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Abstract

In this paper, we analyze the dynamics of the labor share in the United States
and Japan using a dynamic stochastic general equilibrium (DSGE) model. For
this purpose, we develop a model employing a constant elasticity of substitution
(CES) production function with capital- and labor- augmenting technologies and
investment specific technology. Our findings are as follows. First, comparing two
different specifications of our model - one with a CES production function and one
with a Cobb-Douglas production function - using marginal data densities indicates
that the former provides a better fit for both the U.S. and Japanese data. Second,
our estimates suggest that the elasticity of substitution is larger than one in the
United States but less than one in Japan. Third, while capital-augmenting technol-
ogy shocks have contributed to the decline of the labor share in the United States,
they have exerted upward pressure on the labor share in Japan. The difference in
the effects of capital-augmenting technology shocks on the labor share is due to the
difference in the elasticity of substitution in the United States and Japan. Finally,
the estimated models for the United States and Japan successfully replicate the
observed relationship between the labor share and inflation.
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1 Introduction

The past few decades have witnessed a large decline in the labor share of gross value
added in countries around the world (see, e.g., Elsby et al., 2013, and Karabarbounis and
Neiman, 2014). A variety of reasons have been proposed to explain the declining labor
share. The following three factors have been proposed as factors that have contributed
to declining the labor share: changes in the relative price of capital led by investment-
specific technology (IST), factor-augmenting technological changes — that is, labor and
capital-augmenting technological changes — and increases in market concentration.

Karabarbounis and Neiman (2014) suggest that the decline in the relative price of
investment goods explains roughly half of the decline in the labor share. Meanwhile,
Piketty and Zucman (2014) argue that the declining labor share is the result of increased
capital accumulation. The findings of these papers are based on estimates suggesting
that the elasticity of substitution of capital and labor is greater than unity. However,
some previous studies report that the elasticity is less than unity.! When the elasticity
is less than unity, the decline of the labor share cannot be explained by the decline in
the relative price of investment goods.

Koh et al. (2016) argue that it is changes in capital-augmenting technology that
are responsible for the labor share decline. They demonstrate that capital-augmenting
technical progress can be interpreted as a form of intellectual property products (IPP)
capital deepening. They then show that this IPP capital deepening leads to a decline in
the labor share and that the elasticity of substitution between capital and labor is larger
than one.

A number of studies suggest that increases in corporate profits related to increases in
goods market concentration are another potential reason for the declining labor share.?

Barkai (2017), for instance, focusing on the United States, finds a negative industry-level

1See, for example, Cantore et al. (2015), Oberfield and Raval (2014), and Chirinko (2008) and Antras
(2004).

2Some studies argue that monopsony in labor markets may be a factor that has contributed to the
decline in the labor share. See, for example, Azar et al. (2017), Dube et al. (2018), and Naidu et al.
(2018).



relationship between changes in the labor share and changes in market concentration.
He also presents evidence at the aggregate level that profits appear to have risen as a
share of GDP and that the pure capital share of income (defined as the value of the
capital stock times the required rate of return on capital over GDP) has fallen. Autor
et al. (2017), using U.S. firm level data, show that market concentration tends to rise as
industries become increasingly dominated by superstar firms with high profits and a low
share of labor in firm value-added and sales. As a result, the aggregate labor share tends
to fall. Meanwhile, De Loecker and Eeckhout (2017) find that while average markups
were fairly constant between 1960 and 1980, there has been a sharp increase since 1980.
However, in a more recent study, Traina (2018) reports that firm market power has either
remained flat or declined.

In this paper, we examine what factors have contributed to changes in the labor
share in the United States and Japan using a dynamic stochastic general equilibrium
(DSGE) model. However, before we present our model, let us take a closer look at the
developments that we aim to explain. Figure 1 shows developments in the labor share in
the United States and Japan, while Figure 2 presents developments in the relative price
of investment goods. As can be seen, the labor share in the United States was relatively
stable until the early 2000s and only started to decline at the start of the millennium. On
the other hand, the relative price of investment goods steadily declined until the early
2000s and since then has moved more or less sideways. These developments suggest that,
contrary to Karabarbounis and Neiman’s (2014) assertions, the decline in the labor share
in the United States may not be explained by the relative price of investment goods.
Similarly, for Japan, the figures show that throughout the period depicted, the labor
share has fluctuated around its mean — i.e., no persistent decrease or increase is observed
— while developments in the relative price of investment goods are not very different
from those in the United States, so that again there does not appear to an obvious link.
Given that the relative price of investment goods does not appear to be a major factor
explaining the decline in the labor share, the aim of our analysis employing the DSGE
model is to examine what other factors — namely, factor augmenting-technological change

and changes in markups — in addition to changes in the relative price of investment goods



have played a role.

Since standard New Keynesian models employ a Cobb-Douglas production function,
the labor share fluctuates only due to markup changes associated with nominal rigidities.
Therefore, standard New Keynesian models cannot address two important questions
regarding developments in the labor share. The first is closely related to the results
obtained by Karabarbounis and Neiman (2014) and concerns whether changes in factor
prices including the relative price of investment goods have played a role in changes in
the labor share changes. The second is whether factor-augmenting technological changes
have affected capital-labor substitution. To address these questions, we build a model
employing a constant elasticity of substitution (CES) production function in a standard
New Keynesian models. However, standard New Keynesian models such as the model
by Justiniano et al. (2011) assume that IST is non-stationary. When IST is assumed
to be non-stationary, a DSGE model with a CES production function does not have
a balanced growth path (BGP). In this case, it is not possible to estimate the model
using Bayesian techniques. We therefore develop a model that has a BGP when (i) the
elasticity of substitution is non-unity, (ii) labor-augmenting technological shocks are non-
stationary, and (iii) IST shocks are non-stationary. In order to ensure that our model has
a BGP and is stationary, following Uzawa (1961), we introduce non-stationary capital-
augmenting technological change which is co-integrated with non-stationary IST change
into a dynamic New Keynesian model.?

We start by examining the implications of employing a CES production function for
the goodness of fit of the models. We therefore estimate models with a Cobb-Douglas
production function and models with a CES production function for the United States
and Japan and compare the log marginal data densities. The results show that the
models with the CES production function better explain the data for both the U.S. and
Japanese economies.

