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V.

Comparative Advantage and Labor Market Dynamics
The Korean labor market is characterized by the following facts: 1) that
employment is negatively correlated with both unemployment and nonparticipation, 2) that employment is more negatively correlated with nonparticipation than with unemployment, and 3) that unemployment is weakly
positively correlated with nonparticipation. Once the Economically Active
Population Survey (2001-2008) data is divided into groups based on gender or age, however, we no longer find these relationships. The purpose of
this paper is to develop and evaluate a model which can account for these
observations.
In this paper, a search and matching model is developed in which workers can be employed, unemployed, or out of the labor force. Workers are
assumed to be heterogenous with respect to their market and nonmarket
productivities (or valuations of leisure). Those who have higher market than
nonmarket productivity can be considered to have comparative advantage
in the market, while those with lower market than nonmarket productivity
can be considered to have comparative advantage in the nonmarket.
The simulation results show that, for those having comparative advantage
in the market, employment and unemployment move in opposite directions,
while for those with comparative advantage in the nonmarket they move
in the same direction. Quantitative exercises suggest that there could be a
significant composition bias in the aggregate data. This model seems to offer
a useful platform for studying the dynamic relationship among employment,
unemployment and nonparticipation.

Keywords: Labor Market, Search and Matching, Business Cycles,
Labor Force Participation
JEL Classification: E24, E32, J21, J64

I. Introduction
The Korean labor market is characterized by the following facts: 1) that
employment is negatively correlated with both unemployment and nonparticipation, 2) that employment is more negatively correlated with nonparticipation
than with unemployment, and 3) that unemployment is weakly positively correlated with nonparticipation. If we divide the Economically Active Population
Survey (2001-2008) data into groups based on sex or age, however, we no longer
find these relationships. For females, we do not find any strong relationship
between unemployment and nonparticipation. For persons 15 to 29 years old,
unemployment is negatively correlated with nonparticipation. For persons over
60, employment is weakly positively correlated with unemployment. This paper
is motivated to explain such detrended movements of aggregate labor market
variables as being due to different individuals’ decisions.
In this paper, I develop a search and matching model in which workers
can be employed, unemployed, or out of the labor force.1 Unlike in Garibaldi
and Wasmer (2005) and Pries and Rogerson (2009), however, the unemployed
are defined as those who search but find no employment.2 I also assume that
workers are heterogenous with respect to their market productivity and timevarying nonmarket productivity (or valuations of leisure). Those who have
higher market than nonmarket productivity can be considered to have comparative advantage in the labor market, and they are more likely to participate in
it. On the other hand, those who have lower market than nonmarket productivity can be considered to have comparative advantage in the nonmarket, and
they are less likely to participate in the labor market.
I also extend a three-state matching model in another important dimension.
1

The standard search and matching model, developed by Mortensen and Pissarides (1994),
cannot account for the detrended movements of the aggregate labor market variables in
Korea, because the model has only two labor force states of employment and unemployment.
2
Garibaldi and Wasmer (2005) classify those who are searching as the unemployed and
those who are not searching as nonparticipants, Krusell et al. (2008) those who would like to
work at the given market wage rate but are unable to find employment as the unemployed,
and Pries and Rogerson (2009) those who are searching actively as the unemployed and those
who are searching inactively as nonparticipants.
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Since individuals’ nonmarket productivity changes slowly over the business cycle, the frequent changes of individual job-search decisions cannot be explained
by only comparative advantage.3 For that reason, I introduce job marketrelated information quality to the model. Individuals receive information with
different quality (precision) about where firms recruit workers.
Quantitative experiments suggest that there could be a significant composition bias in the data. In the model, those who have comparative advantage
in the labor market want to participate in it, while those with comparative
advantage in the nonmarket choose to enter the labor market when their nonmarket productivity decreases or when they receive a signal of good quality.
The transitions between employment and unemployment are therefore made
mainly by those having comparative advantage in the market, and the transitions between unemployment and OLF mainly by those having comparative
advantage in the nonmarket.
Bringing heterogeneity into the model leads to quite different implications
for different groups concerning the correlations between employment, unemployment and OLF. For those having comparative advantage in the market,
employment and unemployment move in opposite directions, while for those
with comparative advantage in the nonmarket they move in the same direction.
This is mainly due to the definition of unemployment used. Since unemployment captures those who search but find no employment, it rises as more people
choose to search given the same job-finding probability or as more people find
no employment after searching given the same number of job-searchers. Unemployment can rise because of an increase in the number of persons who choose
to search when a good shock hits the economy or because of an increase in
the number of persons who do not find employment when a bad shock hits the
economy. If numerous people with comparative advantage in the nonmarket
enter the labor market by searching for work, when the possibility of finding a
job is not good, then employment and unemployment move in the same direc3

In the home production literature, the variance of nonmarket productivity is not high.
For example, Greenwood et al. (1995) set the standard deviation of the shock to nonmarket
productivity to .007 in quarterly frequency.

2

tion. If the possibility of finding a job improves but not so many people return
to the labor market because the labor force size is fixed, then employment and
unemployment move in opposite directions.
This paper is structured as follows. The model economy is introduced in
Section 3, and the recursive equilibrium of the model is defined in Section 4.
A calibrated version of the model economy is analyzed in Section 5. Section 6
concludes.
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II. The Korean Labor Market
In this section, I discuss the time series behavior of labor market variables in Korea. I employ the Economically Active Population Survey (EAPS)
from January 2001 to December 2008. Table 1 presents monthly employment
rates, unemployment-to-population ratios, nonparticipation rates, and unemployment rates for different subsets of the EAPS data. For 2001 to 2008, on
average 59.6 percent of the population was employed, 2.2 percent unemployed,
and 38.2 percent out of the labor force. The average male participation rate
was 74.4 percent, much higher than the female participation rate of 49.8. We
also see different labor market outcomes for different age groups. The labor
force participation rate of prime-age adults 30 to 59 years old was much higher
than that of persons 15 to 29 years old and over 60.
In what follows, I focus on employment, unemployment and nonparticipation, which are measured as the numbers of employed persons, unemployed persons and nonparticipants. To investigate fluctuations, I take the log-differences
between the monthly time series data and their low frequency trends, using a
Hodrick-Prescott (HP) filter with smoothing parameter 900,000.

