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Abstract

This thesis examines the macroeconomic implications of employment protection legislation.
I focus on the role of termination costs and termination notice and analyse their significance
in macroeconomic transmission and as an insurance device. The thesis consists of three
chapters. First, I use cross-country panel data for 21 OECD economies containing measures
of the strictness of employment protection, labour market activity, and national accounts
to examine the role employment protection measures play in the transmission of macroe-
conomic shocks. Using an identified risk premium shock and utilising the local projections
method to estimate impulse responses, I show that strictness of employment protection am-
plifies the shock’s effect on output, leading to a more severe recession. The data points
toward misallocation as the mechanism that drives these results. In the second chapter, I
construct a model of how employment protection measures may affect cyclical transmission
via their ability to enhance misallocation following an adverse shock. I show this by using a
new aggregation result that links between firing restrictions and the dynamic path of misal-
location. A calibrated version of the model accounts for a sizeable portion of the observed
effect. Additionally, the model yields a sufficient statistic that can be used to quantify this
channel in future works. In the last chapter, I focus on termination notice as a distinct
form of employment protection. I show the pros and cons of the policy using two analytical
partial equilibrium results. I also construct and calibrate a general equilibrium model in
which termination notice and unemployment insurance are used both as an insurance device
in an environment featuring frictional labour markets, incomplete asset markets, and moral
hazard. The model is then calibrated to match Israeli data and to compute optimal policies.
I show that termination notice may be welfare improving when employed harmoniously with
other policy tools. The work presented here shows the power of employment protection
measures to affect the macroeconomic environment. The insights gained from this research
are particularly relevant for the global effort to recover from the COVID-19 recession.

Keywords: Employment protection, Firing restrictions, Termination notice, Labour market
institutions, Labour market requlation, Business cycles, Misallocation, Search and

matching, Unemployment insurance, Incomplete markets

JEL: E02, E24, E32, E60, JOS, J65, J64



General Introduction

Employment protection legislation (henceforth employment protection or EPL) is an um-
brella term for a class of policy devices that govern employment relationships through a
legal mandate. These policies are a salient feature of most developed market economies,
which, in some cases, had been in place for nearly a century. In the early 1990s employment
protection was a topic of focus in the policy debate, which led to employment protection
measures being relaxed in many European economies to boost economic growth. Albeit the
pervasive nature of these policy devices, a significant part of their macroeconomic implica-
tions are understudied and, as a result, are absent from the policy debate. This thesis aims
to discuss several of these gaps in the literature and shed light on the consequences, intended
or otherwise, of this class of policy devices.

To put these policies in some political context, the idea of employment protection stems
from the creation of labour as a social class with unemployment as a key risk to household
income. In a frictional labour market, employment is associated with rents. When a large
portion of the population is employed and has the political power to push for policies that
would secure their rents from employment, they would strive to do so (Saint-Paul, 2000).
In the early 20th century, legislative measures such as mandated severance pay, termination
notice, and the introduction of the concept of wrongful termination into the legal framework
(Schwenning, 1932) were introduced in many countries. These laws limit the freedom of
contract as they reflect the view that not all employment contracts are valid even if agreed
upon by the two parties. Effectively, these policies institutionalise a departure from the
doctrine of ’at-will employment’, whereby workers can be hired and fired at will without
limit other than those of mutual consent on the employment contract’s continuation by the
contracting parties (Summers, 2000).

From the macroeconomic perspective, EPL acts as an adjustment cost for labour and an
insurance device for households. As an adjustment cost, EPL can affect aggregate output

and the distribution and allocation of firms and jobs across the economy. It would imply
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different speed of labour re-allocation, it would derive, to some extent, the size distribution
of firms and would manifest itself into the entry and exit decisions. On the household’s side,
if one were to depart from the representative agent paradigm, EPL has implications for the
income and wealth distributions via the incentive to save and insure oneself. As such, the
potential of EPL to drive macroeconomic outcomes is staggering.

This thesis tackles three questions concerning the macroeconomic impact of employment
protection. The first chapter explores the contribution of EPL to act as an amplifier of
macroeconomic shocks. Using panel data for 21 OECD countries from 1985-2013, I show that
stricter forms of employment protection make countries more prone to prolonged recessions
and to exhibit a stronger decline in real output following the impact of a common adverse
shock. In the second chapter, I construct a theoretical model that showcases the mechanism
by which EPL fosters increased labour misallocation during business cycles, thus leading to
more severe recessions. Quantitatively, the modelled channel can account for a significant
portion of the empirical differences observed in the data.! The last chapter narrows the
discussion from EPL at large to the practice of a legislated termination notice. The chapter
examines the costs and benefits of using termination notice as a means of providing insurance
to households. Using a general equilibrium model featuring incomplete markets, search and
matching, and moral hazard, I illustrate the potential implications of termination notice and
discuss its optimal use.

To conclude this introduction, the findings laid out in this thesis shed light on the effects
of employment protection on the macroeconomic environment and have implications for
central and timely policy issues such as the labour markets’ recovery post-COVID-19; the
design of optimal insurance systems; the cost of the business cycle; and the redistributive

effects of labour market regulation.

IThese two chapters have already been accepted for publication in Review of Economic Dynamics under

the title 'Firing Restrictions and Economic Resilience: Protect and Survive?’.



Chapter 1

Firing Restrictions and

Macroeconomic Transmission

1.1 Introduction

How do firing restrictions affect the transmission of macroeconomic shocks? Employment
protection legislation (EPL) in general, and firing restrictions in particular, is a widely used
class of policy devices in developed market economies. Most of the policy debate regarding
EPL circles around two main issues: its effects on long-term macroeconomic performance
on the one hand and its significance for microeconomic outcomes in the labour market on
the other. However, the use of such a policy device in times of economic adversity may
alter the impact of macroeconomic shocks, influence their transmission mechanisms, and
affect recovery. Thus, this chapter aims to explore the potential link between EPL in the
form of firing restrictions on individual contracts and economic resilience or the inherent
amplification of a macroeconomic shock.

The global financial crisis in 2008 had a considerable effect on developed market economies
which vary substantially concerning their labour market policies. Such global shifts in credit
conditions allow me to conduct a quasi-natural experiment utilizing shocks to risk premia
and their propagation in economies that exhibit varying degrees of strictness of firing restric-
tions. I carry out this analysis by estimating state-dependent impulse response functions of
real activity and labour market activity measures to an identified financial shock. My em-
pirical strategy relies on the local projections method of Jorda (2005) adapted to a panel

setting, and inference is based on Driscoll and Kraay (1998) standard errors, which control



CHAPTER 1. FIRING RESTRICTIONS AND MACROECONOMIC TRANSMISSION 4

for temporal and cross-sectional correlation in the error term.

The main results can be summarized as follows. Strict firing restrictions are associated
with a reduced initial effect of the shock on the labour market, leading to a smaller and
slower rise in unemployment, a smaller drop in employment, and more stability in labour-
force participation. However, circa a year and a half from the cycle’s beginning, exact timing
depends on the specification of choice, economies under a stricter regime of firing restrictions
experience a stronger and more persistent decline in real output. The drop in output is in the
opposite direction of the effect on employment and too fast and sizeable to be accounted for
by a differential decline in capital stock. Taken together, these lead me to suspect that the
driving force behind this difference is a drop in total factor productivity (TFP) when firing
restrictions are stricter. Such a drop is present in the data and is statistically significant. I
further demonstrate that this sequence of differential responses in the labour market, real
output, and TFP is statistically significant and robust to various choices of specification,

measure, and sample.

Related Literature. This chapter is most closely related to the literature on labour mar-
ket institutions and their interaction with macroeconomic shocks. The seminal work of
Blanchard and Wolfers (2000) describes how changes in European unemployment data can
be explained by the interactions of the institutional factors in the labour market with var-
ious shocks. In addition to the long-term changes in unemployment, institutional factors
have been linked to macroeconomic volatilities e.g., Gnocchi et al. (2015a) and Rumler and
Scharler (2011). More specifically, Nunziata (2003) had studied the interaction between
EPL and the business cycle and demonstrated empirically and theoretically that strictness
of EPL lowers the output elasticity of employment. Along this line, Duval and Vogel (2008)
illustrate how strict EPL leads to greater persistence in business cycle dynamics using output
gap to identify cycles. The mechanism suggested by theory to explain this link between cycli-
cal adjustment and EPL is that strict EPL should slowdown turnover dynamics and make
the re-adjustment process in response to a shock longer as in Bentolila and Bertola (1990)
and Garibaldi (1998). The work of Messina and Vallanti (2007) supports this claim using
firm-level data, indicating that strictness of EPL dampens the response of job destruction
to the cycle, thus leading to less counter-criticality in job destruction.

This chapter is also related to the literature which emerged after the Great Recession
that aimed to understand how different advanced economies have responded to what was

generally considered as a global shock. Just following the Great Recession Ohanian (2010)
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examined how Europe and the United States experienced this shock using business cycle
accounting. Ohanian’s analysis points to the fact that in Europe the drop in the productivity
deviation was more pronounced, while the United States had experienced little change in
the productivity deviation but did experience a sizeable drop in the labour deviation relative
to that which was present in Europe. Ohanian notes that this may be due to European
firing restrictions which may have led to labour hoarding and lower measured productivity.
This insight, which is revisited in Ohanian and Raffo (2012), is another motivation for the
present work as it demonstrates in detail how this may be the case and to what extent is this
channel present. The relevance of labour market rigidities to the propagation of international
business cycles is also discussed in the work of Perri and Quadrini (2018) who show that
when a variation in the adjustment costs of the labour input between the United States
and the G6 countries is accounted for, their model is able to provide a better match for the

response patterns from the Great Recession.

Contribution. This chapter contributes to the empirical literature by conducting a com-
prehensive investigation of the link between firing restrictions, and the transmission of credit
supply shocks to several outcome measures, such as real output, privet consumption, in-
vestment, capacity utilization, TFP, unemployment, employment to population ratio, and
labour-force participation. My empirical strategy differs from the aforementioned works due
to the use of an identified shock and higher data frequencies to estimate state-dependent,
non-linear, impulse response functions using local projections to observe the effect of firing
restrictions on the shock’s transmission channel rather than exploring their effects on mo-
ments or long-term trends. The transmission channel documented here can be attributed to
the effect of firing restrictions on turnover, which, combined with a business cycle, results in
a slower reallocation of labour. This slower reallocation leads to increasing levels of labour
misallocation. Thus, stricter firing restrictions hinder recovery in terms of TFP and real
output. In doing so, this chapter also contributes to the literature on the cleansing and sul-
lying effect of the business cycle by demonstrating empirically an EPL-induced transmission

channel that is consistent with cyclical misallocation of labour.!

!Chapter 2 further explores this idea by using a search and matching model to suggest a proper quantifi-

cation of this channel.
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1.2 Methods

1.2.1 Defining and Measuring Firing Restrictions

Measurement of EPL. EPL is an umbrella term for several policy devices. There are
several indices that measure EPL’s strictness based on the specific policies included in the
index, their coverage, and their implications.? These indices measure policies that govern
different employment contracts, i.e., fixed-term employment contracts or regular employ-
ment contracts. In the case of regular employment contracts, employment protection mainly
consists of firing restrictions. For temporary workers, EPL is chiefly a hiring restriction that
limits the formation of fixed-term contracts. These indices also distinguish between policies
by the type of dismissals covered by the legal provisions, i.e., individual dismissals versus
collective ones. EPL indices employ a measurement strategy of 'hierarchy of hierarchies’,
meaning that they are aggregates of several scales that rank the strictness of the legisla-
tion (e.g., from 0 to 6 as in the OECD indices). These scales are aggregated according to

predetermined weights to form a final index.?

Metric of Choice. In this chapter I am interested in restrictions on firing regular employ-
ees or the protection of regular employees. With this focus in mind, I chose as my measure
of strictness of firing restrictions the OECD index ’strictness of employment protection -
individual dismissals (regular contracts)’ (EPR V1). This index encompasses the definition
of wrongful termination, the procedure of terminating an individual employee, severance pay
and notice due, and the legal recourse available to a wrongfully terminated worker.*® The

data for this index runs annually from 1985 to 2013.

2 A more comprehensive discussion of EPL measurements, coverage, and definitions can be found in Boeri

and van Ours (2013).
3A critique of this measurement method and its limitations can be found in Myant and Brandhuber

(2016).
4See Table 1 for a detailed break down of the index to its components and the data that composes each

component.
5 A roughly equivalent EPL index is also available annually for 1960-2004 in a database created by Nickell

(2006). However, the index displayed there for the years 1960 to 1985 is a backward extension of the OECD
index created by assuming that its rate of change over time is the same as the change in another index which
uses data taken from Blanchard and Wolfers (2000) and from Lazear (1990). From 1985 onward, the index
given by Nickell (2006) is the same as the OECD’s index. For the sake of consistency, and since the OECD
index is available for twenty eight consecutive years for most of the sample, I chose to rely on the OECD’s

index instead of utilizing a mixed measurement methodology.
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Although I focus on firing restrictions and protection from individual dismissals, other
forms of employment protection and other labour market institutions are also present. Taking
this into consideration, I use data on other forms of employment protection and labour

market institutions in the robustness analysis in Section 1.5.

Using EPL Indecies. EPL indices are composed of several scores which are ordered
variables. The final index can take non-integer values, as can the individual components,
but that does not change the fact that the components themselves are a ranking system
of ordinal variables. This point emphasises the importance of using an identification that
allows for variation in an ordered variable and not a continuous one. I choose to use dummy
variables to identify policy regimes rather than take the index’s levels. This order-preserving
identification approach avoids manipulations to the ranking scale that can occur when using a
continuous interaction of a variable with the index. Specifically, one could conceive an order-
preserving non-linear transformation of the EPL components that would reflect the same
order of ranking but would change the results of a continuous-interaction-based regression
analysis, thus altering the conclusions based on the transformation of choice. Nevertheless,
the EPL index has largely been treated as if it were a continuous variable. Noteworthy
examples of this simplification can be found in Blanchard and Wolfers (2000), Messina and
Vallanti (2007), Nunziata (2003), and Duval and Vogel (2008). The only methodological
exceptions, to the best of my knowledge, are studies that consider only the cardinal elements
of EPL such as months of notice and months of payment offered as severance pay and ignore
the regulatory environment, as in Lazear (1990), or studies that focus on correlations and

utilize the Spearman correlation coefficient as in Gnocchi et al. (2015b).

1.2.2 Outcome Measures

To examine the implications of firing restrictions for macroeconomic resilience, I have created
a panel containing the following variables:® Labour market variables such as unemployment,
employment to population ratio, and labour force participation rates, national accounts data

(all in real terms) including output,” consumption, investment, government expenditure, im-

SFor further details and information on the data used in this chapter, see Appendix A.
"Output and not output per-capita is used for two reasons: First, to be consistent with the other national

accounts data that are available only without such normalizations; and second, due to data availability. Using
output yields 2,068 quarterly observations while using output per-capita yields only 1,774 such observations

for the same countries and time-frame. In Section 1.5.1, I show that the results are robust to using this
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ports, and exports; TFP; capacity utilization; total hours worked; hours worked per worker;
our shock variable, a measure of excess bond premium (EBP), which will be discussed shortly;
and the EPL index. I use data from 21 OECD economies for the period between 1985 to
2013.% The choice of sample, both along the country dimension and the time dimension,
arises from the availability of the EPL index.” All dependent variables are taken from the

OECD’s database.'®

1.2.3 Shock Variable

In the analysis that follows, I use the EBP (excess bond premium) measure from Gilchrist
and Zakrajsek (2012), as the shock variable. The authors use micro-level data to construct
a credit spread index which they decompose into a component that captures firm-specific
information on expected defaults and a residual component that they term the excess bond
premium. To the best of my knowledge, there is no financial shock variable that has been
calculated specifically for every one of the economies included in the analysis. That said,
the increasingly global nature of the world economy means that EBP can be interpreted as
a global shock variable within the framework of this analysis, especially given that I limit

the scope to include only developed market economies.

1.2.4 Empirical Strategy

[ follow the class of specifications that use the local projection method from Jorda (2005)
to estimate impulse response functions. The estimated specification is adapted to a state-
dependent setting as the one employed in Auerbach and Gorodnichenko (2012a), Owyang
et al. (2013), Ramey and Zubairy (2017), and Tenreyro and Thwaites (2016). The major
advantage of this strategy is that it allows for state-dependent non-linear effects in a straight-
forward manner while maintaining a simple estimation by regression techniques. Moreover,
it is more robust to misspecification than a non-linear VAR. Additionally, the strategy can be

used to analyze data of differing measurement frequencies as one is not required to estimate

choice of measure.
8Quarterly data frequency is used for all variables except unemployment for which monthly data is
available and for TFP and hours worked, which are available only at an annual frequency; all data which

are available for quarterly or monthly frequencies are seasonally adjusted.
9In the UK the OECD’s EPL index is available for 2014, and therefore I use data from this year as well

for the UK.
10A]l OECD data were retrieved from http://stats.oecd.org/; for exact details see Appendix A.
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a multi-variate system in a joint fashion. Joint estimation here will require interpolation or
temporal aggregation to achieve a panel of the same frequency. Additionally, estimating a
multi-variate system of this type requires the omission of many data points due to a missing

values.

Definition of Policy States. In defining the state, or the policy regime used, I wish
to group observations in a way that allows for sufficient differentiation between the groups
and in a manner that can describe broadly the policy regime; too many groups will limit
sample sizes severely, while too few will not enable differentiation. To allow for sufficient
differentiation, I use the following groups: first, the lower quartile of EPL index’s distribution
as an indicator of being under a regime of lax firing restrictions; second, the upper quartile
of the EPL index’s distribution as an indicator of being under a regime of strict firing
restrictions; and third, the rest of the observations (i.e., the interquartile range of the EPL
index’s distribution) as an indicator of being in an intermediate regime. This kind of grouping
allows me to identify differential effects across strict, intermediate, and lax policy regimes,
where the interest lies mainly in looking at the difference between the strict and lax groups
given that this gap reasonably captures a sufficiently large differentiation between policy
regimes for picking up any true effects in the data. While these policy regime dummies are
time-varying, it is important to note that the EPL index exhibits little temporal variation,
as opposed to relatively large cross-sectional variance, resulting in relative stability of policy
regimes over long horizons.!!

As in Auerbach and Gorodnichenko (2012a), I make use of the Jorda (2005) local pro-
jections method within a fixed-effects panel model, where inference is based on Driscoll and
Kraay (1998) standard errors that allow arbitrary correlations of the error term across coun-
tries and time. In particular, I estimate impulse responses to the credit supply shock by
projecting a variable of interest on its own lags and contemporaneous and lagged values of
the EBP variable from Gilchrist and Zakrajsek (2012), while allowing the estimates to vary
according to the policy state in a particular country and time.

The following equation demonstrates the class of the state-dependent models I estimate

HThe relatively low temporal variance of EPL and labour market institutions is also noted in Lazear
(1990) and Gnocchi et al. (2015a).
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using ¥ as an example of a dependent variable:'?

In Yit+h — In Yit—1 = Ai,t—4[a};},i + BZEBPt + @Z(L)EBﬂ_l + FZ(L)A In yi,t—l]
+Bi,t—4[0/1§,z' + 51}§EBPt + @%(L)EBPt—1 + F%(L)A In yi,t—l] (1-1)
+Cip-slal; + BEEBP, + O4(L)EBPy + T(L)AIy; 1] + €y,

where ¢ and ¢ index countries and time; «; is the country fixed effect; ©(L) and I'(L) are lag
polynomials; 3" gives the response of the outcome variable at horizon A to a credit supply
shock at time ¢; eZt 45, is the residual; and, importantly, all the coefficients vary according
to the policy state of EPL which is represented by the state dummies A;; 4, B;;—4, and
C;1—4 that take the value of one when the policy regime is lax, intermediate, or strict. The
estimated impulse responses to the credit supply shock for the three states at horizon h are
simply %, 8%, and %, respectively.'?

Lags of y and EBP are included in the regression to remove any predictable movements
in EBP. This facilitates identifying the response to an unanticipated EBP shock, which is
the object of interest in this estimation. I assign the value of the order of lag polynomials
O(L) and I'(L) to 8, i.e., I allow for 8 lags of the log-first-difference of the outcome variable

4T assume a relatively large number of lags because of the

and EBP in the regression.
construction of the EPL variable which is based on annual data. Since the EPL variable was
converted from annual to quarterly frequency by assuming identical values within the year,
it is necessary to include it in the regression with at least four lags to avoid correlation of
the error term with the policy dummy. This, in turn, requires that more than four lags of
output and EBP be included in the regression to purge the state dummies of any potentially
endogenous sources.

The EBP credit supply shock is normalized so that it has a zero mean and unit variance.
Note that a separate regression is estimated for each horizon. I estimate a total of 21
regressions for each quarterly variable and collect the impulse responses from each estimated

regression, allowing me to examine of the state-dependent effects of credit supply shocks for

12To correctly adapt a state-dependent model for panel data, one must refer to a form of normalized
changes in variables for these changes to be commensurable between countries. For this purpose, one may
use a dependent variable of the form Iny; 44n — Iny; ,—1 which represents the log-cumulative-difference in
our variable of interest from the baseline level prior to the shock until horizon h.

13The notation A;;_4, represents a one year lag of the dummy as most of the analysis is done using
quarterly data. When using other data frequencies, I use a one year lag for the same dummy variables.

14When using other data frequencies, I use two years of lagged values, for consistency.
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five years following the shock.

This form of state-dependence is slightly different from the conventional one (see, e.g.,
Ramey and Zubairy (2017)), which usually uses a binary state variable. Specifically, it
adapts the strategy of Ramey and Zubairy (2017) to allow for an ordered ranking system by
breaking down the raw EPL index into three different ordered EPL regimes. If the strictness
of firing restrictions indeed causes a change in the response of a certain variable, then one
would expect to see that its responses to the shock across policy regimes will maintain an
ordered pattern, i.e., 8% > B8 > Bh or S4h < B% < . Note that this strategy does not
assume anything that would guarantee such an order unless the order is present in the data,
unlike the results that would have been obtained from a continuous interaction exercise. In
Section 1.5.1 I conduct a robustness analysis of the results to the choice of cut-off values for
the policy regime dummies to ensure that the results are not driven by the choice of cut-off

values.

1.3 Results

[ estimate the state-dependent specification described in Equation (1.1) for output, con-
sumption, investment, government expenditure, imports, exports, the real wage, the stock
of vacancies, employment to population ratio, labour-force participation, and unemployment.
The estimation results are presented in Figures 1 and 2, where the responses of economies
with strict firing restrictions are shown in blue, for those with lax restrictions in red, and
those in the intermediate regime in black.

Regardless of the policy state, the credit supply shock causes the expected dynamics, i.e.,
an increase in unemployment and a decrease in real activity measures (most importantly, a
decrease in real output, consumption, and investment). My interest lies in the differences of
responses across the policy regimes whose statistical significance is indicated by the shaded

areas in Figures 1 and 2.

1.3.1 Labour Market Outcomes

The first form of differential response to arise between the policy regimes is in the labour
market and it is presented in Figure 1. Having a lax regime of firing restrictions produces
an immediate increase in unemployment and a decrease in employment while having a strict

regime generates no significant change in unemployment until a year after the shock and no
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statistically significant decrease in employment at all horizons. This pattern also agrees with
the claim in the literature that job-destruction is less counter-cyclical under a strict EPL
regime, thus making overall employment less responsive.'” Notably, the labour markets with
lax firing restrictions manage to recover back to steady state significantly faster than in the
stricter ones, with the unemployment rate and vacancies responses during the later phase of
the cycle being significantly higher and lower, respectively, in the strict EPL state relative
to the lax one.

A difference observed across policy states from which the theoretical literature usually
abstracts is that labour-force participation is adversely affected by the shock when firing
restrictions are lax, while being in the strict EPL state produces no such effect. The effect
on participation could be interpreted as being driven by the relatively higher value of the
job-seeker from a future match with an employer, anticipating a longer employment duration

which lowers discouragement from costly search activities.

1.3.2 National Accounts

The second form of differential response is the response of real activity measures presented in
Figure 2. One year after the shock, one can observe that real output starts to decline more
where firing restrictions are strict compared to the lax policy regime. This gap in output
steadily widens, starting to be significantly different from zero from the 7th quarter onwards
and translating to a relative cumulative output loss of 0.75% after two years, 1.31% after
three years, 2.18% after four years, and a peak 2.40% after five years.'® Later, in Section
1.5.1, I will demonstrate that this response pattern is robust to cut-off values’ selection, lag
order selection, and alternative sample and output measure choices.

Other measures of real activity do not exhibit any statistically significant differential
response pattern until at least two years after the shock. Consumption starts to decline
in a significantly differential fashion from the 9th quarter onwards, and or investment, a
significant differential decline occurs from the 11th quarter onwards. Imports fall differen-
tially from the 10th quarter onwards quarters whereas exports begin to decline differentially
after five quarters, but only until the 7th quarter and then again after 12 quarters up to the

15th quarter (and at somewhat lower confidence levels relative to the other variables, with

15Gee Bentolila and Bertola (1990), Garibaldi (1998), and Nunziata (2003).
16 All results are presented for a five-year horizon. However, to test that this effect does not in further

in magnitude, I estimate the corresponding difference after six years to be 1.55% using the same methods

explained above.
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p-values always exceeding 5%). These differential responses all occur in the same direction
as that of output’s response, i.e., being in a strict EPL state generates a stronger decline in
all these real activity measures relative to being in the lax EPL state. It is noteworthy that
these differential responses all occur in the absence of any persistent significant changes in
the real wage in all EPL regimes with similarly weak responses of government expenditures.
Linking the results from Figure 2 to those from Figure 1, we can observe that the initially
stronger decline in employment from the latter figure occurs under the lax policy regime while
the following stronger drop in output occurs under the strict one, with no differential response
in employment taking place after the first two years. Moreover, the differential response of
investment would not be able to account for any significant diminution in the capital stock
available for production until at least three years after the shock (i.e., the decline in output
precedes the drop in capital stock and not vice versa), and even then the differences are not
strong enough to explain the differential output response by themselves.!” In other words,
the difference in output response across the policy regimes is too large to be explained solely
by changes in factor inputs at any point in time, giving rise to what at first glance seems
like a contradiction. A relative decline in output is present, whereas inputs are the same.
Furthermore, given the response patterns for investment, it is more likely that this dif-
ference in capital stock response arises from the earlier differential decline in overall real
activity. Viewing the employment to population ratio as a measure of the labour input in
production, leads one to conclude that there is no differential response in labour after the
first two years, meaning that something else must be driving these response patterns in out-
put. With this discrepancy in mind, I now turn to an investigation into the potential root

causes of output’s differential response.

1.3.3 A Closer Examination of the Supply Side.

Since the form and magnitude of the differential output responses cannot stem from the
differences in investment or from the changes in the employment to population ratio, I turn
now to examine the behaviour of inputs in the aggregate production function. The analysis

that follows is driven by the following considerations: First, do I accurately account for the

17Ty illustrate, if one were to assume a 10% annual depreciation rate of capital stock, and use the exact
cumulative changes in investment from Figure 2, assuming that both policy regimes begin from the same level
of steady-state capital stock, the differences between the capital stock in the strict and lax policy regimes
would be less than 0.1% for the first three years of the cycle, 0.54% for the fourth year and 1.07% for the
fifth one.
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labour input? And second, am I taking into account all the relevant parts of the aggregate
production function that could explain the differential responses in output across EPL states?

To allow for better measurement of labour input, I use data on actual hours worked.
Despite the longer annual frequency of this series, it still has the potential to better measure
true variation in input quantity than using the number of employed persons. Also, if one
were to consider a more general production function, then output will be determined by raw
input quantities, the degree to which they are utilized, and the TFP level. With these two
considerations in mind, I estimate the impulse responses of total hours worked and TFP, at
an annual frequency, as well as those of capacity utilization at a quarterly frequency, again
conditioning on the initial policy regime using the same estimation given in Equation (1.1).*®

The results of this exercise are shown in Figure 3. Most striking is that TFP declines
where strict firing restrictions are present. However, under a lax regime of firing restrictions,
TFP is not affected by the shock in any statistically significant way. This difference in TFP
responses is sizeable, peaking at 0.79% after three years and is statistically significant.

A smaller initial decline in hours worked under the lax policy regime is statistically sig-
nificant only for the first year after the shock. This finding is in line with the employment
to population ratio response and agrees with the interpretation that labour input in produc-
tion declines immediately after an adverse shock when firing restrictions are lax but responds
more sluggishly when restrictions are strict.

Capacity utilization, which can be thought of as a proxy for factor utilization, behaves
in a significantly different manner that can at least in part also account for the differential
output response. Overall, across all three policy states, one can see that the beginning
of the cycle is associated with decreased capacity utilization. However, the persistence of
the decline in utilization varies according to the initial policy regime. After 10 quarters, one
may observe a diverging recovery pattern that is statistically significant from about 3.5 years
after the shock onwards, with the associated response difference peaking at 1.71% after 17
quarters. These results are in accordance with the recovery of hours worked during the same
time frame.

