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Abstract

This paper analyzes the dynamics of full-time employment and part-time em-
ployment over the business cycle. We first document basic macroeconomic facts on
these employment stocks using the U.S. data and decompose their cyclical dynam-
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part-time employment.

Key Words: Part-time employment; Bayesian estimation; DSGE model; Search,

matching and bargaining.

JEL Classification: E24; E32.

*We thank Kevin Huang, Hidehiko Ichimura, Daiji Kawaguchi, and conference participants at the
Asian Meeting of Econometric Society, HIAS, IER and AJRC Joint Workshop “Frontiers in Macroeco-
nomics and Macroeconometrics” and the 11th International Conference on Computational and Financial
Econometrics for helpful comments and suggestions. We also thank Naoki Yago for excellent research as-
sistance and Susan Langenkamp for editorial help. Shintani gratefully acknowledge the financial support
of Grant-in-aid for Scientific Research. All errors are ours.

tDepartment of Economics, Georgetown University, Washington D.C. 20057, USA. Email:
tm1309Qgeorgetown.edu

tFaculty of Economics, The University of Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan. Email:
shintani@econ.rcast.u-tokyo.ac.jp.

§Department of Economics, New York University, New York, NY 10012, USA. Email:
kt1648Q@nyu.edu



1 Introduction

Asymmetric roles of full-time and part-time workers in business cycles have attracted
growing attention in recent years. In the United States, the number of part-time workers
increased dramatically in the process of recovery from the 2007-2009 Great Recession,
while there were relatively small increase in the full-time employment.! In fact, the share
of part-time workers in the total work force has become nearly 20 percent after 2010. It
is, therefore, natural to infer that this heterogeneous behavior can play an important role
in analyzing the business cycle dynamics in the context of the aggregate labor market.?

In this study, we first use the Current Population Survey (CPS) dataset to document
the cyclical patterns of full-time and part-time employment in the United States. We
separate employed workers into full-time and part-time employed workers following the
CPS distinction: full-time employed workers are the ones who report that they usually
work 35 hours or more per week, and part-time employed workers work for less than
35 hours per week. Under this distinction, we observe that the full-time employment
rate has a clear procyclical pattern, while the part-time employment rate exhibits a less
pronounced business cycle dynamics during tranquil times and a sharply countercyclical
pattern in deep recessions, such as the ones in early 1980s and the Great Recession.

To uncover which labor market flows are responsible for the cyclical dynamics of em-
ployment stocks, we decompose the dynamics of stocks into the contributions of different
flows. More specifically, using the rotated survey sample of the CPS, we calculate the
monthly transition across five labor market states (full-time employment, part-time em-
ployment, full-time unemployment, part-time unemployment, and nonparticipation) and
decompose the changes in each labor market population into different net flows.® Since
the consistent transition calculation is available only after 1996, we focus on one event:
a sharp decline in the full-time employment rate and a hike in the part-time employment
rate during the Great Recession. We highlight two features. First, the flows between
employment and unemployment strongly contributed to the decrease in the full-time em-

ployment during the Great Recession, while they did not contribute much to the increase

!A similar asymmetry has also been observed in other countries. For example, Borowczyk-Martins
(2017) documents that many of major European countries saw the hikes in involuntary part-time workers
in contrast to the sharp declines in the full-time employment in the aftermath of the Great Recession.

2In a seminal study, Blanchard and Diamond (1990) also emphasize the importance of considering
the ‘primary’ and ‘secondary’ workers in understanding the business cycle property of the aggregate
employment in the United States. Finegan, Penaloza, and Shintani (2008) reconfirm their findings
using an updated time-series data.

3The terms “full-time unemployment” and “part-time unemployment” represent the unemployed
workers who look for full-time employment and the unemployed workers who look for part-time employ-
ment. We describe the details of the data in Section 2.



in the part-time employment. Second, the flows within employment, that is, the direct
transitions between full-time employment and part-time employment, were among the
most important contributors to the change of the part-time employment stock.*

Another notable fact from the CPS is that the majority of the unemployed who are
looking for full-time jobs (conditional on finding a job) transition into full-time jobs,
while the majority of the unemployed who are looking for part-time jobs (conditional
on finding a job) transition into part-time jobs. This suggests that their labor markets
are segmented to a considerable extent, and the job characteristics of full-time workers
and part-time workers are different and therefore reallocating an employee part-time to
full-time is not frictionless. In other words, even when such reallocation is within a same
firm, it can require substantial cost when assigning a right worker to a right job.

Motivated by these empirical regularities, we next construct a model which introduces
the Diamond-Mortensen-Pissarides (DMP) search and matching frictions in a Dynamic
Stochastic General Equilibrium (DSGE) framework. We mainly follow the modeling
strategy of Gertler, Sala, and Trigari (2008) (GST henceforth). The estimated model is
used to evaluate the importance of the part-time labor market in the aggregate fluctua-
tions and the economy’s responses to various shocks. The model analysis enables us to
uncover the fundamental driving forces of the cyclical dynamics of employment stocks.

An important feature of our model, which differs from GST, is that it incorporates
two segmented labor markets (full-time and part-time) and an endogenous transition
across different employment stocks. In particular, the following characteristics of the
dual labor market structure are included in our model. First, two labor markets (the
full-time market and the part-time market) are separated and a part-time job requires
less work hours than a full-time job, reflecting the fact that in the data part-time workers
are defined as people who usually work fewer than 35 hours a week. Second, the time-
varying productivity, matching efficiency, separation rate, and the wage stickiness differ
across two labor markets. Third, a direct transition from part-time employment to full-
time employment is possible through the on-the-job search by the part-time workers. We
embed this dual labor market structure into an otherwise standard medium-scale DSGE
model that has been popularly used in the business cycle analysis of the U.S. economy,
such as Christiano, Eichenbaum, and Evans (2005) (CEE henceforth) and Smets and
Wouters (2007) (SW henceforth).

4This result is consistent with the results of the empirical studies on the rise in part-time employment
in the aftermath of the Great Recession, e.g., Canon et al. (2014), Cajner et al. (2014), and Borowczyk-
Martins and Lalé (2018). These studies find that the changes in the composition of employment stocks
were more important contributor to the increase in involuntary part-time workers (or those working
part-time for economic reasons) than the changes in flows between employment and non-employment.
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Using the U.S. quarterly data, we estimate our model with Bayesian methods. Be-
cause of the rich features, our estimated model can generate realistic cyclical behavior of
full-time employment and part-time employment. In particular, in the estimated model,
conventional aggregate shocks can generate the asymmetric dynamics of two labor mar-
ket flows. As a result, our model is successful in matching the lead-lag pattern of the
part-time employment stock with business cycle fluctuations.

We further evaluate the importance of the endogenous transition within employment
stocks from two viewpoints. First, we decompose the impulse responses of the employ-
ment stocks into the contribution of the flows between employment and unemployment
and the contribution of the flows within employment (from part time to full time). This
decomposition shows that the direct transitions from part-time to full-time employment
behave procyclically, and this is essential in generating the countercyclical response of
the part-time employment stock. Second, we conduct a simple counterfactual analysis
by setting the job-finding probability of a part-time worker (i.e., the probability that a
part-time worker finds a new full-time job) constant across time. We find that in the
absence of the procyclical direct transition from part-time to full-time, part-time employ-
ment would no longer be countercyclical and this results in an about 1 percentage point
higher unemployment rate in the counterfactual in the aftermath of the Great Recession.

In the recent DSGE literature, there have been a number of studies that consider
labor market search and matching frictions along with wage bargaining between workers

and firms.’

To the best of our knowledge, however, our study is the first attempt to
estimate a DSGE model that explicitly considers dual labor markets of full-time and
part-time workers. In our dual labor market framework, an unemployed worker either
searches in full-time or part-time labor markets and a part-time worker decides whether
to conduct an on-the-job search for a full-time job. This framework is distinct from the
model structure that analyzes the part-time utilization margin by firms, which is often
adopted in recent papers that examine the business cycle fluctuations of involuntary
part-time employment. For example, Warren (2017) considers such margin within a
competitive search model with heterogeneous firms and Lariau (2017) integrates this

margin into a random search model with heterogeneous workers.

SMerz (1995) and Andolfatto (1996) consider search and matching frictions in the real business
cycle model and Walsh (2005) incorporates these frictions into a New Keynesian model. Krause and
Lubik (2007) and Krause, Lopez-Salido, and Lubik (2008) investigate the empirical performance of a
model with labor market search frictions in explaining the inflation and marginal cost dynamics. The
more recent quantitative DSGE literature allows for the wage rigidity. For example, GST introduce
the staggered Nash bargaining setup of Gertler and Trigari (2009) into the medium-scale DSGE model,
while Christiano, Eichenbaum, and Trabandt (2016) introduce the alternating-order bargaining protocol
of Hall and Milgrom (2008).



An earlier work by Trigari (2009) considers both intensive and extensive margins of
labor adjustment within a monetary DSGE model to study how the incorporation of the
two margins changes the inflation dynamics. In our model, full-time employment, part-
time employment, and unemployment are considered distinct labor market states, and
the intensive margin choice is abstracted away. Instead, the average hours per worker
fluctuate through the change in the composition of full-time and part-time employment.
Our modeling decision is motivated by the empirical evidence of Borowczyk-Martins
and Lalé (2018), which show that changes in composition of full-time and part-time
employment, rather than changes in hours within full-time and part-time work, are more
important drivers of the cyclical movements in hours per worker.

The remainder of this paper is organized as follows. Stylized facts regarding full-
time and part-time labor markets are first presented in Section 2. Our model of two
labor markets with an endogenous transition within employment stocks is introduced in
Section 3. Quantitative performance of the model is explained and then a counterfactual

experiment is conducted in Section 4. Concluding remarks are made in Section 5.

2 Part-time employment and the U.S. labor market

This section empirically analyzes the behavior of full-time and part-time employment
over the recent years. Our main data source is the CPS, which is a primary source of
labor force statistics in the United States.® The statistics in this section cover all civilians

16 years old and over.

2.1 Cyclical patterns of employment stocks

As is well known, the unemployment rate is strongly countercyclical. The employment
rate, defined here as the employment stock divided by the labor force, is therefore strongly
procyclical. Our approach is to divide the total employment into full-time employment
and part-time employment in analyzing the dynamics of employment. We follow the CPS
distinction of full time and part time: a full-time employed worker works 35 hours or
more per week, and a part-time employed worker works less than 35 hours per week. As
Figure 1 shows, the full-time employment rate (i.e., full-time employment as a fraction of
labor force) is clearly procyclical. In contrast, the cyclicality of part-time employment is

less pronounced, and in deep recessions, such as in early 1980s and during the Great Re-

6See Appendix A.1 for the detailed descriptions on the necessary adjustments to the time series
because of the redesign of the CPS implemented in January 1994. See also Valletta and Bengali (2013).



Figure 1: Full-time and part-time employment divided by labor force
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Note: This figure shows the time series of the full-time employment as a fraction of the labor force
with a solid line (left scale) and the part-time employment as a fraction of the labor force with a
dashed line (right scale) from 1979 to 2016. The shaded areas correspond NBER recessions.

Table 1: Correlation with per capita real GDP

leads-lags (quarter) —4 -3 -2 -1 0 1 2 3 4

Corr(EFy,Y) 0.161 0.265 0.372 0473 0.549 0.570 0.538 0470 0.384
Corr(EP,Y) 0.042 -0.061 -0.169 -0.270 -0.366 -0.417 -0.426 -0.397 -0.347

Note: EFy, and EPj, denote the full-time employment rate and the part-time employment rate with h
quarters lag, respectively. Y denotes per capita real GDP in the log-deviations from the HP-filter
trend with the smoothing parameter 1600. The sample period is from 1979:Q1 to 2016:Q4.

cession, the part-time employment rate exhibits a clear countercyclical pattern. Another
notable fact is that in the aftermath of the Great Recession, the part-time employment
rate has stayed high even when the unemployment rate kept falling.

These patterns are confirmed by the correlations with the cyclical components of real
GDP shown in Table 1. This table also shows that the movement of employment stocks
tends to lag behind the business cycle; in particular, we observe a two quarter lag for

the part-time employment rate.”

"This patten is different from the cyclical pattern of involuntary part-time employment documented
by Lariau (2017); in her analysis, the contemporaneous correlation is the strongest.
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2.2 Cyclical patterns of unemployment stocks

On the unemployment side, the CPS contains a question about what type of jobs the
unemployed workers are looking for. Although the answer to that question does not
restrict the worker’s actual behavior (for example, a worker who is looking for a full-
time work can transition into a part-time job), it does provide some information for
analyzing why part-time employment exhibits a countercyclical pattern. Note that this
distinction is indeed informative in light of eventual behavior: in Appendix B.1, we
show that a majority (around 2/3) of the unemployed who are looking for full-time jobs
(conditional on finding a job) transition into full-time jobs while a majority (around
4/5) of the unemployed who are looking for part-time jobs (conditional on finding a job)
transition into part-time jobs. This implies that for the majority of workers flowing from
the unemployment state, the full-time and the part-time jobs are different type of jobs.®
Motivated by this observation, we consider the part-time labor market and the full-time
labor market as separate markets in Section 3. This feature distinguishes our study from
the existing models of (single) labor market search with a flexible intensive margin, such
as Trigari (2009), or those with part-time utilization by firms, such as Warren (2017)
and Lariau (2017).

