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Abstract

Temporary employment is widespread and persistent in advanced economies. The data show that: (i)
the less-educated are over-represented in temporary jobs; (ii) although training accelerates the transition
to permanent employment, training incidence is relatively low among temporary workers. To understand
these facts, I build a search model with endogenous contract types and training decisions. In the model,
firms hire the low-skilled as temporary workers to avoid the firing costs imposed on permanent contracts,
and employers provide little training to temporary workers because the investment horizon is truncated.
Consequently, the model endogenously reproduces the persistence of temporary employment, known as
the “temporary job trap.” I estimate the model on Korean labor market data. The results suggest that
current policy depresses output 9.4% below its potential, with 43% of that gap attributable to the lack of
training for temporary workers. Counterfactual policy experiments indicate that training subsidies can

eliminate nearly 80% of the output loss.
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1 Introduction

Temporary employment refers to having a job that is not protected as much as a regular one (OECD), 2014).
To prevent the excessive expansion of less or non-protected jobs, most developed countries restrict the use of
temporary contracts by limiting, for example, their maximum duration, or the number of contract renewalsﬂ
Temporary employment, nonetheless, is widespread in developed countries (see Figure . In Spain and
Korea, for instance, temporary workers accounted for 26.7 and 20.6 percent, respectively, of the total labor
force in 2017 (OECD, [2018). Previous studies have widened our understanding of temporary employmentﬂ
At the cross-sectional level, those with less education are over-represented in temporary jobs (Charlot and
Malherbet], 2013), and temporary workers receive relatively little on-the-job training (Cabrales et al., [2017).
At the time-series level, the rate of conversion from temporary to permanent (regular) employment is limited
(Berton et al., [2011)), but on-the-job training accelerates the transition (European Commission, [2004)).

Why does temporary employment arise and persist? I provide an answer to this question by focusing on
human capital and its accumulation on the job. Despite existing evidence on the link between human capital
and temporary employment, there is no unified structural framework that can endogenously reproduce the
above-mentioned stylized facts. As a consequence, the current literature cannot explain the observed cross-
sectional and dynamic patterns of temporary employment within a single framework. Furthermore, existing
models cannot address policy-relevant questions, such as how training incidence and labor market mobility
(in terms of contract types) interact with each other, and how their interaction can be affected by a change
in labor market institutions. This paper advances our understanding by proposing an analytically tractable
and empirically plausible framework.

A novel feature of my model is endogenous contract-type and training decisions in the presence of different
human capital levels. This key aspect allows me to make three contributions to the literature. First, I provide
theoretical explanations for the sorting of the less-educated into temporary jobs, and the lower incidence of
training among temporary workers. As a consequence, my model also illuminates the theoretical background
behind the persistence in temporary employment, known as the “temporary job trap.” Second, I investigate
the welfare consequences of the existence and persistence of temporary employment in both qualitative and
quantitative ways. I establish that the decentralized economy cannot attain the constrained social optimum in
terms of total output, and quantify output loss by estimating the model on Korean labor market data. Third,
I conduct policy experiments to examine possible sources of improvement in efficiency. The counterfactual
analysis shows that training subsidies can lead to substantial output gains by inducing workers and firms to
invest more in on-the-job training.

My model is built on the standard random-search framework (e.g. [Mortensen and Pissarides| [1994). The
economy consists of risk-neutral workers and firms. Workers (Firms) can be either employed or unemployed
(filled or vacant). Search frictions exist (finding a job or a worker takes time), and thus, a worker-firm match
creates a surplus which is shared between both parties. The match surplus is divided via Nash bargaining.
Payoffs to both parties thus increase in match surplus, meaning that a larger match surplus is preferred by
both worker and firm. An equilibrium is a labor market tightness (the ratio of vacancies to unemployment),

which is pinned down by the free-entry condition (the expected net value of a firm at entry must be zero).

1Thus, temporary jobs typically last for a short period of time, which is the reason why they are called “temporary” while
their regular counterparts “permanent.”
2See Figure [1li(b)} Figure[2l and Table|l|for a brief summary of the following stylized facts.



Figure 1: The incidence and persistence of temporary employment

(a) Share of temporary employment (2017) (b) Temp-to-temp vs temp-to-perm transition
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Notes: I@l The figure is drawn based on the data from . The share is expressed as a percentage of dependent
employees aged 15 or older. The definition of temporary employment may vary from country to country, and interested readers
are referred to the original source available at http://dx.doi.org/10.1787/888933779181| (last accessed on November 1, 2019).
@I utilize data from the Korean Labor and Income Panel Study to illustrate the dynamics of temporary employment in Korea.
All temporary workers in the baseline year (2008) are classified into three groups based on changes in their employment status.
The group labeled “Temp to temp” consists of those who have never achieved permanent employment status since the baseline
year. The group labeled “Temp to perm” is composed of those who have achieved permanent employment status and have not
returned to temporary jobs since then. The group labeled “Others” includes those who have rotated between temporary and
permanent jobs over the period considered.

I extend this standard model in three dimensions to study a trade-off between temporary and permanent
contracts, and training decisions in the presence of such a trade-off. First, I introduce worker heterogeneity
in human capital. Specifically, my model categorizes human capital into general and specific El
and workers differ in general human capital. However, they start a new job with the same match productivity

(specific human capital). Firms are still identical, but the production technology is modified to be the product

of two types of skills. Second, I formulate temporary and permanent employment, a la /Cahuc et al. (2016]).

As in the standard model, all matches are subject to separation shocks. When hit by a separation shock,
the destruction of a permanent match incurs firing costs (constant across all workers) while the destruction
of a temporary match does not. Temporary contracts, however, last only for a specified period, resulting in
a higher turnover rate. Third, I allow both general and specific human capital to be accumulated through

training. Expecting improvement in general or specific ability, the worker-firm pair can allocate an exogenous

amount of time to training. Contrary to Flinn et al. (2017), investment in training occurs at the extensive

marginEl Since the worker and firm bargain over both contract-type and training, there are six options on
the negotiation table in the end. Wages are set by Nash bargaining in all cases. Therefore, the worker and
firm choose an option that maximizes total match surplus.

In this setting, my model endogenously generates the temporary job trap in an empirically consistent
manner. Two mechanisms are combined. First, low-ability workers are sorted into temporary jobs because

their ability is too low to justify firing costs imposed on permanent contracts. In my model, the worker-firm

3QGeneral human capital refers to a type of human capital that is equally productive in all jobs. Specific human capital, on
the other hand, refers to a type of human capital that is productive in a given job but not in the other jobs.
4In other words, the worker and firm can choose either no training, general training, or specific training.
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pair chooses a permanent contract if and only if the expected match surplus accruing beyond the duration
limit of temporary contracts is greater than firing costs. The expected surplus arising from the continued
match is increasing in the worker’s general human capital, while firings costs are independent of it. Hence,
there is a cutoff level of general human capital, and those below that cutoff become temporary workers.
Second, the worker-firm pair on a temporary contract has little incentive to invest in training due to the
worker’s low ability and the short investment horizon. In my framework, it is assumed that training is more
costly to those with lower ability (Autor, |2001). Because temporary contracts are held by the low-skilled as
claimed above, little investment in training of temporary worker-firm pairs arises (a direct selection effect).
Furthermore, temporary contracts selected by low-ability workers reduce the net benefits of training as well
since the investment horizon is truncated by the fixed duration of contracts (an indirect selection effect). To
summarize, these direct and indirect selection effects, combined with the sorting mechanism of low-ability
workers into temporary jobs, endogenously reproduce the persistence in temporary employment.

To derive quantitative implications of my model, I estimate it on Korean labor market data using the
method of simulated moments. The Korean labor market is a suitable laboratory for quantitative analysis
because it is facing challenges from the rise of temporary employment (Dao et al., [2014; |Jones and Fukawa,
2016} |Schauer}, 2018]). The estimated model captures the prominent features of the data well. In particular,
the persistence of temporary employment (the “transition” rates from temporary to temporary contracts) is
well reproduced by the model although it is not explicitly targeted in the estimation. The estimated model
allows me to (i) document scarring effects of entering the labor market as a temporary worker, (ii) quantify
the output loss and attribute it to distinct factors in the model, and (iii) conduct counterfactual analysis.

First, using both real and simulated data, I detect the potential scarring effects of starting a career with
a temporary contract on current labor market outcomes such as training and wages. Having a temporary
contract in one’s first job leads to a lower likelihood of receiving any training, and lower wages in one’s
current job. In addition, I observe that these scarring effects are overestimated in the simulated data. Since
my model represents the extreme case of a labor market where on-the-job training is the only stepping stone
towards permanent employment, the overestimation per se is not surprising. Nonetheless, it is remarkable
that the estimates from the actual data are quite close to their simulated counterparts: the scarring effects on
training and wages, estimated from the real data, amount to nearly four-fifths and three-fifths, respectively,
of their simulated counterparts. This analysis, therefore, provides new evidence that not only do training
and wages exhibit a long-run response to first contract type, but also that their response is sizable.

Second, I measure how far the decentralized economy is away from its potential. I consider the constrained
planner who, respecting current labor market frictions and institutions, chooses contract and training types,
along with a labor market tightness, to maximize total output less vacancy and training costs. Theoretically,
the constrained planner’s solution does not coincide with the equilibrium outcome for two reasons. First, as
long as vacancy costs are sufficiently small, the worker-firm pair overvalues permanent jobs (Jarosch, [2015)),
leading to inefficient contact-type choices. When assessing the value of a potential match, the worker-firm
pair does not fully internalize the gains from future matches to be formed as the worker becomes unemployed;
they ignore the gains that accrue to the worker’s future employers. Permanent jobs are accordingly overvalued
relative to the efficient benchmark, unless creating a vacancy is too costly. Second, the decentralized training
decisions are suboptimal due to the positive externalities associated with general training (Acemoglu, [1997)).

The benefits from general training are shared by the worker’s future employers although they pay nothing for
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their benefits. Consequently, either specific or no training can be “wrongly” chosen over general training in
the decentralized economy. The quantitative analysis complements the theoretical arguments. The current
labor market regime depresses output 9.4 percent below its potential. The gap between the status quo and
the ideal is mostly caused by the lack of general training for temporary workers (43%). Specific training
“wrongly” chosen by permanent workers (39%) and too many permanent jobs (18%) explain the rest.

Third, I explore the possibilities of efficiency improvement by conducting counterfactual policy experi-
ments. I consider two policy options: subsidizing permanent employment, and subsidizing on-the-job training
(both financed via lump-sum taxes on employed workers). Contrary to the implication of this study, tempo-
rary employment has been mostly regarded as undesirable. Thus, policies aimed at encouraging permanent
employment have been widely adopted and studied (e.g.|Arranz et al 2013} |Garcia-Pérez and Osunay, 2014).
Training subsidies, on the other hand, despite their general effectiveness (Heckman) [2000; Blundell et al.,
2019), have been largely overlooked in the temporary employment literature. Consequently, little is known
about the effectiveness of training subsidies in the presence of temporary contracts. The experiments with the
two policy regimes demonstrate the relative effectiveness of training subsidies in improving social efficiency.
Training subsidies can eliminate nearly 80 percent of the output loss, whereas only 15 percent of it can be
removed by permanent-job subsidies. The resulting implication is that the extent to which permanent-job
subsidies indirectly promote training is quite limited, and thus, subsidizing permanent jobs is not effective
to recover the efficiency loss which is primarily caused by suboptimal training.

The rest of the paper is organized as follows. The next section introduces and investigates a benchmark
model with two types of contracts available. On-the-job training is incorporated to the model in Section
Section {4 discusses the estimation strategy and results, examining the model fit to the data. Counterfactual

experiments are designed and implemented in Section [f] Section [] concludes with remarks on future work.



(a) Temporary employment by education level
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Figure 2: Features of temporary employment

(b) Temporary employment and training
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Notes: @The figure is drawn based on the data collected by the OECD on people aged 25-54 in 2011-12. The classification of the level of education is different country
by country, and readers interested in details are referred to the original source: http://dx.doi.org/10.1787/888933132659| The original source does not include relevant
data from Korea, for which alternative data provided by the National Statistical Office of Korea are used. The figure indicates the estimated percentage difference
in the probability of receiving on-the-job training between temporary and permanent workers in 2012. The original data collected by the OECD can be accessed at
http://dx.doi.org/10.1787/888933132811, in which Korea is reported to have minus 4.0 percentage points. However, the number is not statistically significant at
conventional significance levels, and thus, an alternative estimate (minus 12.6 percentage points) suggested by the National Statistical Office of Koreais reported. All
online references were accessed on November 1, 2019. The figure shows the conversion rate to permanent employment for two groups of Korean temporary workers:
those receiving on-the-job training at least once for the past three years, and those never receiving over the same period. The horizontal axis corresponds to years since
the baseline year (2010) when workers were grouped according to their training experience. For details on the data (the KLIPS) used for the plot, see Section

Table 1: A snapshot of the reduced-form analysis results

(a) Determinants of temporary employment

(b) Determinants of receiving training

(¢) Determinant of conversion to perm

(1) (5)

)

(3)

(4) (6)

Level of edu.

Contract type

Training exp.

Secondary —0.488***  —(.293%** Temporary — —0.494*%%*  —(.295%** (extensive) 0.189%** 0.255**
(0.063) (0.075) (0.080) (0.084) (0.092) (0.112)
Tertiary —1.133***  —(.734%**
(0.071) (0.096)
Char. of workers N Y Char. of workers N Y Char. of workers Y Y
Char. of jobs N Y Char. of jobs N N Char. of jobs Y Y

Notes: The tables summarize the results obtained from the reduced-form analysis (using probit models) reported in Appendix and thus, the column numbers in
correspond to those in Tables |8 respectively. For complete results and detailed commentaries, see Tables 8] in Appendix and the notes therein.
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http://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1DE7083&conn_path=I3

2 The Benchmark Model

In order to study the underlying trade-off between permanent and temporary contracts, this section de-
velops a simple framework without human capital accumulation on the job. The model is built based on
a standard random search-and-matching model (e.g. Mortensen and Pissarides, [1994). However, for the
sake of transparency, I exclude productivity shocks that may reflect fluctuations in the demand for firms’
products; instead, two types of employment contracts (permanent versus temporary) are introduced in the
labor market, as in|Berton and Garibaldi (2012), |Lepage-Saucier et al.|(2013), and |Cahuc et al|(2016). The

model presented in the current section will be extended to include on-the-job training in Section

2.1 Setup

Agents One side of the labor market is constituted by infinitely lived workers, whose measure is normalized
to 1. Workers differ in the level of general human capital z € Z, which is constant over the lifetime in the
current setup. Let L(-) be the cumulative distribution function of z, and ¢(-) be its density. It is assumed
that L(-) has no mass points, and ¢(z) > 0 for all z € Z. The other side of the labor market is populated by
homogeneous firms. In particular, all firms are identical in terms of initial productivity (the level of specific
human capital with which a worker starts a new job) and security (the exogenous separation rate). Each
firm is able to employ at most one WOI‘kGI‘E and each worker cannot be employed by more than one firm.

Workers and firms are risk-neutral, and they have a common discount rate r» > 0.

Search and matching Time is continuous. Only and all unemployed workers and unfilled jobs engage in
search activities. Search is random, and governed by a constant return to scale (CRS) matching function
M :[0,1] x Ry — [0,1]. Let U be the number of unemployed workers, and V' be the number of unfilled
jobs (vacancies). Using the CRS property of M(-,-), I denote the job-finding rate of unemployed workers
by p(0) := M(U,V)/U, and the worker-meeting rate of vacancies by ¢(0) := M(U,V)/V, where 6 := V/U is
the labor market tightness to be determined in equilibrium. Standard regularity conditions on p(-) and ¢(+)
apply so that ¢'(8) < 0 < p/(0), limg_,o p(#) = limg_, o, ¢(6) = 0, and limg_, o, p(#) = limg_ q(0) = 1@

Once an unemployed worker and a vacant job meet each other, they jointly decide whether to form a
match or not, based on the expected surplus accruing from the match. When calculating the match surplus,
they weigh two alternatives: permanent versus temporary contracts. If the permanent contract is chosen, the
employment relationship persists until the arrival of the (exogenous) separation shock which follows Poisson
process with rate 6 > 0. Once the permanent match is hit by the separation shock, the worker becomes
unemployed and immediately starts searching for a new job while the job, after paying red-tape firing costs
K > Om disappears. If the temporary contract is opted for, on the other hand, it is stipulated that the
employment relationship is terminated (without incurring any red-tape firing costs to the firm) when the
worker’s job tenure A reaches the predetermined employment duration A > 0. Note that temporary matches

are also subject to the separation shock, but temporary jobs are exempted from paying x in case of its arrival.

5Therefore, “firm” and “job” are interchangeably used in this paper.

61t is also worth noting that the CRS property implies p(f) = M (1,80) + 6p’ (), which will be recalled when establishing
the existence and uniqueness of stationary equilibrium in Section

7As explicitly described in the text, x is bureaucratic costs, meaning that it is not severance payments (i.e. transfers from
the firm to the worker). Thus, a match surplus is affected by k, along the same lines as|Cahuc et al.| (2016).



Obviously, the surplus (dis)advantage of one contract type relative to another type depends on the worker’s
general human capital level, and the worker-job pair chooses the contract type that maximizes the match
surplus. Under both permanent and temporary contracts, wages are determined by Nash bargaining with
workers’ bargaining power € (0, 1)E| Therefore, maximizing the match surplus is equivalent to maximizing
either the worker’s or the firm’s surplus, meaning that disagreement over the contract type does not arise.
Finally, a match is consummated if and only if the maximized surplus is nonnegativeﬂ and neither the

contract type nor the wage is renegotiated.

Discussion on modeling the temporary contract Before formulating value functions based on the
current environment, I briefly discuss characteristics of the temporary contract designed in the model. First,
all surviving temporary contracts are terminated at A, meaning that the temporary-to-permanent conversion
within the same firm is not allowed in the model. I abstract from such a possibility because the transition
from temporary to permanent contracts within the same firm is rarely observed in the data. Second, for
the sake of simplicity, the renewal of temporary contracts is not considered in the model. In quantitative
analysis, I lessen this gap between the model and reality by treating A as the policy parameter that governs
not only the maximum duration of temporary contracts but also the maximum number of contract renewals,
and estimating it. Lastly, if the separation shock arrives before A, the temporary match is immediately
destroyed at no cost in the model. However, the temporary contract triggers red-tape firing costs as well in
practice (albeit less burdensome relative to the permanent contract), and thus, I emphasize that x in fact

stands for the firing-cost gap between the two types of contracts, as in |Gardal (2013)).