To conclude this section, it is worthwhile to recapitulate briefly the overall empirical
pattern. The credit supply shock, as one would expect, reduces employment and output. The
decline in employment and the increase its unemployment is faster when firing restrictions
are lax. Additionally, around a year and a half into the cycle, there is no difference in

employment across the different policy regimes. Around the same period, output begins

BDetailed description of the data series can be found in Appendix A.
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to decline more where strict firing restrictions are in effect. This drop persists throughout
the cycle and leads to a more severe recession in the stricter policy group. During the first
few years of the cycle, TFP declines when strict firing restrictions are imposed but remains
relatively unaffected when such restrictions are lax. The decline in TFP does not seem to
originate from a differential response of capacity utilization. In Section 1.5, I explore the
robustness of this response pattern an show that it is indeed robust and merits a serious
consideration. The differential output decline and the robustness thereof turn out to be the

central empirical finding of this chapter.

1.4 Discussion

1.4.1 Structural Interpretation

The results from Figures 1 to 3 indicate that the smaller, immediate decline in effective inputs
under a stricter regime of firing restrictions is followed by a decline in TFP, which, in turn,
leads to the stronger drop in real output. This amplification mechanism further enhances
the business cycle’s strength, contributes to its persistence, and leads to a slower recovery
of the economy as a whole. Importantly, since the TFP measure used here is not adjusted
for factor utilization changes and the differential drop in utilization takes place only after
the drop in TFP occurs, I infer that a potentially important channel for explaining TFP’s
differential decline lies in increased factor misallocation when firing restrictions are more
strict.!? Specifically, the results indicate that a factor-misallocation-induced TFP decline
can explain the stronger output decline in the first three years after the shock. In contrast,
the subsequent two-year differential output fall seems to be mostly driven by a corresponding
differential drop in factor utilization.

The transmission channel observed, by which firing restrictions on regular workers affect
output’s recovery from a financial shock via a misallocation-induced-drop in TFP, requires a
connection between TFP and firing restrictions. From the perspective of a search and match-
ing model, firing restrictions can be considered as firing taxes. If separation is endogenous,

e.g. as in the model of Mortensen and Pissarides (1994) or the textbook model in chapter

19Underlying this factor-misallocation based interoperation is the assumption that the level of pure tech-
nology is unaffected by credit supply shocks, as is normally assumed in the literature (see, e.g., Buera et al.
(2011), Pratap and Urrutia (2012), Petrosky-Nadeau (2013), Khan and Thomas (2013), Buera and Moll
(2015), Buera et al. (2015), Gopinath et al. (2017), Buera and Shin (2017), and Manaresi and Pierri (2017)).
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2 of Pissarides (2000), then a tax on separation should lower the reservation productivity
level, i.e. the lowest match quality realization that would result in a continuation of the
employment relationship. Lagos (2006) makes a clear connection between EPL and TFP
by using a search and matching model with endogenous separation, adding hiring and firing
taxes and using a Pareto distribution for match quality which results in an aggregate Cobb-
Douglas production function with endogenous TFP, with the level of TFP being exactly
proportional to the reservation productivity level. Lagos proves that increasing firing taxes
in this setting would result in a steady state with lower TFP.?° Importantly, Lagos’ model
features a non-degenerate distribution of marginal products of labour across jobs or firms?!
which connects the result in Lagos (2006) to the concept of misallocation as conceptualized
in the empirical works of Restuccia and Rogerson (2008) and Hsieh and Klenow (2009).
This link between EPL and steady-state TFP in mind, can help one to understand the
effect of an adverse shock. Through the lens of a search and matching model, the occurrence
of the shock is analogous to a transitory decline in the marginal product of labour via the
decline in the quantity of its complementary input, namely, capital. Firing will occur quickly
when it is cheap and includes no procedural delays. However, when firing is expansive and
time-consuming, worker turn-over will be more sluggish and occur less often. The result is a
smaller increase in job destruction and a smaller incentive to create jobs since there are fewer
job-seekers, which further increases labour misallocation. If this increase in misallocation
occurs, then it would follow that faster turn-over and re-allocation of misallocated labour
would benefit aggregate welfare. Therefore, if the economy is capable of faster re-allocation
of its labour input, its TFP level would recover faster to steady-state levels. This slightly
differs from the mechanism depicted in Lagos (2006) since Lagos considers the steady-state
levels of TFP and not to their dynamic responses. I argue that given this connection between
EPL and TFP via misallocation of labour, a faster labour re-allocation can better remedy

any additional misallocation introduced by the shock.

1.4.2 EPL and Slower Turn-Over

A key claim underlying my interpretation that the firing restrictions amplification channel
stems from misallocation is the association of EPL with slower labour turn-over. This claim
finds wide support in the literature on EPL, for a summary of the research which links
EPL to slower job flows see Skedinger (2010). In what follows, I further illustrate this point

20See Proposition 2 in Lagos (2006).
21Tn this class of models one firm is one job and vice versa.
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within the context of the policy regimes I thus far discussed. Since flow data is not as readily
available as employment and unemployment data I utilize decomposed flow hazards from the
work of Elsby et al. (2013). They combine OECD data and additional surveys and compile
a data series of job-finding rates and separation rates at an annual frequency for 17 of the
21 countries in my sample for varying time frames until 2009.?> Given the partial nature
of this data, it is not included it in the main analysis but rather utilized within the same
empirical framework of the rest of the chapter. This facilitates a correspondence between
my work which utilizes data on stocks and the literature which discusses job flows.

The data from Elsby et al. (2013) agrees with the literature claiming that EPL strictness
is associated with slower flows. Using a simple regression of the job-finding rate and the
separation rate as dependent variables and the three policy dummies as independent vari-
ables, indicates that job flows in and out of employment are significantly slower as firing
restrictions become more strict. These results are presented in Table 2. Importantly, the
order of magnitude is such that hazard rates in the lax group are nearly three times as large
as those in the strict one and almost twice as large as those in the intermediate group. With-
out regard to the policy regime in question, the response of the logged hazard rates to the
shock depicted in Figure 4 is in line with the overall dynamics of the macroeconomic envi-
ronment documented before. The job-finding rate decreases in response to the shock and the
separation rate increases albeit these responses are mostly not statistically significant other
than at the first year horizon for the job-finding rate. The weaker statistical significance of
these response is not surprising as the aftermath of the strongest realizations of the shock
(i.e., those taking place in 2008) is mostly absent from the sample and that the data is at a
low frequency. Hence, this estimation is probably suffering from a lack of statistical power.
However, the response’s direction agrees with the overall dynamics described in Section 1.3.

When conditioning on the initial policy state, the response of the job-finding rate across
the policy regimes is very much in line with the results regarding vacancies. Namely, job-
finding decreases in a statistically significant fashion when firing restrictions are lax but not
when the restrictions are strict. This supports the conclusion that the increase in unem-
ployment documented in Figure 1 is due, at least in part, to an increase in separations.
Additionally, when firing restrictions are lax separations increase in a statistically significant
manner for the first two years following the shock. Under the strict policy regime, sepa-
rations increase in a statistically significant fashion only three years following the shock’s

impact. This increase is larger than that in the lax regime and is roughly consistent with

22For additional detail see Appendix A.
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the ending of the TFP differential between the policy regimes which agrees with the labour
misallocation interpretation of the results.

In linking between EPL and misallocation, it is worthwhile to note several examples from
the literature that support this line of reasoning. A theoretical example of this connection
can be found in Garibaldi (1998) who concludes, based on a stochastic search model, that
firing restrictions reduce labour re-allocation and slow turnover. More recent empirical evi-
dence linking EPL and factor misallocation, in general, lend support to this claim. Caballero
et al. (2013) find that stricter EPL, especially with respect to dismissal regulations, is linked
to a lower speed of adjustment to shocks, which lowers productivity growth, a process which
they connect to Schumpeter’s idea of ‘creative destruction’. Using a difference in differences
estimation and industry-level data, Bassanini et al. (2009) show that EPL strictness is as-
sociated with a lower productivity growth rate and that this effect is due to the binding
limitation on termination, which may lead to a lower change in aggregate productivity un-
less the market is extremely centred around industries for which terminations are not the
primary source of turnover. Petrin and Sivadasan (2013) find from plant-level evidence in
Chile’s manufacturing industry that there is reason to believe that changes in severance
pay are responsible for an increase in the gap between the value of the employees’ marginal
product and their wage. This gap measures allocation inefficiency, which means that the in-
troduction of stricter termination regulations in Chile may have induced an increase in factor
misallocation. The work of Lashitew (2016) provides further support to this claim by using
plant-level data that shows a link between EPL strictness and factor-misallocation-induced
productivity losses.

To sum up, my results show that the strictness of firing restrictions slows labour mar-
ket dynamics. The impact of an adverse shock induces a certain need for re-allocation to
bring the economy to full productive capacity given the new aggregate conditions. Firing
restrictions act as a buffer that limits this necessary adjustment process and induce a level
of labour misallocation that lowers aggregate productivity and hinders output’s recovery.
Still, strictness of firing restrictions need not be the cause of this misallocation but merely

the reason for the persistence thereof for this amplification channel to manifest.

1.5 Robustness

This section examines the robustness of my main result, the differential response pattern of

output, alongside the differential increase in unemployment, the drop of employment and
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the differential TFP decline. First, I analyse the robustness of the responses across policy
states to various alterations of my baseline specification: cut-off value selection for defining
the policy states, continuous interaction instead of a dummy based approach, lag order
selection, and choices of output measure and samples. Second, I examine the main result’s
interpretation, i.e., the misallocation amplification channel of firing restrictions by testing
if determining the policy regimes according to other labour market institutions results in a

similar pattern of response.

1.5.1 Alternative Specifications and Samples

Cut-off Values. The empirical strategy described in Section 1.2.4 hinges upon the initial
state of an ordered variable. Any strategy of this kind would be potentially sensitive by design
to the choice of cut-off values. To assure that the results do not arise from a specific choice
of cut-off values, but indeed from a change in the intensity of the policy variable, I repeat the
estimation described by Equation (1.1) for unemployment, employment to population ratio,
output, and TFP with the only difference being that I now use different percentile values for
the state dummies. Specifically, I assign the state of strict EPL to the top 15, 25, 35, and 45
percentile values of the EPL index’s distribution and the corresponding bottom percentile
values to the state of lax firing restrictions, where the remaining residual percentile range
continues to cover the intermediate EPL state. Note that as the cut-off value increases, the
number of observations assigned to the intermediate EPL state decreases while the number
of observation assigned to the two extreme states of the distribution increases.

The results from this exercise for unemployment, employment to population ratio, output,
and TFP are shown in Figure 5. For comparison purposes, notice that the baseline estimation
results are obtained using the 25th percentile and the 75th percentile as cut-off values for
the lax and strict EPL regimes. Those baseline results are presented in the second row
Figure 5. The results from Figure 5 indicate that the differential response pattern of all the
main variables is robust to cut-off value selection as all cut-off values examined exhibit a
significantly stronger output fall taking place under the strict EPL regime with the same
employment and unemployment dynamics, accompanied by a similar differential TFP drop.
Moreover, for every cut-off value of choice except the 45th percentile value, the response
magnitude is ordered according to the initial state of EPL strictness with the responses of
output and TFP growing in magnitude along with the increase in the EPL state with similar

ordering in the opposite direction for the labour market responses. The 45th percentile
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value has the smallest intermediate group. Therefore, it is expected that the intermediate
EPL state’s responses would behave more erratically and exhibit lower statistical significance

using this cut-off value than the other ones, as is indeed the case.

Continuous Interaction. As discussed in Section 1.2.4, EPL is an ordered variable. The
use of a discretization into regimes based upon degrees of exposure of the economy to EPL
is my approach for including this variable as a policy state in the regressions. However,
the literature on state-dependent impulse responses sometimes utilizes a smooth transition
function or a probabilistic rather than a deterministic state assignment. The key works which
have pushed for this methodological approach are Auerbach and Gorodnichenko (2012b), and
Auerbach and Gorodnichenko (2013) which use a smooth transition to account for being in
a recessionary or an expansionary stage of the business cycle. I now conduct a robustness
test to the dummy-based regressions compatible with this line of research. In what follows,
I describe briefly the challenges involved, illustrate the specifics of the chosen specification,
and show that the results are robust to such specification.

To use such an approach in my set-up is challenging and requires some modification
because of two differences between the work here documented and that of Auerbach and
Gorodnichenko (2012b). First, the main source of variation in EPL is along the spatial
dimension and not the temporal one. EPL data exhibits no cyclical behaviour and varies little
over time, so a regime-switching approach is not the correct way to go for each country in this
panel as regimes are unlikely to switch. Second, the regimes in Auerbach and Gorodnichenko
(2012b) are binary, so while this is certainly the right conceptualization in their set-up, for
my design, this is not the case. It does not seem plausible to me that the three regime
dummies represent the only three possible policy regimes. Rather, I consider them as an
approximation of many ordered states that describe the degree to which firing restrictions are
costly and limiting for the firm. I use only three states to reduce the problem’s dimensions
and allow for a parsimonious estimation given the available data. With these differences in
mind, I suggest the following specification that follows from the methodology in lacoviello
and Navarro (2018):

Iy pin — Iy 1 = o + Bloy EBP, + O (LYEBP,_1 + I (L) AIny; ¢y

(1.2)
+ PR [B"EBP, + ©"(L)EBP, 1 + T"(L)Alny, 1] + i,

where y;, is again an outcome variable y, in country 7, at time ¢, h denotes the horizon of
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estimation, and EBP is the shock variable. The exposure to EPL is encapsulated in the y#7'%
variable. As in lacoviello and Navarro (2018), I treat the EPL index as an exposure variable
that is normalized to have mean zero and unit variance. I then proceed by applying the
logistic transformation to the normalized variable which results in d = % The resulting
variable d is an order-preserving transformation of the basic measure of the strictness of EPL.
%7 which has several appealing features. First, d(50th) is
the value of d for the EPL’s median level. Thus, at the median v*¥' is zero and the response

Finally, I compute v =

to a one standard deviation shock of EBP at horizon h is given by 3%,,. As such, the total
response to a one standard deviation shock in EBP is given by 8%, +F4E 5", Second, yEP'L
normalizes the distance between the 75th to the 50th percentile to unity. This yields that
the sum of the coefficients %, + 8" is the impulse response at the 75th percentile.”® This
approach results in a straightforward interpretation of the coefficients, which one would not
normally obtain from a specification that is based upon a continuous interaction with an
ordered variable. The logistic transformation maintains the probabilistic characteristics of
the method of Auerbach and Gorodnichenko (2012b), but in a form that is more suitable to
this non-binary set-up.

The results of this estimation procedure are given in Figure 6. These results are very sim-
ilar in signs and significance to the baseline results. Output drops more strongly when EPL
is more strict, unemployment rises slower, but employment does not respond differentially
after the first year. Importantly, here, as in the baseline, TFP drops in a more pronounced
fashion when EPL is strict. Overall, this set of results is very much in line with the baseline

estimation and supports the robustness of my findings.

Lag Order Selection. To avoid endogeneity problems, use of a lagged value of the state
dummies is necessary. Due to the assumption that EPL does not change within the same
year, I therefore, include at least more than one year of lagged values in each estimation.
Since the specific choice of lag order may influence the results, I test their robustness to
choosing a smaller lag order than in the baseline of L = 8 for quarterly data frequencies and
L = 24 for monthly ones resulting in more parsimonious model specifications. Figures 7 and 8
present the impulse responses of output, employment to population ratio, and unemployment

to an adverse credit supply shock for different lag orders alongside the baseline results.

Z3As in the baseline specification, the term vF4L relates to the values of EPL at a one year lag. The

subscript ¢ — 4 is for quarterly frequency data. When annual or monthly data is used, the lag is chosen to

the value that corresponds to one year.
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This exercise does not meaningfully change the differential response patterns’ magnitude,

duration, or statistical significance and lends further support to the result’ robustness.

Alternative Measure of Output. As mentioned earlier, I use output instead of output
per-capita to be consistent with the components of output in the baseline estimation and due
to the sizeable difference in sample sizes between the two series. Figure 9 presents the results
from estimating impulse response functions using Equation (1.1) and uses output per-capita
instead of real output as an outcome measure. These results show that the differential
response pattern is robust to using this choice of output measure. The ordered response

magnitude and the statistical significance are similar across the different cut-off values.

Excluding the Global Financial Crisis Period and the U.S. The choice of EBP as a
shock variable is based on its large realizations in the 2008-2009 financial crisis period as these
facilitate identification. However, one could question if this method does not merely capture
the implications of this particular crisis, with its unique characteristics and implications for
the European markets (most of which have rather strict EPL levels), thus limiting the ability
to draw from it reliable policy implications.

To test if these results are indeed sensitive to the exclusion of the global financial crisis,
I repeat the estimation while excluding all observations from 2008:Q1 onwards from the
sample. It should be born in mind that this exclusion may reduce the significance of any
result because more than 20% of the original sample is excluded. Moreover, these same 20%
also consist of the large adverse credit supply shock realizations associated with the global
financial crisis of 2008-2009.

Additionally, the global crisis began in the U.S., which may have caused its economy to
respond differently from the rest of the world. This is not due to its labour market policy
but because it had been the shocks’ origin. Thus, I test if the inclusion of the U.S. in the
original sample affects the results by estimating the specification from Equation (1.1) using
a sample that excludes it.

The results of the above two tests are presented in Figure 10. We can see that the dif-
ferential response patterns are rather similar and statistically significant for these two tests,
thus lending support to the robustness of the results. The findings that may be viewed as
exceptions are the response of TFP without the U.S. which is slightly less statistically signifi-
cant, and the response of employment to population ratio without the periods of the financial

crisis, which display a somewhat erratic pattern for the strict policy groups. These two find-
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ings do not contradict the differential response pattern but rather are weakly consistent with
it.

1.5.2 Other Forms of Employment Protection and Institutional

Factors

My interest in firing restrictions stems from their potential cyclical implications, which I
believe are understudied and somewhat missing from the policy debate. Unfortunately for
any empirical analysis of labour market institutions, institutional factors are not assigned
randomly to different countries and other institutions may affect business cycle dynamics
and confound my findings. Examples of such institutional factors may be found in the work
of Botero et al. (2004) which explores the cultural and legal origins of the regulation of
labour across countries, and the work of Blanchard and Tirole (2008), which discusses the
connection between EPL in the form of firing taxes and unemployment insurance, and in
subsection 1.2.1 which explores the forms of employment protection.

Other institutional factors act as state variables potentially affecting the shock’s trans-
mission. My baseline specification for the quarterly frequency data using one state variable
requires fixed-effects for each regime-country pair, eight lagged values of the outcome vari-
able and the shock, and the contemporaneous shock, which amounts to 51 coefficients and
up to 63 fixed effects.?* Adding another state variable to this analysis as a control will
require the estimation of several hundred coefficients which will severely lower the statistical
power and limit interpretation. Instead of controlling for these variables directly, I carry
out a similar estimation of impulse responses as described in detail in Section 1.2.4 but, this
time, I change the institutional factor used as a state variable. Doing this allows me to look
for other institutional factors which produce similar differential response patterns to those
observed for the EPL index. Such factors would suggest a similar amplification channel for
the shock and warrant concern that the baseline results may be partly picking up an ampli-
fication role of an institutional factor other than firing restrictions. Conversely, not finding
such similar response patterns would materially alleviate this concern.

With this aim in mind, I add to the panel institutional data on temporary employment

protection, employment protection from collective dismissals, union density, collective bar-

24This number is the upper limit of the fixed effects - 21 countries across three possible regimes. In
actuality, the number is closer to half of this, depending on the specification. This is because institutional

factors do not exhibit much temporal variation, so that transitions within the same country are rare.



CHAPTER 1. FIRING RESTRICTIONS AND MACROECONOMIC TRANSMISSION24

gaining coverage, and net replacement rates for the relevant countries and time frames.?”

[ then estimate the state-dependent specification given by Equation (1.1) for different cut-
off values. This is a replication of the results presented in Figure 5 using an alternative
state variable. Results for this estimation are shown in Figures 11 through 15 for the state-

dependent responses of unemployment, employment to population ratio, real output, and

TEP.

Other Forms of Employment Protection. Protection of temporary employment (EPT)
measures seem to hinder the response of unemployment to the shock at the beginning of the
cycle (Figure 11). This is probably due to the fact that the more restrictive hiring such
temporary workers is, the more difficult it is to adjust employment along this margin during
a cycle. This conjecture is in line with the results for the employment to population ratio
at the lower cut-off values. However, the strength of this pattern declines as the cut-off
values increase, so much so that for the 35th percentile and 45th percentile cut-off values,
there is no statistically significant differential response pattern in employment. In terms
of output, a differential response pattern can be observed that is inconsistent across the
different cut-off values and smaller than that observed for EPL. Importantly, the response
of output occurs without any differential response in TFP. Taken together, these responses
indicate that the effect of EPT on business cycle dynamics is different from that of EPL,
leading to the conclusion that differences in EPT do not confound the results regarding EPL.

Using protection from collective dismissals (EPC) as a state variable in the analysis re-
sults in little to no differential response pattern between the policy regimes in terms of labour
market implication of the shock on impact (Figure 12). There is only a small statistically
significant difference between the lax and strict policy regimes without the ordered pattern
of responses, suggesting that EPC may not be the driving force behind the observed response
difference across the policy regimes. There is also a differential output response pattern that
is not ordered by policy strictness and is smaller in magnitude than EPL and without the
differential drop in TFP. Hence, all in all, the results from Figure 12 lead to the conclu-
sion that the EPL-based results are unlikely to be driven by an EPC-induced amplification

mechanism.

Other Labour Market Institutions. First, using union density as a state variable (Fig-

ure 13) results in a differential response pattern in unemployment, the statistical significance

25See Appendix A for detailed descriptions of the data series used.
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of which decreases in the cut-off value, without a differential response in employment to pop-
ulation ratio. Output and TFP respond differentially to the shock. However, the real output
responses and TFP responses are not ordered by union density, and their duration is shorter
than those obtained for EPL.

Second, if one looks at collective bargaining coverage (Figure 14), an interesting pattern
can be observed. There is a differential impact TFP drop that grows in strength as collec-
tive bargaining agreements become more prevalent. Furthermore, the persistence of those
responses and their statistical significance declines with the increase in cut-off values. There
is, however, a differential response in recovery that is unlike that of the baseline results,
i.e., a differentially faster recovery of real output, employment, and unemployment without
a differential response of employment or unemployment on impact. This suggests that the
less prevalent are the collective bargaining arrangements, the faster the economy can adjust
to the shock’s impact. The strength of the differential recovery in output is smaller than
that in the baseline results using EPL. The contributing factors to the differential output
decline seem different altogether, pointing towards an interesting find but not to a threat to
the interpretation of the findings in Section 1.3 as stemming from differences in EPL.

Last, although there is complementarity between the generosity of unemployment benefits
and EPL, the former does not seem to generate the same cyclical implication as the latter.
Using net replacement rates as a state (Figure 15) results in no statistically significant
differential response patterns that survive across alternative cut-off values and suggest a
coherent contribution to the dynamic responses and little ordering in responses.

Although the exercises carried out in this subsection point towards interesting effects of
other labour market institutions for cyclical dynamics, the results do not indicate a single
institutional factor that may confound the main results regarding EPL’s amplifying effect
on the shock’s transmission.

To conclude, although the exercises carried out in this subsection point towards inter-
esting effects of other labour market institutions for cyclical dynamics, the results do not
point towards a single institutional factor which may confound our results regarding EPL’s
amplifying effect on the shock’s transmission via a slower reallocation of the labour input

which results in lower aggregate TFP and slower recovery in real output.
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1.6 Conclusion

This chapter examined the relationship between firing restrictions and economic resilience
using a state-dependent local projection-based empirical strategy within a panel fixed-effects
setting. The findings indicate that the strictness of firing restrictions has the capacity to
act as an amplifier to macroeconomic shocks. While diminishing the drop in employment
following an adverse credit supply shock, firing restrictions severely hinders the recovery of
real output to pre-shock levels. This sizeable and robust relative decline in real activity
seems to arise from an input-misallocation-induced TFP decline that is present when firing
restrictions are strict and is absent when they are lax. Strict firing restrictions facilitate
a stronger increase in misallocation due to their effect on job flows, resulting in a slower
turnover and slower re-allocation of labour.

These conclusions should be understood and interpreted only in the context of business
cycle transmission and in business cycle frequencies. In the long run, EPL, although heavily
persistent, is endogenous and may have a bearing on the first-order moments of the economy
like aggregate employment, output, and TFP. The empirical strategy used in this chapter
relies on lagged values of the policies to minimize any endogenous response, but in the very
long run, this will not be sufficient.

From a policy-making standpoint, the results indicate that relaxing firing restrictions for
terminating regular employees may allow a faster recovery of real output during times of
recessions. To the best of my knowledge, to date, the use of pro-cyclical or counter-cyclical
EPL as a policy instrument had not been examined. The findings presented here shed light
on the effect of labour market policies for business cycle dynamics that is often completely
absent from the policy debate.

Although the analysis presented in this chapter was compiled entirely during the pre-
COVID-19 era, it has striking implications for recovery from the global COVID recession.
When the COVID recession started, there were high hopes that the recession would be brief
and the recovery fast. With this type of scenario in mind, many developed market economies
tried to maintain the worker-firm matches and to prevent an increase in unemployment to
mitigate the costs of search in the recovery. However, as the recession progressed, COVID-19
disrupted many industries and changed the way business is done. In light of this chapter’s
findings, it is possible that preventing the separation of existing employer-employee matches
will hinder the restructure of industries and prevent or limit a much-needed re-allocation of
labour in the post-COVID years.
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From a theoretical standpoint, the results may prove to be of value for the construction
of structural models that can accommodate the link between EPL and TFP via factor mis-
allocation conditional on a shock-induced business cycle. This is also the motivation for the

analysis in the next chapter.



Chapter 2

Firing Restrictions and Cyclical

Misallocation

2.1 Introduction

In this chapter, I explore the implications of firing restrictions for the dynamics of misallo-
cation. While the link between firing restrictions and misallocation had been explored in the
economic literature, the dynamics thereof are largely understudied. In the previous chapter, I
discussed the capacity of firing restrictions to affect cyclical dynamics by inducing increased
degrees of labour misallocation. The results are consistent with such an explanation but
do not offer direct evidence. Such evidence would be extremely challenging to obtain, as
it would have to consist of a cross-country panel of establishment-level or worker-level data
with a consistent and comparable measure of the marginal product of labour over a relatively
long time frame. As such, the study of this phenomena would require the use of a theoretical
device. Thus, in this chapter I will try to adapt the workhorse search and matching model
with endogenous separation to account for the dynamic link between firing restrictions and
labour misallocation. After modelling and understanding the forces at play, I will attempt to
utilize this model to learn, given the available data, how much of the TFP decline observed

in the previous chapter can be accounted for by such a misallocation channel.

Contribution. In this chapter I demonstrate the capacity of firing restrictions to affect
misallocation during a business cycle using a search and matching model which incorporates
termination costs and advance notice. The model builds upon the work of Lagos (2006),

but allows for an endogenous choice of capital and includes a novel treatment of termination

28
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notice within a search model. The model yields an aggregation result that illustrates the
capacity of firing restrictions to generate a cyclical decline in TFP stemming from labour
misallocation. This aggregation result may be useful for future empirical works aimed at
providing a more detailed decomposition of TFP and applying misallocation adjustments to
construct purified aggregate technology measures and isolate the effects of different policies.

This model also provides conceptual and technical contributions to the modelling of firing
restrictions within search and matching models. Conceptually, unlike the standard textbook
models, e.g. Pissarides (2000), firing restrictions here do not take the shape of firing taxes
which is a simplification one often encounters in the literature. Rather, I model firing
restrictions as output-loss costs, which are non-pecuniary, thus capturing the procedural
elements of existing policies. I also avoid the single-dimensional approach to firing restrictions
and instead allow for termination notice in the model. In this analysis, firing restrictions
are not exogenous taxes but entail a cost in output and in turn-over time. On the technical
side, the model is calibrated to yield a very realistic wage dispersion that is challenging to

obtain within this class of models.

Related Literature. This chapter is related to three strands of literature. First, along
the methodological line, it relates to the literature on EPL in search and matching models,
e.g., Garibaldi (1998), Pissarides (2000), Lagos (2006), Blanchard and Tirole (2008), and
Bentolila et al. (2012)." Second, it is related to the literature that studies TFP and conducts
decompositions thereof such as the works of Basu and Fernald (2002), Basu et al. (2006),
and Baqaee and Farhi (2019).? Last, this work is conceptually related to the literature on
the sullying and cleansing effects of the business cycle as discussed in the works of Caballero
and Hammour (1991) and Barlevy (2002).

2.2 Methods

In what follows, I illustrate how firing restrictions can affect the transmission of an aggregate
shock using a simple one-sector model. Firing restrictions will consist of a firing cost and a

period of termination notice.®> During the notice period, the worker awaits termination and

I This literature is vast and growing, I thus cite only directly related works.
2 for a comprehensive review of this literature see Syverson (2011).
3This is not a normative work, so I do not model why does this regulation exist. For a comprehensive

treatment of the political economics of the issue see Saint-Paul (2000). The key intuition for why firing

restrictions arise is that, in a frictional economy, there are rents associated with employment, and the
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thus has no incentive to exert effort in production. Legal constraints bind the firm to continue
employing the worker under the same wage. Total separation costs from an employee are
thus the sum of the cost of firing and wage paid for the notice period’s duration. In terms of
aggregate production, this separation cost can be conceived as an adjustment cost associated
with the aggregate labour input. The more costly the adjustment is, the less likely it is to
occur, which means that the firm will be less inclined to separate from less productive
workers. This incentive lowers aggregate productivity which is the average productivity of
all matches.