Table 1: Korean Labor Market Statistics1
(monthly average percentage)

Jan 2001
∼ Dec 2008
E
U
O
U/(E + U )
1.

All
59.61
2.17
38.23
3.51

Gender
Male Female
71.54
48.33
2.86
1.51
25.60
50.17
3.84
3.03

15∼29
48.88
3.64
52.48
7.66

Age
30∼59
73.48
1.96
24.56
2.60

60 over
37.42
.46
62.12
1.21

E denotes the employment rate, U the unemployment-to-population ratio,
and O the nonparticipation rate. All series are seasonally adjusted.
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1. Volatilities
Figure 1 and Table 2 show the cyclical features of the EAPS data. Panels
(a) and (b) of Figure 1 show the volatility of employment by gender and by age.
We can notice that male employment is less volatile than female employment
(.66 vs. .86), and that the volatility of employment for persons 30 to 59 years
old (.55) is much less than it is for others.
Panels (c) and (d) of Figure 1 show cyclical unemployment, for which the
patterns of the standard deviations are similar to those for cyclical employment.
Male unemployment is less volatile than female unemployment (6.97 vs. 9.70),
and unemployment for persons over 60 is much more volatile than that for
other age groups.
Finally, panels (e) and (f) of Figure 1 show that male nonparticipation is
more volatile than female nonparticipation (1.63 vs. .68), and that nonparticipation for persons under 30 years old is more volatile than that for others.4

Table 2: Standard Deviations1
(%)

Jan 2001
All
∼ Dec 2008
Employed
.64
Unemployed
7.11
Nonparticipants .81

Gender
Male Female
.66
.86
6.97
9.70
1.63
.68

Age
15∼29 30∼59
1.05
.55
7.07
9.50
2.81
1.32

60 over
2.32
18.71
1.64

1. All series are log-detrended by an HP filter with smoothing parameter 900, 000.

4

Since we use smoothing parameter 900,000, we still have some low frequency components
in the trend of nonparticipation for persons less than 30 years old, which shows a V-shape. If
we used smoothing parameter 14,400, we could remove more of the trend components from
nonparticipation and have a less volatile series (2.81 vs. 0.82). The associated standard
deviations are given in Table 2.
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Figure 1: Employment, Unemployment and OLF (%)
(a) Employment by Gender

(b) Employment by Age

(c) Unemployment by Gender

(d) Unemployment by Age

(e) OLF by Gender

(f) OLF by Age
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2. Comovements
In this subsection, I investigate correlations between labor market variables
for different subsets of the population. Overall, employment is negatively correlated with both unemployment and nonparticipation, while unemployment is
weakly positively correlated with nonparticipation. It is worth noting, however,
that employment is not negatively correlated with unemployment for persons
15 to 29 years old and over age 60, with the correlations in these cases being
-.03 and .20, respectively. For persons over age 60 especially, the correlation between employment and unemployment is even positive. Except for the case of
prime-age workers (30 to 59 year old persons), employment is much more negatively correlated with nonparticipation than it is with unemployment. This
supports the argument that a large fraction of people move directly into and
out of the labor force, and that the participation decision has a very crucial
role to play in labor market dynamics (see Blanchard and Diamond (1990)).
The correlation between unemployment and nonparticipation differs considerably for different groups of people. While it is positive for male and prime-age
adults, it is either non-existent or negative for others. For the young aged less
than 30, notably, unemployment is negatively correlated with nonparticipation.
Table 3: Correlations1
All
Corr (e, u)
Corr (e, o)
Corr (u, o)
1.

-.56
-.82
.19

Gender
Male Female
-.74
-.36
-.85
-.86
.39
.01

Age
15∼29 30∼59 60 over
-.03
-.62
.20
-.56
-.04
-.73
-.53
.33
-.02

e, u and o denote the detrended logarithms of the number of employed persons, the number of unemployed persons, and the number of nonparticipants,
respectively. An HP filter with smoothing parameter 900,000 is used.
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3. Literature Review
There are several studies in Korean which focus on the importance of the
participation margin with respect to Korean labor market dynamics over the
business cycle. Kim (2000) finds that about 14 percent of the population
is marginally attached to the labor force.5 In particular, he suggests that
those marginally attached to the labor force could play an important role in
explaining the volatilities of labor market variables. Kim and Chang (2005) find
that the employment rate is empirically more useful than the unemployment
rate as an indicator representing the state of the labor market, because the
unemployment rate depends on persons who are marginally attached to the
labor force and change their status between being in and out of the labor force
frequently. Bae (2008), Choi et al. (2008) and Park (2006), among others,
studying recent declines in the participation and employment rates, highlight
the importance of individuals’ labor supply behaviors. Bae (2008) finds that
about 60 percent of the decrease in the participation rate for 2005 to 2006 is
explained by population aging. Choi et al. (2008) find that about 20 percent of
the recent employment rate decline is accounted for by demographic changes,
and that the labor force participation rates for youth (aged 15 to 29) and
the less educated are quite cyclical. Kim (2008) finds that female labor force
participation is much more volatile than the male labor force participation. For
the youth labor force, Park and Hong (2009) find various evidence related to the
high nonparticipation rate and the opposite movements of the unemployment
rate compared to the aggregate unemployment rate.
Although most existing studies show empirically the importance of another
labor force state, nonparticipation, in accounting for labor market dynamics,
they do not provide theoretical models with micro-foundations. This paper
builds up a theoretical model with employment, unemployment and nonparticipation, and with it accounts for the labor market dynamics, especially the
joint behaviors of employment, unemployment and nonparticipation.6
5
Persons marginally attached to the labor force are defined as those who are willing to
work, but give up searching for work because of the low possibility of finding a job.
6
For the U.S. economy, Tripier (2004) examines whether the real business cycle model with
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III. Model
The model is a variant of the Mortensen and Pissarides (1994) matching
model. Unlike in their two-state model, however, workers can be either employed, unemployed or out of the labor force.