Value functions for workers For a worker of type z € Z, let W, (z) denote the value of unemployment,
Wp(z) the value of starting a permanent contract, and W;(z) the value of starting a temporary contract.
Assuming that all meetings lead to matches (which will be confirmed later) allows me to write worker z’s

flow Bellman equation when unemployed as follows:
rWa(2) = bz +p(0) [W(2) = Wu(2)]. (1)

When unemployed, worker z receives bz > 0, instantaneous unemployment benefit depending on his general
human capital level. The matching technology implies that the worker meets a firm at rate p(f). When
the search is successful, the worker starts either a permanent or a temporary job to enjoy welfare gain
W(z) — W,(z), where W(z) := max{W,(z), W(2)} is the value of employment for worker z.

In the case of worker z employed at a firm under the permanent contract, the flow Bellman equation can

be written as
rWp(2) = wp(2) + 6 [Wu(z) — Wp(2)]. (2)

If worker z is permanently employed, he receives flow wage w,(z) that depends on the worker’s type and
remains constant for the life of the match. The permanent job can be destroyed at rate d. In such a case,

the worker experiences welfare loss W, (z) — W, (2).

8In the benchmark model, it is assumed that temporary workers have the same bargaining power as permanent workers do,
which will be relaxed in the quantitative analysis.

9That is, some meetings that are expected to yield a negative surplus do not result in matches, and unemployed workers
and vacant jobs continue their search process. However, as discussed in detail later, all meetings in fact lead to matches in the
current setup because the temporary contract ensures a positive surplus for all matches.



The flow value to worker z of starting a temporary job is determined by the following flow Bellman
equation:
rWi(2) = wi(2) + 6 [Wa(2) = Wi(2)] + e~ TR [p IV, (2) — wi(2)] - (3)

A type-z temporary worker receives wage w;(z) that depends on his type and remains the same for the
duration of the contract. The temporary job is also subject to a separation shock so that it may be terminated
before the specified termination date. The temporary job that has survived until A is inevitably destroyed,
an event that occurs with probability e € (0,1). The change of the (discounted) flow value in that case
is reflected in the last term on the right-hand side of E Note that the last term converges to zero as A

approaches infinity.

Value functions for firms Let II denote the value of a vacant firm, IT,(z) the value of a firm starting
a permanent contract with worker z € Z, and II;(z) the value of a firm starting a temporary contract with
worker z € Z. Let u(z) denote the mass of unemployed type-z WorkersB Assuming again for the moment
that all meetings result in either permanent or temporary matches, I can write the flow Bellman equation

describing II as follows:

rll = —c+ /EZ q(ﬁ)# [II(2) — I} d=. (4)

A vacant firm pays an instantaneous cost ¢ > 0 to maintain its vacancy. The vacant firm meets a worker of

type z at rate ¢(0) “5]2 ), the product of the rate of meeting a worker of any type, ¢(#), and the probability

u(z)
U
welfare gain II(z) — II to the firm, where II(2) := max{IIl,(z),II;(2)} is the value of employing worker z. In

that this worker is of type z, . A successful search and the consequent match with worker z delivers
what follows, I impose a free-entry condition, which requires the expected gain from the search to be equal
to the cost of the search, namely, II = 0.
The flow Bellman equation that determines the value of a firm starting a permanent contract with worker
z reads
rIl,(2) = yz —wp(2) + 0 I — k — I1,,(2)]. (5)

A firm permanently matched with worker z earns flow profits yz —w,(z) per unit of time, where y > 0. Note
that the arrival of a separation shock causes welfare loss IT — k — II,,(2) to the firm, reflecting that the firm
has to pay firing costs  in case of match destruction.

If a firm decides to start a temporary contract with worker z, the corresponding value can be represented

by the following flow Bellman equation:
rI(2) = yz — we(2) + 6 [IT — I, (2)] + e~ CFOX 7T — yz + wy(2)] . (6)

The interpretation of @ is straightforward (and thus, omitted), but it is worthwhile to mention that in @

the firm temporarily employing worker z pays no firing costs under any circumstances.

10Readers who are interested in how to arrive at the above Bellman equations are referred to Appendix
HThus, U = [, u(z) dz by definition.



Surplus For a given worker z € Z, the surplus of starting a permanent contract, denoted by S,(z), and
the surplus of starting a temporary contract, denoted by S;(z), are defined as

Sp(2) = Wp(2) = Wu(2) + 11, (2),

Si(z) := Wi(z) — Wyu(z) + Ii(2),
respectivelyg Let S(z) := max{Sp(z), S;(z)} be the surplus accruing from the match. Then a closed-form

expression for S(z) can be obtained by a simple four-step procedure. First, the assumption that wages are
determined by Nash bargaining over S(z) implies W (z) — W, (z) = 85(z), allowing me to rewrite as

rWy(2) = bz + p(0)BS(z). (7)

Second, one can use (2)), (), (), and (6) (with the definitions of S,(z) and S;(2)) to arrive at

yz —rWy(z) — 0k
Z) =
T+0

Si(z) =11 - e_("+6)A]

; (8)

yz —rWy(z)
r+d8

Third, rW,(z) in and @ can be replaced with the right-hand side of , which results in

(r+6)Sp(2) = yz — bz — p(0)5S(2) — ok, (10)
(r +0)Si(2) = [yz — bz — p(0) BS(2)] [1 — e~ "4, (11)

Lastly, one can simultaneously solve and for two unknowns S,(z) and S¢(z) to derivﬂ

[1— e+ (y — ) .
z) = z ifz<z

o (r1o)A T
S(z) = r+d+[1—e Ip(6) (12)
y—>b 0K

T ot p0)B°  rrotp0)p

if z > z,,

where z,. denotes the marginal worker type who is indifferent between starting a permanent or temporary
job (namely, Sp(zr) = S¢(2r); see Figure for a numerical example), and is given by
7404 [1 —e TN p9)B

= . 1
- e~ (rtO)A(r + 6)(y — b) on (13)

Discussion on S(z) and z, As indicated in the notation, I have derived the explicit forms of S(z) and
z, by treating the labor market tightness 6 € (0, 00) as exogenous. Before closing the model by utilizing the
free-entry condition, I briefly present some properties of S(z) and z, (in the partial equilibrium environment)

which are useful for later analysis. From now on, we suppose that Z = [z,Z], where z > 0 and z < occ.

12Note that the free-entry condition is already embedded in the definitions of Sp(z) and S¢(z).
I3Explicit expressions for Sp(z) and Si(z) are presented in more detail in Appendix
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Match surplus

Figure 3: A graphical illustration of the benchmark model
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Notes: Both@and@are drawn based on the model specification described in Sectionand the estimated parameter values

reported in Table EL with the modification that the values of p, ¢s, and ¢4 are all set to zero. Under the current parameter
setting, 6 = 0.990 uniquely satisfies the free-entry condition (19).

(P1)

(P3)

Positivity of S(z).

Provided that y > b (i.e. market production is more efficient than home production), Sy(z) (and thus,
S(z)) is strictly positive for all z € Z. Accordingly, as long as y > b, all contacts between workers and
firms lead to matches, as previously assumed. This is, of course, because temporary contracts incur no

firing costs.

Ezistence and uniqueness of z.

With all parameter values fixed, z, becomes a function of § € (0,00). Since p’(6) > 0 by assumption,
zr(0) is increasing in 6, with its range bounded by limg_,¢ 2,-(0) and limy_,~ 2,(0). In order to avoid
less interesting cases where permanent and temporary contracts do not coexist in equilibrium, I assume
in what follows that Z is chosen such that z < limg_,o z,(0) and limg_, o 2-(0) < Z. Meanwhile, both
Sp(z) and S;(z) are continuous piecewise linear functions in z, with a kink at z = z,. As the slope of
Sp(z) is steeper than that of Sy(z) for all z € Z (see Appendix , the marginal type z, is unique as

long as it exists.

Trade-off between permanent and temporary contracts.
From the explicit expressions for S,(z) and S;(z) (see Appendix , it follows that S,(z) E Si(z) if

and only if
_ —b 1)
e~ (rHo)A Y A z E K. (14)
r+0+[1—e ("tA)Ap(9)B r+4
relative costs of temporary contracts due to A relative costs of permanent contracts due to

The temporary job that has survived until A (an event occurring with probability e ~°*) is unavoidably
destroyed at A, which causes a surplus loss that amounts to [r+d 4 (1 —e~"+tO)2)(9) 3] =1 (y —b)z. The
left-hand side of exactly represents this amount of loss due to A, with discounting applied. On

the other hand, the right-hand side of stands for the discounted expected firing costs associated

11



with permanent contractsE Notice that the left-hand side is increasing in z whereas the right-hand
side is independent of z, which reconfirms the uniqueness of z,.. It is also noteworthy that the trade-off

between the two types of contracts diminishes as k and A approach zero and infinity, respectively.

(P4) Independence of S, with respect to 6.
Let S, denote the total surplus of the match formed by worker z, (i.e. S, := S(z,)). From and

above, S,. is simply given by

1—e (A /0§
Sr = e—(r+o)A <r + 5> o (15)

which is independent of the labor market tightness . An intuitive explanation is as follows. A rise in 6
(and thus, p(#)) leads not only to a decrease in the slope of S(z) (because of the increased opportunity
costs of forming a match) but also to an increase in z, (due to the increased value of being unemployed).
However, the effect of the former is exactly offset by that of the latter, and consequently, the total

surplus associated with the marginal worker type remains the same for all possible values of 6.

(P5) FEzogeneity of A.
Some readers may ask whether the duration of a temporary contract can be endogenized, as in |[Cahuc
et al.| (2016). In order to inspect this possibility, one can differentiate S;(z) in with respect to A

to obtain
95u(23 ) _ —(r+oa r+9 i

oA 746+ [1— e (rHIAp(9)3

which is strictly positive as long as y > b. This observation implies that any worker-firm pair who are

(y - b)Z,

willing to form a temporary match would choose A if they are allowed to choose the duration of their
temporary contract from the interval [0, A]. Therefore, although A is treated as exogenous throughout

the paper, it can be regarded as an optimal choice made by agents.

2.2 Stationary Equilibrium

Flow equations As a last step to define a stationary equilibrium and study its properties, I examine the
stationary distribution of workers. In a stationary equilibrium (to be formally defined below), the outflow
from unemployment must equal the inflow into unemployment for each type of worker. More precisely, the

following flow equation must hold for all z € Z :

p(B)u(z) = 8 [0(2) = ul(2)] + Lizczyy [ p(O)u(2)], (16)
——
outflow inflow into unemployment

where 1, y is an indicator function that takes the value one if 2z < z,. and zero otherwise. As search is
random, the flow of matches formed by job seekers of type z is simply given by p(6)u(z). Meanwhile, the
mass of employed type-z workers is ¢(z) — u(z), and their jobs are destroyed with flow probability d, as

represented by the first term on the right-hand side of . The second term corresponds to the case where

4Indeed, recall that the separation occurrence follows the Poisson process to see [ (e~ Ttr)de %t dt = 5k /(r + 9).
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temporary workers whose tenure reaches A go back to unemployment due to the nature of the temporary
contract [[7]
s

Letting u; := m and u, := OEE can be equivalently rearranged as follows:

u(z) = { ul(z) if z < zp, (17)

upl(z) if 2>z,

in which u; > w,, reflecting lower job security of temporary workers (relative to their permanent counter-
parts). As [, _,#(z)dz = 1 by assumption, integrating the both sides of over 7 yields the steady state
unemployment rate, namely,

U=ul;+u,(1-L,), (18)

where L, := {(z) dz is the total mass of workers of type z < z,.

z2<2p

Stationary equilibrium A stationary equilibrium for this economy is defined in a standard fashion. An
equilibrium is a labor market tightness 6 that satisfies , with the free-entry condition imposed, as formally
stated in the following deﬁnitionm

Definition 1 (Equilibrium in the benchmark model). A stationary equilibrium is a labor market tightness

6 € (0, 00) satisfying the following free-entry condition:

- wE0) | o
= /Zezqw = 9)8(zs0) (19)

where S(z;0), u(z;0), and U(0) are given by , 7 and , respectively.

See Figure for a numerical example of the equilibrium.

The next goal is to establish the existence and uniqueness of the equilibrium. I introduce mild assumptions
on the model parameters. First, to achieve the existence, in addition to b < y which is motivated by I
impose a sufficient condition ensuring that the cost of posting a vacancy is small enough so that each vacancy
can expect a positive net gain from searching when search frictions for unfilled jobs are absent (that is, when
q(#) = 1). Second, in order to prove the uniqueness result, I lay down two additional sufficient conditions,
under which the cost of posting a vacancy is sufficiently large (compared to the firm’s share of the surplus
from a match associated with the marginal worker type), and the matching rate for a vacancy is always more
elastic (with respect to #) than the matching rate for a worker. Consequently, the decreasing monotonicity

of the firm’s expected net benefit from creating a vacancy (as a function of ) is guaranteed.

L5Notice that only a fraction e %A of newly-formed temporary matches, the flow of which is p(0)u(z), will survive until A.

16From now on, for the sake of clarity, I indicate whether an expression depends on # or not by adding 6 to the notation
when the expression is affected by it: e.g. S(z;0), u(z;0), U(6), etc.
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Proposition 1 (Existence and uniqueness of the equilibrium).
(a) A stationary equilibrium exists under the following conditions:

(E1) b <y,

(E2) c< £(2)(1 = 8)S(2;0) dz, with S(z;0) := limg_, S(z;0).

z€ZL

(b) Furthermore, the stationary equilibrium is unique if, in addition to|(E1)| and the following addi-

tional conditions are satisfied:

(U1 (
(U2)

B)S, < ¢, where S, is given by ,

1—
0p’ (0 04’ (0
IZ,)(((,)) g(é))‘ for all 6 € (0,00).

Proof. See Appendix O

Two remarks on the conditions appearing in Proposition [1| are in order. First, and provide

lower and upper bounds, respectively, for the cost of posting a vacancy, and one may ask whether these two

<

conditions are compatible with each other, namely, whether the following inequality holds in general:

(1-p)5 < [ 01 5)S(0)d (20)
z€Z

Since it cannot be shown that holds true without any restrictions on Z and £(-), I demonstrate the

compatibility by presenting a simple example that requires only minimal assumptions on Z and £(-) in

Appendix Second, is not too restrictive for the purpose of quantitative analysis. For instance, one

may employ a Cobb-Douglas matching function of the form M (U, V) = U="V" with € (0,1) to have

2
IHZS((;) ’
qa(9)

meaning that is satisfied as long as n < 0.5E With this observation in hand, it is worth mentioning
that an elasticity of 0.5 (7 = 0.5) is commonly used in the literature (see |Petrongolo and Pissarides|, 2001)@

B
1_7%

Comparative statics Based on the existence and uniqueness results above, I study how the stationary
equilibrium responds to a variation in two policy parameters x and AE First, a rise in the firing costs
associated with permanent contracts affects the right-hand side of , the firm’s expected benefit from

creating a vacancy, in three distinct ways:

(K1) A negative effect of a decrease in the surplus of forming a permanent match;
(K2) A positive effect of an increase in the unemployment rate for marginal workers who were previously
indifferent but now, due to prefer temporary to permanent contracts;

/
7Notice that, as implied by this example, |(U2)| has two equivalent variants: ‘05 (é?) ‘ < 0.5, or alternatively,
for all 6 € (0, 00).
18The value of 0.5 is also utilized in the quantitative part of this study; see the discussion contained in Section
190nly an informal discussion is presented here; Appendix is devoted to provide technical details, including a formal
statement (Proposition and its proof.

64’ (8)
wor| > 05

14



(K3) A negative effect of an increase in the aggregate unemployment rate, which is induced by the increase
in the unemployment rate for marginal workers in

Note that [(U1)|is enough to make overwhelmed by |(K3)| leading to a conclusion that a rise in & drives
the labor market tightness down.
Second, the response of the labor market tightness to an extension of the maximum duration of temporary

contracts can be decomposed into four componentsﬂ

(L1) A positive effect of an increase in the surplus of forming a temporary match;

(L2) A positive effect of an increase in the unemployment rate for marginal workers who were previously
indifferent but now, due to prefer temporary to permanent contracts;

(L3) A negative effect of a decrease in the unemployment rate for existing temporary workers;

(L4) An ambiguous effect of a change in the aggregate unemployment rate, which is jointly caused by the
increase in the unemployment rate for marginal workers in and the decrease in the unemployment
rate for existing temporary workers in

As witnessed in [(L1)] one cannot sign the effect of a longer A in general. Accordingly, in Appendix
I propose two sufficient conditions, one making [(L1)| outweigh and the other ensuring the positivity of
(L4)} to establish the overall positive effect of a longer A on the labor market tightness.

Welfare properties The last question addressed in this section is whether the stationary equilibrium in
the decentralized economy can achieve the social planner’s allocation@ The objective of the social planner
is to choose the labor market tightness 6 € (0,00) and the marginal worker type z. € [z,Z] to maximize
aggregate output (including home production) net of the firing costs (incurred by permanent contracts) and
the vacancy costs subject to constraints associated with labor market configurations (such as the search

frictions and the fixed duration of temporary contracts), namely,

max /:T {(z) —u(z,0)} yz + u(z,0)bz — Ou(z,0)c] dz

+ /2 [{l(z) —u(z,0)} (yz — 0k) + u(z,0)bz — Bu(z,0)c] dz (21)

T

subject to, recalling that u.(0) = W and wup(6)

— )
0)+o  p(6)+9°

u(z,0) = { u (0)(2) %f z < Zp,
up(0)l(z) if 2 > 2.

Let 0 and 2! denote the labor market tightness and the marginal worker type, respectively, chosen by the
planner, as opposed to 6* and =z, the corresponding objects in the decentralized economy. As apparently
observed in , the planner has no interest in how to divide the surplus of a match between a worker and
a firm, implying that both #¥ and 2! are independent of the exogenous bargaining power parameter 3.

Accordingly, the question of efficiency boils down to whether there exists a value of § € (0,1) that ensures

20Contrary to the previous case, u(z;6) in 1} is directly affected by a change in A, making the analysis more complicated.
21For the sake of simplicity, time discounting is ignored (that is, » = 0) in the following discussion.
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Figure 4: A graphical illustration of the social planner’s objective function in the benchmark model
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Notes: The figure is drawn using the estimated parameter values reported in Table |2} with the values of p, ¢s, and ¢, all set
to zero. Although it has no significant economic meaning, it is instructive to observe that the level of welfare implementable
by the planner amounts to 12.78, a number 0.33 percent greater than that of the decentralized economy.

0* = 0F and 2} = 2F. Appendix is devoted to unraveling this question, thereby establishing the following

proposition (with some technical assumptions).

Proposition 2 (Inefficiency of the decentralized economy). Suppose that the social planner’s objective func-
tion is uniquely mazimized at (0,z,) = (0¥, zF). Then there is no value of 8 € (0,1) that simultaneously

guarantees 0* = 0F and 2} = 2. In other words, the stationary equilibrium is not efficient.