This link between separation costs and productivity is presented in Lagos (2006), who
shows that firing costs reduce aggregate steady-state productivity. His analysis builds on
the framework of the textbook endogenous separation search and matching model found in
Mortensen and Pissarides (1994) and in Pissarides (2000) and links the reservation productiv-
ity level, the lowest productivity realisation of a match that does not result in termination,
with aggregate productivity. The lower the reservation level, the lower is the aggregate
TFP. The model I construct follows the two previous models closely but with the following
alterations.

First, I add termination notice instead of just a lay-off tax. This extension is not novel
and has been implemented by Garibaldi (1998) and Bentolila et al. (2012). I use the same
mechanics to allow for a delayed firing mechanism, but I endogenise the wage paid during the
notice period.* When a matched pair chooses to separate, the worker produces the minimum
possible amount and is paid the last wage earned by her until a firing-permission arrives and
induces payment of the firm’s firing cost and final separation of the pair. Second, since I am
interested in business cycle dynamics, I add aggregate risk into the model. Third, I add a
capital choice at the individual job level into the model and a reduced-form risk premium
shock. This allows me to draw a clear comparison with the previous chapter’s results which
describe the impulse responses to a risk premium shock.

This theoretical device abstracts from many potential channels of influence for firing

restrictions. Such abstractions include the policies’ potential impact on research and devel-

median voter is likely to be an employed person trying to maintain or seek rents.
4 Garibaldi (1998) assumes that the firm can extract the full rent from the employee, so there is no

bargaining, and Bentolila et al. (2012) assume that the wage paid during notice is the same as the average
wage in the economy. I allow the firm-worker pair to bargain during the regular employment period using
standard Nash bargaining. However, the bargaining problem is solved given the knowledge that regulation
imposes upon the firm to continue paying the bargained wage to the worker until the end of the notice

period.
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opment expenditure as in Saint-Paul (2002), their potential for distributional effects as in
Kahn (2007), their link to nominal rigidities as in Zanetti (2011), and their effect on long-
term human capital accumulation as in Gaetani and Doepke (2016). The reason for this
simplifications is twofold. The first is that it provides analytical tractability, and the second
is that most of these elements have a bearing on long-term growth and market structure,
while my interest lays in the cyclical dynamics along shorter horizons. Hence, the merits of
using a tractable search and matching model as a theoretical device outweigh, in my view

at least, its inherent limitations.

2.2.1 The Model

A firm in the model is an employer-employee pair that produces a single homogeneous good
using capital, k, a common productivity factor, p, and an idiosyncratic component, =, which
quantifies efficiency units of labour. Efficiency units of labour at the individual job level
are drawn from a common primitive distribution with CDF G (z) and a compact support
[Zmin, Tmax]- FEach job may experience an idiosyncratic shock that arrives at rate A which
re-draws = from G (z). The arrival of such a shock may further trigger a separation choice.
I assume that the match cannot separate immediately due to firing restrictions but that the
separation decision results in the pair entering into a termination notice period. The worker
under notice receives her last wage until separation occurs. This worker produces with the
minimum amount possible of efficiency units z,;,, and its eventual separation from the firm

arrives at a rate ¢ which corresponds to notice duration.

The Firm. FEach efficiency unit of labour allows the firm to produce output using a pro-
duction function f(k) which is assumed to be homogeneous of degree o < 1. This implies
locally decreasing returns to scale, which I interpret as a limitation on the span of control. I
assume that there is a perfectly competitive market for capital that is rented by the firm from
households at a rental rate p and that capital supply is perfectly elastic, so that aggregate
capital is demand-driven. The price of capital is given by p = r+9d+&, where r is the natural
rate of discount in the economy, d is the depreciation rate, and & is the risk premium. The
firm chooses capital by equating its marginal product to its marginal cost at the efficiency
unit level. Unlike den Haan et al. (2000), I do not explicitly model a household that saves
and consumes. A possible way in which the risk premium can be micro-founded in an even
richer model is by adding a stochastic shock to the households’ preferences regarding holding

safe liquid assets as in the work of Fisher (2015) (i.e., a flight-to-quality shock).
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The value function J (z,s) of the producing firm is given by

r(z,8) = ap[f(k(s)) — pk (s)] — w(z,s) +/\/mm max {J (y,s) , J" (w(z,s),s) }dG (v)

Zmin

— A (x,8) + 7E[max{J (z,8) , J" (w(z,s),s") } — J(z,8) | 8], (2.1)

where s denotes the aggregate state of the economy, w(z,s) denotes the bargained wage of a
worker with z efficiency units at state s, and J” (w(x,s),s) denotes the firm’s value of being
in a state of notice. The firm discounts its production profits by r. It takes into account
the possibility of two shocks, a match-specific idiosyncratic shock with arrival rate A after
which the firm will choose whether or not to stay matched with the worker or to give notice
of separation, and an aggregate shock that arrives with hazard rate 7 which embodies the
same choice.” If termination notice was given, the wage level is fixed at w(z,s) and cannot

be updated. Thus, the value of a firm during the state of notice is given by:

rdt(w(z,s),s) = —w(z,s) +zmnp[f(k(s)) — pk(s)] (2.2)
+o(V(s) = J"(w(z,s),s) — Fpf(k(s))) + TE[J" (w(z,s),s") — J" (w(z,s),s) | ],

where ¢ is the hazard rate associated with the arrival of a firing permission and ending the
notice period, V (s) is the value of a vacancy, and the firing cost is Fpf (k). When viewed
from the individual firm’s point of view, it is more convenient to think of Fpf(k) as a tax
on separation rather than an output loss cost. However, from the aggregate firm’s point of
view, which will be discussed later, I interpret Fpf (k) as an output loss cost and not as a
tax. The main reason for this is that I consider F'pf (k) as a non-pecuniary adjustment cost
at the aggregate level and not as a tax with redistributive effects. The firing cost is a cost in
lost output by way of using existing and paid for labour and capital in the effort of firing a
worker. This, in reality, would consist of paying a lawyer, meetings with unions, conducting
a hearing before the notice is given, and so on. This turns F into the number of efficiency
units of labour that must be spent in such a process and Fpf (k) into a quantity in terms of
output of another job that is choosing capital optimally as in Equation 2.1. This modelling

choice is reminiscent of the way labour adjustment costs are modelled in Gertler and Trigari

5 1 consider a change in the aggregate state as a redraw of certain model parameters from a discrete
known state-space. To economize on notation, I do not denote the state-dependence of each parameter, thus

facilitating generality and avoiding cumbersome notations such as p(s).
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(2009), except that I assume a linear cost structure that is a regulatory parameter.
The Worker. Analogously, the value function for the worker W is given by

rW(z,s) = w(x,s) +)\/zmaxmax{W(y,s) , W (w(x,8) ,s) } dG (y)

Zmin

— AW (z,8) + 7E[max{ W (z,s") , W" (w(z,s) ,s") } — W (x,s) | s], (2.3)
and the value function during notice W" is

rW" (w(z,s),s) = w(z,s) +o(U(s) — W*(w(z,s),s))
+7E[W" (w(z,s) ,s) — W"(w(z,s),s)], (2.4)

where U (s) is the value from being in a state of unemployment.

Bargaining and The Separation Choice. As is standard in the search and matching
literature, the wage is given by a continuous-time Nash bargaining problem. In this model,
wage bargaining is slightly more conceptually challenging because of the presence of termi-
nation notice. The introduction of termination notice imposes that the bargained wage will
be the wage during the advance notice period and, in essence, makes the outside option of
each side dependent upon the wage. I will show that this dependence is not problematic in
my set-up and that one need not keep track of the wage itself to obtain all of the model
dynamics for job creation and destruction. The key intuition behind this result is that as
long as the bargaining problem is still a transferable utility game, any mandated transfer
can be offset by the bargaining mechanism via changing the wage.

The only reason for a pair to change their working arrangement by changing the wage or
separating is a re-draw of the aggregate or the idiosyncratic state. Without changing these
factors, each existing match will never cease to produce, and no separations and termination
notices will ensue. Thus, I present two bargaining problems. The problem of a continuing

pair, which is given by:

w(z,s) = arg max (W (z,8) — W (w(z,s),s))’(J(z,8) — J*(w(z,s),s)) ", (2.5)
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and that of the updating pair

w* (2%, 8%) = (2.6)
arg max (W (z*,8*) — W" (w(z,s),s*))’(J (a*,8*) — J" (w(z,s),s"))" 7,
where the wage is updated from its previous level w (z, s), which was the result of (2.5) under

the state (x,s), given a new state (z*,s*). The key difference between (2.5) and (2.6) is that
in (2.5) the wage affects the outside option, while in (2.6), the outside option is fixed.

Lemma 2.2.1. The choice of separation has the Markov property. The bargaining problems
(2.5) and (2.6) are governed by the same surplus level M (z,s), and separation depends only

on the current realization of (x,s) and not on wage history.

Proof. The two problems have the following standard first-order conditions:®

B(J(x,8) — J"(w(x,s),s)) (1—=8)(W(z,8) — W' (w(x,s),s)), (FOCI)
ﬁ(J($*’S*> - J”(W(a:,s) 75*)) = (1 —6)(W($*,S*) o W”(W(x,s) ’S*))' (FOC2)

As a result, one can define the match surplus levels for problems (2.5) and (2.6) correspond-

ingly as:
M (z,s) = J(z,s) — J"(w(z,s),s) + W(z,s) — W"(w(x,s),s), (M)
M (z*,8*) = J(z*,8") — J"(w(z,s) ,s") + W (z*,8") — W"(w(z,s) ,s"). (M2)

Let us now define the sum of the values during the notice period as M,, (s) = J" (w (z,s) ,s) +
W (w (z,s) ,s). Importantly, M, (s) is only a function of the aggregate state s and not of
the wage level during the notice period. One can show this by summing together Equations
(2.2) and (2.4) to obtain

M, (s) = zminp [£(k(s)) — pk (s)] + & (U(s) — M, (s) — Fpt(k(s))) (2.7)
+T7E[M, (s) — M, (s) | s].

6The reason that these first order conditions maintain the standard form is that, as in the simple search

and matching model, bargaining with or without termination notice is a transferable utility game for two

agents with the same planning horizon. As such, the following statements hold: B‘Igg’s) = _9W@s) ,nd
o(J(zs) = g:'ﬂ(w(z,s) 8) - d(W(zss) 7:;:(“'(“3’5) ) These derivatives are rather complicated and cancel out

immediately, so in the interest of clarity I omit them from the main text and relegate them to Appendix B.1.
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Thus, given the aggregate state s, the surplus level that corresponds to both problems is:
M (z,8) = M' (z,8) = J(z,8) + W(z,8) — M, (s) . (2.8)

Equation (2.8) can be interpreted to mean that regardless of the wage, or any other mandated
transfer structure that would be mandated during the notice period from one side to the
other, the separation choice depends only on the current state (x,s) as long as the sum of the
outside options remains unaffected.” Separation in the model would result when M (z,s) < 0.
Thus, for each pair, separation maintains a Markov property by virtue of being independent
of past realizations.

Furthermore, at the aggregate level, separations in the model do not depend on the
wage distribution but only on the distribution of x and the aggregate state. Since time is
continuous in this set-up, the aggregate wage distribution is composed only of the solutions
to (2.5), as the wage that solves (2.6) would prevail for only an infinitesimal length of time

before renegotiation according to (2.5) would occur. Il

Match Surplus and The Reservation Level. The above bargaining problems illustrate
that the key determinant of separations in the model is the match surplus M (z,s). I will
show that for each aggregate state, there exists a minimal realization of x to which I refer
as the reservation level, denoted by R (s) such that M (R (s) ,s) = 0. This means that a
re-draw will result in separation in state s if and only if x < R (s).

After some tedious but straightforward algebra, one can derive the following expression

for the surplus level:®

(r+A+7)(M(z,8) + M, (s)) =ap(f(k(s)) — pk(s))+ (2.9)

A[Mn (s) +/ max (M (y,s) ,0)dG (y) | +7[E[max {M (z,s") ,0} + M, (') | s]].
Lemma 2.2.2. If there is a level of x in state s such that, M (x,s) is positive, i.e., there
is some production in state s, then there exists a unique minimum level of x in state s for
which the match continues to produce together. This level is defined here as the reservation

level of efficiency units of labour R (s). The reservation level is the unique zero of M (x,s)

"Examples under which such is not the case, occur when the wage affects the size of the surplus itself,

e.g., in the presence of distortionary taxes.
8See Appendix B.2 for an explicit step-by-step derivation of this equation.



CHAPTER 2. FIRING RESTRICTIONS AND CYCLICAL MISALLOCATION 36

at state s. Any realization of x below the reservation level will result in separation.

For a formal proof, see Appendix B.3. The important part of the proof is that the function

M (x,s) is monotonically increasing in x for each aggregate state. In the deterministic case

h 8Ma(;:,s) =p f(’;);\p * resulting in strictly monotonically

increasing surplus. The stochastic case is slightly more technically complex and is thus

where 7 = 0, the result is trivial wit

placed in the Appendix. A key feature to have in mind here is that the value function
M (x,s), which is linear in the deterministic case, is piece-wise linear for each state s in
the stochastic case. Suppose for the sake of example that there are two possible states
denoted, 1 and 2, and that without loss of generality, R(1) > R(2). One can then divide
the support into three parts as follows: The simplest part is the interval[ R (1) , xpay] in
which an aggregate shock results in continuing the production of the pair. Thus, the option
value encapsulates the probability of continuing production under an alternative state. On
the interval [R(2) , R(1) ), a producing pair that is transitioning from state 2 into state 1
will separate immediately. Thus, the option value now takes into account the probability
that an aggregate shock will result in separation, thereby changing the slope of the value
function compared with that in the previous interval. The last interval [z, R (2)) has no
producing realizations in it and the value function is negative in each state. Thus, if there
are a possible states, the function M (z, s) is piece-wise linear with a break points and a + 1
intervals. In each one of these intervals, the value function is linear with an exact slope that

is described in Appendix B.3.

Job Creation. Firing restrictions will affect the hiring decision by changing the expected
value of the resulting match. However, by design, the restrictions will only apply to existing
matches and not to newly forming ones. At the point of meeting, the employee and the
employer have as their outside options unemployment and a vacant job correspondingly,
instead of the notice period that the continuing pair will face. As such, I now turn to the

problem of the newly forming pair or the problem of the outsiders which is
wy, (2,8) = arg max (W (z,8) — U(s))’(J(2,8) — V(s))" 7, (2.10)

where the wage of the newly hired worker will be wy, (x,s) with U (s) denoting the value
from being unemployed and V (s) is the value of a vacancy.
Unlike the bargaining problems discussed earlier, the problem (2.10), is quite standard as

the outside option for each side does not depend on the wage. In the literature, one sometimes
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encounters this type of outsider problem but with a firm value different from J (x,s), referred
to, for example, as J"(z,s). This is done because the hiring wage is wy, (z,s) and not
w (x,s). Importantly, at the moment after hiring is done, the wage will be renegotiated and
the bargaining would result in the wage level w(x,s). Thus, J(z,s) and J* (z,s) are the
expected values of two financial assets yielding identical expected dividend streams other
than the divided at the first period. In a discrete-time model, this difference is meaningful
and must be taken into account. However, in a continuous-time model, the difference in
wages takes place only for an infinitesimal amount of time and J (z,s) and J® (x,s) are equal
to one another as a single point-wise discontinuity does not alter the value of an integral.
The same case can be made for the household.

As in the previous bargaining problems, this problem one can be analysed by examining

the match surplus associated with (2.10) which is:
My, (z,s) = J(z,s) + W (z,s) — U(s) — V(s). (2.11)

As is standard in search and matching models, I assume free entry which means that V (s) =0
for every state s. Using this assumption and Equation (2.8) one can obtain the following
relationship:

My, (z,8) = M(x,s) + M, (s) — U(s) . (2.12)

Thus, the relationship between the surplus at hiring and the surplus in continuation is
linear and depends upon the values of the gained notice period and forgone unemployment
M, (s) — U (s) which can be larger or smaller than zero given the model parameters.’

Importantly, since My, (z,s) depends on z only via M (z,s), their derivatives with respect
to x are equal. Thus, at each state s, there is a unique zero for M, (z,s). However given
that M, (s) — U (s) is not necessarily equal to zero, the solution to My, (x,s) = 0 is probably
different than R (s).

At this point, the assumptions regarding information play a key role. If it is assumed
that z is known exactly at the meeting time, then the model has two reservation levels,
one above which hiring occurs and one below which termination occurs. Three problems
ensue according to this assumption: First, it is very unrealistic and unlikely that following

an instant’s interaction a pair will know the exact quality of their respective match as we

9For example, in the deterministic case where 7 = 0 with z,;, = 0 one obtains that (r + ¢) M, (s) =
¢(U(s) — Fpt(k)) which results in M, (s) < U (s) because Fpf (k) is positive and ¢ is positive. One can

then choose a higher value of x,;, that would alter this result for some or all states.
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are dealing with a single search pool. Second, a quantitative implication of having two
reservation levels, which will be illustrated in detail when I discuss the calibration, is that
the distribution of x among existing matches, and the wage distribution, as a result, will have
a very distinct kink at the higher of the two reservation levels. This is an unrealistic feature
for a wage distribution and any assumption that results in this feature is open to criticism
as a result of this unrealistic implication. Third, on a technical level, the model becomes
more difficult to deal with and it is harder to draw analytical conclusions. If it is assumed
that no knowledge of x at the point of hiring exists, hiring is solely based upon expectations
of x, which will be identical for every pair. This assumption is analytically appealing, but
it has one very problematic feature. A large amount of newly hired workers will be fired on
their first day as, in the absence of information, hiring will occur at x < R (s).

I choose a middle-way between these two extreme assumptions that is based on the
following rationale. The no-information case is unlikely at the extreme since, in reality,
firms do conduct interviews and have available some screening mechanism. Workers do some
screening for job openings themselves, be it looking for information on-line or simply asking
around about their potential employer. Such screening is naturally imperfect but allows
admissible matches to form. I assume that the bilateral screening technology reveals to both
sides whether or not their matching will be admissible in the current state of the world.
Technically put, the information set at the time of the meeting is symmetric and binary.
Both sides receive the same information from their screening technology, which is either
x < R(s) in which case, they continue to search, or x > R (s) in which case they choose to
form a match.!”

I assume the standard Cobb-Douglas matching function m (u,v) = ouv'™" with § = £
denoting labour market tightness. Given the screening technology, a vacant job encounters
a job seeker with rate q(¢) = ™, and a job seeker encounters a vacant job with rate
6q (0). The vacancy-filling rate is q(#(s)) (1 — G(R(s))), and the job-finding rate is
0(s) q(0(s)) (1— G(R(s))). By choosing #(s) and R (s), the firm controls job creation

and destruction at each state.

Value Functions During Search. Given the matching mechanism just described, I can

now proceed to discuss the final two value functions, those of the searching firm and the

10T abstract from the problem of strategically choosing the cut-off value, which may result in some im-
mediate separations in the economy as modelling formally the screening choice is beyond the scope of this

analysis.
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unemployed worker. I assume that the searching firm must have some amount of capital
available and ready for the new worker to produce with in advance of the actual hiring.
Thus search costs will be proportional to the cost of capital that would have been used in

production. As such, the value from a job vacancy is given by

Tmax

rV(s) = —pcpk(s) + a(6(s)) /R( ) J(y.s) dG(y) +7E[V(s)) — V(s)[s], (213)
s

where the searching firm pays the flow cost of search by renting a proportion cp of the capital
rental cost that a single efficiency unit would require, given by pk (s), which it takes as a
given, where p is the aggregate productivity parameter. The reason that I choose this cost
structure is to capture the notion that a vacancy entails some amount of idle capital with
an opportunity cost associated with it. With rate q (6 (s)) (1 — G(R(s))), the vacant job
is filled with an admissible worker and the pair can begin to produce.

The value function can be simplified by two ways. First, free entry means that V (s) =0
in every state. Second, the value function J (z,s) is related to the hiring surplus. This rela-
tionship is given by the first-order condition of (2.10), together with the free entry condition

is:

B3 (2,5) — (1= AW (2,5) — U(s)) =0. (2.14)
which means that J(z,s) = (1 — )M, (z,s). Taken together with Equation (2.13), the
job-creation condition is given by:

Tmax

opk(s) = 4(8(s)) (1— B) / M (4,5) dG (y) . (2.15)

R(s)

The value from being in a state of unemployment is given by

Tmax

rU(s) =z+0(s) a(b(s)) /R() [W(y.s) = U(s)]dG (y) + +7E(U(s) = U(s)[s),

where z is the flow value of being unemployed. Using Equation (2.14), which implies that
W (x,s) — U(s) = fMy (z,s) one finally obtains:

rU(s) =z (2.16)
+0(s) q(0(s)) ;(m:x My (y8) dG(y) +7E(U(s) — U(s) |s)
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The model solution can be completely characterized by solving the system of equations that
is composed of (2.7), (2.9), (2.11), (2.15), and (2.16). Numerically speaking, the integral

expression can be solved using integration by parts, which will be discussed in Section 2.2.3.

2.2.2 Aggregation

Population Composition. The population size is normalized to unity and is composed
of three groups: unemployed persons u, employed persons e, and those employed under
termination notice n, where u 4+ e +n = 1. Given the previously described mechanisms for
hiring and terminations, aggregate termination will depend on the distribution of = across the
productive realizations. This distribution, which will be denoted by H (z), has the following

law of motion:

Hepi (2) ern = e(He (2) — Hy (Res1) ) + 01 4 (01) we( G (2) — G (Rita))
+Ae[(1 = He (2) )(G(2) = G(Res1)) — (He () — He (Regr) )(1 = G (2))]
— Aey(Hy (2) — He (Rev1) ) G (Rega) (2.17)

where t and ¢ + 1 denote time. I shift momentarily into discrete-time notation as it can
help clarify the non-linear dynamics of the model. The first term in the right-hand side
relates to the immediate outflow from employment into termination notice that results when
the reservation level increases. Note that when the reservation level remains unchanged or
decreases we have that Hy (R;;1) = 0 since there were no producing realizations below R;;4
during period t. If the reservation level were to increase, a positive amount of separations of
mass e;H; (R;1) > 0 would occur. The second expression represents inflow into employment
at x or below it. The last three terms represent changes in the distribution from idiosyncratic
shocks that result in, lowering x, increasing x, or separation of active matches respectively.

Together with this law of motion, the population dynamics in the model can be charac-

terized by the following laws of motion for the three masses:

Upsr = U — Op11.q (Op1) (1 — G (Regr) Jug + ony, (2.18)
err1 = €+ 0119 (Or41) (1 — G (Regr) Jue
— [AG (Ri1) (1= Hy (Riqr) ) + He (Riga) e, (2.19)

N1 =y — dng + [AG (Ryg1) (1 — Hy (Rig1) ) + Hy (Rig) Jer (2.20)



CHAPTER 2. FIRING RESTRICTIONS AND CYCLICAL MISALLOCATION 41

Population Composition in The Deterministic Model. 1 find that it is useful, for
the sake of the discussion that follows, to observe the deterministic steady-state values for

the masses and for the distribution H(z). The deterministic steady-state population masses

Y GG (R)

74(0) (1= G(R)(6+AG(R)) + AG (R)
o #04(0) (1- G(R))

74(8) (1— G(R))(@+ G (R)) + oAG (R)
. AG(R) 04 (0) (1- G(R))

0q(0) (1 - G(R))(¢+AG(R))+¢AG(R)

For the distribution, one can use Equation (2.17) to obtain that

Hiz) = [50a(0) +1](G(@) - G(R)),

el

and by substituting in to the above expressions the values for the steady-state masses we

obtain

G() - GR)
1- G(R)

Viewed from the perspective of R as the cut-off level for the screening technology, this is

H(z) = (2.21)

simply Bayes’ rule applied to G (x), i.e., the deterministic steady-state of H (x) consists of
all the possible realizations of G (z) conditional upon them being admissible ones. In the
stochastic case, this stylized result slightly breaks down because one is dealing with long-term
expectations. As a result of the fact that there are several levels of R, one for each aggregate
state, leading to some discontinuities in the long-term expectations for this distribution.
However, the deterministic case is instructive for understanding the relationship between R
and H (z). The reservation level R(s) is the realized lower bound of H (x) in state s, and it
affects the density of productive realizations at each value of x. The higher the value of R

is, the greater is the density concentrated at each level of x above R.

Aggregate Quantities. Aggregate output Y is given by:

Y =pf(k) {e /I:max rd H(z) +nemm| — Fpf(k)on, (2.22)
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where k, as previously, denotes the level of capital chosen at the efficiency unit level, pf (k)
is then production per efficiency unit of labour, and e |, ;ma" xd H(z) + zpmn is the aggre-
gate amount of such units. The last term is the output-loss cost associated with the final
termination of employment relationship at the end of the notice period. The cost Fpf (k)
is paid for the outflow of terminated employees, which is ¢n.'! Although I omit time and
state notation this expression is true globally. Importantly, the level of output depends not
only upon the capital choice and the aggregate labour input used in production L = e 4 n,
but upon the current composition of L, via the sizes of e and n, the distribution H (z), and
the adjustment cost parameter F'. Economically speaking, output in this economy depends
upon the quantity e and the quality H (x) of actively producing matches, upon the number of
matches under termination notice n, their production value and the cost of their termination.

However, it is more convenient to examine output using the following expression

Y = pt(k) [e/;mde(x) + (T — F) |

from which I can define the effective distribution of efficiency units in the economy as:

(2.23)

—H if R<z< max
HE(x):{”+e (r) i <z<z

n . o :
s if z=xun,— Fo¢

This equation means that one can interpret the composition of aggregate labour L as having
an efficiency units distribution Hg (x). This distribution has an atomistic mass that depends
on the number of workers under notice out of the aggregate labour = at © = xymin — F¢)
efficiency units which is lower than z,;, as a result of the termination costs leading to output
loss.

Along the same line, one can define the aggregate effective capital as the sum of capital

over all effective producing efficiency units which is

Kg=k {e /mmx rdH (z) 4+ n(xmm — Fo)|. (2.24)
R

Aggregate Production. With the previous notations at hand, let us examine the ag-

gregate production function in the economy. Let Tz be the mean of the efficiency-unit

HThese costs can alternatively be defined as associated with the inflow into notice and the results that

follow remain unaltered in any significant way.
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distribution Hg (x), then using Equation (2.23) I obtain

e Fmax n
TE = dH min — F'O)|. 2.25
Fo | [T+ (- PO (2.25)
Equation (2.25) can be used to further simplify Equation (2.24) as K = kZTgL, and Equation
(2.22) can be reduced to Y = pf (%—EL) LTg. Finally, by utilizing the homogeneity of degree
a

Y = pzg  *Kg*L'™, (2.26)

this expression omits the time and state dependence of Tx and of the factors for brevity but
holds globally.

2.2.3 Calibration

In this section, I calibrate the model to perform a quantitative exercise whose goal is to
illustrate the potential effects of firing restrictions on business cycle dynamics. I calibrate
the model’s deterministic steady state from Section 2.2.1 to match job flows and institutional
parameters in France. My reason for choosing France is mainly one of data availability.
This calibration and simulation exercise should not be viewed as an attempt to capture the
complexity of France’s labour market and its institutions but rather to outline the cyclical
implications of firing restrictions. In the next section, I use the calibrated model and counter-
factual institutional structures to demonstrate the propagation of an exogenous shock in the

simulated economy and explore the relative importance of the different channels.

Calibration Targets. The model is calibrated to match France’s quarterly job-finding rate
of 20% and separation hazard of 3.4% based on a transformation into quarterly frequencies
of the estimates of these rates from Hobijn and Sahin (2009). As in Shimer (2005), the
steady-state value of 6 is normalized to unity and o, the matching efficiency parameter,
is calibrated to match the finding rate. The calibration of firing restrictions is based on
Bentolila et al. (2012), that place the replacement rate at 55%. Since the model features
wage heterogeneity, z is calibrated to be 55% from the average wage in the model economy
under a deterministic steady state. Similarly, also following Bentolila et al. (2012), F, the

firing costs parameter is calibrated to 33% of the average quarterly output of a job.'> These

12The comparison between my set-up and that of Bentolila et al. (2012) is challenging because the authors

normalize the maximum production value to unity and assume that a new job produces the maximum
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two hazards, two ratios and one normalization, are my calibration targets, and these are

matched exactly by choosing the values of A\, o, F, z and c.

Directly Calibrated Parameters. To complete the institutional set-up I build on Ben-
tolila et al. (2012) and calibrate ¢ = 0.75 which corresponds to four months. As in Bentolila
et al. (2012), the discount factor is set to r = 0.01, the bargaining power is § = 0.5, and
n = 0.5. I normalize the common productivity factor p to yield that p(f(k) — pk) = 1, and
set the capital share at o = 0.33 so that f(k) = £%33. T calibrate the depreciation rate of
capital to 0 = 0.02, and the steady-state risk premium to & = 0. During the simulation I

will choose a mean zero process for &.

Calibration Strategy for G(z). The calibration of G(z) is of great importance for the
cyclical behaviour of the model as it dictates the nature of the option value at each state
for every job. However, this calibration also presents a conceptual challenge. How does
one observe G(z)? The model structure imposes that only sufficiently high realisations are
present in the data, i.e., one can only observe the realised distribution H(z) and not the
model primitive G(z). To add to this challenge, the only manifestation of H(z) that can
be empirically observed in the data is the earning distribution. In Appendix B.4, I show
that the wage is linearly dependent in x. Therefore the earning distribution D (w), can be
related to H(x) by applying a simple linear transformation whose values correspond to the
model parameters. This approach is highly data-intensive as the entire earning distribution
is necessary for its implementation, and it does not solve the truncation problem. By looking
at the deterministic steady-state value of H(x), I can see that there is a range of realisations
and their corresponding densities, both of which I would never be able to observe in the data.
Specifically, how can one assume the structure of realisations that are possible in principle
but would never manifest in reality? The lowest possible realization of G(x) is unknown,
along with all the values and densities of x on the interval [ zym, R ).