Next, we examine the estimation results for the United States and Japan. The

3Cantore et al. (2015) also estimate by Bayesian methods a standard medium-sized DSGE model
with a CES production function, but they do not assume IST change, which Karabarbounis and Neiman
(2014) suggested was the main factor underlying the decline in the labor share.



estimation results of our model using data for the United States are as follows. First,
the elasticity of substitution between capital and labor, at 1.47 (at the mean), is greater
than unity, which is consistent with the estimate by Karabarbounis and Neiman (2014),
who obtained an estimate of around 1.25, but is different from estimates obtained in
other studies (e.g., Cantore et al., 2015, and Antras, 2004), which are less than unity.
Second, since the estimated elasticity of substitution is greater than unity, the impulse
responses of the labor share to IST shocks and capital-augmenting technology shocks in
our model are negative. Third, the decomposition results suggest that about 80 percent
of the decline in the labor share in the United States since the early 2000s is explained
by positive capital-augmenting technology shocks. On the other hand, IST shocks have
had little impact on the U.S. labor share, which contrasts with the results obtained by
Karabarbounis and Neiman (2014). However, since Karabarbounis and Neiman’s (2014)
analytical framework is based on comparative statics, their results do not reflect the fact
that while the labor share in the United State has fallen notably since the early-2000s,
the decline of the relative price of investment goods stopped during this period.

The estimation results for the Japanese economy differ from those for the U.S. econ-
omy. First, the elasticity of substitution between capital and labor, at 0.20 (at the mean),
is less than unity. Second, since the estimated elasticity of substitution is less than unity,
the impulse responses of the labor share to IST shocks and capital-augmenting technol-
ogy shocks are positive, which is contrary to the results for the United States. On the
other hand, the response of the labor share to labor-augmenting technology shocks is
negative. The reason why the impulse responses are positive in the former case and
negative in the latter is that the elasticity of substitution is less than unity. Third, the
decomposition analysis shows that, in stark contrast with the United States, in Japan
positive capital-augmenting technology shocks and negative labor-augmenting technol-
ogy shocks put upward pressure on the labor share. This suggests that labor-augmenting
technology has stagnated in the post-bubble period since the early 1990s, and this has
affected the dynamics of the labor share.

Furthermore, the different production functions have interesting implications for in-

flation. Figure 3 presents scatterplots of inflation and labor share observations for the



United States and Japan. While the observations for the United States indicate a posi-
tive correlation, for Japan a weak negative or no correlation is observed. We ask if the
estimated models for the United States and Japan can explain this difference in the link
between inflation and the labor share. In the New Keynesian Phillips curve, the real
marginal cost (or the inverse of the markup ratio) plays a crucial role in determining
inflation dynamics. When the Cobb-Douglas production function is employed, the labor
share coincides with the real marginal cost. Many empirical studies on the New Keyne-
sian Phillips curve, such as Sbordone (2002), use this relationship. However, when the
CES production function is employed, the real marginal cost generally does not coincide
with the labor share. In fact, scatterplots of inflation and labor share observations for
the United States and Japan indicate that while the observations for the United States
suggest a positive correlation between inflation and the labor share, for Japan a weak
negative or no correlation is observed. In order to investigate whether the estimated
models for the United States and Japan can explain this difference in the relationship
between inflation and the labor share, we conduct stochastic simulation exercises based
on the models. The stochastic simulation based on the estimated model for the U.S. econ-
omy replicates the positive correlation between inflation and the labor share observed in
the U.S. economy. Specifically, labor-augmenting technology shocks, capital-augmenting
technology shocks, and IST shocks all contribute to generating the positive correlation
between inflation and the labor share. On the other hand, the result of the stochastic
simulation based on the estimated model for the Japanese economy replicates the weak
correlation between inflation and the labor share, which is consistent with the observed
data.

In addition to the studies already mentioned, our paper is also related to the studies
by Acemoglu and Restrepo (2018) and Grossman et al. (2017). Developing a model
to examine how machines replace human labor and why this might lead to lower em-
ployment and wages, Acemoglu and Restrepo (2018) show that automation of tasks
previously performed by labor can lead to a permanent reduction in the labor share.
Meanwhile, Grossman et al. (2017), extending a standard neoclassical growth model to

incorporate endogenous human capital accumulation, demonstrate that in a neoclassical



growth setting with a certain form of capital-skill complementarity a slowdown in pro-
ductivity growth leads to a deceleration of human capital accumulation and a long-run
decline in the labor share.

The remainder of this paper is organized as follows. Section 2 presents our model
of the economy. Section 3 describes the estimation method and the data used for the
analysis, while Section 4 presents the estimation results. Section 5 then discusses the

relationship between the labor share and inflation. Finally, Section 6 concludes.

2 The Model

Our model is broadly based on DSGE models used in recent business cycle studies such
as Justiniano et al. (2011) and Hirose and Kurozumi (2012). The main difference from
previous studies such as these is that our model employs a CES production function.
When we employ a CES rather than a Cobb-Douglas production function and assume
IST is non-stationary, the model requires a restriction regarding the steady state growth
rate of technological progress to guarantee a balanced growth path. Apart from this
difference, our model is essentially the same as the models employed in previous studies

such as Justiniano et al. (2011) and Hirose and Kurozumi (2012).

2.1 Firms
2.1.1 Capital Service Firms

In a perfectly competitive environment, capital service firms purchase investment goods I,
at price P/ and transform them into capital K; subject to the prevailing transformation
technology. Capital service firms own capital stock K; and rent utilization adjusted
capital service u;K;_; to intermediate goods firms at real price RF. Capital service firms

maximize the expected discounted value of future profits,

K, It ut A

max EtZﬁ ttj (Rf+jut+jKt+j1 - ij'fﬁj), (1)
j=0



subject to

Ky = (1-6(u)) K1+ exp (27) {1 - S (%sz) } I, (2)

where A; is households’ marginal utility of consumption, 3 is the subjective discount
factor, and BA.,;/A; is a stochastic discount factor. Further, z; stands for shocks to
the marginal efficiency of investment (MEI), which represent an exogenous disturbance
to the process by which investment goods are transformed into capital to be used by
intermediate goods firms. The parameters z;s and v, stand for the growth rates of
labor-augmenting technology and IST in the steady state, respectively. Next, S (e)
stands for investment adjustment costs. We assume that S = S’ = 0 in steady state,
x =1, and S” > 0. Meanwhile, ¢ (o) is the depreciation function, whose properties are

8 >0 and 8" > 0. We specify the adjustment cost function of investment as follows:

S () ;@. (3)

The first order conditions with respect to Iy, us, K; are as follows:

Pf s (i) S ) 1)
t = exp (28){1 -8 — - S
p = Qo) Tr1 2esthss Tr1 2esthss ) T 2esthes
Apir N oo (I 1 Lin 1 \° 1
+Etﬁ At Qt+lexp (Zt) S ( It Zssqu)ss [t zss¢ss Zss¢ss7 (4)
A
Qi = Etﬁ%l {Rfﬂutﬂ‘i‘QtH (1—5(ut+1))},and (5)
t
R = Q' (w). (6)