Proof. See Appendix O

Figure (4] provides a graphical illustration of Proposition [2] and the intuition behind the proposition is
as follows. Since the planner’s optimal choice (6%, 2F) uniquely maximizes the objective function , the
stationary equilibrium is efficient if and only if 6* = 67 and z = zF. However, the value of 3 which is

implied by 6* = 6 cannot coincide with the value of 8 which is pinned down by z* = 2. This is simply

P

. are two distinct objectives which are incompatible with each other: the former

because 0* = 67 and 2} = 2

is required for an efficient total supply of jobs, whereas the latter is necessary for an optimal contract type

choice. In a word, there is a “fundamental tension,” as in [Davis| (2001)) and Ljungqvist and Sargent| (2012]

Chapter 28), which prevents the decentralized economy to be efﬁcientﬂ

22 An alternative argument for Propositioncan be made based on the condition. Specifically, as the benchmark
model belongs to the family of undirected search models, the standard Hosios condition 8 = 1—n(6) (where n(0) = 6p’(0)/p(0)
so that 1 — n(f) = —0q’(9)/q(#)) can be regarded as a necessary condition for efficiency. However, in general, 8 = 1 — n(6%)
conflicts with 8 = 1 — ¢[q(8F)S,-] ™! that is required for 2} = 2 (for instance, when the matching function takes the form of
Cobb-Douglas, 7(0) becomes constant whereas g(0) still depends on ), leading to a failure of efficiency. For detailed arguments,
see Appendix @ in which how to attain the socially optimal equilibrium is also discussed.
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3 The Extended Model

The benchmark model developed and explored in Section [2|describes well the landscape of the dualized labor
market, including the considerable share of temporary jobs, and the strong link between low education and
temporary employment. However, much the same as models previously studied in the literature, this simple
framework lacks a channel for human capital accumulation on the job. As a result, the role of training as an
accelerator for the temporary-to-permanent conversion cannot be investigated within the benchmark model,
calling for an extension of the model to incorporate human capital accumulation on the job—a main objective
of this section. I extend the benchmark model by introducing two types of human capital: “general” and
“specific” (Becker, 1964)@ The main ingredients for the extension are largely borrowed from |Flinn et al.
(2017), and the key distinctions between the following extended model and theirs are drawn in Section

Section redefines the stationary equilibrium in the new environment to study its welfare properties.

3.1 Setup

Agents The measure of workers is normalized to 1, as in the benchmark model. Each worker is born with a
certain level of general human capital zg € Z, which is drawn from the cumulative distribution function L(-).
Over their lifetimes, workers can increase the level of general human capital through on-the-job training when
employed. To distinguish the current level of general human capital from its initial (innate) level, I denote
the former by z € Z, where Z is assumed to be an evenly-spaced discrete set of N points (spaced by ¢, > 0),
namely, Z = {z1,...,zn}. Notice that depreciation of human capital is not modeled, and thus, z = z; is
always greater than or equal to zg = z; for a given Worker@ All workers are subject to a “retirement”
(death) shockﬁ which arrives at Poisson rate p > 0. Each retired worker is replaced with an unemployed

entrant who possesses the same initial level of general human capital.

Search and matching Unemployed workers and vacant jobs are brought together by a matching function
M(-,-). A match between a worker and a job is formed if and only if the expected joint match surplus
is nonnegative. The expected joint match surplus is determined by their decision on the type of contract
and the type of training. As before, there are two types of contracts (permanent and temporary contracts)
available to a worker-firm pair. For each contract type chosen, it can be also decided whether to invest in
training or not. If they agree to invest in training, the type of training (either specific or general training, but
not both) can be chosen as well. To sum up, the choice set for a worker-firm pair consists of six options@
among which the best one (i.e. an option that yields the maximum expected joint match surplus) is chosen
by the pair. As in the benchmark model, wages are determined by Nash bargaining over the match surplus,

with 8 € (0, 1) being the bargaining power of workers.

23General human capital is defined as a type of human capital that is equally productive in all jobs. Specific human capital,
on the other hand, is defined as a type of human capital that is productive in a given job but not in the other jobs.

241n other words, j € {i,i+1,..., N —1,N} for a given i € {1,..., N}. Note that I use “z;” and “z;” throughout the paper
to represent a typical value of z and zg, respectively.

25The value of retirement is simply set to zero.

26For notational convenience, let p and ¢t denote permanent and temporary contracts, respectively. Furthermore, let n, s,
and g denote no training, specific training, and general training, respectively. Then the choice set for a worker-firm pair can
be concisely described as {(p,n), (p, s), (p, 9), (t,n), (¢, s), (¢t,9)}-
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On-the-job training I assume that every worker starts a new job (which can be either permanent or
temporary) with the same level of specific human capital, denoted by yo. It is further assumed that the
production function has the form of yz (the product of the specific human capital level and the general
human capital level), meaning that the flow output of a match associated with a worker whose specific
human capital level equals yy and general one equals z is given by y9z when all amount of time of a given
moment (which is normalized to unity) is devoted to production.

If a permanent or temporary contract which stipulates specific training of a worker with general human
capital z starts, an amount of time 74(z) is allocated for specific training at every moment of time until the
training is complete. The completion of training follows a Poisson process with arrival rate ¢;. If the training
is complete, then the level of specific human capital increases to y; > yo. Endogenous job separation after the
training completion is not allowed, but a new wage is negotiated via Nash bargaining over the match surplus
that has been changed due to the increase in y. I assume that, once the training is complete, no further
training is available until the match is exogenously separatedﬁ In case of general training, everything is
the same as the specific case, except that 7,(z) and ¢4(2) replace 7,(z) and ¢, respectively, and that the
completion of general training leads to an increase in the general human capital level from z to 2/ = z + ¢,.
In what follows, I suppose that 74(2) = ¢4(2) = 0 for z = zy (with ¢4(z) = ¢, for z < zn) so that a worker

with z = 2z cannot “break through the ceiling” through general training.

Surplus As in the benchmark model, one can formulate value functions for workers and firms under the
extended environment. Omitting a detailed discussion on it, I delve into surplus functions in what follows.

For a worker of type z € Z, the surplus of a permanent contract that does not stipulate any type of
training is denoted by S, ,(z). Following a similar procedure described in Section (see , in particular),
one can obtain

(r+p+0)Spn(2) =yoz — (r+ p)Wul(z) — ok, (22)

where W, (z) is the value of unemployment so that it satisfies the extended counterpart of , namely,
(r+p)Wu(z) = bz + p(0)55(2), (23)

in which S(z) represents the expected joint surplus accruing from the match (to be formally defined later).
Let S, s(%) denote the surplus of a permanent contract that stipulates specific training of a worker with

general human capital z. Then S, ;(z) satisfies the following equation:
(14 p+ 8)Sps(2) = [1 = 7o oz + b [SE2(2) = Spus(2)] = (7 + ) Wal2) — o5, (24)

where SP3(z) stands for the surplus that can be enjoyed after the completion of specific training, and it is
formally described ad™|
(r+p+8)S22(2) = g1z — (r + p)Wa(2) — Ok (25)

27This assumption is consistent with the finding of previous studies (e.g. |Flinn et al.| 2017) that workers receive training,
typically, during the early period of employment.

281t is worthwhile noting that the outside option of the worker does not change even after the completion of specific training
(because the specific human capital accumulated on the job is supposed to be fully depreciated upon destruction of the match),

as reflected in .
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If the worker-firm pair decides to invest in specific human capital, an amount of time 1 — 75(z) is allocated
to production while the remainder 7,(z) is devoted to specific training. The investment in specific human
capital becomes successful at rate ¢, in which case the surplus is changed to Sg;j(z). The third term on
the right-hand side of is related to the outside option of the worker. The last term appears since the
permanent contract is currently under consideration.

The surplus delivered by a combination of the permanent contract and the general training for a worker

with z < zy is denoted by S, 4(%). A similar argument as the case of S s(%) allows me to write
(1 0+ 8)Spg(2) = [L = 74(2)] 02 + 0y [SEE() — Spgl2) + Wal2) = Wul2)] = (4 p)Wa(2) — 35, (26)

where Sg;g(z’ ) corresponds to the surplus that is updated after the completion of general training, whose

formal definition is implied by
(r 4 p+ O)SEI() = yor' — (r + PWa(2) — k. (27)

If a type-z worker receives general training, only an amount of time 1 — 74(z) is used for production. The
general training for the worker is completed at rate ¢4, which results in an “upgrade” of general human
capital from z to 2/ = z + ¢,. The growth of general human capital induces an adjustment not only in
the match surplus but also in the worker’s outside option (because the general human capital accumulated
through training will not be destroyed upon separation of the match), as indicated in the second term on
the right-hand side of . The last two terms show up for the same reason as before.

In order to calculate S; (%), the surplus of a temporary contract that does not stipulate any type of

training for a worker with z, one can refer to the discussion in Section (especially, @[)) to arrive at
(r+p+08)Sin(z) = [L—e” TP [yoz — (r 4+ p) W, (2)] - (28)

Recall that the temporary job that has survived until A must be destroyed without any exception, which oc-
curs with probability e~ (Pt9A ¢ (0,1). For later purposes, let o, :==1— e~ (rtP+0)A denote the “suppression”
coefficient needed to calculate the “effective” surplus under (¢, n).

If a worker z and a firm on a temporary contract agree to invest in specific human capital, the expected

surplus, denoted by S; s(2), has to satisfy
(r+p+06)Se,s(2) = [1 = e M [(1 = 75(2))yoz — (r + p)Wu(2)]

A
+é, / Rae R85 (2 ) dn — Sy 4(2) | (29)
0

where Ry := 71+ p+ 8 + ¢, is the effective discount rate, and Stt,’(f(z, n) stands for the surplus that can be
achieved if the specific training is completed at the moment that the worker’s job tenure reaches n € [0, A],

which is implicitly defined as
(r+p+68)Ss(z,m) = [1 — e ORI [y 2 — (r 4 )W, (2)]. (30)

When a temporary worker with z receives specific training, an amount of time 75(z) is invested in it, and
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thus, the match produces a flow of output (1 — 75(z))yoz per unit of time. The term (r 4+ p)W,,(z) shown in
the first line on the right-hand side of represents the worker’s outside option as before, while the term
1 — e BsA in the first line is included to take into account the fact that the temporary job “surviving” until
A (which is realized with probability e~ (?+9+®:)A) is inevitably destroyed at A. The second line of is
the counterpart of ¢[S53(z) — Sps(2)] in , indicating a surplus change initiated by the completion of
specific training. For future purposes, it is convenient to define o, := 1 — e~ #+A, the suppression coefficient

required to obtain the effective surplus under (¢, s), and
A
5, = / Ryeen [1 = =000 ap,
0

the expected suppression coefficient necessary to calculate the effective after-specific-training-completion
surplus under the temporary contractﬁ
Let S; 4(z) denote the surplus of a temporary contract that stipulates general training of a worker with

general human capital z < zy. In a similar fashion as above, one can derive
(r+p+0)Seg(2) = [1 — e BN [(1 = 75(2))yoz — (r + p)Wa(2)]

A
+ &g /O Rge™1sn S0 (2" i) diy — St (2) | + dg[L — e A Wi (2') = Wu(2)],  (31)

where R, := 7+ p+ 0 + ¢4 is the effective discount rate, and Sf:g (2',n) represents the surplus which is
recalculated if the general training is completed at the moment that the worker’s tenure on the job reaches

1 € [0, A], namely,
(5 p 8)SEI( ) = [1 = e~ THPHDAD] [y — (1 )T, (2], (32)

The first line of has the same interpretation as that of , and the second line can be regarded as the
counterpart of ¢g[Sh9(2") — S 4(2) + Wiu(2') — Wy (2)] in . Note again that the general human capital
accumulated via training will not be shattered upon termination of the contract. Therefore, both the match
surplus and the worker’s outside option need to be reevaluated in response to the increase in general human
capital, as reflected in the last two terms of . Under the current context, o, and ¢, can be similarly

—RyA
)

defined (and interpreted) as in the case of (¢, s), namely, o, :=1—e and

A
5, = /O Rye™ o [1 = e Ho 0] gy

Lastly, given a worker with general human capital z, the expected joint surplus accruing from the match,

S(z), is formally defined as
S(z) :=max {Spn(2), Sp,s(2), Sp.g(2), St.n(2),S1.s(2),St,q(2)} - (33)

See Figure [5l(a)| for a numerical example of S(-).

and that it converges to 1 as A tends to infinity.
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Figure 5: A graphical illustration of the extended model
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Notes: Both figures are drawn based on the model specification described in Section and the estimated parameter values
reported in Table @ The labor market tightness is normalized to one for estimation so that, given the estimated parameter
values, 0 = 1 is the unique value that satisfies the free-entry condition (38).

Discussion on S(z)

(Q1) Temporary contracts and on-the-job training.
In the extended model, holding a temporary contract diminishes the incentive to invest in both types
of human capital, which is consistent with the stylized fact discussed in Section [[] This implication
from the model is intuitive: ceteris paribus, the period during which the temporary worker-firm match
can gain the benefits from successful training is relatively short due to the predetermined duration of
the temporary contract, thereby forcing them to hesitate on investing in any type of training. In what

follows, I formally establish this implication for the case of specific human capitalm

In order to show that temporary employment results in a lower incentive to invest in specific training,
I first study under what conditions a permanent worker-firm match invests in specific training, that is,
Sp.n(z) < Sp.s(2) for a given z € Z. For this purpose, I replace (r + p)W,(z) in and with the
right-hand side of to arrive a@

[r+p+0+p(0)B] Spn(2) = (yo = b)z = or,
[r+p+36+p(0)B] Sps(2) = (yo — b)z — 6k — 75(2)yoz + s [55,’5(2) - Sp,S(Z)] )

from which it follows that S, (%) < Sp,s(2) if and only if the costs of specific training are less than its

30In the case of specific human capital, [Berton and Garibaldi| (2012)) and [Cabrales et al| (2017) have arrived at the same
conclusion, but their analysis has been carried out within a restricted environment (in which, for example, constant exogenous
wages are assumed so that temporary and permanent workers receive the same wage). Establishing the same implication for
general training is a little complicated because of the following reason. The benefits from general training result partly from an
increase in the value of the worker’s outside option, and the worker can enjoy such partial benefits earlier if he receives general
training on a temporary contract. Thus, the amount of the partial benefits needs to be sufficiently small to arrive at the desired
result. However, the key argument is the same, and thus, I omit the discussion on general training.

31To obtain the following expressions, permanent deviations are considered so that Sp, »(2) or Sp s(2) is substituted for S(z)
when (r + p)Wy(2) is replaced with bz + p(0)8S(2).
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expected benefits, namely,

To(2)yoz < s [Sr2(2) — Sps(2)] -

Then one can use the fact that Ry [SP5(z) — Sy 4(2)] = y12 — [1 — 75(2)] yoz to conclude that, under
the permanent contract associated with a type-z worker, investment in specific human capital occurs
if and only if

(r+p+0)m(2)yo < ¢s(y1 — vo)- (34)

Notice that, provided 7;(z) < 0 for all z € ZE the left-hand side of is decreasing in z whereas the
right-hand side is constant, implying that, if holds for some z € Z, it is satisfied for all 2’ > 2.

A condition under which a temporary worker-firm match invests in specific training can be derived in
a similar way. More precisely, one can use to rewrite and as follows:

[r+p+ 0+ 0,p(0)5] Se.n(z) = on(yo — b)z,

[7" + P + ) + Unp(g)ﬁ] St,s(z) = Un(yO - b)Z - UnTs(Z)yOZ + %&s}/vs(z)v
where Y;(z) := y12 — [1 — 75(2)] yoz represents the change in flow output thanks to the completion of

specific training. Therefore, S; ,,(2) < S s(2) if and only if 0, 75(2)yoz < %&SYS(z), or equivalently,

os(r+p+0)7s(2)yo < GsPs(y1 — Yo)- (35)

Again, the left-hand side of is decreasing in z as long as 7.(z) < 0 for all z € Z, suggesting that
Stn(-) and S 4(-) cross at most once over Z. Furthermore, since o;, > &5, by comparing with
(34), one can easily reach the conclusion that temporary employment leads to a lower incentive for

investment in specific human capital, as desired.

Cutoff human capital levels.

The endogenous accumulation of general human capital makes it complicated to characterize the con-
tract type choice and the training investment decision without specific parameter values. However,
two simplifying assumptions (namely, no depreciation of general human capital and no availability of
general training for those with z = zy) substantially facilitate the analysis. Specifically, under these
two assumptions, one can first study the problem faced by type-zy workers and their potential em-
ployers, and then, based on the inspection result for them, one can tackle the problem associated with
type zy_1, and so on. Nevertheless, a complete analysis is still demanding, and thus, not pursued
in this paper. Instead, guided by estimation results to be discussed below (see Section 7 I focus
only on the case where (p,s), (p,g), (t,9), and (t,n) are selected by groups of workers with “high,”
“high-medium,” “low-medium,” and “low” levels of human capital, respectively@

32Here it is implicitly assumed that 7s(-) is differentiable on its entire domain (which is supposed to be a superset of [z1, zx]).
Consistent with this assumption, I restrict the function 75(-) to have the form 7,(z) = 7/z with T fixed as 1 when estimating
the model; see Section

33 Accordingly, it is assumed that S(2) # max{Sp,n(2), St,s(2)} for any z € Z. Furthermore, it is also assumed that |Z| = N > 4
in the following analysis.
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Before proceeding further, it is convenient to introduce the following notation. Let 2:7 be the largest
zj € Z\ {zn} such that S(zj) = Spg(z;) and S(2}) = S s(2}) for all 2} € {zj11,... ,ZN}. Similarly,
for a given 285 € Z, let 2] be the largest z; € Z\ {287,...,zx} such that S(Zj) = S;4(z;) and
S(2}) = Sp4(2}) for all 2} € {zj+1, ..., 25}, Lastly, for a given (205, 2)) € 72, let zt 9 be the largest
zj € Z\{2{),...,2n} such that S(z;) = S n(zj) and S(z}) = S ¢(2}) for all 2} € {zj41, .. zf’gg}ml
am now ready to study how 255, 27,
algebra, I specify the training cost functions 75(+) and 7,4(-) as 75(z) = 74(2) = 27!, a functional form

and zt 7 are determined. Notice that, in order to facilitate the

employed for the quantitative analysis later in the paper.

i. Sp,s(z) versus Sp 4(2).

Let Yy := yo2z’' — [1 — 74(2)] Yoz = yot» + Yo be the change in flow output owing to the completion

p(0)B
r+6+p(0)8

Suppose that workers with z = zx and their employers choose (p, s), that is, S(zn) = Sp s(2n)-

of general training, and let P() := be the “effective job-finding rate” (for a given 6).

