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Abstract

This paper empirically examines the second-round effect of raw material price increases
using a DSGE model. Specifically, it explores how price increases driven by rising raw
material costs spill over into wages, which then feed back into prices. The analysis focuses
on Japan and Europe, which share similar structures in terms of raw material inputs. The
results show that the first-round effect, which captures the pass-through of rising raw
material costs to prices, is slower in Japan than in Europe. On the other hand, the second-
round effect through wages is gradual but persistent in both Japan and Europe. Furthermore,
during the period of high inflation since 2020, the first-round effect of higher raw material
costs was the main driver of inflation in both Japan and Europe, while the second-round
effect contributed to the persistence of inflation. The paper also suggests that the recent

changes in wage rigidity in Japan may have strengthened the second-round effect.
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1 Introduction

"We can't allow a wage—price spiral to happen. And we can't allow inflation

expectations to become unanchored.”
—— Jerome Powell, FOMC Press Conference, May 4, 2022.

"Our restrictive monetary policy stance, the ensuing strong decline in headline inflation
and firmly anchored longer-term inflation expectations act as a safeguard against a

sustained wage-price spiral."”

—— Christine Lagarde, speech at European Parliament, February 26, 2024.

Understanding the second-round effect from wages to prices, where a price increase
triggers wage growth that in turn fuels further price hikes, is essential for central banks to
achieve stable economic and price conditions. The price surges observed in major countries
in the 1970s are an example where the second-round effect turned out to be more
pronounced than central banks had anticipated. Looking back, not only did the rise in raw
material prices drive wage increases, but these wage hikes also triggered further price
increases, creating a spiral where both wages and prices rose in tandem, destabilizing

economies in many countries.

In recent years, factors such as supply chain disruptions and rising geopolitical tensions
have caused raw material prices for energy, food, and other commodities to soar globally.
In this context, both the U.S. and Europe have once again turned their attention to the risk
of wages and prices spiraling upward, which could lead to price instability, similar to that
of the 1970s. On the other hand, in Japan, where inflation has remained low for decades,
the interaction between wages and prices has gained attention from a different perspective.
Specifically, there is concern about whether a second-round effect from wages to prices
will emerge, and whether price increases will align with the "price stability target" under

these circumstances.

This paper empirically examines this familiar yet freshly pertinent issue of the second-
round effect from wages to prices, using a Dynamic Stochastic General Equilibrium
(DSGE) model and data from Japan and Europe. The reason for focusing on Japan and
Europe is that both have similar input-output structures, heavily relying on imported raw

materials, which allows for the application of the same model for analysis and comparison.

The contributions of this paper are as follows: The first contribution is the development of

a structural model to analyze the transmission of raw material price changes to wages and



prices. This study modifies and extends the Lorenzoni and Werning [2023a] (hereinafter,
LW) model, which incorporates a non-substitutable production factor (raw materials), and
nominal rigidities in both wages and prices, in several respects. In particular, a unique
feature of this paper is the consideration of the channel through which a decline in real
wages, caused by raw material price hikes, depresses consumption, which then spills over
into wages and prices. This is analyzed using a TANK (Two-Agent New Keynesian) model
that incorporates non-Ricardian households, which spend all their labor income each

period.

The second contribution is the theoretical presentation of a method to decompose price
increases resulting from raw material price hikes into a first-round effect (capturing the
direct impact of raw material price hikes) and a second-round effect (through nominal wage
increases). To the best of our knowledge, no existing research offers a theoretical method
to capture these effects in a DSGE model.

The third contribution is the estimation of the model using data from Japan and Europe,
along with an empirical analysis of the first- and second-round effects of raw material price
hikes. The estimation results show that the first-round effect of price pass-through from
raw material cost increases is slower in Japan than in Europe, while the second-round effect
through wages is gradual but persistent in both regions. In the price increase phase after
the COVID-19 pandemic since 2020, the first-round effect of raw material price hikes was
the main driver of price increases in both Japan and Europe. Meanwhile, the second-round
effect contributed to the persistence of price increases but did not accelerate them. This
suggests that the spiraling increase in wages and prices was unlikely to have led to rampant

inflation in recent phases of price increases.

The final contribution is the exploration of whether the characteristics of the second-round
effect in Japan have changed in recent years. As monetary easing was gradually adjusted
in response to inflation resulting from raw material price hikes, the second-round effect
became more likely to manifest in recent years in Japan. Furthermore, by estimating a
model that incorporates downward nominal wage rigidity, it is suggested that the recent

decline in wage rigidity may be strengthening the second-round effect in Japan.
Literature Review

A large body of existing research analyzes the impact of exogenous price increases, such
as crude oil prices, on the real economy and prices. This section does not comprehensively
survey all such studies, but instead summarizes empirical research that explicitly examines

the second-round effect of raw material prices on wages and prices, similar to that of this



study.

Research on Europe

Several studies have analyzed the second-round effect of crude oil price fluctuations in
Europe. Battistini et al. [2022], an analysis by ECB economists, defined the impact of crude
oil prices on the GDP deflator through per capita employee compensation as the second-
round effect. They estimated a Bayesian VAR model using aggregate data from the
eurozone and found that a clear second-round effect was observed in the 1970s-80s, but

since 1999, this effect has become very limited.

In contrast, Baba and Lee [2022] and Enders and Enders [2017] defined the effect of crude
oil prices on nominal wages through consumer prices as the second-round effect. Baba and
Lee [2022] confirmed that an increase in crude oil prices significantly raises nominal
wages through consumer prices by applying the local projections method to country-
specific panel data. They also pointed out that this effect is state-dependent: it is stronger
when inflation is high, labor union density is high, and confidence in monetary policy is
low. On the other hand, Enders and Enders [2017] applied a structural VAR model to
aggregate eurozone data and concluded that there was no significant evidence to suggest

that crude oil price shocks affect nominal wages through consumer prices.

Research on Japan

To the best of our knowledge, research analyzing the second-round effect in Japan is
limited to Fukunaga et al. [2023]. They defined the effect of price-specific shocks feeding
back into prices through wages as the second-round effect in a two-variable VAR model,
which includes inflation rate and wage growth rate. Estimation results using Japan-US data
showed that the second-round effect in Japan was larger than the U.S. in the 1970s-80s,
but that effect has become very limited since the 1990s.

Research on Other Countries

Studies analyzing the second-round effect for countries and regions outside of Japan and
Europe include Alp et al. [2023] and Ruch and du Plessis [2015].1 Alp et al. [2023] defined
the impact of crude oil prices on core CPI as the second-round effect and estimated this
effect using panel data from 27 advanced countries (eurozone, UK, Canada). They

concluded that the second-round effect of crude oil price hikes is gradual but persistent.

! Additionally, IMF [2022] surveys previous research on the wage-price spiral and examines wage and price
trends in advanced economies since around 2020, concluding that the risk of a sustained spiral occurring in
the current situation is limited.



Ruch and du Plessis [2015] defined the impact of food and energy price shocks on unit
labor costs (ULC) and core CPI as the second-round effect and analyzed this effect by
estimating a structural VAR model with South African data. The estimation results showed
that a one percent increase in food and energy prices raised ULC and core CPI by about

0.3 percent one year later.

Feature of this paper

Empirical results regarding the second-round effect of crude oil price hikes on wages and
prices vary depending on the target country, time period, and analysis method, as described
above, suggesting the need for more multi-faceted analyses. This study defines the
component of price increases associated with raw material price hikes that occurs through
nominal wage increases as the second-round effect, which is aligned with the definition of
Battistini et al. [2022]. However, a key feature of this research is that it estimates the
second-round effect using a DSGE model, which has not been employed in the previous
studies above. Our approach enables us to examine the raw material price transmission
mechanism in accordance with the model's structure, including monetary policy.
Furthermore, this research provides an analysis of Japan, where existing research is
currently limited, including the possibility of changes in the characteristics of the second-

round effect in recent years.
Structure of this paper

The structure of this paper is as follows: Section 2 presents the model used in this study.
Section 3 provides a qualitative explanation of the raw material price transmission
mechanism to prices within the model, followed by a method for quantifying the first-
round effect of raw material price hikes and the second-round effect through wages.
Section 4 outlines the framework for empirical analysis. Section 5 reports the estimation
results and discusses the nature of the first- and second-round effects in Japan and Europe.

