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Abstract

This paper examines a possible nonlinearity in the pass-through to CPI inflation of
increases in firms' input costs. Using Japanese data, the paper empirically investigates
whether the degree of the pass-through rises when increases in costs exceed a certain
threshold. Three main empirical results are obtained. First, there is a statistically
significant nonlinearity in that the pass-through to CPI inflation of increases in producer
prices, exchange rates, and wages rises once the increase in each of these variables exceeds
a certain threshold. Second, our nonlinear model is superior to the linear model used in
previous studies in terms of in-sample model fit and out-of-sample forecasting
performance, suggesting that the linear model underestimates the degree of the pass-
through of an input-cost increase that exceeds the threshold while overestimating that of a
smaller input-cost increase. Third, the estimated impact of the nonlinear pass-through of
increases in producer prices and exchange rates on CPI inflation is often transitory,
whereas that of wage growth tends to be persistent due to the observed higher inertia in
wage growth. These results suggest that whether a nonlinearity will arise in the pass-
through of wage growth is one of the most important issues for future developments in
CPI inflation.
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1. Introduction

In 2022, against the backdrop of several factors such as the surge in global commaodity prices
and the depreciation of the yen, firms in Japan faced a rapid and large increase in their input
costs and many of them ended up raising their selling prices. As a consequence, the year-on-
year inflation rate of the consumer price index (CPI) reached as high as that in the early
1980s and recorded the highest level of CPI inflation in around four decades, as can be seen
in Panel 1. There have been a number of studies examining the relationship between firms'
input costs, such as crude oil prices and exchange rates, and the CPI, many of which assume
in their empirical analysis a linear relation between changes in these costs and CPI inflation
(see for example, Campa and Goldberg, 2005). However, the recent price-setting behavior
of firms suggests a possible nonlinearity in the impact (i.e., pass-through) of the cost
increases to CPI inflation, such that the degree of pass-through depends on the magnitude of
increases in the input costs. For instance, we may consider that firms keep their selling prices
unchanged as long as an increase in their input costs is less than a certain threshold; once the
increase is more than the threshold, the firms end up raising the prices. In this case, the
degree of the pass-through of the increase in input costs to CPI inflation rises once the

increase exceeds the threshold.

The possibility of nonlinearity in the pass-through to inflation suggests that linear
models used in previous studies could underestimate the degree of the cost pass-through to
inflation for periods when the cost variables increase rapidly and markedly. Against the
backdrop of the recent high inflation across the globe, the nonlinear dynamics of inflation
have attracted attention from both academics and policymakers as one of the most important
issues from the perspective of monetary policy conduct (Taylor, 2000; BIS, 2022; Borio et
al., 2023; Gopinath, 2023).

A growing body of literature on the nonlinear pass-through has used so-called threshold
models.! For example, Colavecchio and Rubene (2020) develop a regression model in
which the degree of the exchange-rate pass-through to inflation rises when changes in the
exchange rate exceed a threshold. Their study sets the threshold equal to one standard
deviation of changes in the exchange rate during the estimation sample period and finds
nonlinearity in the exchange-rate pass-through in the euro area. Caselli and Roitman (2019)
report that the degree of the exchange-rate pass-through to inflation for emerging market

! In addition to those with threshold models, there have been empirical studies on the nonlinearity of pass-
through that use time series models with regime switching. See, for example, Shintani et al. (2013), who
use a smooth transition model in which the values of model parameters evolve gradually with regime
switching, and show that the degree of the exchange-rate pass-through to inflation depends on the past
inflation rate in the U.S.



economies increases when changes in the exchange rate exceed the threshold. Likewise, Ben
Cheikh et al. (2018) point out that the degree of the exchange-rate pass-through increases
during periods of economic expansion in the euro area. As for Japan, Yagi et al. (2022) show
that the pass-through of changes in raw material costs and exchange rates tends to rise during
periods of high volatility in upstream costs and exchange rates, as well as in periods of
economic expansion.

Many previous studies estimate the degree of the nonlinear pass-through for only one
cost variable. However, we can consider the possibility of nonlinear pass-through for each
of multiple cost variables. If the pass-through is indeed nonlinear for some of them, the
econometric approach employed in the previous studies leads to a biased estimate. Moreover,
most of the previous studies choose a fixed value for the threshold of the cost variable. For
example, Colavecchio and Rubene (2020) set the threshold for changes in the exchange rate
to be one standard deviation of the changes during the estimation sample period. However,
the existence and levels of thresholds are unknown a priori.