Then, assuming that all other options are dominated by (p, s) or (p,g) (to be confirmed later),
one can find 2p-7 by successively (starting from zy_; and potentially ending with z;) checking
whether S, (2 ) < Spg(2) is satisfied by a candidate z = z;. In other words, zP"* is determined by
the largest z; € Z \ {zn} satisfying

Ps Pg Py ¢s r+ 5

Poyiz)—2oy | <« Lo5|p 1— P(6))b] 1., 36

Rs (ZJ) Rg g Rg ( ) R R +( ( )) L ( )
expected gains from (p, s) relative to (p, g) expected gains from (p, g) enjoyable in the future

enjoyable at the current job

where the left-hand side represents the expected gains from specific training that are enjoyable at
the current job (relative to general training), whereas the right-hand side corresponds to the ex-
pected gains from general training enjoyable in the future (when the current match is destroyed)@
Notice that the left-hand side is increasing in z; while the right-hand side is independent of it,
which verifies that S(2}) = Sp 5(2}) for all 2} € {205 + 1., ..., 2N}

ii. Spq(2) versus Sy q4(2).

The cutoff level 2} is determined by the largest z; € Z \ {255

e+, 2N} satisfying

e_RQARgSg(z) + [Rg + (1 + rf—gp) p(ﬁ)ﬁ} Og (0g —Gg) Sg’g(z’)

¢g R!]
< |Ry+ 0o p(0)3| ————0k 37
{9 9( r+p ©) r+p+o 37)
34For notational sunphc1ty, both the dependence of 2777 on 2375 and the dependence of zf on (2375, 2y ) are suppressed. That

p.g DS D9 (P D,9 : ; :
is, I express z;’ (z 7) and zt n(zp:g, Zt (zpjg)) 51mply as z; ] and zt 9, respectively, unless any confusion arises. Meanwhile,

it has to be remembered that 25’ izp g and Zz 9 all depend on 6 although notationally suppressed.
(36

35Indeed, the right-hand side of ) describes all possible cases that may occur to the worker when his current job is destroyed
at rate § after his general human capital level increases by ¢, at rate ¢g. When unemployed, the worker either does find a new
job with “probability” P(6), or does not with “probability” 1 — P(0). If he finds a new job, his specific human capital level
could be either y1 or yo, depending on whether specific training is successfully completed with “probability” ¢s/Rs or not with
“probability” (r + §)/Rs. If he fails to find a new job, the worker simply receives unemployment benefits b.
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where ngg(z’) =(r+p+06)""yoz' — (r+ p)Wu(z)], and

Sg(z) == {yo — (1 + Tﬁfp) b} Z =1%o+ ¢g [Sg’g(z’) + Wu(z’)] .
The left-hand side of stands for the relative costs of temporary contracts due to A, while the
right-hand side corresponds to the relative costs of permanent contracts due to s, when general

training is available on both types of contracts. Therefore, if p = ¢, = 0, collapses to .

ili. Stq(2) versus Sin(2).
The procedure to characterize the cutoff level szl is less intuitive and more complicated. Thus, I

relegate details to the online appendix to this paper (available upon request).

3.2 Stationary Equilibrium

Flow equations Analytically deriving the stationary transition equations in the current environment is a
complicated task simply due to the endogenous dynamics of human capital accumulation. Consequently, for
a thorough discussion, I refer readers to Appendix [A.7] which includes an instructive example for the case of
N =4 (see Figure 11| therein). However, I introduce the related notation here for the following discussion.
For a given labor market tightness 6, let éz (6) denote the mass of workers whose initial general human
capital level is z; € Z and current general human capital level is z; > zi Similarly, let uf (9) denote the
mass of unemployed workers with (z0,2) = (2;,2;) with ¢ < j. Meanwhile, I denote by gf (0) the mass of
employed workers who were initially born with zy = z;, and have completed the general training with the
current employer so that his general human capital has increased from z;_; to z;. Lastly, I denote by sZ (0)
the mass of employed workers whose (2o, z) equals (z;, z;) with ¢ < j, and specific human capital is y; thanks

to the completion of specific training on the current job.

Stationary equilibrium I slightly modify Definition [I]in Section [2:2]to define the stationary equilibrium
of the extended model as follows (see Figure [Bll(b)| for a numerical example of the equilibrium).

Definition 2 (Equilibrium in the extended model). A stationary equilibrium is a labor market tightness

6 € (0,00) satisfying the following free-entry condition:

o= X al0) (25 (- 5)S(550), (39)
z; €L

where S(z;;0) is given by , u(z;;0) = ZlgigN uf(@), and U(0) = Zlgjgzv u(z;; ).

Welfare properties The objective function of the social planner can be constructed in a similar manner
to the benchmark case. The planner chooses the labor market tightness 6 € (0,00) and the set of options
{(c(20), h(20)) }20ez € {(psn), (p, 5), (D, 9), (t,n), (t, 5), (t, g)} to maximize aggregate output (including home
production), net of the training costs, the firing costs (incurred by permanent contracts), and the vacancy

costs, subject to constraints associated with labor market configurations (such as the search frictions and

k3

3By definition, £(z;) = 35, €1 (0) for all z; € Z, and 3, 3,5, £1(0) = 2, £(zi) = 1.
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Figure 6: A graphical illustration of the social planner’s objective function in the extended model

14.6 — The planner's obj. fun. The planner's solution

14.2

Total output
[N
w
o

13.4

O Equilibrium

13.0
0 0.5 1 1.5 2
Labor market tightness

Notes: The figure is drawn based on the estimated parameters reported in Table along with the model specification described
in Section@ The total output in equilibrium is 13.1, a number 9.4 percent below than the level achievable by the planner.

the fixed duration of temporary contracts)ﬂ Since a formal definition and analysis of the planner’s objec-
tive function requires some more notation, I relegate further details to Appendix and discuss welfare
implications in an informal way (see Figure |§| for a numerical illustration).

As claimed in Proposition [2 the stationary equilibrium of the benchmark economy (where training is
not available) is not efficient. The extended model inherits this property so that the stationary equilibrium
is not efficient as well. However, the availability of general training deteriorates the inefficiency because of
positive externalities associated with general training . Indeed, the benefits from general
training are shared by the worker’s future employers although they pay nothing for their benefits, leading to
underinvestment in general training in the decentralized economy@ In Section I quantitatively investigate

this theoretical implication.

37To understand notation such as (p, s), see Footnote

380n the other hand, specific training does not cause any inefficiency. To be specific, the investment decision is made after
the match is formed, and accumulated specific human capital (if any) is completely depreciated when the match is destroyed.
Thus, the labor market tightness does not affect the investment decision, and the benefits from specific training are not shared
by any third party, both resulting in the socially optimal decision for specific training.
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4 Estimation

4.1 Data

For the quantitative analysis, I utilize the 2002 to 2017 waves of the Korean Labor and Income Panel Study
(KLIPS)@ The KLIPS is an annually conducted panel survey on a sample of 5,000 Korean households and
their members (aged 15 or over) designed to represent the nationwide population. In addition to standard
individual characteristics (such as gender, age, and education), the data provide information on employment
and labor market outcomes (such as wage, training participation—both at the extensive and at the intensive
margins, and contract type). Accordingly, the data allow me not only to trace each individual’s wage and
training participation history, but also to observe contract type transitions occurring in the labor market
(e.g. the transition rate from temporary to permanent contracts).

The descriptive statistics of the data are presented in Table [7]in Appendix The summary statistics
confirm the stylized facts in the temporary employment literature: the low-educated are over-represented in
temporary jobs, and temporary workers receive less on-the-job training than their permanent counterparts. I
use a probit model to formally document the determinants of temporary employment and training incidence
in the Korean labor market (Tables and@ in Appendix . I also provide empirical evidence that training
can accelerate the transition from temporary to permanent employment (Table [10|in Appendix .

The results from the reduced-form analysis suggest that female workers are more over-represented in
temporary jobs than their male counterparts, receiving much less on-the-job training. Thus, in the following
quantitative analysis, I focus on female workers by estimating the model using a subsample consisting
of female respondents aged 20 to 65 in 2010. The quantitative results regarding male and all workers are
reported in Tablein Appendix and discussed in detail in the online appendix (available upon request).

4.2 Estimation Strategy and Identification

Model specification To specify the distribution of innate abilities L(+), I choose the gamma distribution,
which is parameterized by two additional parameters p, and 02@ The functional form of the matching
function is borrowed from the literature (e.g. Petrongolo and Pissarides, [2001)) so that M (U, V) = hU="V",
where h is estimated whereas 7 is fixed as 0.5. I use 75(2) = 74(2) = T/%, where T is fixed as 1 in the estimation
stage. In Section a decrease in T (i.e. a reduction in training costs) is allowed through subsidies financed
by lump-sum taxes on employed workers, and its effects on the labor market are investigated.

The values of (r, p, 8, b, yo, N) are set to be (0.04,0.04,0.5,3, 6,12), respectively. I normalize a time period
to be one year, and set the discount rate to r = 0.04 (corresponding to an annual discount factor of 0.96).
I set the retirement shock to p = 0.04, which generates an average career length of 1/0.04 = 25 years.
Following the literature (e.g. |Pissarides| [2009), I set the workers’ bargaining power parameter to 5 = 0.5,
and later examine the sensitivity of the quantitative results to variation of 3 (see Table in Appendix
B.3). The home production and the initial match productivity parameters are set to b = 3 and yo = 6,

respectively. In the estimated model, this choice makes the ratio of the average unemployment benefit to the

39The year 2002 corresponds to the fifth wave of the KLIPS. I have opted to drop the first four waves because there were
adjustments to the questionnaire between wave 4 (2001) and wave 5 (2002).

40Given a shape parameter p. > 0 and a scale parameter o, > 0, the mean and variance of the gamma distribution are p o
and pzo2, respectively. For the purpose of estimation, the gamma distribution is truncated on the interval ranging from two
standard deviations below its mean to one standard deviation above.
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average wage amount to 0.52—a number very close to the unemployment benefit rate in Korea (50 percent
of previous wages). Lastly, I have found it sufficient to use Z containing N = 12 points for the purpose of

estimation, leading to a total of 10 parameters to estimate.

Estimation method To estimate the model, I use the method of simulated moments (MSM), a widely-
used structural estimation technique (McFadden, [1989; [Pakes and Pollard, [1989). Loosely speaking, the
MSM finds the set of parameter values that minimizes the weighted difference between the actual data
moments and the simulated data moments@ Formally, the MSM can be implemented by the following three
steps. First, use the data to calculate a vector of moments 7y, where N is the number of observations in the
sample. Second, choose a vector of parameter values, denoted by 1, and generate S simulated careers from
the model to construct mg(%), the model counterpart to my. Lastly, iterate the second step until 1])\, the
vector of parameter values that brings mg(-) as close as possible to My, is found. Ultimately, the procedure

of the MSM 1is summarized as follows:

¢ = arg min [y — s (1)) Wi [y — s ()],

where ¥ is the parameter space, and WN is a positive-definite weighting matrix

The practical use of the MSM estimator is often challenging mainly due to the large parameter space
and the existence of many local minima of the objective function. Recent studies in the search and matching
literature (e.g. |[Jarosch, 2015; [Lise et al., [2016)) overcome this difficulty by using the Markov chain Monte
Carlo (MCMC) method developed by |Chernozhukov and Hong| (2003)), and I rely on the same strategy. To
be specific, I simulate a Markov chain with ergodic distribution, and compute the mean of the Markov chain
to obtain a point estimate for the parameters. In addition, standard errors of the parameter estimates are

obtained as the standard deviation of the Markov chain.

Identification A rigorous analysis of identification is beyond the scope of this paper, and thus, I present
an identification argument in a heuristic way. To be specific, I discuss, among all moments to be used in the
estimation, which one is (ones are) expected to be sensitive to a particular parameter. Then I support my
choice of moments by reporting the elasticity of each moment with respect to each parameter (Table [11] in
Appendix .

The rate of improvement in specific or general human capital directly affects training investments. Thus,
I utilize training participation rates of permanent and temporary workers (Moments S1 and S2 in Table[2)) as
key moments to identify ¢, and ¢,. In the model, the transition from temporary to permanent employment
is solely explained by the increase in z through general training. Therefore, in order to discipline ¢, more
precisely, I also include the rate of “transition” from temporary to temporary employment over the three-year
interval (Moment S3), and the share of permanent workers who were, three years ago, temporary workers

receiving on-the-job training (Moment S4). Higher firing costs are positively related to a higher incidence

41Examples of moments include the share of permanent or temporary workers who have received on-the-job training during
the last year, the average job tenure of permanent or temporary workers, the mean wage of permanent or temporary workers,
etc. See Table [2| for the set of moments used in estimation. R

42] use the bootstrap to compute the variance of each element in 7y, and construct a diagonal matrix Viy with diagonal
entries equal to the estimated variances. Then I set /V[7N = \71\71 for the purpose of estimation.
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of temporary employment. Accordingly, I inform x by computing the share of temporary workers among all
employees in the labor market (Moment S5).

Recall that the matching elasticity parameter is chosen to be 7 = 0.5, and hence, given the labor market
tightness (to be targeted), the matching efficiency parameter h governs the job-finding rate of the unemployed.
Thus, I discipline h by measuring the three-year unemployment-to-employment transition rate (Moment J1).
How long a permanent job lasts depends on the job separation rate d, while how long a temporary job lasts
depends on both § and A (the maximum duration of temporary contracts). Therefore, I target the average
job tenure of permanent and temporary workers (Moments J2 and J3) to identify § and A.

Wage levels are governed by general and specific human capital levels. Thus, I calculate the average log
wages of permanent and temporary workers (Moments Al and A2) to discipline u., o, (the shape and scale
parameters of the innate ability distribution), and y; (the specific human capital level after training). In
my model, training occurs at the beginning of job spells. Therefore, comparing the average wage of all jobs
with the average wage of new jobs can provide information on the amount of wage growth after training.
Accordingly, I further inform (u,,0,,y1) by including the ratio of the average wage of new temporary jobs
to the average wage of new permanent jobs (Moment A3) as one of the targets.

At this stage, the only parameter not yet determined is the flow cost of vacancy posting c. It is clear from
the free-entry condition that the vacancy to unemployment ratio is affected by c¢. Thus, I identify ¢ by
targeting the labor market tightness (Moment T1). Note that my data set does not contain information on
the tightness so that it is taken from macroeconomic dataﬂ as in |Lise et al.| (2016)).

As documented in Table [11|in Appendix all the employed moments move in the expected direction
in response to a small change in parameters. For example, a small increase in x (higher firing costs) or A
(longer duration of temporary employment) leads to an increase in the value of Moment S5 (a higher share of
temporary workers) or J3 (longer job tenure of temporary workers), as expected. Therefore, I am confident
that the set of moments chosen is sufficient to identify all parameters of the model although I cannot pin
down each parameter with a single moment. Lastly, I plot one-dimensional slices of the objective function
of the MSM to illustrate how it behaves around the estimated parameters (see Figure [12[in Appendix .

4.3 Estimation Results

Parameter estimates The estimation results are summarized in Table 2] where moments and parame-
ters are partitioned (by dashed lines) into four groups according to the identification strategy although all
parameters have been jointly estimated.

The first set of parameters is mainly related to the composition of the labor market (Moments S1 to
S5 in Table . The estimated rates of increase in specific and general human capital are 0.687 and 0.296,
respectively, which implies that it is relatively demanding to accumulate general human capital after labor
market entry. This implication makes sense, considering comparative advantages of formal schools over firms
in terms of providing general learning experiences (Flinn et al.;2017)). Another parameter that significantly
affects the labor market composition is x, whose estimate is given by 8.322. This figure corresponds to 5.9
times the average monthly wage of permanent workers who do not receive training—a higher number than

the previous estimate of 3.4 times (Lee, 2015)).

43The National Statistical Office of Korea provides the relevant macroeconomic data, which is available at http://kosis.kr/
statHtml/statHtml.do?orgIld=101&tblId=DT_1YL1101 (last accessed on November 1, 2019).
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Table 2: Moments and estimates

Moment Model Data Parameter Estimate
S1. share of p on training 0.184 0.174 rate of increase iny ¢ = 0.687
(.018) (.030)
S2. share of t on training 0.062  0.055 rate of increase in z = ¢4 = 0.296
(.017) (.013)
S3. share of t to ¢ 0.730 0.716 firing costs for p Kk = 8.322
(.018) (.816)
S4. share of p who were ¢ on training 0.001  0.002
(.033)
S5. share of ¢ in the labor force 0.288  0.290
(.002)
J1. job-finding rate 0.789 0.815 matching efficiency h = 0.850
(.075) (.060)
J2. job tenure of p 6.814 6.453 job separation rate 6 =0.115
(.310) (.007)
J3. job tenure of ¢ 3.0564  2.939 cap on t tenure A =7.625
(.174) (.394)
Al. avg log wage of p 2.757  2.739 avg innate abilities 1, = 6.421
(.026) (.423)
A2. avg log wage of ¢ 2.100 2.121 var innate abilities o, =0.443
(.038) (.024)
A3. avg log wage of new ¢ relative top  0.630 0.661 productivity after ¢5 y3 = 7.020
(.058) (.089)
T1. tightness 0.661 0.581 vacancy cost c="17.080
(.068) (.269)

Notes: The twelve moments are employed to estimate ten parameters. Moments S4, S5, and J1 are calculated over the three-
year interval. I use the bootstrap to compute the variance of each data moment, whose square root is reported in parentheses.
All rate parameters are expressed at an annual frequency. Standard errors of the parameter estimates (obtained from the
standard deviation of the converged MCMC chain) are reported in parentheses.

Match formation and destruction are governed by h, §, and A in the model. The estimate of matching
efficiency is 0.850, which, combined with the estimated labor market tightness 0.661, yields a monthly job-
finding rate of 1 — (1 — hv/#)'/'2 = 0.093. Conversely, exogenous job separations occur once every 1/6 = 8.7
years for both permanent and temporary workers. However, the average job tenure of temporary workers
is shorter than that of permanent workers due to the maximum duration of temporary employment. The
estimated cap on the duration of temporary contracts reaches 7.6 years; this estimate is reasonable since the

95th percentile of the job tenure distribution of temporary workers is 7.3 years in the data@

44Notice that temporary contracts renewed once or multiple times are regarded as a single employment relationship when
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Figure 7: Temporary job trap—Temporary-to-temporary transition rates in the model and the data
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Notes: The figure plots the share of temporary workers in year € {0, 1,2, 3,4, 5,6, 7} among those who held temporary contracts
in year = 0. While year = 3 was targeted in the estimation (Moment S4 in Table , the other years were not. The shaded
area indicates a point-wise 90% confidence interval of the data moments.