Turning to the unemployment stocks (plotted in Figure 2), we find that both series
are countercylical, and the cyclicality is stronger for the unemployed looking for full-time
work. This indicates that the main reason that the part-time employment increases in
recessions (especially compared to full-time employment) is not because there are so
many unemployed workers looking for a part-time job during recessions. For this reason,
below, it is important to investigate all possible flows that can change the level of the

part-time employment stock.

2.3 Which labor market flows are responsible for the cyclical

dynamics of employment stocks?

To further investigate the cyclical dynamics of full-time and part-time employment, be-
low, we conduct a (net) flow decomposition. In particular, we consider the particular
case of the Great Recession era, and decompose the changes in employment stocks into

different net flows.” The formal steps are as follows.

8This is also consistent with the existing evidences; for example, Canon et al. (2014) document that
the occupational characteristics of part-time jobs and full-time jobs are substantially different.

9Recent literature argues that, despite its severeness, the labor market dynamics during the Great
Recession is qualitatively very similar to the previous recessions, except for the behavior of long-term
unemployment. See Elsby et al. (2011).



Figure 2: Unemployed looking for full-time and part-time work, divided by labor force
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Note: This figure shows the time series of unemployed workers looking for part-time work as a fraction
of labor force (solid line) and unemployed workers looking for full-time work as a fraction of labor
force (dashed line). The shaded areas correspond to NBER recessions.

Consider the stock of labor market state j € {1,...,k} in a month ¢, and denote it
=T Let F, denote

5710 The value of S7 changes during the time period ¢ = 0 to t =
the net low from state ¢ to state j between a month ¢ and the next month ¢ 4+ 1. Then

the change in stock (changes are expressed with A) can be decomposed into net flows by

AS! =5, — Z [ for t=0,...,T—1 (1)

We define rt ++1 as the (monthly) rate of change in stock j between period ¢ and ¢ + 1:

AS] 4/ S}, Furthermore, we normalize the net flow as f/’ 1 = Eft 1/S! and

r 1 =
call it the net flow rate. Then, dividing both sides of (1) by S/, we have

Tf,t+1 Z Jris- (2)

Let us denote the (long-run) time-series average values of the rate of change in stocks by

0Here, we consider five labor market states (k = 5): full-time employment, part-time employment

full-time unemployment, part-time unemployment, and nonparticipation.
HWe set t = 0 at January 1996 and ¢ = T at December 2016 since there are missing observations in

1995 due to the failure of individual identifiers in the CPS.



Table 2: Net flow decomposition of full-time employment and part-time employment
during the Great Recession period

j=FEF j=EP

The rate of change in stock of state j —0.49 0.38
Net flow rate from state i to state j

i=FEF — 0.53

1=FEP —0.13 —

i=UF —0.25 —0.02

i=UP —0.03 —0.11

i=0 —0.07 —0.01

Note: Average monthly flow (%) during December 2007 (¢t = T}) to December 2009 (¢t = T»), compared
to the long-run average of January 1996 (¢ = 0) to December 2016 (¢t = T). EF is full-time
employment, EP is part-time employment, UF is the unemployed looking for a full-time job, UP is
the unemployed looking for a part-time job, and O is out of labor force.

77 and those of the net flow rates by f” From (2),

T— T-1 k
1 —ij
EEISOREES SO ES o] 5 SN B v ST
=0 t=0 \i=1 i=1

holds. Now, let 77 and T, be the month the Great Recession started and the month it
ended, respectively (0 < Ty < Ty < T').'* We denote the average value of the monthly
rate of change in stocks during the Great Recession period by F’é r and the average value

of the net flow rates by ?ZR. Similarly to above,

) 1 To—1 ‘ 1 Tr—1 To—1
TJGR =0 - tzj;l?"i = T2 tXT:l (; t+1> = ; ( Z t+1) ZfGR

(4)

Subtracting (3) from (4),

k
_j —j —tJ -t
TJGR_T]:Z<fGR_f ) (5)
i=1
holds. This is our decomposition formula. This formula decomposes the deviation of the
rate of change in stock during the Great Recession into the deviations of the net flow
rates.

Table 2 applies the decomposition (5) to the Great Recession period (December 2007

12The NBER’s Business Cycle Dating Committee decided that the Great Recession lasted from De-
cember 2007 to June 2009. In this decomposition analysis, so as to avoid seasonality problems, we
regard the Great Recession started in December 2007 and ended in December 2009.
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to November 2009) for full-time employment (EF) and part-time employment (EP)."
The first row is the change in stock: compared to the average change in stock during
the entire sample, the full-time employment stock as a share of the entire population
experienced 0.49% decline per month during the Great Recession. In total, it declined
about 12% during this two-year span (0.49% x 24(months) = 11.76%: this magnitude
can also be seen from Figure 1-—there, the full-time employment rate fell from 79% to
72%). The part-time employment stock, in contrast, increased at the rate of 0.38% per
month (once again, this magnitude is consistent with Figure 1). The second to sixth rows
are net flow components. For the full-time employment, the largest contributors are the
net flows from the unemployed looking for a full-time job and the employed part-time
workers. Note that the flow from the unemployed looking for a part-time job has almost
no contribution. For the part-time employment, the main contributor is the net flow
from the employed full-time workers. These results suggest that the cyclical behavior of
transition probabilities between EFF and EP (that are shown in Appendix B.1 in detail)
is a crucial driving force behind the cyclical pattern of the two employment stocks.'

In sum, we find that, to analyze the cyclical behavior of the full-time employment and
the part-time employment, it is essential to (i) explicitly incorporate the flow between
full-time employment and part-time employment; and to (ii) separately model the job-
finding behavior of the unemployed workers who are looking for full-time jobs and the
unemployed workers who are looking for part-time jobs. These two facts motivate our

model formulation in the next section.

3 Model

In this section, we set up a DSGE model with frictional labor markets. By constructing
and estimating the model, we will be able to evaluate the role of the part-time labor
market in business cycle dynamics. While the basic structure of the model follows that
of GST, there are important departures as we incorporate part-time employment into the

model. An important modeling decision here is that we model separate labor markets

13GSince the CPS rotates the survey sample, there is discrepancy between the sample used in calculating
net flow decomposition and changes in stock data. This induces gaps between the sum of flows and the
change in stock, which is called a margin error. In order to correct this margin error, we use the method
employed by Elsby, Hobijn, and Sahin (2015). See Appendix A.2 for the detail.

14This is consistent with the findings of recent empirical studies that focus on the involuntary part-
time employment. For example, Warren (2017) finds that the transition probability of involuntary
part-time employment from and to full-time employment is more strongly correlated with output than
the transition probability from and to unemployment and Lariau (2017) finds that the countercyclical
movement in the transition probability from full-time to involuntary part-time employment is the key
driving force of the fluctuation in the involuntary part-time employment.
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for full-time jobs and part-time jobs. This is motivated by the fact that the workers
who look for a full-time job (UF) tend to move to full-time employment (E'F') and the
workers who look for a part-time job (UP) tend to move to part-time employment (EP).
It is also motivated by the finding in Table 2 that the net flow from and to U F' plays an
prominent role in accounting for the cyclical movement of FF', while U P has almost no
influence on the cyclicality of EP.

Another important ingredient of our model is that we allow for direct transitions
between EF and EP and explicitly model this (net) flow. In Table 2, we find that this
flow is an important contributor to the cyclicality of both FF and EP.

The model consists of households, wholesale firms, retail firms, and the government.
Households consume, invest, rent the capital stock, and supply both full-time and part-
time labor. Each wholesale firm has two internal divisions (full-time and part-time
division), and each division produces a homogeneous intermediate good using capital
and either full-time or part-time labor. Retail firms use the intermediate goods and
produce differentiated retailed goods, which are combined to the final good and used
for consumption and investment. The government conducts monetary and fiscal policy
based on pre-specified rules. In what follows, we use the superscript F' to indicate the

full-time labor market and P to represent the part-time labor market.

3.1 Unemployment, matching, and labor market dynamics

We consider the dynamics of workers’ flows among the four employment states: full-
time employment, part-time employment, unemployment looking for a full-time job, and
unemployment looking for a part-time job. The total labor force is assumed to be one. In
our model, the labor market is segmented into the full-time labor market and the part-
time labor market. Also, different from usual labor search models, not only unemployed
job searchers but also employed part-time workers are allowed to do on-the-job search
and look for a full-time job.

The timing assumptions of the model are summarized in Figure 3. For convenience,
we divide one period into two sub-periods, denoted by the reallocation stage and the
production stage.

At the beginning of the period, the values of all shocks are revealed. Then the
reallocation stage starts, at which point the labor markets open and the job searchers
and the vacancy meet through matching functions. At the same time, the job separation
takes place and a constant fraction of employed workers lose their jobs. Following GST,

we assume that a job searcher who matches a firm in period ¢ starts working immediately

11



Figure 3: Timing of the model

Period ¢ Period ¢t + 1
reallocation stage production stage
(employed) job sey‘)aratlon wage n‘egotlatlons (employed)
Nng—1 y y a2
shocks labor markets :
open :
1-— ne—1 ) 1 — ne
(unemployed) ! (unemployed)

unemployment reallocation

at the production stage in period ¢, while a worker who is separated in period ¢ is allowed
to start job hunting at the reallocation stage in period ¢ + 1.

Next, at the production stage, the employed workers negotiate the contracted wages
with the employers (the wholesale firms) and work to produce intermediate goods. It
is assumed that the employed full-time workers spend all their time working at the
wholesale firm, while the employed part-time workers spend a constant fraction of their
time working and the remaining time staying at home.

We turn to describe the evolution of the number of workers in each employment
state. Let nf” and n!” be the number of the employed full-time workers and the employed
part-time workers, respectively, at the production stage in period t. In other words, these
are the numbers after all reallocations in period ¢ took place. Let uf" be the number of
unemployed workers looking for a full-time job and u!” be the number of unemployed
workers looking for a part-time job at the beginning of the reallocation stage in period t.
These are the numbers before the labor markets open in period t. Thus, the number of
total unemployed job searchers at the reallocation stage, ul’ +u!, is equal to the number
of workers who are not employed at the production stage in the previous period:

Uf"’“le_nf—l_nf—l- (6)

Let h! and v{ be the number of job searchers (including workers conducting on-the-
job search) and the aggregate vacancy, respectively, at the market ¢ (= F, P). Employed
part-time workers are also allowed to search for a full-time job and, in equilibrium,
a certain fraction ¢; of them joins the full-time labor market. Note that, as will be
explained in Section 3.5, the participation decision of the part-time employed workers in

the full-time labor market (on-the-job search) is endogenous. Therefore, h¢ is respectively

15As will be described in detail below, at the reallocation stage, there are additional (exogenous)
reallocations for the unemployed job searchers and the workers who have just separated.
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given by

F F P
hy =u, +omy_

and

hl =ul.
The number of new matches at each labor market m! is given by the matching function
¢ ¢ pyo(, 01—
my = 0, ()7 (v,) 77

L

m

ol to be different; it is reasonable to think, for example, that the market for part-time

The parameter o’ represents the matching efficiency. Note that we allow for ol and
workers involves less frictions compared to the market for full-time workers (o2 > o@').

With this matching function, the probability of filling a vacancy at the market ¢,
gt = m!/vf is decreasing in the market tightness 0° = v¢/hf. The probability that an

unemployed worker finds a job at the market ¢ is

‘
m
i
t
while the probability that a worker who was a part-time worker in the previous period

finds a full-time job is'®

TTLF

si = P = it

The unemployed pool goes through a job-finding process during the reallocation stage.
An unemployed worker who meets with a vacancy starts working immediately. Unem-
ployed workers who did not meet with vacancies stay unemployed. When they stay
unemployed, with probability £ (for a worker in the market ¢) they change the labor
market for searching jobs. In sum, unemployed workers in the labor market ¢ can have
three potential outcomes of this process: (i) find a job (probability s¢), (ii) stay unem-
ployed in the same market (probability 1 — sf —£¢), and (iii) move to the unemployment
in another market (probability ¢“). Here, £ and &7 are exogenous probabilities of un-
employment reallocation: a constant fraction of unemployed workers change the market
in which they search for a job. We can interpret this switch as a change in preferences
regarding part-time jobs versus full-time jobs.!” An alternative interpretation is that

some workers’ skills deteriorate so that they have to apply for a lower-skill job and some

16 Therefore, by construction, ¢/ v = sf'ul” + s/nf’ | and ¢ v] = sPul” hold.

17 An alternative formulation would be to allow the workers to choose in which market to search, with-
out resorting to random movements. It turns out that the current formulation allows for a substantially
simpler representation of the log-linearized model.
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workers successfully re-tool their skills to be able to apply for different types of jobs.