To overcome these conceptual challenges, 1 take the following approach to calibrating
G(z). First, in the absence of a better prior, I set z,;, = 0 which seems natural and
is equivalent to the assumption that the worst worker possible is the one that produces
nothing. Second, I follow the work of Lagos (2006) by assuming that G(z) takes a type I
Pareto form with CDF:!3

amount possible. Thus, choosing the same ratio of 33% is conservative, as the average job in Bentolila et al.

(2012) produces less than unity, and the actual ratio in the model is somewhat higher.
130n a purely technical level, to reconcile the above two statements, namely z,i, = 0 and a distribution
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Gz) =1- <§>V. (2.27)

T

The reasons for assuming a type I Pareto distribution are twofold. First, this form effectively
solves the truncation problem. Truncating G (x) at R, by using the closed-form solution for
H(x) given in Equation (2.21) I obtain that:

) = G0 é(c;gR) _ (,—%)”C—v(%)” o (E)ﬂ (2.28)
- (%) ""C
which makes H (x) also into a type I Pareto, with R as a scale parameter and with the same
tail index . Second, and as a direct result of this, the wage distribution in the model will
be, a linear mapping of H (z), thus making the earnings distribution implied by the model
into a skewed distribution with a power-law in the right tail and a tail index of 7. Not only
is a skewed earnings distribution a realistic outcome to consider but the entire distribution
can be inferred from ~, the previously mentioned parameters and the steady-state value of
R.
Thus, the last piece of the challenge of calibrating G(z) is finding the value of ~. Since
v is the tail index of a type I Pareto distribution, it bears a direct connection to the earn-
ings distribution’s Gini coefficient. A type I Pareto distribution has a Gini coefficient of
Gini(H) = (2y —1)7!, where 7 is the tail index.'* Therefore, I target the Gini coefficient for
the distribution of earnings before transfers in France. The average Gini coefficient for the
income distribution of the working age population in France before taxes and transfers for
2012 - 2017 is 0.452.1° As a result, I arrive at a tail index of v = 1.61.
One complication that arises from this approach is comparing the empirical distribution
that gave rise to the observed Gini coefficient and the model distribution. The wage distribu-
tion in Appendix B.4 relates to the wage distribution of the actively producing realisations,

while the Gini coefficient captures both producing realisations and workers under termination

that has a minimal realisation of {, I substitute x in all the equations in the computations to be z — { as to

yield a minimum level of z,;, = 0 and a distribution that follows a type I Pareto.
1For a comprehensive treatment of inequality measures and generalized Pareto distributions see Arnold

(2008).
15The Gini data is taken from the OECD database at https://stats.oecd.org/. The OECD’s database

changes the income definition after 2011 for these measurements. As a result I choose only years following
2011 to not mix income definitions. The value exhibits only small changes from year to year, and the choice

of the time-frame will not change the results meaningfully.
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notice. Reconciling the discrepancy between the model object and the empirically observed
one can done by examining the model counterpart of the empirical distribution. The Markov
property for separations given in Lemma 2.2.1 means that separations are independent of
current realization of the wage so the wage distribution under notice D™ (w) is identical
to the distribution among productive pairs D¢ (w). The distribution of wages for workers

under notice evolves according to
i1 DYy (w) = Dff (w) n—¢ny D (w) +A G (Ry) [Df (w) — Df (w (Ry)) Jert D (w(Ry)) e,

where this is the exact law of motion for the mass n, but this time we keep track of the
wage level from which entry and exit occur. In a deterministic steady state this equation
reduces to D" (w) = %ﬁ D¢ (w), which after substituting in the steady-state masses
yields D¢ (w) = D" (w) = D (w).

The last two elements of G (x) to be considered are the values for ¢, and for z,,. The
parameter ( is a scale parameter for = since all other calibrated targets will be either flows
and hazards or ratios of the average wage or production value, I have some latitude with this
parameter, and so I normalise it to ¢ = 1, all other parameters will be calibrated to match
that scale of the distribution. Note that I could achieve all the calibration targets listed in
the next paragraph with an altered scale. The reason I need a value for x,,, is to provide an
upper support for the simulation exercise to apply integration by parts, so given the Pareto

structure of Equation (2.27) I simply choose 2.y such that G (zmax) = 0.999.

2.3 Results

2.3.1 The Calibration

As described above, I directly calibrate ¢, n, 8, p,d,7, , 7, (, Twmin,, and Tp.y. By using the
aforementioned parameter values along with Equation (2.7), (2.9) , (2.15), and (2.16) while
substituting in to it the definition of My (z) from Equation (2.11). Since I am calibrating
the deterministic steady state, 7 = 0, and the match surplus is a linear function of x. Thus, I

can use integration by parts and instead of Equation (2.9), I use the following two equations:
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(r+ AN (M (2pax) + M,,) =

(£ = )+ A0, 4 M) = 25 [y ay | )

OM (x)

M (xmax) + (R - l’max)T == 0, (230)

where the last equation follows from the definition of the reservation level as the zero of the
match surplus and from the linearity of the deterministic case. The same form of integration
by parts is used for the integral expressions in Equation (2.15), and (2.16) where the integral

expression becomes

[ M) 4G ) = M) + 08, - 000 = GR) - P [T ) ay
R R

Thus, the model solution is given by a system of five equations in the five unknowns
R,0,M,M, and U.

This solution to this system of five equations in five unknowns gives values for the rest of
the parameters. The calibration is given in full in column 1 of Table 3. A surprisingly good
outcome in the resulting calibration is the wage dispersion which is a non-targeted moment.
To target wage dispersion, the calibration of G(z) is insufficient as the other parameters,
namely 3, p,a,d, \, F, and r will directly affect the slope and the intercept of the linear
mapping from G(z) into the wage distribution. If the intercept were too large relative to
the slope, variation in x one would obtain insufficient wage dispersion, too small, and one
would obtain too much wage dispersion. Moreover, indirectly, all the other parameters will
influence this as the intercept of this map is a function of the steady-state value of R.

According to Eurostat data on earnings for full-time workers in France for 2014, the
earnings between the 90th and 10th percentiles is 2.85.' The calibrated model delivers
a corresponding ratio of 2.70. This number is exceptionally good for this type of model,
especially given the critique of wage dispersion in this class of models by Hornstein et al.
(2011). T attribute the high wage dispersion in the model to the relatively rich modelling

of labour market rigidities and the use of a Pareto distribution. These allow the calibration

6This number is based on data retrieved from Eurostat at https://ec.europa.eu/eurostat/web/
labour-market/earnings/database, for France regarding the 10th and 90th percentiles of the monthly

earnings distribution for full-time workers.
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strategy to deliver a technical improvement to the quantitative characteristics of this class
of search models. However, I will later demonstrate that this result is sensitive to the choice

of the other parameters.

2.3.2 Simulation

In this section I introduce aggregate uncertainty to the model via an increase in the risk
premium £ and explore quantitatively the effects of firing restrictions on the dynamics of the

business cycle. I choose a simple stochastic process with two states as follows:

0.95 0.05
= L T=1. (2.31)
0.05 0.95

This process describes an economy having two possible aggregate states. A good state in

—0.1r
+0.1r

which households are willing to rent capital more cheaply at a rate of 0.9r + ¢, and a bad
state in which households require a larger premium on forgoing current consumption and
rent capital at a rate of 1.1r+4. I use a persistent shock because the model, like other models
of this kind, lacks internal propagation as the controls R and 6 will respond immediately to
a change in the aggregate state.

To isolate the role of each component in the policy set, I simulate four sets of impulse
responses, all of which illustrate the convergence of the model economy from being in a bad
state, state 2, to its long-term expectations. The first set of impulse responses is for the
baseline calibration I described above and is given in column 1 of Table 3. The last three
are counter-factual calibrations having only firing costs, only termination notice or no firing

restrictions at all. To eliminate the firing costs I set F' = 0, and to eliminate the termination

1
) 57
which for France is ¢ = 251/4. These counter-factual calibrations are given in columns 2, 3,
and 4 of Table 3.17

Numerically speaking, given the significant non-linearity of the model, I exploit the prop-

notice I calibrate ¢ to correspond to an average duration of one working day per quarter

erty of piece-wise linearity of the value function M(x,s) for each state s and use integration
by parts at each linear segment of the function. Thus, as the calibration was done using
a system of five equations, the stochastic case consists of a system of five equations per

aggregate state.

1"Working with these high hazard rates necessitates simulating very short periods. Thus, I use as a unit
of time periods that correspond to 0.01 of a working quarter, i.e., for 62.75 working days a quarter and eight

working hours per working day, a period of about five hours.



CHAPTER 2. FIRING RESTRICTIONS AND CYCLICAL MISALLOCATION 49

2.3.3 Significance of Firing Restrictions for Business Cycle Dy-

namics

The impulse responses to a temporary increase in £ for the baseline calibration and the
three counter-factual ones described in Table 3 are depicted in Figure 16. The baseline
calibration is presented in black, the counter-factual case with only termination notice in
blue, the one with only firing costs in red, and the one without firing restrictions at all in
green. An increase in the risk premium generates a business cycle as it generates an increase
in capital cost and reduces firm profitability. The impulse responses suggest that regardless
of the calibration used, the shock results in a drop in output and employment and a rise
in unemployment as one would expect in a business cycle. The cycle is characterized by
firms becoming increasingly selective in their hiring practices, i.e., R increases, and hiring

intensity declines as the market becomes less tight, i.e., # declines.

2.4 Discussion

2.4.1 The Model Framework and Its Implications for Aggregate

Cyclical Behaviour

The model is a partial equilibrium model in which firms optimally choose capital and hire
labour in a heavily frictional environment. Some of these frictions are natural and some
institutional. Search frictions are a natural feature of the labour market as there is an
inherent need for time and information to search for labour. High-quality institutions and
infrastructure may alleviate some of the costs and challenges associated with the search for
labour, but the essential need for search is natural and unavoidable. However, institutional
frictions arise directly from the institutional set-up in place and can be altered by policy-
makers.

Firing restrictions are a particular instance of these institutional frictions. Termination
notice and red-tape costs associated with firing lead to reduced productivity and may interact
with the business cycle in a fashion that amplifies its effects. In what follows, I illustrate

these statements using the model’s framework.

Productivity in The Model. At first glance, Equation (2.26) seems to be the classical
Cobb-Douglas production function with the productivity process given by pzz'~. The pa-
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rameter p is a match-level exogenous productivity parameter. However, Z5'~® is endogenous
as it arises from the model fundamentals and can be interpreted in several ways. One inter-
pretation is that it is a labour-augmenting technology process. This expression is a part of
the productivity process linked to the labour input and arises directly from the quality of the
workers that compose L, the aggregate labour in the economy. However, this is not a growth

model, and if one considers the fact that pzg'™®

is time-dependent, one would see that it
has a stationary behaviour that is given by model parameters. Thus, this interpretation,
though appealing, provides little insights.

What is Tg? The value of x at the match level is proportional to the marginal product
of labour. The marginal product of one worker in the economy is zpf(k), the match-level
output. Viewed through the lens of the seminal works of Restuccia and Rogerson (2008) and
Hsieh and Klenow (2009), the dispersion of 2 can be interpreted as factor misallocation, i.e.,
dispersion in the marginal products of factors of production across firms and establishments,
namely that of labour. Therefore, using the growth accounting interpretation of Equation

(2.26) results in:

Y= p 4+ (1-a)ig +(1—a)L+aKg, (2.32)
N~~~ ~ ~ d ~ ~ -
Technology labour misallocation Factor quantities

where Y denote the log change from steady-state levels. This endogenous and time-varying
TFP which results from misallocation is analogous to the aggregation result in Moll (2014),

but there the source of frictions is situated in the capital market and not the labour market.

Conceptual Framework - Under-Utilization vs Misallocation. If the simplistic
Solow-residual approach to measuring TFP changes is adopted, the results would differ
from the TFP term pTz'~® due to the difference between aggregate capital and aggregate
effective capital. This sensitivity to capital utilization is a known problem of such measure-
ments that more sophisticated measurement techniques are trying to deal with, e.g., Basu
et al. (2006). One could argue that there should be an adjustment in this model for under-
utilization of labour that comes from the termination notice mechanism. Thus, one could
claim that the expression for TFP is also not utilization adjusted and that the second term
in Equation (2.32) should be further broken down into a labour under-utilization term and
a labour misallocation term. I argue that this is not the case and that the distinction arises
from a fundamental conceptual difference.

Under-utilization implies choice. The firm can make better use out of its factors of
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production and chooses as an endogenous choice arising from internal costs or constraints
not to do so. The firm could have some option value from this under-utilized capital, keeping
the capacity for a future increase in utilization if the conditions merit such a change in optimal
behaviour. Misallocation, however, is a deviation from the first-best allocation that arises
from market conditions. If a benevolent social planner could re-allocate the worker from
a state of notice to a state of employment or from a state of unemployment to a state of
employment, the planner would do so to increase welfare. However, the frictions prevent the
market from achieving this result on its own. This distinction is the reason I interpret =5 as
a misallocation term.

This aggregation result can prove useful for future research focused on comparing pro-
ductivity and growth across countries and sectors of the economy. Equation (2.32) and
Equation (2.25) can be combined in decomposition exercises aimed at constructing TFP
series for international comparisons of productivity which take into account differences in

the institutional set-up across different countries and sectors.

Steady-State TFP. I begin my examination of steady-state TFP by understanding the
simplified economy with no firing restrictions at all. In that economy F' = 0 and ¢ — o0;
thus we simply have L = e, and n = 0. The mean of H (z) is defined as 7 = [;"* x d H (z) ,
one obtains that T = T or that Tg is proportional to the average of the marginal products of
labour. I call this limited case a flexible economy, and the general case a restricted economy.

Comparing the value of Tg in the two cases yields that:

gprestricted _ %.1_@ prestricted | nLH ( Po — ]% ) < gllexible _ pflexible
If one supposes that T is the same for both cases, this is a trivial result as T > .
The insight which strengthens this result is that zrestricted  gflexible “why i that? The
introduction of firing restrictions to the economy does not change the production value of a
job, but it does change the outside option. When separation is costly, the outside option is
worse, and the match surplus increases for each level of x. Thus, firing restrictions lower the
reservation level, which is the lowest admissible realization of x. The decrease of T is the key
result of Lagos (2006),' so I do not treat it formally in this chapter as the focus is on the
cyclical element of misallocation. However, this similarity between the two models merits a

short discussion of the relationship between them.

18See Theorem 2 in Lagos (2006).
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The approach presented in my model owes much to Lagos’ work, and the main result
in Lagos (2006), the dependence of steady-state productivity in the institutions in place via
their effects on the reservation level is preserved in my model, but there are several key
differences. First, I view this model as a generalization of Lagos (2006) that allows for some
additional elements, namely endogenous capital choice at the job level, aggregate stochastic
shocks and, allow for policies under which the surplus for the hiring and firing decisions is
not the same.'” Second, I consider slightly different policies and the interpretation of lay-off
costs is that of output loss and not the pecuniary cost. These choices affect the aggregation
results.

In Lagos” model, the only way policies affect productivity is by changing the reservation
level. In my model, this channel is present, but it is not the only one, and later I will also
show that this is not the quantitatively dominant one for cyclical implications. In my case,
firing restrictions lead to an output loss even given the same reservation level, and the notice

mechanism causes a further decline in aggregate productivity.

Implications For Cyclical Behaviour. If one considers a recession as a decline in the
aggregate productivity parameter p, or as an increase in the price of capital p via the risk
premium &, the result is that a recession is a period during which the marginal product
of labour zpf (k) is reduced. As such, the match surplus for a given level of x decreases
and the reservation level would increase as a result. As this is the lowest level possible
for a producing realisation, the economy with no firing restrictions would see an increase
in 7. Thus, generating a ’cleansing effect’ of the business cycle through an increase in the
quality of labour which would manifest empirically as rising TFP. However, an increase in

the reservation leads to more separations, thus decreasing the proportion of the actively

e
n-+e

presence of firing restrictions, these factors can counteract the ’cleansing effect’” and even

producing pairs and later inducing output loss at the time of final separation. In the
potentially induce a ’sullying effect’, the extent of which will be analysed when I discuss the
implications of the quantitative exercise.

Several key insights from the model to bear in mind for the remainder of the analysis are

as follows. First, policies affect aggregate productivity in the model via three channels, (i)

9This simplifying assumption in Lagos (2006) is discussed at some length in an appendix and not in
paper. The argument that Lagos presents for why this limitation is not a major one in his set-up is that he
mainly considers lay-off taxes and hiring subsidies, for which this limitation is not necessarily problematic
(see footnote no. 50 in Lagos (2006) appendix). Under my institutional set-up, this argument is no longer

relevant because of the existence of termination notice and output-loss costs.
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by affecting the population composition, (ii) by affecting the reservation level, and (iii) by
affecting the scope of output loss caused by separations. Second, as a result of these channels,
any cyclical adjustment in the model induces an effect on the cross-sectional distribution of

x and thus influences aggregate productivity.

2.4.2 TImplications of the Quantitative Exercise

As T have illustrated above, this business cycle triggers the three channels of influence for
the amount of misallocation that determines TFP in the economy. As firms become more
selective, reservation levels increase which should increase T and lead to a TFP increase.
Observe the green line in Figure 16 to see only this channel at play. Since H is a skewed
distribution, its mean value is relatively unaffected by the small change at the left side of
the support, and the increase in TFP is barely noticeable. If firing costs were added to the
mix, as in the case of the red line in Figure 16, output would further decline more over the
cycle but productivity hardly be affected. The big effect takes place once termination notice
is introduced. Termination notice causes TFP to decline visibly over the cycle, as is seen
by the drop in TFP in the blue line. Once the two channels are working in tandem, and

termination notice is combined with firing costs this effect is further amplified.

Shimer’s Puzzle in the Model. There are two immediate criticisms of the above de-
scribed simulation exercise. First is that the risk premium shock I have introduced is a rather
strong one, with an output decline of over 1.5%, but the labour market effects are rather
small other than for the baseline. The rise in unemployment is barely perceptible other
than in the baseline case, and even there, it is not a very strong one, and the same goes
for the employment drop. Second is that the main channel of interest, the misallocation-
related TFP decline is of modest magnitude. A TFP decline of 0.139% is significant, but
not overwhelming.

The response to these two critiques is that one creates the other. It is a known the-
oretical phenomenon that simple search and matching models do not generate sufficient
amplification from shocks affecting real activity, such as a simple TFP shock to the labour
market. This phenomenon is known as Shimer’s puzzle (Shimer, 2005). The TFP shock
that Shimer considers, a decline in p, in a search and matching model without capital where
the production value of a job is p, is isomorphic to my shock, namely that which reduces k
where the production value of a job is pxf(k). Thus, my model suffers also from insufficient

amplification for the calibration shown here. In what follows, I will demonstrate that it is
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precisely this lack of amplification that reduces the size of the TFP decline. Additionally, I
will illustrate that given that one can generate sufficient amplification from the model, the
labour misallocation channel grows in its relative importance.

The literature on Shimer’s puzzle is vast and suggests several ways of coping with such
a limitation. One approach is to include wage rigidities, e.g., as in the search and matching
framework developed in Hall and Milgrom (2008) and employed in Hall (2017). However,
modelling endogenous separation and labour market rigidities in the Hall and Milgrom (2008)
framework is beyond the scope of the current work. Another possible solution, as pointed
out in Hagedorn and Manovskii (2008), henceforth HM, is to calibrate the bargaining power
of the employee (3 to a lower value and increases z, to obtain stronger amplification. Under
the standard Shimer-style calibration, z is the replacement rate. In contrast, in an HM
style calibration, z is considered the entire value of not working, including home production,
unemployment insurance, and leisure. The argument in Hagedorn and Manovskii (2008) is
that in a richer model, the worker should be nearly indifferent between employment and
unemployment, given that employment is a choice. The reason such a calibration manages
to create more amplification is that Hagedorn and Manovskii (2008) target the elasticity of
wage with respect to productivity. As Ljungqvist and Sargent (2017) argue, this calibration
lowers the fundamental surplus in this economy, i.e., the resources available for vacancy
creation by the market, which facilitates stronger amplification. The baseline calibration
does better than an economy without firing restrictions in terms of amplification as firing
restrictions lower the fundamental surplus in the economy. To see this, mark the difference
in labour market response between the black line and the green line in Figure 16.

Since the HM calibration strategy relies on wage elasticity, and my model features wage
heterogeneity, I do not implement fully the HM calibration strategy. To the best of my
knowledge, there had not been a modification of Hagedorn and Manovskii (2008) to endoge-
nous separation search and matching models and developing one is beyond the scope of the
current work. Instead of following the HM calibration strategy to the letter, I use their value

for 8 = 0.052, the matching function ¢(#) = ——2——, and an average replacement rate
(14-07HM ) THM

of 95.5%, that corresponds to the value of z chosen in Hagedorn and Manovskii (2008).2

to re-calibrate the model using the same targets as before but with the new replacement

20In Hagedorn and Manovskii (2008) the replacement rate is slightly higher since the production value
p = land z = 0.955. To make job creation profitable, the wage w must be such that w < p so the replacement
rate would be slightly higher. For the deterministic case in Hagedorn and Manovskii (2008), one can compute

the wage as w = 0.9765, which gives a 97.8% replacement rate. This difference is not sizeable.
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rate and conduct the simulation exercise again along with the same counter-factual firing
restrictions as before. I deviate from the HM calibration strategy by normalizing 6 to unity
in the steady state. This calibration is summarized in column 1 of Table 4 and the simulation
results are presented in Figure 17.

The HM-style calibration delivers qualitatively the same results. Namely, in response
to the shock, output declines, unemployment rises, and employment falls. Although the
output decline is not much stronger, the case with France’s level of firing restriction exhibits
a maximal decline in TFP of about 0.208%, which is about 50% stronger than the corre-
sponding number from Figure 16. However, even larger values are quite plausible, especially
given that during the financial crisis, unemployment rose by significantly more than the 6%
implied by the simulation. In France, unemployment rose from 7.16% in the first quarter
of 2008 to 8.6% in the first quarter of 2009, which is a 20% increase. The numbers are
not exquisitely large since the corresponding figures are 65% for the United States, 37% the
United Kingdom, and 80% in Spain. This means that, in reality, there is considerably more
labour re-allocation in recessions than the simulation generates. However, the model can
help understand how such cyclical phenomena translate into a labour-misallocation-induced
TFP decline.

Relating to the previous discussion of wage dispersion, this calibration, although contain-
ing the same Pareto form and same tail index ~, performs poorly in terms of wage dispersion.
The ratio between the 90th and 10th percentiles is just about 1.1, which is not a very realistic
fit. This is mainly because the slope of the linear mapping from = onto the wage is linearly
dependent on 3, which is nearly ten times smaller in the HM-style calibration relative to the

baseline.

Labour Misallocation from an Aggregate Shock. What drives the cyclical decline in
TFP in the model, and what determines its size? Recall that TFP is given by

11—«
e

n
TFP = T min — & . 2.33
\]2-/ n+6x+n+e(x ?) ( )
Technology ™

labour misallocation
This expression holds at every point in time with =, n,e changing over time. Denote the

labour misallocation term by 7', and for the sake of analytical convenience substitute F' =
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[z.2' To clarify the notation, time dependent values such as Z(t) denote values outside of
steady state and objects without time dependence, such as T, denote steady state values.

Log-linearizing T around its steady-state value of

11—«
e n
T = min — l z 9
[<n+e+n+e(x gb))x}
one obtains that

N ne 1-— ($min - l(b)
r)=Q0- a)(n +e) e+ n(Tmin — (9)

(e(t) —n(t)) + (1 — a)a(t), (2.34)

where T denotes percent deviation in 7' with respect to its steady-state value. To bring
this equation to a more intuitive level, one can recall the laws of motion for the masses,
AGQ(SR) e = Te, where 7, is the termination rate. This
is not to be confused with the separation rate. The termination rate is the rate at which

Tr

and note that in steady-state n =

workers transition from being in the state of active employment into termination notice, while
the separation rate is the rate at which workers transition from being employed observably
(regardless of notice status) into unemployment or ¢~ This notation transforms the above

equation into

T(t) = d(e(t) — a(t)) + (1 — ) (1), (2.35)

with 6 = (1 — )22 [ Qotwutte) ]

Economically speaking, the labour-misallocation-induced TFP decline is linearly propor-
tional to the decline in employment and the increase in termination notices. Under the
baseline calibration, the value of ¢, the parameter that dictates the change in the misalloca-
tion term of TFP, is about 1) = 0.0383 for both calibrations. However, since the steady-state
mass of workers under notice (n) is small, a fractional change in its value is a large change
in 7(t), and this will be the dominant effect. To illustrate this effect’s potential strength,
suppose that the termination rate goes up by 10%. This may be only a tiny change in
employment level since this is a change in the flow out of active employment, which may
be quite slow, but it would translate to a 0.383% productivity decline, which is a sizeable
figure.

In Figure 18, I present an illustrative sensitivity analysis of 1. Each panel in Figure 18

presents the values of ¢ given our baseline calibration while changing only two parameter

21This is an innocuous transformation, since the firing costs are calibrated to a ratio of the average

production value of a job that is pZf(k). Thus, one can substitute the firing costs of Fpf(k) with (Zf(k).
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values. Hazard rates are again in quarterly frequencies. Although I do not explore each
possible combination of parameter values, the main take away is that the following aspects
can amplify the TFP decline in our economy: An increase in the labour share 1 — a; an
increase in the frequency of labour turnover 7,, i.e., a decrease in average job duration; an

increase in the length of the notice period %; and an increase in the cost of separation [.

Comparison of the Model Predictions to the Empirical Results from the First
Chapter. The quantitative results in the baseline calibration can account for a 0.139%
TFP response to a 10% increase in the net cost of capital, and up to 0.208% in the HM-style
calibration. These are the peak effects and are obtained in the first year after the shock. The
first chapter’s empirical results indicate that the differential drop in TFP is about 0.445%
after one year. One standard error of EBP during 1985-2013 corresponds to 0.567 percentage
points where the average of the Gilchrist and Zakrajsek (2012) credit spread (GZ spread)
is 2.082 percentage points. If one considers the risk-free rate as 4 per cent, which is the
accepted value for calibration in DSGE models, one will obtain that the average capital
price is about 6 per cent and that a one standard error shock in EBP is approximately a
10% increase in the net price of capital. Thus, these two sets of impulse responses can be
treated as if they respond to a shock of roughly the same magnitude. As such, the model
presented here, with all its caveats and simplifications, may account for between 30% to 50%

of the estimated empirical effect un the first chapter.

2.5 Concluding Remarks

This chapter demonstrates the potential of firing restrictions to amplify macroeconomic
shocks using a stylised search and matching model. I illustrate the contribution of firing costs
and termination notice practices to the propagation of shocks via misallocation-induced TFP
decline. Using a quantitative version of the model, I show how a stochastic shock to the cost of
capital causes a more pronounced output drop in an economy with firing restriction and that
TFP decline is at the source of this variation. The model’s log-linearised version lends itself
to a formalisation of a sufficient statistic for this channel’s strength which may prove valuable
for future empirical works or structurally motivated analyses of TFP. Quantitatively, this
channel can account for up to 50% of the effect observed in the first chapter while accounting
only for intra-sectoral misallocation and not for inter-sectoral misallocation, suggesting that

this channel may even be stronger in actuality.



Chapter 3

Employment Protection as an
Unemployment Insurance Device with

Re-distributive Implications — the

Case of Termination Notice!

3.1 Introduction

Termination notice is a form of EPL that forces both employer and employee to delay the
termination of their employment relationship. This delay is anticipated by both of them
and can affect the incentive structure of their entire employment relationship. At the mi-
croeconomic level, this legislation makes the separation of firms and workers more costly
and thus less likely to occur. Once separated, the worker who was given advanced notice of
termination has a higher chance of finding a new job before becoming unemployed as the
delay allows her time in which to search for a new position.? At the same time, the notice
period introduces an incentive for shirking and, under some regimes, may generate adverse

incentives and mental distress.® On the political-economy level, being a form of employment

!The research presented in this chapter was funded in part by a National Insurance Institute of Israel

research grant titled, "Employment protection - structural policy and inequality’.
2For evidence on the link between termination notice and instances of unemployment see Jones and Kuhn

(1995) and Friesen (1997), and for evidence on the reduced likelihood of termination see Friesen (2005).
3 See the work of Ichino and Riphahn (2001) for evidence on shirking and EPL, and for evidence of the

distressful psychic impact of termination notice see Carlson (2015).

o8
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protection, termination notice is a way for the employed group to defend their rents from
employment. Since the median voter in the economy is likely to be employed, employment
protection policies, such as termination notice, will endogenously arise.*

On the macroeconomic level, termination notice is an adjustment cost to labour imposed
on the firms by the government, much like the lay-off taxes modelled by Hopenhayn and
Rogerson (1993). However, termination notice also serves to insure workers from the income-
loss risk associated with unemployment. That being said, there are other means of providing
income insurance to households than termination notice.