1. Workers’ Problem
There is a continuum of infinitely-lived and risk-neutral workers with total
mass equal to one. Each worker has a different market productivity and a
different valuation of leisure. It is assumed that the valuation of leisure varies
exogenously over time. Each worker has preferences defined by
E0

∞
X

β t (ct − xt vt ) ,

(1)

t=0

where 0 < β < 1 is the discount factor, ct consumption, xt the leisure value in
period t, and vt the disutility from a market activity in period t, expressed in
terms of the consumption good. vt takes different values depending upon the
worker’s labor market activity:

vt =


w


 v , when working in t
vs,


 vo,

when searching in t
when neither working nor searching in t

At the beginning of each period, there are two types of workers: matched
and unmatched. Matched workers, who have employment opportunities, choose
whether to work on their current job or not, while unmatched workers, who
have no employment opportunities, choose whether to search for work or not.
search frictions can account for the business cycle facts concerning the three uses of time
- employment, unemployment and nonparticipation. Veracierto (2008) investigates search
frictions and nonparticipation in the Lucas-Prescott island model. Even though Tripier
(2004) and Veracierto (2008) take nonparticipation into account and study the labor market
dynamics over the business cycle, their models do not have heterogeneity. In contrast, Pries
(2008) brings worker’s heterogeneity into the standard matching model in order to explain
the labor market volatilities, however, he does not have nonparticipation.
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Workers receive a signal with quality (or precision) s, which indicates where job
vacancies are posted.7 Those who have a signal with quality s find a job with
probability sp, where p is the average job-finding probability. Those who have
signals of better quality face higher job-finding probabilities. The probability
density function of the signal quality is denoted by g (s).
 
The worker’s market productivity is distributed over the interval y, y with
measure f (y), which represents the number of workers having productivity y.8
We let µy denote the average market productivity. The individual’s valuation
of leisure varies exogenously over time, in accordance with the following AR(1)
process:
ln x0 = (1 − ρ) x (y) + ρ ln x + 0 ,

(2)

where ρ is the persistence parameter, 0 a normal random variable with mean 0
and standard deviation σ , and x (y) the unconditional mean of leisure values
for type-y workers. I assume that x (y) is equal to ξy + (1 − ξ) µy , a weighted
average of the individual worker’s own market productivity y and the average
market productivity µy .

2. Firms’ Problem
There are also infinitely-many risk-neutral firms (or entrepreneurs) in this
economy. Each firm maximizes the discounted present value of profits:
∞
X

β t dt ,

(3)

t=0

where 0 < β < 1 is the discount factor and dt the firm’s profit in period t. In a
certain period, there are two types of firms: active and vacant. An active firm is
one that is matched with a worker and is currently producing output using the
7

For more details, see Moon (2008).
We assume that the individual worker’s market productivity is fixed but that his/her
nonmarket productivity is time-varying. Of course, market productivity could vary over time.
The assumption that only nonmarket productivity is time-varying is reasonable because we
focus on the nonmarket-to-market productivity ratio.
8
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production technology, denoted by zy, where z is economy-wide productivity
and y the matched worker’s productivity. The economy-wide productivity, z,
is assumed to follow an AR(1) process in logs:
ln z 0 = ρz ln z + 0z ,

(4)

where ρz is the persistence parameter and 0z a normal random variable with
mean 0 and standard deviation σz . All active firms face an exogenous separation probability λ at the end of each period.
A vacant firm is one that is posting a vacant position and looking for a
worker. At the end of each period, all vacant firms find a worker with some
probability. I assume that firms can create a job without cost, but have to pay
k (y) units of the consumption good to post a job vacancy. I assume that there
exists a market for each worker productivity y.

3. Matching
In this economy there is a technology which dictates matches between workers and firms. Following the literature, I assume the following Cobb-Douglas
matching function:
M (Sy , Vy ) = ωSyα Vy1−α ,

(5)

where Sy is an efficiency unit of the number of type-y workers, Vy the number of
type-y job vacancies, and α a matching function parameter.9 The probabilities
that a worker with signal quality s finds a job and that a firm finds a worker
are then given, respectively, by
M (Sy , Vy )
1−α
= sωθy,Ω
Sy
M (Sy , Vy )
−α
q (θy,Ω ) =
= ωθy,Ω
Vy

sp (θy,Ω ) = s

(6)
(7)

where θy,Ω is the vacancy-to-searcher ratio (Vy /Sy ) depending upon worker
9

Sy and Vy also depend upon the aggregate state of the economy, denoted by Ω.

11

productivity y and the aggregate state of the economy Ω.

4. Timing of Events
At the beginning of each period, idiosyncratic shocks such as a shock to
valuation of leisure or to signal quality are realized, and an aggregate shock
hits the economy. Each worker-firm pair decides jointly whether to operate
or not. If matches break up, workers become unmatched and firms become
vacant. Unmatched workers decide whether to search for work or not, and
vacant firms whether to post vacant positions or not. In accordance with the
matching technology, matches take place between job-searchers and vacancies.
After that, each worker is classified as employed if (s)he has been working or
has just found a job, unemployed if (s)he has not found a job, or out of the
labor force if (s)he has neither worked nor searched. At the end of the period,
workers who have been working are separated with some probability. Figure 2
summarizes the sequence of events.