Section 6 offers additional analysis focusing on Japan in recent years. Section 7 concludes.
2 Model

The overall structure of the model is summarized in Figure 1. The household sector consists
of two types of households: Ricardian and non-Ricardian, reflecting household
heterogeneity. The former smooths consumption given the interest rate determined by the
central bank's monetary policy rule, while the latter's consumption is determined by labor
income each period. The household sector supplies labor to intermediate goods producers
and earns wages as compensation. Wages are determined by labor unions under Calvo

[1983]-type (hereinafter, Calvo-type) wage rigidity and monopolistic competition.



Intermediate goods producers produce intermediate goods using labor and raw materials.
Raw materials are supplied elastically under exogenously determined prices. The prices of
intermediate goods are set by intermediate goods producers under Calvo-type price rigidity
and monopolistic competition. Finally, final goods producers produce final goods using
intermediate goods under perfect competition. Final goods are consumed by households or

by exogenous demand factors (external demand).

Figure 1: Overview of the Model
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This model modifies and extends the LW model, which incorporates Calvo-type wage and

price rigidities and materials as a complementary production factor to labor, in the

following ways:

First, while the LW model treats material supply as exogenous and its price as endogenous,
with the U.S. in mind, which has high energy self-sufficiency, this paper assumes that
supply is determined endogenously based on demand at a given price, considering the
energy input structure in Japan and Europe. Although, in reality, Japan and Europe depend
heavily on imported raw materials, this study simplifies the model by assuming that the
price of elastically supplied raw materials fluctuates exogenously in a closed economy,
without modeling exchange rates or the foreign sector, and analyzes the model's behavior
in this scenario. While this formulation abstracts from the mechanism that raw material

price hikes depress the real economy by deteriorating the terms of trade, it has the



advantage of being unaffected by errors in the formulation of exchange rates or the foreign

sector.?

Second, regarding wage setting, while LW adopts the formulation proposed by Erceg et al.
[2000], this paper follows Colciago [2011], who incorporated Calvo-type wage rigidity
into a TANK model, and adopts the formulation proposed by Schmitt-Grohe and Uribe
[2005]. This modification affects the expression of the wage Phillips curve's slope but does

not significantly alter the model's behavior.

Furthermore, to improve data fit, stochastic trends and habit formation in consumption are
introduced, following Hirose and Kurozumi [2012]. The specific details of the model are

explained below.
2-1 Household Sector

Utility Function

There is a continuum of households (i € [0,1]) in the economy. Household i derives
utility from real consumption C}, while incurring disutility from labor supply I. The
lifetime utility of the household, from the current period (¢ = 0) to infinity (t = o), is
given by the following:

o . . \1-0 147
EOZ gt {ez,{’ (Ctl _fl_cti;l) _ q)Zg—oezé%
t=0
where S € (0,1) is the subjective discount factor, ¢ >0 is the inverse of the
intertemporal elasticity of substitution for consumption, 8¢ € [0,1) is the degree of habit
formation in consumption, 1 > 0 is the inverse of the labor supply elasticity, and @ isa
parameter representing the disutility of labor. Also, e? and e? are preference shocks
and labor supply shocks, respectively. Z; represents the technology level, as described
later. To ensure that the model satisfies the balanced growth constraint, the labor disutility
is multiplied by Z}~9, as in Erceg et al. [2006].

Ricardian and Non-Ricardian Households

There are two types of households in the household sector. Households in [0, 1] are non-
Ricardian households. Non-Ricardian households cannot access financial markets and

2 Van Nguyen [2020] compares the forecasting accuracy of closed-economy and small open-economy
models using Australian data, reporting that the latter results in lower forecasting accuracy due to errors in
the specification of the external sector and an increase in the number of parameters to be estimated.



consume all their labor income in each period. On the other hand, the remaining households
in (4,1] are Ricardian households, who have access to financial markets and determine
their optimal consumption in each period to maximize lifetime utility, given the interest

rate.

Each household is assumed to elastically supply the amount of labor demanded by firms
under the wage determined by labor unions. Also, as described later, since the labor supply
of all households is identical, let I; be the real labor income of each household in period
t. Under this assumption, the real consumption C/ of non-Ricardian households is given
by the following:

CtH=It

Furthermore, assuming that the degree of habit formation in consumption for non-
Ricardian households is zero, the marginal utility AY of non-Ricardian household'

consumption Cf in period t becomes as follows:
b
Ay = ety

Meanwhile, Ricardian households determine their real consumption CY to maximize
lifetime utility, subject to the following budget constraint:
B, B_q
Y +—=L+R1—+D

cTp T t-17p, t
where B, and D, represent nominal bond holdings and real dividend income,
respectively, with the latter being equal to firm profits. P, and R} represent the price
level and the gross nominal interest rate, respectively. From this, the following conditions

are derived:

MY = e (CY - 6CL. )™ — BOEe tn(CYy — 6CY)™°

U U R?
A :ﬁEtAHl_

t+1

AY represents the marginal utility of Ricardian households' consumption C/ in period t.
. (= P,/P;_1) is the gross inflation rate. It is assumed that the degree of habit formation

in consumption for Ricardian households is common and denoted by 6.



Labor Supply

Households elastically supply differentiated labor (j € [0,1]) to intermediate goods
producers. As mentioned earlier, it is assumed that households' labor supply is identical
across all households. That is, each household supplies all types of labor j, and the quantity
of each type of labor supplied is assumed to be identical across all households.

Intermediate goods producers f € [0,1] combine differentiated labor l{’f as follows to

obtain effective labor l,{ ;
1+2yY

11
— {f (li’f)1+l‘{vdj}
0

where 1Y =1/(ef —1) > 0 is a variable defined with € > 1 as the elasticity of

substitution for each type of labor, representing the wage markup rate. The demand

function for each type of labor becomes as follows (l{ = 01 l{'f df):
Ay
. wi\ A
I = (—f> ¢
Wy

where Wtj is the real wage for each type of labor. W, and [¢ represent the aggregate
AP
real wage and effective labor, respectively, given by W, = { fo (Wt] ) l‘évdj} and

1¢ = fol l[ df. From these, the total labor supply [, = fol l{ dj and real labor income I,

of households can be written as follows:

_1+AY

1 . W
o Vl/t] Af .
lt = lt W d]
t
0
_1+AY

Jjpi dljwj &
I Wolpdj =18 | W dj
= [ () o

2-2 Labor Union

For each type of labor j, there exists a labor union j representing workers. Labor unions



determine nominal wages under monopolistic competition to maximize the utility of
households belonging to the union. Unions are assumed to face Calvo-type wage rigidity.
Specifically, in each period, only a proportion 1 — &, of labor unions can optimize wages,
while for the remaining proportion ¢, of labor unions, wages are assumed to be
determined in line with the steady-state (gross) technology growth rate z and inflation

rate 7.

A labor union that obtains the opportunity to optimize wages in period t solves the

following optimization problem:

1+A% s
J Ay
I/Vt|t+s ths
maXEt (Bfw) (At+s t|t+5 Vt+s)lt+s
Wiss
where tht +¢ Tepresents the real wage if labor union j optimizes wages in period t and

cannot optimize until period t + s, given by tht b = Wj z5 ey 0/ Tegk. VEs is the

o zt+ l77

marginal disutility of labor, defined by Vi, = ®Zl e . Ay is the average

marginal utility of consumption, defined by A.,¢ = (1 — DAY, + AAY .

The solution to this problem, W}, satisfies the following condition:

E, Z(ﬁfwfebt s Weas = (14 B OMRS, ] = 0 (M
1+ ¢

(o]
Weit+s
Wt+s

s + . .
where @Y, = P lt+s( > “** Atys. MRS, is the average marginal rate of

substitution between consumption and labor, defined by MRS, = V£ o/Asys. From this,
the optimal real wage when wages are perfectly flexible is the average marginal rate of
substitution between consumption and labor, MRS, ,, multiplied by the markup 1 + A¥,,.
On the other hand, when wages are sticky, labor unions demand wages such that the
deviation between real wages and the optimal level under flexible wages is minimized over
time. These demands come about because labor unions are conscious that they may not be
able to optimize nominal wages in the future. This means that the marginal rate of
substitution between consumption and labor, MRS, can be viewed as a factor that

determines the wage level demanded by labor unions.