The job separation takes place exogenously. In the reallocation stage, an employed
worker with a type £ job in the previous period loses her job and becomes unemployed
with probability (1 — p°). As in the case with unemployed job searchers, we consider
the unemployment reallocation upon separation of employment: the employed worker
who lost her job immediately decides whether she will look for the same type of job
she lost or another type of job.'® Accordingly, for the full-time employed workers in
the previous period, they can (i) stay employed at full-time (probability p%), (ii) lose
a job and move into the full-time unemployment pool (probability (1 — p* — ¢F)), or
(iii) lose a job and move into the part-time unemployment pool (probability ). For
the part-time employed workers, they can (i) stay employed at part-time (probability
pP — s7), (ii) move to full-time employment (probability s/), (iii) lose a job and move
into the part-time unemployment pool (probability (1 — pf — &), or (iv) lose a job and
move into the full-time unemployment pool (probability £7).

In sum, the law of motion of the employment stocks between the production stage of

period t — 1 and period t can be expressed as

ni = p'ng +siul +sing (7)
and
n{ = (p" — s+ s{uy . (8)

The first terms in both equations are the workers who stay at the same employment
states, and the second (and the third) terms are new inflows.

On the unemployment side, when the production stage of period ¢ begins (when the
reallocation stage ends), there are the number uf,, of unemployed workers who have
decided to look for a job at the market ¢ in the next period (i.e., the reallocation stage
of period t + 1). Their laws of motion between the production stage of period ¢ — 1 and

period t are given by
ufpy = (1—sf —&Nuf + % + (1 —p" =N, + 5l 4, (9)

and
ujy =1 —sf —&Nul + %l + (1 —p" =€)+ (10)

The first terms are the ones who did not find a job and stayed in the same labor market.

18 As we see in Section 3.4, this assumption allows us to treat the newly unemployed workers in the
same manner as the existing unemployed workers.
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The other terms are inflows. The second term is the inflow from the other unemployment
pool. The third and fourth terms are the workers who lost a job in period ¢. For example,
in (9), the third term is the workers who lost their full-time jobs and decided to look for
a full-time job, while the fourth term is the workers who lost their part-time jobs and
decided to look for a full-time job.

3.2 Households

We consider a representative household that consists of a continuum of infinitely-lived
consumers with the total mass of one. There is a perfect insurance in consumption within
a household: the household head collects all resources from the members and optimally
allocate them, as in Merz (1995) and Andolfatto (1996). In our setting, this implies
equal consumption across consumers within a household. She chooses the sequences of
real consumption spending ¢;, nominal bond holdings B,, real investment expenditure 7;,

capital utilization vy, and physical capital stock k¥ so as to maximize

o
E Y Bl 108(cris — heCris ),
s=0
where [E; is the expectation conditional on the information available at period ¢, the
parameter [ is the discount factor and h. € [0, 1) is the degree of habit persistence. The

intertemporal preference shock €% follows the stochastic process

log(e?) = pylog(el ) + ¢

where |py| < 1 and ¢ is an innovation independently drawn from the normal distribution

with mean zero and variance o7."

The budget constraint is given by

B B;_
Ct+it+n—t :dt+rfk;t—.z4(yt)kf_1+ 1

Ty Pt DPe

+ T;.

The variable r} is one-period nominal risk-free interest rate, p, is the price of consumption
goods, d; includes all labor incomes and the flow value from nonworking measured in
units of consumption goods, which are described below in detail, rF is the rental rate of
capital stock and k; is the effective capital used for production at period ¢, which is given

by k; = k!, The function A(v;) is the cost of utilization per capital. The steady-state

9 Throughout this paper, all other shocks are also assumed to follow the autoregressive models of
order 1 with the same stationarity condition and distributional assumption on innovation.

15



value of 14 is 1, and this function satisfies A(1) = 0 and A'(1)/A"(1) = n, > 0. The

physical capital accumulates according to

w15 ()]
t—1

where S(-) shows investment adjustment costs which satisfy S(v,) = S’(7.) = 0 and
S”(7,) = nr. > 0 under the balanced-growth rate v,. The shock to investment adjustment

cost €} follows the stochastic process

log(e}) = p;log(ei_,) + .

The variable T; includes the dividends from the firm sector and the lump-sum transfers.

Below, let us describe the components of d;. Let uj € (0,1] be the working hours
of workers with the type ¢ (= F, P) job, with an assumption that p! < uf = 1. The
total labor income of the household is wf'n{ + w/ uf'n” where wf” and w} represent
the average wage of the employed full-time workers and that of the employed part-time
workers, respectively. While staying at home, the employed part-time workers receive
the amount (1 — pf)bF of the flow value from nonworking. Meanwhile, the unemployed
workers stay at home all the time and receive the flow value b;. The total amount
of the flow value from nonworking becomes (1 — pf )nbf” + (1 — nt" — n)b,. Here, the
(per hour) flow value from nonworking is allowed to differ between part-time workers and
unemployed workers. Using a variable fi},, which is defined as i3, = 1—(1—p;)b; /by, the
total flow values from nonworking can be simplified to (1—n; — ij,n; )b;.** Accordingly,
we have

dy = win +wpyny +(1—nf - M{)Dtnf)b

3.3 Wholesale firms

There is a continuum of wholesale firms indexed by ¢ € [0,1]. Each firm has two di-
visions: full-time and part-time division.?! The full-time (part-time) division owns the
employment stock of full-time (part-time) workers nf, (n},) and, given the capital stock

kZFt (k:f;), produces intermediate goods yf:t (yﬁ) The production functions of full-time

2ONote that /31173, . is constant when bf" /b, is constant over time, which is the case under our assumption
below.

21 An alternative interpretation of the model is that there are firms that use only full-time workers
and firms that use only part-time workers. We employ the current interpretation because the existing
literature suggests that the cyclicality of transitions between EF and EP is largely accounted for by the
movements within the same firm (Borowczyk-Martins and Lalé (2018) and Warren (2017)). In Appendix
B.3, we find that about 80% of the transitions between EF and EP occur within the same firm.
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and part-time divisions are respectively given by

vie = (ki) (zepy mi) =,

and
ylh, = (kD) (zedupy i)',

where « is the capital share of income and z; is the labor productivity with its growth

rate e = z;/2z;_1 follows the exogenous stochastic process

log(e7) = (1 — p.)logy. + p.log(ef ;) + <.

The per hour productivity of part-time workers relative to full-time workers ¢; exoge-
nously fluctuates according to ¢, = ¢5f , where the exogenous shock sf , which we denote

as the part-time labor productivity shock, follows the stochastic process

log(s) = pylog(ey_y) + -

Note that it is allowed that ¢ # 1. It is plausible, for example, that ¢ < 1; in this case,
part-time workers are less efficient in their capacity, per hour, compared to full-time
workers. In this study, we estimate the value for ¢.

In the full-time division, a fraction p of employed workers stays employed at the
next period, while in the part-time division, a fraction p” — s/ of employed workers in
period ¢ — 1 stays employed part-time and a fraction s; of them starts working full-time
in period t. Therefore, the stock of employment at firm i (at the production stage in

period t) evolves according to the following equations

nft = (pF + $5t)”5t—1 (11)

and

P

Ny = (PP

- SZ] + xft)nftqa (12)

where xf’t is the hiring rate of type ¢ labor at firm ¢, defined as xf,t = (qfvﬁt) / nﬁt_l. Here,
vf, is the vacancy at firm i, which is the firm’s control variable. Alternatively, we can
view that the firm decides on the hiring rate, .

Now let us describe the optimization problem of the wholesale firms. In this model,
intermediate goods are assumed to be homogeneous and thus all their prices are set to

be a single value p;’. Denote wfj} be the nominal wage of type £ labor in the firm 7. Given
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the capital stock, the present value of each division is given by

FZ( zt? zt l;kf,t>:

wén

¢
K
; (Ninf i) — =

B (xf,t>2 ft 1+ Ey [ﬁt t+1Ft+1( zt+17nf,t; kie,t+1)} )

max Py yzt
1 t
where f3; 4+, is the stochastic discount factor between period ¢ and ¢ + s. The third term
in the square bracket represents the hiring cost of new workers. The value of x¢ controls
the hiring cost, and it is formulated as k! = x‘z,.
Given the rental rate of capital r¥, the firm allocates the capital stock to each division

So as to maximize
F( Fn  F P P P F
F (wi,t T4 1’k1t>+F ( W; ¢ 7nzt 1’kzt) Tt(kzt+k £)-

The optimal level of capital stock satisfies

14 14
kE_  w yi7t _w yt
Ty =Dy akT =Dy aﬁ
it t

and thus all firms choose the same capital-output ratio as well as the same labor-output

ratio. Using the marginal product of labor a”, defined as
¢ 1
 _ Yit Yi l
a,, =(1—a)—F=(1—a)= =a;,
=0-aft = -0k =d

the optimality condition regarding the hiring rate (or equivalently the vacancy) for the

full-time division can be expressed as

Fn , F F
w Wit Hp K
Ri T, = pla; — —;t + K, {ﬁt,t—l—l_t;l (x5t+1)2:| + P B Bris 1 Tt g )- (13)

This equation states that the marginal hiring cost of a worker equals the marginal product
of labor net out of the wage payment plus the (discounted) marginal benefit from saving

the future hiring costs. Similarly, for the part-time division, we have

P

2

PP _ w.P zt,ub
Ky iy =Py @y — » +E, |:6tt+1
¢

lu&ﬁﬂ+&mﬂmf—#Md;&Hyu®

For the purpose of formulating the wage bargaining later, we define J! (wf?) as the
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value of an additional worker, after the adjustment cost is sunk. That is,

tn, 0 ¢ Y
Wy ¢ Uy aFtJrl( zt+17nit;ki t+1)
JZ wén _ waﬂ_ )t +E ) )
t( 1,t> Py Gy _pt 6t,t+1 ani’t
From (13) and (14), this is equivalent to:
F/. Fn w r Wity Kivi, pooya F, F F ( Fn
J (wi,t ) =pia; — T -, 5t,t+17(xz‘,t+1) + E [(P + xi,t+1)5t,t+1<]t+1(wi,t+1>]
and
P/ P P Wi Kil, p 2 P P P [ P
J; (wi,tn) =p _T_Et {6t,t+17(xi,t+l) ]"‘Et [((P - St+1> + xi,t+1)5t,t+1jt+1(wi,til)] .
Thus sizf, = Jf(wf}) holds and the hiring rate is explicitly written as zf, = 2§ (w(}).

3.4 Workers

Here, we compute the value of a worker in each employment state. With assumptions

made above, the value of working full-time at firm ¢ is given by

ztub

Vi wf) = L

+ B [Brasr (0" Vi (w zt+1)+§ T+ =p" =eNUi,)] (1)

and the value of working part-time at firm ¢ is given by

ﬁtt—i-l P‘/til( zt+1)+§P t+1
’ H(1 = pP —EPYUE, + Ay,

Pn , P
Wi ¢+ Ky

Vi (ulr) = 2L

+ (1 - ,uf)bf + Ky

(16)

where ﬁt is the option value of being able to participate in the on-the-job search (the
determination of A, will be detailed in Section 3.5). Here, Ul" and U} are the values of
being unemployed at the full-time and part-time labor markets, respectively. They are

given by

U = b + E; [5tt+1 (3t+1v 41 +&"Uf i (1 3t+1 ') t+1)} (17)

and
Ul = b+ E, [5t t+1 (3t+1v g1 T fp (1= 5t+1 ") t+1)] (18)
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where

1 0
XT: M
¢ N N A A T
Vx,t - / Vt (wi,t) 0 7 di
0

Ll
is the average value of working, conditional on being a newly employed worker at the
market ¢ (= F, P). Note that the worker who moves into a particular labor market due to
the job separation is in the same position as the previously unemployed worker, because
they also will face the possibility of unemployment reallocation during the period.

As in GST, the flow value from nonworking b; and b evolve proportionally to physical
capital: by = bk? and bl = bFkY for b > 0 and b” > 0. In the subsequent quantitative
exercise, we assume that for the unemployed workers searching a job in either market is
indifferent along the balanced-growth path.

For the purpose of wage bargaining below, we obtain the surpluses from being em-
ployed at firm 4, Hf (w(}) = V/(w})— U/ and their averages conditional on being a newly
employed worker, HY, = V!, — U{. From (15), (16), (17), and (18), they are given by

Fn , F
n Wit My n
Hf(wi ) = T — by + Ey [5t,t+1 (PFHtil(wftH) - Sﬂ-lHit—i—l)}
and
P P wl g P PP (P P P 7\
H, (wz‘,tn) = ’pt - ﬁb,tbt + E¢ [ﬁttﬁ-l <p Ht+1(wz‘,tr-b|-1) - 3t+1Hx,t+1 + At—i-l)} .

3.5 On-the-job search

The workers who were employed part-time at period ¢ — 1 (population nf ;) decides
whether to conduct on-the-job searches for a new full-time job (unlike the usual on-the-
job search, this search is conducted within the firm) at the outset of period ¢, before
the labor market at period ¢ opens. They make that decision after observing aggregate
shocks at period ¢t. They also observe their idiosyncratic disutility, which is assumed
to be an i.i.d. shock for participating in the market at period ¢, v.;. We assume that
Yer = Yewl |, where 7. is the idiosyncratic component independently drawn from a
logistic distribution with mean u, and scaling parameter w™' > 0. The time component
w? | implies that the opportunity cost of an on-the-job search at the beginning of period
is proportional to the average value of the wage the part-time workers received in the

previous period.??