Figure 2: Sequence of Events
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IV. Recursive Equilibrium
1. Workers’ Value Functions
The individual worker’s problem can be formulated recursively. We let
V

W

(y, x, s; Ω) denote the value function for a worker who decides to work,

V S (y, x, s; Ω) the value function for a worker who decides to search, and
V O (y, x, s; Ω) the value function for a worker who decides to neither work
nor search, where y is market productivity, x nonmarket productivity, s signal
quality, and Ω the aggregate state of the economy. We let Z denote a vector
of state variables, Z = (x, s, Ω), for notational simplicity.
The value function for a worker who decides to work is given by
V

W

h

w

N

0

i

(y, Z) = w (y, Z) − xv + βλE V (y, Z ) |x, Ω
h
n
o
i
+β (1 − λ) E max V W (y, Z 0 ) , V N (y, Z 0 ) |x, Ω ,

(8)

where the value function V N (y, Z) is defined as
n
o
V N (y, Z) = max V S (y, Z) , V O (y, Z) ,

(9)

w (y, Z) is a Nash bargaining wage and λ the exogenous separation rate. A
worker who decides to work earns wages w (y, Z), but incurs utility cost xv w
in the current period. In the subsequent period, if the match survives with
probability 1 − λ, then the worker will have to decide whether to continue
or terminate the match. However, if the match is dissolved exogenously with
probability λ, the worker will become unmatched and have to decide whether
to search or not. Either decision made in the subsequent period depends on the
realizations of valuation of leisure, signal quality, and the state of the economy:
Z 0 = (x0 , s0 , Ω0 ).
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The value function for a worker who decides to search for work is given by
i
 h N
0
V (y, Z) = −xv + β 1 − sp (θy,Ω ) E V (y, Z ) |x, Ω
h
n
o
i
+βsp (θy,Ω ) E max V W (y, Z 0 ) , V N (y, Z 0 ) |x, Ω ,
S

s

(10)

1−α
where the job-finding probability is p (θy,Ω ) = ωθy,Ω
. A worker who is looking

for work incurs utility cost xv s in the current period, and in the subsequent
period finds a job with probability sp (θy,Ω ). If (s)he finds a job, (s)he will
have to decide whether to accept it or not. If in contrast (s)he does not find a
job, (s)he will have to decide whether to search again or not. Either decision
depends upon Z 0 = (x0 ,s0 ,Ω0 ).
The value function for a worker who decides to neither work nor search is
given by
h
i
V O (y, Z) = βE V N (y, Z 0 ) |x, Ω .

(11)

A worker who is neither working nor searching incurs zero utility cost in the
current period, v o = 0. In the subsequent period, (s)he will have to decide
whether to search or not, depending upon Z 0 = (x0 ,s0 ,Ω0 ).

2. Workers’ Decision Functions
In this section, I introduce the workers’ decision functions, which determine
workers’ labor force status. I let I W (y, Z) denote the matched worker’s working
decision function, which equals 1 if (s)he decides to work, and 0 otherwise.
I S (y, Z) meanwhile denotes the unmatched worker’s search decision function,
which equals 1 if (s)he decides to search and 0 otherwise. Therefore,
(
I

W

(y, Z) =

1, if V W (y, Z) ≥ V N (y, Z) ,
0, otherwise

and
(
I S (y, Z) =

1, if V S (y, Z) ≥ V O (y, Z) ,
0, otherwise.
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3. Firms’ Value Functions
The firm’s problem is also formulated recursively. We let V F (y, Z) denote
the value function of a firm matched with a worker having market productivity
y, nonmarket productivity x and signal quality s:
V F (y, Z) = zy − w (y, Z) + βλV V
h
n
o
i
F
0
V
+β (1 − λ) E max V (y, Z ) , V |x, Ω ,

(12)

where w (y, Z) is a Nash bargaining wage, V V the value to a vacant firm of
looking for a worker, and the remaining terms the discounted expected values
of the match weighted by the probability that the match survives, 1 − λ.
The value to a vacant firm which is looking for a worker by posting a job
vacancy is given by
VV


= −k (y) + β 1 − q (θy,Ω ) V V
h
n
oi
F
0
V
+βq (θy,Ω ) E max V (y, Z ) , V
,

(13)

where k (y) is the job-posting cost for type-y jobs, and q (θy,Ω ) the firm’s probability of finding a match. In equilibrium, it holds that V V = 0. For each type
y, hence, the equilibrium number of job vacancies, V (y), is determined by the
following no-arbitrage condition:
h
n
oi
k (y) = βq (θy,Ω ) E max V F (y, Z 0 ) , 0 .

(14)

4. Match Surplus and Wage Determination
We let S (y, Z) denote the match surplus between a worker and a firm. The
match surplus is defined to be the sum of the worker’s payoff and the firm’s
payoff, depending upon which alternative the two sides choose:
S (y, Z) = V W (y, Z) − V N (y, Z) + V F (y, Z) ,
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(15)

where the worker’s alternative is the value of non-working, V N (y, Z), and
the firm’s alternative is the value of posting a vacancy, V V , which is 0 in
equilibrium.
The wage is derived by assuming that fixed fractions of the surplus accrue
to the worker and the firm. The total match surplus is shared according to the
Nash product:

γ 
1−γ
w (y, Z) = arg max V W (y, Z) − V N (y, Z)
V F (y, Z)
,

(16)

subject to the match surplus given in equation (15), where γ is the worker’s
bargaining power. The first-order condition with respect to w (y, Z) is given
by


γV F (y, Z) = (1 − γ) V W (y, Z) − V N (y, Z) .

(17)

The Nash bargaining wage depends upon which alternative the matched worker
would choose if the match dissolved. For a matched worker who would choose
searching if the match broke up, the Nash bargaining wage is given by
w (y, Z) = γzy + (1 − γ) (xv w − xv s )
h
n
o
i
0
+βsp (θy,Ω ) γ (1 − γ) E max S (y, Z ) , 0 |x, Ω ,

(18)

and for a matched worker who would choose non-searching if the match broke
up, the Nash bargaining wage is given by
w (y, Z) = γzy + (1 − γ) xv w .

