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MOTIVATION

e What’s the relationship between economic growth and labor market institutions?

- What enabled particularly East Asian countries to form Ricardian

comparative advantage on manufacturing sectors?

- the lifetime employment system (quarterly separation rate)
Japan: 0.02 (Esteban-Pretel and Fujimoto(2012))
Korea: 0.02-0.03 (Chang et al (2004))
US: 0.1 (Shimer(2005))

Average job durations
Japan: 12.5 years
US: around 2.5 years
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PREVIOUS LITERATURE

e Growth Theoretic Search Models:
- Aghion and Howitt (1994, RES): capitalization vs creative destruction
- Mortensen and Pissarides (1998, RED): embodied tech vs disembodied tech
- Pissarides and Vallanti (2007, IER), Miyamoto and Takahashi (2011, JME)

All those analyze the effect of economic growth on unemployment.

economic growth => labor market institutions
labor market institutions => HC accumulation => economic growth

endogenous formation of Ricardian comparative advantage!
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PREVIOUS LITERATURE

e We develop a search theoretic growth model to keep track of endogenous

formation of Ricardian comparative advantage on the manufacturing sector.

- one exception: Chen, Chen, and Wang (2011, IER)
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® Theoretical Innovation:
- two-sector, non-stationary, structural transformation with ‘large firms’
- labor barrier and search friction

- human capital accumulation

first paper analyzing how labor market institutions affect economic growth

® Technical Innovation:
- iterating forward- and backward-shooting algorithms
- Ishimaru, Oh, and Sim (2013)
- Lipton, Poterba, Sachs, and Summers (1982,EMTC)
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MAIN INNOVATIONS

e Quantitative Assessment:

- Had the average job duration been 1 year other than current 12.5 years
in the Japanese labor market, the non-agricultural labor share in 1990
would have accounted for 75 percent of the actual value and the non-

agricultural GDP per capita in 1990 would be only half of the actual value.

- Had the Japanese labor market transplanted the matching technology
and separation rate from the U.S. labor market, the sectoral GDP per
capita in 1990 would declined by 8 and 21 percent in agricultural and

non-agricultural sector, respectively.
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PRIMITIVES

e Households

« Utility Maximization

1—o 1—o

- -
(Cat{7 + Cmf )170
S.t. paCat + PmCmt = W

- a small open economy, neither borrowing nor lending

demand for good i:

—0o

_ P =
Cit = T 1= W
Pm ~ tPm

indirect utility flow:

v(pa, pm, W) = WP™!, where P = (pi=7 + p,ln_d)ﬁ
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Worker Flow

Employed Workers Employed Workers
In Sector 1 In Sector 2

search friction (Helpman et al (2010))
sectoral barrier (Artuc et al (2010))

Unemployed Workers Unemployed Workers
In Sector 1 In Sector 2
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PRIMITIVES

® Households
* Workers
- unemployed workers
retirement shock (p), job-finding shock (f(8;¢)), revision shock (&)
switching cost: s ~ Logistic(0,e; " /w)
switching probability: w_j := [1 + exp(—(U—-i — U,-t)w/at)]fl
expected gains: Ay := E[max{U_i — U — s,0}]
= w e log(1 + exp[(U—ir — Uir)w/e:])

rUip = beP™Y — pUie 4 (0i) (Wi — Ue) + ED + Uyt
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PRIMITIVES

® Households
* Workers
- employed workers
retirement shock (p), separation shock (d), learning-by-doing (¢)
Wine = wine P71 — pWipe + 8(Uie — Wine) + Wine
Wi = wie P~ — pWie + 6(Uie — W) + Wi + C(Wine — Wix)

- newly-born workers
as unemployed, determine where they start their career.

switching probability: [1 + exp(—(U—i — Uir)w/e:)] ™"
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PRIMITIVES

e Households

« Entrepreneurs

Vit = afia" klfk"(stl;t)ﬁ”, where [ = i + ailine and ¢ = e,

X'I\/laxvyftoo e "= prys — 32—t Wishis — pzzis — prkis — ~eevis] Pt ds
st dis = —Naais + iz (esLins) T
kis = —Nkis + Xis
e = —(0+ p+ Ol + q(0is)vis
lins = —(5 + p)lns + Clis

€t =€, ar = ai, ke = ki, line = lni, lie = i, Line = Li
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PRIMITIVES

e Labor Market

« CRS matching function: m(njvi, uit)

niVit
Uit

q(0i) = m(1,0; ") and f(0ir) = m(0ie, 1) = 0ieq(0:)

market tightness (v/u ratio): 0 =

« Wage Determination (Stole and Zwiebel (1996) Bargaining Rule)
(1= 0)(War — Un) = 635 and (1= 6)(Wyx — Un) = 05 (52

Wie = 7= A+ (1 — $)b+ b + (1 — $)EA Py

* Evolution of Measures

Line = —(p+ ) Line + CLine

Lie = —(p+ 0 4+ Q)L + F(Oir) uir
Ui = —(p+ (i) + Ew—it)uir + 6(Line + Lite) + Ewiru—jr + xwitLe
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EQUILIBRIUM CHARACTERIZATION

e A Dynamic Equilibrium:

consists of bounded time series of choice rules {wit, Zit, Xit, Vit }i=a,m, labor market
tightness parameters {0t }i=a m, value equations {Ej, Wint, Wir, Uit }i=a,m, wages
{Wit}i=a,m, and law of motions {ai, Kit, lint, lite, Line, Lite, Uit }i=a,m satisfying
(i) the optimal inter-sectoral migration decision by workers
ii) the optimal investment decision by entrepreneurs
iii) consistency of {Lin¢, Li, Oit, Wit }i=a,m
iv) law of motions: (1 — ¢)(Wje — Uir) = ¢ (gi’:)
Wine = (r+p+8Wij — wine P~ — 65U
Wie = (r+p+ 0 + QWi — wie P~ — 5Uir — (Wt
Ui = (r + p)Uic — beP™" — £(0i)(Wie — Uye)
Line = —(p+ ) Lint + CLine
Lie = —(p+ 6+ QL + f(Oir)uir
tie = —(p 4 F(0ic) + Ew—it)uir + 0(Line + L) + Ewieu—ir + xwieLe

(
(
(




EcoNnomic GROWTH AND LABOR MARKET INSTITUTIONS

INTRODUCTION THE MODEL

CALIBRATION COUNTERFACTUALS

EQUILIBRIUM CHARACTERIZATION

CONCLUSION

e On the Balanced Growth Path (t — o0):

t " Lme L owx X TP
d— by pyy

at kit

Uit Wine W,
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EQUILIBRIUM CHARACTERIZATION

e On the Balanced Growth Path (t — o0):

consists of bounded time series of choice rules {wit, Zit, Xit, Vit }i=a,m, labor market
tightness parameters {0t }i=a m, value equations {Ej, Wint, Wir, Uit }i=a,m, wages
{Wit}i=a,m, and law of motions {ai, Kit, lint, lite, Line, Lite, Uit }i=a,m satisfying

(i) the optimal inter-sectoral migration decision by workers

) the optimal investment decision by entrepreneurs

(

(iii) consistency of {Lin¢, Lit, Oit, Wit }i=a,m
(iv) law of motions: (1 — ¢)(Wie — Us) = ¢ (Zi’j)
VWi = (r + p+ 6) Wi — Wine Pt — 3 U

VWi = (r+p+06 + Wi — wie P71 — 6 Ui — ¢ Wine

YU = (r + p) Ui — bP7 — f(0ie) (Wi — Uye)

(x = p)Line = —(p+ 0)Lint + CLie

(x — p)Lie = —(p + 6 + {)Lire + F(Oi)uie

(x = p)uir = —(p + F(Oi) + Ew—it)uir + 0(Line + Lint) + Ewirti—it + xwieLs
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e Proposition 1 There exists a balanced growth path if and only if the
following system of non-linear equations has a solution of {6,,0m}.

9l + A}t
Biia(0it) (r+p+6—1)Bjiet

= 1-q; + Q; AiLine Bai(1=ri) i kiBai Bairi
r+o+p—p+¢ (r+é+p—) X—p++n, pz(r+na)

Bi T=Bi—Bairi
(pk(ﬁkf )) - (1—BiA )Pl( e + iline) ™ Bail1= K’)} Bk’ %™ for each i € {a, m}

r+ng
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Table 1: Parameter Values: Exogenously Assigned

the interest rate (the average deposit interest rate)

the elasticity of substitution parameter (Bernard et al (2003))
relative price of agricultural goods (Engel coefficient)

the retirement rate (the retirement age)

the birth rate (the growth rate of labor force)

the separation rate (Esteban-Pretel and Fujimoto (2012))
the matching technology (Kano and Ohta (2002))

the bargaining weight of worker (Hosios (1990))

cost of vacancy (the average unemployment rate)

the technology depreciation rate (Jorgenson (1996))

the capital depreciation rate (Jorgenson (1996))

PARAMETERS
r=0.012
o=3.8

Pa/pm =12

p =0.012

x = 0.015
§=0.02

q(f) = 0.697°°
¢ =0.6

v =0.213

Na = 0041

Nk = 0.033

¥ = 0.007

the growth rate of the labor augmenting technology
(the average growth rate of OECD countries)
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PARAMETERS

Table 2: Parameter Values: Endogenously Assigned

w =0.03 sensitivity of inter-sectoral migration
& =0.007 the arrival rate of revision shock
a,=1.1 Agr labor productivity

am =17 Non-Agr labor productivity

¢=0.6 learning-by-doing shock
pk =0.3 capital cost
p: =04 technology investment cost

Bra = 0.19  Agr capital share in production

Bkm = 0.23  Non-Agr capital share in production
B1a = 0.58  Agr labor share in production

Bim = 0.5 Non-Agr labor share in production

Aka = 0.3 efficiency of tech. investment
Aem = 0.5 efficiency of tech. investment
Kz = 0.1 elasticity of tech. investment
kim = 0.4 elasticity of tech. investment
b=1.6 unemployment benefit
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(a) GDP growth per Capita (Agriculture) (¢) Labor Share (Agriculture)
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STRUCTURAL TRANSFORMATION

() Technology Stock (Agriculture)

(¢) Capital Stock (Agriculture)

(¢) Employment (Agriculture)
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(2) Total Production (Agriculture)
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COUNTERFACTUALS IN 1990

COUNTERFACTUALS

Agriculture

Non-Agriculture

Panel B. Experiment with § = 0.088

GDP per capita
Technology Stock
Capital Stock
Employment
High Type Employment
Low Type Employment

0.92
0.84
0.92
0.93
1.01
3.56

0.75
0.73
0.75
0.85
0.84
2.44

Panel C. Experiment with § = 0.088 and q(#) = 1.3507%

GDP per capita
Technology Stock
Capital Stock
Employment
High Type Employment
Low Type Employment

0.92
0.85
0.92
0.98
1.01
3.53

0.79
0.77
0.79
0.89
0.88
2.57
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CONCLUSION

o Lifetime Employment System and Economic Growth
As workers stay at their job longer, they become more productive.
The enhanced labor productivity induces capital investment.