This paper develops a threshold model for the nonlinear pass-through of multiple cost
variables in order to estimate correctly the degree of the nonlinear pass-through to inflation
and proposes an econometric approach to estimate the degree of the pass-through, including
thresholds for multiple cost variables. We then investigate whether a nonlinearity is present
in the pass-through of cost variables (i.e., producer prices, exchange rates, and wages) to CPI
inflation, using Japanese data.

Our main empirical results are threefold. First, there is a statistically significant
nonlinearity in the pass-through of increases in producer prices, exchanges rates, and wages
to CPI inflation. The degree of the pass-through rises significantly once the cost increases
exceed their respective estimated thresholds. This implies that a rapid and large cost increase
could push inflation up in a nonlinear manner through not only the large size of the cost
increase itself but also the associated increase in the degree of its pass-through.

Second, our nonlinear model is superior to the linear model used in previous studies in
terms of in-sample model fit and out-of-sample forecasting performance. The linear model
underestimates the pass-through of an input-cost increase that exceeds the threshold while
overestimating that of a smaller input-cost increase. Moreover, using a linear model to
forecast inflation could underestimate the future path of inflation in the face of a rapid and
large increase in input costs.

Third, the historical decomposition of the year-on-year CPI inflation rate based on our
estimated nonlinear model shows that the estimated impact of nonlinear pass-through of

increases in producer prices and exchange rates on inflation is often transitory, while that of



wage growth tends to be persistent due to the observed higher inertia in wage growth. This
empirical result suggests that if wage growth increases in the future, the nonlinear pass-
through of wage growth will be one of the most important issues for future developments in
CPl inflation after the nonlinear pass-through of producer prices and exchange rates emerged
in 2022,

The remainder of the paper is organized as follows. Section 2 describes our econometric
approach and data for the nonlinear pass-through. Section 3 presents the empirical results of
the nonlinear input-cost pass-through to CPI inflation. Section 4 concludes.

2. Econometric approach and data

This section explains the formulation of our approach to specifying the nonlinear pass-
through. Panel 2 shows an illustration of our threshold model. A standard linear model
assumes that the degree of the pass-through is constant, not depending on the magnitude of
increases in a cost variable. By contrast, following previous studies such as Colavecchio and
Rubene (2020) among others, our nonlinear model addresses the possibility that the degree
of the pass-through rises once the increase in the cost variable exceeds its threshold as the
cost-push pressure to inflation is kinked upward above the threshold. Our baseline model
assumes that the nonlinearity of the pass-through emerges only for increases in cost variables.
As a part of robustness checks, we consider both nonlinearities for increases and decreases
in cost variables, setting not only an upper threshold but also a lower threshold below which

the pass-through can vary in a nonlinear manner.
2-1. Econometric model
We consider the following threshold regression model:
K
ye=c+ z Bi* Xie-n + Z)/i "Kie-n I[Xie-n > dioy]) + & (1)
i=1 i=1

where y; is the year-on-year change in the CPI as the dependent variable. The explanatory
variables x;._ are the year-on-year growth rates of firms' input costs and the level of
economic slack in the economy.? I[-] is the indicator function that takes a value of 1 if the

condition specified in the brackets [-] is satisfied, otherwise a value of 0. o; is the standard

2 When we run the regression, we standardize each explanatory variable by the mean and variance within
the sample period. The coefficients excluding the constant term are re-scaled to the variation before

standardization in the estimation result in Section 3.



deviation of the i-th explanatory variable (x;;) within the sample period.

The second term on the right-hand side of Eq. (1) accounts for the traditional linear pass-
through. The third term captures the additional pass-through emerging when the growth rate
of the i-th cost variable exceeds its threshold (d;0;). Thus, the degree of the pass-through is
Bi; when the growth rate of the cost variable is below the threshold, and changes to (f; +
y;) when the growth rate is above the threshold. If y; is statistically significant from zero,
therefore, it implies the existence of a nonlinear pass-through for increases in the cost
variable. As in the third term, the threshold is defined as d;o;, which is the standard
deviation of each cost variable mupltipled by d;. This set-up enables us to easily define the
range of thresholds for multiple variables, each of which has a different variance. Our

estimated d; measures the thresholds in units of the standard deviations (ag;).