Using W, the aggregate real wage W; can be expressed as follows:



1\ A

BT > o
We=(1- 6| W) ﬂ¥”+25@[zswt°_sﬂ - ]
s=1

T —
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2-3 Firm Sectors

Final Goods Producers

Final goods producers produce final goods Y; from differentiated intermediate goods th

(f € [0,1]) using the following production technology:

1 1 1+A?
Y, = ( f (th)l”?df>
0

where A7 =1/(ef —1) > 0 is a variable defined with €f > 1 as the elasticity of
substitution for each intermediate goods, representing the price markup rate for
intermediate goods. Final goods producers determine the input quantity of intermediate
goods th to maximize profit P,Y; — fol Ptf th df, given the final goods price P, and
intermediate goods price Ptf . From this, the following demand function for intermediate

goods is derived:

p
142

p\ 2
v/ = (L) ‘. 2

14
_/'lt

where P, = {fol(Ptf)_Edf}

Intermediate goods producers

Intermediate goods producers f € [0,1] use raw materials X[ and labor l{: in
production. These production factors are assumed to be non-substitutable, i.e., the

10



production function is Leontief-type.>

7,0 xf
thzmin{ s ,—t}
—ay ayx

ay represents the input weight of raw materials. The technology level Z, for intermediate

goods production is assumed to follow a random walk with drift, as follows:
logZ, =logz +logZ,_ 4 + zf

That is, the technology level Z; grows at a constant rate z even in its steady state. In
addition, due to the presence of technology shock z7, the technology growth rate

fluctuates stochastically.

To increase production by one unit, an intermediate goods producer f additionally

requires (1 —ay)/Z; units of l{ and ay units of th . Therefore, when p¥ is the real
raw material price, the real marginal cost mc; of intermediate goods producers is given

by the following:

Wi
me, = (1 - ax)Z— + axpf
t

Here, the subscript f is omitted, as the marginal cost of all intermediate goods producers
1s identical.

The real raw material price pX(= PX/P,) follows an AR(1) process and is determined

exogenously:

logpf = (1 — p,) logp* + pylogpl, + €f

Px € [0,1) is a parameter representing the persistence of raw material prices, and € isa
raw material price shock. Raw materials are assumed to be supplied elastically at this

price.*

Intermediate goods producers determine nominal prices under Calvo-type price rigidity

3 As will be discussed later, because data on the input quantities of production factors (labor input, raw
material input) are not used for estimation, estimating a more general CES production function would be
difficult because of the difficulties in identifying the elasticity of substitution between production factors.
# The profits obtained in the raw materials sector are assumed to be distributed to Ricardian households.

11



and monopolistic competition. In each period, a proportion 1 — &, of firms optimize their
prices. The prices of the remaining proportion ¢, of firms are determined in line with the
steady-state inflation rate . Under this setting, a firm that optimizes the price in period ¢t
determines its real intermediate good price p; ( Pf /P;) to maximize the following
objective function, given the demand function for intermediate goods (Equation (2)):

sAt
maXEtZ(pr) +s t|t+s mct+$)ytc-s

where p{lt +s represents the real intermediate good price if firm f optimizes price in
period t and cannot optimize until period t + s, given by ptlt 4 = pt re1 T/ Ty -

The solution to this problem, p¢, yields the following condition:

S
E¢ Z(IBEIJ) q)€t+s{p1?|t+s -1+ /1?+S)mct+s} =0
s=0

p
1+At

o — 0TS p At+s AP s :
where pfris = PP k=1 T/Mesr and &y = —5° p (pt t+s) 't Yys. This implies
AV 2P

that AP, represents the price markup rate when prices are perfectly flexible. Furthermore,
t+s ICP p p p p y

from the definition of the aggregate price level Py, the following condition holds:

1=(1-§) ((p?fE N7 (p;’_su)_f)

2-4 Central Bank

The central bank determines the nominal interest rate R{* according to the following

monetary policy rule, in response to the inflation rate and real gross domestic product.

Z
log R = ¢, logRy 1 + (1 — ¢r){logR"+¢n( >+¢ylog t; t}+z{

where y and R"™ represent the steady-state values of output Y;/Z; (detrended) and the

nominal interest rate R[', respectively. ¢, € [0,1) is a parameter representing the degree

12



of interest rate smoothing, ¢, is a parameter representing the sensitivity of the nominal
interest rate to the inflation rate, ¢, is a parameter representing the sensitivity to real

gross domestic products, and z{ is a monetary policy shock.
2-5 Equilibrium

Final goods are consumed by households or used for other purposes (external demand).

Therefore, the market clearing condition for final goods is as follows:
Yt == Ct + ther

where C, is the total consumption of the household sector, represented by C; =

g . .
(1-=2cY + Ack, and gZ,e? is external demand other than consumption, such as
government spending and net exports. Zf represents an external demand shock.

2-6 Linearized Model

In this model, since the technology level Z; has a stochastic trend, many real variables
have non-stationary stochastic trends. Therefore, variables with trends are divided by Z;
(AY, AE are multiplied by ZZ) to convert them into stationary variables, and then a log-
linearized model around the steady state is used for analysis. Detrended variables are
denoted by lowercase letters, and the deviation rate of variable a, from the steady state is
denoted by d,. A list of the linearized equilibrium conditions is provided in the Appendix.

All exogenous variables in the model are assumed to follow an AR(1) process.
3 Mechanism of Raw Material Price Transmission

This section qualitatively explains the mechanism of raw material price transmission to
prices in this model, along with the factors that influence it. Furthermore, it presents a
method for decomposing the impact of raw material price hikes on prices into a first-round
effect and a second-round effect through wages.

3-1 Qualitative Overview of Raw Material Price Transmission Mechanism

Consider a situation where a positive raw material price shock (¢ > 0) occurs in period

t (with other shocks being zero). In this case, with the increase in raw material price Py,

the marginal cost Mc, increases according to the following equation:®

5 This discussion is about "deviation rates from the steady state," but the phrase "deviation rates from the
steady state" is omitted, to avoid complicating the explanation.

13



mc, = axpy + (1 — ay)w, 3)
Then, the inflation rate 77; increases from the New Keynesian Phillips Curve (NKPC):
fty = APc, + Bz O Efty4q (4)

Here, AP = (1 - Ep)(l — le_“g‘p)/g‘p represents the slope of the NKPC, which
determines the first-round effect of raw material price hikes to consumer prices. The first-
round effect manifests more rapidly as the proportion of firms that can freely change prices

1 —¢&, increases, i.e., as price rigidity decreases.

Next, consider the response of wages when the inflation rate 7, rises. First, the real wage
W, falls in response to the increase in the inflation rate. However, as shown in the New
Keynesian Wage Phillips Curve (NKWPC) below, the decline in the real wage W, leads

to an increase in the nominal wage growth rate 7.
iy = AV (Ars, — W) + Bz PE,fifh, (5)

Here, AY = (1 —¢,)(1 — pz179¢,) /&, represents the slope of the NKWPC, which
influences the wage catch-up to price increases. The larger the proportion of labor unions
(1 — &,,) that can achieve their wage demands, i.e., the lower the wage rigidity, the stronger

the ability of wages to catch up with prices.

Furthermore, another factor that influences wage catch-up is the marginal rate of

substitution between consumption and labor, m7s;, represented by the following equation:

where [, represents labor demand, and AY and A¥ represent the marginal utility of
consumption for Ricardian and non-Ricardian households, respectively.

In this model, when raw material prices rise, (1) consumption of non-Ricardian households
decreases significantly due to a decline in purchasing power, and (2) consumption of
Ricardian households also decreases somewhat due to interest rate hikes by the central
bank. In response to this decline in domestic demand, firms' labor demand decreases. As a
result, mrs; falls due to raw material price hikes. This works to suppress wage catch-up,
as indicated by Equation (5). This implies a mechanism where households' willingness to

supply labor increases, leads to suppressed wages, in response to reduced working hours

14



and lower consumption levels. In other words, the suppression of wage increases due to
the decline in mrs; reflects the impact of a loosening of the labor supply and demand

balance caused by raw material price hikes.

These movements towards wage catch-up occurring on the NKWPC, in turn, increase the
marginal cost mc, on the firm side from Equation (3), leading to a further increase in the
inflation rate 7; from the NKPC. This is the second-round effect from wages to prices,
triggered by raw material price hikes. Such feedback occurs not only in the present but also
in future periods, with expectations playing a role. Specifically, expectations regarding the
inflation rate and wage growth rate (E;fl;+; and E.f}’.,) rise, pushing up the current

inflation rate ;.