The accumulated human and physical capital reinforces economic growth.

e It accelerates structural transformation from Agri to Non-agri sectors.
Had the average job duration in the Japanese labor market been 1 year
rather than the current 12.5 years, the non-agricultural GDP per capita

would be the half of the actual value in 1990.

e Growth Slowdowns Afterwards
The recent emergence of the new industries (IT, health, and finance industries
may require different HC or different processes of HC accumulation.

It may be based on ‘creative destruction’.
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Economic Growth and Labor Market Institutions
in East Asian Structural Transformation®

Seungjoon Oh Seung-Gyu Sim!
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Abstract

This paper develops a new growth model by incorporating labor market friction
and human capital accumulation into the multi-sector growth framework to analyze
the underlying link between economic growth and labor market institutions in a
transitional economy. The model, calibrated based on the Japanese and South Korean
structural transformation episodes, demonstrates that lifetime employment (and the
implied lengthy job tenure) has contributed to endogenous formation of a Ricardian
comparative advantage in non-agricultural sector, by enhancing specific human capital
accumulation and facilitating investment. It has enabled Japan and South Korea
to achieve unprecedentedly rapid economic growth. The counterfactual experiment
finds that had the job durations of a typical worker been 1 year (roughly one tenth
of the actual average job duration) for 1960-1990 in the Japanese labor market and
1970-2000 in the Korean labor market, the non-agricultural GDP per capita in 1990
would have accounted for 71 and 76 percent of the actual values, respectively.

Keywords: Structural Transformation, Economic Growth, Labor Market Institution
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1 Introduction

There is extensive and still growing interest in non-stationary multi-sector economic
growth, or shortly structural transformation. However, since most of the previous stud-
ies on structural transformation presume that it is the evolution of Walrasian equilibria
guided by the exogenous shock of total factor productivity (hereafter TFP), they are
incapable of answering the question, “What enables some countries to perform rapid
structural transformation and others not?” Motivated by Mortensen and Pissarides
(1994, 1998), this paper develops a new growth model that incorporates labor market
friction and human capital accumulation into the multi-sector growth theory to analyze
how different labor market institutions contribute differently to economic growth. In
particular, our quantitative assessment based on East Asian structural transformation
episodes reveals that their lifetime employment system characterized by lengthy job
tenures has enabled postwar Japan and South Korea, by contributing to formation
of Ricardian comparative advantage in sectors in which it had not previously been
experienced, to achieve unprecedentedly rapid structural transformation.

In their seminal work, Aghion and Howitt (1994) show that fast economic growth
may reduce unemployment (capitalization effect) or add fuel to unemployment (cre-
ative destruction effect). Mortensen and Pissarides (1998) subsequently document the
rapid progress of disembodied technology to decrease, and of embodied technology
to increase, the steady state unemployment rate. By extending the aforementioned
model, Pissarides and Vallanti (2007) and Miyamoto and Takahashi (2011) also eval-
uate the effect of technological progress on the labor market. All those pioneering
models, focusing only on the one-sided effect of technological progress on steady state
unemployment, are somewhat far from the neoclassical growth models in which the
feedback effect of human capital accumulation in the labor market on economic growth
is a central issue. Chen, Chen, and Wang (2011) recently constructed a search model
with endogenous human capital accumulation and labor market participation to eval-
uate the effectiveness of human capital policies. But their framework is not widely
applicable to various environments of interest in the growth literature given that they
solve only for the one-sector' steady state model in which all households, regardless of
sector and employment status, share the same rate of human capital accumulation.

Following Matsuyama (1992), we construct an endogenous growth model of a small
open economy with agricultural and non-agricultural sectors populated by a contin-
uum of entrepreneurs and workers who consume both agricultural and non-agricultural
products. Entrepreneurs employ capital and labor input to produce products in their
respective sectors. Each sectoral labor market is subject to search and matching fric-
tion, as in Mortensen and Pissarides (1994). Employed workers provide labor and earn
wages in the respective sectors, according to the Stole and Zwiebel (1996) bargaining
rule, and accumulate job-specific human capital through learning-by-doing on the job.
Unemployed workers collect unemployment benefits and search for jobs. They switch
to the other sector if the opportunity cost of staying dominates the value of unemploy-
ment in their own sector. We assume the population and labor-augmenting technology
(general human capital) of workers to grow at a constant rate, technology and capital
stock endogenously through investment by forward-looking entrepreneurs. Analyzing

!'More precisely, it means “one productive sector.” Their model consists of two sectors, a productive
sector and non-productive sector.



the transition path from initial states to balanced growth paths under rational expec-
tation enables us to investigate rich counterfactual scenarios. To solve for the entire
transition path, we iterate the forward- and backward-shooting algorithms following
Lipton, Poterba, Sachs, and Summers (1982) and Ishimaru, Oh, and Sim (2013).

We calibrate the model using the structural transformation episode of Japan and
South Korea. In addition to Japan, so called Newly Industrializing Countries (NICs) of
East Asia, such as Hong Kong, Singapore, South Korea, and Taiwan, have experienced
rapid economic growth by transforming from agricultural to non-agricultural economies
through specialization in heavy chemical industries. It is an interesting question why
only those NICs and Japan were able to form Ricardian comparative advantages on
those heavy chemical industries. At least part of the answer likely lies in interaction
between specific human capital and the “lifetime employment system” that resulted
from the Confucian tradition which ethically discouraged job turnover by employees
and dismissal by employers.” Although general human capital contributes growth of the
economy, it hardly creates or reinforces structural transformation toward a particular
sector. In contrast, specific human capital acquired and utilized in a particular sector
or firm can be a key driving force of endogenous formation of Ricardian comparative
advantage. More precisely, the interaction between specific human capital and lifetime
employment system has little effect on the agricultural economy, which does not rely
on significant (physical or human) capital accumulation. Rather it accelerates and
intensifies specialization toward the non-agricultural sectors that require skilled workers
and physical investment on complicated facilities, such as the electronics, automobiles,
and heavy-chemical industries.® In light of this, the main goal of our calibration is to
quantify the social returns to specific human capital and highlight the channel through
which the lifetime employment system enhances economic growth.

The counterfactual experiment finds that had the job durations of a typical worker
been 1 year (roughly one tenth of the actual average job duration) for 1960-1990 in the
Japanese labor market and 1970-2000 in the Korean labor market, the non-agricultural
employment share in 1990 would have accounted for 80-85 percent of their actual
values and the non-agricultural GDP per capita in 1990 for 71 and 76 percent of their
actual values, respectively, suggesting sluggish structural transformation. Also, if the
Japanese and South Korean labor markets had transplanted from the flexible U.S. labor
market” the matching technology and high separation rate, non-agricultural GDP per
capita would have been lower by 5-8 percent in both countries, whereas agricultural
GDP per capita would have not been affected significantly. It suggests that at least
during the period of structural transformation from agricultural to non-agricultural,

2According to (OECD) Employment Outlook 1993 (http://www.oecd.org/els/oecdemploymentoutlook-
downloadableeditions1989-2011.htm), average (median) job tenure for male workers in Japan, the United
Kingdom, and the United States was 12.5 (10.1), 9.2 (5.3), and 7.5 (3.5) years, respectively. The figures
imply even shorter job durations for the majority of U.K. and U.S. workers. Esteban-Pretel and Fujimoto
(2012) report the quarterly job separation rate in Japan at around 0.02. Chang, Nam, and Rhee (2004)
report that of South Korea at between 0.02 and 0.03, roughly one quarter of the U.S. separation rate of 0.1
reported in Shimer (2005).

3Davidson, Martin, and Matusz (1999) argue that the labor market institution can determine comparative
advantage as well, showing by means of the two-country, two-sector, two-factor trade model that a country
with better matching efficiency has comparative advantage over a sector with a higher rate of separation.

4Precisely speaking, the matching technology used and calibrated in other studies on the U.S. labor
market



the stable labor markets can perform better than flexible ones.

This paper adds to the extant literature on structural transformation several dis-
tinctive features. First, it introduces imperfect mobility of productive resources, that
is, labor. Previous papers on structural transformation including Hansen and Prescott
(2002), Ngai and Pissarides (2007), Duarte and Restuccia (2010), and Buera and Ka-
boski (2012) assume perfectly competitive labor markets absent any rigidity in factor
mobility. Departing from the “immediate full employment assumption,” we borrow
the concepts of both search friction from Mortensen and Pissarides (1994, 1998) and
an inter-sectoral labor barrier from Hayashi and Prescott (2008).° The current paper
analyzes the dynamic path of non-stationary economic growth impeded by intra- and
inter-sectoral labor rigidity as in Ishimaru, Oh, and Sim (2013). Intra-sectoral rigidity
(search friction) is introduced to incorporate the effect of job security and job tenure
on human capital accumulation and inter-sectoral rigidity (inter-sectoral barrier) to
control the direction and duration of the non-stationary structural transformation.