Most previous studies using the threshold models described above set pre-determined
levels for the thresholds. For example, Colavecchio and Rubne (2020), who study the
exchange-rate pass-through in the euro area, estimate the model by assuming that the degree
of the pass-through rises when the magnitude of the currency appreciation or depreciation is
larger than one standard deviation of the variable. This assumption is equivalent to imposing
a restriction that d; = 1 in Eq. (1). Our study refrains from these pre-arranged thresholds
and instead simultaneously estimates both the coefficients and the unknown levels thresholds.
Specifically, under a reasonable assumption that d; lies within the range from 0.5 to 2.0,
we estimate the thresholds based on a grid search with a step size of 0.1, (d; =
0.5,0.6, ...,2.0), and select the one that minimizes the root-mean-squared errors (RMSE).3
We set the upper bound value of d; equal to 2.0, considering that because we have few
samples in which increases in the cost variables are larger than two standard deviations, the

estimation would become unstable when the thereholds are over two standard deviations.

Our approach is closely related to Caselli and Roitman (2019) in that these authors
estimate a threshold level to investigate the nonlinear exchange-rate pass-through for
emerging economies. Their study uses a grid-search approach to estimate the threshold by
searching across the range of the currency deprecitiaon from 1% to 50% year-on-year growth
rate with a step size of 1%, and chooses the one that maximizes the likelihood. However,
their analysis does not consider cost variables other than exchange rates, which could lead
to a biased estimate. In contrast, our paper employs the nonlinearities for multiple cost

variables and estimates the model.

3 Hansen (2000) and Donayre et al. (2018) discuss in detail the threshold models and the grid-search
approach to estimate the threshold.



We address two caveats concerning our estimation model. First, we assume the pass-
through and thresholds are time-invariant throughout the sample period. That is, we assume
that no structural break exists regarding the pass-through. The length of the sample period
in our empirical analysis is about 30 years. A structural break could occur in such a relatively
long period. Previous studies on the pass-through to Japanese CPI inflation have pointed to
the possibility of structural breaks (Otani et al., 2003; Shioji et al., 2007; Hara et al., 2015).
However, incorportaing the possibility of both nonlinear pass-through and structural break
into a single estimation model will leave an insufficient degrees of freedom to estimate.
Therefore, we focus only on the nonlinearity of pass-through and assume that the model

structure is time-invariant over the sample period.

Second, our model does not take inflation inertia into account. Several previous studies,
such as Forbes et al. (2022), include the lagged CPI inflation rate as one of explanatory
variables to address inflation persistence in an empirical model of CPI inflation. By contrast,
we follow previous research, including Colavecchio and Rubene (2020), and do not include
the lagged dependent variable in the right-hand side of Eq. (1). This specification implies
that the current rate of inflation is not explicitly influenced by its past rate. Compared to the
predicted value from a model that incorporates inflation inertia, our model yields a dynamics
in which CPI inflation rises more rapidly in periods when cost-push pressure increases and

falls more rapidly when it weakens.

One theoretical hypothesis underlying the nonlinearity of the pass-through from the cost
variables to CPI inflation is the menu cost in firms' price adjustments (Ball and Mankiw,
1994).* Firms raise their selling prices only when increases in their costs are too large to
absorb, while they keep prices unchanged in response to a small cost increase because the

benefit from price adjustments is smaller than the menu cost.

2-2. Data

This section describes the data used in our empirical analysis. For the dependent variable,
we use the year-on-year rate of change in the CPI (less fresh food) and that in the CPI (less
fresh food and energy), which are plotted in Panel 1.> We also use the disaggregated series
of the CPI to examine the nonlinear pass-through for each item. Specifically, we employ the

price changes of 19 categories, based on the classification by the Ministry of Internal Affairs

4 Menu costs are a metaphorical idea that includes both explicit costs, such as changing price tags and
menu lists, and implicit costs, such as costs for price negotiations.
5 The CPI figures are the 2020-base series and exclude the effects of the consumption tax hikes.



and Communications.® Regarding wage growth, we use the average hourly wage, which is
the index of "contractual cash earnings" (establishments with 30 or more employees, all
industries) divided by the index of "total hours worked." We also use the year-on-year growth
rates of the Corporate Goods Price Index and the exchange rate (U.S. dollar/yen), and the
unemployment rate as a proxy variable for slack in the economy.” Panel 3 plots the time

series of these variables.

We prepare two estimation periods, (i) from 1976:Q1 to 1999:Q4 and (ii) from 1991:Q1
to 2019:Q4, to analyze changes in the parameter estimates between these two periods. For
the former period, we start our estimation from 1976 to obtain a stable estimation result by
excluding the first oil shock, which was accompanied by a significant increase in CPI
inflation and producer prices. For the latter, the end of our sample period is set in 2019:Q4,

to exclude large fluctuations in each variable amid the COVID-19 pandemic.