22 As we will mention below, in equilibrium, all part-time workers receive the same wage (i.e., wf : =
wf’) and thus this assumption implies that the opportunity cost is proportional to the wage the worker

agreed on in the previous period.
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Conditional on the participation, the job searcher can find a new full-time job with
probability s{” and therefore the benefit of conducting an on-the-job search is s{" (V,[, —

Vx];), which we denote R;. Accordingly, the probability that a part-time employee par-

ticipates in the full-time labor market is given by

R -
o= PR (V= VE) =20 2 0= G (™) (9)
-1
where G, (y; 1y, w™) is the cumulative distribution function of the logistic random vari-
able 7. In (19), R;/w! | is thus the participation threshold. As shown in Appendix C,

the option value of being able to participate in the on-the-job search is expressed by
ﬁt =F [max{sf(vxﬁ — V;CPt) — Yeits 0}] =R, — wf_l [,ug +w ! log(cpt)] )

Given this specification, the parameter w determines the sensitivity of the partic-
ipation probability to the change in the aggregate state. As shown in Appendix C,
log-linearization of (19) is

~ Rfyz ~ ~z ~
¢ =w(l — o) P <Rt+5t _wf—1>: (20)

where the variables with tilde (7) denote the percentage deviation from their deterministic
balanced-growth steady-state value. The parameters R and w", which are the balanced-
growth steady-state values for R; and w! respectively, satisfy the steady-state condition
for (19):

0 = G, (Ry. /o pg,w™). (21)

Below, we treat ¢ and w as parameters and set p,(w, p) = Ry,/w" +w ' log(1/¢ — 1),
so that (21) holds.?® Therefore, holding ¢ constant, a high value for w implies a high
elasticity of the participation of an on-the-job search with respect to a change in the
participation threshold. In other words, w governs susceptibility of intensity of an on-
the-job search by part-time workers to the variation of the macroeconomic conditions.
Note that E[y.] = Ry./wf + w™tlog(1/¢ — 1) and Var(y.) = 7%/(3w?). Hence,
E[y] — Ry./w? and Var(y.) — 0 as w — oco. This means that the larger w is,
the more part-time workers in the vicinity of the steady-state participation threshold

(Rry./w") and thus more part-time workers change their participation decision as the

23This is possible because the steady-state values for .EZ and w? are affected by g and w only indirectly
through ¢. Hence, holding ¢ constant, the values for R and w’ are also constant. See Appendix F for
the expressions for R and w’ .

21



macroeconomic conditions change. (See also Figure C.1 for this intuition.)

3.6 Nash bargaining and wage dynamics
3.6.1 Full-time workers

The wages of full-time workers are determined by the staggered multi-period Nash bar-
gaining a la Gertler and Trigari (2009), in which the wages can be negotiated in a firm
with probability 1 — 6%, The non-negotiation firms adjust their wages following a partial
indexation rule:

wig =y (m) T () wi

where 7 = p;/p;—1 is the gross inflation, 7 is its steady-state value, and ¢,, € [0, 1] is the
degree of indexation.

The newly contracted wage at period ¢ is the outcome of the Nash bargaining:

arg }EIlaX Hf(wftn)nfjf<wﬂn)l—ﬂf
n

Wy ¢

subject to

) (T (mem) e w ], with probability 67
R wity with probability 1 — 6F

for k > 1. Here, nf" = n¥ E?F is the full-time worker’s relative bargaining power, where

nt € (0,1) and E?F follows the stochastic process
F F F
log(e’ ) = pyrlog(ef 1) + 4" -

As in GST, we obtain the log-linearized equation on the dynamics of the average real

Fn F
wage for the full-time workers, which is given by w! = 01 w;’: (Z’ﬁ) di, as follows:
t

~F _ F (~F ~ ~ ~2 F ~o0,F F ~F ~ ~ oz
w; =Y (wt_l — M+ LyT—1 — Et) + 9, Wy + oy By [th + M1 — LwTt + €t+1} ,

where w} ¥ is the (log-deviation of) wage that would be chosen if all employed full-time
workers and firms were allowed to negotiate wages period-by-period, which is called
the economy-wide target wage by GST. Also, the parameters in the coefficients are all
positive and satisfy 7{ +~% +7ff = 1, which imply that the average wage is the weighted

average of the backward looking component, the forward looking component, and the
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target wage. Note that 7" decreases in the Calvo parameter 62 and v — 1 as 65 — 0.

See Appendix G for the explicit expressions of w; ¥ and the three parameters.

3.6.2 Part-time workers

The wages of part-time workers are perfectly flexible and determined by period-by-period
Nash bargaining. They are set to maximize the Nash product H} (wf™)" JF (wFm)'=n
Here, the part-time worker’s relative bargaining power is given by nf’ = n¥ E?P where

n? € (0,1) and E?P follows the stochastic process
P P P
log(ef" ) = pyrlog(efy) + 4" -

Note that the wages of part-time workers are homogeneous across wholesale firms and
hence Hf (wf}') = Hf, and V;F(w]}) = V[, for all i € [0,1]. See Appendix D for the

explicit derivation of the wage function for the part-time worker.

3.7 Retailers

There is a continuum of monopolistically competitive retailers indexed by j € [0,1].
Retailers purchase the intermediate good from the wholesale firms and transform it into
retail goods and sell them to the households. One unit of the intermediate good is used
to produce one unit of a retail good. Retailers set their own prices. We assume that
retail prices are sticky.

As in GST, we adopt the Kimball (1995) formulation of product differentiation, which
is a generalization of the Dixit-Stiglitz formulation. Let y;; be the quantity sold by the
retailer j. The composite final goods, whose quantity is y;, is implicitly defined by
folg (%;8?) dj = 1, where the demand aggregator G(-) function satisfies G(1) = 1,
G'(-) > 0, and G"(-) < 0. The markup shock &7, which appears in the aggregator, follows

the stochastic process

log(e}) = (1 — pp) log(e”) + pplog(ef_1) +<f .

Under this specification, given the relative price p;;/p;, the demand curve for the retail

_ P,
Yjp = g ! (LtTt> Yt,

Dt

goods j is given by

Yt

where 7, = f01 g (w) %dj.
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As in CEE, we consider the Calvo price adjustment; a fraction 1 — 6, of retailers is
allowed to optimally choose its price and the other retailers reset its price following the
partial indexation rule p;; = (7)"»(m_1)"pj—1. With these assumptions, the law of

large numbers implies the evolution of the price index:

* 1—up Lp
D = (1 . Qp)p;kg/—l (%Tt) + Qp |:(7T)1—Lp(7rt_1)bppt_lg/—1 ((W) (7;&—1) Pi—1 Tt)] ’
t t

where p; is the target price that maximizes the present discounted value of future profits

E, Z(ep)sﬂt,t—i-s [;}jyt (H(W)l_“’(m+k_1)L”) - pﬁs] g <;)j’t Tt+s) Ytts-

s—0 t+s =1 t+s

3.8 Government
The government conducts the monetary policy based on the Taylor rule:

(1—or)
() ()]
rn rn T Ynt &

where y,,; is the natural level of output, 7™ is the steady-state nominal interest rate and

&r, ¢, and ¢, are positive policy parameters. The monetary policy shock &} follows

log(ey) = prlog(ej_y) + /.

The fiscal authority sets the government spending g, as a fraction (; of aggregate output:

gt = yi- The government spending shock defined by ¢f = 1/(1 — (;) follows

log(ef) = (1 — py) log(e?) + pglog(ef_ ;) + /.

4 Quantitative experiments

In this section, we estimate the model using Bayesian methods and investigate the key
factor that accounts for labor market fluctuations. To estimate the model in the linear
state space form, we approximate the model equations using the first order perturbation

in logs, which are presented in Appendix G.
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Table 3: Calibrated parameters

Y
0.33 0.996 0.025 10 0.24 0.501 0.5 0.698 0.826 0.953 0.928 0.056 0.027 0.059

4.1 Dataset

We use nine quarterly series over the sample period from 1979:Q1 to 2016:Q4. In addi-
tion to commonly-used set of variables in the literature of medium-scale DSGE model
estimation, including (i) per capita real GDP, (ii) per capita real personal consump-
tion expenditures, (iii) per capita real investment, (iv) the real hourly compensation,
(v) inflation, (vi) the employment rate, and (vii) the federal funds rate; we utilize the
information on (viii) the ratio of the full-time employment rate to the part-time employ-
ment rate and (ix) the ratio of the real hourly wage for the full-time workers to that for
the part-time workers. See Appendix E for the detailed description of the data and the

corresponding observation equations.

4.2 Estimation strategy

We first calibrate some of the parameters. Then we use the Markov chain Monte Carlo
methods to compute the posterior distributions of the remaining parameters and the

parameters that characterize the stochastic processes.

4.2.1 Calibration

Table 3 summarizes the calibrated parameters. One period corresponds to one quarter.
Following GST, we assign values of 0.33 to the capital share «, 0.996 to the subjective
discount factor 3, 0.025 to the capital depreciation rate d, and 10 to the curvature of the
Kimball aggregator £&. The output share of external demands ( is set to 0.24, which is the
sample average of the GDP share of external demands. The relative working hours of a
part-time employee i is set to 0.501 to be consistent with the empirical evidence from
the CPS that the median of usual hours worked by part-time workers is 50.1 percent of
those by full-time workers. The elasticity of new matches with respect to labor market
tightness, o, is set to 0.5.2* Based on the transition probability matrix, calculated in

Section 2, we assign values to the steady-state values of the job finding probabilities for

24This choice is within the range of empirical values reported by Petrongolo and Pissarides (2001).
This parameter value is also similar to the values used in existing studies of frictional labor market.
For example, Blanchard and Diamond (1989), Andolfatto (1996), and Merz (1995) use 0.4; and Shimer
(2005) uses 0.72.
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the unemployed workers, s and s”. The steps are as follows: We first compute the

average of the quarterly transition probability matrix Q between 1996 and 2016

[ QEF,EF C?E‘F,EP C?EF,UF QEF,UP QEF,O

QEP,EF QEP,EP QEP,UF QEP,UP QEP,O

L
Il

QUF,EF QUF,EP Qurur Qurup Quro |

QUP,EF QUP,EP QUP,UF QUP,UP QUP,O

| QO,EF QO,EP QO,UF C?O,UP Q0,0 ]

where Q; ; is the average of quarterly transition probability from a employment state i
to state 7.%° Let @, ; be the transition probability conditional on staying in the labor
force: _
Qij = Qi _ for i,j € {EF, EP,UF,UP}.
Zj'e{EF,EP,URUP} Qi,j’

Then, the job finding probabilities are set to be
s = Qurer + Qurep = 0.495 + 0.202,

and
s” = Quppr + Quppp = 0.341 + 0.485.

The remaining five parameters are: the job survival probability for the full-time
workers p!’; that for the part-time workers p?’; the steady-state value for the job finding
probability of an employed part-time worker s’; and the unemployment reallocation
probabilities £ and £F. We target the five statistics on the long-run labor market
dynamics: (i) the steady-state value of the labor force share of full-time employment is
76.29%,% (ii) the steady-state value of the labor force share of part-time employment
is 17.32%, (iii) the ratio of the two job survival probabilities matches the empirical

counterpart, i.e.,

F
p" _ Qerer + Qrrep —1.027,

pP Qeper + QepPEP

(iv) the transition probability from full-time employment to full-time unemployment

matches the empirical counterpart, i.e.,

1- PF - fF = QEF,UF = 0.020,

25We obtain the quarterly transition probability matrix by multiplying the monthly transition prob-
abilities of three consecutive months.
26See Appendix F.1 for the derivation of the steady-state value of the labor force share.
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and (v) the transition probability from part-time employment to part-time unemploy-

ment matches the empirical counterpart, i.e.,
1—p" —&" = Qppyp =0.013.
As a result, we set pf" = 0.953, pF’ = 0.928, s/ = 0.056, £ = 0.027, and &F = 0.059.%7

4.2.2 Priors

The specification of the prior distributions for the estimated parameters is summarized in
the first block of columns in Table 4. Since the main feature of our model is the dual labor
market structure, we describe our choice of priors for the labor market parameters in
detail. For the remaining structural parameters and the exogenous processes parameters,
our priors are broadly in line with those used in the literature e.g., An and Schorfheide
(2007), SW, and Justiniano, Primiceri, and Tambalotti (2010).2% For convenience, let b*
denote to be the relative flow value from unemployment to the marginal contribution of

a full-time worker to firms, defined as

~p b

- prat + B(kF/2)(xF)?

where Z denotes the steady-state value of the detrended variable z;/z.

There are seven estimated labor market parameters: the workers’ surplus share in
wage bargaining 7% and n’; the relative flow value b%; the relative per hour productivity
of part-time workers ¢; the scaling parameter of the idiosyncratic shock to the part-time
worker w; the Calvo parameter regarding the nominal wage for full-time workers 6%; and
the degree of indexation of non-negotiated wages t,,.