Second, it incorporates both general and specific human capital. General human
capital represents the accumulated knowledge or general equipment of the economy.
Although not many workers in 1960 knew how to use automobiles, computers, or even
telephones, most workers in developed countries now take advantage of cars, computers
and cell-phones. These are captured by labor augmenting technology (general human
capital) in our model. It works as a permanent TFP shock in other papers analyzing
a balanced growth path with a permanent TFP shock. In addition to general human
capital, workers individually acquire skills through learning-by-doing in many work-
places. The acquired skills through repetition of similar tasks may be specific to the
occupation, job, or working environment. We capture it as job specific human capital
of individual workers. Our numerical exercises quantify the effect of general human
capital on the overall growth of the economy and that of specific human capital on the
unbalanced growth of the sectors, structural transformation.

Third, rather than assuming an exogenously embedded TFP shock, the present
paper demonstrates the endogenous formation of a Ricardian comparative advantage.
Hayashi and Prescott (2008), Esteban-Pretel and Sawada (2009), and Uy, Yi, and
Zhang (2013) analyze the structural transformation episode of Japan and South Ko-
rea.® In their models, however, the main driving force of structural transformation
is the exogenously embedded sectoral TFP shock. Unless their sources are clearly
identified, there is a risk of overstating the impact of exogenous sectoral TFP shocks
on economic growth. In sharp contrast, this paper, by replacing “perfect foresight”
with “rational expectation,” develops a non-stationary endogenous growth model in
which the dynamic path of the transitional economy is endogenously determined by
forward-looking decisions of contemporary economic agents. Apparently, invoking ra-
tional expectation enables us to conduct rigorous counterfactual experiments.

The remainder of the paper is organized as follows. We develop the model in section
2 and, present numerical analysis using the Japanese and South Korean episodes in
section 3. Based on the calibration in section 3, we conduct counterfactual experiments
in section 4, and conclude in section 5.

SHayashi and Prescott (2008) show that the labor barrier in their neoclassical two-sector growth model
depressed economic growth in the prewar Japanese economy.
6The former allows time-varying sectoral TFP shocks, while the latter constant sectoral TFP shocks.



2 The Baseline Model

2.1 Environment

Consider a small open economy populated by continuum of entrepreneurs and workers
who consume both agricultural and non-agricultural products. Entrepreneurs in both
sectors, denoted by subscript ¢ € {a, m}, manage their own firms and take profit flow
¢ at every instant t € [0,00). Workers are either employed or unemployed, the latter
in both sectors receiving the same unemployment insurance, b;, at every instant, the
employed workers in sector ¢ earning wage w;;; at time ¢, depending on skill j € {h,}.
The labor market is assumed to be subject to search and matching friction following
the Diamond-Mortensen-Pissarides model. Time is continuous and all economic agents
discount the future at rate r.

Workers At every instant, each individual worker having income flow w; chooses
the consumption bundle (¢, ¢pe) to maximize

o—1 o—1 o

(Catc +Cm(;€ )ﬁ7 (1)

subject to the budget constraint p,cqt + pmcmt = We, where p, and p,, represent the
world prices of agricultural and non-agricultural products, respectively. It is assumed
that workers are allowed neither to save nor to borrow. Since we are looking at a small
open economy, we assume that (p,, pr) are exogenously given and constant over time.”
In particular, we take the non-agricultural products as numéraire and normalize p,,
to be unity. Note that the elasticity of substitution should be strictly positive, o > 0.%
Solving the static utility maximization problem and plugging the individual demand
for each product into the direct utility flow yields the indirect utility flow, as follows.

1
V(Pas pm> Wt) = W P~ = v(w;), where P = (P}f" +p71{g) . (2)

Denote by L; the total population of workers at time t € [0,00). At every instant,
pL; measure of workers retire and yL; measure of newly born workers enter the labor
market as unemployed, which implies that the total population grows at rate xy —p(> 0)
at every instant. Hence,

L; = eXP!Ly at each t e [0,00). (3)

The sectoral ratio of newly-born workers is ex ante assumed to be the same as that of
existing workers at every instant. But the new workers in one sector can immediately
switch to the other sector at switching cost s ~ Logistic(0,e¢/w). For simplicity, the lo-
cation parameter of the logistic distribution is normalized to be zero. The scale param-
eter of the logistic distribution is composed of parameter w and the labor-augmenting
technology e; (The role of the labor-augmenting technology will be explained later).

"Matsuyama (1992) shows that agricultural productivity is positively (negatively) correlated with eco-
nomic growth in a closed (small open) economy.

8When o — 0,1, and oo, the utility function in (1) converges to a Leontief function, Cobb-Douglas
function, and von-Neumann function, respectively. Refer to Arrow, Chenery, Minhas, and Solow (1961).



Following Mcfadden (1974), Rust (1987), and Kennan and Walker (2011), we obtain
the probability that the newly-born unemployed worker in sector i switches to sector
—1 as follows.
B 1

1+ exp[—(U—it — Uit)w/e4]

Wit =1—-wj, (4)
where Uj; represents the lifetime value of the unemployed worker in sector i at time ¢.”
Unemployed workers retire at rate p and receive job offers at rate f(6;)'". If employed,
the worker enjoys the lifetime value of W;;;. Unemployed workers in sector ¢ also get
revision shocks at rate £ and switch to the other sector if the net gains from doing so
is positive. The Hamilton-Jacobi-Bellman (HJB hereafter) equation for the worker is
given by

rUst = v(b) — pUit + f(0i) Wite — Uir) + EE[max{U_y — Uit — s,0}] + Uy, (5)
where
Elmax{U_;; — Uiy — s,0}] = wle log(1 4 exp[(U—it — Uir)w/et]) =: Air (6)

The detailed derivation of (6) is presented as well in Ishimaru, Oh, and Sim (2013). The
left-hand side of (5) can be interpreted as the opportunity cost of holding the asset,
unemployment at time ¢. The terms on the right-hand side represent the dividend
flow from holding the asset Uj;, the potential loss from retirement, the potential gains
from job finding, the potential gains from inter-sectoral migration, and the gains from
changes in valuation of the asset, respectively. To ensure the existence of the balanced
growth path, we assume, following Mortensen and Pissarides (1998), that by = be;. An
unskilled worker employed in sector i receives wage flow w;; per instant. The worker
is separated from the job and becomes unemployed at rate § and acquires skills at rate
(. The HJB equations for the skilled and unskilled worker in sector ¢ are, respectively,

Wine = v(wing) — pWine + 0(Ust — Wing) + Wing, and (7)
™Wir = v(wie) — pWie + 6(Uie — Wire) + C(Wine — Wae) + Wigg. (8)

The left-hand sides of (7) and (8) represent the opportunity cost of holding asset Wjp;
and Wy, respectively. The right hand side in equation (7) consists of the dividend
flow from the asset, the potential loss from retirement, the loss from job separation,
and the gains from changes in valuation of the asset, respectively. The right hand
side of (8) has one additional term, gains from skill acquisition. It is assumed that
“gkill” is job-specific so that skilled workers as well as unskilled workers lose their skill
and get U;; when they are separated from their job. Alternatively, one can think of
a variant with “general skills”, which requires to extend the dimension of the model.
The alternative may cause quantitative changes in our argument, but the qualitative
implication of this paper will be maintained. Furthermore, in Japan, South Korea,

9Given random switching cost s, the worker in sector 7 switches to sector —i if and only if U;; < U_j; —s.

1
1 + eXp[—(U,it — Uit)w/at] '

PT‘{Uit <U_; — S}

107t will be discussed later.



and other East Asian countries having the Confucianism tradition, it is not common
for an ordinary worker in one firm to switch to another rival firm and utilize the
skills that she/he acquired in the former job. Once she/he is separated from a job,
the worker is more likely to get the next job in a different occupation through long
unemployment periods. Hence, this paper keeps the specific skills.

Entrepreneurs There are n;-measure of entrepreneurs in sector i € {a, m}, who share
the same preferences with workers. Entrepreneurs in each sector produce homogeneous
products using identical production technology, given by

Yit = aft‘”kft’“' (&h‘t)ﬁli, 9)
where (aj, kit, l;t) represent the TFP component, capital stock, and labor input at time
t, respectively. It is assumed that B,; + Br; + i = 1. The labor-augmenting technology
g¢ is introduced to capture the growth of the accumulated (general) knowledge of the
economy. It can be interpreted as general human capital. Sustained economic growth
on the balanced growth path is obtained by assuming &; to grow permanently, such
that

¢ = ey for each t € [0, 00). (10)

The total factor productivity component, a;;, can be formed gradually through R&D
investment and interaction with other productive resources (i.e. human capital).
Throughout the paper we call it ‘technology’. That many R&D outcomes including
new technologies and equipment can be utilized together with a certain level of skills
accounts for gradual and persistent economic growth in a transitional economy. We
posit

aip = —Uaait-i‘/\izgi(&Liht)kma (11)

where )\; is the efficiency parameter of technology investment, x; is the elasticity of
technology investment, and 7, is the technology deterioration rate. L;ps, Li¢, and L
are the number of the skilled employed, unskilled employed, and all workers, respec-
tively, in sector ¢ at time ¢t. Each entrepreneur in sector ¢ makes R&D investment of z;
at every t. The law of motion in (11) implies that that R&D investment becomes more
efficient as the skilled population in sector i increases (human capital externality).'!
This, together with deterioration, embodies the gradual formation of the Ricardian
comparative advantage and disadvantage. The capital stock, which can be immedi-
ately accumulated by purchasing from the international capital market, is depreciated
at rate 7.

kit = —niki + i, (12)

where x;; is the capital investment in sector ¢ at time ¢t. Regarding the labor input, it
is assumed that

Lit = Lie + ciling, (13)

"This positive externality is motivated by Lucas (1988) and Choi (2011). By calibrating the model and
conducting a counterfactual analysis, Choi (2011) argues that human capital externality has a significant ef-
fect on economic growth. Romer (1986, 1987) proposed the growth models with physical capital externalities
in advance.