(19)

5. Distribution of Workers
As discussed above, there are two groups of workers, identified in accordance
with their employment opportunities: matched workers and unmatched workers. We let µ (y, h, x, s; Ω) and ν (y, x, s; Ω) denote the numbers of matched and
unmatched workers who have market productivity y, nonmarket productivity
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x and search signal quality s. Note that Z denotes a vector of state variables,
Z = (x, s, Ω).
First, the number of workers who have employment opportunities and decide to work is denoted by e (y, Z) and given by
e (y, Z) = µ (y, Z) 1{I W (y,Z)=1} ,

(20)

where 1 is an indicator function. Second, the number of workers who decide
to search is denoted by u (y, Z) and given by
n
o


u (y, Z) = µ (y, Z) 1 − 1{I W (y,Z)=1} + ν (y, Z) 1{I S (y,Z)=1} .

(21)

Finally, the number of workers who decide to neither work nor search is denoted
by o (y, Z) and given by
n
o



o (y, Z) =
µ (y, Z) 1 − 1{I W (y,Z)=1} + ν (y, Z) 1 − 1{I S (y,Z)=1} .(22)
For all (y, z 0 ), the next-period number of matched workers and the nextperiod number of unmatched workers satisfy
µ (y, Z 0 ) =

X

π (Z 0 |Z) (1 − λ) e (y, Z)

Z

+

X

π (Z 0 |Z) sp (θy,Ω ) u (y, Z)

(23)

Z
0

ν (y, Z ) =

X

π (Z 0 |Z) λe (y, Z)

Z

+

X

+

X


π (Z 0 |Z) 1 − sp (θy,Ω ) u (y, Z)

Z

π (Z 0 |Z) o (y, Z) ,

(24)

Z

where π (Z 0 |Z) is the transition probability approximated on a discrete state
space (x, s, Ω).
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6. Definition of Equilibrium

Equilibrium consists of the value functions V W (y, Z), V S (y, Z), V O (y, Z),

V F (y, Z) , the workers’ decision functions I W (y, Z), I S (y, Z) , the firms’
vacancies V (y), Nash bargaining wages w (y, Z), the distribution of workers
{µ (y, Z) , ν (y, Z)}, and the law of motion for the aggregate state of the economy Ω0 = TΩ, such that:
1. Taking I W (y, Z), I S (y, Z), w (y, Z), V (y) and T as given, the value
functions V W (y, Z), V S (y, Z), V O (y, Z) and V F (y, Z) solve the Bellman
equations (8), (10), (11) and (12), respectively;
2. Taking I S (y, Z), w (y, Z), V (y) and T as given, the worker’s decision
function on working, I W (y, Z), is the optimal decision rule;
3. Taking I W (y, Z), w (y, Z), V (y) and T as given, the worker’s decision
function on searching, I S (y, Z), is the optimal decision rule;
4. The no-arbitrage condition holds for each y and determines the number
of vacancies, V (y);
5. The wage function, w (y, Z), is determined by a generalized Nash bargaining rule, equation (16); and
6. The law of motion for the state of the economy, T, is expressed as equations (20)-(24).

7. Labor Force Classification
The unemployed are defined as those who look for but do not find employment, and the job-searchers who do find employment are then classified as
employed. The employment rate, denoted by E, is expressed as
E =

X

µ (y, Z) 1{I W (y,Z)=1}

Z

+

X

n
o


sp (θy,Ω ) µ (y, Z) 1 − 1{I W (y,Z)=1} + ν (y, Z) 1{I S (y,Z)=1} ,

Z
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and the unemployment-to-population ratio by
U=

X

o
n


1 − sp (θy,Ω ) µ (y, Z) 1 − 1{I W (y,Z)=1} + ν (y, Z) 1{I S (y,Z)=1} .

Z

Finally, since OLF is defined as comprising those who neither work nor search,
the nonparticipation rate is given by
O=

o
Xn



µ (y, Z) 1 − 1{I W (y,Z)=1} + ν (y, Z) 1 − 1{I S (y,Z)=1} .
Z
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V. Findings
1. Calibration
I normalize the time period to be one month, and therefore set the discount
factor to β = .9967, equivalent to an annual interest rate of 4 percent. The
separation rate is set to 3 percent per month.10 Following the search and
matching literature, I set the worker’s bargaining power at γ = .5.
Worker productivity in the model is denoted by y. The productivity distribution f (y) is calibrated directly from the cross-sectional wage distribution
of workers from the 8th survey of the Korea Labor and Income Panel Study
(KLIPS). The calibrated mean and the standard deviation of the log wage
distribution are µy = 8.91 and σy = .63, respectively. For computational purposes, I choose low and high values of y, denoted by yL and yH , which are set
to µy − (1.5) σy = 7.96 and µy + (1.5) σy = 9.85, respectively. The numbers of
workers are set to .4 for yL and .6 for yH .
The persistence parameter of the individual nonmarket productivity shock,
ρ, is set to .99, and the standard deviation of the shock, σε , to .01.11 The
share parameter, ξ, which determines the unconditional mean of nonmarket
productivity is set to .85. I assume that search signal quality, denoted by s, is
realized from the following logistic function:
s=

exp (τ )
,
exp (τ ) + 1

(25)

where τ follows a normal distribution with mean 0 and standard deviation στ .
The value for persistence of the aggregate productivity shock, ρz , is set to .983,
10

In the literature, exogenous separations are considered as voluntary separations. See Bils
et al. (2007), for example. In this model, however, workers change their labor force states
voluntarily responding to changes in their market and nonmarket productivities. We do not
have to distinguish involuntary separations from voluntary separations.
11
I assume that the individual’s nonmarket productivity changes slowly at monthly frequency. It can be said that the individual’s nonmarket productivity depends upon the
amount of his/her wealth and his/her spouse’s income, which do not change frequently in a
short period of time.
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Table 4: Economically Active Population Survey (2001-2008)
(1) Statistics
(%)

Variable

E
59.61

U
2.17

O
U/(E + U )
38.23
3.51

(2) Transition Rates
(%)

From

To
Working Unemployed Not in Labor Force
Working
96.64
.75
2.61
Unemployed
25.48
62.71
11.81
Not in Labor Force
3.99
.86
95.15

which becomes about .95 at quarterly frequency. The standard deviation of the
shock to aggregate productivity, σz , is set to .05 percent, so that the volatility
of employment generated in the model is close to the actual data. Given ρz and
σz , the number of aggregate shock grid points is chosen as 5, and the minimum
p
and the maximum grid points are set to 1 ± (1.3) σz / 1 − ρ2z = 1 ± .0035,
respectively. The discretized transition probability is hence given by


Pr (zt+1

0.9505 0.0495 0.0000 0.0000 0.0000


 0.0336 0.9228 0.0436


0
= z |zt = z) =  0.0000 0.0384 0.9233

 0.0000 0.0000 0.0436

0.0000 0.0000 0.0000




0.0000 0.0000 


0.0384 0.0000 

0.9228 0.0336 

0.0495 0.9505

(26)

and the associated invariant probability distribution is
n
o
0.1510, 0.2224, 0.2531, 0.2224, 0.1510 .