Wages are essentially determined by general and specific human capital levels, and the former is funda-
mentally controlled by p, and o, while the latter by yo and y;. With the specification of Z described in
Section the estimates of p, and o, imply that the average general human capital level of labor market
entrants is 2.538, and that the variance is O.635l§| Furthermore, the estimated distance between adjacent
general human capital levels is ¢, = 0.306, corresponding to a roughly 8.4 (51.1) percent increase in general
human capital after successful general training for workers with z equal to zy_1 (21, respectively). Mean-
while, the estimate of y; indicates that investment in specific human capital can increase it by approximately
17 percent (from yo = 6 to y; = 7.020).

Recall that the labor market tightness was targeted in the estimation (Moment T1). Thus, with the help
of the free-entry condition , the vacancy cost is estimated to be 7.080.

Model fit The estimated model achieves a decent fit to the data. First of all, all the targeted moments
are well matched, as presented in Table 2 Furthermore, the estimated model successfully reproduces some
untargeted data moments as well. For instance, although only the three-year persistence rate in temporary
employment was explicitly targeted in the estimation (Moment S4), the estimated model predicts well the
persistence rates over shorter or longer time intervals, as illustrated in Figure [7}

On the other hand, the model’s ability to replicate the wage moments is limited. While the average wage
levels are well fitted by the model (see Moments A1l to A3 in Table2), the variances are not: the variance of
log wages for all workers in the simulated data is 0.145, approximately two-fifths of its actual counterpart.

This is because there are few sources of wage dispersion in my model. For example, every worker starts a

calculating job tenure in the data.
45 Appendix provides the estimated distribution of general human capital; see Figure therein.
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Table 3: Temporary job scar—Effects of starting a career with a temporary contract on current outcomes

On-the-job training Log wage
Model Data Model Data
Constant —0.566 —0.684*** 2.785 3.304%**
(0.086) (0.028)
First contract type
Temporary contract —0.096 —0.075 —0.242 —0.143***
(0.096) (0.031)
Current contract type
Temporary contract —0.684 —0.552%** —0.499 —0.529***
(0.134) (0.037)
Labor market experience
(continuous, in years) —0.007 —0.001 0.001 0.001
(0.004) (0.001)

Notes: The left panel of the table reports estimation results from a probit model whose dependent variable is On-the-job training
(that takes the value of one if the individual has received training at least once during the previous year and zero otherwise).
The right panel reports estimation results from a linear regression model whose dependent variable is log(wage). Gender (equal
to one if female, and zero otherwise) was controlled in the analysis of the actual data, and the estimated coefficients are —0.216
and —0.553, respectively, in the left and right panels (with both significant at the 1 percent level). The number of observations
in the actual data is 1,545, whereas 2,297 in the simulated data. Standard errors are reported in parentheses. * p < 0.1; **
p < 0.05; *** p < 0.01.

new job with the same specific human capital, and thus, there are no differences in starting wages among
workers with the same general human capital. Nevertheless, the model and the data are in general agreement

on wage determinants, an issue I will revisit later in this section.

Effects of having a temporary contract in the first job In my model, on-the-job training is the only
way for temporary workers to achieve permanent employment status. Consequently, my model is “wrong”
in the sense that the effects of starting a career with a temporary contract on current labor market outcomes
may be exaggerated. However, such extremeness allows my model to be a reference point. Indeed, one can
estimate possible scarring effects of having a temporary contract in the first job using the actual data, and
compare them with the model’s predictions to evaluate how close or far the reality is to the “worst scenario.”

Following this spirit, I measure the effects of the contract type in the first job on training participation
and wages in the current job, using both real and simulated data. Specifically, I consider the following two

auxiliary models:

Pr(training = 1) = ® (B{ + B first + Bicurrent + Biyears) (39)
log(wage) = By + By first + By current + B3 years + ¢, (40)

where Pr denotes probability, ® is the standard normal distribution function, first is an indicator equal to
one if the worker had a temporary contract in the first job and zero otherwise, current is an indicator equal
to one if the worker has a temporary contract in the current job and zero otherwise, years represents the

worker’s years in the labor force, and ¢ is the error termm

46The model (40) resembles the standard Mincer wage regression. To be specific, I replace the education and tenure variables
with first and current, respectively. Note that the worker’s education level (job tenure, respectively) is highly correlated with
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Table 4: Decomposition of the scarring effects on wages

log(wage) components: log of ...

log(wage) 20 Zr Yo Yr 1—7 wage/Y

Constant 2.785 1.112 0.000 1.792 0.116 —0.112 —0.123
First contract type

Temporary contract —0.242 —0.348 0.134 - —0.017 -0.012 0.000
Current contract type

Temporary contract —0.499 —-0.330 —0.134 - —0.105 0.061 0.009
Labor market experience

(continuous, in years) 0.001 —0.000 —0.000 - 0.000 0.001 —0.000

Notes: The first column of the table is the same as the third column of Table 3} In each row, the estimate in the first column
(the coefficient from the regression using the log wage) must be equal to the sum of the other estimates in the same row; see
(41) for the decomposition of log wages in the model. The number of simulated samples is 2,297.

The estimation results are presented in Table in which the left and right panels correspond to and
, respectively. By inspecting the table, I derive the following three implications. First, in both panels,
the coefficient estimates obtained from the simulated data are qualitatively well matched with those obtained
from the actual data. In particular, the negative impact of starting a career as a temporary worker on current
training and wages is successfully reproduced by the model. Second, those negative effects, however, are
exaggerated in the simulated data. Again, in my model, on-the-job training is the only way for temporary
workers to escape the “temporary job trap,” and thus, the overestimation by the model is reasonable. Third,
nevertheless, the difference between the actual scarring effects and the predicted ones is not huge. Indeed, the
estimates of 3! and S} based on the actual data amount to nearly four-fifths and three-fifths, respectively,
of their simulated counterparts, which demonstrates the highly persistent response of training and wages to
having a “bad” starting point in the Korean labor market.

The regression results reported in the right panel of Table [4] can be more deeply understood if one takes
advantage of my structural model’s ability to decompose the coefficients appearing in the right-hand side of
(40). In order to see how each of {8y, 581", By, BY} can be decomposed into its quantifiable subfactors, let
(slightly abusing notation) y € {yo,y1} denote a worker’s current level of specific human capital. Then, note
that y can be expressed as the multiplication of two terms: the initial specific human capital level of the
worker (yo), and the amount of specific human capital accumulated through specific training (denoted by
yr). In a word, y = yoy,. Furthermore, letting z, denote the amount of general human capital accumulated
via general training allows me to write z = zpz,. Now, recall that the amount of output produced by a firm
hiring a worker with z and y is given by zy(1 — 7), where 7 denotes the costs of (either type of) training,
or, in other words, the amount of time devoted to training@ Therefore, as in |[Flinn et al.| (2017)), one can

arrive at the following equation:

log(wage) = log zp + log z; + logyo + logy, + log(1 — 7) + log(wage/Y), (41)

the worker’s contract type in the first (current) job.
47Thus, T can take the value of 0, 74(2), or 74(2), depending on the worker’s training status.
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where Y := zy(1—7) = z02;yoy-(1—7). It is evident from that wages in the model consist of six elements:
innate general human capital, additional general human capital acquired via training, initial specific human
capital, additional specific human capital acquired via training, hours worked, and structural residuals.

The main benefit of such decomposition is that the effect of, for example, the first contract type on the
current wage can be broken down into its effect on each component of the wage. Indeed, one can replace the
left-hand side of with each term of the right-hand side of and run the regression (six times in total)
to obtain the results reported in the last six columns of Table Now, inspecting the table helps interpret
{BY, By, BY, Y} in terms of the six wage determinants in the model. Especially, the second row of the table
reveals that the negative effect of the first contract type on the current wage (—0.242) is mostly associated
with differences in innate general ability (—0.348). However, it is also disclosed that the contribution from
differences in innate general ability is partly offset by the positive impact of general ability attained through
training (0.134). Thus, one can conclude that, although on-the-job training functions as a “scar remover,”
its role is limited under the current labor market conditions.

As exemplified by the discussion on the ingredients of 8}’ interpreting the coefficients of based on
the structural model is itself interesting and informative. However, the decomposition exercise will be more
meaningful in the counterfactual analysis since it will help deeply understand changes in the scarring effects

induced by a counterfactual scenario. Thus, what has been discussed here will be recollected in Section

5 Counterfactual Analysis

As previously discussed in Section[3:2] the stationary equilibrium is not efficient. In other words, the decisions
made by workers and firms on contract and training types in the decentralized economy do not coincide with
the constrained planner’s choice. The first goal of this section is thus to measure how far the decentralized
economy is away from its potential in terms of output, and quantitatively attribute the output loss to distinct
factors present in the model. The second objective is to explore possible sources of improvement in output
through policy experiments. I investigate two policy alternatives: subsidizing permanent employment, and
subsidizing on-the-job training. A balanced budget is imposed so that both policy options are financed via
lump-sum taxes on employed workers. While permanent-job subsidies have been widely used and studied
as a policy tool to address challenges from the rise of temporary employment, training subsidies have been
largely overlooked in the relevant literature. The discussion in Section thus sheds light on the current

debate on labor market reforms.

5.1 Welfare Loss

Welfare loss One can quantify the welfare loss by assessing the equilibrium outcomes from the planner’s
perspective, and calculating the difference between the output level achieved by the planner and the equilib-
rium counterpart. Following this idea, I evaluate the planner’s objective function (defined in Appendix
at the decentralized equilibrium, thereby obtaining 13.1, the estimated output level of the current economy.

This number corresponds to 90.6 percent of the constrained social optimum, suggesting that the welfare loss

48For each covariate, the coefficients from these six separate regressions must sum up to the coefficient from the regression
using log(wage), an implication of (41).
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of the decentralized economy amounts to 9.4 percent (see Figure |§| for a graphical illustration)@

Decomposition A welfare loss results from the discrepancy between the decentralized allocation and the
planner’s allocation. Specifically, different decisions on contract and training types are the factors that induce
a welfare lossm This observation implies that one can make the decentralized equilibrium approach the social
optimum by correcting “wrong” decisions one by one. The socially inefficient decisions in the decentralized
economy can be grouped into three categories: inefficient training decisions of permanent workers, inefficient
training decisions of temporary workers, and inefficient contract-type choices. Therefore, I fix these types of
wrong decisions one after another, documenting the amount of welfare improvement achieved by each step@

The decomposition proceeds in three steps (see Figure . First, I rectify training decisions of perma-
nent workers. In the estimated model, all permanent workers choose specific training. These decisions are
inefficient from the point of view of the planner who can change only training decisions of permanent workers
at this stage. All permanent workers (except for those with the highest general human capital level) receive
general training in the planner’s solution, which results in welfare gains of 38.7 percent of the output loss
(corresponding to the bottom part of the center bar in Figure. The second step is to allow the planner
to choose training types for both permanent and temporary workers. For permanent workers, the planner
has the same solution as the first step (general training instead of specific one). For temporary workers, the
planner prefers general training to no training. This replacement leads to output gains of 43.3 percent of
the total loss (the middle part of the center bar in Figure [§[(b)). In the last step, the planner chooses both
contract and training types. Thus, all the remaining loss (18.0 percent of the total loss; the top part of the
center bar in Figure is attributed to mismatched contract types (too many permanent jobs).

To sum up, the decomposition analysis reveals that the welfare loss is mostly caused by too little general
training; the amount of the welfare loss attributable to mismatched contract types is relatively small. An im-
plication from these results is that the welfare loss could be substantially diminished by a policy encouraging

on-the-job training. I discuss this issue in detail in the following subsection.

5.2 Policy Experiments

Background Confronted with challenges from the rise of temporary employment, researchers and poli-
cymakers have been grappling with how to improve the labor market. The primary scheme suggested by
researchers and implemented by politicians has been to reduce the use of temporary contracts@ However, as
evidently implied by the fact that most developed countries are still struggling with the issues, policies purely

aimed at reducing the gap between permanent and temporary contracts have not been effective. The Korean

49Unfortunately, T have not been able to find studies providing comparable numbers in the literature, making this finding
more meaningful despite its potential limitations.

50Recall that I set both 3 (the workers’ bargaining power) and n (the elasticity of the matching function) to 0.5 in the
estimation stage. Thus, there is no welfare loss attributable to externalities associated with the failure of the Hosios condition.

51The result of this decomposition procedure is obviously order-dependent. In other words, the decomposition result obtained
from the “training-first-contract-later” rule could be different from that obtained from the “contract-first-training-later” rule.
However, the robustness check indicates that the role of the decomposition order is limited from a qualitative perspective,
although each possible order may yield different quantitative results. Therefore, instead of reporting all results from all possible
orders, I focus only on the result obtained from the order that will be described below.

520ne of the most recent studies on this type of policy alternative is [Dolado et al.| (2018). The authors propose a unified
employment contract that is characterized by employment protection increasing with tenure, and explore the effects of replacing
the currently-used two types of contracts with the proposed integrated one in the context of Spain, as earlier discussed by |Cahuc
(2012) for the French labor market.
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Figure 8: Counterfactual analysis
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Notes: @The figure is the same as Figurelél but the equilibrium point is now named as “Status quo.” The arrow starting from
the status quo represents the first step where the planner is allowed to change training decisions of permanent workers. The
second arrow departing from the destination of the first one corresponds to the second step where the planner chooses training
types for all workers, regarding contract types as given. The third arrow stands for the last step where the planner solves his
problem by choosing both contract and training types for all workers, thereby achieving the constrained social optimum denoted
by the lightest-red dot. The center bar represents the status quo; the left and right bars stands for counterfactual regimes
where permanent employment and training, respectively, are subsidized at the optimal rates. For each bar, the dark-red (plain-
red) segment corresponds to the output loss due to inefficient training decisions of permanent (temporary) workers, while the
light-red part represents the output loss caused by inefficient contract-type choices. The amount of output loss in equilibrium
is normalized to 100 (hence, the numbers on the center bar sum to 100), and the amount of output loss for other regimes is
expressed in a relative manner (thus, the sum of numbers on the left or right bar stands for the remaining output loss under
the corresponding regime). The numbers in parentheses report the relative contribution of each source in a given scenario.
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and Spanish governments, for instance, attempted to reform the labor market in 2015 and 2010, respectively,
by adopting more flexible employment protection regulations for permanent jobs, and enhancing job security
for temporary employment, but failed to reach a political consensus. Both governments encountered strong
objections from employers and both permanent and temporary employees (due to expected heterogeneous
effects of the planned policy change), and the proposed legislation for the reform had to be withdrawn.
Meanwhile, in Italy, labor market reforms were enforced by the authorities in 2001 despite fierce political
resistance, which unfortunately caused unintended (and thus, undesirable) consequences, as comprehensively
documented by |Daruich et al|(2017). All these experiences not only demonstrate the difficulty of fixing the
dysfunctional labor market, but also suggest a reason why it is necessary to consider and investigate a policy

scheme that is beyond merely shrinking the gap and pursuing a single employment contract.

Policy options Motivated by the above background, I consider two policy options: subsidizing permanent
employment, and subsidizing on-the-job training. The main objective of policy experiments is to investigate
the effectiveness of training subsidies in terms of welfare improvement, relative to permanent-job subsidies.
I impose a balanced budget condition, and thus, both policies are financed by lump-sum taxes on employed
workers. The amount of subsidies for permanent employment is expressed in terms of firing costs. Thus, the
amount of subsidies for each permanent job is bounded above by the estimated firing costs. Likewise, the
amount of subsidies for training is expressed in terms of training costs. Recall that in the estimation, the
training cost function was specified as 7,(z) = 74(z) = 7/z, with 7 fixed as 1. I allow the planner choose 7,
setting its lower and upper bounds to 0 and 1, respectively.

Under a balanced-budget constraint, the optimal permanent-job subsidy level is given by 0.68, meaning
that the total output is maximized when each permanent job is subsidized by the amount of 68 percent of
the estimated firing costs. In the case of training subsidies, the optimal subsidy level is determined by 0.76,
meaning that the total output is maximized at 7 = 0.24@ In what follows, I discuss the counterfactual

effects of policy changes, assuming these two optimal cases.

Experiment results The experiment results are summarized in Table [5 in which columns (2) and (3) cor-
respond to permanent-job and training subsidies, respectively. From the table, I draw out three implications.
First, in terms of improvement in output, subsidizing training is more effective than subsidizing permanent
employment. Training subsidies eliminate nearly 80 percent of the output loss, but permanent-job subsidies
remove only 15 percent of the loss. Second, subsidizing permanent employment removes all temporary jobs
in the economy, thereby inducing workers and firms to invest more in training. Its effect, however, is limited
because most of workers receive specific training, rather than general one (see Figure . Third, the labor
market under the training subsidy scenario emulates the constrained planner’s economy well. Besides total
output, other moment values related to the labor market composition and mobility are close to those of the

efficient benchmark. This is mainly due to general training which is substantially encouraged by subsidies.

53For the amount of required taxes in both cases, see Table
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Table 5: A summary of policy experiments

(1) Status quo

(2) Perm.

subsidy

(3) Train. subsidy

(4) Const. planner

Welfare
Output 100.00
Taxes -
Labor market composition
Moment T'1 0.661
Moment S1 0.184
Moment S2 0.062
Moment S3
— over 3 yrs 0.730
— over 5 yrs 0.645
— over 7 yrs 0.619
Moment S4
— over 3 yrs 0.001
— over 5 yrs 0.001
— over 7 yrs 0.003
Moment S5 0.288
Wage
Moment A2 over Al 0.762

101.55
4.95

0.698
0.209

108.07
11.52

0.766
0.184
0.480

0.694
0.622
0.591

0.002
0.014
0.026
0.498

0.833

110.40

1.116
0.184
0.480

0.719
0.690
0.668

0.001
0.016
0.050
0.695

0.759

Notes: The output level of the decentralized equilibrium has been normalized to 100 for easy comparison. The amount of taxes
is also expressed in a relative manner. Although Moments S3 and S4 were previously defined and calculated over the three-year
interval, the moment values calculated over the five- and seven-year intervals are also reported. Since there are no temporary
workers when permanent jobs are optimally subsidized (the value of Moment S5 in column (2) is zero), the moments related to

temporary workers have no values in column (2).