We choose the lag length (h) for our explanatory variables in Eq. (1), as selecting the
one that maximizes in-sample fit with respect to AIC, from h = 1, ..., 4. The models with
I-quarter and 2-quarter lags are selected for the CPI (less fresh food) and the CPI (less fresh

food and energy), respectively.

3. Estimation results
3-1. Results in the baseline model

As a baseline model, we use the CPI inflation (less fresh food and energy) as the dependent
variable with three explanatory variables, specifically the year-on-year growth rates of
producer prices, exchange rates, and wages. We also compare the results from our nonlinear
model with those of a linear model, which omits the third term in the right-hand side of Eq.

(1), to capture the nonlinear pass-through.

Panel 4 shows the estimation results for our baseline model.® The coefficients that

represent the nonlinear pass-through of producer prices, exchange rates, and wages are

6 We follow Takahashi and Tamanyu (2022) in classifying the CPI basket into 20 disaggregated categories
and follow Kishaba and Okuda (2023) in excluding prices related to "house rent," which are presumably
influenced by factors unrelated to economic activity. We augment data for "meals outside home" included
in the "public services" before 2015 with the price series of "school lunch."

" The output gap, released by the Bank of Japan, is often used as a slack variable in the real economy. We
employ the unemployment rate instead, because the series of the output gap starts from the year 1983,
which would make it impossible for us to estimate the pass-through back to the 1970s. Although the
precise slack variable should be the unemployment gap, we did not adopt it due to model uncertainty of
the natural rate of unemployment.

8 Details of the estimation results are reported in Appendix Panel 1.
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positive and statistically significant at the 5% level. This result implies that the degree of the
pass-through rises once the growth rates of the cost variables exceed their respective
estimated thresholds. Comparing the results with the standard linear model, we find that the
coefficients of the linear model are larger than the coefficients of "below the threshold" in
the nonlinear model, and also smaller than those of the "above threshold (total)," which is
the sum of the pass-through "below threshold" and "additional pass-through." Thus, a linear
model estimating the pass-through that fails to take into account its possible nonlinearity,
can underestimate the degree of the pass-through of an input-cost increase that exceeds its
threshold while overestimating that of a smaller input-cost increase. This finding suggests
the linear model possibly underestimates the future path of inflation when cost-push

pressures are significantly large.

Next, we compare the pass-through in the nonlinear model for the two sample periods.
The estimated pass-through of wages between 1991 and 2019 is lower than that between
1976 and 1999, while that of exchange rates between 1991 and 2019 is slightly higher than
that between 1976 and 1999. The pass-through from producer prices does not exhibit a major
change.9 In addition, the constant term between 1991 and 2019, which represents the
average CPI inflation rate that is achieved when all the explanatory variables grow at their
average year-on-year changes over the estimation period, declined from that between 1976
and 1999. This result presumably captures the price-setting behavior of "not changing the
price tag," often referred to as the "norm," which is currently observed in tandem with the

decline in the inflation rate.

Panel 5 shows the estimated thresholds between 1991 and 2019. The estimate of d; is
0.8, 1.5, and 1.2 for producer prices, exchange rates and wages, respectively.’® As of
2022:Q4, the year-on-year growth rates of producer prices and exchange rates have stayed

above the estimated thresholds, indicating that the nonlinear pass-through contributes to a

9 Yagi et al. (2022), using Japanese data until the end of the year 2021, point out that the pass-through
rate of raw material and other costs, excluding those attributable to the exchange rate, has not made a
significant change at the final demand stage. They make an additional point that the pass-through rate of
raw material has increased somewhat at the intermediate demand stage and even for some items at the
final demand stage. Our study focuses on the pass-through to CPI inflation, i.e. the final demand stage,
and we leave the analysis from the production stage perspective for future research. It should be repeated
that the current paper uses data until the end of the year 2019 to exclude large fluctuations in each variable
amid the global outbreak of COVID-19.

10 We should note that the period when the wage growth exceeded the estimated threshold is mostly
limited to the early 1990s. Despite our assumption mentioned in the section 2.1 that the model structure
is time-invariant over the sample period, there is a possibility of structural breaks after the early 1990s.
Thus, it remains uncertain whether the pass-through of wage growth will materialize in the coming years
as it emerged in the early 1990s, even when wage growth exceeds the estimated threshold.
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higher CPI inflation. On the other hand, the year-on-year growth rate of wages remains
below the estimated threshold, which implies that the positive impact of wages on CPI

inflation is still limited.