where (14, 1l;n¢) represent the masses of unskilled and skilled workers, respectively,
employed by the entrepreneur at time ¢t. The coefficient «; reflects the fact that a
skilled worker produces a;(> 1) times more than an unskilled worker. Again, “skill” is
assumed to be job-specific. Let v;; be the number of vacancies waiting for unemployed
workers. The entrepreneur finds at rate ¢(6;;) a worker who starts producing as an
unskilled worker. Unskilled workers get learning shocks at rate ¢ on the job and
become skilled workers. All workers leave the entrepreneur due to separation shock at
rate & and retirement shock at rate p. The law of motion of the employed workers is
described by

line. = —(6+p)line + Cliw, and (14)
lit = —(64p+Qlas + q(Oir)viz. (15)

The profit flow of the entrepreneur in sector ¢ at time t is given by

it = PilYit — Z Wijtlijt — PrTit — PzZit — VELVit, (16)
j=h.l

where (pg,p.) represent the cost of capital investment and R&D investment, respec-
tively, and ~e; represents the cost of creating a vacancy. Following Mortensen and
Pissarides (1998), we assume the vacancy creation cost to grow together with €;, which
is necessary to ensure the existence of the balanced growth path. The entrepreneur in
sector i having (,a;, ki, lni, l;;) at time ¢ chooses the schedule of (z;r,vir, zir) for each
T € [t,00) to maximize

Eit(gy ai,E,-,Zhi,ili) = max / 67T(T*t)7TiTP71dT (17)
t

ZiryZTir,Vir >0

subject to (10), (11), (12), (14), (15) and the initial condition (e, ait, kit, lint, lut) =
(8, @, ki, lpi, ;). Lemma 1 solves the optimal control problem by the entrepreneur.

Lemma 1 The entrepreneur in sector i € {a,m} optimally chooses (x,vit, zit) for
each t € [0,00) such that

OTir

p. = m)\iz;i_l(stLiht)l_”i/ e~ (rta)(T—1) dr (18)
t Oa;r
o0 or;
_ —(r+n,) (r—t) LT
D /t e Ok dr, and (19)
ver = q(by) /00 ef(r+6+p+ﬁ)(7—t)|:8ﬂ'z’—r —i—(amT]dT- (20)
’ t 8lil7 alihﬂ'

In equations (18), (19), and (20), the left-hand side represents the marginal cost of
investment, while the right-hand sides represent the marginal benefit. The proof of
Lemma 1 is delayed in Appendix A.

Labor Market The degree of the labor market tightness in sector i is defined as the
ratio of the measure of total vacancy to that of job seekers in the sector. For each
i€ {a,m},

Vit

eit = . (21)

Uit




Let m(vin;, ui) be the number of matches successfully formed at time t for each
i € {a,m}. Given constant returns to scale matching technology, we obtain

m(vigni, i) Giem (vigni, wir)

f(0) = =m(0i, 1) = 0m(1,0;,") =

Ut Vit

= eitq<9it). (22)

We denote by (Lint, Lit, uit) the measure of skilled employees, unskilled employees,
and unemployed workers, respectively, in sector 7 at time t. The total population, L,
at time ¢ is given by

Lt = Z [Lajt + Lmjt] + Uqt + Umt (23)
j=h,l

The dynamic worker flows are summarized as follows.

Ling = —(p+0)Lint + (L, (24)
Ly = —(p+9+ )L+ 0irq(0ir)uir, and (25)
Uy = —(p+ 0iq(0ir) + Ew—it)wir + Ewipu—it + 8(Lit + Line) + xwieLe,  (26)

where L; is presented in (3). The last term of the right-hand side of (26) is derived
by the following argument: At time ¢, there are x(Lant + Lait + Uqt)-measure of newly
born workers in the agricultural sector and x(Lpt + Linit + tme)-measure of newly
born workers in the manufacturing sector; because they can immediately switch, the
total measure of newly born workers in sector ¢ after the immediate switching is given
by xwit Lt.

Wage Bargaining In accordance with Stole and Zwiebel (1996)'?, successfully
matched workers and entrepreneurs individually negotiate wages by splitting the
marginal surplus. This implies that for each j € {h,(},

OF;;
al,‘ it

(1 =) (Wije —Uy) = ¢ at every t € [0,00), (27)
where ¢ is the worker’s bargaining power. In wage bargaining, the firm takes 1 — ¢
portion of the joint (marginal) surplus and gives ¢ portion to the worker in the form
of wage payment. Note that (27) is implicitly based on an equilibrium restriction such
that in any equilibrium W;j; — Uy > 0 and g%i > 0 for each i € {a,m}, j € {h,1},
and t € [0,00). Since the bargaining rule in (27) is true at every ¢, continuity and
differentiability implies that

, .., 0 (0
(1= )W = Ua) = 655"

pr > for almost everywhere ¢ € [0, 00). (28)

Lemma 2 The implied wage in sector i € {a, m} is given by

Wipt = A?aipiﬁzz‘aﬁ” kﬁ’“‘sf”(lm + agling)?i T + A, and (29)

12Helpman and Itskhoki (2010), Helpman, Itskhoki, and Redding (2010), Felbermayr, Prat, and Schmerer
(2011), and Ishimaru, Oh, and Sim (2013) adopt the bargaining rule proposed by Stole and Zwiebel (1996)
in their studies on international trade.



wir = AVpiBral i ke 1y 4 culing) P+ A, (30)
where

AY ¢

= T omd A= (1= @be el + (1 - 0)AuP

Note that in both (29) and (30) the first terms are proportional to the marginal
product of labor. The second terms reflect the labor market condition. For later use,
we remark that A}t grows at rate ¢ if 0;; is constant over time and A;; grows at rate
1. The detailed derivation is provided in Appendix A.

Equilibrium We finish this section by defining the equilibrium of our interest. The
following definition summarizes the overall shape of our model.

Definition An equilibrium consists of bounded time series of choice rules
{wit,xit,vit,zit}ie{a,m}, labor market tightness parameters {git}ie{a,m}v wages
{wit}iz{a,m}, value equations {Ei, Wine, Wirt, Uit }icfam}>, and laws of motions
{ets ait, Kity Ling, ines Lty Ling, Lite, Wit bie {a,my at every t € [0, 00) such that:

(i) unemployed workers as well as newly born workers optimally choose where they
work when they are hit by an exogenous shock,

(7i) each entrepreneur in sector ¢ optimally chooses {z;, zit, vt} at every t,
(1i1) aggregate consistency requires that

e the market tightness {0it};c{q,m) should be consistent with its definition,
e wages {Wit}ic{q,m} Should be consistent with the imposed bargaining rule,
° Liht = nilihh Lilt = nililt; and Lt = Zi(Liht =+ Lilt + uit) for each 7 € {a, m}

(1v) the evolution of the entire system is recursively governed by the law of motions
of (3), (5), (7), (8), (10), (11), (12), (14), (15),(17), (24), (25), and (26), given
{Ei0, Wino, Wito, Uio Yiefa,m) and {€o, aio, ki, lino, Lito, Lo, Lino, Litos wio }iefa,m}-

2.2 On the Balanced Growth Path

In this subsection, we characterize the balanced growth paths by applying the previous
definition with a small modification on the law of motions (v). Stationarity on the
balanced growth path requires that

Li Ly Ly ai kit

o _ = L =y—p —==x—p+1, and

Ly Lipe  Lags ui X—r ait kit X=pty
Ui _ Wine _ Wir _ & _ " (31)
Ui Wine  War &

Let L;, L; and u; denote the proportion of skilled, unskilled and unemployed workers,
respectively, in sector ¢ to the total population. That is,
Lipt Liy Uit

Lip = Ly = d w =2, 32
ih Lt ) il Lta and ug Lt ( )

10



By the stationarity condition of the balanced growth path (31), these ratios are constant
over time. The stationarity condition dictates that A /e; is constant over time on the
balanced growth path. Also, from (15), (21), and (31), we get

W+ + Ol (x+0+ QL Ouui
Vit — = =
q(0it) q(Oit)n; n;

(33)

on the balanced growth path. Since L;; and u; grow together at the rate (x — p),
0;; should be constant on the balanced growth path to make the last equality hold
over time. We drop the time subscript ¢ from the variables that are constant on the
balanced growth path.

Using (31), we rewrite (5) as follows.

(r+p—9)Uy = beeP™'+ F(0;)(Wie — Us) + €D (34)

Combining (20) and (27) yields

8EZ' 1-— Wi - Uz
e, = Pq(0) 2E1t — py(6,) L= Wi = Uir) (35)
Ol ¢
Subtracting Uy from U,,,, dividing by &, and combining with (35) yields
YP(Or, — 0a)
Ut — Ug = d 36
Ot = o) = G g gpi—g) ™ %
e = ! ~ . (37)

1+ exp[(Umt — Ugt)w/et] N

These imply that (wg,wr,) and (Uye — Uqt) /¢ are constant over time on the balanced
growth path and uniquely determined by (6, 6,,,). From (25), (26), and (31), the triplet
of (L;p, L, u;) is characterized as follows. Given (0, 0,,), for each i € {a,m},

0 = (X =+ 5)Lih — CLib and (38)
= (x+6+ )Ly —0iq(0;)u;, and (39)
= (x +0:iq(0;) + Ew—i)u; — Ewiu_; — 6(Lig + Lip) — xwi, (40)

Solving (37), (39) and (40), and multiplying by L; results in Lemma 3.

Lemma 3 Given (64,0,,), on the balanced growth path,

L = (x + 6)f(0;)xwi(x + Ew;i + F(0_)x/(x + 6) + Ew_i) Ly | )

COx+ 8+ Of O+ &woi + LB (x + £eos + LX) — 22wy}
Ly — f(0)) xwi(x + §wi + F(0-i)x/(x +0) + §w—i) Ly and (42)
(x+ 6+ O (¢ + & + L) (0 + i + LX) — 2w}
W — xwi(X + &wi + f(0-i)x/(x + 9) + Ew—i) Lt (43)
it .
{(x + & + L05) (x + wi + L59%) — 2wy}

Notice that g;“’;tt grows at rate ¢ on the balanced growth path due to the growth of
the labor-augmenting technology. Lemma 4 summarizes the entrepreneur’s behavior

11



on the balanced growth path.