The most widely discussed insurance devices in the economic literature are publicly
funded unemployment insurance (UI) programs. Two elements distinguish a mandated ter-
mination notice from UI as an insurance device: the method of funding and the incentive
structure it produces. Funding Ul is usually done by imposing an income tax, while termi-
nation notice is a mandate placed on firms and is thus an employer-funded insurance device.
Additionally, both policies affect household incentives differently. UI produces moral haz-
ard, i.e., given that job loss is less costly, the incentive to exert effort in searching for a job
is smaller, while termination notice generates an incentive to reduce production during the
termination notice period.

My main claim in this work is that termination notice interacts with standard Ul mea-
sures in non-trivial ways. This interaction stems from the fact that termination notice acts
both as an insurance device and as a subsidy for job search. As an insurance device, termi-
nation notice is an unofficial part of the Ul system, which provides an interim state during
which the worker receives a 100% replacement rate that is not funded by taxation but by a
mandate placed on the firms. While on termination notice, the worker’s wage is paid for by
the firm and is legally protected. As such, the worker has a reduced incentive to exert effort
in the production process or even a reduced capacity to generate value to the firm. However,
the worker does have an incentive to search for a new job. Thus, there is a probability
that the worker will not require any official Ul before re-employment. Additionally, while
on termination notice, the worker’s income is taxed, which increases the government’s tax
income.

This partial shift from providing households with insurance using worker-funded UI to
providing it using firm-funded mandates enables the government to provide more insurance

under the same taxation level. Moreover, Ul entails a moral hazard problem which translates

4For a comprehensive treatment of the above statement and the political economy of employment pro-

tection, in general, see Saint-Paul (2000).
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into a less intense search behaviour on the part of the households than it would have been
in the absence of UI. The provision of termination notice is similar to a subsidy for search
effort, which can offset moral hazard, at least in part.

In terms of policy-making, the key conclusion from the present research is that termina-
tion notice and Ul should be jointly studied and jointly designed. The interactions between
the two insurance devices are far from trivial, and their potential strength to influence ag-
gregate welfare is meaningful and merits future consideration. This research illuminates the
potential of other labour market policies to act as insurance devices and to interact with the

presently existing Ul systems.

Contribution. The current research extends two standard stylized models by introduc-
ing termination notice into these well-studied economic environments. Namely, I extend
the Diamond-Mortensen-Pissarides (DMP) search and matching model and an incomplete
markets model a-la Bewley (1986), Imrohoroglu (1989), Huggett (1993), Aiyagari (1994) to
demonstrate how termination notice affects frictional labour markets and the household’s
insurance motive, respectively. These two models and the insights gained from them are
combined to allow for the general equilibrium effects of the termination notice. The result-
ing general equilibrium model is calibrated and used to describe the impact of termination
notice on welfare and to discuss optimal insurance policies using termination notice and
standard UI as policy tools at the planner’s disposal.

Using the calibrated general equilibrium model, I document the channels through which
termination notice affects aggregate welfare: (7). Increasing termination notice duration
promotes a higher degree of insurance in the economic environment. (i7). As a result,
households will save less, making them, on average, poorer in terms of assets. (zii). Firms will
reduce hiring because increasing termination notice duration raises the cost of employment.
(iv). The bargaining situation between the firm and worker is affected, which results in a
wage decline. The last three effects are general equilibrium effects which result from the four
previous ones. (v). The UI benefits are reduced because these are set relative to the workers’
wage, which had declined, (vi). the return on assets decline due to the lower profitability of
firms, and (vii)., the tax base of employed persons grows which lowers the tax rate.

These insights on the mechanisms through which termination notice affects welfare allow
me to consider the optimal joint design of UI and termination notice. I show that termination
notice is welfare decreasing in the baseline calibration, and its abolishment can make standard

UI measures more effective in raising welfare. I discuss when termination notice is more
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likely to yield a beneficial impact on welfare and illustrate that when workers have a lower
bargaining power while bargaining for wages, this device may be employed to achieve a
substantial welfare gain.

Methodologically, the current research contributes to the literature by presenting a new
GE framework that can be adjusted to many questions relating to insurance and labour
market regulation. Specifically, I incorporate moral hazard into an incomplete-market, search
and matching model as developed in Krusell et al. (2010), and introduce a computationally
simple method to solve for wages in that environment using an approximation method and
assuming collective bargaining by a labour union. The model is calibrated using the cross
entropy method as presented in de Boer et al. (2005), and Mannor et al. (2003). This
calibration procedure also utilises an adaptation of the Hobijn and Sahin (2009) GMM
scheme to estimate job flows from unemployment duration data to cases with particularly

poor data quality.

Related works. This chapter is mainly motivated by the insights of three theoretical
works Pissarides (2001), Blanchard and Tirole (2008), and Pissarides (2010). The two works
by Pissarides discuss the use of termination notice as a distinct form of employment protec-
tion, its ability to serve as an insurance device, and its non-trivial role as a policy instrument.
Pissarides argues that since firms are risk-neutral and households are risk-averse, an employ-
ment contract between the two will include insurance provisions in the form of termination
notice and that such would endogenously occur. Blanchard and Tirole (2008) argue that
employment protection and UI should be jointly studied and analysed. They use a model of
a central planner problem to discuss the optimal joint design of Ul and employment protec-
tion in the form of lay-off taxes. The potential impact of termination notice on the economy
in general, and on the Ul system in particular, is my justification for considering its use as
a legal mandate and not solely as a contractable provision in the spirit of Pissarides’ works.

The modelling approach throughout this chapter is much inspired by the critique in
Pissarides (2001) on the early studies on employment protection as being "mostly conducted
within a framework that does not justify its existence”. As such, I use a model that features
search frictions, risk aversion and precautionary savings on the side of the household to
motivate the need for insurance devices by the working population.

Additionally, this research is conceptually related to three strands in the economic lit-

erature. First, it is connected to the vast literature on employment protection at large.’

5Due to the daunting scope of this literature, I will cite only directly related works in the text, and I refer
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Second, it is related to the literature that studies employment protection and especially on
termination notice in a search and matching framework, e.g., Garibaldi (1998), Bentolila
et al. (2012), and Ben Zeev and Ifergane (2021).

Last, this chapter is related to the literature that analyses optimal UI design in a general
equilibrium setting, e.g., Browning and Crossley (2001), Fredriksson and Holmlund (2001),
Coles and Masters (2006), and Mitman and Rabinovich (2015). On the methodological level,
the present work owes much to the modelling approaches of Chetty (2008), Lentz (2009),
Krusell et al. (2010) and to the methods developed by Achdou et al. (2017).

The chapter proceeds as follows: Section 3.2 describes existing termination notice policies
and their sources and uses two stylised models to analyse the costs and benefits of termination
notice as a policy device in a partial equilibrium environment. Section 3.3 extends these
stylised models and combines them to a full general equilibrium model that allows for search
and matching along with, incomplete markets, moral hazard, and a government-funded UI
and calibrates it to key moments of the Israeli labour market. Section 3.4 conducts several
counter-factual policy experiments, along with a decomposition of the welfare implications
of the policy change, and conducts a search for optimal policies of termination notice and
UI jointly. These results are discusses along with their policy relevance in Section 3.5. The

final section concludes.

3.2 The Costs and Benefits of Termination Notice

3.2.1 Motivating Facts - Termination Notice as a Labour Market

Institution

Duration of the notice period. In many European countries, the practice of having a
legislated duration of termination notice is nearly a century old.® Today, nearly all developed
market economies have a legislated termination notice. The duration usually depends on
the worker’s tenure at the time of termination. Table 5 presents the legislated durations

for various countries after six months, two, five, ten and twenty years of tenure.” Except

the reader to two excellent overviews. One is the monograph on the subject by Skedinger (2010), and the

other can be found in chapter 10 of Boeri and van Ours (2013).
6For an early review of dismissal regulation see Schwenning (1932).
"In countries where the law distinguishes between white and blue-collar workers, the value for white-collar

workers is reported. Where the law applies differently to small firms (less than 10-15 workers), such as in

Ttaly, Australia, and Portugal, the value above the cut-off size is reported.
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the United States, all countries reported have a legislated termination notice duration for
individual contracts. The durations range between a minimum of one week to three months
for a worker with six months tenure and two weeks to nine months for a worker with ten
years of tenure. The average is one month of notice before termination at six months tenure,
1.3 months at two years of tenure, 1.9 months at five years of tenure, 2.7 months at ten years
of tenure, and 3.7 months at twenty years of tenure.

The numbers documented in Table 5 describe the legislated durations, as such they
should be considered as the legal minima. Collectively bargained wage agreements may
include an extended period of notice, and some procedures may delay the notice period’s
commencement. To illustrate, suppose the worker is entitled to a hearing prior to the decision
of termination and for time in which to prepare for the hearing, as is described in Bentolila
et al. (2012) concerning France. In that case, the de facto notice period may be longer and
can even be subject to manipulation by the worker.

Conducting cross-country comparisons of legislation is always challenging because of
differences in applicability, coverage, and enforcement. In the case of termination notice,
several issues should be considered: Who may initiate a termination requiring notification?
The employer, the employee, or both? Is the worker required to report in during the notice
period or not? Does the law apply, to part-time employment, temporary workers, interns,
of informal work, and is it equally enforced for such cases? Are collective dismissals treated
the same as individual ones? And what other employment protection measures are in effect?
Albeit all these issues, the main message from Table 5 is that in most countries, having
a long-term employment relationship is associated with the surety of having a termination
notice of several months. This notice period translates to a sizeable time-frame in which the
labour income is fixed at its last level by law and the ultimate disciplinary action against the
employee, termination of the employment contract, had already taken place. This worker
now has an incentive to search for a new job during the notice period, but does not have an
incentive to exert productive effort in the current place of employment.

In this section, I present two small-scale model economies that illustrate the costs and
benefits of termination notice. The first will feature search frictions and a simplified house-
hold side. This economy will serve to illustrate the effect of termination notice on the
supply side of the goods market, labour market tightness, and wage bargaining. The second
model will demonstrate the insurance motive of the household whose objective is to smooth
consumption. The household considers termination notice in isolation from firm-side consid-

erations and general equilibrium effects. In Section 3.3.1, these two models will be combined
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into a general equilibrium framework which will be used for the remainder of the analysis in

this chapter.

3.2.2 The Cost of Termination Notice

Let us begin the analysis by considering the textbook search and matching model from Pis-
sarides (2000). The major difference will be introducing termination notice into the textbook
model and exploring the implications of this extension in this well-studied environment. The
notice period in the model will have three effects: a delay on job destruction, an effect on
wage bargaining, and a new opportunity of workers to search for a job during the notice
period.

My extension builds on earlier, more complex, stochastic models that introduce termi-
nation notice into the search and matching literature namely the works of Garibaldi (1998),
Bentolila et al. (2012), and Ben Zeev and Ifergane (2021). Garibaldi (1998) is the first to
introduce termination notice into a search and matching model, and does so with the aim
of understanding aggregate fluctuations. His modelling approach is adopted and extended
by Bentolila et al. (2012) to consider the effects of the 2008 financial crisis on France and
Spain. These two works abstract from the feedback that termination notice generates into
the bargaining situation. In particular, the firm and the household bargaining for wage
should consider their influence on each other’s outside option.® The model of Ben Zeev and
Ifergane (2021) and of the second chapter of this thesis accounts for this feedback but, like
the previous works, assumes no search during the termination notice. The present extension
follows from these works, but allows for both the feedback into the bargaining problem and
search during the notice period.

Other than the delay element, termination notice introduces two complications into the
otherwise standard textbook model. First, like other models of employment protection, it
introduces an ’insider-outsider’ dynamic by which job seekers and job holders face different
institutional protection. The second complication is the fact that a person under termination
notice can search for a job during the notice period which increases the value of the outside
option. This search during the notice will in turn affect the dynamics of job creation by

introducing a ’'hold” period. This is because, if an employed person finds a job during

8Garibaldi (1998) abstracts from this feedback directly by assuming that the firm can extract the full
rent from the worker, and the wage is equal to the outside option. Bentolila et al. (2012) calibrate their
model such that the average wage in the economy is the prevailing one during the notice period, and the

firm knows this wage and takes it as a known tax.
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the notice period, the newly matched employer-employee pair will have to await the final
termination of the employment relationship between the worker and the previous employer
to start producing.

Formally, let the population have unit measure and be composed of four masses, the
employed mpg, the unemployed my, those employed with advance notice and are searching
my, and those no longer searching myg. The following laws of motion govern the transitions

in my model (dots denote temporal derivatives)

niy _0q(8) 6q(6) 0 o 1" mo
””%E _ 0 —As As 0 mg 7 (3.1)
my ¢ 0 —¢—0q(0) 0q(0) mn
My 0 ¢ 0 —¢ mpg

where ) is the termination rate, 6 q () is the job-finding rate, and ¢ is the arrival rate of a

firing permission.

Households. A household in the economy discounts its utility at a rate p and maximizes
discounted utility. The unemployed household gains flow value z and searches for work. Its

value function Vs is thus given by

Vo =2+0q(0) (Ve — V), (3.2)

where Vg being the value function of the employed person. The employed person receives a
bargained wage w. Once employed, the workers contract may be terminated at rate A;. The

value function of the employed person is

pVe(w) =w+ A(Vy (w) — Vg (w)), (3.3)

with Vv being the value from being in a state of termination notice. While in a period of
termination notice, one is entitled by legislation to receive one’s previous wage, but this time
the worker is engaged in labour market search. The value function of a person under notice

is thus given by

pVn (w) =w+o(Vo — Vi (w)) +0q(0) (Vu (w) — Vi (w)). (3.4)

If the worker happens to find a job during the notice period, the new match is ’on hold’

and the worker has to await the end of the notice period to switch employers. The value
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from being in this state is’

pVu (w) =w+¢(Ve (W) — Vi (w)). (3.5)

Importantly, by using this set-up, and especially Equations (3.4) (3.5), I assume that the
worker cannot force a direct transition to a new job. Alternatively, I could model termination
notice by assuming that workers can switch employers immediately without having a hold
period. The problem with this modelling approach is that the equilibrium pair of 6, w is
not necessarily unique. More intensive search behaviour by firms will reduce the notice
period’s expected cost, thus generating a new externality in the model. From numerical
experiments with this type of model, multiple equilibria are more likely when termination
notice duration is quite long. Since I intend to use this stylized model as the basis for a
computational model, I choose to model termination notice with the hold period instead of

assuming a direct transition to a new employer for the sake of tractability.

Matching. The matching function is assumed to take the standard Cobb-Douglas form
but rather than having the unemployed and job vacancies as inputs, the unemployed are
now replaced by the total searching population my + my. As such, labour-market tightness
is now defined as 0 = ——%— and q(0) = 007" with n € (0, 1).

The Firms. The firms can post a vacant job which is matched with a job seeker at a
rate of q(6). A vacancy has a flow cost of pc and once filled will have value Jg. If the job
seeker is unemployed, the firm and the worker commence production immediately. However,
if matched with a worker under termination notice, the firm has a job ’on hold’ The value

of a job vacancy is given by

U (Jp— )+ q0) — N (T — Jy). (3.6)

Jy = —pe+ q () —20
pIv p q<)mN+mU my +my

I assume free entry so that at every point in time Ji, = 0. The value of a job ’on hold’ stems

solely from its potential to become a producing job with hazard ¢ and is given by

9 Note that w and w’ simply differentiate between the wage paid by the current and future employer.

The current wage may not affect the bargaining of the next employment contract. However, the resulting

economy will be a two-income-state economy with w = w’ but this solution is not assumed here.
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Thus, the free entry condition is:

B pc . pc
e q () |l 4 —m -ﬁL]'_ q(0) (38)

my+my my+my p+¢

The source of most of the differences between the model laid out here and the textbook
model in terms of job creation is [, as it depends on the population masses. This means that
unlike in the standard model, outside of steady state, there will be a sluggishly adjusting
value of 6. Substituting in the values of the steady-state masses yields that in steady state:!’

- Plpt+d+0q(0)) (3.9)

(p+o)o+0q(0))

Once in active production, the filled job produces p and has to pay a wage rate of w.
The value of a filled job is
pJE:p—w—l—)\s(JN—JE), (310)

where Jy is the value of the job once termination notice commences. Since the worker is
engaged in search and the employer cannot force the worker to produces, production value
is reduced to a fraction e € [0,1] of its previous value throughout the notice period. The

value of the job under notice is thus

pJN:ep—w—{—gb(Jv—JN). (311)
It is important to observe that Jy = % is not necessarily negative. One can break it
down into a tax element, namely ;ﬁ)_w and a subsidy element pir—%. In a frictionless economy,

w = p since p is the value of the marginal product of labour. However, given labour market
frictions, we would obtain that w < p since the employer can extract some rents given the
bargaining process described next. Thus, for sufficiently large values of € it is possible to
have Jy > 0, while for small values of € we still obtain Jy < 0. The value of € will continue
to play an important role in the rest of the chapter. Reasonable assumptions regarding its

value are discussed at length at the end of this section.

Wage Bargaining. Since there are job protection provisions in place in the model, the

wage decision at the point of hiring and at every other point onwards differs. The outsider’s

10For explicit derivation of this expression, see Appendix C.
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wage is solved from the standard problem which is
w® = arg max (Vg — Vi)’ (Jg — Jy)' 77, (3.12)
while the insider’s problem is given by
w = arg max (Vg (w) = Vy (w))"(Jp (w) = Iy (w))" ™", (3.13)

This problem is slightly non-standard, although very much related to the one given in
the second chapter, and merits some discussion. As is standard for cases with employment
protection policies, an insider-outsider dynamic of the labour markets emerges. One surplus
level would govern entry from unemployment to employment, and yet another would persist
in any future renegotiation of the wage. In continuous time, the value from a job to the firm
and worker Jg, and Vg would be the same for the insider as to the outsider since the wage
w" lasts for merely an infinitesimal period of time. However, since this instantaneous first
wage reflects a sharing rule for the surplus that governs job creation, it will have a bearing
on the solution. It is important to stress that a mass of zero workers would actually be paid

wV.

Solution. The above bargaining problems together with the free entry condition in Equa-
tion (3.8), along with some tedious but straightforward algebra detailed in Appendix C,
enables me to characterize the solution to this system by using three equations. The first,

and most complicated to derive, is the wage solution

(1—¢)  Bopc p
¢ l ptro+0q(d) |

This wage solution is the classical DMP wage with the addition of the threat of reduced

w=p+(1— Bz +ps~ (3.14)

production during the notice period which is given by pﬁ% and the value of search

L B0pc
p+o+0q(0) L

From the definition of Jg, Jy and the free entry condition in Equation (3.8) the job-

during the notice period that is given by

creation condition in the model can be derived as

(p+¢+Ase) Pt A) pt o
P+ o+ As a@)l p+o+A

(3.15)

The last equation which determines the equilibrium in this model is the definition of the
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steady-state [, i.e., the delay of job creation which stems from the existence of a termination

notice

j- 9o+ o+0q(0)) (3.16)

(p+o)(o+0q(0))

From the value of [ we can see that by abolishing termination notice, the case of ¢ — oo,

we obtain that [ — 1 and the wage solution and job-creation condition collapse into the
standard textbook equations for a search and matching model with exogenous separation.
Now with a full system in place, I conduct a comparative statics exercise to understand
the implications of varying termination notice in the search and matching model. The main
result here is that the longer the termination notice is, the less tight the labour market will

be. That is, termination notice reduces the incentive for job creation.

Proposition 3.2.1. Decreasing the duration of termination notice (increasing ¢) results in

increased labour market tightness for sufficiently low values of €.

Proof. To reiterate, the steady-state equilibrium of the system is given by the following three

equations:
_ p(1—e) P BOpc
w—Bp+ﬂ—ﬂﬂ+p@—E—“+1+p+¢+eﬂm ; (3.17)
pro+Ae  pelptAs) pto
() =N iy (318)
j_ 9@+0q(0) +p) (3.19)

(@ +0a(0))(p+¢)

In what follows, I analyse the comparative statics of this system in a graphical representation
and illustrate the result using a calibrated version of the system.

Graphically it is constructive to examine the system, as is done in the standard search
and matching representation, in the 6, w plane while treating [ as a function of . As such,
understanding the behaviour of this function should be our point of departure. It can be
shown that [ () is a monotonically decreasing function of §.!'' The function is also bounded

by 1(0) = 1 and by lim [ = -2, Taken together, this behaviour of I means that as in

¢+p”
0— o0
the standard search and matching model, the job creation curve slopes downwards on the
0, w plane and that the wage curve slopes upwards along the same plane, yielding a unique

equilibrium. Finally, observe that holding the value of # constant, the steady-state value of

di®) _ _ p(l—ma(®) ¢
Ao~ " (¢p+6a(0))? p+é <0

HTo verify this statement, observe that
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[ will increase as ¢ increases. With these insights in mind, we can proceed to examine the

0, w plane.

The wage curve. For a given value of , an increase in ¢, which also means an increase
in [, will unambiguously decrease the wage. Thus, the wage curve will shift to the right.
Intuitively speaking, reducing the duration of the notice period, holding labour market con-
ditions constant, will weaken the bargaining position of the worker and strengthen that of
the employer; thus, the wage will decrease. The converse also holds, i.e., reducing ¢ will
shift the curve to the left.

The job creation curve. Two conflicting forces affect the job-creation curve. Since ex-
amining the job creation curve as w as a function of 6 is more convenient, consider the

reordered expression

(3.20)

DEAS p+ ¢ < C(p + /\8))
w = + 1T AT
pP+o+ A pHo+ A q(0) 1

First, observe the special case of € = 0. If €, the job creation condition is given by

p+o ) (1_0(/)—1—)\5))
pro+tr T a@)1 )

Duration mark-up Job-creation curve DMP
This can be simply interpreted because both expressions in the right hand side of the equation
are positive and increasing in ¢ for every equilibrium in which there is job creation. To see
this, first, recall that p, ¢, and A, are all positive so the duration mark-up is also positive.
Second, dividing the second expression by p + A, yields p%s — %, which is the total

discounted production value of a job minus the flow cost of job-creation pc divided by the

job-filling rate. If we have that HL/\ — qgj;)z < 0, it means that there is no incentive to create

jobs in this economy, for any positive wage rate, only a negative wage will justify the firms
job creation cost. To conclude, for ¢ = 0, increasing ¢, or decreasing the length of notice,
shifts the job-creation curve to the right and increases 6 for every wage rate.

If € were strictly positive, we could restate the job creation curve as:

PEAs

w0 =T

w(e=0,0).

As explained above, increasing ¢ shifts w (e = 0,6) to the right, but, this time it also creates
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a conflicting force that lowers > f;’}:/\s and shifts the job creation curve to the left. Which of
these forces is stronger is a quantitative question that depends upon the choice of calibration.
Still, for a sufficiently low value of €, the result is that both the job creation condition and
the wage equation shift to the right, leading to an increase in labour-market tightness. The
converse also holds, lowering ¢ will decrease labour market tightness for sufficiently low

values of e. O]

What will be a reasonable value of ¢? I began by defining that ¢ € [0,1]. In terms
of practical reality, this means that I assume the worker does not cause damage in the
place of employment and that the worker does not suddenly become more productive after
termination notice was given. The former can be ruled out by anecdotal evidence of employers
allowing employees to be absent from the place of employment during that time, or by simply
stating that the employer has the power to exercise this right'? if the realised € is sufficiently
low. The latter, a swan song productivity boost, is also unlikely because the worker has no
incentive to produce during this period, but does have an incentive to look for a new job.
The reduced production incentive arises from the fact that the ultimate sanction against a
shirking employee is the termination of the employment relationship. When this sanction
has already been used, the employee sees no point in exerting effort given that her wage is
unaffected by the effort choice.

Suppose we step outside the bounds of the described model into a richer environment.
In that case, termination is a choice that occurs when continuing employment no longer
generates a sufficient value to both sides. Thus, either the production value of the job has
decreased or a more appealing outside option had materialized. Under both instances, the
aforementioned incentive to exert less effort on production during the notice period holds.

Within the context of Proposition 3.2.1, what will constitute a sufficiently small value of
€? To illustrate that rather large values of € may not be sufficient, on their own, to generate
a positive effect on job creation, let us perform the following simple experiment. Using
the calibration of the simple search model from Shimer (2005), but without the stochastic
elements, let us add termination notice of varying lengths to the U.S. calibration counter-
factually for ¢ = 0 and € = 1. Results from this comparative statics exercise are given in
Figure 19. For the case of € = 0, the model suggests that imposing one month of termination
notice will yield about a 20% decline in equilibrium labour market tightness and for one

quarter of termination notice the corresponding decline is about 60%. For the case of € = 1,

2Tsraeli notice regulation explicitly allows this course of action.
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these declines are smaller by orders of magnitude but, importantly, labour market tightness
is still reduced, even for the most extreme case.

Note, that corollary to Proposition 3.2.1 is the fact that the wage effect is ambiguous,
and Figure 19 also illustrates this. For many likely calibrations, the wage will decline as the
effect on the bargaining power is small due to the short duration of the notice relative to
that of the entire employment contract.

This model, as useful as it may be in understanding firm-side considerations and the
impact of this policy device on job creation, falls short on the household side. Termination
notice is usually discussed as being a part of employment protection policies as a whole. As
such, its intended goal is to protect the worker from shocks to her income by allowing for an
interim period between employment and unemployment during which time the worker may
find a new job opportunity. To be able to consider the insurance motive properly, we need
a theoretical tool that takes into account the household’s insurance needs and preferences
with respect to risk. With this aim in mind, I now proceed to examine the insurance motive

of the worker and the role of termination notice thereby.

3.2.3 The Insurance Motive and Termination Notice

I take the standard incomplete market model as given in Huggett (1993) as a point of
departure. Suppose there is an economy populated with a measure one of hunter-gatherer
households. Each period spent hunting yields more income than a period spent gathering.
However, hunting opportunities arrive and disappear at exogenous hazard rates. Thus, as in
Hugget’s original paper, the economy has two income states y € {z, w}, where z < w. Since
we are interested in termination notice as a labour market institution, we can call hunting
employment and gathering unemployment or the outside option. This analysis abstracts
from firm side considerations which where explored earlier.

In this economy, termination notice is an interim state during which the agent gains
the information that the hunting opportunity is about to expire and that she should start
searching for a new one. The entire labour market structure introduced before is replaced
now with a simple two-income-state representation given by

Ay = (3.21)

S —S

—f f]

where f = 6 q(0) is the finding rate, which is fixed and assumed exogenous for now, and
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s = ¢p—2—— which is a function of the equilibrium masses and ¢. Substituting in the
Etmy+mpy

equilibrium masses from the system given by Equation (3.1)' yields that

S = AQSZ
A+ (0 +0q(0))+A0q(0))

The household maximizes discounted utility from consumption given an asset position a.
The household’s problem is thus given by
oV; Oa

O AV (a) (3.22)

pV;(a) = max u(c) +

da _
ot —

income in state i, p the discount rate,  the return on assets, and u (¢) the instantaneous util-

subject to the asset accumulation rule y; +ra—c, where ¢ denotes consumption, y; flow
ity from consumption. V; (a) is the value function of the household in state i € {U, E'} which
denote unemployment or the low income state, and employment or the high income state.
The vector V (a) denotes the column vector whose transpose is V (a) " = [Vy (a) , Vg (a) |
which is multiplied by the transition matrix A,. Using the above model, it is now possible
to observe the partial equilibrium effect of changing the duration of termination notice in
this model.

Proposition 3.2.2. Holding all prices and incomes constant, the household, regardless of

its state, prefers to have as long a notice period as possible.

Proof. 1f we differentiate the system of the two value functions Vi (a) , Vg (a) with respect

to ¢, we obtain the following system:
ds

(b1 = M)AV 55 =

0
Vo (@) — Vala) ] , (3.23)

where [ is the two-by-two identity matrix and A,V is the column vector containing the
partial derivatives of the value functions with respect to s. Suppose that the inequalities
p < s,and p < f hold. Since p is the natural discount rate, for most reasonable calibrations

it will be strictly smaller than the job finding rate and the separation rate. One can verify

that the matrix (p/ — As) is a non-singular M-matrix and thus its inverse exists and consists

13See Appendix C for explicit solutions.
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of strictly positive entries.!* Note also that g—; > 0.1% Hence, the sign of all the derivatives is
determined by the sign of Vi (a) — Vg (a) which is negative since it denotes the difference
between a household in a low income state and in a high income state with the same asset

position. Increasing ¢ lowers the utility of each household, thus increasing the notice period

1

duration, 3 will increase their welfare. O

It is important to stress here that in this economy, increasing notice duration will increase
output and thus, the welfare result is quite simple. Additionally, this result will hold in
equilibrium if and only if it will not be offset by a change in the price of assets that will
counteract it. However, this fundamental insurance motive is the motivation for considering
termination notice as a separate part of the unemployment insurance (UI) system.

It is also noteworthy that there is a slight simplification involved with the reduction into
two income states from the four-state description given in the model of Section 3.2.2. If
the households were aware of the richer process that governs their income, their behaviour
would change in response to their different position within the structure of the labour market.
Households facing a higher risk of job loss will exhibit more precautionary savings than the
rest of the employed cohort. However, I will show in Section 3.4 that this simple intuition is

borne out in a much richer set-up that considers an even more complex income process.

3.2.4 UI and Termination Notice.

Ul is a policy device widely utilized to insure the working population against risks to their
labour income. UI is often structured by setting a duration for benefits eligibility and a
replacement rate which is a ratio of the current income that is due to the worker from the
insurer at the occurrence of an unemployment spell. The main problem with using Ul is that
the search effort of the unemployed cannot be monitored perfectly, and thus the insurance
creates a moral hazard problem, i.e., the unemployed person has the incentive to lower
search effort in the presence of insurance and thus increases the costs to the provider. Given
the desirability of insurance from a welfare perspective, and the moral hazard problem, the

economic literature has been concerned with developing methods for providing UI optimally.