I need to set the parameter values for the standard deviation of the signal
quality distribution (στ ), the matching function parameter (ω), the utility cost
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of working (v w ), and the utility cost of searching (v s ).12 Those parameter
values are chosen to match the 6 first moments from the Economically Active
Population Survey (EAPS) 2001-2008 given in Table 4: the employment rate,
the unemployment-to-population ratio, the transition rate from unemployment
to employment, the transition rate from unemployment to unemployment, the
transition rate from OLF to employment, and the transition rate from OLF to
OLF. All parameters are summarized in Table 5.

Table 5: Parameter Values
Parameter Description
Fixed Parameters
β
discount factor
λ
exogenous separation rate
γ
worker’s bargaining power
θy
steady-state vacancy-searcher ratio
µy , σy
mean and standard deviation
of log-normal distribution of y
ρ, σε
persistence and standard deviation
of nonmarket productivity shock
ρz , σ z
persistence and standard deviation
of aggregate productivity shock
Calibrated
vw
vs
ω
στ
ξ

Parameters
utility cost from working
utility cost from searching
matching function parameter
standard deviation of signal quality
relative share

12

Values
.9967
.03
.5
1
8.9058; .6322
.99; .01
.983; .0005

.9891
.0257
.5503
.3196
.85

I choose the job-posting cost, k (y), for each y such that the vacancy-to-searcher ratio
equals 1 in the steady state.
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2. Steady State
The steady state of the model economy, where the distributions of workers,
µ (y, x, s) and ν (y, x, s), are invariant over time, is characterized in this section.
The model is examined using the parameter values given in Table 5, and the
simulation results are summarized in Table 6:
Table 6: Steady State of the Model1
(1) Statistics
(%)

Variable
Model

E
58.54

U
4.43

O
37.03

U/(E + U )
7.04

(59.61)

(2.17)

(38.23)

(3.51)

(2) Transition Rates
(%)

Employed
From

Unemployed
Not in Labor Force

1.

Employed
97.82

To
Unemployed
1.97

Not in Labor Force
.21

(96.64)

(.75)

(2.61)

26.36

68.49

5.15

(25.48)

(62.71)

(11.81)

.29

.66

99.05

(3.99)

(.86)

(95.15)

E denotes the employment rate, U the unemployment-to-population ratio, and O
the nonparticipation rate. The actual data is given in parentheses.

We attempt to account for the data by the threshold signal quality at which
workers are indifferent about the choice between searching and non-searching.
In the model economy, workers differ with respect to market and nonmarket
productivity, and they have different threshold signal qualities. Figure 3 shows
the threshold signal quality as a function of the nonmarket-to-market productivity ratio. Those who have low nonmarket-to-market productivity ratios
have comparative advantages in the market, while those with high nonmarketto-market productivity ratios have comparative advantages in the nonmarket.
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Those who have comparative advantages in the market have low threshold signal qualities, while those who have comparative advantage in the nonmarket
have high threshold signal qualities. In other words, those having relatively
high(low) market productivity are more(less) likely to search for work when
they receive a signal of relatively low quality.
Figure 3: Threshold Signal Quality

Figure 4 shows the steady state distribution of workers. For the calibrated
parameter values, those who have comparative advantages in the market or
have low nonmarket-to-market productivity ratios find themselves better off
when they are in the labor force. In contrast, those who have comparative
advantages in the nonmarket or have high nonmarket-to-market productivity
ratios find themselves better off when out of the labor force.
The first panel of Figure 4 demonstrates that among workers having low
market productivity, yL , only those having low leisure values become matched,
because they have low threshold signal qualities (see Figure 3) and are thus
likely to decide to search. On the other hand, as shown in the second panel
of Figure 4, workers having high leisure values do not want to search for work
but remain out of the labor force even when they receive a signal of relatively
high quality.
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Figure 4: Steady State Distribution
(1) Matched Workers

(2) Unmatched Workers
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The different threshold signal qualities can be a possible explanation of why
in the data the transition rate from OLF to employment is greater than that
from OLF to unemployment, and the transition rate from unemployment to
employment is less than that from unemployment to unemployment:
tr (U E)
tr (OE)
<1<
tr (U U )
tr (OU )
The model does not seem to account for the data quantitatively. In Table 6,
the transition rates from unemployment to employment and from unemployment to unemployment are 26.4 and 68.5, respectively, and those from OLF to
employment and from OLF to unemployment are .3 and .7, respectively. The
model nevertheless has the same qualitative implication. The ratio between the
UE and UU transition rates is given by 38.5 percent and that between the OE
and OU transition rates by 43.7 percent. Even though the ratio between the
OE and OU transition rates is less than 1, it is greater than that between the
UE and UU transition rates:
tr (U E)
tr (OE)
<
tr (U U )
tr (OU )

3. Fluctuations
It is well known that computing the equilibrium fluctuations of the model
economy requires a considerable degree of approximation. In this paper, I
employ the Krusell and Smith (1998) method, in which agents are assumed to
make use of a finite set of moments of the distribution such as an aggregate
level of productivity and the aggregate capital stock.
Agents make use of the fractions of matched and unmatched workers to
predict the job-finding probabilities, which depend on the vacancy-to-searcher
ratio, θi , for i = L or H. The estimated prediction rules for the vacancy-to-
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searcher ratio are given by
ln θtL = −.0153 + 6.4993 ln zt − .1832 ln Nt ;