Lemma 4 Given (0,,0,,) on the balanced growth path, the entrepreneur in each sector
optimally chooses

o ) )\iﬁiﬁaipz( — BLA ) Oyit %nz
S Etht[ po(r+na)Briai Ol (b - etine) | 4
(1 — B AY) Bripi (Lt + viline) Oyit
Ty = — o4+ L , and 45
' (= ptd+m) Buipk (1 + ni) Ol (45)
b = dixwilt &wi+ F(O-i)x/ (X +9) + Ew—i) Ly (46)
v £(0:)x f0—i)x 2 ’
(X +&w—i + X0 ) (X + Ewi + X+ X) — Ewiw—;
where
Dyit i€t Ling Bai(1=r3) ¢ NikiiBaipi(1 — B AY) Baiki
= |l L2 (L + al;
8lilt [ﬁl (X —p+ w + na) ( pzﬁli(r + 77(1) ( " ht))
(1 = BiiAY) Bripi (Lir + cviling)\ Bri B 11| T Faimi
t (L + ailipg)h kemPai™ (47
( Bripk (1 + ;) ) (s ) ] 47)
In addition, these imply that
it Ling 1=kt Nifsi Baipi(1 — B AY) Oyt Ki
ayg = | Lite + ail; , 48
! [X —p + w + 77a1| |: pziﬁlz( + 77&) alzlt( " ht):| ( )
_ 3. A0 (] 7. .
I (1 /Blel )6kzpz(lzlt + azlzht) 8yzt : (49)
Bripk (1 + M) 0lilt
niC(x + 0+ <>{<x +ewi+ f;i;wx +éw; + {00 — 200 )
Ly = J(0:)xwi(x + wi + f(0—i)x/ (X +9) + &w—) Ly (51)
ni(x + 6+ O (x + gwmi + L) (x + fwi + L8%) — 22w}
Plugging (48),(49), and (51) into (20) and reordering yields
Y A‘lt/gt
+ ¢ 52
Bua0) G+ p+0—0)B (52
B { e a; ] K AiLing )/M(l—*ﬂ)
 br+d+p—v+¢ r+5+p—¢ X—p+U+n

AikifBai O\ Paiki Ori Bri (1— N 1= =Boin; .1,3 =
_— - v 1— i i le 60,1(1 Hz) ki~ FPaifi
(pz(r+na)) <pk(r+nk)) (1= BuAD)pillin + iline) ] ’

for each i € {a,m}. As mentioned before, (35) is based on the implicit restriction
such that Wj; — Uy > 0 and BE” > 0 for each i € {a,m} and ¢t € [0,00). If it is
violated, the right-hand side of (52) can be negative so that there is no solution. If
the implicit restriction is satisfied, we get two equations described in (52) to solve for
two unknowns (0, 0,,).

Proposition 1 There exists a balanced growth path if and only if the system of
equations described in (52) has a solution of (04, 0m,).
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Given the complexity of the overall system, it is difficult to analytically determine
under what parametric condition the balanced growth path exists and whether it is
unique. Instead, we acknowledge that in our numerical experiment with reasonable
parameter values, we obtain the same result regardless of the random starting points
(we repeat the same experiment with more than 20 different random initial guesses).

2.3 On the Postwar Transition

Here, we characterize the transition path from a particular initial state to the balanced
growth path, with the evolution of the economy governed by the system of differential
equations. One advantage of our model is that the transition path is fully described
by an autonomous control.

The lifetime value of unemployment evolves as follows. For each i € {a, m},

Oiryerd
P(1-¢)

Given (0qt,60mt), equation (53) together with (6) determines (Uat, Ui, Daty Amt)
at every t € [0,00). Plugging (53) into (4) also yields (wgat,wme). Starting from
(Lah07 Lal07 Lmh()? Lml07 Ua0, um0)7 (Lahta Lalta Lmht7 Lmlt7 Ugat, umt) eVOlVe fOHOWing
(24)-(26) toward

Uit = (r + p)Ust — — €Ny — by P with Jlim Uy = U; (53)

tli)rgo([/ihty Liyg, uit) = (Lin, Lig, ;). (54)
Note that l;p = Lipe/ni, and Ly = Ly /n;.

Lemma 5 Given (0at, Omi, Lant, Laits Linhtys Linit) at every t € [0,00), we obtain

ki [(1 — B AY) Brpiay )" (Lag + oviling) i =i (55)
' ( + nr)pk
t
a; = / e_”“(t_T)Aizfj (e7Lips ) idr + e tayg, (56)
0
lint = Lint/ni, and Ly = Lig/ni, (57)

where

Niki [0 _ _ 1, Bri B 1T
Zit = etLint {7Z : / e )TN (1 — B, AY) Buipiale T ki e (L + ailihT)ﬁ“dT] o
t

z

Lemma 5 summarizes the dynamic path followed by entrepreneurs. Given (04, 0,,1)
at every t € [0, 00), equations (24)-(26) jointly determine (Lqpnt, Laity Linhty Limits Yats Umt)
and, together with Lemma 5, the unique path of the economy. Combining (20) and
(27) yields

(1 =) (Wi — Usr)

¢ )
which restores (04, 0,,t) at every ¢t € [0,00). Because (Wi, Uir) — (W, U;), we can
get the convergence point (04,6,,). As in the previous subsection, (58) raises the

ver Pt = q(0i)

(58)
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equilibrium restriction that Wy, — Uy > 0 for all ¢ and ¢. Equations (24)-(26) and
(53)-(58) provide the full description of the transition path of the model.

Again, the complexity of the system prevents us from providing an analytical proof
on the existence and uniqueness of the solution. Instead, we acknowledge that we
obtain the same result when we repeat the experiment with 20 different sets of “initial
guesses.”

3 Numerical Analysis

This section presents a quantitative assessment of the underlying link between labor
market institutions and economic growth, with a focus on two East Asian countries,
Japan and South Korea. The Japanese episode is a comprehensive example of economic
growth through structural transformation up to the starting point of ‘lost decades’.
Lack of data for the 1950s and 1960s precludes analysis of the initial periods of struc-
tural transformation independently of the ‘postwar effect’ of World War II (1939-45)
and the Korean War (1950-53). Initially less confounded by the postwar effect, the
structural transformation of South Korea accelerated in the early 1970s and continued
until the Korean foreign currency crisis in 1997. This complementary analysis of the
Japanese and South Korean episodes supports concrete conclusions about labor market
institutions and economic growth in transitional economies.

In subsection 3.1, we calibrate the model by combining three Japanese data
sources: the World Bank database; the Japanese national account; and the dataset
employed by Hayashi and Prescott (2008). Lacking earlier data, we focus on the
period beginning in 1960 and, to exclude the lost decades of Japan in the 1990s,
ending in 1990. In subsection 3.2, we calibrate the model using three South Korean
sources: the World Bank database; the Korean national account; and the estimation
results presented by Chang, Nam, and Rhee (2004). We focus on the period starting
in 1970, the implied starting point of structural transformation in South Korea, and,
to avoid its foreign currency crisis, ending in 1995. [Table 1] and [Table 2] summarize
our choices of parameter values associated with Japan’s structural transformation,
[Table 3] and [Table 4] our choices of parameter values associated with South Korea’s
structural transformation.

3.1 Japanese Structural Transformation

Exogenously Fed Parameters We set r = 0.0095 during the sample period to
fix the annual interest rate at 3.8%, which is consistent with the estimate of the annual
discount rate in Esteban-Pretel and Sawada (2009). But, the discount rate does not
have a pronounced effect on the macro variables in our model. We normalize the price
of non-agricultural products to be 1, and fix the relative price of agricultural products
at 1.2, which is consistent with the average of the Engel coefficient from 1960-1990. The
Engel coefficient, the ratio of food expenditures to total expenditures by households,
is obtained by

l1—0o
Py

— =~ 0.37.
pa +pi©
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Japan’s Engel coefficient was around 0.49 in 1960 and declined continuously to around
0.25 in 1990.! Because it assumes homothetic preferences, our model predicts a
constant Engel coefficient, unless it additionally assumes the subsistence level, as in
Matsuyama (1992). For the sake of simplicity, we alternatively take a simple average
of the Engel coefficient during the target period.

The retirement rate is set to be 0.011, which results in roughly 90 percent of
workers, who enter the labor market at age 25, retiring before age 70. The implied
average ‘market duration’, the average elapsed time between labor market entry and
exit, is thus less than than 25 years. Not being a lifecycle model with aging, our model
considers a worker who moves into the non-labor force to be a retiree and a worker who
moves from the non-labor force into the labor force to be a newly born worker. Average
market duration is thus much shorter than average lifespan. Japan’s population grew
from 58.63 million in 1965 to 81.0 million in 1990.'* The implied quarterly growth rate
is In(81.0/58.63)/100 ~ 0.003, which determines the birth rate x = p + 0.003 = 0.014
during the sample period. The separation rate J is set to 0.02 to obtain the average
job duration of 12.5 years among non-retirees in the OECD data set. This choice is
consistent with Esteban-Pretel and Fujimoto (2012). We posit

q(0;) = 0.6 x 07" for each i € {a,m}, (59)

borrowing from Kano and Ohta (2002), who estimate the matching function of the
Japanese labor market consistent with the plausible range of empirical elasticity of
0.5 to 0.7 proposed by Petrongolo and Pissarides (2001). We equalize the bargaining
parameter to the elasticity of the matching technology by invoking Hosios’s condition,
that is, ¢ = 0.6. These choices on bargaining parameter and matching function pa-
rameters are consistent with Esteban-Pretel and Fujimoto (2012). The growth rate
of labor augmenting technology v is set at 0.007. The latter choice, which implies a
balanced growth path of 0.028 annually, is based on the average annual growth rate
(a weighted average of country growth rates) of GDP in all OECD countries for the
period 1980-1990.%°

The capital depreciation rate ny, calculated as the ratio of depreciation to real
capital stock each year, results in 7, = 0.033, following Jorgenson (1996).'% Calculating
the technology depreciation rate 7, based on the depreciation rate of service industry
equipment results in 7, = 0.041, again following Jorgenson (1996). Due to the lack of
sectoral data, we employ the aggregate economy level of the depreciation rate. The
elasticity of substitution o is set to 3.8, following Bernard, Eaton, Jensen, and Kortum
(2003), Felbermayr, Prat, and Schmerer (2011), and Ishimaru, Oh, and Sim (2013).
Values exogenously assigned are summarized in [Table 1].