To summarize, the price rigidity parameter (Calvo parameter) &, is considered important
as a factor determining the first-round effect of raw material price hikes. Furthermore, three
factors are considered important as factors influencing the second-round effect through
wages: the Calvo parameters for prices and wages ($, and ¢,,), and the marginal rate of

substitution between consumption and labor, mrs;.

Incidentally, when raw material prices rise, monetary policy is thought to primarily control
prices by influencing the second-round effect. For example, if the central bank aggressively
tries to suppress inflation through large interest rate hikes, the decline in mrs;, will be
more pronounced due to the decrease in consumption by Ricardian households. As a result,
the second-round effect will be dampened. Conversely, if the central bank raises interest
rates cautiously, its ability to suppress wage catch-up weakens, making the second-round

effect more likely to materialize.

3-2 Quantification Method for the First- and Second-Round Effects

Here, a method is presented to quantitatively assess the first- and second-round effects of
raw material price hikes, which were discussed qualitatively in Section 3-1. The second-
round effect, which is the main focus of this paper, refers to the force by which the increases
in nominal wages drive up prices in response to raw material price hikes. This paper
decomposes the price increase resulting from raw material price hikes into two
components: one expressed by nominal raw material prices (715%) and the other expressed
by nominal wages (7£2"%). The former is defined as the first-round effect of raw material
price hikes, while the latter represents the second-round effect (see the Appendix for the

proof of the proposition).

Proposition: Assume that all exogenous variables other than the raw material

price shock are zero. In this case, the inflation rate ft; can be decomposed
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into two components.: one expressed by the sequence of nominal raw material
price growth rates {E il v (= t5t) and the other expressed by the
sequence of nominal wage growth rates {E. ) Yoeo (= 72™). Thatis, ft, =
st + 72" vt holds.

o /11Ap —
st = — 1Mt + axEy z A * (6)
- /11/1
"t = ——— imci + (1 — ax)E; 2 A Lk (7)
where Mcist, Mct™  represent the components of real marginal cost

expressed by nominal raw material price growth rate and nominal wage growth
rate, respectively, and satisfy Mt = ayftf + mcSt — #wist, meind =
(1 — ay)@y + me2™? — @24, e, = mctst + mc2™@ vt. Also, A+, =

Bz A+ Ay + BzY9), Ay = (B220) Y and 0< A <1< A,

The first- and second-round effects, as defined, are consistent with the qualitative
discussion presented in Section 3-1.° Namely, as is clear from Equation (6), the first-round
effect of raw material price hikes depends on the slope of the NKPC, A,,. Also, the second-
round effect of raw material price hikes depends on the three factors: A,, A, and mrs;.
This can be verified by transforming a portion of the second term on the right-hand side of
Equation (7) using the NKWPC, as shown below:

AE, Z A5, = E, Z A5y Ay (TS, — W) + BZY Ay E e ) (8)
k=0 k=0
Finally, a note on the difference from existing literature. As mentioned earlier, to the best
of our knowledge, no research has performed such a decomposition using a DSGE model.
However, for measuring second-round effects using VAR models, there is a method
proposed by Bachmann and Sims [2012],” which has been adopted by Enders and Enders
[2017] and Fukunaga et al. [2023]. Their method defines the ripple effect of an exogenous
shock on variable B through variable A as the difference between the "hypothetical impulse
response of variable B when variable A is held constant" and the "actual impulse response."

When calculating this "hypothetical impulse response," the method involves applying a

® The discussion in this section is also related to LW's analysis based on the concept of "spiral inflation."
For further details, see the Appendix.

" Bachmann and Sims [2012] analyze the second-round effects of government spending shocks on the real
economy through household and firm sentiment, using a VAR model.
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sequence of specific shocks to variable A to keep it constant and recalculating the
equilibrium. Therefore, the second-round effect by Bachmann and Sims [2012]'s method
inevitably includes the influence of changes in other variables caused by equilibrium
recalculation. In contrast, the method proposed in this paper analytically decomposes the
inflation rate into two components: one expressed by nominal raw material prices and the
other by nominal wages, ensuring that the influence of equilibrium recalculation is

excluded from the second-round effect.

4 Empirical Analysis Framework

This section outlines the framework for empirical analysis, including the data used for

estimation and the estimation method.

4-1 Data Used for Estimation and Observation Equations

The estimation uses quarterly data from Q1 2002 to Q4 2024. The sample period is based

on the availability of data for raw material prices in Europe, as described later in this paper.

The series used for estimation consist of six variables for both Japan and Europe: per capita
real gross domestic product (Y,°’%), per capita real consumption (C2?%), consumer prices
(PPb%), nominal wages (W,*°"%), real raw material prices (p;"°"%), and nominal short-term

interest rates (R’ ’Obs).8

Details of the data are shown in Figure 2, and the time series of the data are shown in
Figure 3. Real gross domestic product and real consumption are converted into real values
by dividing the nominal values by consumer prices. For consumer prices, the overall CPI
(HICP) is used. For Japan's CPI, data adjusted for the impact of consumption tax increases
are used. For nominal interest rates, shadow rates from Krippner [2013] are used for both
Japan and Europe, as they contain periods of considerable length during which policy rates

were at or below zero.?

For nominal wage data, for Europe, the Labor Cost Index's Wages and Salaries, an hourly

wage indicator, is used. For Japan, the scheduled cash earnings for full-time employees

8 The number of observed variables (6) is one short of the number of structural shocks (7) in the model.
Using labor hour data as an additional observed variable could be considered. However, it was not used for
estimation, considering that the results could vary significantly depending on how its secular downward trend
and composition effects (increase in non-regular employment ratio) are handled.

® The method of using shadow rates as observational data is one of the methods used when estimating DSGE
models with data that includes many periods of zero or negative interest rates (Comin et al. [2023], Abe et
al. [2019], etc.). As Abe et al. [2019] mention, this method has the advantage of capturing the effects of
unconventional monetary policies such as forward guidance and quantitative easing, and also has a smaller
computational burden, compared to methods that estimate nonlinear models considering the effective lower
bound of nominal interest rates.
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from the Monthly Labour Survey, which is frequently used as a representative wage

indicator, is used, although it is not necessarily an hourly wage indicator.°

For the raw material price data, for Japan, the raw material price from the Corporate Goods
Price Index were used for the period prior to 2014, and from 2015 onward, the Stage 1
intermediate goods demand price from the FD-ID index has been used.!! For Europe, the

import price index for raw materials is used.

The observation equations are as follows:
100Alog V2P = z* + zF + §, — Je1
100Alog CPPS = z* + zF + &, — &4
100Alog PP = m* + #,
100Alog W% = z* + * + 7Y
100(log p;*°"* — log p¥°bs) = p¥
RM" = r* +m* + R}

where Aloga??s represents the log-period-on-period difference of the observed variable

af??s, and a°®bs represents the sample mean. z* = 100(z — 1), n* = 100(mw — 1), and
r* =100(z°/F — 1), representing the steady-state technology growth rate, inflation rate,

and real interest rate, respectively.

10 Even if the hourly regular wages (total employment types) from the Monthly Labour Survey were used
as wage data, the main conclusions of this paper would not change.
11 The correlation between both series during the period when both were available is 0.99, indicating a very

strong correlation.
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Figure 2: Data Used for Estimation

Japan
Observed Variables Data Description Sources
Per capita real GDP Nominal GDP diVid.ed by population zllged 15 and over, | Cabinet O"fﬁce.: ".National
(Y055 then by consumer prices (seasonally adjusted). Values for | Accounts"; Ministry of
t

quarters with consumption tax increases are omitted.

Per capita real

consumption (C2PS)

Nominal final consumption expenditure of households
divided by population aged 15 and over, then by
consumer prices (seasonally adjusted). Values for quarters
with consumption tax increases are omitted.

Internal Affairs and
Communications "Labor
Force Survey"; Ministry of
Internal Affairs and
Communications
"Consumer Price Index"

Consumer prices
obs
(PE™?)

CPI (overall, seasonally adjusted). The impact of
consumption tax increases in April 2014 and October
2019 is excluded by level shift.

Ministry of Internal Affairs
and Communications
"Consumer Price Index"

Nominal wages

(Vth'ObS)

Scheduled
(establishment size =

cash earnings for general workers
5 persons or more, seasonally
adjusted). To exclude the effect of sample changes, for
2016 onwards

establishment-based figures are

periods from Q1 where common

available, values
connected using year-on-year changes based on common

establishments are used.