2.1.2 Investment Goods Firms

Perfectly competitive firms purchase Y;! units of final goods to produce investment goods
I;. ¥, stands for the efficiency with which investment goods are produced. Therefore,

the marginal cost of investment good production is P;/¥;. Investment goods firms’ profit



maximization is given by

. A I N
rl=PL, - PY! =PI, -P-t={P - 1L, (7)
v, \Z
Since investment goods are produced competitively, their price P/ is equal to the marginal

cost of production:
P

pi= -t
t \I]t (8)

2.1.3 Consumption Goods Producers

Final goods producers produce final consumption goods Y; from intermediate inputs

Y; (f). Final goods producers maximize profits

PY; - / Y, (f) P, (f) df (9)

subject to the technology for final goods production given by

Y, =

1 9571 oF—1
/0 Yt(fw%’df] . (10)

—oP
Cost minimization implies that the final goods are Y; (f) = (%p) 'Y, . Final con-
sumption goods are produced competitively, so that their price is equal to the marginal

cost of production:
=\ [ ] (1)
0

The market clearing condition for final consumption goods Y; is equal to the sum of

consumption, investment, and other exogenous demand. That is,

I
Y, =C, + _\Ift + gZiexp(z]) (12)
t

where ¢ stands for the steady state ratio of exogenous demand to output. 2/ represents

exogenous demand shocks and is governed by an autoregressive stationary process.



2.1.4 Intermediate Goods Firms

Producers of intermediate goods f use a production technology characterized by constant
returns to scale in capital and labor services, u,K; 1 (f) and [;(f), to produce output
Y; (f) sold to final goods producers. Specifically, we assume that each intermediate good

Y; (f) is produced based on a CES production function:

o—1 o—1715=-1

Yi(h) = |anlZde (1) + o QK (1) 7 (13)

where o denotes the elasticity of substitution between capital and labor service in-
puts in production, «, and «j are distribution parameters, and Z; and (); denote
labor-augmenting and capital-augmenting technology, respectively. The level of labor-

augmenting technology is non-stationary and assumed to follow the stochastic process
InZ; =Inzss +InZ; 1 + 2. (14)

Zss represents the gross trend rate of labor-augmenting technological change and 2 stands
for shocks to the rate of change and follows a stationary process.
Each producer’s labor input /; (f) is an aggregate of differentiated labor services with

substitution elasticity ¢’ > 1 and is given by

o

e =[ [ uen o] (15)

The corresponding aggregate wage is given by

1
1-0%

W, = [/01 Wt(h)l—gi”dh] " (16)

Producers choose u; K1 (f) and I, (f) to minimize costs given the real capital service
price RF and real wage W;. Combining the cost-minimizing conditions with respect to

capital and labor services shows that real marginal cost mc; is identical among interme-

10



diate goods firms and is given by
mcy =

«(5) Tee(8) ]

Combining the first order conditions for the optimal choice of capital and labor services

lt Wt —0c Zt o—1 a, o
(W Zt An 18
s (w) (B) (%) a8

where [; = fol I (f)df and K; = fol K, (f)df. The above equations are obtained using

inputs yields

the market clearing conditions with respect to capital and labor services. In addition,
using this equation to aggregate the production function over intermediate goods firms,

we obtain the following aggregate CES production function:

o—1

Yide = [an(Z0) 7 + ax (Ko )7 |77 (19)

where d is the price dispersion of intermediate goods, which is defined as fol (P (f)/ Pt)_ef df .
Given consumption goods producers’ demand, intermediate goods firms set the prices

of their products on a staggered basis a la Calvo (1983). FEach period, a fraction

1 — £P€|0,1] of intermediate goods prices are reoptimized, while the remaining frac-

tion &P is set by indexation to a weighted average of past and steady-state inflation

rates, I, I11.7". 4?€ [0,1] is the weight of price indexation to past inflation. Thus, all

firms solve the same following problem:

A J
max Ethj (W tﬂ) D H( k-1l >—m0t+j Yiriie (f), (20)
t+j k=1
subject to
. 6P, .
P f J 1 t+j
Yijie (f) = Yiry ]tgt( ) H <sz;k 1 7p) ; (21)
+7 k=1

where GA+;;/A; denotes the stochastic discount factor between periods ¢ and ¢ + j. The

first order condition for the reoptimized price Py is given by



N 1427
J PP 117 Wyyp—1 | P I Y
o) (ﬁé-p) <At)\P ) )/;H*J |:?i Hk:l { ( Ilss ) I q }] ’

B ) B ;:1{<M>“h} =0. (22

j:O Hss Ht+k

— (14 )\t+]) MCty

The consumption goods price equation (11) can be expressed as

Oﬁ{(HtJrk l) P Hss }
-1 ss Ht+k
p

where the price markup A} is defined as A} = 1/ (07 — 1) = Mexp (2F). 27 is the price

-1
12
o0 )‘t

-6 (F) Ty

, (23)

markup shock.

2.2 Households

Each household he [0, 1] derives utility from purchasing consumption goods C; (h) and
disutility from providing differentiated labor supply [; (k) to entrepreneurs under mo-

nopolistic conditions. Households’ preferences are represented by the utility function

Zﬁ exp (2) {m (Ce (h) = bCy-1 (h)) — %}n’?} ’ (24)

where be [0,1] is the degree of habit formation, n > 0 denotes the inverse of the labor
supply elasticity, and 2? represents preference shocks. Households’ budget constraint is
given by

FiCy (h) + By (h) = 1} Bi—1 (h) + BEW (h) I (h) + T; (R) , (25)

where r' is the gross nominal interest rate, B; (h) represents households’ nominal bond
holdings, and T;(h) represents lump-sum public transfers and profits received from firms.
In the presence of complete insurance markets, all households purchase the same levels

of consumption goods and one-period riskless bonds. Hence, the first order conditions

12



for utility maximization with respect to consumption and bond-holdings are given by

Ae = exp (22)(Cr— bCy 1) ™" + Bbexp (241) (Crar — bCy) ™', and (26)
At+1 ’r’?