14To verify this, note that (pI — Ag) is a Z-matrix, with strictly positive main diagonal and non-positive
entries elsewhere. To prove that it is an M-matrix, note that it is a strictly diagonally dominant matrix with
strictly positive row sums.

15 . ds _ A ¢>+2¢p?0a(8) +2¢A* (6 a(6))
It can be verified that 95 = (A¢+¢(¢+0C<11(0) )Jr)\(eq(;‘)))Q > 0.
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In the language of the Ul literature, termination notice is an insurance device that pro-
vides for a 100% replacement rate at no cost to the provider. The cost of providing termi-
nation notice falls on the firms in the form of a mandate. Thus, the policy device raises two
questions: First, why should the central planner intervene by legislating termination notice
instead of letting voluntary termination notice be contracted by the firm and the worker?
And second, can this tool improve welfare?

The answer to the first question arises directly from the problem of designing optimal UI.
In most countries, the government provides for Ul since insurance is valuable and the central
planner can increase welfare by providing it. In so doing, it affects the economic environment
in several ways that amount to distorting the equilibrium allocation between consumption
and effort spent on job search. The planner generates this distortion by increasing the
flow value of unemployment as a result of Ul benefits, and by reducing the flow value of
employment via taxation. Effectively, optimal UI balances the marginal gain from insurance
with the marginal welfare cost of the resulting distortion in equilibrium allocation.'® If the
planner were able to subsidize job search and reduce the impact of the Ul scheme on the
value of employment by some policy instrument, it would be socially valuable. Introducing
a legislated termination notice allows for job search during the notice period by using the
future reduction in income as a search incentive in the present and thus alleviating, to some
degree, the moral hazard problem.'” This also reduces the cost of providing the same level
of UI benefits since a person who receives termination notice has some positive probability
to find a job prior to entering unemployment.

Regarding the second question, the potential effectiveness of termination notice as an
insurance device complementary to the conventional Ul system, is a more complex quantita-
tive question. Given the already conflicting forces explained in Propositions 3.2.1 and 3.2.2,
the only way to account jointly for all these forces along with the existence of moral hazard
is to construct a general equilibrium system that can account for them. With this aim in
mind, I proceed by describing the general equilibrium model in Section 3.3 and analyse the

impact of termination notice in the remainder of the chapter.

16See Baily (1978) and Chetty (2006) for in-depth treatment of optimal UT design.
I"Note that in the case of perfect insurance, there is still no incentive to engage in costly search.
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3.3 Methods

In this section, I lay out the structure of the economic environment required for the general
equilibrium analysis of termination notice. The quantitative exercise in this and the subse-
quent sections will be carried out using key moments of the Israeli labour market and its

regulatory structure.

3.3.1 General Equilibrium Model

Households. There is a continuum of measure one of households in the economy. Let
i € I denote a type in the model type-space I' = {E1, E2, N1, N2,U1,U2} and m; denote
the population mass of households of type i. E denotes being in a state of employment which
can take two forms, employment on trial period £'1 and regular employment E2. Since Israeli
labour market regulation applies differently to workers with more or less than one year of
tenure, the distinction between two worker types is required. If an employed person in the
trial period is terminated, this person immediately transitions to unemployment U1l. The
termination of a regular worker, type E2, however, is carried out by transitioning into a
period of termination notice N1. The termination notice is a state in which the worker
is still employed by the firm under the same wage but exerts efforts in finding a new job.
Finding a job in this state results in the formation of a job 'on hold” and transitioning to
state V2 and an unfruitful search will result in termination and the transition to U1. While
on hold, the worker is in a relationship with two employers, the current one and the future
one. The worker’s wage is paid by the former, and the two employers do not interact with
each other. The last state in the economy is that of prolonged unemployment U2, that
begins after U1 has ended without a job opportunity. During prolonged unemployment, the
worker is entitled to a lower replacement rate than in U1.

Households maximize discounted utility from consumption u(c), and can save assets a.
Households are subject to idiosyncratic risks of income loss from unemployment and have
to spend effort x to search for a new job which causes a flow disutility ¥ (z). u(-) and ¥ (-)
are assumed to be twice differentiable, monotonic, and increasing in their arguments. u (-)
is assumed to be concave and V¥ (-) to be convex. As such, households solve a dynamic
programming problem with one state variable which is their asset holdings a. In states
{E1, E2, N2}, the household has one control variable, consumption ¢; (a), and in states
{N1,U1,U2} it has an additional control variable, the effort exerted in job search z;. The
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household problem is given by

pV;(a) =max u(c) — V(z) I+ % si (a) + Z Aij(a) V;(a) , (3.24)

c,T -
jer

where p is the discount rate, A (a) is the Markov transition matrix which will be detailed
shortly, and [ is an indicator variable that takes the value of 1 if the household is in a state
in which engagement in search is required and 0 otherwise. The law of motion for the state
is given by
oa

sifa) = 55 =va— cifa) + (1-7)yi, (3.25)
where v denotes the net return on asset holdings, 7 denotes the rate of income tax that funds
the UI system, and y; denotes the before taxes flow income in state 7. Asset accumulation
is subject to a borrowing constraint a > a. Transitions between income states are governed

by the continuous-time Markov matrix A (a) which is given by

Aa) = (3.26)
[ o — A Am 0 by 0 ]
0 — s As 0 0
0 0 —¢—xn(a)Ar xn(a) s o 0
¢ 0 0 —¢ 0 0
xp1(a) Ay 0 0 0 —xu1 (@) Af — A A1
| xu2(a) Ay 0 0 0 0 —xu2 (a) Ay |

The hazards A\g; and Ay are the exit hazards from E'1 to F2 and from U1 to U2, respectively.
1

5,7 18 the duration of the trial period and /\Lm is the duration of the period of Ul entitlement
under which a higher replacement rate prevails. The separation hazard is A\; and the length
of the notice period is 1, which is the main policy parameter of interest. The outflows from
all states requiring search are functions of the effort level exerted by the household, which
makes the matrix A a function of a. 1 assume that the finding rate is linear in the effort
level exerted. It is noteworthy that the finding rate at each state is not a probability, but
a flow hazard and thus is not bounded from above by unity. This functional form is the
continuous-time analogue of a form used by Lentz (2009) and is approximately similar to

the one used by Chetty (2008). Finally, Af is the finding rate per unit of effort exerted.
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Population Composition. Let H;, the cumulative distribution of assets for households

oH; _

S i (a,t) evolving over time given

of type i, have measure m;, with its density function
the following Kolmogorov forward equation:

M - 0 [h; (a,t) s; (a)] + Z A?j (a) hj(a,t) . (3.27)

ot ot :
jel
The system of these Kolmogorov equations will yield the masses via m; = faoo h; (a) da.

The Matching Mechanism. Search effort and job vacancies are matched to yield new
jobs. I denote aggregate search effort by X = >, vy 71 1o f;o x; (a) dH; (a), and labour
market tightness by 6 = ¥, where v is the vacancy stock. The matching function p (X, v) is
assumed to be homogeneous of degree one and monotonically increasing in both arguments.
As a result, one can use this matching mechanism to obtain the transition hazards. The

per-effort-unit job finding rate is denoted by

(X, v)
Ar = 2
and the vacancy filling rate by
X
q= M (3_29)
v

Each agent, a firm or a household, takes ¢, and thus Ay and ¢, as a given. The existence of
a continuum of households means that the effort choice on the part of the household will be
done while abstracting from strategic considerations so that one’s choice of effort is incapable

of affecting the aggregates.

Income. The households have the following source of income: capital income which is
the return on asset holdings ~va, labour income if the household is employed, and Ul if not.
During states U1 and U2 the household has Ul benefits of b; and b,. While employed in each
of the E states the households bargains for their wage rate with the firm given their asset
levels. During the notice period, in state N1 or N2, the households continue to receive, by

legal mandate, the value of their last wage. All of these incomes are subject to income tax.

The Asset Market. Since the workers face uninsurable idiosyncratic risks to their income,
they can only self-insure via precautionary saving, i.e., wealth accumulation. Following

Krusell et al. (2010), I assume two liquid assets, capital and equity, with a no-arbitrage
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condition. This set-up eliminates the portfolio choices of the household and allows one to
consider only net asset positions as a state variable.

The households accumulate assets a, which can take two forms, capital k and equities x.
There is a continuum of firms, owned by households that use capital and labour to produce
a single homogeneous consumption good. Equities are defined as claims on aggregate profits
and not as a claim on the profits of a single firm. This asset structure limits the capacity of
an individual to short a firm which employs her for self-insurance. The rental rate of capital
is denoted by r and its depreciation by . Thus, the price P of an equity y which yields

instantaneous dividend d must satisfy the no-arbitrage condition
y=r—9§0 = —. (3.30)

This means that only total assets a matter from the perspective of the households budget
constraint since both assets yield a net return of v = r — §. The firms will take v as their
discount factor as this is the required return by their owners who can switch from equity to

capital that yields v net return.

The Firms I assume that the firm employs one worker and uses capital to produce. The
instantaneous production is given by a Cobb-Douglas production function pk®I'~® with a
productivity parameter p, and a capital share a. The firm rents capital at a perfectly
competitive market with rate r and pays the bargained wage rate. Capital is assumed to
be perfectly mobile, and the firm chooses capital by equating r to the value of the marginal
product. All the firms produce a single homogeneous final consumption good whose price is

normalized to one.

Wage-Setting. The wage is set using a Nash bargaining problem between a labour union
that bargains collectively for all workers of the same type and their employer which identical
across all matches of the same type. Each union bargains as if it is the median employed
person who is a member of that union. This mechanism is a deviation from the standard
form in the literature and requires some explanation.

Consider the wage-setting mechanism of Krusell et al. (2010), whereby each employer-
employee pair bargains for the wage level with the asset level of the employee as the only
source of heterogeneity. This gives rise to a wage schedule that is monotonically increasing

in asset level. Qualitatively, it is an appealing feature that generates wage dispersion in
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the model, enriches the model environment, and contributes to its realism. Quantitatively,
the wage dispersion in the model is negligible and nowhere near realistic levels. By adding
endogenous search efforts to this type of bargaining mechanism the wage schedule is no longer
monotonically increasing because the endogenous choice of search effort affects the value of
the outside option. In practice, as in Krusell et al. (2010), the wage dispersion in this type of
set-up is unrealistically small, but also leads to non-convexities in the household’s problem
and non-concave value functions. To avoid this non-convexity issue, I introduce collective
bargaining by the median worker and thus force the wage functions to be flat regardless of
assets.'®

The two wage levels, wy, and wsy are the median solutions, within each worker type,
FE, and Es, to the following individual bargaining problems between the employee-employer

pair. For new workers, who are unprotected by labour regulation, the wage is given by
wy = Mediang,, [arg max (Vg (a) — Vy(a)’(Jg — Jv)l_’ﬂ : (3.31)
and for the worker protected by the notice period the wage is set by
wy = Mediang,, [arg max (Vg (a) — Vy (a))’(Jgs — JN)I_B} : (3.32)

where, Jg1, Jgo, and Jy denote the value of the firm which employs a type E'1 employee, type
E2 employee or an employee on termination notice, respectively. Note that these problems
are analogous to those given in Section 3.2.2 but this time the workers are risk averse and
engaged in precautionary saving, with a modified outside option that takes into consideration
the cost of effort to be exerted to be rehired.

The Searching Firms. The firm that searches for a worker pays a constant flow cost of
k and encounters a job seeker with probability q which is given by Equation (3.29). A job

vacancy is an asset of the following value:

vJy = —k (3.33)

* x;(a > xn (a
+al Y ;()JEldHi(a) +/ NlT()JHdHNl(a) —Jv|,
ie{UL,U2} 72 a

8From a mechanical perspective, I conduct wage bargaining between each pair of employer-employee and

choose the median wage level given the population composition. For full details see Appendix D.
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where Jg; is the value of a newly created job and Jg is the value of a job ’on-hold’.

The Firm ’On-hold’. The job on hold is an asset that consists of the value of option to
begin production with a worker immediately after final separation from her current employer.
This asset is formed once a job vacancy is matched with a worker that is currently on
termination notice Once the current contract is terminated, the job on hold becomes an
actively producing job. During the hold period the firm does not incur the cost of search

and the worker exerts no effort. The value of the firm on hold is given by
'YJH :¢(JE1 —JH) (334)

The Actively Producing Firms. The producing firms can be of three types E1, E2, and
N. Labour input is fixed to unity at the firm level for firms with type E'1 and E2 workers.
For firms with workers under notice, the worker’s labour input is scaled down by € € [0, 1].

The value from these firms is given by:
'YJEI = m]?,X pk?a —rk — Wi + )\El(JEQ - JEI ) + )\s(JV - JEl >’ (335)

o = max pk® —rk — wo + A(In1 — Jm2). (3.36)

During the notice period, the worker exerts a lower effort in production so the labour input
is scaled down by a factor of € € [0,1]. On the firm side, it is meaningless to differentiate
between a firm with a worker with termination notice that is searching N1 and that which
had already found a job N2 since the firm pays the same wage and gets the same production

value in either case. The value function is thus:
vIn = max Pk ™ —rk — wy + ¢(Jy — Jn). (3.37)

Dividends. The firm of type ¢ € {F1, E2, N} makes instantaneous profits of m; (a) =
Pkl ™ — w; — rk;. As such, dividends from firm holdings are composed of the sum total of

these instantaneous profits net of search costs by vacant jobs as follows:

d= Z /00 mi(a) dH; (a) — k. (3.38)

ic{E1,EF2,N} &
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Government. The government in the model gives Ul to the unemployed and finances it
by a proportional tax 7 on income that balances its budget in every period. The budget can

be summarized as

TZ /OO yi(a) dH;(a) = bimyr + bamys. (3.39)

el V&

Aggregate Welfare. 1 assume a utilitarian aggregate welfare function whereby the ag-

gregate welfare in the economy (2 is given by

0= > / h V;(a) d H;(a) . (3.40)

ie{F1,E2,N1,N2,U1,U2} ¥ &

Observe that this measure is a Rawlsian welfare measure and reflects an individual’s prefer-
ence regarding the society in which they would prefer being born, i.e., this is a comparison of
two steady states that do not consider transition dynamics of an actual policy reform. To set
the stage for a normative analysis, it will be useful to introduce an additional welfare metric,
the constant consumption equivalent variation w* (the definition closely follows Setty and
Yedid-Levi (2021)), as follows. Let w be a preference shifter that changes the household’s
instantaneous utility from u(c) — - ¥ (z) tou((1 +w)c) — I - ¥ (z). Let Q(T,w) denote
the welfare computed with a shifter w from using the policy vector T' = [¢p, Ay, Ry, Rs], i.e.,
from having a notice duration of 1, an unemployment insurance benefits eligibility duration
/\Lm’ and a benefit level set with replacement rates Ry, and Ry. Q (T, w) is computed without
changing the chosen levels of consumptions, effort, and savings, but changing the scale of
utility obtained from them through the shifter w. For a baseline policy triplet 7" and an

alternative 7", w* is the solution to the equation
Q(T',0) = Q(T,w*). (3.41)

Alternatively stated, w* answers the question by what factor would the planner have to
increase consumption under the baseline policy T to obtain the welfare that would result in
the new policy T”. If w* is positive, than the shift from 7" to 7" improves welfare. For the
sake of all following computational exercises, the two metrics are equivalent since I’ll use log
utility and w* will be computed directly from €2, and employed only for its more intuitive

interpretation.’

19 To observe this for the case of log utility, note that for each household, introducing the shifter simply
transforms its flow utility into Ine¢ +In(1+w) — I - ¥ (z), or adds to the lifetime discounted utility the
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This concludes the formulation of the model. A formal definition of the recursive sta-

tionary equilibrium is relegated to Appendix D.

3.3.2 Calibration

Directly calibrated parameters and functional forms. The model is calibrated at
a monthly frequency. I follow Krusell et al. (2010) and set the discount rate p = 0.0036
to target a net return of assets of about four percent as is standard in the literature. The
utility function is assumed to take log form u(c) = Inc, and a = 0 is assumed to be the

borrowing constraint. As in Chetty (2008), the disutility of effort is assumed to take the
1+
form ¥ (z) =y (ﬁ) which completes the household side parameters.

On the firm side, I assume a capital depreciation rate of § = 0.0066, a capital share of
a = 0.33, and normalize the productivity parameter p to unity.?’
For the matching function, I deviate from the standard Cobb-Douglas form and use the

matching function from Ramey et al. (2000)

Xv

p(Xv) = —F——17
)

(3.42)

which was used also in the analysis of Hagedorn and Manovskii (2008), and adapted to
varying search effort in Mitman and Rabinovich (2015). The reason for this choice is that
this matching function imposes that the job-finding rate and the vacancy filling rate are
bounded between zero and unity without the need for normalizations. This will be explored
further when discussing the calibration of the job-finding rate. I set the bargaining power of
the workers 5 to 0.5 as is commonly done in the literature.

I set the value of € to be as conservative as possible with this central parameter. If I were
to obtain a favourable welfare result using ¢ = 1 it would be subject to the critique that I
merely mechanically increase output in the model economy. However, when ¢ = 0 there is
no basis for such concern, and the results will have the interpretation of a lower bound in

terms of welfare.

sum In(1+w)

w], and from Equation (3.41) we obtain that In (1 4+ w*) = p (2 (7”,0) — Q(T,0)).
20The values of o and § are based on the DSGE model used by the bank of Israel see Argov et al. (2012).

. Thus, summing over all households one can decompose 2 (T, w*) into Q (T,w*) = Q(T,0) +
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Termination notice in Israel. Israeli law requires a notice period which precedes ter-
mination of the employment relationship by either the employer or the employee. The 2001
termination notice law requires that termination notice be given in writing regardless of the
initiating side. Its duration is calculated as follows: for salary workers, one day of notice for
each month of employment for workers with tenure of under six months; for each additional
month until a tenure of one year, 2.5 additional days of notice are required; and for workers
with over a year of tenure, one month of notice is required. During the notice period, the
employer-employee pair is forced to keep to the same employment practices as previously,
i.e., the wage and scope of work should remain unchanged. The law allows the employer to
waive the work of the employee under the condition that all the wage due during the notice
period be paid in full. I simplify this increasing schedule by setting the value of Ag; to 1/12
which means that the employee is, on average, unprotected by notice regulation for the first
year of employment and is fully protected by the legislation after the first year. The notice

duration is set to one month or ¢ = 1.

Severance pay in Israel Severance pay regulation has much in common with the mech-
anism of termination notice. Severance pay can also be considered as an insurance device.
Severance pay is also a firm-funded mandate, set with respect to the worker’s wage, and is a
part of the general institution of employment protection. Its existence raises the question of
by how much do severance pay and termination notice regulations interact, and thus should
it be included in the model. I argue that the way severance pay regulation is structured in
Israel makes the interaction neutral, and that this is an advantage of choosing Israel as the
focus of the numerical exercises that would follow.

The 1963 severance pay act states that a person employed for at least a year with the
same employer is entitled to severance pay in case of dismissal by the employer or in certain
exceptions under which the termination of the employment relationship is treated as dismissal
in the eyes of the law. Such exceptions include termination initiated by the employee as a
result of illness, illness of a relative, changing a place of residence to a designated development
or agricultural area or as a result of initiating cohabitation with a partner, enlistment into the
armed forces or the police, transition into public service or retirement. Severance payments
are calculated as one month’s salary for each year of employment for salary workers, with
minor adjustments for the calculation in the case of wage workers concerning their tenure.
Additionally, the law grants the Minister of Labour the authority to mandate a transfer of

severance payments directly to the retirement fund of the employee continuously during the
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employment period.

Funds transferred as severance pay to the employee’s retirement fund are the property of
the employee even when the termination of the employment relationship does not count as a
dismissal under the law. The employer has no claim over these funds unless the employment
contract provides a contingency for such a case explicitly. This mandate is in use since 2014,
and employers are required to transfer to their workers’ retirement fund most (72%) of the
total amount due to them for severance pay on a monthly basis.?! This mandated mechanism,
in essence, makes severance pay in Israel, not a one-time transfer, but a mandated payment
that is part of the cost of employment. As such, through the lens of a model, the Israeli
severance pay mechanism does not affect the total wage set by the market. The price of
labour includes this severance mark-up that will be offset by the wage-setting mechanism.??
The severance pay mechanism is not distortionary and has a real effect only on minimum
wage workers for whom this is the equivalent of a minimum wage increase or through the
borrowing constraint if one considers the additional cost of accessing the severance pay
funds in the retirement account. This regulatory framework makes the Israeli requirement
for severance pay of no consequence in terms of wage setting and in terms of welfare in the

model environment.??

The Israeli UI system. 2

The UI system in Israel includes the following features:
an age-dependent family size-dependent eligibility duration; taxable UI; the replacement
rates are not fixed and feature several ladders for marginal replacement rate, similar to
how a progressive income tax is computed;*® and UI is capped at the average wage. To be
eligible for Ul payments a person must have accumulated twelve months of employment,
excluding self-employment, during the last eighteen months. In addition to standard UI
benefits, persons unable to secure income may be eligible for income security benefits, which
is considerably lower, computed at the household level, means-tested, and increasing with

age and number of dependants.

21 In practice, many employers transfer the full amount.

22 Consider for example a simplistic spot labour market model where the wage w is set to the value of the
marginal product of labour VM Py, imposing the Israeli severance pay act in this model would mean that
now w(l 4 8.33%) = VM P, and the worker receives a total income of w plus 8.33%w labelled as severance
pay.

23 This statement abstracts from the effect of severance pay on the minimum wage which can be considered

separately.
24The above description relates to the system before COVID-19.
25Two such schedules exist, for workers younger than 28 and older than 28.
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Since my analysis abstracts from family structure and age composition of the population,
I focus on households in prime working age. I set the replacement rate pre-tax to R; =
60% which is the replacement rate for a person over 28 with an income of 10,000 ILS.%6
The eligibility duration in the model is set to an average of four months or \y; = 0.25.%7
To conclude the calibration of the policy block, I set the replacement rate implied by the
existence of income security benefits to Ry = 14.75%.?® The model allows for two different
wage levels due to the trial period. Still, for the sake of tractability, I set all replacement
rates with relation to the average wage in the economy w, which will also capture later on

the cap at the average wage.

Internally calibrated parameters. To complete the calibration I need to internally
calibrate the following five parameters: the matching function parameter 7, the effort cost
scale and shape parameters ¢, and 1, the separation hazard \,, and the cost of vacancy k.
All of these values will essentially capture job creation and destruction in the model.

The current model poses several challenges which merit a short discussion. First, while
calibrating simple search and matching models, one may calibrate the job finding rate and
separation rate and obtain the unemployment rate. The current model features hetero-
geneity in the job finding rate originating at heterogeneity in asset levels and the searching
households’ income states. This heterogeneity means that the job finding rate cannot be
directly calibrated. Second, the separation rate cannot be directly calibrated by setting the
value of Ay, as some of the shock realisations will result in job to job transitions and not in
commencement of an unemployment spell. Thus, calibrating for job flows is a problematic
calibration strategy in this set-up.

Instead, I attempt to fit the model’s aggregate outcomes to Israel’s turn-over dynamics
in the following way. I use the five free parameters g, ¥, 7, As, and K to obtain the best
fit possible to the unemployment duration distribution to capture the overall severity of
the risk of unemployment to household income and consumption as a result. Five bins are
used as targets, which consist of the proportion of unemployed persons unemployed for less

than one month, between one and three months, between three to six months, between six

26 As of Jan. 1st 2019, the average wage for the computation of benefits in Israel is 10,139 ILS.
2TThese figures are fairly close to those used by Shlomo and Setty (2018) which use a 63% replacement rate

and three months of eligibility. The discrepancy lays in the increase of the average wage and from focusing

on the younger cohorts of 28-35 years old.
28The total benefits for a family of two or more children is 2,949 ILS which, per adult person in a household,

amounts to 14.75% of an average wage of 10,000 ILS.
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to twelve months, and over twelve months. To fit aggregates, I also choose as additional
targets an unemployment rate of 4.6%,%Y and a vacancy rate of 3.27%.%° The final value I
target is the duration elasticity with respect to benefits. This value had been discussed at
length in the optimal UT literature, and its size is an essential statistic for understanding the
severity of the moral hazard problem. Unfortunately, to the best of my knowledge, there is
no empirical estimate of this value for the Israeli market. Therefore, I use the value —0.5,
an accepted value in the literature, taken from Chetty and Finkelstein (2013).*! Due to
the heterogeneity in job finding rates, I target the mean elasticity of the job-finding rate
with respect to benefits generosity for an unemployed person who is entitled to U (state
U1). To avoid degeneracies in the distribution, I cap the effort levels such that no household
may have an expected unemployment duration of less than one month when choosing effort
(Arzi(a) < 1).

[ minimize the model’s distance from these eight targets by minimizing the sum of squared
relative errors from each target. For exact computational details see Appendix D. Column
(1) of Table 6 summarizes the resulting calibration. The model’s distance from the eight
targets is reported in column (1) of Table 7, and the histogram of unemployment durations is
presented in Figure 20. The model fits the aggregates and the elasticities almost perfectly and
provides a decent fit to the distribution of unemployment by duration. It does not account
well for prolonged unemployment, but this is expected, given that the model abstracts from

heterogeneity in skill and age.

3.4 Results

3.4.1 Comparative Statics

Using the general equilibrium framework developed and calibrated in the previous section.
I conduct a comparative statics exercise to evaluate the impact of changing the legislated

notice period on the economy. Namely, I show the counter-factual impact of increasing the

length of notice to three months ¢ = %, and decreasing its length to one week ¢ = % relative

to the calibrated baseline ¢ = 1. The results of this exercise are presented in detail in Figure
21.

29The average unemployment rate for persons between ages 25 to 54 in Israel for 2012 - 2019.
30The average value from the Bank of Israel series taken at a monthly frequency for the years 2012 - 2019
31The literature regarding this number is vast and documents heterogeneity with respect to gender, age,

and state of the business cycle. For a review see Tatsiramos and van Ours (2014).
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Comparative statics in the general equilibrium model. The results in Figure 21 show
that increasing the duration of termination notice reduces the average labour productivity
due to the presence of more workers with e labour input in a notice state leading to a
reduction in aggregate output. A similar effect for termination notice is documented Ben
Zeev and Ifergane (2021). Note that in contrast to the work of Hopenhayn and Rogerson
(1993) that analyse the effects of lay-off taxes, the reduction in output and productivity
occurs while employment increases and not decreases. The difference lays in the fact that
Hopenhayn and Rogerson (1993) examine employment protection only in the form of firing
taxes and not in the form of delayed dismissal.

Additionally, increasing the duration of termination notice results in a reduced labour
market tightness. This reduction is the total effect of two forces working in opposite direc-
tions, namely, a decline in vacancies which lowers 6, and a decline in search effort, which
increases it. The firms are less prone to post vacancies given that termination notice acts as
a tax on job creation, and households are less engaged in searching for jobs because there is
a higher degree of insurance in the economy with the high-income state, E2, lasting longer.

The results in Figure 21 exercise illustrates the distributional impact of termination
notice. Examining the asset distribution shows that increasing termination notice duration
worsens the average household’s asset position. However, the median household’s asset
position is improved by an increase in notice length.

In addition to affecting asset inequality, termination notice has a bearing on income
inequality. Increasing the notice duration results in a mild decline in the wage for workers
of type E2 as the increase in termination notice also improves their bargaining position.
However, the wage of the unprotected group, workers of type E;, declines by about 13%
from its baseline level. This sizeable decrease merits a short discussion as it is pertinent
to the policy debate in Europe surrounding employment protection policies at large and

illustrates how employment protection leads to the formation of dual labour markets.

Dual labour market as a result of employment protection. The comparative statics
exercise shown here leads to the emergence of what the political economy literature would
describe as an ’insider-outside dynamics’ and the employment protection literature would
more specifically a dual labour market. Workers who are unprotected by the policies are
adversely affected by their presence. These are usually outsiders to the labour market, such
as immigrants and young workers at the beginning of their career. The term 'EPL gap’ was

applied to this divide between groups that are affected differently by employment protection
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legislation (EPL), and a sizeable body of works try to illustrate the detrimental effects of such
a gap and suggest solutions.®? In the context of this chapter, the emergence is endogenous,
and the difference is a rather stark one. There is no on-the-job training or any human
capital difference between the groups, the value of their marginal product is identical, and
yet the policy induces a significant wage differential between them. This effect emphasises
the redistributive nature of the policy in question and illustrates the power of this policy

device.

3.4.2 Welfare Implications

At first glance, the results at the aggregate level are in line with what we would expect from
classical works on adjustment costs for labour input such as Hopenhayn and Rogerson (1993),
but the distributional effect on assets and the decline in unemployment suggest that there is
more to the story. The decline in welfare, documented in Figure 21 is a general equilibrium
result, it is the sum of several channels of influence that act in tandem. These channels of
influence are varied, and most of them can only be discussed in a general equilibrium setting.
In what follows, I decompose the resulting change in aggregate welfare for the two counter-
factual scenarios depicted in Figure 21, an increase and a decrease in the termination notice,
on aggregate welfare. The results are summarized in Figures 22 and 23 correspondingly.

These figures present the effects documented here in order, from left to right.