The bargaining power parameters and the relative flow value of unemployment play
an important role in determining the cyclical behavior of labor market flows. We choose
a Beta prior with mean 0.5 (which is the value often used in a calibration studies)
for n* and nP. Various values for bF are used in calibration studies: Shimer (2005)
uses 0.4 based on the income replacement rate of unemployment benefits in the United
States, while Hall and Milgrom (2008) and Hall (2009) argue that this parameter should

include non-monetary benefits from nonworking as well.? Recent empirical studies which

2TThis implies that 8 percent of employed part-time workers conduct on-the-job search (¢ = 0.079).

Z8For the elasticity of the capital adjustment cost function 7, we follow SW and GST and estimate
a parameter 1, = 1/(1 4+ 1,) € (0,1). In addition, for the steady-state growth rate (100log~,), the
steady-state nominal interest rate (100 log ™), and the steady-state inflation (100 log 7), the prior means
are set based on the respective sample average.

29 Chodorow-Reich and Karabarbounis (2016) decompose the relative flow value from unemployment
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estimate DSGE models with frictional labor markets tend to produce a value larger than
the value used in Shimer (2005). For example, GST’s estimated value is 0.726 and
Christiano, Eichenbaum, and Trabandt (2016) estimate 0.88 under the Nash bargaining
framework. Considering these recent estimates, we set a Beta prior with mean 0.7.

We set a uniform prior over the unit interval for ¢ since this study is the first attempt
to estimate a DSGE model with part-time labor market and there is little empirical evi-
dence on the difference in productivity between full-time workers and part-time workers.
The parameter w has a support on the semi-infinite interval [0,00) and thus we select
a Gamma prior that covers a wide range of values. For 6f and 1, we set a Beta prior
with mean 0.75, considering the argument for a substantial degree of wage rigidities in

the quantitative New Keynesian literature e.g., CEE, SW and others.?"

4.3 Estimation results
4.3.1 Parameter estimates

The posterior means and the 5th and 95th percentiles are reported in the second block of
columns in Table 4.%! Our estimates of non labor market parameters are in line with the
estimates of the previous studies, except that the estimates of h, and ¢, are somewhat
larger. Regarding the wage bargaining parameters, the estimated surplus share of the
full-time workers is larger than that of the part-time workers (n* = 0.90 and n* = 0.72).
These values are in line with GST’s result using a DSGE model with a single labor
market in which the estimate of the workers’ surplus share is 0.9. Our posterior mean
estimate of b¥ is 0.93, which is close to the estimate in Christiano, Eichenbaum, and
Trabandt (2016). The estimate of ¢ is 0.56, which implies that hourly productivity of
a part-time worker is about half relative to a full-time worker. This result is consistent
with the facts documented by Canon et al. (2014) that part-time workers tend to be
less educated than full-time workers and the share of part-time employment tend to be
higher in low-skill occupations. The quarterly probability of a wage renegotiation for
the full-time workers is around 55 percent (65 = 0.44). To some extent, this frequency
of a wage revision is high compared to ones adopted in the quantitative New Keynesian

literature.

into public benefits and the value of nonworking time and estimate cyclical patterns of each component.
30This choice is also in line with the micro data evidence in Barattieri, Basu, and Gottschalk (2014).
They report that the probability of a nominal wage change is around 25 percent per quarter.
31The posteriors are obtained by the random walk Metropolis-Hastings algorithm based on 500,000
replications with the first 250,000 draws discarded. The parameter scaling the proposal distribution in
the algorithm is set such that the average acceptation rates become around 25 percent.
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Table 4: Prior and posterior distributions

Prior distribution

Posterior distribution

Parameters Shape Support  Mean Std. Mean  90% interval
Structural parameters

Preferences and technology parameters

v,  Elasticity in utilization rate Beta [00,1.0] 0.50 0.15 0.93 [0.88,0.98]
n,  Capital adjustment cost elasticity Normal Ry 4.00 2.00 6.51 [4.48,8.51]
h.  Habit persistence Beta [0.0,1.0] 0.50 0.15 092 [0.89,0.94]
Labor market parameters

n™  Bargaining power (full-time) Beta  [0.0,1.0] 050 0.15 0.90 [0.83,0.96 ]
n”  Bargaining power (part-time) Beta [0.0,1.0] 0.50 0.15 0.72  [0.58, 0.87 ]
b Relative flow value of unemployment Beta [00,1.0] 0.70 0.15 0.93 [0.90,0.95]
¢  Part-time labor productivity Uniform [0.0,1.0] 0.50 0.29 0.56  [0.55, 0.57 ]
w  Scaling parameter of cost shocks Gamma Ry 1.50 2.00 210 [1.22,297]
0F  Calvo wage parameter (full-time) Beta [00,1.00] 0.75 0.15 0.44 [0.32,0.55]
tw  Degree of wage indexation Beta [00,1.0] 0.75 0.15 0.81 [0.66,0.98]
Price setting and monetary policy parameters

6, Calvo price parameter Beta [00,1.00] 0.50 0.15 0.82 [0.77,0.88]
tp  Degree of price indexation Beta [00,1.0] 0.50 0.15 0.64 [0.52,0.77 ]
€y  Steady-state price markup Normal [1.0,Inf) 1.15 0.15 1.31 [1.11,1.51]
¢r  Taylor rule response to inflation Gamma [1.0,Inf) 1.50 0.30 1.96 [1.63,2.27]
¢y  Taylor rule response to output gap Gamma R4 0.25 0.15 0.02 [0.00, 0.04 ]
¢r  Degree of interest-rate smoothing Beta [00,1.0] 0.75 0.15 0.83 [0.80,0.87]
Trend and steady-state values

z«  Growth rate in balanced-growth path Gamma R4 0.34 0.10 0.27 [0.19,0.35]
ry  Steady-state nominal interest rate Gamma Ry 1.29 0.10 1.30  [1.15,1.44]
7« Steady-state inflation rate Gamma Ry 0.70  0.10 0.75 [0.66 ,0.85 ]

Exogenous processes parameters

Autoregressive coefficient

p.  Technology Beta [00,1.00] 0.50 0.20 0.38 [0.25,0.49]
pp  Intertemporal preference Beta [0.0,1.00] 0.50 0.20 0.39 [0.24,0.53]
pi  Investment adjustment cost Beta [0.0,1.0] 0.50 0.20 0.88 [0.85,0.91]
pp  Price markup Beta [0.0,1.00 0.50 0.20 0.13  [0.02,0.24]
pg  Government spending Beta [0.0,1.00] 0.50 0.20 0.96 [0.95,0.98]
pr  Monetary policy Beta [0.0,1.0] 0.50 0.20 0.14 [0.04,0.23]
ppr  Bargaining power (full-time) Beta [00,1.0] 0.50 0.20 0.11  [0.02,0.19]
pyp  Bargaining power (part-time) Beta [00,1.00] 0.50 0.20 0.82 [0.75,0.89 ]
py  Part-time labor productivity Beta [00,1.0] 0.50 0.20 0.92 [0.88,0.96
Standard deviation

o, Technology 1G R4 0.50  2.00 0.97 [0.87,1.07]
op Intertemporal preference 1G Ry 0.50 2.00 5.03 [3.42,6.48]
o; Investment adjustment cost 1G R4 0.50  2.00 6.13 [4.11,7.98]
op  Price markup 1IG Ry 0.50  2.00 0.13 [0.12,0.15]
og  Government spending IG Ry 0.50  2.00 0.56  [0.51,0.62]
o,  Monetary policy 1G R4 0.50 2.00 0.22 [0.20,0.24]
o, Bargaining power (full-time) IG Ry 0.50  2.00 15.05 [ 4.50, 25.61 ]
o,r Bargaining power (part-time) IG R4 0.50  2.00 588 [2.40,9.12]
o4 Part-time labor productivity IG R4 0.50 2.00 154 [1.38,1.70]

Note: This table reports the prior and posterior distributions of the estimated parameters. The

Inverse Gamma distribution is denoted by ‘IG’. The parameters z,, rl, and 7, denote z, = 100log~.,

ry = 100logr™, and m, = 100log 7, respectively.

29



Figure 4: Bayesian impulse response functions of full-time and part-time employment
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Note: This figure shows the posterior medians of impulse response functions of full-time employment
with solid thick lines and those of part-time employment with broken thick lines. The thin lines
represent the 5th and 95th percentiles. ‘Investment’ represents the investment adjustment cost shock.
The magnitude of each shock is set to be the one standard deviation.

4.3.2 Estimate of impulse response functions

Let us examine the impulse responses of the employment stocks in the estimated model.
In Figure 4, our model is capable of producing asymmetric responses between the full-
time and part-time employment stocks to a large variety of the shocks. It is worth
noting that such asymmetric responses are the results of the standard aggregate shocks
(the six panels in the top and middle) as well as the shocks that are specific to each
type of labor (the three panels in the bottom). For example, a positive technology shock
(an unanticipated rise in the technology growth rate) increases full-time employment
and decreases part-time employment; an adverse investment adjustment cost shock (an
unanticipated deterioration in the investment efficiency) increases part-time employment
and decreases full-time employments; and a contractionary monetary policy shock (an
unanticipated rise in the nominal interest rate) increases part-time employment and
decreases full-time employment.

Explaining the asymmetric responses to the bargaining power shocks and the part-
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time labor productivity shock is almost trivial since these shocks are specific to each
type of labor. In contrast, explaining the asymmetric responses to the other aggregate
shocks is not necessarily straightforward. To cast light on the mechanism behind the
asymmetric responses, we then decompose the impulse responses of the employment
stocks into the contribution of the net UE flow and the net FE flow. Here, the net
UFE flow represents the net movement of workers between the unemployment pool and
each stock of employment, and the net FE flow represents the net movement of workers
across different types of employment. Note that the expression of “FE” should not be
confused with the conventional job-to-job transitions; as we have emphasized, the large
majority of the movements between full-time jobs and part-time jobs occur within the

same firm, and they do not show up in the usual measurement of job-to-job transitions.

4.3.3 Decomposing the impulse response functions

We formally describe the procedure to decompose the impulse response functions of the
employment stocks into the response of the net UFE flow and the net FE flow.
From the evolution of the employment stocks (7) and (8), the rate of change of each

employment stock is respectively given by

F F F, F J, P
L S 1 - HF St — o F 4 F 99
7 ja (1—=p")|+ 3 =Typ; T TEE: (22)
Ny L7 | Ny
net inflow from U net inflow from EP
and
P P P, P
ny —n S U
¢ t—1 t Uy P J _ P P
P [ 7 —(1—p )} + [_St] =ZTyps + Tppy (23)
Ny L7 | ~——

~~ net inflow from EF
net inflow from U

Here, 2{;p, (¥{/p,) is the net inflow of workers from the unemployment pool to the full-
time (part-time) employment pool between period ¢t — 1 and ¢, divided by the number
of workers in the full-time (part-time) employment pool at period ¢ — 1. Similarly, 2% or
(25p,) is the net inflow of workers from part-time (full-time) employment pool to the
full-time (part-time) employment pool between period ¢t —1 and ¢, divided by the number
of workers in the full-time (part-time) employment pool at period ¢ — 1.

The log-linearization of (22) and (23) yields

~f ~0 0 ~0 {  ~0 _
Ny — My = Typlyp, + Tpplpp, for (=F,P.
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Figure 5: Decomposed impulse responses to a technology shock
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Figure 6: Decomposed impulse responses to an investment adjustment cost shock

We apply this decomposition to the impulse responses for a positive technology shock
in Figure 5.*2 Both the net UE flow and the net EE flow contribute to elevating the

full-time employment (left panel) immediately after the shock. In comparison, for the

Full-time employment

Bl Net UE flow

the realization of a shock is given by

Part-time employment

T
0

10
Net EE flow

20 40

where z; = log(x;/x). Hence, the response of the employment stock at ¢ periods after

t t

0 ¢ ¢t

n; = E :xUExUE,t—s + E TEETEE —s
s=0 s=0

This means that the response of the employment stocks can be decomposed into the
cumulative sum of the change in flows between employment and unemployment and the

change in flows between full-time and part-time employment.

part-time employment (right panel), the net UE flow and the net EE flow contribute

32The parameter values for the estimated parameters are fixed at the posterior mean.
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in opposite directions. While the net UE flow puts an upward pressure on the part-
time employment, the net EE flow puts a downward pressure on it. Our estimation
suggests that the latter dominates, and consequently the part-time employment decreases
in response to the shock.

As shown in Figure 6, a similar mechanism also works for the case of an investment
adjustment cost shock. An increase in the adjustment cost decreases the net inflow
from unemployment pool to employment pool for both types of jobs. Meanwhile, the
net inflow from part-time employment to full-time employment decreases because such

a shock discourages part-time workers from moving to full-time jobs.

4.4 Counterfactual experiments

To further evaluate the importance of incorporating the procyclical direct transition
from part-time employment to full-time employment, we conduct a counterfactual anal-
ysis using an alternative model specification in which the job finding probability of an

employed part-time worker s; is constant over time. That is, we assume that s} = s/,

where s7 is the probability in the balanced-growth steady state of the estimated model.?
Throughout the counterfactual experiments in this section, we call the estimated model
‘benchmark’ and fix the values for the estimated parameters at the posterior mean.