1 = E . 27

& Ay T+ ( )

Under monopolistic competition, the demand for labor service h is given by

le (h) = (Waﬁth))eglt, (28)

where

0¥ /0y —1)
] (20)

1
L = { / L(h)E D% g,
0

(29) is an aggregate of differentiated labor supply. 6y’ > 1 denotes the degree of differ-
entiation of the labor services provided by households. Each household h has monopoly
power and households set nominal wages on a staggered basis a la Calvo (1983). For each
period, a fraction 1 —¢&,, € [0, 1] of wages is reoptimized, while the remaining fraction &,
is set by indexation to both the gross trend rate of labor-augmenting technology, zs,, and
the weighted average of past and steady-state inflation rates H;y_wll_[;; 7w where v, is the
weight of wage indexation of past inflation relative to steady-state inflation. Specifically,

the reoptimized wages are set by solving the following problem:

> i Apijlirg (h) Pﬁ/ﬁh) i:l (ZSSHZ$j—1H§;7w)
{9?;3 Ly Z (Bw) exp(20) 1 (h) "
t =0 _tlT
, subject to
PW, (h) | e
i (B) = Ly | =—2 T (21w, T . 30
t+J\t( ) t+j (Pt+jm+j ]!_[1 ( t+k—1 ) ( )
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The first order condition for the reoptimized wage Wy is given by

1+>\;ﬂ+,
. 2l v
(ﬁg )j Atyj l (2ss)? Wt Wik )™ s At
w) AP, ) T W k=t Iss etk
. Yw
Jvxso TT1J Mtk I
o0 (2ss)" W T2y {(H—> m}
B (14 ) o2l =0 (31
j=0 % t+j Aty
‘ 1+)\t+] n
Nd (zss)" WY J Mgz Tw ITss At
t+j Wi k=1 IIss Ht+k

The wage markup A is defined as A = 1/ (6% — 1) = Ayexp (), where 2 represents

wage markup shocks. The aggregate wage equation (16) can be expressed as

We —5r X | (2es)’ WY ! Mppp—1) ™ I
1=(1-¢,) < ) +D (€ ][ W, H{( HSS) Hm}

]:]_ k=1

_ 1
w
)‘t

2.3 The Central Bank

The central bank conducts monetary policy based on the following Taylor rule:

3
n n n 1 ﬂ- —J Y
Inr® = ¢, Inr? |, + (1 —¢,.) {lnrss + ¢, (Z ;0 In ﬂf]) + ¢ lnY* } (33)

where Y;* is the level of output that would prevail under flexible prices and wages.

2.4 Conditions for a Balanced Growth Path

We introduce three types of technology, namely, labor-augmenting technology Z;, capital-
augmenting technology €2;, and investment-specific technology ¥;. In our model, we
assume that each of the variables representing a particular type of technology follows a

stochastic trend. We define that

Iny, = In(¥;)—In(¥,; ;), and (34)
Inw; = In(y) — In(Qy_1). (35)

14



Following Grossman et al. (2018), the total growth rate of capital-augmenting technology
v, is defined as the sum of the growth rates of capital-augmenting technology w; and

investment-specific technology ,. That is,

Invy, = Inw; + Iny,. (36)

Uzawa (1961) proposed the condition that a BGP can exist only if ¢ = 1 or Invy,, = 0.
Invy,, is the steady state growth rate of the total rate of capital-augmenting technolog-
ical change.* When o = 1, the production function of the model is the Cobb-Douglas
production function. As we discuss later, since this case is not supported by the data for
both the United States and Japan, we introduce the restriction Iny,, = 0. As a result
of this restriction, Invy,, = 0, the trend growth of capital-augmenting technology is offset
by the trend growth of IST in the steady state.’

In order for a BGP to exist in our model, we introduce co-integrated relationships
between the non-stationary variables, i.e., between capital-augmenting technology 2,
and investment-specific technology W,. To specify the stochastic processes of 2, and ¥,

we define y, as follows:

exp (x;) = V.. (37)

We assume that y, is stationary and constant at the steady state. The first difference of
X; in (37) is given by
X — X1 = lnw; + Iny,. (38)

The above equation (38) coincides with the definition of the total rate of capital-augmenting
technological change Invy, provided by (36). As stated earlier, for a BGP to exist, Inv,
needs to equal zero in the steady state. Finally, we specify the process of capital-

augmenting technological change and the process of investment-specific technological

*We formulate the condition following Corollary 1 in Grossman et al. (2018).

>More intuitively, this restriction prevents capital from growing at a rate that is too high or too low.
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change in the following error correction form:

gy, = (1= py) Iy, + pylngd,_; —ryx, +e;,and (39)

Inwy = (1—p,)Inwss + pInw, 1 — Kux,—q + &7, (40)

where £/ and ey are disturbance terms that are normally distributed with mean zero

and standard deviation oy and o, respectively. To ensure the existence of a BGP, we

introduce the following restriction:
Iny,, + Inw,ss = 0. (41)

The above equation (41) states that the total rate of capital-augmenting technological
change Inv, is zero in the steady state, which is equivalent to the condition that y, is
stationary. In the steady state, when the growth rate of IST Inv,, is negative, the growth
rate of capital-augmenting technology Inwg, is positive. Thus, equation (41) means that
technological change is directed toward the factor which is scarce in the steady state.’

In addition, we assume that sf’ and €Y are governed by stationary stochastic processes.

2.5 Income Shares

In our model, nominal output of final consumption goods is paid as wage for labor

services, the rental of capital services, and profits:

1
HK:HW¢+3MWK1+HEQ—;), (42)
t

where P,Y; (1 —1/p,) is the sum of intermediate goods firms’ profits. p, denotes the
markup, which can be expressed as

- PY,
- PWil; + P.RFu K,

ot (43)

6 Acemoglu (2002) develops a model in which firms choose to direct technological change toward the
relatively abundant factor when the elasticity of substitution is larger than one.
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In the steady state, the markup g, in (43) is equal to 62, /(6%, —1). Since our model
assumes that prices are sticky, markup p, changes in response not only to changes in
firms’ market power 6%, but also to various shocks, such as technology shocks, demand
shocks, and so on. Accordingly, the labor share sy, ;, the capital share sk, and the profit

share s, are defined as follows:

Wil
M (tht + Rt Uth)
RFu, K,
Sy = e te ]z ! ,and (45)
My (tht + Rt Uth_l)
1
Spt = (1 - —) , (46)
Hy

where sp; + sk + sz = 1. Other things being equal, an increase in the markup p,

reduces the labor share.

2.6 The Labor Share, Technologies, and Factor Prices

Let us consider the determinants of the labor share of income sy, ; defined by (44). Inter-
mediate goods firms produce intermediate goods based on the CES production function
given by (13). Using the first order conditions for cost minimization by intermediate
goods firms, the capital-labor ratio can be expressed as a function of capital- and labor-
augmenting technologies, Z; and €2, and factor prices, W; and RF, for a given value of
the elasticity of substitution o, as shown in (18). Equation (18) states that, given factor
prices (RF and W), the sign of the response of the capital-labor ratio l; /u; K,_; to factor-
augmenting technologies Z; and §2; depends on whether the elasticity of substitution o
is greater than one or not. When o > 1, an increase in Z; raises the ratio of labor to
capital. Thus, when o > 1, an increase in Z; leads to a rise in the labor share. The
opposite is the case when €); increases.