Channels of influence of termination notice on aggregate welfare.

o Shift in the income process. At its most basic level, the change in the value of ¢ is
merely a shift in the stochastic process that governs the household’s income. In line
with the analytical result in Proposition 3.2.2, the general equilibrium model indicates
that increasing the duration of termination notice increases aggregate welfare as this
allows each household to spend more time, on average, in a higher income state. This
result is analogous to the argument that, for given prices, wages, and asset position,

the household will be better off where there is longer duration of termination notice.

32A comprehensive treatment of dual labour markets lays beyond the scope of the current work. For an

excellent review of this topic, see Dolado (2017).
33This decomposition is done by solving for the value functions of the household for a given change in

one of the equilibrium objects in the economy while holding all the other distributions, masses, and prices

constant.
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Quantitatively, this is the most substantial positive impact of increasing termination

notice.

o Population composition. The households, now endowed with more insurance by virtue
of the altered income process, have a reduced precautionary motive and will now reduce
their savings. On average, this results in an asset-poorer population. Additionally, the
masses of households of each type will change as a result of variations in job creation
and search effort. Thus, aggregate welfare is decreased as it puts more weight on the
lifetime utility of poorer households. Conversely, when termination notice is reduced,

the precautionary motive goes up, and the opposite result holds.

o The wage effect. As shown in Figure 21, the wage declines along with the increase in
termination notice duration. This reduces the aggregate welfare as most households
are worse off as a result. Note that the assumption that ¢ = 0, has a bearing on this
result as it makes employment more costly to the firm, and reduces the value from
creating a job. As such, this magnitude of the wage’s impact on welfare should be
seen as an upper limit. Quantitatively, it is by far the strongest channel of influence

on aggregate welfare.

o The job creation effect. Increasing the duration of termination notice reduces . As
was the case with the wage decline, the decline of 6 lowers welfare as it lowers the value
of A\s, making each unit of search effort less likely to bear fruit, which ultimately leads
households to expect more prolonged unemployment spells. The reduction of search
effort, leads to an income process that is expected to stay longer in the low income
state. This serves to lower the welfare in much the same way as the increase in ¢ raised

it. Quantitatively, this effect is quite small.

o The effect on UI benefits. Lowering the average wage in the economy means that given
a fixed replacement rate, the benefits are also reduced accordingly, leading to a decline

in welfare.

o The effect on asset returns. The increase in termination notice affects the net return
on assets by slightly lowering it because it reduces the firms’ profitability. As a result,

welfare is slightly reduced as the change in net return is small.

o Taz-base effect. Increasing termination notice duration increases employment. Increas-

ing employment means that the burden of funding Ul is lowered and the government
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can levy taxes at a reduced rate to finance Ul at the same replacement rate. Quanti-

tatively speaking, this tax cut has a sizeable impact on aggregate welfare.

In addition to these channels, the decomposition includes a small residual term which is
due to the general equilibrium interaction of these channels. This decomposition sheds light
on the complex interplay that labour market policies can have in general equilibrium and
shows the potential problems that arise from examining such policies in a partial equilibrium
environments. The variety of channels prevents me from concluding that termination notice
is merely an unnecessary adjustment cost. The impact on welfare will depend on which
of these forces is dominant. With these insights in mind, I proceed to the social planner’s

problem in the next section.

3.4.3 Optimal Policy Design

Suppose that the social planner seeks to maximize the same utilitarian welfare function
defined in Equation (3.40). Then, the planner’s problem is to maximize welfare, subject to
consistency with the definition of recursive stationary equilibrium in the model.

The standard practice in the optimal Ul literature is to take only replacement rates and
benefit durations as choice variables for the social planner. My central claims in this paper
is that optimal UI should not be considered in isolation from labour laws and that the two
should be jointly designed.

The planner has five policy parameters with which to achieve the goal of maximizing
welfare. These include the two replacement rates R;, Ry, the duration of the high benefits
regime \yq, the duration of the trial period ¢, and the length of the trial period Ag;.

In what follows, I will exclude A\g; from the choice set of the social planner for two
reasons. First, technically speaking, very long duration of the trial period or minimal values
of App effectively nullify the effect of termination notice on welfare. Second, the reasons
for which the trial period is required are not explicitly modelled here. Because the intent
behind a trial period has nothing to do with insurance or moral hazard but rather with the
process of individual-level uncertainty while entering into a new employment relationship.
The trial period may allow the parties to assess the quality of their realized match and to
separate costlessly if a mismatch occurs. My framework does not include mismatch or the
mechanism of mutual assessment of match-quality. Therefore, I do not attempt to optimize
welfare with this policy device and consider in-depth only the UI system and the length of

the termination notice.
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Optimal policies. I conduct several searches for optimal policies and document the results
of these in Table 8. Row (1) reports the baseline policies and normalizes the baseline welfare
to allow for a straightforward comparison between the scenarios. First, in row (2) I allow
the social planner to control only the length of termination notice and set ¢ optimally. This
results in the social planner chooses to abolish termination notice entirely and this results in
a modest welfare gain of 0.146%. Second, given the existing termination notice and benefit
duration, I allow the planner to control replacement rates. This results in 0.193% welfare
gain relative to the baseline level from policies of R; = 45.08% and Ry = 0 for a period of
four months. It serves to show that existing policies offer too much insurance given their
costs and given the labour market regulation in place. This is documented in row (3) of
Table 8.

In row (4) of Table 8, I allow the social planner to take full control of the UI system or
to maximize welfare using Ry, Ry and A\y;. This results in a Ul system whereby the newly
unemployed person receives full replacement or R; = 100%>* for an expected duration of
little over six weeks following which, the unemployed are left completely uninsured (R = 0).
This policy set takes labour market regulation as completely exogenous and yields a welfare
gain of about 0.289% relative to the baseline level.

Finally, in row (5) of Table 8, I allow the social planner full control of all four policy
parameters, including the duration of termination notice. This results in an economy where
termination notice is abolished, and the unemployed are entitled to about six and a half
weeks of UI eligibility with a a full replacement rate (R; = 100%) following which the
unemployed are unemployed with no benefit eligibility unless they found a new job. This
set of policies yields a welfare gain of 0.462% relative to existing policies. This leads one to
conclude that termination notice should be abolished and that this legislative adjustment
allows the Ul system to perform better in terms of welfare.

In relation to the literature, the replacement rates computed here are similar to those in
Shlomo and Setty (2018) for Israel but the duration of benefit eligibility documented here is
nearly twice as brief. Among many differences in aim and modelling choices between Shlomo
and Setty (2018) and the current research the difference probably results mainly from the
fact that Shlomo and Setty (2018) allow for a fixed disutility from work while I model varying
disutility from job search. This modelling choice means that the optimal policy must drive

the unemployed to search more intensely.

34This is obtained as a corner solution as I cap the replacement rates at 100%.
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3.5 Discussion

These numerical results for Israel apply only to the working-age population of persons able
to work and does not include a comprehensive treatment of disability benefits or retirement
funds. The exercises performed here should be treated as illustrative of the impact that
termination notice as a non-conventional insurance device has on the design of optimal Ul

and the considerations that matter thereto.

Can termination notice be beneficial? A key adverse effect of termination notice is
the fact that, at least from the quantitative standpoint depicted in Figures 22 and Figures
23, its use induces a substantial decline in wages. The reason behind this wage decline is
that the firms are using the wage in the unprotected period w; as a way to offset some of the
costs of termination notice. If, however, that was not the case and wages were less responsive
overall, its positive insurance and tax-base effects might manifest as an increase in aggregate
welfare. Therefore, if one believes that the employees are particularly weak in the bargaining
situation to begin with, then one would obtain a less responsive wage, and a larger welfare
gain.

To demonstrate this intuition, I repeat my calibration exercise but now calibrate the
model to two values of worker bargaining power § = 0.25 and 5 = 0.75 . These calibrations
are given in column (2) and (3) of Table 6 and their fit is reported in the corresponding
columns of 7. Using these and the baseline parametrisation, I plot welfare as a function of
notice duration, and normalize its value at ¢ = 1 in all three case to 100 for comparability.>”
The comparison is given in Figure 24. Observe that the lower the bargaining power parameter
B is, the more meaningful termination notice becomes. We can see that the policy may
provide sizeable benefits and the solution to welfare maximization is obtained for a non-
trivial value, as a result its lower impact on wages. When £ is high, however, the converse
holds and termination notice is reduced to a mere adjustment cost.

The actual size of workers’ bargaining power is difficult to gauge and may vary across in-
dustries. One may argue that when workers are not heavily unionised, are easily replaceable,
and their outside prospects are particularly poor, it is likely that their bargaining power will
be lower. Thus, termination notice may be beneficially used as a policy in sectors where the

workers are easily replaceable by the firm and hold little bargaining ability, such as with low-

35 Given the monotonic relationship described in footnote 19, I use the raw welfare levels, this has the

same interpretation as using w*.
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skill workers. However, refocusing the discussion to within the limits of the model economy,
where clear cut conclusions can be drawn, the parametrization that provides the best fit to
the targets among those parametrizations examined in Table 7 is the one where bargaining
power is low. This result suggests that there may be a justification for termination notice on
the aggregate level, but further analysis is required and lays beyond the scope of the current
research.

Observe, that this result on bargaining power should be taken as merely suggestive as
this is not a full-scale optimal policy exercise, conditioning on the bargaining power, rather,
it is an exploration that uses the intuition gain from the decomposition exercise to suggest
a new focus for further research into termination notice. The policy in question introduces
a substantial direct cost to firms, and indirectly may harm the households while providing
insurance in the process, and interacting with standard unemployment insurance in several
ways. Given the complex nature of these interactions further empirical studies may benefit
from focusing on workers with a weak bargaining power, and realizing the theoretically

anticipated direction of the heterogeneity in response.

3.6 Concluding Remarks

In this chapter, I analyse the effects of termination notice as an insurance device. I illustrate
the household’s insurance motive and the disincentives on the firm’s side using two tractable
stylised models and combine them to conduct a quantitative general equilibrium analysis of
termination notice using moments of the Israeli labour market.

I decompose the effects of termination notice on welfare and show that the its impact on
welfare is far from trivial. The key benefits of having termination notice are that it provides
an increased insurance level and lowers the income tax. The main disadvantages are the
behavioural shift in savings and a decline in wages that result from it. The policy affects
both wealth and income inequality, suggesting that it has a complex cross-sectional impact
on the economy. I show that the abolition of termination notice in the baseline model may
contribute to the effectiveness of conventional Ul measures. Last, I show that termination
notice can be beneficial in sectors or economies where workers have little bargaining power.

These results may prove useful for policy-makers in the future as they contribute to the
ongoing policy debates on labour market regulations, employment protection policies, and

unemployment insurance.



General Discussion

The aim of this thesis was to demonstrate the potential effects of labour market institu-
tions in general and employment protection measures in particular on the macroeconomic
environment. These effects stem from the unique nature of the employment contract as an
economic transaction in which the employer and employee engage in costly search to form
a relationship. This relationship persists until its continuation is no longer mutually ben-
eficial. The separation of this match creates challenges for both sides, and it is the place
where dismissal regulation takes effect. The presence of such measures alters the incentive
structure of the worker and the firm during the match’s existence and even at the time of
search.

Although this work focuses on the implications of termination notice and lay-off costs
as the main policy tools of interest, but some of the conclusions apply to other policy tools
as well. I show that these policies lead the economy to cope differently with business cycles
by inducing misallocation and amplifying and prolonging output’s decline in response to an
adverse shock. I also show that these policy tools, when employed in harmony with other
policies, with the aim to provide households with insurance have the potential to improve
welfare. Employment protection policies are not the only policy devices which may affect
either of these, and the insights of the present research may be incorporated into the analysis
of any policy device that induces cross-sectional misallocation or alters the precautionary
savings behaviour of households.

The legal frameworks in which agents are situated or the ’rules of the game’ often re-
ceive much attention through the prism of strategic interactions between the directly af-
fected agents. When aggregated up to the macroeconomic level, this work shows that such
rules may yield entirely different environments based upon these micro-foundations. Taken
thus, the models presented in this work serve to illustrate the importance of building sound
micro-foundations for the policies analysed and for avoiding an over-simplification of poli-

cies. Every theoretical framework presented here would have been much reduced, both in
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terms of complexity and implications, by using lay-off taxes instead of their more realistic
counterparts.

The field of macroeconomics began in the aftermath of the Great Depression; by this time,
many countries already had well-developed employment protection regimes. As these lines
are being typed, the world is, hopefully, starting to recover from the COVID-19 recession.
The COVID-19 recession disrupted labour markets and challenged us to reconsider what it
means to be employed? The emergence of the so-called 'Gig-economy’ had already changed
our view of employment relationships, and COVID-19 pushed this to new extremes. During
the current recession, we have heard voices pushing for a wider safety net, a safety net
that would accommodate new forms of employment, and we have seen the inception of new
policies, such as Germany’s furlough scheme. The recovery from this recession will probably
accelerate processes that will lead to new forms of work and employment relationships.
Combined with the desire for a wider social safety net, these processes will lead to new
forms of labour market regulations. The insights provided in this work may prove valuable
in designing labour market policies in the post-COVID-19 world in a way that will allow for
increased social security along with better re-allocation dynamics.

To conclude, the works presented in this thesis show the macroeconomic implications of
employment protection. Hopefully this research will enrich the policy debate surrounding
labour market institutions, especially during the post-COVID-19 era, will motivate future
research along this understudied area and prove useful to future researchers working on
similar issues. As an Israeli researcher, I also hope that my use of Israeli data and the focus
on Israeli policies will be useful to future researchers working on the Israeli economy and
those who wish to contribute to the formation of better economic policy in the country.
Accordingly, 1 restate my gratitude to the National Insurance Institute of Israel and the
Planning and Budgeting Committee of the Israeli Council for Higher Education’s scholarship

for research of the Israeli economy for their generous support of my work.
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Appendix A

Data Sources and Definitions of
Variables Chapter One

Appendix A.1 EPL Indicators

Definition of Variables. EPL is defined as the OECD’s index "Strictness of employment
protection - individual dismissals (regular contracts)’ (EPR V1) which is measured accord-
ing to a method of hierarchies of hierarchies on a 0 to 6 scale. The index aggregates several
different scores spread over three equally weighted categories: procedural inconvenience (no-
tification procedures and timing), notice and severance pay for no-fault individual dismissal,
and difficulty of dismissal. The method of calculation is shown in Table 1. The series is
used as an annual data series and assumed identical over the course of each calendar year.
Additionally, I use the EPT V1 series for protection fo temporary employment. This series
is measured in a similar fashion to that of the EPR V1 series, but this time as an aggregate
of measures that limit the use of fixed-term and agency workers, and govern their utiliza-
tion. Finally, I add the OECD series of employment protection from collective dismissals
which is an aggregate of scores on the criteria, procedures and costs involved with collective

dismissals according to the OECD predetermined weights.

Sample. The panel for these variables includes the EPR V1, and EPT V1 indicators’
values for the years of 1985-2014 for 21 countries during the following time periods (for
collective dismissals the series is available for all the following countries for the years 1998-
2013, and 1998-2014 for the United Kingdom): Australia 1985-2013; Austria 1985-2013;
Belgium 1985-2013; Canada 1985-2013; Denmark 1985-2013; Finland 1985-2013; France
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1985-2013; Germany 1985-2013; Greece 1985-2013; Ireland 1985-2013; Italy 1985-2013; Japan
1985-2013; Netherlands 1985-2013; New Zealand 1990-2013; Norway 1985-2013; Portugal
1985-2013; Spain 1985-2013; Sweden 1985-2013; Switzerland 1985-2013; United Kingdom
1985-2014; United States 1985-2013.

Appendix A.2 Credit Supply Shock

Definition of Variable. To measure global credit supply shocks, I exploit the Gilchrist
and Zakrajsek (2012) credit supply shock series. Gilchrist and Zakrajsek (2012) use micro-
level data to construct a credit spread index which they decompose into a component that
captures firm-specific information on expected defaults and a residual component that they
term the excess bond premium. The most updated series of the excess bond premium variable
is available from Simon Gilchrist’s website ! and is my measure of credit supply shock. It is
taken in monthly values from 1985:m1-2014:m12. Quarterly and annual values are averages
of the corresponding raw monthly values for 1985:Q1-2014:Q4.

Appendix A.3 National Accounts Data

Definition of Variables. Output is GDP measured by the expenditure approach, con-
sumption is private final consumption expenditure, investment is gross fixed capital for-
mation, imports, exports are imports and exports of goods and services and government
expenditure is general government final consumption expenditure. All series are taken as
volume indexes using OECD reference year and are seasonally adjusted. I use the data as
log-first-differences. Output per-capita is defined as the quarterly GDP per capita in U.S.
dollars, using constant prices, fixed PPP, and is seasonally adjusted. The series are obtained
from the OECD database at http://stats.oecd.org/ and taken as log-first-differences.

Sample. The panel includes observations for the years 1985-2014 for 21 countries during
the following time periods: Australia 1985:Q1-2013:Q4; Austria 1988Q1-2013:Q4 (output per
capita 1995:Q1-2013:Q4); Belgium 1995:Q1-2013:Q4; Canada 1985:Q1-2013:Q4; Denmark
1995:Q1-2013:Q4; Finland 1990:QQ1-2013:Q4; France 1985:Q1-2013:Q4; Germany 1991:Q1-
2013:Q4; Greece 1995:Q1-2013:Q4; Ireland 1997:Q1-2013:Q4 (output per capita 1998:Q1-

'The permanent link for this updated excess bond premium series is

https://www.federalreserve.gov/econresdata/notes/feds-notes/2016/files/ebp_csv.csv.
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2013:Q4); Italy 1985:Q1-2013:Q4 (output per capita 1995:QQ1-2013:Q4); Japan 1994:Q3-
2013:Q4 (output per capita 2007:QQ3-2013:QQ4); Netherlands 1988:Q1-2013:Q4 (output per
capita 1995:Q1-2013:Q4); New Zealand 1990:Q1-2013:Q4 (output per capita 1991:Q1-2013:Q4);
Norway 1985:QQ1-2013:Q4 (output per capita 1995:Q1-2013:Q4); Portugal 1995:QQ1-2013:Q4;
Spain 1995:Q1-2013:Q4; Sweden 1985:Q1-2013:Q4 (output per capita 1993:Q1-2013:Q4);
Switzerland 1985:QQ1-2013:Q4 (output per capita 1991:Q1-2013:Q4); United Kingdom 1985:Q1-
2013:Q4 (output per capita 1995:Q1-2013:QQ4); United States 1985:Q1-2013:Q4.

Appendix A.4 Unemployment

Definition of Variable. The panel utilizes the OECD harmonized unemployment (all
persons) series in a monthly frequency. The series is taken as log-first-differences retrieved
from the OECD’s database at http://stats.oecd.org/.

Monthly sample. The monthly panel for unemployment includes observations for the
years 1985-2014 for 19 countries (data for New Zealand and Switzerland is unavailable) dur-
ing the following time periods: Australia 1985:M1-2013:M12; Austria 1993:M1-2013:M12;
Belgium 1985:M1-2013:M12; Canada 1985:M1-2013:M12; Denmark 1985:M1-2013:M12; Fin-
land 1988:M1-2013:M12; France 1985:M1-2013:M12; Germany 1991:M1-2013:M12; Greece
1998:M4-2013:M12; Ireland 1985:M1-2013:M12; Italy 1985:M1-2013:M12; Japan 1985:M1-
2013:M12; Netherlands 1985:M1-2013:M12; Norway 1989:M1-2013:M12; Portugal 1985:M1-
2013:M12; Spain 1986:M4-2013:M12; Sweden 1985:M1-2013:M12; United Kingdom 1985:M1-
2014:M12; United States 1985:M1-2013:M12.

Appendix A.5 Population and Labour Force Participa-
tion

Definition of Variables. [ define labour force participation as the ratio between the
active population (persons actively engaged in search or currently in employment) and the
working age population. Both measures include all persons aged 15 and over, other than
for Spain, the United Kingdom, and the United States, for which the lower bound is 16. I
also make use of the ratio between the employed population to the working age population

(employment to population ratio), again for the same ages. The raw data includes three data
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series (employed, active, and working age population) expressed in thousands of persons. The
resulting ratios are taken as log-first-differences. All raw series used for the creation of these

ratio series are from the OECD database at http://stats.oecd.org/.

Sample. The quarterly panel for these ratios includes observations for the years 1985-
2014 for 21 countries during the following time periods: Australia 1985:Q1-2013:Q4; Austria
1999:Q1-2013:Q4; Belgium 1999:Q1-2013:Q4; Canada 1995:Q1-2013:Q4; Denmark 1999:Q1-
2013:Q4; Finland 2000:Q1-2013:Q4; France 2003:Q1-2013:Q4; Germany 2005:Q1-2013:Q4;
Greece 1998:QQ1-2013:QQ4; Ireland 1999:Q2-2013:Q4; Italy 1998:Q1-2013:Q4; Japan 1985:Q1-
2013:Q4; Netherlands 2000:QQ1-2013:Q4; New Zealand 1990:QQ1-2013:Q4; Norway 2000:Q1-
2013:Q4; Portugal 1998:Q1-2013:Q4; Spain 1999:Q1-2013:Q4; Sweden 2001:Q1-2013:Q4;
Switzerland 2010:Q1-2013:Q4 (available only for Q2 for 1999-2009); United Kingdom 1999:QQ2-
2014:Q4; United States 1985:Q1-2013:Q4.

Appendix A.6 Vacancies

Definition of Variable. I define vacancies as the ratio between the stock of vacancies
normalized by the working age population from the previous subsection, which includes all
persons aged 15 and over, other than for Spain, the United Kingdom, and the United States
for which the lower bound is 16. The raw data includes two data series (total vacancy stock,
and working age population) expressing numbers of persons and seasonally adjusted. The
resulting normalized series is taken as log-first-differences. All raw series are from the OECD
database at http://stats.oecd.org/.

Sample. The quarterly panel for vacancies includes observations for the years 1985-2014
for 12 countries (Canada, Denmark, France, Greece, Ireland, Italy, Japan, Netherlands, and
New Zealand are missing) during the following time periods: Australia 1985:Q1-2008:Q2 and
2009:QQ4-2013:Q4; Austria 1999:Q1-2013:Q4; Belgium 1999:Q1-2004:Q1; Finland 2000:Q1-
2013:Q4; Germany 2005:Q1-2013:Q4; Norway 2000:Q1-2013:QQ4; Portugal 1998:QQ1-2013:Q4;
Spain 1999:Q1-2005:Q1; Sweden 2001:Q1-2013:Q4; Switzerland 2010:Q1-2013:Q4 (available
only for Q2 for 1999-2009); United Kingdom 1999:Q)2-2014:Q4; United States 2001:Q1-
2013:Q4.
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Appendix A.7 Real Wage

Definition of Variable. I define real wage as the ratio of total compensations in local
currency and in current prices deflated using the country’s own consumer price index taking
1985 as a base year and dividing by the number of employed persons. The raw data includes
three data series (the consumer price index, total compensations, and employed population)
which are seasonally adjusted. The resulting ratio, the average real wage per employed
person, is taken as log-first-differences. All raw series used for the creation of this series are
from the OECD’s database at http://stats.oecd.org/.

Sample. The quarterly panel for the above ratios includes observations for the years 1985-
2014 for 17 countries (Canada, Japan, New Zealand, and the United States are missing)
during the following time periods: Australia 1985:Q1-2013:Q4; Austria 1995:Q1-2013:Q4;
Belgium 1995:QQ1-1997:Q4, 1999:Q1-2013:Q4; Denmark 1995:Q1-2013:Q4; Finland 1998:Q1-
2013:Q4; France 2003:Q1-2013:Q4; Germany 1991:Q1-2013:Q4; Greece 1995:Q1-2013:Q4;
Ireland 1998:Q1-2013:Q4; Italy 1998:Q1-2013:Q4; Netherlands 1998:Q1-2013:Q4; Norway
2000:Q1-2013:Q4; Portugal 1998:Q1-2013:Q4; Spain 1999:Q1-2013:Q4; Sweden 2001:Q1-
2013:Q4; Switzerland 2010:Q1-2013:Q4 (available only for Q2 for 1999-2009); United King-
dom 1999:Q2-2014:QQ4; United States 1985:Q1-2013:Q4.

Appendix A.8 Capacity Utilization

Definition of Variable. 1 define capacity utilization as the rate of capacity utilization
from the OECD business tendency surveys for manufacturing industries. The raw data is in
percentage points, seasonally adjusted, and used as log-first-differences. The series is from
the OECD database at http://stats.oecd.org/.

Sample. The quarterly panel for this series includes observations for the years 1985-2014
for 18 countries ? during the following time periods: Austria 1996:Q1-2013:Q4; Belgium
1985:QQ1-2013:Q4; Denmark 1987:Q1-2013:Q4; Finland 1991:Q1-2013:Q4; France 1985:Q1-
2013:Q4; Germany 1985:Q1-2013:Q4; Greece 1985:Q1-2013:Q4; Ireland 1985:Q1-2008:Q3;

2Data for Canada is missing. Data for Australia and Japan is available, however, the range of values for
these two countries is not comparable to the ones for the other countries. To illustrate, according to the raw
series the range of values for Australia is from -44 to 13, for Japan -36 to 13, and for all other countries from
47.4 to 93.4
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Italy 1985:Q1-2013:Q4; Netherlands 1985:Q1-2013:Q4; New Zealand 1990:Q1-2013:Q4; Nor-
way 1987:Q1-2013:Q4; Portugal 1985:Q1-2013:Q4; Spain 1985:Q1-2013:Q4; Sweden 1995:Q1-
2013:Q4; Switzerland 1985:Q1-2013:QQ4; United Kingdom 1985:Q2-2014:QQ4; United States
1985:QQ1-2013:Q4.

Appendix A.9 Total Factor Productivity

Definition of Variable. TFP is defined as the OECD MFP (multifactor productivity)
series. The raw data is an index using 2010 as a base year, seasonally adjusted, and used as
log-first-differences. The series is from the OECD database at http://stats.oecd.org/.?

Sample. The panel for this variable includes values for the years 1985-2014 for 19 countries
(Greece and Norway are missing) during the following time periods: Australia 1985-2013;
Austria 1996-2013; Belgium 1985-2013; Canada 1985-2013; Denmark 1985-2013; Finland
1985-2013; France 1985-2013; Germany 1985-2013; Ireland 1985-2013; Italy 1985-2013; Japan
1985-2013; Netherlands 1985-2013; New Zealand 1990-2013; Portugal 1985-2013; Spain 1985-
2013; Sweden 1985-2013; Switzerland 1992-2013; United Kingdom 1985-2014; United States
1985-2013.

Appendix A.10 Hours Worked

Definition of Variable. Hours worked per-employed person are defined as the OECD
series average annual hours worked which is the total number of hours actually worked
per year divided by the average number of people in employment per year. The series on
total hours worked is the product of this series with the annual average of the number of
employed persons series described above. The raw data is in numbers of hours and used as
log-first-differences. The series is from the OECD database at http://stats.oecd.org/.

Sample. The panel for these variables includes values for the years 1985-2014 for 21 coun-
tries during the following time periods: Australia 1985-2013; Austria 1995-2013; Belgium
1985-2013 (Total hours missing for 1998); Canada 1985-2013; Denmark 1985-2013 (total
hours missing for 1985-1989); Finland 1985-2013 (total hours missing for 1985-1997); France
1985-2013 (total hours missing for 1985-2002); Germany 1991-2013; Greece 1985-2013 (total

3For more information on the series see http://www.oecd.org/sdd/productivity-stats/2352458. pdf.
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hours missing for 1985-1988); Ireland 1998-2013; Italy 1995-2013 (total hours missing for
1995-1997); Japan 1985-2013; Netherlands 1985-2013 (total hours missing for 1985-1997);
New Zealand 1990-2013; Norway 1985-2013 (total hours missing for 1985-2000); Portugal
1985-2013 (total hours missing for 1985-1998); Spain 1985-2013 (total hours missing for
1985-1998); Sweden 1985-2013 (total hours missing for 1985-2000); Switzerland 1991-2013
(total hours missing for 1991-1997); United Kingdom 1985-2014 (total hours missing for
1985-1998); United States 1985-2013.

Appendix A.11 Union Density

Definition of Variable. Union density is defined as the OECD series on trade union
density rates which is the ratio of union members divided by the total number of employees
based on administrative data. If such data is unavailable, survey data had been imputed
instead. The series is available at an annual frequency, assumed identical within each cal-
endar year, in a similar fashion to the EPL series, and taken from the OECD database at
http://stats.oecd.org/.

Sample. The panel for this variable includes values for the years 1985-2014 for 21 coun-
tries during the following time periods: Australia 1985-2013; Austria 1985-2013; Belgium
1985-2013; Canada 1985-2013; Denmark 1985-2013; Finland 1985-2013; France 1985-2013;
Germany 1985-2013; Greece 1985, 1990, 1992, 1995, 1998, 2001-2002, 2004-2006, 2008,
2011,2013; Ireland 1985-2013; Italy 1985-2013; Japan 1985-2013; Netherlands 1985-2013;
New Zealand 1990-2013; Norway 1985-2013; Portugal 1985-1990, 1995, 1997, 2002-2004,
2006, 2008, 2010-2011; Spain 1985-2013; Sweden 1985-2013; Switzerland 1985-2013; United
Kingdom 1985-2014; United States 1985-2013.