In the alternative model, it is assumed that part-time workers are randomly assigned
to the on-the-job search every period and all part-time employed workers are obliged to
pay a fixed cost Cw!” | instead of the idiosyncratic cost (disutility). This fixed payment is
introduced to equalize the ex-ante expected value of participating in the on-the-job search
between the benchmark and the alternative on the balanced-growth path. With the
assumptions above, the value in the alternative is given by 3{‘ =5’ (Vft — prt) —Cwl .
On the balanced-growth path, A4 = s/(HE — HP) — C(w” /~.) and thus C is chosen to
be s’ (Hy — H[) — C(0" /7.) = (0" /7.) log(1 — ) /w.

4.4.1 The role of time-varying FE transitions within employment stocks

In Figure 7, we compare the impulse responses to a positive technology shock in the
alternative model (dashed lines) with those in the benchmark (solid lines). This figure
sheds light on the role of the procyclical direct transition channel from part-time to
full-time in the labor market cyclical dynamics. First, in the counterfactual case based

on the alternative model, due to the lack of the F'FE fluctuations, the movement of full-

33Recall that sy = ;s holds. Thus the probability that a part-time employee conducts on the job
search can be “backed out” from ¢; = s/ /s in this case.
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Figure 7: Impulse response function to a positive technology shock
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Note: This figure shows the impulse responses of the full-time employment rate, the part-time
employment rate, the unemployment rate, and the growth rate of the average wage to a positive
technology shock of one standard deviation.

time employment is dampened and the movement of part-time employment is almost
nonexistent. This is because the time-varying F'E transition strengthens the movement
of full-time employment, and it is the main driving force of the part-time responses.
Second, in the counterfactual case, the response of the unemployment rate is strengthened
by about 4 percentage points (the largest decline is 7 percent in the benchmark while it
is 11 percent in the counterfactual case). The difference corresponds to 0.25 percentage
points in terms of the unemployment rate.>* Third, because of the stronger composition
effect, the benchmark involves a larger response of the aggregate wage (the average of
hourly wages for full-time and part-time workers, weighted by their employment stocks)
than the counterfactual case. In the benchmark, in response to a positive technology
shock, an employed part-time worker is more likely to become a full-time worker. Since
the hourly wage for a full-time worker is higher than that for a part-time worker, this
movement increases the aggregate wage.

In Appendix H.1, we show that similar results can be observed for the case of other

34Recall that the “percentage points” in the figure is the deviation from the steady-state values.
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Figure 8: Cross correlogram with the real GDP
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Note: This figure shows the correlations between the cyclical components of real GDP and the
full-time (part-time) employment rate h quarters lagged in the left (right) panel. The horizontal axis is
the number of lags, denoted by h. The cyclical components of real GDP is measured in terms of
log-deviations of per capita real GDP from its HP filter trend. The solid lines without marks represent
those simulated from the estimated model, while the solid lines with marks represent the correlations
simulated from the alternative model. The dashed lines represent the empirical counterparts.

shocks. For example, in response to an adverse investment adjustment cost shock, instead
of the opposing responses of the employment stocks in the benchmark, both full-time
and part-time employment decrease in the counterfactual case.

We also examine the importance of the endogenous direct transition from part-time
to full-time jobs in accounting for the overall cyclical patterns of the employment stocks.
Figure 8 presents the correlations of each employment stock with the cyclical components
of real GDP, simulated from the estimated and alternative models.>® In this figure,
we first find that the estimated model is remarkably successful in accounting for the
procyclical patten of the full-time employment rate and the countercyclical patten of the
part-time employment rate. In comparison, if the endogenous direct transition across
the two employment stocks were absent, the countercyclical pattern of the part-time
employment rate would disappear.

This figure also indicates that our model is able to account for the lead-lag correlations
of part-time employment shown in Section 2.1. That is, the cyclical pattern of part-time
employment lags half a year behind the business cycles. Indeed, our estimate suggests
that the moderate sensitivity of ¢; (the fraction that part-time workers conduct on-the-
job search, defined in (19)) to the variation of the macroeconomic conditions is crucial
in explaining the delayed response. Recall that, in (20), the key parameter for the
sensitivity is w. In Appendix H.2, we show that if the value for w were considerably

high, the contemporaneous correlation would become strongest.*¢

35The simulated sample is drawn over 12000 periods with the first 20 percent discarded.
36There, we consider an extreme value of w = 70 instead of the estimated value of 2.10. The correlation
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Figure 9: Counterfactual simulation on the recent U.S. labor dynamics

0 Full-time employment 19 Part-time employment 1 Unemployment rate

>
G
R

0
-

78 18 10

76 17

74 16

(-
Seut

72 15 4
06Q1 09Q1 12Q1 15Q1 06Q1 09Q1 12Q1 15Q1 06Q1 09Q1 12Q1 15Q1
—— Benchmark ===--=-- Counterfactud

Note: This figure shows the counterfactual simulation after 2006:Q1 for the full-time employment rate
(%), the part-time employment rate (%), and the unemployment rate (%). The solid lines represent
the estimated path and the dashed lines represent the counterfactual path. The shaded areas
correspond NBER recessions.

4.4.2 A counterfactual analysis on the recent U.S. labor dynamics

To place the last section’s counterfactual experiment into a concrete context, here we
analyze how the labor market dynamics would have behaved around the Great Recession
period in the absence of the procyclical direct transition channel. To this end, we first
utilize the Kalman smoother on the benchmark model and estimate the realization of
the shocks {&;}1, and the path of the (latent) endogenous variables {8;}, over the
estimation period. Then, using the realization of the shocks, we simulate the path of the
endogenous variables in the alternative model after 2006:Q1, {8'}Z_. In this experiment,
we take the estimate of the endogenous variables in the benchmark at 2006:Q1 as the
initial value of the simulation i.e., 84 = §,.

Figure 9 shows that, starting from the onset of the Great Recession, full-time em-
ployment sharply decreases for both scenarios. At the same time, part-time employment
rises in the benchmark, while it decreases in the counterfactual case. This difference
in the reaction of part-time employment results in an about 1 percentage point higher
unemployment rate in the counterfactual economy during the aftermath of the Great

Recession.

pattern with large w fits the cyclical pattern of involuntary part-time employment, documented by Lariau
(2017). This result suggests that, considering that firms are easy to reallocate an employee between
full-time and part-time positions when w is large, our on-the-job search specification with a large value
for w produces similar implications to the part-time employment margin choices by firms which Lariau
(2017) introduces to model the cyclical pattern of involuntary part-time employment.
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4.5 Additional results

Here, we briefly comment on how total hours worked behave in our model. By construc-
tion, the movement of total hours worked is decomposed into that of hours worked per

worker and that of total employment stocks according to

F F
n n
F F P, P t F t P F P
nypwy +np, =|—=——-sp; +{1————= | x (ny +n;) . (24)
t b t Hb b b t t
—_———— nf + nf nf + nf Lv—)’
total hours worked ~ ~~ ~  total employment

hours worked per worker

Note that our model does not consider the intensive margin choice explicitly; neverthe-
less, hours per worker fluctuate through the change in composition of the employment
stocks. In Appendix H.3, we report the response of each variable to a contractionary
monetary policy shock. We find that, in our estimated model, both hours per worker
and total employment decrease in response to the shock, and the response of total em-

ployment is larger in magnitude, which are in line with evidence shown in Trigari (2009).

5 Conclusion

This paper studied the asymmetric roles of full-time employment and part-time employ-
ment in the business cycle. In the first part of the paper, we used the rotating panel
household-level data of the Current Population Survey to document the macroeconomic
facts on the cyclical behavior of full-time and part-time employment in the United States.

The key empirical facts we found are as follows. First, the full-time employment rate
is procyclical, while the part-time employment rate exhibits a countercyclical pattern,
particularly in deep recessions. Second, on the unemployment side, the majority of
unemployed workers who search full-time jobs end up in full-time employment, and
the majority of unemployed workers who search part-time jobs end up in part-time
employment. Thus the labor market is segmented into full-time and part-time markets.
The unemployment stocks for full-time jobs have a cyclical pattern substantially distinct
from those for part-time jobs. Third, the flows between employment and unemployment
strongly contributed to the decrease in full-time employment during the Great Recession,
while they did not contribute much to the increase in part-time employment. Fourth,
the flows between full-time employment and part-time employment were among the most
important contributors to the change of the part-time employment stock.

We then built and estimated a medium-scale DSGE model with search and matching

labor market frictions to evaluate the importance of the behavior of the part-time market.
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The model incorporates two segmented labor markets and endogenous direct transitions
from part-time employment to full-time employment. The model can account for the
cyclical patterns in the data, and the major aggregate shocks can give rise to different
dynamic properties of two employment stocks. Through the decomposition of the impulse
responses for the employment stocks and the counterfactual analysis, we found that
incorporating the endogenous direct transitions within employment stocks is essential in

generating the countercyclical response of the part-time employment stock.
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Appendix

A CPS data

A.1 The redesign of the CPS in January 1994

In computing the (un)employment rate, we use the multiplicative factor constructed in
Polivka and Miller (1998) to correct the break attributable to the redesign of the CPS
in January 1994. The adjusted (un)employment rate equals the ratio of the adjusted
number of (un)employment divided by that of labor force. The adjusted number of labor
force is calculated by multiplying the adjusted labor participation rate by the civilian
noninstitutional population. Multiplying the adjusted employment-to-population rate by
the civilian noninstitutional population computes the adjusted number of employment.
The unemployment is calculated by subtracting the number of employment from that of
labor force.

Similarly, to compute the adjusted full-time and part-time employment rate (i.e., the
full-time and part-time employment as a fraction of labor force) in Figure 1, we use the
multiplicative factor for the number of employed workers working part-time as a fraction
of total employment.

Figure A.1: Unemployment rate
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A.2 DMargin adjustment

In order to correct margin errors, we employ the method proposed by Elsby, Hobijn, and
Sahin (2015) as following. Let As; be the vector of the change of the stocks, defined as

As; =8 — 81 = [EtF - EtF—b EtP - Eil? UtF - Ut}ilv UtP - Ut]il]/>

where EY is the number of full-time employment, E! is the number of part-time employ-
ment, U} is the number of full-time unemployment, and U is the number of part-time
unemployment, all at the beginning of period t. From the identity that the change in
the stock is the sum of the inflows minus the outflows, we have

As; = X;1p,
where
thl -
-Ef, -Ef, -Ef, -Ef, Ef, 0 0 0 UE, 0 0 0 ut, 0 0 0 O 0 0 0
Ef, 0 0 0o -Bf, -Ef, -EF, -EF, 0 ur, 0 0 0 ur, 0 0 0 O, 0 0
0 EF, 0 0 0 EP, 0 o -Uf, -UE, -UF, -UE, 0 0 ur, 0 0 0 O-1 0
0 0 EF, 0 0 0 EP, 0 0 0 Uk, o -ur, -vf, -Uf, -UE, 0O 0 0 O,

Oy is the number of out-of-labor-force workers at the beginning of period ¢ and

p:

!
[[’EFEP Pgrur PpFuP PpFo PrPEF PpPuF PpPUP PpPo PUFEF PuFpP PuruP PuFo PuPpF PuPgP PuPuF Puro PorF PopP Pour POUP]'

The element p;; denotes the transition probability from state i to state j.

Given the vector of the transition probabilities in data p, the vector of the change of
the stocks in data As; and the matrix X;_1, the vector of corrected transition probabil-
ities is chosen so as to minimize

5= BYW(p—p)

subject to

As, = X;_1p,
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where the weight matrix satisfies

and

WEF =

Wuyr

Wer 0 0 0 0
0 Wep 0 0 0
0 0 0 Wup O
0 0 0 0 W n
F F F F
. Et—} . Et71 R Etjl . Et—Al
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F F F F
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By By By By
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B Additional statistics

B.1 The monthly transition probabilities

Figure B.1 presents the transition probabilities from EF (panel (a)), from EP (panel
(b)), from UF (panel (c)), and from UP (panel (d)) from 1994 to 2016.

Figure B.1: Transition probability
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Note: All series are seasonally adjusted. Since there are missing observations in 1995 due to the failure
of individual identifiers in CPS, we use Tramo (“Time Series Regression with ARIMA Noise, Missing
Observations, and Outliers”)/Seats (“Signal Extraction in ARIMA Time Series”) interface to
interpolate them along with seasonal adjustment. EF is full-time employment, EP is part-time
employment, UF' is the unemployed looking for a full-time job, UP is the unemployed looking for a
part-time job, and O is out of labor force.