Table 6: Scarring effects on training in counterfactual scenarios

(1) Status quo  (2) Perm. subsidy  (3) Train. subsidy (4) Const. planner

Constant —0.566 —0.498 —0.730 —0.686
First contract type

Temporary contract —0.096 - —0.044 —0.080
Current contract type

Temporary contract —0.684 - 0.986 1.027
Labor market experience

(continuous, in years) —0.007 —0.007 —0.002 —0.002

Notes: Column (1) in the table is the same as the first column in Table Since there are no temporary workers when permanent
jobs are optimally subsidized, the coefficients of First contract type and Current contract type are not reported in column (2).
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6 Conclusion

Despite the empirical evidence showing that the over-representation of the low-educated in temporary jobs,
the low training incidence among temporary workers, and the role of training as a springboard to permanent
employment, there has been little effort to understand the existence and persistence of temporary employment
through the lens of human capital. I have developed and investigated a unified structural framework that
can endogenously reproduce the stylized facts, thereby revealing the economic mechanisms behind them and
studying their welfare implications.

In my model, workers with low general human capital choose temporary contracts because firing costs of
permanent contracts are too burdensome, compared with the costs associated with frequent unemployment.
Temporary workers, meanwhile, receive less training at work due to the short investment horizon, in addition
to the human capital investment technology disfavoring those with low human capital. Thus, in equilibrium,
low-ability workers are typically trapped in temporary jobs, as documented in the data. The decentralized
equilibrium, however, turns out to be inefficient from the social point of view mainly because the social values
of temporary employment and general training are not fully internalized in the decentralized economy.

The quantitative analysis, within the context of the Korean labor market, demonstrates the existence
of both substantial scarring effects (of having a temporary contract in the first job) at the individual level,
and sizable output losses at the economy-wide level. The output losses are largely attributed to suboptimal
training decisions, rather than inefficient contract-type choices. More crucially, it is argued that temporary
employment is not harmful by itself, but it becomes problematic when accompanied by the lack of training.
The counterfactual experiments augment this argument by suggesting the following policy recommendation:
activate the human capital accumulation channel inoperative in the presence of temporary contracts.

The structural framework developed in this paper can be a stepping stone to further research on un- or
under-explored topics. First, although firms have been assumed to be identical throughout the paper, they
may differ in many aspects. For instance, some firms may have short-term projects while others may have
long-term ones, and accordingly, temporary contracts may be preferred by the firms with short-term projects
(as in [Cahuc et all [2016). Then, it is interesting to ask, in the presence of temporary contracts, if there is
assortative matching between workers and firms based on their characteristics (namely, human capital and
job duration), and, if so, how strong and efficient the sorting is.

Meanwhile, it also has been assumed that workers enter the labor market with certain levels of education
(general human capital) that are exogenously given. However, one may model the schooling decision (before
entering the labor market), as in |[Flinn and Mullins| (2015), to investigate how the existence of temporary
employment affects, for example, the return to schooling, or the complementarity between education and
training. A recent study by |Charlot and Malherbet| (2013]) examined these issues within a simple framework
(where workers choose the amount of education effort, but the contract type is randomly assigned), which
can be combined with my model for comprehensive analysis.

Lastly, my counterfactual analysis is in fact comparative statics, meaning that I have been silent on the
transition path between two steady states (one before the policy change, and one after the change). In order
to more deeply understand how the labor market responds to policy changes, one may study the transition
dynamics, as in |Dolado et al.[(2018). Constructing and tracking the dynamic trajectory, albeit challenging,
would allow to explore unexamined issues, including how quickly the labor market adjusts to policy changes,

and who are winners and losers along the path. I leave all these questions for future work.
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Appendices

A Additional Material - Theoretical Part

A.1 Formulating Bellman equations in the benchmark model

I focus only on the worker’s problem since the firm’s problem can be formulated in a similar way. Let
Wi(z, A) be the value to worker z € Z with tenure A € [0, A] of holding a temporary contract@ Let dX be a
small interval of time. Standard dynamic programming arguments for continuous-time models (e.g. |Cahuc
et al., 2014, Appendix D) imply

Wo(z) = Hﬁ bz d\ + (1 — p(6) dN) Waa(2) + p(8) AN (2)] (A1)
W,(z) = Hﬁ [y (2) dA + (1 — 5AN) W) (2) + 6 AW (2)] (A.2)
Wiz, \) = ﬁ [00(2) dA + (1 — 5 dN) Wi(2, A + dA) + 6 AW (2)] (A.3)

for all (z,A) € Z x [0,A). Rearranging terms in (A1) and (A.2) directly yields (I) and (2), respectively.
Manipulating (A.3]) and then letting d\ — 0 results in

8Wt (Z, A)

rWi(z, A) = we(z) + 6 [Wy(z) = We(z, N)] + N

(A4)

where awéi()\z,)\) = limgx0 ). One can use the terminal condition Wi(z,A) = Wy(2) to

obtain the following solution to the differential equation (A.4]):

Wi (2,A+dN) =W (2,A
a\

rWi(z, A) = we(z) + 6 [Wy(z) = We(z, A)] + e (rtO(A=A) [rWu(z) — w(2)],

for all (z,\) € Z x |0, A]E Note that is a special case obtained by setting A = 0.
One can arrive at in a different manner. Following the arguments in (Cahuc et al.|(2016), the value

to worker z of starting a temporary job, W;(z), can be written as

A A _ _ A
Wi(z) = /0 [ /O e”‘wt(z)d)\+e”\Wu(z)] Se M dX + /O e Pwi(2) AN+ e AW (2) [ e (ALB)

in case of a separation shock arriving before A in case of a separation shock arriving after A

Once the temporary job is started, a separation shock can arrive either before or after A. In the former
case, the worker receives wage w;(z) until A < A, a random moment of time when the separation occurs so
that the worker enters the pool of searchers with value W, (z). Recall that the separation occurrence follows
the Poisson process whose density is Se=%. In the latter case occurring with probability e=%?, the worker
receives wage we(z) until A, and then he goes back to unemployment. It is straightforward (albeit tedious)
to verify that is simplified to .

54Thus, Wi(z,0) = Wi(z) for all z € Z by definition.
55The detailed procedure of deriving the solution is omitted for the sake of brevity, but one can easily verify the solution by

substituting it into (A.4]).
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A.2 Surplus functions in the benchmark model

(10) and constitute a system of two equations and two unknowns S, (%) and Si(z). Assuming that z, € Z

as in the main text, one can solve the system for S,(z) and S;(z) as follows:

y—b z— 0 if z < zp,
r+6+[1— e (tOA]p(9)3 r+0
Sp(z) = y—b Sk
- if z > T
r+o+p0)B°  r+o+p0)p ez
and A
[L-e Iy —b) z if z < 2z,

r+ 84 [1—e (+)A|p(0)3
[1—e "%y —b) [ — ="M p(0)

rtstp0)B (ro)r+o+p0)f]
where it is worth mentioning that the slope of S, (z) is always steeper than that of Si(z). I can arrive at
by recalling that S(z) = max{S,(z), S.(z)}.

St(Z) =
ok if z > z,,

A.3 Proof of Proposition

Part Let F(0) be the firm’s expected net benefit from creating a vacancy as a function of the labor
market tightness 6 € (0, c0), namely,

F(0) := / . q(6) u((;(ei) (1-B)S(z:0)dz —c. (A.6)

In order to prove the existence of 6* € (0, 00) such that F(6*) = 0, it is enough to show that

{lim F(G)] x [lim F(é))] <0.

6—0 06— o0

>0 <0

First, limg_,0 ¢(0) = limg_,o U(6) = 1 and limy_,o u(z; 0) = £(z) jointly implies that
lim F(0) = / (2)(1 - B)S(z;0)dz — ¢,
6—0 2€7
which is strictly positive by |(E2)l Second, from the assumption limgy_, o g(6) = 0, it immediately follows that

limg_yoo F'(6) = —c < 0. Then the existence result is obtained by applying the |[intermediate value theorem
with the fact that F(-) is continuous.
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Part @ I prove the uniqueness by showing that F(6) is strictly monotone in 9@ Recalling (17)), one can
decompose F'(§) into three parts, F'(8) = Fi(8) + F,(0) — ¢, where

Let €[f(z)] := f'(x)/f(z) be the semi-elasticity of a continuously differentiable function f(-) at point :zzm
Using the [Leibniz integral rule, I differentiate F'(6) with respect to 6, which yields

N q(0)u(9) q(0)up(9)
F(G)FT(0)+5{ 00 :|Ft(9)+€|: U0 }Fp(é’)
Ut zr(0) (23 Up z z;
<0 <0
where, letting £,.(6) := £(z-(6)),
FL0) 1= 2 uy(0) — y (0)] £0)6,(6)(1 - B)s,. (A7)

(©)

Then, as w < 0 and % < 0, a sufficient condition for the negativity of F’(0) is

Fl(0)+¢ {W} F,(0)+¢ [W] F,(0) <o. (A.8)

Noting that U’ () can be decomposed into two parts, U'() = U, (6) + U..(6), where

UL(9) = u} ()L, (6) + 1, (6) [L - L,(0)],
UL(0) = [ur(0) — uy(60)] 2L(0)6, (0),

one can rewrite (A.8]) as

F0) - T RO+ RO+ )] - T |1m00) + BOL X cw@lr®) <o (A9
<0VH=0"st. F(O —Oby- < 0 by [(T2)]

Therefore, (A.8) or (A.9) holds true, provided that the following two conditions are satisfied:

(Ua) F1(0) — F5) [F(6) + Fp(0)] <0,

(Ub) la(6)] - % <.

56 Technically speaking, I show that F(8) is strictly decreasing at any # = 6* such that F(6*) = 0.
571t is worth noting that ¢ [w] =¢[f(z)] +elg(z)] — e[h(x)] for continuously differentiable functions f(-), g(+), and h(-).
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Now, to complete the proof, I show that |(Ua)| and [(Ub)| are implied by |(U1)| and [(U2)] respectively.

i. [(U1)| smplies|(Ua)l

Since l) can be simplified to F/(6) = ¢q(6) [g((;)) (1=7)S,., the left-hand side of |(Ua)|can be rewritten

as

U, (0)
U(o)

F0) + 50 = Z9 1)1 - p)s, — F0) - £ 00,

which is negative as long as the following inequality holds:
q(0)(1 = B)S, < Fy(0) + F,(6). (A.10)

Suppose that there exists §* € (0,00) such that F(6*) = 0% Then I need to check whether (A.10)
holds at § = 6*. Recalling F(8) = Fy(0) + F,(0) — ¢, one can see that

q(0")(1 = B)S, < (1= B)Sr <c=c+ F(07) = F4(67) + F,(07),

where the first inequality holds since g(6*) < 1, and the second inequality follows from

ii. |(U2)| émplies|(Ub)|
It is straightforward to verify
up(9) p'(0) (L—eMp'(O)  _ ui(0)

W@ PO +0 - (A—eMp@)+o  u(h)

up(0) _ w(0)Lr(0) + 1w, (0) [1 — Lo (0)] _ U, (6)

up(0) ~ u(0)L,(0) +u,(0)[1—L(0)]  U®H)’ (A11)

where the inequality is obtained by applying the mediant inequality. Then the desired result directly

follows from
4O _ PO w0 L)
p(8) pO)+0  up(0) ~ U@O)’

where the first inequality is due to [(U2)] while the last inequality holds true by (A.11)).

e[q(0)] < —e[p(0)] = —

58Note that the existence of 8* is guaranteed by [(E1)| and |[(E2)
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Figure 9: A graphical illustration of the compatibility between |(U1)| and |(E2)

S(z;0)
Sp(%;0)
fzeZ S(z;0)dz
Sr
(2 —2)S-
Si(z;0)
0“. z z-(0) z -

Notes: The red area corresponds to the left-hand side of 1i while the blue area represents the right-hand side. It is clearly
depicted in the figure that the former is smaller than the latter, with 2,(0) being less than (z + z)/2. The parameter values
used to produce the figure are arbitrarily chosen only for the purpose of illustration.

A.4 Compatibility between [[Ul)| and [(E2)|

Suppose that z is uniformly distributed over [z,Z], with (z +%)/2 > zT(O)lfl Then is equivalent to

(Z—2)S, < /eZ S(z;0)dz, (A.12)

where the right-hand side can be rewritten as

z

zr(0)
/ S(z;0)dz = / St(2;0)dz + / Sp(z;0)dz
Z€EZL z 2r(0)
1

= 5 [24(0) — 2] [Su(z:0) + 5] + 5 [7 — % 0] S, + 5,(5:0)].

Therefore, (A.12]) can be rearranged as (z — 2)S, < [2-(0) — 2] S:(2;0) + [Z — 2.(0)] Sp(%; 0), or equivalently,
[2r(0) = 2] [Sr = Si(2;0)] < [z = 2-(0)] [Sp(%; 0) = S,
which holds true since z,(0) — z < Z — #,(0) by assumption, and S, — S¢(z;0) < Sp(Z;0) — S’,m A graphical

illustration is provided in Figure @ in which the left-hand side of (A.12)) is highlighted in red whereas the
right-hand side is in blue.

59Tn other words, it is assumed that the mean (or median) worker type is greater than the marginal worker type determined
when search frictions for unfilled jobs are absent.
60To see Sr — St(2;0) < Sp(Z;0) — Sy, recall that the slope of Sp(-) is steeper than that of S¢(-), as illustrated in Figure@
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A.5 Comparative statics for the benchmark model

In order to precisely state the comparative statics results for the benchmark model, I indicate whether an
expression depends on x or A by adding them to the notation as needed: e.g. Sp(2;6, k), Se(z;6,A), F (6, k),
F(6,A), etc. In addition, let e,,[f(z)] := [0f(x)/0x;] /f(x) be the semi-elasticity of a multivariate continu-
ously differentiable function f :R™ — R with respect to its é-th argument at point z = (z1,...,24, ..., Zs).

Proposition 3 (Comparative statics).

(a) Given the other model parameters satisfying and let K be the open interval containing all
values of k that (together with the other parameters) satisfy[(E2)] and[(UL)} Let 6* (ko) € (0,00) be the
unique stationary equilibrium for some ko € K so that F(0*(ko), ko) = 0. If Fp(0*(ko), ko) # 0, then
the slope of the level curve of F(-,-) for the value F(0*(ko), ko) at the point (0*(ko), ko), %

is strictly negative, namely,

)
K=Kq

A" (k)| _ _ Fe(6"(r0), ko)
dk — Fp(6*(ko), ko) <0

K=K

(b) Given the other model parameters satisfying (md let I be the open interval containing all
values of A that (together with the other parameters) satisfy[(E2)| and[(UT)] Let 6*(Ao) € (0,00) be the
unique stationary equilibrium for some Ag € L so that F(6*(Ao), Ao) = 0. If Fp(0*(Ao), Ao) # 0, then
the slope of the level curve of F(-,-) for the value F(6*(Ao), Ao) at the point (0*(Ao), Ao), %

1s strictly positive, namely,

A=Ag

WO ROt
dA - [y_p, Fo(6*(Ao), Ao) ’

provided that

(C1) en[Si(z;0*(Ao), Ao)] +ea [wr (6% (Ao), Ao)] > 0,

Before proving the above proposition, I provide concise interpretations of m and W First, because
0S¢(z;0,A)/OA > 0forall (z,0,A) € Zx(0,00)xL (the longer is A, the higher is the surplus from a temporary
match) and du. (@, A)/OA < 0 for all (6,A) € (0,00) x L (the longer is A, the lower is the unemployment rate
for temporary workers), requires that S;(z; 6, A) must be more elastic (with respect to A) than u.(6, A)
at a given equilibrium 9*(/\0)@ Second, e, [U(, A)] can be decomposed into two parts, namely,

92, (0, A) Ous (0, A)
oA O\

>0 <0

en[U(0, A)] = [ur(0, A) — up(0)] 6(0,A) + Ly (0,7),

where the first part corresponds to an increase in the unemployment rate (caused by marginal workers who
choose a temporary contract, instead of a permanent one, in response to a longer A), while the second part
stands for a decrease in the unemployment rate (resulting from a reduced unemployment rate for existing
temporary workers). Therefore, requires that, at a given equilibrium 6*(Ap), the latter must outweigh

the former in order for the net effect of a longer A on the aggregate unemployment rate to be negative.

61 As will be clear in what follows, is introduced to ensure that is not overshadowed by while is imposed
to guarantee the positivity of

62Note that e [St(z;6,A)] is independent of z, as seen in the proof below.

47



Proof. Since [[ED)H(E2)] and [[UTDH(U2)| are assumed, it immediately follows that Fy(0*(xo),%0) < 0 and
Fp(0*(Ao),Ao) < 0 (see Appendix |A.3)). Therefore, by the [implicit function theorem) it is enough to show
that F. (0% (ko), ko) < 0 and F,(6*(Ag), Ag) > 0 for parts|(a)| and respectively.

Part @ Recalling (A.6]), one can differentiate F(6, ) with respect to &, which yields

0
+ —

zr(0,K) g
Fﬁ<e,n>=6[/ 200 )y~ )5iz16)dz| +

T g(0)u,(0) .
Ok U(b, k) / L (2)(1— B)Sp(2;0,k)dz | .

L) U(0,k)

05t (2;9)

Using the fact that =5~

= 0, I apply the Leibniz integral rule to obtain

Fu(,r) = e (6) — up(8)] 22205 g (0,1 — 8)S, () + 2 [ [Fy(8, k) + Fy(0, )]

q
U4, k) Ok
WO 0) ()1 — ) 2008 g

7]

“[Ri<o

where the last term is less than zero as %f’n) < 0. Consequently, a sufficient condition for F,(6*(ko), ko)

to be negative is that

Uqé% e®) — ) g (0,01 85, () — en WO B09) + F(0.)] <O (A13)
:>0 :<O

holds for (8, k) = (6*(ko), ko). Note that % = [u () — up(9)] %}Z’”)ET(& k) can be used to derive

e U0.9)] = 57 [0e0) = 0] 20261,
which simplifies (A.13) to
q(0)(1 — B)S, (k) — [Fi(0, k) + Fp(6, k)] <0. (A.14)

Then, since Fy(6*(ko), ko) + Fp(0* (ko), ko) = ¢, it is straightforward to verify that ensures (A.14) when
(0, k) = (0*(ko), ko), completing the proof.