13The Family Income and Expenditure Survey of the Ministry of Internal Affairs and Communications

Statistics Bureau of Japan provides total consumption expenditure and food expenditure.

4These values are obtained from the Japanese Population Census, which can be downloaded from the

Statistics Bureau of Japan.

15Their lost decades starting from 1990’s preclude calibration based on the balanced growth path. Instead,
we use the average growth rate of other OECD countries for the period 1980-1990. Table V.1. Growth
Performance in OECD countries is from OECD Outlook 2000 V. Recent Growth Trends in OECD Countries.
16Calculating the average annual depreciation rate of agricultural (0.0971), construction (0.1722), mining
and oil field (0.1650), metalworking (0.1225), and special industry machinery (0.1031) results in 0.132

annually, or 0.033 quarterly.
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Calibrated Parameters For the remaining parameters, we choose a vector that
matches the aggregate of the time series data for sectoral GDP growth per capita,
sectoral labor share, sectoral capital share, sectoral wage growth, the net EXP/GDP,
replacement ratio and average unemployment rate.

In [Figure 1], the dots represent actual data values, the smooth lines the time series
predicted by the model. Overall, [Figure 1] suggests that our calibration strategy
captures fairly well the trend in transition. Panels (a) and (b) present the time-series
data and the model’s prediction of sectoral GDP growth per capita from 1970 to 1990
(lacking data for earlier periods). Panels (c) and (d) report sectoral labor shares,
panels (e) and (f) sectoral capital shares, from 1960-1990. Both labor and capital
shares declined sharply in the agricultural, and rose rapidly in the non-agricultural,
sector. In Panels (g)-(h), we exploit the evolution of sectoral wages from 1960-1990 to
calibrate the labor productivity parameters (aq, @y, (). Based on historical wage data
reported by Japan’s Ministry of Health, Labor and Welfare,'” from 1960-1990 workers’
real wages grew by 29 and 152 percent in the agricultural and non-agricultural sectors,
respectively. Panel (i) reports the unemployment rate in the actual data and the model.
Without business cycle fluctuation, we set the target of the average unemployment
rate at 2.0 percent. Panel (j) shows the Net Export/GDP ratio predicted by the
model to be reconciled with the average Net Export/GDP ratio of 10.5 percent and
its linear trend from 1960 to 1990. Panel (k) presents the population growth from the
data and the model. Panel (1) reflects adjustment of the model’s parameters to keep
unemployment benefits at around 40 percent of the average wage over time. These
choices are summarized in [Table 2].

"URL: www.mhlw.go.jp.

16



Table 1: Parameter Values: Exogenously Assigned (Japan)

Parameters Description (Source/ Target)

r = 0.0095 discount rate (Esteban-Pretel and Sawada (2009))

Pa/Pm = 1.2 price of agriculture good (Engel coefficient)

p=0.011 retirement rate (retirement age)

x =0.014 birth rate (population growth rate)

9 =0.02 separation rate (Esteban-Pretel and Fujimoto (2012))

q(0) = 0.607%6 matching technology (Kano and Ohta (2002))

»=0.6 bargaining parameter (Hosios (1990))

¥ = 0.007 growth rate of the labor augmenting technology
(average growth rate of OECD countries)

Ne = 0.041 technology depreciation rate (Jorgenson (1996))

e = 0.033 capital depreciation rate (Jorgenson (1996))

o=3.8 elasticity of substitution (Ishimaru, Oh, and Sim (2013))

Table 2: Parameter Values: Endogenously Targeted (Japan)

Parameters Description (Source/ Target)

w = 0.03 sensitivity of inter-sectoral migration

¢ =0.007 arrival rate of revision shock

a, = 1.05 agr labor Productivity

Q= 1.5 non-Agr labor Productivity

(=0.6 human capital accumulation (the time series of
v=0.12 cost of vacancy sectoral GDP growth,
pr = 0.3 capital cost sectoral labor share,
p, =04 technology investment cost sectoral capital share,
Ora = 0.193  agr capital share in production sectoral wage growth,
Brm = 0.23  non-Agr capital share in production net EXP/GDP ratio,
Bia = 0.58  agr labor share in production replacement ratio, and
Bim = 0.5 non-Agr labor share in production  unemployment rate)
Ao = 0.3 efficiency of technology investment

Am =0.5 efficiency of technology investment

ke = 0.1 elasticity of technology investment

Kkm = 0.4 elasticity of technology investment

b=1.3 unemployment benefit
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3.2 South Korean Structural Transformation

Exogenously Fed Parameters We set the real interest rate at 0.01 to match
South Korea’s annual average real interest rate of around 4.0 percent during 1970-
1995 period.'® As in the Japanese episode, we normalize the price of non-agricultural
products to be 1 and fix the relative price of agricultural products at 1.2, consistent
with the historical average Engel coefficient of 0.37 for South Korea for the 1970-1995
period. The share of food expenditure to total expenditure declined from 0.44 in 1970
to 0.26 in 1995. The retirement rate is set at 0.011 for consistency, and South Korea’s
quarterly growth rate was also 0.003, which implies the birth rate y = p+0.003 = 0.014
during the sample period. According to World Bank data, South Korea’s population
grew from 31.92 million in 1970 to 45.09 million in 1995, which implies a quarterly
growth rate of 0.003.

The separation rate ¢ is set to 0.027 based on the estimation results in Chang, Nam,
and Rhee (2004), who show that the monthly separation rate of the aggregate economy
declined from 0.012 in 1981 to 0.006 in 1994. Note that taking the average of these
two values results in a quarterly separation rate of 0.027 and corresponding average
job duration of 9.25 years. We also borrow from Chang, Nam, and Rhee (2004) the
estimates of the matching technology in the South Korean labor market.

q(0;) = 0.45 x 6;°° for each i € {a,m} (60)

Invoking Hosios’s condition, we set ¢ = 0.5. We also set the growth rate of the labor
augmenting technology 1 at 0.01, which is equivalent to an annual GDP growth rate
of 4.0 percent on the balanced growth path based on South Korea’s average annual
GDP per capita growth rate from 2000 to 2010.'Y We use the same values as in the
Japanese episode for the remaining parameters (74, 7k, o).

Calibrated Parameters We choose a vector of the remaining parameters to match
the aggregate of the time series data for sectoral GDP growth per capita, sectoral labor
share, the EXP/GDP ratio, capital investment growth, sectoral value-added share, and
the net EXP/GDP and replacement ratios and average unemployment rate. Given the
similarity between the Japanese and Korean economies and lack of sectoral capital
share data, we keep the same parameter values for (pk, pz, Bkas Bkm, Bias Bim) as in the
Japanese episode. Most of the panels in [Figure 2] report the Korean equivalents of
the Japanese data. The exceptions are sectoral capital share and wage growth. The
latter time series for the sample period being unavailable in the South Korean dataset,
we substitute the time-series data for the EXP/GDP ratio in Panel (e), the aggregate
capital investment growth rate in Panel (f), and the sectoral value-added shares in
Panels (e) and (f). The actual data show the labor and value-added shares to have
declined substantially in the agricultural, and risen sharply in the non-agricultural,
sector. Overall, [Figure 2] suggests that our calibration strategy captures fairly well
the behavior of the target time series data for South Korea for 1970-1995 period.

18Chang, Nam, and Rhee (2004) use the annual real interest rate of 4.17 percent during the 1975-1994
period.

19Because the Japanese economy is suffering still from the ongoing ‘lost decades’, whereas the South
Korean economy was considered recovered from the foreign currency crisis in the early 2000s, we adopt
different calibration strategies for their potential growth rates on the balanced growth path.
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Table 3: Parameter Values: Exogenously Assigned (South Korea)

Parameters Description (Source/ Target)

r=0.01 discount rate (Chang, Nam, and Rhee (2004))
Pa/Pm = 1.2 price of agriculture good (Engel coefficient)
p=0.011 retirement rate (retirement age)

x =0.014 birth rate (population growth rate)

d =0.027 separation rate (Chang, Nam, and Rhee (2004))

q(0) = 0.4507°° matching technology (Chang, Nam, and Rhee (2004))

»=0.5 bargaining parameter (Hosios (1990))
v =0.01 growth rate of the labor augmenting technology
(the average growth rate of South Korea from 2000-2010)
Ne = 0.041 technology depreciation rate (Jorgenson (1996))
e = 0.033 capital depreciation rate (Jorgenson (1996))
o=38 elasticity of substitution (Ishimaru, Oh, and Sim (2013))
Table 4: Parameter Values: Endogenously Targeted (South Korea)
Parameters Description (Source/ Target)
w = 0.035 sensitivity of inter-sectoral migration
¢ =0.006 arrival rate of revision shock
a, = 1.1 Agr labor Productivity
o, = 1.55  Non-Agr labor Productivity
¢=0.7 human capital accumulation (the time series of
v =0.213 cost of vacancy sectoral GDP growth,
pr = 0.3 capital cost sectoral labor share,
p, =04 technology investment cost sectoral value-added share,
Bra = 0.193  Agr capital share in production aggregate capital growth,
Brm = 0.23  Non-Agr capital share in production EXP/GDP ratio,
Bie = 0.58  Agr labor share in production net EXP/GDP ratio,
Bim = 0.5 Non-Agr labor share in production  replacement ratio, and
Aq = 0.2 efficiency of technology investment  unemployment rate)
Am =0.5 efficiency of technology investment
ke = 0.1 elasticity of tech. investment
km = 0.45  elasticity of tech. investment
b=1.15 unemployment benefit