Table B.1 shows the averages of the monthly transition probabilities. Due to the
missing observations in 1995, we report the averages of them over 1996:M1-2016:M12.
In this table, by construction, the sum of each row is 1. We find that about 24 percent
of unemployed workers in full-time labor market find a job and 2/3 of them find a job
in full-time position. Also, about 26 percent of unemployed workers in part-time labor
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Table B.1: Average transition probability

Sti1
EF EP UF UP (0]
EF 10936 0.038 0.009 0.001 0.017
EP 0165 0.730 0.016 0.010 0.078
S¢ UF | 0161 0.081 0.548 0.002 0.206
UP | 0.047 0.215 0.016 0.341 0.381
O ]0.020 0.025 0.018 0.007 0.930

Note: EF is full-time employment, EP is part-time employment, UF' is the unemployed looking for a
full-time job, UP is the unemployed looking for a part-time job, and O is out of labor force.

market find a job and 4/5 of them find a job in part-time position. These suggest that
full-time jobs and part-time jobs are likely to be different type of jobs and workers tend
to know whether they want to work full-time or part-time while hunting jobs.

B.2 The time series of direct FF/EP transitions

Figure B.2 plots the number of transitions from EF to EP (red), the number of tran-
sitions from EP to EF (blue), and the amount of net flow from EF to EP (black) in
the units of labor force share. We observe that the net flow sharply declined during the
Great Recession; while the flow from EP to EF is greater than that from EF to EP
during tranquil time, the difference was closer and the magnitude was reversed during
the Great Recession.

B.3 Do direct EF'/EP transitions occur within or across firms?

Here, we investigate whether the direct flow between FF and EP is explained by the
intensive margin, that is, changing regular weekly hours over 35 hours within the same
firm, or the extensive margin, that is, changing jobs (i.e., changing employer). CPS
asks employed workers the question “Last month, it was reported that you worked for
(employer’s name). Do you still work for (employer’s name)?” since the redesign in 1994.
Here, we classify workers who change their labor force statues between EF and EP
and respond “No” to this question into “job change transition” and respond “Yes” into
“within firm transition.” Moreover, regardless of the answer to this question, the workers
who change the number of jobs they hold are classified into “transition by multiple job
holders.” Figure B.3 exhibits the distribution and shows that within transition accounts
for around 80 percent of patterns of EF/E P transition.
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Figure B.2: Transition from and to full-time and part-time employment, divided by the
labor force
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Figure B.3: The intensive versus extensive margin along with the direct EF /EP transition
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Note: “Within” corresponds the direct EF/EP transition due to changing regular weekly hours within
the firm, “N.A.” corresponds the workers we cannot classify due to the missing responses, “Multiple
holders” corresponds the direct EF/EP transition due to the gain or loss of jobs by multiple job
holders, and “Job change” corresponds that due to changing jobs (i.e., changing employer). The
missing observations in 1995 are regarded as “N.A.”
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C The option value of on-the-job search for the part-

time workers

C.1 The explicit derivation of the option value ﬁt

In this section, we derive the expected value for a part-time employee to participate in
full-time job market, A;. By construction,

~ mt

Ay = E [max{R, — yew,,0}] = / (Re = ywi’1) gy (ys ptg, w™")dy, (C.1)
where R, = s{ (V) — V[ = s/ (Hf, — Hf, + U = Uf) and Ry = R;/w{ . The
functions g, (+; pg, w™') and G, (+; g, w™') are the probability density function and the
cumulative distribution function of a logistic random variable v, with mean p, and the
scaling parameter w=! > 0:

-1y Z w exp(—(y — p1g)w)
[1+ exp(—(y — pg)w)]?

Gre (Y5 g, W

and
‘ o 1 - exp((y — :ug)w)
G, (Y5 g, ) = 1+ exp(—(y — pg)w) C 1+exp((y— fg)w)

Because ¢ = G, (Ry; pig, w™ 1), we can rewrite (C.1 ) as

R
Ar = oiRy — wl 1/ Y. (s pg, ™) dy
R
= SZT(Hf,t - H;f,t + UtF - UtP) - wf—l/ Y9 (5 ngw_l)dy

Let us define Ay, = —w? | f Y9 (Y; pig, wt)dy. Applying integration by parts to this
expression, we have

R
Ay = —Rypy +wf—1/ G%(y;ug,w_l)dy

—00

R
p toexp((y — pg)w)
= d
fiepe + i /_m T+ oxp((y — g)e) ”

1 e
T — [5 log 1+ exp((y — 1))

P

—00

= —Ripy + —L log [1 + exp((% — p1y)w)] (C2)

47



To simplify the expression further, we prove the following lemma.

Lemma 1 For any z € R,

log(1 + exp(x)) =  — log [;} |

1+ exp(—x)
Proof.
log(1 + exp(z)) = log {(1 + eXpl(x)> exp(:c)]
= log(1 + exp(—z)) + x
— 2z log {H;p(_)} |
|

Applying Lemma 1 to (C.2 ) and using ¢; = G, (R¢; gy, w ™), we have

log [1 + exp((Ry — py)w)]

1
=R — g — w log (1)

Hence, we have
b 1
Ap= (1= )R —w_y |pg+ ” log (1) | -
In sum, the option value A, is given by’

Ay =s](HE, — HE, + UF —UF) + A, (C.3)

where

A= (==l [y + S logten)|. (C.4)

3TNote that although substituting (C.4 ) into (C.3 ) yields a more simplified expression

—~ 1
A, =Ry — wil [,ug + - log(got)] ,

this simplification makes it inconvenient to derive the log-linearized worker’s surplus and the wage
functions. Thus, in the subsequent section, we log-linearize (C.3 ) and (C.4 ).
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C.2 The steady-state conditions and log-linearization

We first derive the values for Et and A; on the balanced-growth path. Let the variables
with bar represent the detrended ones (e.g., A; = A;/z), and then we have

_ ovd
R, = R ( )
t t wil

_p
Wi _q

= _ 1
A, =R, — = [,ug + = log(got)] ,

t

and _
A=Ay — @Ry,

where R, = s{ (Hf, — HF, + U] = UF).
On the balanced-growth path, given the calibrated and estimated parameters for w,

¢, and R = Ry*/w?, the mean of the logistic distribution s, satisfies

1
=G, (R; g, w ) = , C.5
90 Vc( /1’9 ) 1 _|_ eXp(—(D% _ ,Ug)w) ( )
which implies
1 1
= —1 ——=1]. .
fg =R+ o 08 (90 ) (C.6)

Plugging this condition into the steady-state condition for ﬁt, we have

= - @Ff 1 w?
A=R-— {uﬁ—log(s@)} = ———log(1 —¢).
v w Vw

Thus, the steady-state condition for A, is given by
—p

A=—pR— w—log(l — ).
VW

We then log-linearize A, and ¢, around the balanced-growth steady state. Recall
that A, = —(wl | /e?) fito Y9~ (Y; ttg,w)dy. Using Leibnitz’s rule, we obtain

A; = aR + (1- ¢A)(w£1 — &),

where

Ry, (R Hg> w R

Y = X
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and FiTF F iTP
~ 5 s"HY ~ s"HY ~
Ro—sf+ g gy
R ' R ’

For ¢; = G, (Ry; pg, ™), we have

~ gcg“h 7w_1m 5 ~Z ~
G, = e ( u; ) (Rt+€t—wil>.

Here, given the values for ¢ and R, the density function in the steady state is given by

wexp(—(R — py)w)
14 exp(=(R — pg)w))?

_ {w (é _ 1)} (from (C.5 ) and (C.6))

= wp(l = o).

9%(9%5 g, W_l) = (

Thus, ¢, is given by
P =w(l = Q)RR + & — W 4).

Note that, as shown in Appendix F, the value for R = Ry, /w” is affected by ¢ but not
by w, and therefore we have a higher elasticity of the participation of on-the-job search
with respect to a variation of the net benefit of conducting on-the-job search with a
higher value for w.

C.3 The elasticity of the participation decision with different
values for w

Figure C.1 illustrates how much the participation rate ¢; changes to a variation in the
R; around the steady state.

D The wage function for the part-time workers

In this section, we derive the log-linearized wage function for the part-time workers.
First, log-linearizing the firm’s surplus, which is given by

KVP

2

—*xPn , P
TP ( *Pn w— w H
JtP(th ) =i af — Lt 4+ E |:Bt,t+1

pt (eh?] + B0 = st T iDL
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Figure C.1: The the cumulative distribution function of idiosyncratic disutility shocks
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TP/ %P pra” ~w | =P #b ~*P
Jy (wp") = 7P oy +a; ) — 7P + Bz E, [It+1(wt+1) +(1/2)8 t+1] D.1)
B0 = ") [T @10) + Bran | - BB,
Then, log-linearizing the worker’s surplus, which is given by
(7P (%P w; "y Pz P P P P P
H, (w: n) = e - ﬂb,tbt + E, [Bt,tJrl ((p St—&-l)Ht—i—l(w;—ln) St—i—lHa:,t—i—l)]
+E [Bror (st (Hypr + U = Uln) + D) ]
we have
~ . ,u—}P P . b B x ~
A R <bt+u5,t> +B(1 —xPﬂEt AL (@) + B
D.2)
SJHF SJU (
F —=5Et [St+1 + Beerr + HftJrl] + v —5 K [U£1 Ufil}
H HP
A 5 _
+ %Et [At—i-l + Bt,t-l—l] .
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Log-linearizing the Nash bargaining solution delivers
@)+ (=) e = B (@), (D.3)

Substituting (D.1 ) and (D.2 ) into (D.3 ) delivers

pra” “w | =P :u’b ~*P P
= (01 @) = 50" o+ BB [# (@5 + (1/2) B |
T > ~ _1..nP
80 = 2 [ (@0) + o] — BB + (1= n”)

_Pl_) N
— (b + figy) + B(1 — 2K, [Htlil(wﬂrl) + By t+1] — Bs'Ei5]4,

) ~ ~ SJ F
—BsTE, [sfﬂ + By1 + Hfjm} + b —F, [stﬂ + Bropr + H! tﬂ}
sTU_ - - A - ~
+ ﬁ[i[P E, [Utljﬂ - Ut]jrl} + %Et [At+1 + ﬁt,tﬂ] :

Multiplying both sides by n¥JF/(wful) or (1 — nP)HT /(wul) and collecting terms
deliver

—Sﬁa (pt +a, ) + P PE, |:xt+1(wt+1) (1/2)@% t+1] + ¥y (bt + 11 t)

~ " P
+ @, PE, Sirl + B + H;B t+1} + 80§Et [52 - B - xp)ggﬂ] (D)
D4
GO [t + s + FIE + (O H)TE, — O]
— palEy At+1 + Bt,tJrl] ;
where
w =P Pj 7P ~PF, PP
P pPa P pr BJ P Py 0 P pyOs H
(pa n U_)P,U/II:7 pr n U_)P,u{)3 ) ng ( n )U_)P,UII;’ ()05 ( n ) wp,u{; 9
P 7P JgF A
P U J J p\Bs"H py BA 7P P
= — , =(1-— —, =(1-— —, d J
o S (I—mn )wpubp pa=(1-n )wppf an x
As in GST, we obtain
~ - - P
EtH5t+1 = Etxzil +(1— 77P) lEtggH (D.5)
and
Etf{fit-i—l =E, [xil-l(wt—i-l)] + QF( —0 )_1FFEt[U~’£r1 - (wF — Tpp1 + LwTt — ézf+1)] (D.6)

+(1-x )71Et[>~<t+1(wﬂ1)] +(1— ) 1Et£t+]_
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Plugging (D.5 ) and (D.6 ) into (D.4 ) delivers

WP =l (B + al) + (o + D Eidr + o Eisfy — ¢TEE] L+ of (b + fify) — eaBeliis
+ (ol — @l —oa+ @f/Q)EtBt,tH - <P;]]Etﬁ£t+1 + ¢l (U/H")E, [ﬁfu - Ut}jd]

P

+ Pl — B -2 = P)pelel

Also, note that Etﬁ’t,tﬂ = ]EtS\tH — )\; where )\, satisfies (G.1).

E The dataset and the observation equations

The descriptions of the nine time series we use for the Bayesian estimation are as follows:
1. The growth rate of per capita real GDP (AlogV;).

2. The growth rate of per capita real personal consumption expenditures (PCE)
(Alog Cy): Personal consumption expenditures of durables are classified into in-
vestment, instead of consumption.

3. The growth rate of per capita real investment (Alogl;): Investment equals to
private residential and nonresidential fixed investment plus personal consumption
expenditures of durables.

4. The growth rate of the real hourly compensation in nonfarm business sector (A log ;).
5. The inflation rate using GDP deflator (II;).

6. The employment rate i.e., the ratio of total employment to labor force (Ny).

7. The federal funds rate (R}).

8. The ratio of the full-time employment rate to the part-time employment rate
(NF/NF): The full-time employment rate is defined as the number of the em-
ployed workers who usually work full-time as a fraction of labor force, while the
part-time employment rate is defined as the number of the employed workers who
usually work part-time as a fraction of labor force.

9. The ratio of the real hourly wage for the full-time workers to that of the part-time
workers (WL /W[): We compute the median of usual real hourly earnings of wage
and salary workers from the extracts of the CPS established by the Merged Outgo-
ing Rotation Group for full-time and part-time workers respectively. Usual hourly
earnings equal to earnings per week divided by hours a wage and salary worker usu-
ally works per week. The Consumer Price Index for All Urban Consumers is used
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for computing usual real hourly earnings. The wage and salary workers exclude
self-employed and persons who work without payment.