Part Noting that w = 0, one can apply the [Leibniz integral rule to obtain

zr(0,A) ug (6,
Fr(0,A) = / q(eU)(g(i)A)ﬂ(z)(l - 5)8%&(2; 0,A)dz
+en [ue(0,N)] Fe(0,A) + en [U(QIA)] [Fi(0,A) + F,(6,A)]
s u0,) = w0 0) 60,001 - )54,
=[T2)]>0
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Figure 10: An illustration of comparative statics for the benchmark model

(a) Labor market tightness as a function of s (b) Labor market tightness as a function of A

0.992 - 1 0.992 -

0.991 0.991 1

0.990 0.990 -
0.989 0.989 -
0.988 - b 0.988 -
. . . . . .
0.98r0 0.99x0 Ko 1.0150 1.02k0 0.98A0 0.99A0 Ao 1.01A0 1.02A0

Notes: @ and @ show how labor market tightness responds to small changes (up to +2%) in x and A, respectively, in the
benchmark case (where p = ¢s = ¢4 = 0). The values of k and A are initially set to ko = 6.087 and Ag = 7.660, respectively
(the numbers reported in Table [2), yielding a unique stationary equilibrium 6* (o) = 6*(A¢) = 0.990. The function 6* (k) is
decreasing on the interval (0.98k0,1.02x0) in [(a)] whereas the function 6*(A) is increasing on the interval (0.98A¢,1.02A0) in
@ as established in Proposition

where the last term is greater than zero as % > 0. Now, it is useful to observe that e5[S¢(z; 8, A)] does

not depend on z, as shown in

(T’ + 5)2[e(r+6)A _ 1]71
r+d+[1—e (tOAp(9)B’

sA[St(Z; 07 A)] =
suggesting a sufficient condition for Fi(0*(Ag); Ag) to be positive:

ealSi(z 0, MIF(0,A) +en [ue(0, A)] F1(0,A) —en [U(0, )] [F1(0, M) + F, (6, A)] > 0,

:> 0 :< 0 =|(L4)} whose sign is ambiguous
or equivalently,
[ea [Si(2:0, A)] + en [us(0, A)] | Fo(8, A) > e [U(6, A)] [Fo(0, A) + F, (0, A)] (A.15)
—_——
>0 at (6,A) = (6" (Ao), Ao) by [[CT)| < 0 by [(C2]]

holds for (0, A) = (0*(Ao), Ao). Note that, when evaluated at (6, A) = (0*(Aog), Ag), the left-hand side of
(A.15) is positive by whereas the right-hand side is negative by completing the proof. O
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A.6 Proof of Proposition

In order to simplify the argument, I introduce two technical assumptions. The first assumption requires the
firm’s expected surplus from a match with a worker who is indifferent between permanent and temporary
contracts to be less than the cost of posting a vacancy in the planner’s allocation. The other assumption
requires the elasticity of the job-finding rate with respect to tightness to be bounded above when evaluated at
the planner’s allocation. Notice that these two assumptions can be regarded as weaker counterparts of
and respectively, in Proposition Now, recalling that S, is independent of labor market tightness

(see (|19)), I formally state the two assumptions as follows.
(W1) 4(07)(1 - §)S, <.
(W2) |9Pp’(9p)/p(9P){ <min{l,¢/S,}.

Proof. Differentiate the planner’s objective function with respect to 6 and z,, respectively, to obtain

0= /:T 0(2)[—uy(0)] [yz — bz — Wc] d

S e O TO00) T
+/z7. 0(2)[—u,(0)] [yz bz — 9 ~0) } dz, (A.16)
0=[1—wus(0)]yz, + ut(0)bz, — Ous(0)c
—[1 = up(0)] (yzr — dKk) — up(0)bz, + Ouy(0)e. (A.17)

Recall that is uniquely maximized at (6, 2,.) = (6%, zF) by assumption, implying that (A.16]) and (A.17)
are satisfied by (6, z,.) = (0F, 2F). Thus, one can use (A.17) to derive a closed-form solution for 2%,

T

5+ [1—eAp(aF) c
P_ _ P
z, = Ay —b) K = b(‘) . (A.18)

Meanwhile, the decentralized equilibrium is efficient if and only if (6%, 2) = (0¥, 2"). Consequently, as

a necessary condition for the decentralized equilibrium to be efficient, there must exist a value of 8 € (0,1)

P

satisfying 2} = 7, , namely,

§+[L—eMp0r)8 5+ [1—e Np(oF) c
L U (A.19)

where the left-hand side, coming from with # = 67 and r = 0, is increasing in 3 while the right-hand
side, coming from (A.18)), is independent of 3. In other words, for (6*, z*) = (9, zF’) to hold true, the value

T

of 8 needs to be pinned down to

e~ oA c c
B.(67) ::1_<1—e—5/‘) q(GP)nzl_q(HP)Sr’ (A.20)

where the second equality is obtained from .
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Now, to complete the proof, it suffices to show that, with the value of 3 given by (A.20)), #” cannot
simultaneously satisfy both the remaining first-order condition for the planner’s problem (A.16) and the
free-entry condition . Recalling 7 = 0 and assuming z} = 2z, one can rewrite as

0= /zr 0(2)ur(07) [q(07)(1 = B)Si(2;07) — c] dz + /i 0=)up(07) [(07) (1 — B)S,(:07) — ] dz, (A.21)
Z <ow T ZT ST

where, thanks to the first term of the right-hand side is negative whereas the second term is positive.
Then, to demonstrate the incompatibility between (A.16]) and (A.21)), derive, by manipulating the right-hand
side of (A.21]), the following inequalities:

0> / 7 0) [un(87) + 0P, (67)] q(67)(1 — B)Su(=: 67) d= — / 7 0) [un(87) + 07 (97)] e dz

2

Jr/z 0(2) [up(ﬂp) + GPU;(HP)] q(07)(1 = B)Sy(2;67) dz 7/ 0(2) [up(ﬂp) + GPU;(HP)] cdz
07p'(67)
) | 5=

P 2P
z
>/
z
P
r

ug (0F) + epu;(ep)} q(07)(1 — B)S;(z;07) d=
—/Z 0(z) [ug(07) + 07wy (07)] cdz

z HPPI(HP) un(OF P,/ (pF Py/1 _ 2 0PV dz
16 |8+ 6767 | (671 = )8, (5:67)

f/P 0(2) [u,,(ep) + HPU;(HP)] cdz,

where the first inequalityﬁ holds because [us(07) + 07 u}(07)] /ur(07) > [uy(07) + 07 ul, (07)] /u, (07) > Oﬁ
and the second inequality holds due to Notice that the right-hand side of the last inequality is exactly
the same as the right-hand side of (A.16) "] completing the proof by contradiction. O

It is instructive to establish Proposition |2| using an alternative argument that relies on the (1990)
condition. In order for efficiency to be attained (particularly, in random matching and bargaining models),
this condition requires that positive and negative matching externalities offset each other. In the benchmark
model with random search and Nash bargaining, the Hosios condition simply reads

0"p'(67)
B=pBubF) =1—- —— =, (A.22)
p(67)
It is interesting to observe that (A.22) makes coefficients of ¢ in (A.16]) equal to their counterparts in the
free-entry condition. To see this, one can rewrite (A.21) as

630ne can multiply the first and second terms of by [ut(0F) + 0Fu,(07)]/ue(07) and [up(6F) + OPuL(GP)]/up(GP),
respectively, to obtain the right-hand side of the first inequality.

64The positivity is implied by

65To establish the equality between them, use both and after replacing (0, zr) in with (87, zf).
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o [ e g(0R) (1 - B) 5+ (1— e M)p(o7)B
-/ { 5+ (1= e M)p(07)3 “t(ep)} {y T e - ﬂ)c} ¢
z q(67)(1 - B) 5+ p(07)B

and then verify that 8 = 3, (0) solves both

ur(0F) + 0Ful (67) S+ (1 —eMp(eP)p

—u}(6P) S (L—e)g(0P)(1 - B)’
up(07) + 07w, (67) 6+ p(6"7)8
—ul (67) q(07)(1—B8)

However, it has to be noted that, even with 8 = £3,(), the integrand of each term in (A.16) does not
coincide with its counterpart in (A.23). In other words, B = 3, (8F) satisfies neither of the following:

(1—e"M)q(6”)(1 - B)

_u;(ep) = S+ (1 — e,(;A)p(ep)IB ut(ep)a
s Py 407)(1 = B)
fup(ﬁp) = Wu,ﬂ(ﬁp).
In fact, these two equations are solved by
_ (1 —e*Mp(6”) +9
O = 1= =) {(1 — Bn(7)) (T — e=0N)p(07) +5] ’

(07)
p(OF) 46 ]
(67) ’

ﬂp(eP) =1 [1 - /Bh(apﬂ |:(1 = Br(0F))p(6F) + 6

respectively, and it can be easily verified that 3, (07) < 8,(07) < B8,(07). Therefore, additionally noticing
that B, (67) # B,.(0F) in general, one can conclude not only that the Hosios condition cannot ensure the so-
cially optimal equilibrium, but also that the decentralized equilibrium is not efficient (Proposition. Indeed,
in the same vein as [Davig| (2001)) and [Ljungqvist and Sargent| (2012, Chapter 28), there is a “fundamental
tension” among the Hosios condition for an efficient supply of vacancies (8 = 34 (0)), the condition for an
efficient mix of temporary and permanent workers (8 = 3;(6F) and 8 = 3,(")), and the condition for an
efficient choice of contract types (3 = ,.(6%)).

Faced with the inefficiency of the decentralized equilibrium, one might wonder how to attain the socially
optimal equilibrium. One of the possible ways for achieving efficiency is to allow the bargaining power of
type-z workers to depend on their type z. To be specific, the socially optimal equilibrium would be attained

if the planner can choose (z; ) that solves

[~ut(0)](y= — b2) — [ue(8) + Oui(0)] ¢ = uy(67)a(87)[1 — B(2:07)]Si(2:07) —w(67)e  for z < 27,
[~up, (0))(yz — bz — 6k) — [up(0) + Ouy,(8)] € = up (07)a(07)[1 — B(2;07)]Sp(2:07) — up(87)c  for z > 2,

and (A.19) for z = 2. Under the assumption that 3,.(67) = 3, (0%), which ensures 3(z; ) to be continuous
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at z = zI, the solution to these equations is given by

[p(0F)us(0F) + (1 — e=2) 1607wy (67)] (1 — e79) (yz — bz) + 66T u}(67)6F ¢
P07y 67) — p(OP) APl (67| (1 — o8 (y= — b2) — (1 — &SN p(0P)6Pul (67)0Pc
[p(0F )up (07) + 667w, (07)] (yz — bz — 6k) + 667w, (07)0" ¢
(07 )y (67) — p(07 )07 (07)] (y= — b= — o) — pl07 )07, (97 )07

z < 2P,

B(z07) =

22z,

where ((z;0F) can be simplified at z = 27, yielding 8(zF;0F) = B,.(6F) = B, (67). Note that 5(z;67) is
increasing in zﬁ meaning that the planner prefers workers with high (low) z to have relatively higher (lower)
bargaining power. This conversely implies that, in the decentralized equilibrium with the bargaining power
constant across workers, a firm is expected to be overcompensated (undercompensated) for its entry cost

when matched with a worker with high (low) human capital, resulting in socially nonoptimal entry decisions.

A.7 Deriving the stationary distribution of workers in the extended model

The objective of this subsection is to analytically derive the steady state distribution of the current level
of general human capital z; € Z among the unemployed, {u(z;;0)}.,cz, which appears in the definition
of the stationary equilibrium . As previously pointed out, this is a complicated task because of the
endogenous dynamics of human capital accumulation. In fact, determining {u(z;;0)}.,ez requires solving
for {¢2(6),4!(0), 4. (9), s (9)}2122% using the stationary transition equations Nevertheless, the problem
is tractable mainly due to the simplifying assumptions on the dynamics of general human capital@ Ac-
cordingly, in what follows, I present the transition equations which have to be satisfied in the stationary
equilibrium. Since each retired worker is substituted by an unemployed entrant with the same initial level of
general human capital, the distribution of initial general human capital across workers is constant over time.
Therefore, I describe the stationary transition equations on the basis of an initial level of general human
capital zp € Z, rather than its current level z € Z. Furthermore, {u(2;)}.;cz must be well-defined out of
equilibrium as well as at equilibrium. For this reason, when deriving the stationary transition equations, I
consider all possible option@ that may be chosen by each zy € Z. In what follows, I discuss only simple

cases, and readers interested in further details are referred to the online appendix (available upon request).

(H1) Solving for {6?(9), u{(&),gf(@), s7(0) {ZSN
I first pin down the values of E{ (6), ul (0), g{ (0), and 8? (0) for the bottom rung of the human capital
ladder, which will facilitate the next step associated with the upper rungs of the human capital ladder.

Notice that by definition gi(#) = 0 for all scenarios considered below.

i. When S(z;) = Spn(z;).
For a worker with zg = z;, both types of human capital do not evolve under the current option.
Thus, the argument made for the benchmark model (see Section [2.2)) can be borrowed for the

66 Although not explicitly stated, it is assumed that B(z;6) € (0,1) for all z € Z, which is not too restrictive.

67See Section for the definitions of ¢ (), u(9), g (9), and s (6).

68Recall that there is no depreciation of general human capital, and that only one-level upgrade of human capital is allowed
during the employment relationship with the current employer.

69Namely, {(p,n), (p, s), (p, 9), (t,n), (t, s), (t,g)}, as listed and explored below.
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ii.

iii.

iv.

current purpose, implying that ¢:(6) = £(z;) and si(§) = 0. Furthermore, is extended to

[p(0) + plui(0) = & [€(2:) — ui(0)] + pl(z:),
where the left-hand side is the outflow from unemployment whereas the right-hand side is the
inflow into unemployment. Rearranging terms yields the extended counterpart of (17), namely,

ui(6) = 0P 4. (A.24)

@)+d5+p
When S(z;) = Sp.s(2;).
The level of general human capital does not change under the current option so that £:(0) = £(z;).
Meanwhile, job separation and retirement are not affected by the specific human capital level,
and thus, u¢(0) is determined by (A.24). Lastly, in a stationary equilibrium, the outflow from and

inflow into s¢(6) must balance each other, namely,

(04 p) 5i(0) = ¢ [£(zi) — uj(0) — 5;(0)] ,
from which one can arrive at

s

) = ———— [(z) —ul(0)]. A25
5i(0) 5+p+¢s[(2) u; (0)] (A.25)
When S(z;) = Si.n(z)).

As in the case of S(z;) = Spn(zj), one can recall the argument in the benchmark model to obtain

04(0) = €(z), si(0) = 0, and

o+p
[1— e G+PAp(@) + 5+ p

ul(0) = 0(z;). (A.26)
When S(z;) = Si,s(%;).
Applying a similar argument to the case of S(z;) = S, s(2;), one can conclude that £(0) = £(z;),

ui(0) is given by (A.26]), and

s

- e~ (+IA(] _ o)
S+ p+ o

e AOLICOR (A.27)

7

51 (0) [£(zi) — ui(0)]

(2

Notice that (A.27) is obtained from the following balance equation:
(64 p) 5i(0) + e~ CTON(L — e Mp(0)ui(0) = 6, [€(z:) — ui(0) — 5i(0)] ,

where the left-hand and right-hand sides represent the outflow from and inflow into si(6), respec-
tively. In particular, the second term in the left-hand side stands for the outflow from si(6) due
to the presence of A : Among newly-formed (¢, s) matches whose flow is equal to p(6)u’(8), only
a fraction e~ (A (1 — e=?A) survives until A and completes specific training before A; however,

they are forced to go back to unemployment when their tenure reaches A.
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Figure 11: A graphical illustration of the unemployment inflows and outflows when Z = {z1, 22, 23, 24 }
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Notes: The diagram is drawn for the case where (z1, 22, 23, 24) = (zt:fl, th’,gg’ 255, zn) and S(2n) = Sp,s(2n). Workers who are on the red areas receive general training,

while those on the blue areas receive specific training. The inflows and outflows related to (s%, sg, sﬁ) are omitted for graphical simplicity.



A.8 Welfare properties of the extended model

In this subsection, I formulate the social planner’s problem in the extended model. In the environment of

the extended model, the planner chooses the labor market tightness 6 € (0, 6) to maximize

Zma‘X{ Ztv 7 ps(Zu )’S;g(zh )S:n(zivo)’szs(zive) Stg(zwe)}v

2, €L

where

p,n {El 0 Ui(e)} {yozi - 5’%} + UZ(G)bZz - 0“2(9)67
= {0;(0) —ui(0) — si(0) } {yoz: — 6k — To(zi)yoz } + 55(0) (y12i — Ok) + u(0)bz; — Oui(6)c,
9) = {62(9) — uﬁ(@)} {yozi — 0k — 14(zi)yozi} + u?(H)bzi — Gu?(ﬁ)c + Lgiciz)y ¥

971 (0) (yozigr — 0r) + { > il )} {ka — (0 93“(9)} S*(zi41,0) |,
k>i+1 k>1
= {£i(0) — ui(0) }yozi + ul(0)bz; — Oul(0)c,
52‘5 = {£(0) — ui(0) — 5i(0) } {yoz: — s(2i)y02:} + 57(0)y12: + uj(0)bz; — Oui(0)c,
= {Li(0) —ul(o } {yoz2 To(zi)yozi} 4+ ul(0)bz; — Oul(0)c + Lz X

gz+1( y(]Zz+1+{ Z €Z+1 )} {ng _gl z+1(9)}s*(2i+1’9) ’

k>i+1 k>1

subject to the stationary transition equations described in Appendix [A7]
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B Additional Material - Quantitative Part
B.1 Descriptive statistics for the KLIPS

Table 7: Descriptive statistics for the KLIPS-13

(1) All employees  (2) Permanent (3) Temporary

Highest level of education

Primary 609 (18.0) 384 (11.4) 225 (6.7)

Secondary 1,357 (40.2) 1,072 (31.7) 285 (8.4)

Tertiary 1,411 (41.8) 1,311 (38.8) 100 (3.0)
Age

16 to 29 819 (24.3) 686 (20.3) 133 (3.9)

30 to 55 2,325 (68.9) 1,926 (57.0) 399 (11.8)

56 to 65 233 (6.9) 155 (4.6) 78 (2.3)
Gender

Male 2,070 (61.3) 1,746 (51.7) 324 (9.6)

Female 1,307 (38.7) 1,021 (30.2) 286 (8.5)
Marital status

Married 2,195 (65.0) 1,796 (53.2) 399 (11.8)

Not married 1,182 (35.0) 971 (28.8) 211 (6.3)
On-the-job training

Received 524 (15.5) 478 (14.2) 46 (1.4)

Not received 2,853 (84.5) 2,289 (67.8) 564 (16.7)
Presence of labor union

Present 681 (20.2) 622 (18.4) 59 (1.8)

Not present 2,696 (79.8) 2,145 (63.5) 551 (16.3)
The total number of employees

1to9 1,004 (29.7) 706 (20.9) 298 (8.8)

10 to 99 1,101 (32.6) 934 (27.7) 167 (5.0)

100 or above 1,272 (37.7) 1,127 (33.4) 145 (4.3)
Occupation

Managers and professionals 836 (24.8) 776 (23.0) 60 (1.8)

Clerks 745 (22.1) 685 (20.3) 60 (1.8)

Service or sales workers 449 (13.3) 314 (9.3) 135 (4.0)

Elementary occupations 359 (10.6) 206 (6.1) 153 (4.5)