Next, using equation (18), we discuss the effect of IST ¥, on the labor share. Although
U, does not appear in the equation, ¥; has an effect on the rental rate of capital RF,

which appears in the equation for the capital-labor ratio (18). The relationship between
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the rental rate of capital RF and investment-specific technology ¥, is given by

Apq
Etﬂjl_:Rf-f—lut-&-l 7 ES3 1

1 A 1
= 6 (ups)]

(47)

Equation (47) states that a rise in ¥y and W, leads to a decline in the rental rate of
capital RF. The decline in the rental rate of capital R¥ lowers the ratio l;/u;K, ;. The
extent of the decline depends on the size of the elasticity of substitution o, as shown
in (18). As for the effect of changes in relative factor prices on the labor share, when
o > 1, the labor share decreases in response to a decline in RF relative to ;. On the
other hand, when o < 1, the labor share increases in response to a decline in RF relative

to Wt.

3 Estimation Strategy and Data

We use Bayesian methods to characterize the posterior distribution of the structural
parameters of the model. The posterior distribution combines the likelihood function
with prior information. Before conducting Bayesian estimations, we set some of the
parameters to the values observed for the United States and Japan, which are shown
in Table 1. The prior distributions for the two countries are shown in Tables 3 and
4, respectively. To calculate the posterior distributions and to evaluate the marginal

likelihood of the models, the Metropolis-Hastings algorithm is employed.”

"For the subsequent analysis, two chains of 1,000,000 draws were generated and the first half of these
draws was discarded. The scale factor for the jumping distribution in the Metropolis-Hastings algorithm
was adjusted so that an acceptance rate of 25 percent was obtained. The Brooks and Gelman (1998)
shrink factor was used to check the convergence of the parameters. All estimations are conducted using
Dynare.
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3.1 Detrending and Normalization

To use the Bayesian likelihood approach, the equilibrium conditions of the model are

rewritten by detrending variables with regard to Z; and W;:

Y, C W, ) I K,
é;Ct: t,wt:—t; )\t:AtZt,Zt:—t tzfqt;t’

Z Zt Zt\llt, Tf = Rf‘l’t, and qs = Qt\I]t.

Yt =

In standard New Keynesian models employing a Cobb-Douglas production function, such
as the ones by Justiniano et al. (2011) and Hirose and Kurozumi (2012), the variables are
detrended by the composite technology level consisting of labor-augmenting technology
and investment specific technology. In contrast, in our model, the variables are detrended
only by labor-augmenting technology Z;, since we introduce the restriction that the total
growth rate of capital-augmenting technology is zero in the steady state.

To distinguish the elasticity of substitution between labor and capital from capital-
augmented technological changes, we employ a normalized CES function following the
re-parameterization procedure proposed by Cantore et al. (2014). The CES production

function in deviation form is

o—1

A Ko\
Yidi = yss | (1 — @) (Ztl—t) + o (Qtutksst 1) ’ (48)

88 Zsswss

where « is obtained by the following re-parameterization of oy and a,:

87"

o =

o—1

lSS SS SS ?
Oén(—ic L2 > + ag

EE}

3.2 Data and Observation Equations

The observation period for our estimation is from 1985Q1 to 2017Q3 for the U.S.
economy and from 1988Q1 to 2017Q3 for the Japanese economy. In the Bayesian
estimation, we use the real GDP growth rate, AlnGDP,, the consumption growth
rate, AlnConsumption,, the investment growth rate, AlnInvestment;, wage inflation,

AlnWage,, the inflation rate, Inflation;, the policy rate, PolicyRate,, the labor share,
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LS;, and the rate of change in the relative price of investment goods, AlnRPI;, as

observables.® The observation equations are as follow:

AlnGDP, = InzF +In-2t (49)
Yt—1
AlnConsumption, = lnztz+lni, (50)
Ct—1
AlnInvestment, = lnzf+lm/1t+ln,z—t, (51)
-1
AlnWage, = Inz/ +1In il , (52)
Wi—1
Inflation; = ms+ 74, (53)
PolicyRate, = ri, + 1y, (54)
AlnLS; = Alnsy,,and (55)
PI
AlnRPI; = Aln <Ft) = —Ing,. (56)
t

3.3 Shock Processes

The structural shocks 27, z € {z,b,p,w,i,7, g} are all governed by a stationary first
order autoregressive process,

T __ T T
2t = PrRt—1 + €t7

where p, € (0,1) is the autoregressive coefficient and €7 is a disturbance term that is
normally distributed with mean zero and standard deviation o,. In addition, there are

two innovation terms, e? and ¥, which appeared in (39) and (40).

4 Estimation Results

4.1 Comparison of Models

We start by examining whether our model provides a better fit to the data than the model
using the Cobb-Douglas production function. To this end, we estimate the models with

the Cobb-Douglas production function to see which model better explains the data for

8For details of the data used for the estimation, see the Appendix.
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the U.S. and Japanese economies.

The results of these estimations are shown in Table 2. The values of the marginal data
densities for the model with the Cobb-Douglas production function are lower than those
for the benchmark model with a CES production function in the case of both the U.S.
and Japanese economies. This implies that the models with the CES production function
are more successful in explaining the actual data for the two economies.” Given equal
prior odds, the posterior odds ratios of the models with the CES production function
are almost one in the case of both the U.S. and Japanese economies.

Tables 3 and 4 show the estimation results of the models employing a CES production
function. The estimates of the elasticity of substitution between capital and labor o are
larger than one, 1.47 at the mean, for the United States and less than one, 0.20 at the
mean, for the Japanese economy. As explained below, the difference in the elasticities

has interesting implications for the dynamics of the labor share.

4.2 Impulse Responses

Figure 4 shows the impulse responses of the labor share to various shocks. The response
of the labor share to IST shock af and capital-augmenting technology shock € is negative
in the case of the United States and positive in the case of Japan. The difference in the
responses is caused by the difference in the estimates of the elasticity of substitution
between capital and labor, o, which, as seen in equation (18), determines the size and
direction of the response. The negative response of the labor share to both types of
shock in the United States is due to the fact that the elasticity of substitution is larger
than one, while the opposite is the case for Japan.

The intuition of the above is as follows. When o > 1, an increase in capital-
augmenting technology raises the demand for capital more than the demand for labor,
since the marginal product of capital increases more than the marginal product of labor.
That is, in an environment in which it is easy for firms to substitute labor for capital, i.e.,

o > 1, firms will use more capital when it becomes possible for them to use capital more

9Cantore et al. (2015) also find that a model with a CES production function explains the U.S. data
better than a model with a Cobb-Douglas production function.
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efficiently, that is, capital-augmenting technology increases. When ¢ < 1, it is not easy
to substitute capital for labor, and firms will not use more capital when the efficiency of
capital increases through capital-augmenting technological change.

