the heterogeneity of Japanese households’
inflation expectations using the “Opinion Survey”
conducted by the Bank of Japan.

8) See, e.g, Jonung (1981), Bryan and Venkatu
(2001), Souleles (2004), Clark and Davig (2008),
Blanchflower and MacCoille (2009), Pfajfar and Santoro
(2009), Coibion and Gorodnichneko (2015a, b), Wong
(2015), and D’Acunto et al. (2019).

9) In April 2014, the consumption tax rate was
increased. National statistics show that consumption
increased abruptly right before the tax rate hike mainly
around January to March 2014. Our data do not include
the year 2014; hence, we do not observe any significant
influence of the tax rate hike.

10) This is a so-called adaptive nature of inflation
expectations (Nishino, Yamamoto, Kitahara, and Naga-
hata 2016) or intrinsic persistence in inflation expecta-
tions (Fuhrer 2017a, b).

11) This formulation is a linear approximation of the
original Euler equation derived from a standard
theoretical model. We omit higher conditional moments
by assuming that they are approximately time-
invariant and therefore captured by the individual fixed
effect. For further details, see, for example, Attanasio
and Low (2004), Attanasio and Weber (2010), and
Jappelli and Pistaferri (2010, 2017).

12) We use the answers to the question “T am so
occupied with my daily life that I cannot save much
money” as a proxy for the degree of borrowing
constraint. We exclude households changing the num-
ber of their household members through the sample
periods. We also exclude a time fixed effect because it
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would reduce the rank of the coefficient's covariance
matrix in computing robust standard errors.

13) If the households face tight borrowing con-
straints, the changes in households’ income could affect
the changes in consumption growth. However, as shown
in Table 9, a cross term for the inflation expectations
and borrowing constraint on expected consumption
growth is not statistically significant. This evidence
implies that most of the samples might not hit their
borrowing constraint after the global financial crisis.

14) We recognize that inflation expectations are
intrinsically endogenous in the entire model. We extract
the effect of control variables from the inflation
expectations, but the other factors may cause an
endogeneity issue in the regression. Finding an appro-
priate instrument to solve the issue is challenging; thus,
we leave it as future work.

15) In addition, to explore the difference in the
property of inflation expectations in these two cases, we
regress their nominal aggregate-wage expectations on
their inflation expectations driven by each factor (food
price factors, energy price factors, and other factors).
We find a positive relationship between changes in
households’ inflation expectations caused by other
factors and their expectations on nominal aggregate
wages in one year. By contrast, the changes in
households’ inflation expectations along with changes in
recent food and energy prices do not have a statistically
significant relationship with their expectations on
aggregate nominal wage. For details, see Appendix A.

16) The law of motion of the reduced-form inflation
dynamics basically follows Vellekoop and Wiederholt
(2017).

17)  The households do not use the inflation dynam-
ics of good A as a noisy signal for the changes in
aggregate conditions because it does not provide extra
information on macroeconomic conditions if the house-
holds observe the inflation dynamics of good B. Note
that the inflation dynamics of good A is the sum of the
inflation dynamics of good B (i.e., the noisy signal for the
macroeconomic conditions) and additional noise (i.e.,
relative price shocks).

18) For the details of the statistics, see https:
//www .stat.go.jp/english/data/cpi/index.html.

19) Regarding the parameter 7, the Bank of Japan
introduced the inflation goal at one percent in 2012 and
the inflation target at two percent in 2013. We estimate
¥ by assuming that it is fixed before the Global Financial
Crisis, and that it shifted to some extent up to the
introduction of the inflation target. The estimation
results for 7 are 054 (1985-2009), 0.78 (2010-2012),
and 097 (2013-2019).

20) The survey started to ask about the expected
nominal wage from 2017 wave, and thus the sample
period is only 2017 and 2018 in this estimation.
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