The observation equations for our model are given by

AlogV; log 7 Ut — Y1+ 2
Alog C; log . Ct — Co1+ 2
Alog I, log 7. iy — g1+ z
Alog W, log . Wy — Wy—1 + 2f
log 11, = log 7 + T
log N; log(nf" + n?) ny
log R} log r™ Ty
log(N{"/N}") log(n''/n") iy =7y
| logwrwE) | [ log(@tgery || wF—af |

F Steady-state conditions

F.1 Employment state

The steady-state conditions for (6) and (7)-(10) imply that the stationary distribution

of employment states (nf', n? u®, uf)’" solves

1—pF —s7 —st 0 nt 0

0 1—(pf" —s7) 0 —sP n” | |0
Lopf—gf e sraery e [ | T o
1 1 1 1 ul 1

F.2 Worker’s value

The values of each employment state in the balanced-growth steady state (VE, V¥ U)

solves
1—Bp* 0 —B(1 = p") vE 0" _
0 1-8p" —B1-p") VPl = @"uf + (1 - )b+ BA
—Bst 0 1—B(1—s") U b

F.3 Other steady-state conditions

e Given the calibrated and estimated parameters, the parameter values and steady-
state values (p¥, 2t 2 vk EF KT aP al x¥, e, uf', HY  HT) are determined by



LF LP rk —1/(1-a)
pint  pfen® (pwa> ’

T A= g

F_ 1y
1—poF(1 —af)’

€

uf = 1y
1—po5

F
HF:HFxF( X F)’
I—x

P
i ()
L—n

e The values for (x, @, b) are solved out from the following steady-state conditions:

and

g b
- opral + B(RF/2)(xT)?

ot =y = (1= 5 5 () (6,

and
F

(1=x"b=w" —x" {pwdF + 8 ('i

2)(xF)2+53F/<;FxF}.

The system of equations solves

v 2pva(1-0")(1 = x")

2F[2 — Bzt (1 — bF)(1 — xF) — 2B(pF — sFxF)]

%)



o 20" (= ) (1= Bp") — x(Bp" — BT — 1))
2 — BaF (1 —bF)(1 — xF) = 2B8(pF — sFxF)

and -
N 2p*a”b"[1 — B(p" — s"xT)]
2= BaF(1—bF) (1 — xF) — 2B(pF — sFXF)’

S

e The values for (k¥ w”, A, i}’) are solved out by the following steady-state condi-
tions

WP = pa” — [1— B(o" — 8" )kFa” + 8 (7) @R (E)

=)@ 58) = " [pa” 5 () (7 + 5067 — st

(F.2)
~ ~P
A= 1— F.3
o (1-9), (F.3)
and the steady-state condition that UF = U”:
= 14 Bs? — BpP)st (wF — b
WPl = P — gA 4+ p)s ). (F.4)

sP(1 4 Bst" — BpT)

Plugging (F.4 ) into the term (il — 53) in (F.2 ) and combining this with (F.1 )
enable us to solve out (k*, w”) as

7 G

—aPsP(1+ gsT = ppfn?

p_ 1 waP _ [2"(1+ Bs” — Bp") = B(=")?/2]¢o
T aPsP(1+ Bst — Bpf)nP

where (5 = (w? —b)(1 —n")s". Then equations (F.3 ) and (F.4 ) solve A and it

g

G Log-linearized model equations

Consumption, Investment, and Production

(1= Bh)Xi = hyo(Go1 — &7+ BEelryr + BEEL, ) — ho ol + &0 — BhEEY,,  (G.1)

N\ = Ty + Eiiy1 — Eiftryn — DHSHIR (G.2)
]EtBt t+1 — EtS\tJrl - S\ty (G-?’)
kY= 6.(k . — &) + (1= 6.)iy, (G.4)
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ky =0y + kP | — &7, (G.5)

Dy = my 7Y, (G.6)

Gf = BO.Ealfyy + (1= BO) Befipyy — 77 + Eeftyp, (G.7)

(14 B)ir = ir—1 — & — & + [1/ ()@ + BB [ie1 + 6141 + &1 4] (G.8)
g = okl + (1 — a)nl’, (G.9)

gl = akl + (1 = a)(aF +&7), (G.10)

9= " 199 + G" /9 (G.11)

=0+ g~k (G.12)

=0+ g~k (G.13)

al = gb —al, (G.14)

al =gl —af, (G.15)

by = kP, (G.16)

[y = 0, (G.17)

ke = (K JB)EE + (KP /R)EP, (G.18)

Tt = Yelo + yitr + YoJe + vt + b (23 + 0 ) +yt Q2L + 7)) —ya(A+7af ), (G.19)
e = -1 + toPy + LfEy Ty + &7, (G.20)

where

hie=h/(1=h.), hae=(14B(h:)*)/(1 = h), hs=he/7s,
0:=(1=0)/7= m=0=%) /U, ve=1—Wi+C+u+yr +ys —ya),
yi = (1= 8 )0:(k/9), v =r"(k/9), vi=(&"/2)[n"(=")?/7), ya=n"A/7,
= tpfp, o= [(1=0p)(1 = B0,)/0,][1+ (e — 1)E] "'y,
vp = B¢y, and ¢, =1/(1+ Buyp).

Labor markets

W= (' J (" 4 onP))al 4 (en” /(' + en)) (Rl |+ 1), (G.21)
il =ohf 4+ (1 - 0)df, (G.22)
mi = ot +(1—0)5/, (G.23)
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ij - mf ﬁtF’ (G24)
G =m; — 7 , (G.25)
e T (G.26)
§ = @ +mi —hf, (G.27)
sf =ml —al, (G.28)
Evolutions of employment stocks
al =nal | +atzl, (G.29)
al =nl |+ 2Pzl — 78], (G.30)
af = (1=s"=")a —s"57 + (" ful)a  +(n" (1=p" =€7) Ju" )i+ (€7 JuT )Rl s,
(G.31)
nfal | +afal |+ ufal - ual =0, (G.32)
‘%t = q~f +1~1f - ﬁfllﬂ (G-SB)
Io=q 0 R, (G.34)
B =l (B +ay) — s ®f + 36\ BaPryr + BEEL (G.35)
il =5l P +al) — slwl 4+ BB + BEE | — BRG], (G.36)
where
sy =pa[(K'2"), s, = (W) /(k2"),
oy = B(L+p")/2, and s =B+ (p" ~s7))/2.
Within employment flows
R, =3+ (SFFIF/R)I?L - (sFHP/R)Ffﬁt + (sFU/R)(UF —UP), (G.37)
Gr = w(l - @)m(Rt + & — ). (G.38)
Ay =aR+ (1= va) (@, = &), (G.39)

where

R=s"(H" — H"), R=Ry./uw", and ¢a=-Rg, (R pu,w YR/A.
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Worker’s surplus

Etﬁ£t+1 :]Etjli-l + Qi(l - 95)_1FFEt [wil—l - (@F = Tp41 + LwTt — 5f+1)}

F\—1lm ~F F\—1 ¥ (G'4O)
+(1_X ) EtXt+1+<1_77 ) pnF5? )

U = (0/U)bi+ 0B Brar +07 (Bedysy +EH ) + BB +(1-€NED], (GAL)
U = (B/U)Bt—i-ﬁbEtBtﬂ+19§(Et§£r1+Etﬁ£t+1)+5[§PEtUt€r1+(1_gp)EtUtil]v (G.42)
where
DF — (1= " aP BOEuF )l s oy, 9y = (U —B)/U, and 9 = B(s"H/).
Wage dynamics
Xi =~ =xX")E - &), (G.43)
& =p"0,PE, [Btﬂ — o1+ Lol €y — i | (G.44)
fii = (@ 008 E = (2700 B) Geagn )i By [0 = Foa + tufte = Wy — 4]

GF E ~ o~ - ~F oz 1 (G45)
+ (0 B8)Ey | Bry1 — Teqr + Lo + fliy1 — €141 | 5

@y =l (B +af) + (of + 0f )Eedfn + eEEidlyy + @5 b+ 9 Bofia
- - _ nF
+or (X — (07 = sT)BEX ] +or (1= xT) A=) 1= (p" = s7)Bpyrlel
(G.46)
wf =l (Y +al) + (o + gof)Etiiﬁl + gofEtéﬁl + @551{3 + SOf\DEtBtH — paE Ay
B ~ ~ ~ P
— ¢JE, [SZ]H + H£t+1i| — s |:Utlil - Uti1i| + ‘Pi[l —(1—a" - Sp)ﬂpnf’]gg ;
(G.47)

Wy =y (W — 7+ vt — &) Ly + VE By [0fy1 + Te1 — b + €544, (G48)
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where

oh = x'pra' (W) @l = XBRNa) (@ ), el = (1= xS BH (0 ),

£1—1

wp = (L= x g b(@" )Y, oy = (U =n")ag (@)Y oy = XKl [(1 = X )
= s’ (1L =" H (@ )Y, oly = @l(U/HT), oa= B0 —n")A@" )™,

Pr =9 Fen /2 0y = (90 — ¢l —oat s [2),

o= (1+1)/08, 4 =" /ef, ”Yff = (r7/0y, — 1) /o7,

OF = (1+7) +" + (/05 — ), = (1-0501-75) /6%,
P=o"1+e")™ o =x" 0" +(1 X (1= 2") B0, ",

T = [egpor + oy (1= x") (@7 80,) Gep )" (1 = 27)B) + o TF](1 = 77),

7y = — ()l (1= X" (@805 (1 —=7"), and X" =1n".

Monetary policy and Government spending
i = oem + (1= @) [@ne + &y (U — Une)] + €7, (G.49)

ge =0+ (1=0Q)/Q) &l (G.50)

H Additional results

In this section, we report some additional results.

H.1 Additional results for the counterfactual experiment

Here we present some additional results from the counterfactual experiments. In Figure
H.1, we compare the impulse response functions of the full-time employment rate, the
part-time employment rate, the unemployment rate, and the growth rate of the average
wage to an adverse investment adjustment cost in the alternative model (dashed lines)
with those in the benchmark (solid lines). We observe that this shock has almost no
impacts or slightly negative impacts on the part-time employment rate in the alternative
model, in contrast to a clear positive response of it in the benchmark. We also find that,
in the alternative model, the lack of asymmetric responses between full-time employment
and part-time employment results in a bigger reaction of the unemployment rate. As
shown in Figure H.2, similar results are observed for the impulse response functions to
a contractionary monetary policy.
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Figure H.1: Impulse response function to an investment adjustment cost shock
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Note: This figure shows the impulse responses of the full-time employment rate, the part-time
employment rate, the unemployment rate, and the growth rate of the average wage to an adverse
investment adjustment cost shock of one standard deviation.

H.2 What explains the lagging pattern of part-time employ-

ment?

Figure H.3 presents the correlations of the employment stocks with the cyclical com-
ponent of real GDP simulated from the model with w = 70 (solid lines with marks),
instead of the estimate 2.10. For the sake of comparison, we also plot those simulated
from the estimated model (solid lines without marks) and the empirical counterparts
(dashed lines).

We observe that a considerably high value for w changes the lead-lag pattern of
cyclical behavior of part-time employment. In the estimated model, the countercyclical
movement of part-time employment is behind around two quarters the business cycles; in
comparison, when the value for w is large, part-time employment is even countercyclical
but tends to react contemporaneously to the business cycles.
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Figure H.2: Impulse response function to a monetary policy shock
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Note: This figure shows the impulse responses of the full-time employment rate, the part-time
employment rate, the unemployment rate, and the growth rate of wage to a contractionary monetary
policy shock of one standard deviation.

Figure H.3: Cross correlogram with real GDP under a high value for w

Fqll-timeemplqyment 1 qut-timeeinplqyment
05¢
A 0
-057¢ 1 -057¢
-1 ——— -1 ——
-12 -8 -4 0 4 8 12 -12 -8 4 0 4 8 12

Benchmark —e— Model (w = 70) -+---- Data

Note: This figure shows the correlations between the cyclical components of real GDP and the
employment stocks h quarters lagged. The left panel is for the full-time employment rate and the right
panel is for the part-time employment rate. The horizontal axis is the number of lags, denoted by h.
The cyclical components of real GDP is measured in terms of log-deviations of per capita real GDP
from its HP filter trend. The solid lines without marks represent those simulated from the estimated
model, while the solid lines with marks represent those simulated from the model in which w = 70.
The dashed lines represent the empirical counterparts over 1979:Q1-2016:Q4.
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H.3 The response of total hours worked

Figure H.4 displays the responses of total hours worked, hours worked per worker, and
total employment to a contractionary monetary policy shock. As is expressed in (24),
total hours worked is product of hours worked per worker and total employment and
thus, by construction, the sum of the response of hours worked per worker and that of
total employment equals the response of total hours worked.

Figure H.4: Impulse response functions of total hours worked, hours worked per worker,
and total employment to a contractionary monetary policy shock

0.1
0
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-0.4 A
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Note: This figure shows the impulse responses of total hours worked, hours worked per worker, and
total employment to a contractionary monetary policy shock of one standard deviation. The
parameter values are fixed at the posterior means.
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