In the case of Japan, since the estimate of the elasticity of substitution o is less
than one, the response of the labor share to labor augmenting technological shock &7
is negative. On the other hand, the response of the labor share in the United States
to labor-augmenting technological shock €7 is initially negative (until around the 7th
quarter) but positive after around the 10th quarter. The negative response over the
shorter horizon is due to price and wage stickiness. The positive response over the longer

horizon is consistent with equation (18).1°

4.3 Historical Decomposition

Next, to examine the reasons why the labor shares in the United States and Japan have
followed quite different trajectories over the past few decades, we decompose changes
in the labor share in the two countries into the contribution of various shocks. The
results of this decomposition are shown in Figure 5. Due to the different estimates of
the elasticity of substitution and impulse responses for the two countries, there are stark
differences in the decomposition results.

Let us start with the decomposition results for the United States shown in Figure
5(a). The figure indicates that the decline in the labor share in the United States since
the early 2000s is mainly explained by positive capital-augmenting technology shocks &% .
Capital-augmenting technological changes can be interpreted as technological changes
in IT-using industries. Jorgenson et al. (2011) report that for the period 2000-2007,
innovation substantially increased in I'T-using industries. This may have led to the labor
share decline in the United States and explain why o > 1.

On the other hand, IST shocks af played only a very small role. This result differs
from that of Karabarbounis and Neiman (2014), who show that the decline in the relative

price of investment goods explains roughly half of the observed decline in the labor share.

10For details on the effect of the relative price of investment goods or investment-specific technology
on the labor share, see Karabarbounis and Neiman (2014).
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The reason for the difference is as follows. Figure 2 shows that the relative price of
investment goods in the United States decreased until the early-2000s but since then has
largely moved sideways. On the other hand, the labor share in the United States has
fallen notably since the early-2000s. Thus, the labor share decline in the United States
since the early-2000s is not explained by IST shocks Ef related to the relative price of
investment goods. Since the analytical framework of Karabarbounis and Neiman (2014)
is based on comparative statics, their results do not reflect the falling labor share and the
sideways movements of the relative price of investment goods observed since the early-
2000s. Specifically, they estimate equations derived from firms’ factor demand functions
using international cross-sectional data. Therefore, their results do not reflect changes
in the labor share and the relative price of investment goods over time. Meanwhile,
price markup shocks €} and wage markup shocks €}’ have also generally put downward
pressure on the labor share since the mid-2000s/early 2010s, but they are not a major
factor.!!

The results for Japan are shown in Figure 5(b). In stark contrast to the United
States, positive capital-augmenting technology shocks € and negative labor-augmenting
technology shocks have put upward pressure on the labor share.!? This is because the
elasticity of substitution between capital and labor is less than one. In addition, markup
shocks e} have also made a substantial contribution to changes in the labor share, which

contrasts with the United States.

4.4 The Elasticity of Substitution and the Correlation between
the Labor Share and Output Growth

In this subsection, we provide an explanation of the estimation results for the elasticity

of substitution — that is, why ¢ < 1 for Japan and ¢ > 1 for the United States. To

1 As for the effect of markups on the labor share, see Barkai (2017), De Loecker and Eeckhout (2017),
and Traina (2018).

12The positive capital-augmenting technology shocks, as in the United States, likely reflect technology
growth in IT-using industries. For details on the pickup in technology growth in IT-using industries in
Japan since 2000, see Fueki and Kawamoto (2009).
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understand why the estimated elasticities for the two countries differ, it is helpful to look
at scatterplots of the labor share and output growth, which are provided in Figures 6(a)
and (c). While a negative correlation is observed for Japan, no correlation is observed
for the United States.!3

According to the impulse response shown in Figure 4, when ¢ < 1 as in the case of
Japan, an increase in labor-augmenting technology — one of the main drivers of output
fluctuations — increases output and decreases the labor share, which suggests the esti-
mated model for Japan can replicate the negative correlation between output growth
and the labor share. In fact, as shown in Figure 6(d), the stochastic simulation with
all shocks generated simultaneously replicates the negative correlation between output
growth and the labor share observed in the Japanese data shown in Figure 6(c).

On the other hand, for the United States, the elasticity of substitution is larger than
one, because there is no such negative correlation between output growth and the labor
share. In fact, Figure 6(b) shows the result of the stochastic simulation with all shocks
generated simultaneously based on the estimated model parameters for the United States
shown in Table 3. The result demonstrates that the stochastic simulation replicates the
absence of a correlation between output growth and the labor share, which reflects the
fact that the elasticity of substitution is larger than one. Furthermore, the simulation
also implies that the estimation result that the elasticity of substitution is larger than
one is obtained due to the absence of a correlation between output growth and the labor

share.

4.5 Importance of the Elasticity of Substitution

To examine the effect of the elasticity of substitution on labor share dynamics in the
United States and Japan, we decompose changes in the labor share using the model with

the Cobb-Douglas production function (Figure 7) and compare the results with those

13The observation period for the data used in Figure 5(a) is from 1985Q1 to 2017Q3. This observation
period is the same as that for the data used in the estimation. No consensus has been reached as to
whether the U.S. labor share is procyclical or countercyclical, with studies arriving at conflicting results
(see, e.g., Rotemberg and Woodford, 1999, and Nekarda and Ramey, 2013).
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for the model with the CES production function (Figure 5). For both the United States
and Japan, we find that while shocks to capital- and labor-augmenting technologies, &/
and €7 , are the main determinants of changes in the labor share in the estimations using
the model with the CES production function, in the model with the Cobb-Douglas pro-
duction function they are not. Rather, markup shocks £/ and wage markup shocks &}

are the dominant factors. These results imply that capital-labor substitution in response
to technology shocks plays an important role in explaining changes in the labor share.
That is, the models with a Cobb-Douglas production function potentially overestimate
the contribution of markups and underestimate the contribution of technology shocks to

changes in the labor share.

5 Inflation and the Labor Share

The difference in the estimates of the elasticity of substitution in our estimation results
has interesting implications for inflation. As shown in Figure 3, which provides scatter-
plots of inflation and labor share observations for both countries, while the observations
for the United States suggest a positive correlation between them, for Japan a weak neg-
ative or no correlation is observed. In this section, we examine the relationship between

inflation and the labor share using the estimation results presented above.

5.1 Marginal Cost and the Labor Share

In the New Keynesian Phillips curve shown in (22) and (23), the real marginal cost (or
the inverse of the markup ratio) plays a crucial role in determining inflation dynamics.
When the Cobb-Douglas production function is employed, the labor share coincides with
the real marginal cost.!* Put differently, the labor share fluctuates only as a result of

markup changes associated with nominal price rigidities. Specifically, the labor share in

MFor a discussion of the link between the labor share and inflation, see Sbordone (2002).
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the Cobb-Douglas case is expressed as follows:

MCy

5 (57)

Spt X

On the other hand, when the CES production function is employed, the real marginal
cost generally does not coincide with the labor share. This is because changes in the labor
share are caused not only by changes in markups but also by capital-labor substitution.
In the CES case, the relationship between the labor share and the real marginal cost is

expressed as follows:

l—0o
M C115 Y;t K3 og=1
-t V faral o8
Spt X f2) (lt) t ( )
As shown in Figure 4, equation (58) implies that the sign of the response of the labor
share to shocks depends on whether the elasticity of substitution o is larger or smaller

than unity.

