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Stagnation and Technological Progress

Ryoichi Imai *

Abstract

I present a simple model to illustrate the mechanism that technologi-
cal progress might cause apparent stagnation, while it obviously improves
economic welfare. TFP growth in the manufacturing sector induces employ-
ment and output to shift to the service sector if the elasticity of substitution
in preference is small. Then GDP stagnates while welfare increases.

1. Introduction

In December 2013, Mr. Noritoshi Furuichi, a sociologist and media commentator,
said:

“Fast food chain restaurants provide social welfare service in Japanese way. In
the Scandinavian countries, people pay high taxes to the government to make higher
education and medical services financially affordable. With strong employment
protection legislation and high minimum wages, eating out is very expensive in
those countries. In Japan, however, clothing and dining are provided at affordable
prices by business companies. In other words, welfare service is provided in the
private sectors in Japan.”

This comment gave rise to a controversy on the role division between govern-
ment and private sectors. Some argued that Mr. Furuichi just provided a way to
excuses for the government not to provide sufficient protection for socially disad-
vantaged people. Others argue that there should be some improvement of social
capital brought by the development of service industries. In this article, I would
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like to illustrate the mechanism that technological progress in the manufacturing
sector enables households to consume more services, and improve their welfare.

Cabinet Office of Japan (2010a) reports that employment declines in those
sectors in which productivity growth is fast, not only in Japan but also in the
United States. Ministry of Health, Labour and Welfare (2008) points out that
employment is growing in the service sectors where labor productivity growth
is slow, while employment stagnates in the manufacturing sector where labor
productivity growth is fast, as is illustrated in Figure 1.

As many economists have noted, GDP is a flawed measure of economic welfare.
GDP is just aggregate expenses that enable households to achieve a certain level of
utility, which depends not only on consumption but also on other factors such as
leisure and life expectancy. Jones and Klenow (2010) propose a simple summary
statistic for a nation’s flow of welfare, measured as a consumption equivalent, and
finds that Japan’s welfare grew at two percent higher rate than that of the United
States during the period from 1980 to 2000 including the “lost decade” after 1990.
Discrepancy of welfare from GDP does not come only from improvement in those
factors such as leisure, life expectancy, income equality, and crime rates, but also
from changes in composition of consumption. The latter is the issue I focus on in
this article.

Economic development is followed by sectoral change. Cabinet Office of Japan
(2013) reports that manufacturing sectors shrink and more employment is created
in service sectors in the advanced economies as in Figure 2. In other words, eco-
nomic growth is typically unbalanced. Baumol (1967) and Baumol et al (1985)
present a theory and evidences that employment and output decline in the sectors
where productivity growth is fast, and increase in the sectors where productivity
growth is slow. Economic theory on unbalanced growth has been recently devel-
oped by Echevarria (1997), Kongsamut et al (2001), Ngai and Pissarides (2007),
and Acemoglu and Guerrieri (2008), among others. Characterization of steady
states of unbalanced growth is challenging in dynamic setting. In this article I
present a simple static model to illustrate the mechanism that unbalanced growth
improves welfare while GDP stagnates. Consider an economy with a manufactur-
ing sector (denoted by M) and a service sector (denoted by .S), in which capital
and labor move to maximize their marginal returns (rents and wages) between
the two sectors. Productivity growth is usually faster in sector M than in sector
S. If the elasticity of substitution between the manufacturing good and the ser-
vice is sufficiently low as is usually assumed, technological progress in sector M
reduces the relative price of the manufacturing good to the service, and then em-
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ployment shifts from sector M to sector S. This transition is widely observed in
the most OECD countries during the process of economic growth. Technological
progress obviously improves economic welfare, while it might reduce value-added
and employment in the sector where technological progress occurs, through a sharp
decline in the relative price of the good produced in that sector.

The paper is organized as follows. In the next section, the model is presented.
Section 3 presents the results and explores the implications. The paper is con-
cluded in Section 4.

2. The Model

In this article, I would like to present a simple model to generate discrepancy
between GDP and welfare measures. The model is static and highly stylized, but
is enough to predict the long-run consequences of productivity growth.