Ministry of Health, Labour
and Welfare "Monthly
Labour Survey"

Real raw material

prices (p°°”°)

Intermediate goods demand price index for Stage 1
converted to real terms by dividing by CPI (overall,
seasonally adjusted). Before December 2014, prices of
raw materials among domestic demand goods in the
Corporate Goods Price Index.

Bank of Japan "Corporate
Goods Price Index"; Bank
of Japan "Final Demand
and Intermediate Demand
Price Index"

Nominal interest

rates (R[*°P%)

Krippner [2013] shadow rate (%). Multiplied by 1/4 for
quarterly conversion.

Haver Analytics

Europe

Observed Variables

Data Details

Sources

Per capita real GDP
(Y2P)

GDP (nominal value) for Euro area (20 countries) divided
by working-age population, then by consumer prices
(seasonally adjusted).

Per capita real
consumption (C2PS)

Final consumption expenditure of households (nominal
value) for Euro area (20 countries) divided by working-
age population, then by consumer prices (seasonally
adjusted).

Eurostat; World Bank

Consumer prices
obs
(PE™)

HICP (all items, seasonally adjusted) for Euro Area (19
countries).

Eurostat; FRED

Nominal wages

(Vvtn,obs)

Labor Cost Index, Wages and Salaries (Business
economy, seasonally adjusted) for Euro area (20

countries).

Eurostat

Real raw material

prices (ptx 'Obs)

Average of Import prices of Raw materials (SITC 2 +
SITC 4) and Mineral fuels, lubricants and related
materials (SITC 3) for Euro area (20 countries), weighted
by by import value.

Eurostat; Haver Analytics

Nominal interest

rates (szbs)

Krippner [2013] shadow rate (%). Multiplied by 1/4 for
quarterly conversion.

Haver Analytics
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Figure 3: Time Series of Data
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Note: Each series represents the time series of the left-hand side of the observation equations.
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4-2 Estimation Method and Prior Distributions

Bayesian estimation is used for model estimation. Specifically, the likelihood function is
derived by applying the Kalman filter after representing the model in state-space form. The
density function of the posterior distribution is then numerically calculated by combining
the prior distributions of the parameters. For this numerical calculation, the Markov Chain
Monte Carlo (MCMC) method is employed, specifically using the Metropolis-Hastings
(MH) algorithm. A total of 200,000 MCMC samples are drawn, with the first 100,000
samples discarded.'?

The prior distributions for the parameters are set as shown in Figure 4, following Hirose
and Kurozumi [2012], who estimated a DSGE model with Japanese data. However, the
prior distributions for the Calvo parameters for wages and prices, ¢, and ¢, which are
closely related to the second-round effect of raw material prices, are set to a more neutral
Beta distribution with a mean of 0.5 and a standard deviation of 0.2.1® Also, to avoid any
asymmetric effects on the estimation results for Japan and Europe due to differences in

prior distributions, common prior distributions are used for both regions.**

For prior distributions of parameters not included in Hirose and Kurozumi [2012], they are
set as follows: The prior distribution for the proportion of non-Ricardian households A is
a Beta distribution, with a prior mean of 0.15 (and a standard deviation of 0.05), based on
the empirical analysis of this proportion using Japanese survey data by Hara et al. [2016].
The prior distribution for the raw material weight ay in the production function is set to
a Beta distribution with a mean of 0.15 and a standard deviation of 0.05, referencing An
and Kang [2011], who estimated a DSGE model including crude oil production inputs. The
prior distributions for the persistence and standard deviation of raw material price shocks
are set to be identical to those of other exogenous shocks. Note that the steady-state
consumption-to-GDPratio c/y is calibrated at the sample average (0.542 for Japan, 0.532

for Europe), and the subjective discount factor f is fixed at 0.9985, and not estimated.

12 Dynare (Adjemian et al. [2024]) was used for model estimation.

13 Hirose and Kurozumi [2012] use a Beta distribution with a mean of 0.375 and a standard deviation of 0.1.
14 The prior means for the steady-state technology growth rate and inflation rate are set to the sample means
of the per capita real GDP growth rate and the CPI change rate, respectively.
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Figure 4: Prior and Posterior Distributions of Parameters

Prior Distributions

Posterior Distributions

Japan Europe
Distribution Mean S.D. Mean 90% CI Mean 90% CI
Inverse of intertemporal
o elasticity of substitution Gamma 1 0.375 0.71 [0.25, 1.13] 0.88 [0.40, 1.37]
for consumption
y  Imverse oflabor supply Gamma 2 0.75 234 [1.54,3.04] 291 [1.74,4.09]
elasticity
Degree of habit
0 formation in Beta 0.5 0.2 092  [0.88,0.97] 094  [0.91,0.98]
consumption
Proportion of non-
L s Beta 0.15  0.05 021  [0.11,0.31] 025  [0.13,0.37]
ay  Raw material weight Beta 0.15  0.05 0.10  [0.06,0.15] 0.10  [0.07,0.13]
ép Price Calvo parameter Beta 0.5 0.2 0.84 [0.77,0.90] 0.74 [0.67,0.81]
&y Wage Calvo parameter Beta 0.5 0.2 0.95 [0.93, 0.96] 0.95 [0.93, 0.97]
o Interest rate inertia Beta 0.8 0.1 0.81 [0.75, 0.87] 0.86 [0.81,0.91]
Interest rate sensitivity
b et Gamma 1.7 0.1 1.66  [1.51,1.81] 1.68  [1.52,1.84]
¢, ~|merestmtesensitvity o e 0125 005 0.09  [0.04,0.14] 0.08  [0.04,0.12]
to GDP
Raw material price
B
Dx chock persistence eta 0.5 0.2 094  [0.90,0.97] 093  [0.89,0.97]
Pw  Wage shock persistence Beta 0.5 0.2 0.23 [0.09, 0.35] 0.08 [0.01, 0.15]
p, ~ Monetary policy shock Beta 05 02 0.75  [0.65,0.87] 055  [0.34,0.76]
persistence
pp  Price shock persistence Beta 0.5 0.2 031  [0.09,0.52] 033 [0.06,0.62]
b Preference shock Beta 05 02 0.10  [0.02,0.19] 0.09  [0.01,0.17]
persistence
p,  [xtemal demand shock Beta 0.5 0.2 092  [0.88,0.97] 095  [0.92,0.98]
persistence
p, Technologyshock Beta 05 02 039  [0.15,0.66] 050  [0.20,0.80]
persistence
«  Steady-state technology 0.050/
Normal -
z rowth rate orma o0 00 0.02  [-0.03,0.08] 0.19  [0.13,0.25]
o Steady-state inflation Normal 0.125/ 0.05 0.10 [0.03.0.17] 0.54 [0.47.061]
e PSS . .03,0. ‘ 47,0.
.D. i I
g, >D-ofrawmaterial frverse 0.5  Inf 9.19  [8.11,10.3] 954  [8.34,10.7]
price shock Gamma
0,  S.D.ofwage shock Inverse 0.5 Inf 011  [0.09,0.14] 046  [0.39,0.51]
Gamma
.D. I
o, S.D. of frverse 0.5  Inf 0.1  [0.09,0.12] 012 [0.10,0.13]
monetary policy shock Gamma
0,  S.D.ofprice shock Inverse 05  Inf 0.18  [0.14,0.22] 022 [0.16,0.28]
Gamma
Gy  SD.ofpreforence shock VS 0.5 Inf 152 [7.65,22.2] 40.85  [16.8,67.2]
Gamma
S.D. of Inverse
T o o 0.5 Inf 1.99  [1.74,2.24] 1,53 [1.32,1.72]
S.D. of Inverse
o, (echnology shock - 0.5 Inf 029  [0.14,0.43] 034  [0.16,0.52]
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5 Estimation Results
5-1 Posterior Distributions of Model Parameters

The estimated posterior distributions of the parameters are shown in Figure 4. Here, we
discuss the estimated values of parameters that affect the first- and second-round effects

mentioned in Section 3, along with parameters specific to this paper's model.

First, the estimated values of the price Calvo parameter ¢, differ slightly between Japan
and Europe. The posterior mean for Japan is 0.84, whereas for Europe, it is 0.74, indicating
higher price rigidity in Japan. Compared to previous literature, the result for Japan is
relatively close to the posterior mean of 0.88 reported by Sugo and Ueda [2008]. The
estimated value for Europe (0.74) is also generally consistent with the estimated values of
the three types of DSGE models reported by McAdam and Warne [2019] (0.75; 0.76; 0.83).