5.2 Stochastic Simulations

In order to investigate whether the estimated models for the United States and Japan
can explain the difference in the relationship between inflation and the labor share found
in Figure 3, we conduct stochastic simulation exercises based on the estimated model
parameters shown in Tables 3 and 4.

Figure 8 shows the results for the United States. The stochastic simulation with all
shocks generated simultaneously replicates the positive correlation between inflation and
the labor share observed in Figure 3. Specifically, Figure 8 shows that labor-augmenting
technology shocks, capital-augmenting technology shocks, and IST shocks all contribute
to generating the positive correlation between inflation and the labor share. For exam-
ple, as illustrated by the impulse responses of the labor share and inflation shown in
Figure 4(c) and Figure 10(c), positive capital-augmenting technology shocks decrease
both the labor share and inflation. As a result of the responses, the positive correlation
is replicated as showin Figure 8(c).

Figure 9 shows the result for Japan. The result of the stochastic simulation with all
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shocks generated simultaneously replicates the weak correlation between inflation and the
labor share, which is consistent with the observed data in Figure 3. Taking a closer look
at Figure 9 shows that it is labor-augmenting technology shocks and capital-augmenting
technology shocks that are responsible for the negative correlation between inflation and
the labor share. Figure 4(b) and Figure 10(b) show the impulse responses of the labor
share and inflation to positive labor-augmenting technology shocks. These responses
indicate that a positive labor-augmenting technology shock decreases the labor share

but increases inflation, which leads to the negative correlation shown in Figure 9(d).

6 Conclusion

In this paper, we examined the dynamics of the labor share in the United States and
Japan using a dynamic stochastic general equilibrium (DSGE) model. For this purpose,
we developed a model with a balanced growth path (BGP) that incorporates a CES
production function and non-stationary technological progress. To ensure our model
has a BGP and is stationary, we introduce the condition that non-stationary capital
augmenting technological change is co-integrated with non-stationary IST change into a
standard dynamic New Keynesian model. Through Bayesian estimation of our models
using data for the United States and Japan, we compared the fit of the model with the
CES production function and the Cobb-Douglass production function with the data.
Next, we obtained estimates of the elasticity of substitution between capital and labor
for the United States and Japan and identified shocks and decomposed changes in the
labor share into the contribution of various shocks.

Our findings are as follows. First, comparing the models with the CES production
function and the Cobb-Douglas production function using marginal data densities indi-
cates that the former provided a better fit for both the U.S. and Japanese data. Second,
we found that the elasticity of substitution between capital and labor in the United
States is greater than unity, while that in Japan is less than unity. Third, due to the
difference in the elasticity of substitution between the United States and Japan, the signs

of the impulse responses of the labor share to technology shocks also differ between the

27



two countries. The historical decomposition to examine this difference in more detail
indicated that whereas in the United States capital- and labor-augmenting technology
shocks put downward pressure on the labor share, in Japan they put upward pressure
on the labor share.

Moreover, the difference in the elasticity of substitution has interesting implications
for inflation. We examine the relationship between inflation and the labor share using
the estimated models. In the New Keynesian Phillips curve, the real marginal cost plays
a crucial role in determining inflation dynamics. When the Cobb-Douglas production
function is employed, the labor share coincides with the real marginal cost. On the other
hand, when the CES production function is employed, the real marginal cost generally
does not coincide with the labor share. Observations of inflation and the labor share for
the United States and Japan indicate that while for the United States there appears to
be a positive correlation between inflation and the labor share, for Japan a weak negative
or no correlation is observed. The stochastic simulations based on the estimated models
replicated the observed correlation between inflation and the labor share in the U.S. and

Japanese economies.
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A Data

A.1 Data used for estimating the model for the U.S. economy

Calculation of data used as observables

GDP; = Real GDP/POP,

Consumption, = Real personal consumption expenditures/POP,
Investment, = Real investment/POP,

Wage, = Nominal wage/Consumption deflator,

RPI; = Investment deflator/Consumption deflator,

Inflation, = In(Consumption deflator)-In(Consumption deflator(-1)),
PolicyRate; = Policy rate, and

LS; = Labor share

Data sources

Real GDP U.S. Bureau of Economic Analysis, Real Gross Domestic Product [GDPC1],
retrieved from FRED, Federal Reserve Bank of St. Louis.

Real personal consumption expenditures U.S. Bureau of Economic Analysis, Real
Personal Consumption Expenditures [PCECC96], retrieved from FRED, Federal

Reserve Bank of St. Louis.

Real investment U.S. Bureau of Economic Analysis, Real Gross Private Domestic In-

vestment [GPDIC1], retrieved from FRED, Federal Reserve Bank of St. Louis.

Nominal wage Nominal hourly compensation, [PRS85006103], sector: nonfarm busi-

ness, seasonally adjusted, index, 1992 = 100, BLS.

Consumption deflator U.S. Bureau of Economic Analysis, Personal consumption ex-
penditures (implicit price deflator) [DPCERD3Q086SBEA], retrieved from FRED,
Federal Reserve Bank of St. Louis.
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Investment deflator U.S. Bureau of Economic Analysis, Gross private domestic in-
vestment (implicit price deflator) [AOO6RD3QO086SBEA], retrieved from FRED,
Federal Reserve Bank of St. Louis.

Labor share U.S. Bureau of Labor Statistics, Nonfarm Business Sector: Labor Share

[PRS85006173], retrieved from FRED, Federal Reserve Bank of St. Louis.

POP U.S. Bureau of Labor Statistics, Civilian Noninstitutional Population [CNP160V],
retrieved from FRED, Federal Reserve Bank of St. Louis (persons 16 years of age
and older).

A.2 Data used for estimating the model for the Japanese econ-
omy

Calculation of data used as observables

GDP, = Real GDP/POP

Consumption, = Real personal consumption expenditures/POP
Investment, = Real investment/POP

Wage, = Nominal wage/Consumption deflator

RPI; = Investment deflator/Consumption deflator

Inflation, =In(CPI)-In(CPI(-1))

PolicyRate; = Policy rate, and

LS; = Compensation of employees/Nominal GDP

Data sources

Real GDP Cabinet Office, “National Accounts.”

Real consumption Cabinet Office, “National Accounts.”
Real investment Cabinet Office, “National Accounts.”