3-2. Model comparison

The upper figure of Panel 6 shows the historical decomposition of the CPI inflation (less
fresh food and energy) based on our nonlinear model estimated for the 1991-2019 period.
For the out-of-sample period 2020-2022, we extrapolate the values of CPI inflation up to
2022:Q4 based on the nonlinear model estimated with the actual value of each explanatory
variable. The figure shows that the nonlinear pass-through captures the positive impact of
the surge in global commodity prices on the CPI inflation for the period before the Global
Financial Crisis and the similar impact of the yen's depreciation for the period after the
introduction of the Quantitative and Qualitative Monetary Easing policy by the Bank of
Japan. We note that, on the one hand, the duration of the nonlinear pass-through effects from
producer prices and exchange rates lasts for approximately one to two years, while on the
other hand, the impact of wages on CPI inflation contributed persistently as an upward
pressure on prices in the first half of the 1990s. Since the 2000s, the sluggish growth of
wages turned to mainly exert downward pressures on prices. These results imply that the
estimated nonlinear pass-through of increases in producer prices and exchange rates is often
transitory, while that of wage growth tends to be persistent due to the observed higher inertia

in wage growth.

The lower figure of Panel 6 shows the historical decomposition based on the linear
model. The value predicted by the linear model does not track the surges of CPI inflation in
2008-2009 or 2013-2014 as well as the forecast based on the nonlinear model, even though
the contribution of the pass-through from producer prices and exchange rates in the linear
model is larger. When we compare the forecasts of these two models for the year 2022, we
find that the forecast of the nonlinear model tracks effectively the surge in the CPI inflation
with the contribution of the nonlinear part of the model, while the forecast of the linear model

is lower than the realized value as it does not take nonlinearity into consideration.

Next, we conduct a model comparison between nonlinear and linear models in terms of
model fit and forecasting accuracy. We use the AIC and RMSE as the criteria of in-sample
fit and out-of-sample accuracy, respectively. Panel 7 shows that the nonlinear model is

superior to the linear model for both criteria.!* In evaluating the forecast accuracy, it would

11 1t should be noted from Panel 6 that a linear model sometimes yields a superior fit for periods such as
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be desirable to remove temporary policy factors from our dependent variable. The panel also
shows that the results of model performance remain the same when we change the dependent
variable to the Bank of Japan's staff estimates of CPI inflation less fresh food, energy, the
effects of policies concerning the provision of free education, travel subsidy programs and
mobile phone charges.

3-3. Robustness checks

This section conducts robustness checks of the baseline results. First, we examine our model
by changing the dependent variable to the CPI inflation (less fresh food). We use the same
three explanatory variables as the baseline model. Panel 8 confirms that a statistically
significant nonlinearity exists for the cost variables, and Panel 9 shows that the estimated

thresholds are at approximately the same level as in the baseline result.!?

Second, we add the unemployment rate to the explanatory variables of the baseline
model as a proxy for slack in the economy. Its estimation result is shown in Panel 10. We
find that the nonlinear impact on CPI inflation is statistically significant in both the cost and
slack variables.®® This result implies that the positive impact on CPI inflation increases in a
nonlinear manner when aggregate demand improves sufficiently enough for the
unemployment rate to fall below the estimated threshold. In this extended model, however,
given the high correlation between firms' input costs and slack variables, we should be
cautious in interpreting the estimated values of coefficients. It would make the interpretation
clearer to obtain the coefficient by including identified demand and supply shocks with
respect to the firms' cost variables in the set of independent variables. We leave this for future

research.

Third, we extend the nonlinear estimation by adding both upper and lower thresholds.

Specifically, we estimate the following equation:

the year 2009-2011.
12 Details of the estimation results are reported in Appendix Panel 2.

13 Details of the estimation results are reported in Appendix Panel 3.
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In this equation, dF and df are the lower and upper thresholds, respectively. Under a
reasonable assumption that they lie within the range from -1.5 to -0.5, and from 0.5 to 1.5,
respectively, we estimate these unknown thresholds by a grid-search with a step size of 0.1,

along with the pass-through coefficients.

Panel 11 shows the estimation results of Eq. (2).* While the results for the upward
nonlinearity of the pass-through are almost the same as the baseline results, the coefficient
(6;), which represents the downward nonlinearity of the pass-through, is not statistically
significant at the 5% level. This indicates that a large decline in firms' input costs may not

necessarily lead to a large, nonlinear reduction in prices.

Finally, we examine the nonlinearity of the pass-through for each of the items that
constitute the total CPI basket. We estimate Eq. (1), using the year-on-year inflation rate of
individual CPI items as the dependent variable and the same set of three cost variables as the
baseline specification. Note that we use the economy-wide series of producer prices and
wages for simplicity, not the ones that take into account input-output structures of production
for each item. Panel 12 shows the estimation result for each item. The panel highlights the
items whose coefficient of the nonlinear pass-through is positive and statistically significant
at the 1% level.