All other occupations 988 (29.3) 786 (23.3) 202 (6.0)
Industry

Agriculture/forestry /fishing and construction 337 (10.0) 183 (5.4) 154 (4.6)

Extractive and manufacturing 984 (29.1) 884 (26.2) 100 (3.0)

Electricity /gas/water supply 18 (0.5) 17 (0.5) 1 (0.0)

Trade, hotels, and restaurants 633 (18.7) 467 (13.8) 166 (4.9)

Transportation and communication 228 (6.8) 206 (6.1) 22 (0.7)

Financial/insurance/real estate activities 245 (7.3) 219 (6.5) 26 (0.8)

Public service activities 932 (27.6) 791 (23.4) 141 (4.2)

Notes: The table reports the number of employees by personal and job characteristics (with percentages in parentheses), using
the 13th wave of KLIPS (KLIPS-13, corresponding to the 2010 survey). The sample size is 3,377, 18.1% (81.9%) of which are
classified as temporary (permanent, respectively) employees. Column (1) includes all employees; only permanent and temporary
employees are counted in columns (2) and (3), respectively. On-the-job training is recorded as “Received” if the individual
has received on-the-job training at least once during the past twelve months and “Not received” otherwise. Occupation and
Industry are categorized according to the 6th Korean Standard Classification of Occupations (KSCO) and the 9th Korean
Standard Industrial Classification (KSIC), respectively.
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B.2 Reduced-form analysis

Table 8: Determinants of temporary employment, 2010 (KLIPS)

(1) (2) (3) (4) (5)
Constant —0.337*¥**  —0.430%*%*  —0.182** 0.089 0.840***
(0.051) (0.080) (0.086) (0.104) (0.130)
Highest level of education
Secondary education —0.488%**  _(0.472%%*  —(0.436%**  —0.305**¥*  —(0.293***
(0.063) (0.068) (0.069) (0.072) (0.075)
Tertiary education —1.133%*%*  —1.126%**  —1.019%**  —0.686***  —(0.734***
(0.071) (0.078) (0.080) (0.092) (0.096)
Age
16 to 29 0.138* 0.139* 0.211%%* 0.227***
(0.076) (0.077) (0.079) (0.081)
56 to 65 0.195%* 0.226** 0.127 0.088
(0.094) (0.095) (0.097) (0.103)
Gender
Female 0.159%** 0.119%* 0.138%* 0.291%%*
(0.053) (0.054) (0.059) (0.063)
Marital status
Married —0.047 —0.019 0.019 0.011
(0.065) (0.066) (0.067) (0.070)
Presence of labor union
Present —0.294%**%  —(.218%* —0.069
(0.089) (0.091) (0.096)
The total number of employees
10 to 99 —0.431%*%*  —(0.394%*F*  —(.326%**
(0.064) (0.066) (0.069)
100 or above —0.365%*%%  —(0.345**¥*  —(.223%**
(0.074) (0.076) (0.079)
Occupation
Managers and professionals —0.839%**  —(Q.877***
(0.106) (0.112)
Clerks —0.838%**  _(.877***
(0.106) (0.110)
Service or sales workers —0.310%*%*  —(0.344%**
(0.097) (0.104)
All other occupations —0.453%*%*  —(.428%**
(0.084) (0.095)
Industry
Extractive and manufacturing —1.286%***
(0.097)
Electricity /gas/water supply —0.897**
(0.448)
Trade, hotels, and restaurants —0.838%**
(0.112)
Transportation and communication —1.287%%*
(0.148)
Financial/insurance/real estate activities —1.093%**
(0.141)
Public service activities —0.832%%*
(0.101)
No. obs. 3,484 3,484 3,484 3,484 3,484
Pseudo-R? 0.084 0.091 0.116 0.143 0.203

Notes: The table reports estimation results from a probit model whose dependent variable (Temporary) is equal to one if the
individual holds a temporary contract and zero otherwise. Among all 3,484 dependent workers surveyed in 2010 (corresponding
to the 13th wave of KLIPS), 625 workers (17.9%) are classified as temporary employees. All the independent variables used
are dummies. The dummies for Occupation are relative to “Elementary occupations” while the baseline dummy for Industry is
“Agriculture/forestry/fishing and construction.” The Occupation and Industry categories are constructed according to the 6th
KSCO and the 9th KSIC, respectively. Standard errors are reported in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table 9: Determinants of receiving on-the-job training, 2010 (KLIPS)

(1) (2 (3) (4) (5)
Constant —0.943%F%  _1.351%*¥*  —1.509%**  —1.699%**  —2.090***
(0.028) (0.080) (0.107) (0.075) (0.133)
Contract type
Temporary contract —0.494**%*  —0.330***  —0.295%**  —(0.250*%**  —0.126
(0.080) (0.084) (0.084) (0.086) (0.090)
Highest level of education
Secondary education 0.264*** 0.258%** 0.188*
(0.089) (0.094) (0.101)
Tertiary education 0.596*** 0.603*** 0.421%**
(0.088) (0.094) (0.102)
Age
16 to 29 0.044 0.101
(0.078) (0.084)
56 to 65 —0.114 —0.097
(0.127) (0.133)
Gender
Female —0.185%%* —0.092
(0.059) (0.062)
Marital status
Married 0.316%** 0.240%**
(0.070) (0.075)
Presence of labor union
Present 0.217%** 0.202%**
(0.074) (0.075)
The total number of employees
10 to 99 0.305%*** 0.281%**
(0.087) (0.089)
100 or above 0.903*** 0.844***
(0.087) (0.088)
Sector by ownership
Public sector 0.289** 0.254**
(0.117) (0.118)
Job tenure
(continuous, in years) 0.019*** 0.018%**
(0.005) (0.005)
No. obs. 3,375 3,375 3,375 3,375 3,375
Pseudo-R? 0.014 0.036 0.050 0.129 0.143

Notes: The table reports estimation results from a probit model whose dependent variable (On-the-job training) takes the value
of one if the individual has received on-the-job training at least once during the previous twelve months and zero otherwise.
Among all 3,375 dependent workers surveyed in 2010 (corresponding to the 13th wave of KLIPS), 524 workers (15.5%) are
classified as those with On-the-job training = 1 while 610 workers (18.1%) as temporary employees. All the independent
variables are dummies, except for Job tenure that is a continuous variable expressed in years. Standard errors are reported in
parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table 10: Determinants of conversion from temporary to permanent employment, 2010-2016 (KLIPS)

(1) (2) 3) (4) (5) (6) (7)
Constant —1.238%**  _(0.928%**  _(.783*%**  _(0.712***  _—0.700***  —0.556*** = —(.432%**
(0.092) (0.086) (0.089) (0.096) (0.106) (0.116) (0.136)
Training experience
(extensive margin) 0.038 0.056 0.055 0.189** 0.255%* 0.255%* 0.190
(0.087) (0.083) (0.087) (0.092) (0.101) (0.112) (0.132)
Highest level of education
Secondary education 0.249%** 0.236%** 0.242%** 0.234%** 0.267*** 0.266%** 0.266%**
(0.068) (0.062) (0.064) (0.069) (0.075) (0.084) (0.099)
Tertiary education 0.353*** 0.321%** 0.335%** 0.500%** 0.549*** 0.582%** 0.787***
(0.093) (0.089) (0.094) (0.101) (0.114) (0.129) (0.154)
Age
16 to 29 0.235%* 0.293%** 0.409%** 0.397%** 0.636*** 0.527%** 0.471%**
(0.100) (0.098) (0.106) (0.119) (0.138) (0.156) (0.178)
56 to 65 —0.316%*%*  —0.347*%%*  —0.401***  —0.452**¥*  _(.536***  —0.589%**  _(.711%**
(0.078) (0.072) (0.078) (0.087) (0.101) (0.119) (0.150)
Marital status
Married —0.073 —0.096 —0.094 —0.173** —0.164** —0.208** —0.171
(0.063) (0.060) (0.064) (0.069) (0.077) (0.088) (0.105)
Presence of labor union
Present 0.073 0.109 0.214%* 0.260** 0.303** 0.359** 0.470%***
(0.113) (0.106) (0.108) (0.118) (0.127) (0.146) (0.164)
Occupation
Managers and professionals 0.079 0.216** 0.279** 0.350%** 0.383*** 0.356** 0.122
(0.104) (0.101) (0.108) (0.121) (0.138) (0.157) (0.191)
Clerks —0.003 0.139 0.218* 0.265%* 0.373%** 0.357** 0.447**
(0.115) (0.110) (0.115) (0.126) (0.142) (0.160) (0.183)
Service or sales workers —0.019 0.044 0.066 0.178%* 0.267*** 0.175 0.074
(0.078) (0.075) (0.079) (0.087) (0.097) (0.110) (0.131)
All other occupations 0.036 0.106 0.072 0.190** 0.226%** 0.143 0.035
(0.072) (0.068) (0.071) (0.077) (0.085) (0.094) (0.107)
Job tenure
(continuous, in years) —0.043%F*  —0.041%**  —0.038***  —0.041*¥** = —0.042%¥*¥*  —0.041FF*F  —0.054%**
(0.007) (0.006) (0.006) (0.007) (0.008) (0.009) (0.011)
No. obs. 4,539 3,739 3,069 2,464 1,965 1,505 1,105
Pseudo-R? 0.058 0.065 0.079 0.099 0.125 0.124 0.147
Pr(Temp to perm = 1) 0.096 0.167 0.215 0.250 0.280 0.298 0.311
Pr(Training experience = 1) 0.098 0.099 0.101 0.105 0.106 0.116 0.119

Notes: The table reports estimation results from a probit model whose dependent variable (Temp to perm) equals one if the temporary worker in the baseline years
(2010 to 2017 — y, corresponding to the 13th to (20 — y)-th waves of KLIPS) achieves permanent employment status y years later, with y being equal to 1 in column
(1), 2 in column (2), and so on, and zero otherwise. The variable Training experience takes the value of one if the temporary worker has received on-the-job training at
least once during the previous three years and zero otherwise. The Occupation categories are constructed according to the 6th KSCO, and “Elementary occupations” is
used as the baseline dummy. All the independent variables are dummies except for Job tenure, a continuous variable expressed in years. Standard errors are reported
in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.



B.3 Additional tables and figures

Figure 12: One-dimensional slices of the objective function for the method of simulated moments
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Notes: In each figure, the objective function for estimation (see Sectionfor its definition) is evaluated over a range from 10%
below to 10% above the estimated value of the parameter of interest, with all the other parameters fixed as estimated. The plot
is incomplete in [(g)H(i)| because the objective function cannot be evaluated on the corresponding interval. The dashed vertical
line in the plots indicates where the objective function is minimized; obviously, the line crosses the x-axis at each parameter
estimate. The minimized value of the objective function is 0.439.
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Table 11: Elasticity of moments with respect to parameters

¢s o K h 4 A Mz Oz Y1 ¢
S1. —0.87 0.00 0.00 0.00 0.61 0.00 0.00 0.00 —-3.73 0.00
S2. —0.04 13.33 13.33  —0.05 —5.00 13.33 13.33 13.33 13.33 0.23
S3. 034 —-0.04 —0.50 0.16 0.62 0.12 0.31 0.22 0.11 0.07
S4. 6.74 13.33 13.33 6.68 2.30 13.33 13.33 13.33 13.33 0.58
S5. 0.01 1.78 1.78 0.01 5.19 1.89 —-396 -390 —16.08 —0.03
J1. -0.37 -0.22 —0.08 0.01 —0.51 0.04 0.86 0.72 0.88 —-0.83
J2. 0.33 0.01 0.05 0.00 —0.69 —0.01 0.42 0.34 0.51 0.14
J3. —0.51 —-0.36 —0.12 —-0.36  —0.29 044 —-0.10 —-0.40 0.02 0.24
Al. 0.06 0.20 0.19 0.01 0.28 0.20 0.39 0.39 —0.54 —-0.03
A2. —0.02 —0.01 0.01 —0.02 0.93 0.12 —0.01 —0.17 —1.78 —0.09
A3. —0.05 -1.16 —-1.13 0.00 1.29 —-0.54 -1.91 —2.59 —2.88 0.44
T1. 0.47 0.46 0.21 —1.49 —1.45 0.76 4.37 4.18 299 3,57

Notes: The table is obtained by postulating a 7.5 percent decrease in the estimated parameter values. A positive (negative)
sign means that a moment moves in the same (opposite) direction as the parameter of interest, that is, the moment decreases
(increases) as the parameter of interest decreases. The shaded areas correspond to the heuristic identification argument made
in Section See Table [2] for descriptions of each moment and each parameter.

Figure 13: Estimated cumulative distribution of general human capital
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Notes: The light grey curve represents the estimated cumulative distribution of zg; the dark grey curve stands for that of z.
The area between these two curves indicates that there are some workers who have “upgraded” their general human capital
through general training.
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Table 12: Scarring effects on wages in counterfactual scenarios

log(wage) components: log of ...

log(wage) 20 2r 0 Yr 1—7 wage/Y

A. Status quo
Constant 2.785 1.112 0.000 1.792 0.116 —0.112 —0.123
First contract type

Temporary contract —0.242 —0.348 0.134 - —0.017 —-0.012 0.000
Current contract type

Temporary contract —0.499 —0.330 —0.134 - —0.105 0.061 0.009
Labor market experience

(continuous, in years) 0.001 —0.000 —0.000 - 0.000 0.001 —0.000
B. Perm. subsidy
Constant 2.547 0.891 0.041 1.792 0.088 —0.193 —0.072

First contract type
Temporary contract - - - - - - _

Current contract type
Temporary contract - - - - - - -

Labor market experience
(continuous, in years) 0.002 —0.000 0.001 - 0.001 0.002 —0.000

C. Train. subsidy

Constant 3.037 1.362  —0.098 1.792 0.112 —-0.018 —0.112

First contract type
Temporary contract —0.105 —0.315 0.228 - —0.030 —0.002 0.013

Current contract type
Temporary contract —0.473 —0.362 0.036 - —0.089 —0.048 —0.010

Labor market experience
(continuous, in years) 0.001 —0.003 0.004 - 0.000 0.000 —0.000

D. Const. planner
Constant 3.026 1.486 —0.154 1.792 0.111  —0.103 —0.106

First contract type
Temporary contract —0.090 —0.209 0.165 - —=0.029 -0.024 0.007

Current contract type
Temporary contract —0.699 —0.453 0.119 - —0.088 —0.221 —0.057

Labor market experience
(continuous, in years) 0.003 —0.004 0.005 - 0.000 0.001 —0.000

Notes: Panel A of the table is the same as Table |4} Since there are no temporary workers when permanent jobs are optimally
subsidized, the coefficients of First contract type and Current contract type are not reported in Panel B.
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Table 13: Sensitivity analysis with different bargaining weights

(1) 3=0.3 (2) 8=0.5 (3) B=0.7

Estimated parameters

rate of increase in y bs 0.685 0.687 0.825
rate of increase in z g 0.320 0.296 0.299
firing costs for p K 9.734 8.322 8.024
matching efficiency h 0.644 0.850 0.684
job separation rate 1) 0.114 0.115 0.117
cap on t tenure A 7.883 7.625 7.641
avg innate abilities Lz 7.890 6.421 6.615
var innate abilities o2 0.398 0.443 0.428
productivity after ¢s Y1 6.751 7.020 6.811
vacancy cost c 11.904 7.080 4.022
Targeted moments
share of p on training 0.184 0.184 0.160
share of ¢ on training 0.059 0.062 0.065
share of ¢ to ¢ 0.702 0.730 0.710
share of p who were t on training 0.001 0.001 0.001
share of ¢ in the labor force 0.285 0.288 0.286
job-finding rate 0.738 0.789 0.709
job tenure of p 6.546 6.814 6.607
job tenure of ¢ 3.055 3.054 3.032
avg log wage of p 2.731 2.757 2.773
avg log wage of ¢ 2.130 2.100 2.131
avg log wage of new t relative to p 0.615 0.630 0.681
tightness 0.688 0.661 0.479
Welfare properties

total welfare loss 1.292 1.365 1.653
(% of the planner’s output) (9.04) (9.42) (11.43)
- training of perm 0.740 0.528 0.836
(% of the total loss) (57.3) (38.7) (50.6)

- training of temp 0.522 0.591 0.581
(% of the total loss) (40.4) (43.3) (35.2)

- contract type 0.030 0.246 0.235
(% of the total loss) (2.3) (18.0) (14.2)

Notes: Column (2) corresponds to the baseline case reported and discussed in the main text.
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Table 14: Comparison of estimation results by gender

(1) All (2) Male (3) Female
Estimated parameters
rate of increase in y bs 0.762 0.753 0.687
rate of increase in z oy 0.241 0.187 0.296
firing costs for p K 9.153 9.331 8.322
matching efficiency h 0.946 1.000 0.850
job separation rate é 0.090 0.101 0.115
cap on t tenure A 10.969 10.191 7.625
avg innate abilities Lz 9.427 8.251 6.421
var innate abilities o 0.440 0.609 0.443
productivity after ¢s Y1 6.578 6.514 7.020
vacancy cost c 7.431 8.999 7.080
Targeted moments
share of p on training 0.146 (0.215) 0.158 (0.230) 0.184 (0.174)
share of ¢ on training 0.088 (0.065) 0.110 (0.073) 0.062 (0.055)
share of t to t 0.757 (0.754) 0.771 (0.784) 0.730 (0.716)
share of p who were t on training 0.002 (0.004) 0.002 (0.005) 0.001 (0.002)
share of ¢ in the labor force 0.188 (0.202) 0.189 (0.163) 0.288 (0.290)
job-finding rate 0.824 (0.833) 0.841 (0.848) 0.789 (0.815)
job tenure of p 7.756 (7.614) 7.532 (8.051) 6.814 (6.453)
job tenure of ¢ 4.483 (4.648) 4.137 (5.997) 3.054 (2.939)
avg log wage of p 3.116 (3.129) 3.304 (3.276) 2.757 (2.739)
avg log wage of ¢ 2.524 (2.474) 2.680 (2.752) 2.100 (2.121)
avg log wage of new t relative to p 0.614 (0.593) 0.611 (0.661) 0.630 (0.661)
tightness 0.581 (0.581) 0.638 (0.581) 0.661 (0.581)
Welfare properties
total welfare loss 1.645 1.992 1.365
(% of the planner’s output) (7.40) (7.49) (9.42)
- training of perm 0.929 1.204 0.528
(% of the total loss) (56.5) (60.4) (38.7)
- training of temp 0.380 0.458 0.591
(% of the total loss) (23.1) (23.0) (43.3)
- contract type 0.337 0.330 0.246
(% of the total loss) (20.5) (16.6) (18.0)

Notes: Column (3) corresponds to the baseline case reported and discussed in the main text. In the middle panel named
Targeted moments, the corresponding data moments are reported in parentheses.
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