20



661 0661 5861 0861 SLET 0L61
oSz
ooF
oss
0oL

e+ [FPON—
058
qmoin uonendod (1)

§661 0661 §861 0861 sLet oLel

000

BRq +  J9PON—

e *

(>MYNOTIEY-TON) STeYS pappe-onTeA (1))

§661 0661 §861 0861 SL6T 0L61
000

£T0

050

(2o y-uoN) oTeys 10qe T (p)

$661 0661 $861

(eoI10y INOG) SYNSOY UOIIRI|I[R)) :7 OINSL]

0861 SL6T

0L6T
0To

TPON—

£661

oney yusmdelday ()

0661 £861 0861 SL6T

00

oro

050

090

oLetT
000

BB o

(omynowiy) areqs poppe-onye (3)

$661

TePON—

0661 $861 0861 SL61

sTo

050

sL0

00T

0L6T
000

BB o

12pON—

(emnoLBy) a1eys 10qe T (3)

§TO

s661 0661 5861 0861 sL61 061
000
. ot * . *

R e
. 570
050
Lo

BRQ + 1OPON—
001

daoprodxgien (0

£661 0661 861 0861 SL61 0L6T

00

sTo-

. - .
. . ot * "
., PRI . | 000
M v
* -
. sTo
BEQ o TSPON—

05°0

[A0ID Juetmsaau] [evideD ()

S661 0661 $861 0861 SL61 oL6t
ozo-
Teq +  [9POIN—
oro-
00°0
or'o
0T0

(pmymausy-uoN) ende) Iad mmoIs 4ao (@)

$661 0661 $861 0861 SL6T oLe6t
000
€00
£00
80°0
wWeq ¢+ [FPOIN—
010

Juawkojdwoun (1)

£661 0661 £861 0861 £L61 oLetr
000

§T0

0£°0

£L°0

BeQ ¢ [PON—

00T
daopodxy ()

§661 0661 $861 0861 SL6T oLe6t
0T 0-

oro0-

P L2 000

* . oro
Bled «  [PON—
070
(emymonsy) epde) 1ad uoIs ao ()

21



4 Counterfactual Experiments

Using the calibrated model, we conduct counterfactual experiments by substituting
different arrival rates of separation shock and matching technologies. The baseline
simulations, represented by the solid lines, are the results with the calibrated param-
eters. In the first counterfactual experiment, represented by the dotted lines (Coun-
terfactual Experiment 1, or CE-1), setting the separation rate at 0.239 and retirement
rate at 0.011 results in a one-year job tenure. The second experiment, represented by
the dashed lines (Counterfactual Experiment 2, or CE-2), posits the counterfactual
question: “If the Japanese and South Korean labor markets had transplanted from the
flexible U.S. labor market the efficient matching technology and high separation rate,
what would have happened in 19907”

[Figure 3] shows how varying job duration affects human capital accumulation
and labor productivity, as calculated in each counterfactual experiment. Long job
duration enables each entrepreneur to maintain high employment at a lower cost,
and improves the average productivity of employed workers through learning-by-doing
on the job. Panels (a)-(d) show the fraction of skilled workers to trend downward
in the agricultural and upward in the non-agricultural sectors, and to be lower in
counterfactual experiments involving a high separation rate. Panels (e)-(h) show the
fraction of unskilled workers to exhibit moderate changes over time, Panels (i)-(1) labor
productivity to be substantially higher in the baseline simulation.

[Figure 4] shows the transitional paths of technology stock, capital stock, and to-
tal production, as determined in each simulation. Panels (a)-(h) show agricultural
investments in technology and capital to be slightly lower, and non-agricultural invest-
ments to be substantially lower, in the counterfactual experiments than in the baseline
simulation. That technology and capital accumulation are more pronounced in the
non-agricultural than in the agricultural sector is important. Taken together with the
sectoral human capital accumulation patterns depicted in [Figure 3|, [Figure 4] shows
long job tenure and enhanced labor productivity to stimulate technology and capital
investment more greatly in the non-agricultural sector. Consistent with these results,
Panels (g)-(h) show aggregate production to be higher in the baseline simulation than
in the counterfactual experiments. GDP growth in the non-agricultural sector, in which
human capital accumulation significantly improves labor productivity and encourages
investment, is especially accelerated by long job duration.

[Table 5] summarizes the main results of our numerical experiments in terms of
key ratios of counterfactual simulation results to baseline simulation results in 1990.
Because structural transformation was still ongoing in South Korea in 1990, these ratios
are relatively underestimated in the South Korean experiments. Panel (a) presents the
results from the first counterfactual experiment (CE-1), in which we set the separation
rate at 0.239 and retirement rate at 0.011 to make job tenure one year. This result
shows that if the job duration of Japanese and South Korean workers had been one
year, the non-agricultural employment share in 1990 would have accounted for about
80 percent, and non-agricultural GDP per capita in 1990 for about 70 percent, of
their actual values. This suggests that long job duration is a crucial determinant of
structural transformation that enables the economy to achieve rapid growth by driving
resource reallocation from the agricultural to the non-agricultural sector.

Panel (b) depicts the second counterfactual simulation model (CE-2), which
shows that, whereas agricultural GDP per capita would have not been affected, non-
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agricultural GDP per capita would have been lower by 5-8 percent in both countries.
At the level of the aggregate economy, the difference between the baseline simulation
and CE-2 implies that lower job duration would have reduced total GDP per capita by
7 and 5 percent in Japan and South Korea, respectively. The counterfactual analysis
of technology stock, capital stock, and human capital accumulation provides an expla-
nation for the gap in GDP per capita across different labor market institutions. We
show technology and capital stocks in the non-agricultural sector to be significantly
lower in CE-2 than in the baseline simulations. In CE-2, the sectoral accumulations
of technology and capital in the non-agricultural sector are 90-93 percent and 92-95
percent of the baseline simulation result in Japan and South Korea, respectively, and
skilled labor in the non-agricultural sector declines by 11 percent in Japan and 9
percent in Korea, whereas unskilled labor in both sectors increases significantly in
both countries. This indicates that high separation rates drive lower human capital
accumulation.

Panel (c) illustrates the effect of only making job duration shorter, as in the US
labor markets, without transplanting the matching technology. These counterfactual
simulation results show GDP per capita to be lower than in the baseline simulation
or CE-2, which indicates that a high exogenous separation rate would have had a
greater impact, some part of which, however, would have been absorbed by the efficient
matching technology in CE-2.
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5 Conclusion

We incorporate labor market friction and learning-by-doing into a transitional two-
sector growth framework to create a new endogenous growth model for exploring the
underlying link between labor market institutions and economic growth. As work-
ers stay in their jobs longer, they become more productive through learning-by-doing,
which concomitantly lowers the labor cost to entrepreneurs. Enhanced labor produc-
tivity stimulates physical capital investment by forward-looking entrepreneurs. When
the economy specializes in a sector where learning-by-doing does not improve labor
productivity significantly, such as the agricultural sector, economic growth is more
moderate. When the economy shifts towards the industrialized sector, on the other
hand, in which the effect of learning-by-doing is significant, a stable labor market
with a long job duration stimulates and accelerates economic growth by encouraging
investment as well as improving labor productivity.

In the numerical analysis, we apply our model to the East Asian episode of struc-
tural transformation. Those countries’ lifetime employment systems, borne of the
Confucian tradition that ethically discourages job turnover by employees and imposes
on employers the duty of continuing employment, contributes to the formation of Ri-
cardian comparative advantage in the non-agricultural industrialized sector. The coun-
terfactual experiment finds that had the average job duration of Japanese and South
Korean workers been one year, the non-agricultural employment share of each coun-
try would have accounted for about 80 percent, and non-agricultural GDP per capita
for about 70 percent, of their actual values in 1990, which suggests sluggish struc-
tural transformation. Had the Japanese and Korean labor markets transplanted and
maintained the efficient matching technology and high separation rate of the flexible
U.S. labor market, non-agricultural GDP per capita in 1990 would have declined by 8
percent in Japan and 5 percent in South Korea, and aggregate GDP per capita by 7
percent and 5 percent, respectively. Lengthy job tenure was apparently one of the key
ingredients in the structural transformation towards the non-agricultural sector.

Overall, this paper studies the underlying link between labor market institutions
and the economic growth in transitional economies by highlighting matches between
particular labor market institutions and sectoral characteristics. We hope that it deliv-
ers useful implications for many developing countries that are currently experiencing
or expecting structural transformation towards the industrial sector. One may ask
if our model can account for the recent growth slowdown or stagnation in NICs and
Japan. This paper focuses only on structural transformation from the agricultural
to non-agricultural (especially manufacturing) sectors, with an emphasis on the ‘cap-
italization effect’. In contrast, the emergence after the 1990s of new service sectors,
such as information technology and the health and financial industries, may stimulate
‘creative destruction’. Potential requirements for different processes of human capital
accumulation and/or different types of human capital, being beyond the scope of this
paper, are left to future research.
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A Numerical Algorithm
A.1 On the Balanced Growth Path

In this appendix, we describe the computational algorithm for solving the balanced
growth path. To start, guess {6,,0,}.

(a) Given (04,60, ), we obtain (U — Ugt)/er and (wq, wp,) using (4) and (36).
(b) Let

LHS; = [y(r+64 p—1)/(Buq(6:) + Ak /(Bues)]PriPairi and
Aim; Bai(1=ki) 1 NiKifa; 7Baik Bri Bri 0
RHS, = |—mM8Mm——— _— _— 1— B A;)pi.
[X—P+¢+77a} {pz(T‘H?a)} [pk(r‘i‘nk)} ( 51 >p

If °,(RHS; — LHS;)? is less than the preassigned tolerance level, go to step (c).
Otherwise, using the Nelder and Meade method, update (6,,6,,) and go back to
step (a).

(c) Given (6, 0.,), solve for variables {L;, u;, wi, ki, zi, ai, 2i, Vi, Yitic{am) -

A.2 On the Transition Path

In this subsection, we present the solution algorithm for the transitional path to the
new balanced growth path. First, we analyze the transition path from an initial point
to the autarky balanced growth path. Assume that the economy converges to the new
balanced growth path within 7. We already know both endpoints.