The items associated with nonlinear pass-through for producer prices and exchange rates

include "food products," "other industrial products" (including household appliances), and
"eating out services." Prices of these goods and services have been raised due to the surge in
global commodity prices and the yen's depreciation in 2022. The items with nonlinear pass-
through for wages include a good part of "general services," which are relatively labor-

intensive industries.

14 Details of the estimation results are reported in Appendix Panel 4.
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4. Concluding remarks

We have examined a possible nonlinearity in the pass-through to CPI inflation of increases
in firms' input costs. We have obtained three main empirical results. First, there is a
statistically significant nonlinearity in that the pass-through to CPI inflation of increases in
producer prices, exchange rates, and wages rises once the increase in each of these variables
exceeds a certain threshold. Second, our nonlinear model is superior to the linear model used
in previous studies in terms of in-sample model fit and out-of-sample forecasting
performance, suggesting that the linear model underestimates the pass-through of an input-
cost increase that exceeds the threshold while overestimating that of a smaller input-cost
increase. Third, the estimated impact of nonlinear pass-through of increases in producer
prices and exchange rates to inflation is often transitory, whereas that of wage growth tends
to be persistent due to the observed higher inertia in wage growth. These results suggest that
wage growth is one of the key factors in achieving the Bank of Japan's "price stability target"

in a sustainable and stable manner.

Finally, we raise three issues for future research. First, the nonlinear input-cost pass-
through is related to important questions of whether the Phillips curve has flattened and
whether a substantial improvement in the output gap could possibly push inflation up in a
nonlinear manner (Hooper et al., 2020). Forbes et al. (2022) provide an empirical analysis
for the nonlinearity of the Phillips curve. We leave these questions to future research, because
this paper does not estimate the Phillips curve since our estimation does not include inflation
expectations as an explanatory variable. Second, a strand of theoretical and empirical
research on how prices and wages synchronize is yet to be fully developed (Lorenzoni and
Werning, 2023), which would be an interesting agenda for future research. Third, our
empirical model does not take into account either the possibility of structural breaks or the
effect of inflation inertia. Since 2022, moves towards raising selling prices have been
spreading among many business types and firms that were previously cautious about
changing prices (Ikeda et al., 2023). Thus, firms' price-setting behavior might have become
more proactive than observed in our estimation period. In addition, sustained growth in
prices and wages might raise inflation expectations and promote a gradual change in the
price- and wage-setting behavior of firms. It would be valuable to construct a theoretical and

empirical model that addresses these changes.
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Panel 1: Consumer Price Index (CPI) Inflation
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Note: The CPI figures are calculated as the log differences of the seasonally adjusted 2020-base series and exclude the effects of

the consumption tax hikes.

Sources: Ministry of Internal Affairs and Communications; Bank of Japan

Dependent variable
(CPI inflation)

A\

Panel 2: Nonlinear Pass-through

Nonlinear model

Additional pass-through

-
-
-

Linear model

-
-
-
-
-
-

»

»

Explanatory variable
(Input cost etc.)

Threshold



Panel 3: Data

(1) Producer prices (2) Exchange rates
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Notes: 1. (3) is the year-on-year change in average hourly wage, calculated as contractual cash earnings divided by total hours worked.
2. (1), (2), and (3) are calculated as the log differences. (3) and (4) are seasonally adjusted.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 4: Estimated Coefficients for CPI Inflation (less fresh food and energy)

(1) Producer prices
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Notes: 1. The solid line indicates that the results are statistically significant at the 5% level based on Newey-West standard errors,
while the broken line indicates that the result is not statistically significant.

2. "Above Threshold (Total)" indicates the sum of the pass-through "below" and "above" thresholds.

Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED




Panel 5: Estimated Thresholds for CPI Inflation (less fresh food and energy)

(1) Producer prices (2) Exchange rates
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Note: The estimation period is from 1991 to 2019. The gray lines in the figures show the end of the estimation period.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 6: Decomposition of CPI Inflation (less fresh food and energy)

(1) Decomposition based on the nonlinear model
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(2) Decomposition based on the linear model
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Notes: 1. We extrapolate CPI inflation until 2022/Q4 based on our baseline model with its sample period (from 1991 to 2019).
2. We display the contribution from coefficients which are not statistically significant at the 5% level.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 7: Model Comparison

T
In-sample Fit I Out-of-sample Forecasting
(AIC) : Performance (RMSE)
Dependent variable Model CY 1991 - 2019 i CY 2020 - 2022
CPI inflation Nonlinear 138.7} 0.820
(less fresh food and energy) Linear 169.9! 0.819
(Robustness check) CP1 inflation Nonlinear 148.3] 0.596
(less fresh food, energy and temporary factors) Linear 173_2: 0.780

Notes: 1. The figures for CPI inflation (less fresh food, energy and temporary factors) are staff estimates and exclude the effects of
policies concerning the provision of free education, travel subsidy programs and mobile phone charges.
2. The colored rows for the nonlinear model indicate that the nonlinear model is superior to the linear model.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 8: Estimated Coefficients for CPI Inflation (less fresh food)

(1) Producer prices
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Notes: 1. The solid line indicates that the results are statistically significant at the 5% level based on Newey-West standard errors,
while the broken line indicates that the result is not statistically significant.

2. "Above Threshold (Total)" indicates the sum of the pass-through "below" and "above" thresholds.

Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED




Panel 9: Estimated Thresholds for CPI Inflation (less fresh food)
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Note: The estimation period is from 1991 to 2019. The gray lines in the figures show the end of the estimation period.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 10: Estimated Coefficients (with Slack Variable) for CPI Inflation (less fresh food, energy)

(1) Producer prices (2) Exchange rates
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Notes: 1. The solid line indicates that the results are statistically significant at the 5% level based on Newey-West standard errors,
while the broken line indicates that the result is not statistically significant.
2. "Above Threshold (Total)" indicates the sum of the pass-through "below" and "above" thresholds.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 11: Estimated Coefficients (with Lower Bounds) for CPI Inflation (less fresh food, energy)

(1) Producer prices (coefficients) (2) Exchange rates (coefficients)
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Notes: 1. The solid line indicates that the results are statistically significant at the 5% level based on Newey-West standard errors,
while the broken line indicates that the result is not statistically significant.
2. "Above Threshold (Total)" indicates the sum of the pass-through "below" and "above" thresholds.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



Panel 12: Nonlinear Pass-through for Disaggregated Series

Explanatory variables

Items .
Producer prices | Exchange rates Wages

Fresh food v

Other agricultural products v

Food products v v

Textiles

Petroleum products

Other industrial products v

Electricity, gas, water charges
Publications

Goods

g

<

Domestic duties v

Medical care and welfare

General
Services

(N

Education

<

Communication, culture, recreation v
Eating out v v
Domestic duties

Medical care and welfare

Public Forwarding and communication
Services Education

Culture and recreation v

School lunch v

<

Notes 1. " v " denotes items whose coefficients for nonlinear pass-through are positive and statistically significant at the 1% level.
2. For each individual item, we select the optimal lag length of explanatory variables based on AIC.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



(Appendix Panel 1)
Panels 4&5: Estimated Result for CPI Inflation (less fresh food and energy)

Model Linear model Nonlinear model
Estimation period CY 1976-1999 CY 1991-2019 CY 1976-1999 CY 1991-2019
. 0.194 ** 0.086 **
(Linear)
( 0.026 ) ( 0.026 )
Producer (Below 0122 ** 0.026
prices threshold) ( 0.046 ) ( 0.035)
(Additional 0.087 0.159 **
pass-through) ( 0.044 ) ( 0.048 )
. -0.006 0.013 *
(Linear)
( 0.006 ) ( 0.006 )
Exchange (Below -0.008 0.008
rates threshold) ( 0.005 ) ( 0.006 )
(Additional 0.029 * 0.028 **
pass-through) ( 0.013) ( 0.010 )
. 0.602 ** 0.394 **
(Linear)
( 0.054) ( 0.035)
(Below 0.489 ** 0.277 **
Wages
threshold) ( 0.059 ) ( 0.042)
(Additional 0.323 ** 0.234 **
pass-through) ( 0.050 ) ( 0.064 )
2235 ** 0.166 ** 2.003 ** -0.088
Constant term
( 0.093) ( 0.058 ) ( 0104 ) ( 0.057 )
Thresholds (di)
Producer prices 11 0.8
Exchange rates 1.6 15
Wages 1.7 1.2

Note: ** and * indicate statistical significance at the 1% and 5% level, respectively. Figures in parentheses are Newey-West

standard errors.

Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



(Appendix Panel 2)
Panels 8&9: Estimated Result for CPI Inflation (less fresh food)

Model Linear model Nonlinear model
Estimation period CY 1976-1999 CY 1991-2019 CY 1976-1999 CY 1991-2019
. 0.285 ** 0.198 **
(Linear)
( 0.016 ) ( 0.024)
Producer (Below 0.156  ** 0.150 **
prices threshold) ( 0.044 ) ( 0.028 )
(Additional 0.170 ** 0.138 **
pass-through) ( 0.043) ( 0.050 )
. -0.006 0.004
(Linear)
( 0.005 ) ( 0.006 )
Exchange (Below 0.011 -0.000
rates threshold) ( 0.009 ) ( 0.005 )
(Additional -0.022 0.024 **
pass-through) ( 0.015 ) ( 0.006 )
. 0.610 ** 0.358 **
(Linear)
( 0.042) ( 0.032)
(Be low 0.489 ** 0.162 **
Wages
threshold) ( 0.059 ) ( 0.044)
(Additional 0.309 ** 0.334 **
pass-through) ( 0.063 ) ( 0.065 )
2.223 ** 0.232 ** 2.003 ** -0.070
Constant term
( 0.087 ) ( 0.053) ( 0.135) ( 0.055 )
Thresholds (di)
Producer prices 11 0.9
Exchange rates 0.7 15
Wages 1.0 0.8

Note: ** indicates statistical significance at the 1% level. Figures in parentheses are Newey-West standard errors.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



(Appendix Panel 3)
Panel 10: Estimated Result (with Slack Variable) for CPI Inflation (less fresh food, energy)

Model Linear model Nonlinear model
Estimation period CY 1976-1999 CY 1991-2019 CY 1976-1999 CY 1991-2019
. 0.196 ** 0.052 *
(Linear)
( 0.027 ) ( 0.023)
Producer (Below 0.022 0.019
prices threshold) 0.040 ) ( 0.017 )
(Additional 0.141 ** 0.151 **
pass-through) 0.044 ) ( 0.036 )
. -0.007 0.009
(Linear)
( 0.006 ) ( 0.005 )
Exchange (Below 0.007 -0.007
rates threshold) 0.006 ) ( 0.005 )
(Additional 0.014 0.036 **
pass-through) 0.013 ) ( 0.009 )
. 0.617 ** 0.217 **
(Linear)
( 0.076 ) ( 0.053)
(Be|0W 0.175 0.013
Wages
threshold) 0.103 ) ( 0.045 )
(Additional 0542 ** 0.167 **
pass-through) 0.099 ) ( 0.048)
. -0.083 0.398 **
(Linear)
0.222 0.084
Slack ( ) ( )

(unemployment (Below 0.771 ** 0.484 **
rate, sign threshold) 0.228 ) ( 0.062 )
inverted)

(Additional 0.510 0.547 **
pass-through) 0.338 ) ( 0.078)
2.238 ** 0.174 ** 1574 ** -0.111 =
Constant term
( 0.092 ) ( 0.053) 0.108 ) ( 0.050 )
Thresholds (di)
Producer prices 0.6 15
Exchange rates 14 0.6
Wages 0.5 12
Slack 0.8 1.7

Note: ** and * indicate statistical significance at the 1% and 5% level, respectively. Figures in parentheses are Newey-West

standard errors.

Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



(Appendix Panel 4)
Panel 11: Estimated Result (with Lower Bounds) for CPI Inflation (less fresh food, energy)

Model Linear model Nonlinear model
Estimation period CY 1991-2019
. 0.086 **
(Linear)
( 0.026 )
0.085
(Normal state)
Producer ( 0.043 )
prices (Above 0.127 *
upper kink) ( 0.051)
(Below -0.085
lower kink) ( 0.060 )
. 0.013 *
(Linear)
( 0.006 )
0.014
(Normal state)
Exchange ( 0.008 )
rates (AbOVE 0.026 *
upper Kink) ( 0.011)
(Below -0.013
lower kink) ( 0.011 )
. 0.394 **
(Linear)
( 0.035 )
0.348 **
(Normal state)
( 0.053 )
Wages
(Above 0.189 **
upper kink) ( 0.070 )
(Below -0.152
lower kink) ( 0.078 )
0.166 ** -0.171  *
Constant term
( 0.058 ) ( 0.069 )
Upper bound (dU)
Producer prices 0.9
Exchange rates 15
Wages 1.2
Lower bound (dL)
Producer prices -0.8
Exchange rates -0.8
Wages -0.9

Note: ** and * indicate statistical significance at the 1% and 5% level, respectively. Figures in parentheses are Newey-West
standard errors.
Sources: Ministry of Internal Affairs and Communications; Ministry of Health, Labour and Welfare; Bank of Japan; FRED