Next, the posterior mean of the wage Calvo parameter ¢, is 0.95 for both Japan and
Europe, indicating high nominal wage rigidity in both regions. Direct comparison of &,
with previous literature is difficult, as the expression for the NKWPC slope involving ¢,
differs.’®> However, when looking at the estimated values of &, in previous literature,
Sugo and Ueda [2008] report an estimate of 0.52 for Japan, while McAdam and Warne
[2019] report values of 0.50, 0.55, and 0.61 for Europe. The fact that there is no large
difference in the wage Calvo parameters between Japan and Europe is broadly consistent

with these previous studies.®

Regarding the estimation results for parameters unique to this paper, the posterior mean of
the raw material weight ay in production factors is approximately 0.10 for both Japan and
Europe, indicating roughly similar levels. The persistence p, and standard deviation o,
of raw material price shocks also show little difference, suggesting similar characteristics
of these shocks in Japan and Europe. Furthermore, no clear difference is observed in the
estimated results for the proportion of non-Ricardian households A between Japan and

Europe.!’

15 Specifically, in previous literature, the wage setting often adopts the formulation by Erceg et al. [2000],
_ _p,l-0
where the slope of the NKWPC is expressed as A, = % That is, in the Erceg et al. [2000]

type model, a term related to real rigidity (€,,17), which does not appear in the Schmitt-Grohe and Uribe
[2005] formulation relied upon in this paper, is included in A,,. Therefore, if the estimated value of A, is
held constant, this paper's estimated value of &, is considered to be larger than in many previous studies
due to the absence of real rigidity.

16 As Taylor [1989] once pointed out, wage rigidity in Japan may be lower than in the U.S. and Europe due
to the existence of Shunto, where companies revise wages simultaneously once a year. Thus, there is no
established conclusion regarding the level of wage rigidity between Japan and Europe.

17 The introduction of non-Ricardian households improved the model's fit to some extent. Specifically, the
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Other parameters, excluding estimated values for some shocks (wage shock, preference
shock), also show limited differences between Japan and Europe. For the wage shock,
persistence p,, is larger for Japan, but standard deviation ¢, is larger for Europe. For

the preference shock, standard deviation ¢, is larger for Europe.'®
5-2 Impulse Response

Figure 5 shows the impulse responses of various variables to a one-standard-deviation raw
material price shock. First, as suggested by the parameter estimates, the magnitude and
persistence of raw material shocks are very similar in Japan and Europe. The initial
response of the inflation rate 7, to such equivalent shocks is weaker in Japan. This is

likely attributable to differences in price rigidity.

On the other hand, the catch-up of nominal wages (/) is very gradual in both Japan and
Europe, which is considered to reflect, in part, the high wage rigidity. Furthermore, the
loosening of labor supply and demand due to raw material price hikes is also thought to be
suppressing wage increases. Specifically, in response to a decline in real wages,
consumption of non-Ricardian households & decreases significantly. Also, as the central
bank raises interest rates in response to price increases, consumption of Ricardian
households ¢/ also decreases somewhat. In response to this decline in domestic demand,
firms' labor demand I, also decreases. As a result, the marginal rate of substitution

between consumption and labor m7s; decreases, suppressing wage increases.

posterior likelihood for Japan (Europe) improved from -499.30 (-678.42) when only Ricardian households
were assumed, to -493.98 (-671.61).

18 The very large estimated value for the standard deviation of the preference shock is likely to explain the
large fluctuations in consumption during the 2020 pandemic. The model was also estimated with data prior
to 2019, but the main estimation results of this paper remained unchanged, except for the estimation results
of the preference shock.
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Figure 5: Impulse Response to Raw Material Price Shock
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Next, Figure 6 decomposes the impulse response of the inflation rate to a raw material

price shock into first- and second-round effects using the method presented in Section 3.

Figure 6: First- and Second-Round Effects of Raw Material Price Hikes
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Note: Bayesian impulse response to a one-standard-deviation raw material price shock. The bold line represents the
mean, and the shaded area represents the 90 percent credible interval.

First, comparing the shapes of the first- and second-round effects, both Japan and Europe
show that the first-round effect manifests more rapidly and decays more quickly,'®

whereas the second-round effect pushes prices up more gradually and persistently.

Next, comparing the first- and second-round effects between Japan and Europe, the
impulse response of the first-round effect is more gradual in Japan. This is attributable to
the difference in the price Calvo parameter ¢,,. Indeed, when Japan's &, is replaced with
Europe's estimated value, the first-round effect generally matches between Japan and
Europe (Figure 7). In contrast, for the second-round effect, no significant difference is

observed between Japan and Europe, either in magnitude or persistence.

This very gradual second-round effect in both Japan and Europe is likely due to two factors:
(1) high wage rigidity and (2) the loosening of labor supply and demand resulting from
raw material price hikes. The impact of point (1) will be discussed in the next section using
Japan as an example; here, we will focus on point (2). As suggested by Equation (8), the
second-round effect can ultimately be decomposed into two factors: real wages W, and
the marginal rate of substitution m7s;. The contribution of the former represents the pure
catch-up of nominal wages due to the decline in real wages, while the contribution of the
latter can be interpreted as representing the extent to which the loosening of labor supply
and demand due to raw material price hikes suppresses the catch-up of nominal wages. As

shown in Figure 8, the decline in the marginal rate of substitution m7s;, which represents

19 The first-round effect turns negative because the nominal raw material price begins to decline.
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the impact of the loosening of labor supply and demand resulting from raw material price

hikes, suppresses the initial second-round effect, causing it to materialize more gradually.

Figure 7: Impact of Price Rigidity on First-Round Effect
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Note: Impulse response of #}5¢ to a one-standard-deviation raw material price shock. Posterior means are used for
parameters. "Japan (using Europe's &,)" refers to the impulse response when Europe's posterior mean is used for
¢p, and Japan's posterior means are used for other parameters.

Figure 8: Decomposition of Second-Round Effect
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5-3 Role of First- and Second-Round Effects in Recent Price Increases

Figure 9 shows the factor decomposition of the inflation rate during the price increase
phase of the 2020s. The contribution of raw material price shocks, which is the main focus

of this paper, is decomposed into first- and second-round effects. From this figure, the first-
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round effect, which captures the price pass-through of raw material price hikes, was the

main cause of price increases in both Japan and Europe since the pandemic.

Figure 9: Factor Decomposition of Recent Inflation
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Note: Inflation rate (year-on-year, deviation from steady state, percent point) decomposed into contributions of
shocks occurring from Q4 2020 onwards. Initial conditions are contributions of shocks before Q3 2020. Posterior
means are used for parameters and shocks.

Comparing the contribution of this first-round effect between Japan and Europe, during
the high inflation phase up to 2022, its manifestation may have been faster in Europe. After
inflation peaked, in Europe, with relatively rapid price pass-through, the first-round effect
lowered the inflation rate, reflecting the decline in raw material prices. In contrast, in Japan,
the first-round effect has continued to push up the inflation rate persistently, due to (1) the
longer time required for price pass-through and (2) the sustained high raw material prices

against the backdrop of the depreciating yen,?® among other factors.

Regarding the second-round effect, in terms of the magnitude of its contribution, it was not
the main driver of recent price increases in both Japan and Europe. That is, the possibility
that a spiraling increase in wages and prices led to rampant inflation in the recent phase of
price increases is considered low. However, the gradual but persistent second-round effect
is suggested to have played a role in enhancing the persistence of price increases, even

after the first-round effect had run its course.

20 As can be seen from the Figure 3, the recent trends in raw material prices differ between Japan and Europe.
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Since 2023, wage shocks have played a larger role in driving up prices than the second-
round effect in Europe. This suggests that wage increases, which are not fully explained
by the second-round effect as defined in this paper, may have contributed to the persistence
of inflation in Europe. Furthermore, in Japan, the contribution of wage shocks has recently
expanded somewhat. A possible explanation for this is that the characteristics of the
second-round effect may have changed in recent years. The next section will discuss the
relationship between the recent expansion of wage shocks and the second-round effect,
using Japan as an example. Other major differences between Japan and Europe include the
larger contributions of technology and price shocks in Europe. It should be noted that the
identification of technology and price shocks may be unclear in this paper, as labor hours
data were not used for estimation. However, this suggests that, at least in Europe, there
were considerable price increases that could not be explained by wage or raw material

price hikes.?!