(a) Pick up a sufficiently large amount of time for 7" and construct the set of evenly
spaced grid points {tg,t1,--- ,t,} C [0, 7).

(b) Guess the entire transition path of (Lat, Lint, Uaty Umts Wats Wint, Uat, Ut s Dat, Pmt) -

(c) Take all the other series as given and calculate the new series of (f/at, Lot Giat, Umt)
by forward shooting. Then, update Lyt = (1—a)Lqat +aLg for a sufficiently small
but positive a. Using the same weight a, update (L, Uat, Umt)-

(d) Take all the other series as given and iterate the new series of (Wat, Wty Uat, Umt)
by the backward shooting and weighted updating procedure as in step (c).

(e) Take all the other series as given and iterate the prices (Pat, Pme) using the market
clearing condition and weighted updating procedure. In case of the open economy,
skip this step.

(f) Iterate step (c), (d), and (e), until all the series converge to the below of a certain
tolerance level. If the differentials between the initial value and the updated
values are small enough, move onto step (g).

(2) Prolong the time interval into [0,7], where T > T. Repeat step (b)-(f). If the
(point-wise) maximum difference between the two sets of the converged series in
[0,T] is below a certain tolerance level, stop here. Otherwise, update T = T,
enlarge T and repeat step (a)-(g).
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B Mathematical Appendix

Proof of Lemma 1 The entrepreneur chooses (z;r, zir, Vi) at every 7 € [t,00) to
maximize

Eit(ai,Ei,Lh,L-l) = max >0/ €_T(T_t)7TZ'7—P_1dT (Bl)
ZiT s Lir Vit = t
subject to

Qir =  —MNalir + AzZZ—Z (5TLihT)l_Hi (Bz)

kir = —nikir + 2 (B3)

linr = —(6+p)linr + Clutr (B4)

lir = —(0+p~+QOlyr +q(0ir)vir (B5)

ait = i, ki =ki, lLipe=1ln, and Ly =1y (B6)

First, we ignore the non-negative restriction in the domain and solve for the optimal
control problem. Then, we check if the optimal decision is binding. The Hamiltonian
for the above problem is

H = e_r(T_t) [Pz f;—ukl@kl éll (l i+ ol th Bh - Z w’L]T ijt — PkTir — VErVir _pzziT}P_
j=h,l
—fta[Ma@ir — Nizfe (er Ling)' ™) — pi[nkic — ir]
_Mh[(é + p) tht — Clzl'r] Hl[(5 +p+ C)lilr - Q(QiT)UiT]-

The maximum principle implies that

Zir - 67T(T*t)P71pzzilTiHi = Maﬂi)\i(gTLihT)lini (B7)
vir 1 e TP = py, (B8)
vir e TPl N = q(Oir) (B9)
or;
i . o 7T(T7t)P71 1T Bl
Qir Ha € das, + taNa ( O)
or
ki = —e T p-120T B11
P = Dheor + LKk (B11)
. o= Omir
Line @ fu, = (Tt p- 1azh + (6 + p) (B12)
y —r(r— _10mir
lir 1 ju=—e 0P IW—WLC‘FMZ((S-FP-FC) (B13)
From (B10),
e*’ia(T*t)ﬂa _ naefna(‘r*t)ua — ¢ —(r+na)(T— t)P 187TZT
8am’
= g = ena(T—t) /OO e—(T-l-na)(T'—t)P—l gﬂﬂ' dr' + c, ena(T t)
T Qir/

Since the shadow price u, cannot diverge as 7 — oo, Cy, = 0. Thus, we get

1y = D / ~(r4na) (') p-190ix’ (B14)

Q7!
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Then, plugging (B14) into (B7) yields

)\i/fz' 0 —(r — 67‘(’1'-,- %ﬁ
Zit = €th'ht[ - /t e~ (rtma)( t)—aa” dr|'" (B15)
Along the similar reasoning, by combining (B8) and (B11), we get
p= [Tt O, (B16)
t 8sz
From (B12) and (B13), we get
Gor—t) [ g=rstp)r—) p-1 i 4s
unp = e’ P P Bl ——dr’, and (B17)
T [
b = O / T 4ot Q) () p1 [OTirt O]
T alzlﬂ" 8lih7”
+e(0tp) (=) /Oo e~ (r+d+p)(r'—t) p—1 27" O dr’ (B18)
T 8l1h7
Plugging (B18) into (B9) yields
€Y _ g [ st (r—t) pot [ —c(r—t) OTir —¢(r—t)) Oir
S (6, =t p 1- dr  (B19
= ao) [ DIy (- ) T g (B19)
Finally, since
IEi X —rs+p) =) p=1[ —¢(r—t) Oir _¢(r—t)y OTir
_ r T—t) p (r—t) YT 1 — ¢(r—t) d B2
Ol /t ‘ {e Oliir Tl-e )3lz‘hj " (520)
connecting (B19) and (B20) results in
OE;
P leyy = q(03) = ! (B21)
8Z'th
Proof of Lemma 2 Let B! = %?W and El, := %?”t From the bargaining rule
proposed by Stole and Zwiebel (1996),
(1= 9)(Wije = Un) = 6B}, and (1—0)(Wye —Un) = 6E}j,  (B22)
By equation (B21) and (B22), we get as follows.
Ot
(1 = @) (wint — ber — EAZP) = ¢(6l'h + ervit) (B23)
iht
871'2‘,5
(1 — ¢> (wm — bey — fAltP) = (b( ol + €t70¢t) (B24)
ilt
Rewriting this yields
8w, _
wing +¢ Y Sl = 8ly L (1 @) (ber + EA_PTY) + gy (B25)

jlh
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ow; Oy; _
Wit + @ Z i ]t lijt = 8?'; + (1 —¢)(bey + EA_u P 1) + peyOit (B26)
j=Lh ’

The solution of the above differential equation is given by

0Yit
Ol

aylt
Ol

Wipt = aiAgpl + Am and w;; = Agpi + Ailt (B27)

where

AY = ¢

A and A}, = (1 — ¢)(be; + EA it P) + ey dlis (B28)

Proof of Lemma 3 Rewriting (39) and (40) in matrix notation yields

X+ 0 0 _f(ea) 0 Lah + Lal 0
0 X+ ) 0 _f(em) Lmh + Lml _ 0
=0 0 X+ f(ea) + &wm —&wq Uq B XWa

0 —0 —Ewm X+ f(em) + Ewa Um, XWm

The matrix on the left-hand side is non-singular. Multiplying the inverse matrix of it
on both side yields (Lqap + Laty Link, + Linis Uay ). Since (x + 0) L = (Ly for each
i € {a,m} on steady states, we get (Lan, Lai, Lk, Limis Ua, Um,)-

Proof of Lemma 4 Since

om; g 1
3 b = Buipi(1 — 511'14?)@@“/655“ l2it (Lt + cviling)]P (B29)
Qit Qit
we get
1
Zig = Ethht )\ mP ~(r+na)(r=1) p—1 Omir dT] o
Oair
Azﬂzﬂmpz( Blz ) ayzt ﬁ
= &l [ l; il } ‘,
cthint o2 (T + na)ﬁlzazt 8lzlt ( o ht)
and
i€t Lint [)\’i’{iﬁaipl( — BiAY) Oy e
it = Litg + il } '
' X—p+Y+n.l p(r+n.)buai alm( " nt)
i€t Lint ]1—"” [)\Miﬁaipz( — BiAY) Oyt i
_ i€tlint L + il } . (B30
[ —p+P+n, 5lipz(r + na) Ol ( lt ht) ( )
From (19),

0o o7 t+dt O
— —(rm) (r—=t) 220 g —(rtm) (r—=t) 22T g —(r+ng)dt
Pk /t e ks T /t e Ok, T+ € Dk

Then, reordering and dividing by dt yields

—(r+ng)dt t4dt )
ﬁpk _ 1 o= (rm) (r—1) 0T o
dt dt J, Okir
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Finally, sending dt — 0 and reordering results in

(1= B AY) Brapiabm e (Lye + ciling) i1 51
(r + n1)pk

(1 = BuAY) Bripiabs el Ly + ailing )P
(7 + 1K) Pk

ky = [ and (B31)

S N —— [, (B32)

Plugging (B30) and (B31) into the expression of gf’;i and reordering yields

Wit _ [Bz' (M)ﬁmu_m) <)\i1€i,6aipi(1 — BuAY)
Ol \x—p+v+n, Bip=(r + 1)

1 — B, AY) Bripi (1; il Bri 3 . T
(( Bii A7) Bripi (Lt + ht)) r el (L +Oéiliht)5“*1] T—Fri—Pairs
Buiipk(r + M)

Baiki
(Lt + ailiht))

Since Lip = lipng, Ly = lyng, and q(0;)v; = (x + 6 + (), we get (46).

Proof of Proposition 1 First, suppose that there exists a balanced growth
path. The stationarity conditions dictate that 6, and 6,,; should be constant on the
balanced growth path. Then, by construction, equation (52) should be satisfied on
the balanced growth path. Second, suppose that the system of equations described in
(52) has a solution of (64, 6,,). Then, by invoking Lemma 1 through 4, we know that
any pair of (0, 0,,) can generate the solution of the model satisfying the equilibrium
configuration (7) through (iv). Therefore, the solution of (52) solves for the balanced
growth path.

Proof of Lemma 5 By the same reasoning as in the proof of Lemma 4, we get

o (1 — B AY) Brapicaleiel (Lys + ciling)i 1 =5 B33
it — (7"‘*’ ) . ( )
Nk )Pk
Since
Omit B A0y Pai 1.Bri l l B 1
90, = Baipi(1 — Budi)ay ki [eit (L + iling)]™ —, (B34)
;¢ 4t
we get
= L. Aifi [ (i)t g g AN gPai =L Brire. (1. 1 VBiig =
Zit = Etlint € Bazpl(l Bui i)air i [517'( ilr T Q4 th)] T
2 Jt

It completes the proof.
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