The economy consists of two sectors M (manufacturing) and S (service). The
representative consumer has preference over the manufacturing good and the ser-
vice. The preference is of CES,

Q=

U =[6cq + (1 —06)cl] (1)

where 6 denotes the share of the manufacturing good. The elasticity of substitu-
tion between the manufacturing good and the service is given by

Then the elasticity of substitution s is related to o as follows.

o>0 s> 1, elastic
c=0 ) < s =1, Cobb-Douglas
o<0 s <1, inelastic

The consumers’ budget constraint is
PMCM+PScS:wN+TK (2)

where w is the wage rate and r is the return to capital. The labor (V) endowment
is fixed at N = 1 and capital (K) endowment is exogenously given. The price of
the service is normalized at Ps = 1, and the price of the manufacturing good is
given by P,;. That is, the service is the numeraire.
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The consumer maximizes its utility (1) subject to the budget constraint (2).
The Lagrangian is written as

L =16c3,+ (1 — (5)0‘;]% + AwN + rK — Pyreyr — Pscs]
The FOC for cj; and cg are derived to get

(o}
ocq,

P, = P, —
MCM SCs * (1—6)c3 (3)

The production functions of both the sectors are
_ a prl-a _ B y-1-p5

where 0 < a < 3 < 1, since sector M is less labor-intensive than sector S. Total
factor productivity (TFP) is multiplicative as Ay and Ag. Both the labor and
the capital markets are competitive, and then the wage rate and the rate to return
to capital equal their marginal productivity.

K l—« K 1-8
wy = Py Ayp (N—Aj\j) , ws = BPsAs (ﬁ)

a 5
= (1 — )Py Ay (%) , 1s=(1—[0)PsAg <%>

The factor markets clear:
Ky+Ks=K, Ny+Ng=N (4)
The product markets clear:
ey = AuNGKL® g = AsNEKg P (5)

Capital and labor are allocated between the two sectors in order to equate their
marginal productivity:

Wy = Ws, Tm =T8S,
which gives us ky; = f—l\l‘; and kg = f—j, the capital-labor ratios in both the sectors,
as
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(- )i (F4) - on (58)

Inky = 7o , (6)
PsAs(1-f) PyAya
o () o ()
n ]{35 = ﬁ o (7)
(4) implies the allocation of labor force across sectors as
K — Nkg Nky — K
N = - N = —

Product market clearing condition is rewritten as:

K — Nk Nky — K
e = Ao (K NRs) oy e (MR = K (9)
]{?M—ks kM_kS

The GDP is derived as a function of the good prices and the capital-labor ratios
in both the sectors.

K — Nk _g( Nky — K
PMCM + Pscg = PMAM]{}W_Q <k)1\/[——k’;> + PSASké A (h) (10)

The service is a numeraire and its price is normalized.
Ps =1.

An equilibrium is a set (Pys, ky, ks) that satisfy (3), (6), and (7).

3. The Results

Employment and output in both the sectors, as well as the GDP are given as
functions of (P, kar, ks) by (8), (9), and (10). The welfare, or the utility of the
representative consumer is calculated by (1).

The model is highly nonlinear. However, comparative statics is performed by
linearizing the model around equilibrium as in APPENDIX. Here I would like to
numerically demonstrate how technological progress affects the relative price, the
capital-labor ratios, employment, GDP, and welfare.
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Figure 3: TFP and the manufacturing good price

The baseline parameters are
a=.5, =7 6=.5 K=2 Ag=2.

I perform exercises for o = .8, 0, —.3, and Ay, = 2, 2.5, 3.0, 3.5, 4.0. That is,
I present some quantitative analyses on how technological progress in the man-
ufacturing sector affects the endogenous variables, depending on the elasticity of
substitution between the manufacturing good and the service.

Figure 3 shows that technological progress in sector M uniformly reduces the
price of the manufacturing good. Changes in the elasticity of substitution does
not make considerable difference. Technological progress reduces the price of the
good in the sector where technological progress occurs.

The elasticity of substitution generates significant difference in employment as
in Figure 4. The higher the elasticity of substitution is, the more employment
is created in the manufacturing sector, because households consume more of the
manufacturing good.

Figure 5 and Figure 6 show that the capital-labor ratio slightly rises for the
two low elasticity cases, while it significantly declines for the high elasticity case.
Technological progress reduces the capital-labor ratio in both the sectors if the
elasticity of substitution is sufficiently high. The manufacturing sector attracts
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Figure 4: TFP and manufacturing employment

labor more than capital . This result is consistent with the popular story that the
sector with higher productivity growth employs more labor.