6 Further Investigation of Recent Second-Round Effects in Japan

The previous section highlighted that the second-round effect of raw material price hikes
through wages is likely to be very gradual, due to high wage rigidity and the loosening of
labor supply and demand caused by the rise in raw material prices. This section explores
the possibility that the characteristics of the second-round effect have changed in Japan in

recent years.

To gain insight, we interpret "¢ defined in Section 3 as the "inflation rate driven by
wage increases" and confirm its recent trend (Figure 10).22 This figure suggests that the
inflation rate driven by wage increases has steadily risen in recent years. Factors
contributing to this include a persistent upward push from the second-round effect of raw
material prices, as well as an increased contribution from (1) monetary policy shocks and
(2) wage shocks. Below, we explore the possibility that these factors are related to the

second-round effect.

21 Such results may be consistent with the argument of so-called "Greedflation" in Europe, where companies
raised prices by more than the increase in costs.
22 The contribution of "Material price" in Figure 10 corresponds to "2nd round effect" in Figure 9.
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Figure 10: Inflation Driven by Wage Increases in Japan
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Note: 77" (year-on-year, percent point) decomposed into contributions of shocks occurring from 2020/Q4
onwards. Initial conditions are contributions of shocks before 2020/Q3. Posterior means are used for parameters and
shocks.

Monetary Policy and Second-Round Effects

First, the result that monetary policy shocks contribute to pushing up prices suggests that,
against the backdrop of price increases primarily caused by raw material price hikes,
interest rate hikes (as reflected in shadow rates) were conducted cautiously, maintaining
accommodative financial conditions compared to what the monetary policy rule implies.
Indeed, when estimating the relationship between the estimated raw material price shock
€} and the monetary policy shock Z{ using the following equation, the estimated
coefficient a was negative, -0.0058 (p-value: 0.087):23

4
1
AT = Pl +ax ZZ e+l )
k=1

As qualitatively stated in Section 3, a gradual increase in interest rates in response to rising

raw material prices is likely to make the second-round effect of raw material price hikes

23 The estimation period is from Q1 2020 to Q4 2024. For the monetary policy shock Z{, raw material price
shock €7, and persistence parameter p,, the posterior means estimated in the previous section are used.

24 Even when the steady-state inflation rate was calibrated to 2%, the relationship between the estimated
values of the monetary policy shock 2 and the raw material price shock €7 was broadly similar.
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more pronounced. To verify this, we calculated the impulse responses of variables to a raw

material price shock after replacing the stochastic process of the monetary policy shock
with Equation (9) (Figure 11).

Looking at the result, when interest rates are raised gradually during a raw material price

increase, the first-round effect 71t is not affected, but the second-round effect 7#2™¢

becomes larger. Behind this, with the limited increase in interest rates R}, Ricardian
households' consumption ¢/ no longer decreases. Also, under these circumstances, the
decline in labor demand and real wages W; is also mitigated, and the drop in non-
Ricardian households' consumption & becomes smaller.

Figure 11: Impact of Monetary Policy

ﬁ.gnd
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Note: Impulse response to a one-standard-deviation raw material price shock. "Baseline" refers to the impulse
response of the original model (posterior means used for parameters). "Gradual rate hike" refers to the impulse
response when the stochastic process of the monetary policy shock is replaced with Equation (9).

Wage Rigidity and Second-Round Effects

The recent expansion of wage shocks may reflect a reduction in additional labor supply

capacity in Japan,? but given the recent widespread wage increases, it is also possible that

% Tkeda et al. [2025] discuss the impact of demographic changes on labor market and wage trends.
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wage rigidity has decreased compared to the past. Here, we examine part of this possibility

by incorporating downward nominal wage rigidity into the model in a simplified manner.

To incorporate downward nominal wage rigidity, an additional assumption is made: if the
optimal nominal wage P,W22¢ for the proportion (1 —¢,,) of jobs optimizing wages in
period t falls below the average nominal wage mzP,_,W,_, of other jobs, the actual

nominal wage P.V, set by this proportion of jobs is determined as follows:
PtVt = (1 - 6)PtWto + 6T[ZPt_1Wt_1

where 6 € (0,1) is a parameter representing downward nominal wage rigidity. The closer
6 is to 1, the greater the downward rigidity. In other words, as § approaches 1, even if
P.W? fluctuates due to economic changes, the actual nominal wage P.V, will remain

relatively stable.

Under this assumption, the NKWPC switches depending on the relative magnitude
between P,W? and mzP,_W;_,. Specifically, the NKWPC becomes as follows:

(- &) - pz76,)(1 - 8) (s, — ) + B2y o (=8,
Ew + (1 - fw)cs ¢ ¢ Ew + (1 - Ew)d e fw + (1 - gw)d ‘

7Y =
§>0 if W <W,_q—1,—2zf{; 6§ =0 otherwise
where W¢ is determined by the following equation:
W = Bz 78, (E; Wy + Eefieyq + Eezfyq) + (1 — B2 77¢ Ymrs, + zp’

When the economy is subject to the downward nominal wage rigidity constraint (= Regime
1), the NKWPC becomes flatter due to the presence of §. Conversely, when the economy
exits the downward nominal wage rigidity constraint (= Regime 0), the NKWPC becomes

steeper.

This model is a nonlinear model that includes so-called occasionally-binding constraints.
Therefore, Dynare's Occbin toolbox 2’ is used for estimation. Considering the high
computational load, only three parameters {6, ¢,,, p,,} are estimated, and other parameters
are calibrated using the posterior means estimated in Section 5. Also, only the mode is

estimated, not the entire posterior distribution. For the prior distribution of &, a Beta

% W2 is determined according to Equation (1).
27 For details on the Occbin toolbox, refer to Guerrieri and Iacoviello [2015] and Adjemian et al. [2024].
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distribution with a mean of 0.5 and a standard deviation of 0.2 is used (prior distributions

for &, and p,, arethe same as in Figure 4).

As a result of the estimation, the modes of the posterior distributions were & =
0.239 (0.008), &, = 0.941 (0.004), p,, = 0.327 (0.011) (with standard deviations in
parentheses). The mode of § is significantly different from 0, suggesting that the slope of
the NKWPC becomes smaller when the constraint is binding.

Next, for each period of the sample, we examine whether the downward nominal wage
rigidity constraint is binding. It is estimated that a considerable period before 2013 was
under Regime 1, i.e., the economy was subject to the constraint (Figure 12, left). After that,
for the period from 2014 to 2019, Regime 1 and Regime 0 were roughly equally distributed,
and for the past approximately three years, it is suggested that the economy has completely

exited the downward nominal wage rigidity constraint.

Comparing the second-round effect of raw material price increases under these two
different regimes, it is slightly stronger under Regime 0 (not subject to constraint) than
under Regime 1 (subject to constraint) (Figure 12, right).?® This suggests that in recent
years in Japan, the second-round effect through wages may have become somewhat
stronger compared to past phases of raw material price increases (e.g., before the global

financial crisis).
Figure 12: Impact of Downward Nominal Wage Rigidity
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Note: "Regime 1" refers to periods when the economy is constrained by downward nominal wage rigidity, while
"Regime 0" refers to periods when this constraint is not present. The right figure shows the impulse response of
2™ to a one-standard-deviation raw material price shock. Posterior means are used for parameters. "Regime 1"
("Regime 0") second-round effect indicates the second-round effect when the economy is always subject to (not
subject to) the constraint.

28 This result also suggests the possibility that the existence of downward nominal wage rigidity causes the
second-round effects on prices through wages to be asymmetric in deflationary and inflationary phases.
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7 Conclusion

This paper empirically examined the second-round effect of raw material price increases
using a DSGE model. More specifically, it explored how price increases driven by rising
raw material costs spill over into wages, which then feedback into prices. The results
showed that the first-round effect, which captures the pass-through of rising raw material
costs to prices, is slower in Japan than in Europe. On the other hand, the second-round
effect through wages is gradual but persistent in both Japan and Europe. Additionally,
during the period of high inflation since 2020, the first-round effect of higher raw material
costs was the main driver of inflation in both Japan and Europe, while the second-round
effect contributed to the persistence of inflation. The paper also suggested that the recent

changes in wage rigidity in Japan may have strengthened the second-round effect.
When interpreting the results of this paper, the following limitations should be noted:

First, the analysis assumes that people's long-term inflation expectations are stable. That
is, the channel through which prices spiral upward due to unstable inflation expectations,

as seen in the 1970s, is not captured by the second-round effect analyzed in this paper.