R2 = .7822,

ln θtH = .0775 + 18.7045 ln zt + .7283 ln Mt ;

R2 = .9932,

where Nt is the fraction of unmatched and Mt the fraction of matched workers in
period t. Agents also make a guess about the next-period fractions of matched
or unmatched workers, according to the following laws of motions:13
ln Nt+1 = −.0058 − 1.0414 ln zt + .9276 ln Nt ;
ln Mt+1 = −.0216 + .4498 ln zt + .7981 ln Mt ;

R2 = .9997,
R2 = .9763,

Table 7 displays the statistics of the model economy.14 We focus on employment, unemployment and nonparticipation, which are measured as the
detrended logarithms of the numbers of employed persons, unemployed persons, and nonparticipants, respectively. Each time series is detrended with a
Hodrick-Prescott filter of smoothing parameter 900,000.
For each type of worker, the moments of the model give quite different implications. First, the standard deviations of employment, unemployment and
nonparticipation for low-productive workers, more precisely those who have
comparative advantages in the nonmarket, are 14.84%, 32.01% and 1.27%,
respectively, while for high-productive workers, who have comparative advantages in the market, they are .27%, 1.63% and 33.96%. Note that most lowproductive workers are likely to remain out of the labor force, and so the
nonparticipation rate is very high. This leads to a low volatility of nonparticipation. The low-productive workers also have a very high threshold signal
quality and are less likely to search for work. This leads to a low unemployment
rate as well as a high volatility of unemployment.
13

High-productive workers make guesses based on the fraction of matched workers, and
low-productive workers based on the fraction of unmatched workers.
14
I simulate 100,000 persons for each type of market productivity for 11,000 periods, and
discard the first 1,000 periods.
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On the other hand, most high-productive workers participate in the labor
market. They have a relatively low threshold signal quality and are likely to
search for work. When the economy is hit by a negative shock, certain types
of workers, typically those who have comparative advantages in the nonmarket, leave the labor market and become out of the labor force. The volume of
persons who move in and out of the labor force over the business cycle is large
compared to the volume of nonparticipants, and the volatility of nonparticipation becomes very large.
Table 7: Cyclical Behaviors of the Model1
(1) Standard Deviations
(%)

Low-Productive Workers
High-Productive Workers
Aggregates
Data

e
u
14.84 32.01
.27 1.63
.94 2.04
.64 7.11

o
1.27
33.96
1.49
.81

(2) Correlations
Corr (e, u) Corr (e, o) Corr (u, o)
Low-Productive Workers
.45
-.95
-.56
High-Productive Workers
-.74
-.88
.47
Aggregates
-.11
-.99
-.05
Data
-.56
-.82
.19
1. See footnote of Table 3.

Table 7 shows that employment is positively correlated with unemployment
for low-productive workers, while it is strongly negatively correlated with unemployment for high-productive workers. Unemployment is meanwhile negatively
correlated with OLF for low-productive workers and positively correlated for
high-productive workers.
To see how the model works over the business cycle, think of an unmatched
worker who seriously considers searching for a job. With signal quality in hand
for which (s)he will not currently choose to search, (s)he will choose to search if
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the economy is hit by a good shock because firms will then post more vacancies
and the job-finding probability will increase. As Figure 5 shows, the threshold
signal quality moves downward for good aggregate shocks.
How can we relate the cyclical movements of the threshold to the correlations between labor market variables? In the search and matching model
having only two labor force states of employment and unemployment, employment should be strongly negatively correlated with unemployment. In the
model having the three states of employment, unemployment and OLF, however, it is not necessary that there should be a strong negative relationship
between employment and unemployment. One of the possible reasons is that
the relationship between employment and unemployment depends crucially on
the definition of unemployment.
In my model, unemployment captures those who have looked for work but
not found it. Unemployment increases as more people choose to search given
the same job-finding probability or as more people find no employment after searching given the same number of job-searchers. More people choose to
search when the economy is hit by a good shock, while more people fail to find
employment when it is hit by a bad shock. In other words, unemployment rises
due to either an increase in the number of persons who choose to search when
a good shock is realized or to an increase in the number of persons who do not
find employment when a bad shock is realized. If numerous people enter the
labor market by searching for work but the possibility of finding a job is not
good, then employment and unemployment move in the same direction. If the
possibility of finding a job improves, but not many people return to the market,
then employment and unemployment move in opposite directions. Even in a
boom, therefore, employment and unemployment can move in either the same
or opposite directions.
Low-productive workers, who have comparative advantage in the nonmarket, are less likely to participate in the labor market. The first panel of Figure 5
shows that the participation decision depends on the aggregate state of the
economy and on each individual’s nonmarket-to-market productivity ratio. As
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a good shock hits the economy, the threshold signal quality moves downward
and more people with low nonmarket-to-market productivity ratios return to
the labor market by searching. Over the business cycle, many people move frequently in and out of the labor force because the mass of people are located in
that range. In a boom, then, the effect of an increase in job-seekers who newly
enter the labor force is much greater than the effect of an increase in the jobfinding probability. The correlation between employment and unemployment
for low-productive workers can be positive.
High-productive workers, who have comparative advantages in the labor
market, are thus more likely to participate in it. The second panel of Figure 5
demonstrates that the economy-wide shocks affect mainly the threshold signal
qualities of those who have high nonmarket-to-market productivity ratios. In
a boom, therefore, the effect of an increase in the job-finding probability is
much larger than that of an increase in job-searchers. Employment and unemployment move in opposite directions for high-productive workers, with a
correlation of -.74.
The negative relationship between unemployment and OLF for low-productive
workers is also explained by the cyclical behaviors of the threshold signal quality. At high frequency, the individual’s leisure value changes slowly but his/her
threshold signal quality changes often. The aggregate shocks affect each individual’s search decisions through the changes they bring about in the threshold
signal quality. Since unemployment is explained mainly by the number of jobsearchers, we can observe a negative relationship between unemployment and
OLF.
Finally, the model suggests that there could be a significant composition
bias in the data. In the aggregate statistics given in Table 7, we see correlations
of -.11 between employment and unemployment, -.99 between employment and
OLF, and -.05 between unemployment and OLF. Even though the model does
not seem to fit the data, it is able to account for why the negative relationship
between employment and unemployment becomes weak, and why unemployment and OLF move in opposite directions.
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Figure 5: Cyclical Threshold Signal Quality
(1) Low-Productive Workers