Figure 7 and Figure 8 illustrate the possibility that GDP stagnates while wel-
fare rises if the elasticity of substitution is low. It is obvious for technological
innovation in the manufacturing sector to generate welfare gain. If the elasticity
of substitution is high, the negative effect of the innovation on the manufacturing
price is even more than cancelled by the increasing output in that sector, and
GDP increases with welfare. If the elasticity of substitution is low, output in the
manufacturing sector does not increase so much as to cancel the declining price
impact on its value-added. GDP stagnates while welfare increases.

The exercises show that there might be discrepancy between GDP and welfare
if the rate of substitution in preference is so small that technological progress in
the manufacturing induces consumers to spend more in the service sector than in
the manufacturing sector.
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Figure 5: capital-labor ratio in manufacturing
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4. Conclusion

The paper presents a simple model to illustrate the mechanism that technological
progress might cause stagnation, while it improves welfare. TFP growth in the
manufacturing sector reduces its price, and induces households to consume less
manufacturing goods and more services. Then the GDP share of the manufactur-
ing sector declines and GDP stagnates.

The model can be extended to the following directions. First, we can consider
a neoclassical growth model with sectoral change, although characterization of its
steady states is a challenging task as in the previous literature. Second, we can
consider unemployment by incorporating search friction in the model, and address
the composition inefficiency of good jobs and bad jobs, as in Acemoglu (2001).
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APPENDIX 1

(3), (6), and (7) forms a system with three endogenous variables (kys, ks, Pu),
kv = F(Py), ks =G(Py), Py = H(ky, ks)

which has a recursive structure and uniquely solved for P;. The system is lin-

earized as follows.

OF OF

dky = ———dP —d
M= oy, M T 5
oG 0G
dkg = ——dP, —d
S = oy, Mt g
OH O0H O0H
dPy = —dk,, + —dk —d
T R T R
or,
OF
1 0 “opy dks g_g
0 j — dks | = | & | da
oH oOH OFu it
ok ohs L d Py £
which is solved for
oF oH \ 8 OF OH OF 9
dks d (1_8P$ak?w)a_i+aplj4%a_§+apfjwa_g
dkg 7 8Hx i oG oH oF | (1 _ OF oH 8G_oH
dPy T @Py Dky; | 0Py Oks O Obar 07 or i{P AgﬁaT@ P O
ks Ox Okg Oz ox
where
oF OF
<0 >0
OAN " 0Ag
oG 0G
<0 >0
OAN " 0Ag
oOH OH
<0 >0
OAN " 0Ag
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The direct effects of technical progress is summarized as follows. As productivity
grows in the manufacturing sector, both capital and labor tend to move there,
The manufacturing sector is more capital intensive technical and generates more
return to capital for given good prices. In order to restore the return equivalence,
the capital labor ratio declines and the marginal return to capital rises in the
service sector. On the contrary, as productivity grows in the service sector, both
capital and labor tend to move there. Labor is more productive in the service
sector than in the manufacturing sector. Technical progress in the service sector
favors labor more than capital, and raises wages. In order to restore the balance,
the capital-labor ratio increases in the manufacturing sector. It is natural that
technical progress in the manufacturing (service) sector tends to reduce (increase)
the price of the manufacturing good.
The non-direct effects are summarized as follows. If o < 1,

oF oG oH oH

8PM<O, 8PM<OJ —akM>0, (9_]€S>O

The total effects are obtained as follows. If o < 1,

OPy; OPy,
oy O FAs
Ok Ok,
oy " FA.
Ok ks

0 _~
94, = 9Ag

>0

<0

>0

As a result, if the rate of substitution between manufacturing and service is less
than one, as is usually assumed, technical progress in the manufacturing sector
reduces the manufacturing price, increases the capital-labor ratio in the manufac-
turing sector, and reduces the capital-labor ratio in the service sector. Then for a
given endowment of capital and labor, employment declines in the manufacturing
sector, and increases in the service sector.

APPENDIX 2

The numerical results are in Table 1.
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Table 1
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Figure 9:
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