Second, the model's structural parameters are assumed to be constant throughout the
estimation period. That is, this analysis does not consider the possibility that people's wage-
and price-setting behaviors may structurally change when faced with large shocks, such as

a surge in raw material prices.

Third, as the model assumes a closed economy, it abstracts away the mechanism that rising

raw material prices depress the real economy by worsening the terms of trade.

Future research will aim to improve and extend the model by addressing these points.
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Appendix
A1 Linearized Model

[Ricardian Household's Marginal Utility of Consumption]

(=902 = -2t (-9

Bo .
+ Z_"{G (EtCtU+1 + Ezfyy
[Ricardian Household's Euler Equation]
M = EA{yy — 0Bzt + RY
[Non-Ricardian Household's Consumption]

('ff:Wt-l-lt

6 7]
24)- (-]
th> ( 2 tZt+1

— Eifte4q

[Non-Ricardian Household's Marginal Utility of Consumption]

M=z — el
[Total Household Consumption]
¢ =Acl+ (1 —21e?
[Wage Phillips Curve (NKWPC)]
v (1-§,)(A =Bz 7%%)

= (TYTfSt

Sw

s

- Wt) + ﬂZl_

o ~W w
Eifigyq + 2¢

[Average Marginal Rate of Substitution between Consumption and Labor]

mrs, =nl, — {(1 = DAY + A2}
[Nominal Wage Growth Rate]
Y =Wy — Weq + Ty + 2F
[Real Marginal Cost]

me, = axpy + (1 — ay)W,

[Nominal Raw Material Price Growth Rate]
i = pf — Diy + 7

[Optimal Input Ratio]

S
I
=N

Ky

[Production Function]
Ve = ax% + (1 — al;
[Phillips Curve (NKPC)]
o (1-g)(-pzt- afp)fv
T = ¢+
$p

pzl~
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(A5)

(A6)
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(A8)
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[Monetary Policy Rule]

3
" . 1
R? = d)rR?—l + (1 - ¢r (d)n (Zz e s) + d)yyt) + Zt

s=0

[Market Clearing Condition]
. C C. g
Ve = ;Ct +(1 _;)Zt
[Real Raw Material Price]
PE = pxbics + €f

[Technology Shock]

2 = py7i + €f
[Wage Shock]

2y = pwziiq + €
[Price Shock]

z{ = ppzi_, +€f
[Monetary Policy Shock]

Z{ = przi-1 T €l
[Preference Shock]

2 = prba + b

[External Demand Shock]

g _ g g
Zy = pPgZi_q T €

where we define

(A14)

(A15)

(A16)

(A17)

(A18)

(A19)

(A20)

(A21)

(A22)

Zf _ P (1-5,)(1-B2z179E,) (Ap ~lo g{1+,1p}) 2 = (/T‘év + Z%)(l —£,)(1 - B219¢,)/

& 14AP

£ (1 = log(-raty)
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A2 Proof of Proposition
Transforming Equation (A9):

me, = (1 — ay)@®EY + ayfif + mc,_, — . (A23)
Let L be the lag operator and L' be the forward operator. That is, y,_, = Ly, and
Ye+1 = L™1y,. Using this:

_ (1 - ax)ﬁgv + a’Xﬁt)'( - ﬁt
B 1-1L

—_~

mc,

(A24)

Substituting this into Equation (A13) and transforming:

{A=L)(1=BLY) + A}, = M{(1 — a)RY + ax®¥} — BL7H(L — )& (A25)
where &, is the forecast error of #, in period t where & = i, — E,_,7,. Also, B =
fz179. Define the coefficient of the left side as B = {(1 -LDA-BLYH + Ap}:

B=-pLY1-p1(1+A,+B)L+p 1% (A26)

Hence B can be factored as follows:

B =—BL (1 —AL)(1—AL). (A27)

where Al + Az = ﬁ_l(l + Ap + B\)JAIAZ = 3_1: and

A = 2 Ay = 2

) /L2 .
(1+A,+B)+ /(1+A,,+f;)2_4z; (1+Ap+B)— | (1+A,+B) -4

Also, note that A; and A, are the solutions to the following quadratic equation in A.

fFA=2-1(1+A,+p)A+p1=0. (A28)

Here, the function f(A) is a downward-convex quadratic function, and from f(0) =
1> 0,f(1) = —A,/B <0, it can be verified that 0 <2; < 1 < A,.

Substituting Equation (A27) into Equation (A25) yields:

(=4 -2 LD
= B M — @R + ey} -2 LT - DE. (AD)
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Since |13 < 1, divide both sides by 1 — A;1L™! and take the expectation operator Ei:

(1 —ax)ty + axftf

(1 =4 L)7, = BTIAT AL E| -1

1-27'E,

Furthermore:

ﬁt = Alﬁt—l + AglEt z Agk(ft+k - €t+k+1)
k=0

(A31)

Al ) 234 = @)ty + axftl).
k=0

Here, 4; = 3_1/151- Note that E$pvr = Eefleix — EtEyp-1Tr4r = Etflein — Etflesn =
0 Vk > 1 (by the law of iterated expectation). Therefore:

iy = Mfip_q + 2718 + L ApE, z 225 — )l + ax il ). (A32)
k=0

Using the definition of &; and the NKPC, reorganize the above equation:

- 14
e = 1 — Ap {mct 1t Et Z 22 = a)hp + ax i) - (A33)
k=0

Here, defining mctSt = ayftf + mcSt — #fst, med™ = (1 — ay) @Y + me2"d — w2nd

1st 2nd

and mc, = mc;°" + mei"?, mc, satisfies Equation (A9). That is, the real marginal cost

t an

¢, can be decomposed into ¢St and Mc?

Similarly, defining 7}5¢,#2"¢ as variables that satisfy Equation (6) and (7), and 7, =

fifst + 72" | 7, satisfies Equation (A33). That is, the inflation rate #, can be

t

decomposed into 75t and 72", m
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A3 Spiral Inflation and Conflict Inflation

Spiral inflation, as presented by LW, refers to the cumulative price increase over an infinite
horizon caused by an exogenous shock, such as a raw material supply shock. That is, if a

shock occurs in period t, the spiral inflation generated by that shock is defined as follows:

splral Z — z ﬁ:‘tﬁ-k (A34)

k=0 k=0

Here, the cumulative price increase equals the wage increase (the second equality holds)
because real wages converge to their steady-state value in the long run. This implies that
spiral inflation can be interpreted as capturing price increases associated with the

spiral __ 0

interaction between wages and prices, in the sense that II; if nominal wages

remain unchanged in response to a shock.

Furthermore, LW showed that for cases where the marginal rate of substitution between
consumption and labor and the marginal productivity of labor decay exponentially, this

spiral inflation matches the "conflict inflation" (I1f) proposed in Lorenzoni and Werning
[2023b].2°

ApAy,

I - EtZﬁ (s es — MPlesar) (A33)

where mpl; represents the marginal productivity of labor. The name "conflict inflation"
derives from the fact that mrs, represents the aspiration level for real wages on the
household side, and mpl; represents the aspiration level for real wages on the firm side,
so IIf represents price increases resulting from the conflict regarding real wage aspiration

levels between households and firms.

From this expression, the following can be said about spiral inflation when a negative raw
material supply shock occurs: First, as a decrease in raw material supply is a shock that
lowers the marginal productivity of labor mpl;, (if other conditions are held constant) a

positive spiral inflation will occur as a result. The magnitude of this spiral inflation is

2 Conflict inflation also relates to an inflation indicator that Gali [2015] calls "composite inflation."
Composite inflation is a weighted average of the inflation rate 7, and the nominal wage change rate 7, by
their respective rigidities, A, ! and A‘;l. Furthermore, the composite inflation is an inflation component
caused by the output gap viewed as a deviation from a flexible-price economy.
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determined by the three factors discussed in Section 3 (A,,, Ay, and m7Fs;). Furthermore,
A, and A, multiplicatively determine the magnitude of spiral inflation. That is, as can
be seen from Equation (A35), there is a property that spiral inflation is maximized when

A, = A, given a constant sum of A, and A,,.
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