(2) High-Productive Workers
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VI. Conclusion
In this paper, I develop a search and matching model in which workers can
be employed, unemployed, or out of the labor force. Unlike existing studies
such as Garibaldi and Wasmer (2005) and Pries and Rogerson (2009), unemployment is defined as those who search but do not find employment. Workers
are assumed to be heterogenous with respect to their market and nonmarket
productivities (or valuations of leisure). Those who have higher market than
nonmarket productivity can be considered to have comparative advantage in
the labor market, and they are more likely to participate in it. On the other
hand, those with lower market than nonmarket productivity can be considered to have comparative advantage in the nonmarket and are less likely to
participate in the labor market.
The three-state matching model is extended in another dimension. The
frequent changes of individual search decisions cannot be explained by only
comparative advantage, because the individuals’ nonmarket productivity is
slow-moving over the business cycle. For that reason, job market-related information quality is introduced. Individuals receive information with different
quality (precision) about where firms recruit workers.
Bringing worker’s heterogeneity into the model gives us quite different implications as to high-frequency movements between employment, unemployment
and nonparticipation. For those having comparative advantage in the market,
employment and unemployment move in opposite directions, while for those
having comparative advantage in the nonmarket they move in the same direction. This is mainly due to the definition of unemployment used. Since
unemployment captures those who search but do not find employment, it rises
as more people choose to search given the same job-finding probability or as
more people find no employment after searching given the same number of
job-searchers. Unemployment can rise because of an increase in the number of
persons who choose to search when a good shock hits the economy or because
of an increase in the number of persons who do not find employment when a
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bad shock hits. If numerous people who have comparative advantage in the
nonmarket enter the labor market by searching for work, but the possibility
of finding a job is not good, then employment and unemployment move in
the same direction. If the possibility of finding a job improves but not many
people return to the labor market because the labor force size is fixed, then
employment and unemployment move in opposite directions.
Quantitative exercises also suggest that there could be a significant composition bias in the aggregate data. In the model, those who have comparative advantage in the labor market want to participate in it, while those who
have comparative advantage in the nonmarket choose to enter the labor market
when they have low leisure values or when they receive a signal of good quality.
The transitions between employment and unemployment, therefore, are made
mainly by those having comparative advantage in the market, and the transitions between unemployment and OLF mainly by those having comparative
advantage in the nonmarket.
For future research, I suggest the following modifications: First, my model
assumes that workers are risk-neutral and heterogeneous with respect to market
and nonmarket productivity. In reality, however, workers are risk-averse and
face borrowing constraints, and we can therefore introduce a precautionary
savings motive into the model. Second, the individual agent’s working and
searching decisions also depend upon various labor market institutions such as
the unemployment insurance program. We can bring these institutions into the
model and then analyze how the model economy responds to changes in them.
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< Abstract in Korean >

문외솔
2001년 이후 15세 이상 인구 전체적으로는 고용과 실업간 및 고용과
비경제활동인구간에 음(-)의 상관관계를, 실업과 비경제활동인구간에 양
(+)의 상관관계를 보였다. 그러나 고용과 실업간의 상관관계는 15~29세
인구 및 60세 이상 인구에서 거의 없거나 양(+)으로 나타났고 실업과
비경제활동인구간의 상관관계는 15~29세 인구에서 음(-)으로, 여성 및
60세 이상 인구에서는 거의 없는 것으로 나타났다. 본 연구는 성별․연
령별로 고용, 실업 및 비경제활동인구간의 상관관계가 다르게 나타나는
현상을 이론적으로 설명하고자 하였다.
이를 위해 취업자와 실업자만으로 구성된 Mortensen and Pissarides
(1994)의 매칭모형에 비경제활동인구, 비교우위 그리고 이질성 가정을
추가하였다. 모형의 모수값을 적절히 가정한 시뮬레이션 결과를 보면
노동시장에서의 비교우위 여부에 따라 고용, 실업 및 비경제활동인구간
의 상관관계가 달라지는 것으로 분석되었다. 즉, 노동시장에서 비교열위
가 있는 그룹의 경우 고용과 실업간에 양(+)의 상관관계가, 실업과 비경
제활동인구간에 음(-)의 상관관계가 도출되었다. 이러한 결과는 15~29세
인구 및 60세 이상 인구에서 나타나는 현상과 유사한데 이는 이들의 경
우 중장년층에 비해 상대적으로 노동시장에서 비교열위를 갖는 인구의
비중이 높기 때문인 것으로 해석된다. 한편, 여성의 경우 실업과 비경제
활동인구간에 상관관계가 없는 것으로 분석되었는데 이 역시 여성이 남
성에 비해 상대적으로 노동시장에서 비교열위를 갖는 인구의 비중이 높
기 때문인 것으로 추측된다.
본 연구는 고용, 실업 및 비경제활동인구간의 동태적 상관관계를 설
명할 수 있는 이론적 기반을 제공하였고 이를 통해 경제활동참가율 하
락 및 고용부진 현상에 대해서도 분석이 가능할 것으로 보인다.
* 한국은행 금융경제연구원 경제제도연구실 과장
연구내용은 집필자의 개인의견이며 한국은행의 공식견해와는 무관합
니다. 따라서 본 논문의 내용을 보도하거나 인용할 경우에는 집필자명
을 반드시 명시하여 주시기 바랍니다.
*
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