Nominal wage Ministry of Health, Labour and Welfare, “Monthly Labour Survey.”
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CPI Ministry of Internal Affairs and Communications, “Consumer Price Index (exclud-

ing Fresh Food).”
Investment deflator Cabinet Office, “National Accounts.”
Consumption deflator Cabinet Office, “National Accounts.”
Policy rate Bank of Japan, “Collateralized Overnight Call Rate.”
Nominal GDP Cabinet Office, “National Accounts.”
Compensation of employees Cabinet Office, “National Accounts.”

POP Population 15 years of age or older (seasonally adjusted): Ministry of Internal

Affairs and Communications, “Labour Force Survey.”
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Table 1: Calibrated Parameters

\ United States \ Japan
g 0.2 0.2
n 1 1
Tss 0.5 0.25
Ap 0.15 0.15
Aw 0.2 0.2
Q 0.38 0.36
0 0.025 0.015
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Table 2: Model Comparison: Log Marginal Data Densities

\ United States \ Japan

CES -980.2 -935.2
Cobb-Douglas -992.2 -947.2
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Table 3: Estimated Parameters for the United States

Prior distribution Posterior distribution
Parameter Distr. Mean  S.D. Mean 10th percentile 90th percentile
b Beta 0.5 0.1 0.837 0.796 0.878
13 Gamma 5 1 5.119 3.681 6.607
o Normal 1 0.2 1.475 1.285 1.663
Vp Beta 0.66 0.1 0.841 0.814 0.869
Yoo Beta 0.66 0.1 0.442 0.416 0.470
&p Beta 0.2 0.1 0.128 0.031 0.213
€w Beta 0.2 0.1 0.268 0.072 0.453
o, Beta 0.8 0.1 0.812 0.776 0.855
O, Gamma 1.7 0.1 1.754 1.598 1.912
by Gamma 0.125 0.05 0.152 0.083 0.206
Zss Gamma 0.5 0.05 0.387 0.327 0.440
Ths Gamma 0.8 0.05 0.899 0.821 0.993
ss Gamma 0.3 0.05 0.266 0.200 0.328
Puw Beta 0.5 0.2 0.686 0.605 0.756
O Beta 0.5 0.2 0.799 0.704 0.889
Pp Beta 0.5 0.2 0.260 0.075 0.417
Pi Beta 0.5 0.2 0.805 0.747 0.870
Pr Beta 0.5 0.2 0.682 0.602 0.764
Py Beta 0.5 0.2 0.964 0.945 0.983
Pop Beta 0.8 0.2 0.323 0.190 0.453
Pu Beta 0.8 0.2 0.588 0.336 0.812
Koap Beta 0.05 0.05 0.015 0.002 0.026
K Beta 0.05 0.05 0.004 0.000 0.010
o(g7) Inv. Gamma 0.05 Inf. 0.010 0.009 0.011
o(eb) Inv. Gamma 0.1 Inf. 0.036 0.028 0.043
o(e") Inv. Gamma 0.5 Inf. 0.800 0.800 0.800
o(eP) Inv. Gamma 0.5 Inf. 0.823 0.569 1.130
o(e) Inv. Gamma 0.05 Inf. 0.066 0.048 0.083
o(e") Inv. Gamma 0.001  Inf. 0.001 0.001 0.001
o(g9) Inv. Gamma 0.05 Inf. 0.055 0.050 0.059
o(e¥) Inv. Gamma 0.01 Inf. 0.004 0.004 0.004
o(ev) Inv. Gamma 0.01 Inf. 0.007 0.004 0.011

Note: For the posterior distribution, two chains of 1,000,000 draws were created using
the Metropolis-Hastings algorithm, and the first half of these was discarded.
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Table 4: Estimated Parameters for Japan

Prior distribution Posterior distribution
Parameter Distr. Mean  S.D. Mean 10th percentile 90th percentile

b Beta 0.5 0.1 0.344 0.254 0.428
¢ Gamma 5 1 4.260 2.652 5.696
o Normal 1 0.2 0.199 0.142 0.251
Vp Beta 0.66 0.1 0.376 0.294 0.458
Y Beta 0.66 0.1 0.230 0.142 0.322
&p Beta 0.2 0.1 0.146 0.038 0.258
€w Beta 0.2 0.1 0.343 0.139 0.560
o, Beta 0.8 0.1 0.858 0.834 0.884
o Gamma 1.7 0.1 1.795 1.641 1.944
b, Gamma 0.125 0.05 0.012 0.005 0.020
Zss Gamma 0.5 0.05 0.249 0.184 0.315
Th Gamma 0.8 0.05 0.511 0.433 0.586
ss Gamma 0.3 0.05 0.229 0.145 0.311
P Beta 0.5 0.2 0.975 0.952 0.996
Db Beta 0.5 0.2 0.978 0.965 0.991
Py Beta 0.5 0.2 0.958 0.900 0.995
Pi Beta 0.5 0.2 0.806 0.715 0.889
Py Beta 0.5 0.2 0.585 0.517 0.657
Py Beta 0.5 0.2 0.970 0.955 0.986
Py Beta 0.8 0.2 0.138 0.053 0.222
Pu Beta 0.8 0.2 0.249 0.112 0.400
Koo Beta 0.05 0.05 0.069 0.001 0.128
K Beta 0.05 0.05 0.014 0.000 0.034
o(gf) Inv. Gamma 0.05 Inf. 0.015 0.014 0.017
o(eb) Inv. Gamma 0.1 Inf. 0.032 0.020 0.046
o(e") Inv. Gamma 0.5 Inf. 0.284 0.212 0.358
o(eP) Inv. Gamma 0.5 Inf. 0.047 0.017 0.067
o(eh) Inv. Gamma 0.05 Inf. 0.051 0.033 0.068
o(e") Inv. Gamma 0.001  Inf. 0.001 0.000 0.001
o(e9) Inv. Gamma 0.05 Inf. 0.037 0.034 0.041
o(e¥) Inv. Gamma 0.01 Inf. 0.004 0.003 0.004
o(ev) Inv. Gamma 0.01 Inf. 0.006 0.003 0.009

Note: For the posterior distribution, two chains of 1,000,000 draws were created using
the Metropolis-Hastings algorithm, and the first half of these was discarded.

38



Figure 1: Labor Share in the United States and Japan
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Figure 2: Relative Price of Investment Goods
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Figure 3: Inflation and Labor Share
In the United States and Japan
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Figure 4: Impulse Responses of Labor Share:
United States and Japan
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Figure 5: Historical Decompositions of the Labor Share:

CES Production Function
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estimates of parameters and the Kalman smoothed mean estimates of shocks.
2. "Other" includes preference shocks, external demand shocks, monetary policy shocks, and the initial value.




Figure 6: Output Growth and the Labor Share
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Figure 7: Historical Decompositions of the Labor Share:
Cobb-Douglas Production Function
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Figure 8: Stochastic Simulation: United States
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Figure 9: Stochastic Simulation: Japan
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Figure 10: Impulse Responses of Inflation:
United States and Japan
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