Appendix A.12 Collective Bargaining Coverage

Definition of Variable. Collective bargaining coverage is defined as the OECD series of
the same name which is the ratio of employees covered by collective agreements, divided by
all wage earners with a right to bargaining. The series is available at an annual frequency, and
thus I assume it is identical within each calendar year, in a similar fashion to my treatment of
the EPL series. The series is taken from the OECD database at http://stats.oecd.org/.
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Sample. The panel for this variable includes values for the years of 1985-2014 for 21
countries during the following time periods: Australia 1985, 1990, 1998, 2000, 2002, 2004,
2006, 2008, 2010, 2012; Austria 1985, 1990, 1995, 2000, 2005, 2008, 2010, 2013; Belgium
1985, 1990, 1995, 2000, 2002, 2008, 2013; Canada 1985-2013; Denmark 1985, 1990, 1993,
1997, 2000, 2004, 2006-2007, 2009-2010, 2013; Finland 1985, 1989, 1995, 2000, 2002-2006,
2008-2013; France 1985, 1990, 1997, 2004, 2008-2009, 2012; Germany 1985, 1990, 1995-2013;
Greece 1985, 1990, 1995, 2000-2013; Ireland 2000, 2005, 2009; Italy 1985, 1990, 1995, 2000-
2013; Japan 1985, 1988, 1990, 1995, 2000, 2005-2013; Netherlands 1985-1990, 1992-1993,
1996, 2000-2013; New Zealand 1990. 1992-2003, 2007, 2010-2011; Norway 1985, 1990, 1994,
1998, 2002, 2006, 2009, 2013; Portugal 1985, 1990, 1995, 1999-2013; Spain 1985, 1990, 1993-
2013; Sweden 1985, 1990, 1994-1995, 1998, 2000, 2002, 2005, 2007, 2011, 2013; Switzerland
1985, 1990-1992, 1994, 1996, 1999, 2001, 2003, 2005, 2007, 2009-2010, 2012-2013; United
Kingdom 1985, 1990, 1994-2014; United States 1985-2013.

Appendix A.13 Net Replacement Rate

Definition of Variable. Net replacement rate is defined as the OECD series on the gen-
erosity of unemployment benefits, which reports replacement rates after 6 months of un-
employment for an adult with an average wage partner and two children including housing

benefits eligibility. Series available at http://stats.oecd.org/.

Sample. The panel for this variable includes annual values for the years 2001-2014 for 21
countries during the following time periods: Australia 2001-2013; Austria 2001-2013; Belgium
2001-2013; Canada 2002-2013; Denmark 2001-2013; Finland 2001-2013; France 2001-2013;
Germany 2001-2013; Greece 2001-2013; Ireland 2001-2013; Italy 2001-2013; Japan 2001-2013;
Netherlands 2001-2013; New Zealand 2001-2013; Norway 2001-2013; Portugal 2001-2013;
Spain 2001-2013; Sweden 2001-2013; Switzerland 2001-2013; United Kingdom 2001-2014;
United States 2001-2013.

Appendix A.14 Separation Rate and Job-Finding Rate

Definition of Variables. Both series are taken from the decomposition of OECD data on

employment into flows carried out in Elsby et al. (2013) using the final data series after both


http://#

APPENDIX A. DATA 115

series had been tested and adjusted for duration dependence should it exist. These series are

available from the author’s website at https://sites.google.com/site/mikeelsby/data.

Sample. The panel for these variables include annual values for monthly flow hazards
for the years 1985-2009 for 17 countries during the following time periods: Australia 1985-
2009; Canada 1985-2009; France 1985-2009; Germany 1985-2009; Ireland 1985-1997, 1999,
2001-2009; Italy 1985-2009; Japan 1985-2009; New Zealand 1987-2009; Norway 1985, 1988-
2009; Portugal 1986-2009; Spain 1985-2009; Sweden 1985-2004, 2007-2009; United Kingdom
1985-2009; United States 1985-2009.
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Appendix B

Model Solution for Chapter Two

Appendix B.1 Derivatives of the Value Functions to
Obtain the First Order Conditions of
the Bargaining Problem

Using the expressions for J" (w(x,s) ,s), and W™ (w (z,s) ,s) given by Equations (2.2)

and (2.4), it is possible to use the envelope theorem to obtain the following derivatives:

9J" (w(x,s),s) 1

5 =T (B.1.1)
OW" (w(z,s),s) 1

5 =T e (B.1.2)

These equations are interpreted as follows: each additional unit of wage given to the worker
during notice is worth its present discounted value from now to infinity with the discount
rate r and termination hazard ¢. Note that these have opposite signs, so one unit given to
the worker is one unit taken from the firm.

For J(x,s) and W (z,s), the situation is slightly more complex because of the presence
of the variational inequalities. I denote the aggregate state-space of the model by A with
finite cardinality a and let the transitions be governed by the Markov matrix II with 7, ;
denoting the transitional probabilities from state ¢ to state j. Let us define for each z its
set of continuation states A°(x) C A as the aggregate states whose realisation will cause the
match to continue. Similarly, for each aggregate state s I define X(s) C [Zmin, Tmax| as the

subset of all realisations of x, the idiosyncratic component, that would result in the match’s
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continuation. Now, one can derive the following expression from Equation (2.1):

(r+ 34 ) 215 ——142 [ 01 (w(2:5) .8) 4 (y) (B.1.3)
ow ygXe(s) ow
dJ" (w(z,s) ,s) 0J(z,s)
by Aless) Ly 2
s'¢ A¢(x) s’'e A¢(x)

where Equation (B.1.1) can be used to yield

0J(z,s) 0J(z,s) B
(7“+)\+T)a—w—7 Z “ow Y T (B.1.4)
s’'e A¢(x)
n n 1
— 1= )\/ 9J (W(xas)as) dG(y) +7 Z 97 (W(l’,S),S) Tes ]
yEX(s) dw e Ow r+o

Letting Aa{(g%s) denote the a length column vector of derivatives of J (z,s) with respect
to the wage in each state s in the state space, these a equations can be stacked to obtain
that:

dJ(x,s)
Aa—w = (B.1.5)
S (p(s) — 7T () |1+ (AProb(y ¢ X¢(s)) + 7 Prob (s’ ¢ A (x) ’S”ﬁ |

where g is an a X a diagonal matrix whose entries are piss = r(s) + A(s) + 7, 1I°(x) is
the Markov matrix II after substituting all entries 7; ; such that j ¢ A°(x) with zeros', and
Prob (y ¢ X°(s)) and Prob (s’ ¢ A°(x)|s) are column vectors of length a containing the
corresponding probabilities denoted in the parenthesis for each state.

To see that a solution to Equation (B.1.5) exists and is unique, let us first examine the

matrix
T=(u—7I°()).

The diagonal entries of T" are either (r(s) + A(s) + 7) — 7@ss or (r(s) + A(s) + 7) and
are strictly positive since r and A are the discount rate and a Poisson arrival rate, respectively,

and 0 < mgs < 1. The off-diagonal elements are either zero or —77sy. Taken together,

T do not consider state dependence of 7, as any such design can be equivalently represented by changing

the elements of II.
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these make T" a Z-matrix. Moreover, the matrix is semi-positive since there exists a vector,

namely, i the a length unit vector, such that Ti > 0, where > is the element-wise order.

That makes T" a non-singular M-matrix which has the property of being inverse positive.
Second, let us observe that in addition to 7-! having only non-negative entries, the

vector
1

r+ ¢

consists of strictly positive entries, thus the signs of all these derivatives are negative and

1+ (AProb(y ¢ X°(s)) + 7Prob(s" ¢ A°(z)[s))

are given by the solutions to Equation (B.1.5).
Now, one may turn to the worker’s side of the problem, using the same notations and
Equation (2.3) to yield

(r4 A+ )2 W 8) :1+)\/ OW (W (2,8) 18) 4 () (B.1.6)
ow ye X<(s) ow
OW"™ (w(x,s) ,s) OW (z,s)
+7 Yy o Test +7 ) —gg e
s'¢ Ac(x) s'e A¢(x)
where Equation (B.1.2) can be used to obtain
OW (z,s) OW (z,s') B
(7" + A + T)—aw — T Z - ow Tss! = (B]'?)
s'e Ac(x)
n n 1
1+ /\/ oW (W(I‘,S) 7S) dG(y) +7 Z oW (W($7S) ,S) Tss '
yg Xe(s) dw i) Ow r+o

Letting A% denote the a length column vector of derivatives of W (z, s) with respect
to the wage in each state s in the state space, let us again stack the resulting a equations

and use the same notations to obtain:

OW (z,s)
A7 B.1.
S (B.1.8)
1

(p(s) —71II° (:17))71 1+ (AProb (y ¢ X°(s)) + 7 Prob (s’ ¢ A°(x) |s))m )

Following the same line of reasoning as before, the solutions to this system exist and are

unique. Furthermore, taken together Equations (B.1.5) and (B.1.8) mean that for every
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aggregate state we obtain 6%(5’3) = —% which along with Equations (B.1.1) and (B.1.2)
yield
oW (z,s) OW"(w(x,s),s)  [9J(x,s) 09J'(w(x,s),s) (B.1.9)
ow ow N ow ow ' o

Appendix B.2 Deriving the Match Surplus Equation

Recall the definition of the match surplus from Equation (2.8):
M (z,s) = J(z,8) + W (x,s) — M, (s) .

Multiplying by r and substituting Equations (2.1) and (2.3) into the above expression
yields:

rM(z,s) = w(z,s) —i—)\/xmaxmaX{W(y,s) CW (w(z,8) ,8) }AG (y) — AW (,8)

Zmin

+ 7Emax{ W (z,s') , W" (w (z,s),s") } — W (z,s) | s] +zp[{(k(s)) — pk (s)] — w(z,s)

+)\/zmaxmax{J(y,s) I (w(zs) 8)1AG () — AT (z,8)

ZLmin

+7Emax{J(z,s), J" (w(z,s),s) } — J(x,8) | s] —r M, (s).

Cancelling out the wage, using the definitions of M (z,s) and M, (s), and the identity
M (z,s) + M, (s) = J(z,8) + W (z,s) we obtain:

(r+A+7)(M(z,8) + M, (s)) = zp(f(k (s)) — pk (s))+

+)\[/“maxmax{w(y,s) , W' (w (z,8) ,s) }dG (y) +/ max {J (y,s) , J" (w(x,s) ,s) } dG (y)

Zmin Zmin

+ 7[E[max { W (z,s") , W" (w (z,s),s') } | s] + Emax (J (x,s) , J" (w(x,s),s)) | s]].

This equation can be further simplified by keeping in mind that the first order condi-
tions of the problem impose a surplus sharing of the form W (z,s) — W" (w (z,s) ,s) =
LM (z,s) and J(z,s8) — J*"(w(z,s),s) = (1 — )M (z,s). This means that W (x,s) >
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W (w(z,s) ,s) and J(x,s) > J*(w(z,s),s) if and only if M (x,s) > 0, which implies
that the value of the expression inside all the maximum operators will be determined solely
by M (z,s). This results in

(r+A+7)(M(z,8) + M (s)) = ap(f(k(s)) — pk(s))

+)\/rmax max (M (y,s) + M, (s) , M, (s) ) dG (y)

Zmin

+ 7[E[max { M (z,s") + M, (s') , M, (s') } | s]],

which can be further simplified into

(r+ A+ 7)(M(z,8) + M, (s)) =ap(f(k(s)) — pk(s))+ (B.2.1)

)\[Mn (s) +/xm max (M (y,s) ,0)dG (y) | + 7[E[max {M (z,s') ,0} + M, (s') | s]].

Zmin

Appendix B.3 Uniqueness of The Reservation Level

This section proves Lemma 2.2.2, which states that if there is any production at an aggregate
state s, then the match surplus has a unique zero, which is the reservation level of x in that
state.

Recall that the match surplus is given by Equation (2.8) as

(r+A+7)(M(z,8) + M, (s)) =xp(f(k(s)) — pk(s))+

)\[Mn (s) +/xm max (M (y,s) ,0)dG (y) | + 7[E[max {M (z,s') ,0} + M, (s') | s]|.
As in B.1, let us denote the aggregate state-space of the model by A with finite cardinality
a and let transitions be governed by the Markov matrix II with ; ; denoting the transition
probability from state i to state j. Define for each x the continuation states of z as the
aggregate states in which M (z,s) > 0, and denote this subset as A°(x) C A. The derivative
of M (x,s) with respect to x is thus
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(T+A+7)M =p(f(k(s) —pk(s) +7 Y WS’S’aMg+S/)'

(B.3.1)
Oz s'€Ac

I denote by A, M (z,s) the column vector of length a which contains all the derivatives

aMa(z’s) . For this part only, I explicitly spell out the state dependence of all the parameters

and choice variables. Thus, the derivative of the match surplus in each state with respect to

x is given by the system

pA M (z,8) = p(s) (f(k(s)(s)) — p(s) k(s))+7II°(z) Ay M (z,s), (B.3.2)

where o is again an a x a diagonal matrix whose entries are puss = r(s) + A(s) + 7,
[p(f(k(s)) — pk(s))] denotes a column vector of length a, and I1° (z) is the Markov matrix
IT after substituting all entries m; ; such that j ¢ A°(x) with zeros.

Ay M(z,8) = (p— 7 () ) 'p(£(k(s)) —pk(s))], (B.3.3)

To see that the solution exists and is unique, first recall from Appendix B.1 that the matrix
T=(p— 7))

is a non-singular M-matrix which has the property of being inverse positive.
Second, in addition to 7! having only non-negative entries, the vector [p(f(k(s)) — pk(s))],
is strictly positive as capital is chosen optimally from f'(k(s)) = p. Thus, from Euler’s

homogeneous function theorem one sees that
f(k(s)) —pk(s) = (1 —a)f(k(s)) >0.

Finally, one obtains that the solution to Equation (B.3.3) is the result of multiplying a
non-singular matrix with non-negative entries by a strictly positive vector which results in
A, M (z,8) being strictly positive for all states. Thus, the match surplus is strictly increasing

in z and if it has a zero in state s, then this zero is necessarily unique.?

2If there is no zero, but there is production, that would be equivalent to R (s) = @yi,. If there is no

production R (s) > Zmax -
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A key feature about the derivatives is that they do not depend on x other than via the
matrix I1¢(z). Thus, as long as the matrix I1¢(x) does not change, the surplus is linear and
increasing in x. Since there are a states, without loss of generality, I can order them by their
reservation levels as follows: R (1) > R(2) >--- > R(a), and define a + 1 intervals on the
support between them, the first of them being [R (1) , Zyax), followed by [R (2) , R (1)), until
[min, R (a)). For each of these intervals, the form of II¢(z) is the same as the dependence
upon x comes into play here only from the separation possibility encapsulated within the
option value. Thus, the function M (z, s) is piece-wise linear and increasing in z, with points

of discontinuity for the derivative situated at each of the reservation levels.

Appendix B.4 The Wage Solution in the Deterministic

Case

To solve for the wage in the deterministic case, I begin with recalling the firm’s value function

and the match surplus without aggregate risk:

(r+ A)(M (2) + M,) = ap(£ (k) —pk)+/\[Mn+/I:max M(z) G(y) dy } (B.4.1)

(r+A)J(x) =ap[f(k) — pk] — w(z) (B.4.2)
+A[J"<w<x>> + [ - @) ac }

Substituting z = R into Equation (B.4.2) yields:

(r+X)J(R) = Rp[f(k) — pk] — w(R) + (B.4.3)
A[J”<w<R>> + [ - @) ac ]

Recall the definition of the reservation level as M (R) = 0 and the surplus sharing rule that
is the first order condition for (2.5) which is J (z) —J" = (1 — 8) M (z) . From Lemma 2.2.1,
we know that the problems (2.5) and (2.6) split the same surplus level. Thus

[ - acw = [Taw-reim) ) = [ o) ace

R R R
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Using this identity one can subtract J (R) from J (z) to obtain:

(r+M)(J(x) = J(R)) = (z = R)p[f (k) — pk] = (w(z) — w(R)) (B.4.4)
+ A" (w(x)) = I (w(R))].

Repeating the same procedure for Equation (B.4.1) by subtracting from the equation, itself
with M (R) = 0 it is possible to obtain

(r+A)M(z) = (x — R)p(f(k) — pk). (B.4.5)
Now, I substitute the surplus sharing rule, and the value of

w (1) + GFpE(k) = zuup(£ (k) — pk)

I wi) = - Lo ,
into Equation (B.4.4) to obtain:
A
(4 (= )M (@) = (o= BlE0) = pk] = (2 1) (@) = wR))

This expression will be further simplified by substituting in Equation (B.4.5) instead of M (z)

and reversing the signs to obtain:

Bl = RER) = k) = (T2 ) = wim))
which after rearranging yields
r—+ ¢
w (1) = mﬁ((l‘ — R)p(£(k) —pk)) + w(R) . (B.4.6)

Furthermore, since M (R) = 0, from the surplus sharing rule it follows that J(R) =
J"(w(R)). Using this equality in Equation (B.4.3) along with the value of J" (w (R))
yields

0 =Rp[f (k) — pk] — w(R) + A[/R (1-58)M(y) dG(y)

 ran(E(R) — ph) — w (R) — FpI(H
r+ ¢

Y
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which after some rearrangement results in

w(B) =22 Ryt — i)+ 21 - 9) [ M) a6 ) ] (B.AT)
N roFpf (k) — remmp(f (k) — pk)
: |

The resulting expression shows that the wage at the reservation takes into account the notice
period’s duration, the expected production value and its duration, the production value at

R and the option to enter into a period of notice from any other wage level in the future.



Appendix C

Solution to the Simple Search Model
of Chapter Three

This appendix presents the explicit derivation of Equations (3.14), (3.15) and (3.16).

The population composition. Using the laws of motion in Equation (3.1), and the fact

that the masses sum up to unity, the equilibrium masses can be derived as

Ap?
my = 5 (C.0.1)
AG? +¢(0a(0))(0a(d) +¢) +Asbq(8) +A0a(0))
my = A0 (0) (C.0.2)
N = 5 0.
AQ? + ¢(0q(0))(0a(f) +¢)+Apbq(6) +A0a(h))
Combining these to the value of [ as defined by Equation (3.8) yields:
| wu n ¢ | _[er+o+6q(d))
‘= u+n+u+nr+¢}_{(¢+€q(9))(r+<b) ' (€09

The wage solution. To solve for the wage, one needs to start from the first order condition

for the bargaining problem (3.13) which is:

B(Js — Jn) = (1= B) (Ve — Vi). (C.0.4)

125
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It is convenient to examine the problem in terms of the surplus level S = Vg — Vy + Jg — Jn

associated with it, which after substituting in the definitions for Vg and Jg results in
(r+A)S=p—rVy —rJy. (C.0.5)
The sum Jy + Vy cab be expressed as
rVy +1rIv =ep+o(Vu — V) +0q(0) (Ve — Vn) + o(Jy — JIn). (C.0.6)

Subtracting Vy from Vj or Equation (3.4) from Equation (3.5) yields the following relation-
ship
(r+¢+0q(0))(Ve —Vn)=9¢(Ve — W),

which substituted into Equation (C.0.6) yields

¢
r+¢+0q(0)

(r+¢)(Vy +Jn) =ep+oVu +0q(0) (Ve — Vo). (C.0.7)
Now, we turn our attention to the outsider’s problem 3.12, which has the first order

condition

B(Je—Jv)— (1= B)(Ve—Vy) = 0. (C.0.8)
It is again convenient to define the surplus level S° which is given by Jg — Jy + Vg — Vi, and
using Equation (3.8), the definition of V; and the fact that Vg — Vi = %J £ we obtain

Vo =2z+60q(0) BSOZZ%—L%. (C.0.9)

1-58 1

This expression can be substituted into Equation (C.0.7), which along with Equation
(3.8), and the insight that Vp — V; = %J r yields after some tedious algebra

) 1 1 B Opc
_ kg - - 0.1
(T+¢)(VN +JN) €p+r2+¢[r+r+gb+0q(9)}1—ﬁ ] (CO 0)
Using this expression in Equation (C.0.5), we can express the surplus as
r ) 1 1 B Opc
=p— = - —. C.0.11
S =p r+¢{€p+rz+¢{r+r+¢+6q(9)}1—ﬁ z} (C0.11)
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The surplus can also be described as follows:
(T + )\)(JE - JN) = (T + )\)(1 — B)S,
which combined with the fact that (r + \)Jg = p — w + AJy, and that (r + ¢)Jy = ep —w
allows us to write the surplus as

(r—i—/\)S:—liﬂ[p—w—r

L w]. (C.0.12)

r+ ¢

Equating the two expressions of the surplus as given by Equation (C.0.11) and Equation
(C.0.12) allows us to finally obtain the expression

p(l—¢€) r Bpc
= 1-— 1 . .0.1
w=PFp+(1-B)z+rp 3 +[ +T+¢+9q<9)] z (C.0.13)
The job-creation equation. Combining the free entry relationship Jgp = %, with
(r+A)Jp=p—w+ A(Jy) and with Jy = L2, after some algebraic manipulation yields
(M) Lokt o (C.0.14)
r+o+ A q@) !l r+o+ A



Appendix D

Computational Appendix to Chapter
Three

This appendix details the solution algorithm used to solve the general equilibrium model.
The algorithm owes much to the works of Krusell et al. (2010) and Achdou et al. (2017) and
follows along the lines of the definition of the recursive stationary equilibrium in the model

economy.

Appendix D.1 Recursive Stationary Equilibrium

The recursive stationary equilibrium in the model economy consists of household value func-
tions V; (a) for each i € T'; household policy functions ¢; (a) , z; (a); the corresponding laws of
motion for assets s; (a); stationary probability density functions h; (a); firm value functions
Jj (a) for each j € {V, H, E1, E2, N'}; policy functions for capital k7; price of equity P; rental
rate of capital r; wage rates w; and wsy; aggregate vacancies v; aggregate effort X; labour

market tightness #; and dividends d which jointly satisfy the following

1. Consumer optimization - Given the per effort unit job finding rate A, prices r and P,
benefits b; and by, tax rate 7, and the wage functions, the policy functions ¢; (a) and

z; (a) solve the optimization problems given by (3.24) with the value functions V; (a).

2. Firm optimization - Given r, the bargained wages, the distributions h;, the law of
motions for assets s;(a), and the transition matrix given by Equation (3.26), the firms
solve the optimization problems in (3.34), (3.35), (3.36), and (3.37). Given labour

128
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market tightness 6, and the implied population composition given by h; (a), the rental

rate r, and the policy functions z; (a), the function Jy satisfies (3.33).

3. Free entry - The number of vacancies is consistent with free entry of firms such that
Jy = 0.

4. Asset market clearing
Z/ adH; (a) =(1+7)[K+ P] (D.1.1)
iel Y&

where the right-hand side of the equation is the supply of assets and the left-hand
side is the demand for assets. K denotes aggregate capital which satisfies K =
D ic (B1,E2,N} krm;, with k7 being the firm-level optimal capital in state 7. Since labour
is fixed, k depends only on the state . The amount of equities, i.e., claims of aggregate

profits, must equal unity, and the arbitrage condition in (3.30) must hold.
5. Matching - The transitional probabilities are consistent with the matching function.

6. Wage setting - The wage is set such that it is the solution for the Nash bargaining
problems (3.31) and (3.32).

7. Government budget is balanced as in Equation (3.39).

8. Consistency - The distributions h;(a) are the stationary distributions implied by the

transition matrix A (a) and the policy functions ¢; (a) and z; (a).

Appendix D.2 Solution Algorithm

The solution boils down to solving for the zero of a system of six equations in six unknowns
T(v,0,T,wy,ws, w) = 0. The explicit system is given in stage 9 of the algorithm and it follows
from the definition of recursive stationary equilibrium. As such, the solution algorithm is

based on non-linear equation systems solvers and proceeds as follows:

1. Guess the values of v, 0, 7, wy, wo, w.

2. Given the initial guess for the average wage level, the replacement rates determine by
and by.
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3. Solve the household optimization problem given the guesses and the calibrated param-
eters using the algorithm for solving the HJB equations and the Kolmogorov forward
equations developed by Achdou et al. (2017).! This will allow us to obtain the dis-
tributions h; (a), the policy functions ¢; (a) and x; (a), the equilibrium masses m;, the

law of motion for the state variable s; (a) and the aggregate effort level X.

4. Use the first order condition for capital and the relationship » =~ + ¢ to solve for the
capital choice of the firm and flow profit at each state which is 7 = pk*I*=® — rk — w.

Given these, the firm’s value functions can be simply computed using the following:

TN

N = oy (D.2.1)
LHZZE%E%?ﬁ, (D.2.2)
Jm::%%%i%%%f, (D.2.3)
Jy = S ji ¢JE1. (D.2.4)
(D.2.5)
5. The bargaining problems require maximizing objective functions of the form
(AV (a,w))’ (AT (a,w))" ", (D.2.6)

for each value of a, where AV and AJ are the current state value function minus
the outside option value function for each problem. Since V and J are not solved
as functions of two state variables a,w but for a given level of w for all a, I use an
approximation method. AV is increasing in w and AJ is decreasing in w so there is
a single solution to the problem for each level of a. I exploit this fact to analyse the

approximate bargaining problem:

OAV \” oA\ 7
maz <AV(a, w) + Aww) (AJ(&, w) + Aw%> : (D.2.7)

Using the envelope theorem for differentiation and the value functions and policy func-

'The only meaningful adjustment I need to apply this algorithm is to use the first order condition for the

effort level at each iteration given the current guess for the value functions.
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tion from 3 and 4 I compute the derivatives

8VN2 (CL) u’ (CNQ) (1 - 7—)

- D.2.
an p+ gb ’ ( 8)
OVii(a) _ Wlewz) (1—7) + Apxw (a)avam(a) (D.2.9)
8'(1]2 o p+¢+>\fXN1((l> ) L.
OV (&) u (CEZ) As OV (a)
- - D.2.1
8’1,[}2 p + )\s ( 7—) + P) + )\8 aw2 ) ( 0)
0V (a) v (cg1)
- 1- D.2.11
it Amaa) ) (D.2.11)
dJn (a —1
8110(2 L vt e (D.2.12)
0Jpa(a) _ 1 A 0y (a)
- D.2.1
Ows T VPN VT (D-2.13)
0Jpi(a) 1
owr Y+ g+ A (D.2.14)
GIN

Then I compute each value of and %A—w‘]. The approximated problem is easy to

ow
solve since it is an unconstrained problem in one variable with the solution

ow 0
A(AJ(a,w)) O(AV (a,w))
ow ow

BAJ (a,w) HEGe) 4 (1 — ) AETLUI A J(a, w)

Aw = (D.2.15)

. Within each group of workers, I use the solutions of Equation (D.2.15) and the dis-
tributions hg (a), and hgs (@) and find the median value within each group to obtain
MED (Awy) , MED (Aws).

. I compute the dividends using the flow profits and the vacancy stock v = X6 using

Equation (3.38). Given the net return, I compute the price of equities P.

. I combine the masses from 3 with the capital solutions from 4 to obtain the aggregate

capital stock K. Thus, total asset supply in the economy is (K + P) (1 + 7).
. I compute T(, 0, 7, wy, ws, w) = 0 where T is given by the following system:

o Access demand for assets:

T, = > /OO adH; (a) — (K + P)(1+7). (D.2.16)

ie{F1,E2,N1,N2,U1,U2} * &
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e Distance from free entry :

Ty = — K+ (D.2.17)

a2

ie{U1,U2} 72 a

(e e}

x; (a) < xn1 (@)
b JEl dHZ(CL) +/ b JH dHNl(CL)

¢ Government deficit:

T3 = blmUl + meUQ - TZ/ Yi (CL) dHl (a) . (D218)

ieT V4

o Wage consistency:
Ts = MED (Aw,) (D.2.20)

wimpr + w2 (mga +my1 + mpg2)
L —myy — mys

Ty — W (D.2.21)

10. If the system is sufficiently close to zero, stop. Else, update the initial guess accordingly,

and repeat from 1 until convergence is achieved.

Appendix D.3 Numerical Techniques

Solver. A solver based either on Newton-Raphson method or Good Broyden’s method is
capable of solving the model. In practice, a solver that combines both methods seems to
perform well and converges faster. The Jacobian matrix is computed using finite differences.
It is useful to relax the updated solution in the Newton direction, such that at the new
guess the value of v lays between zero and p, and that the wage levels and labour market
tightness are non-negative. I use backtracking to choose the largest relaxation parameter
from a pre-specified set of values (all less than one), such that the new guess is well within
these bounds. If the bounds are already violated, which can occur, I use a small pre-set

relaxation parameter (0.05).

The wage problem. In Krusell et al. (2010), a multi-grid structure is utilized in order to
improve efficiency while solving for the wage function. The asset grid used was finer than

the grid used for wage bargaining (1,000 points vs 125 points on the same support) and
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cubic-spline interpolation was used to connect the two. This has a speed advantage over
using the same grid for both needs and, in practice, can smooth out minor numerical errors
that would occur in a very fine grid, thus resulting in a smooth wage function. In my case,
however, the wage is a scalar and the main source of inaccuracies lays in computing the
median for a coarse distribution which may result in small jumps at the solution that would
hinder convergence. To mitigate this problem I utilize the multi-grid structure but in a very
different way. I use a coarse grid of 10® points for the household and firm problems, and a
fine grid on the same support with 10° to update the wage. The distributions h; (a) and the
value functions, policy functions, and their derivatives are interpolated using cubic-spline to
the finer grid. This set-up is practical since solving for (D.2.7) involves no optimization, but

just operations on vectors that would yield Aw by Equation (D.2.15).

Stopping criterion. A convergence criterion of max(|T|) < 107* yields fast results and
performs well. To obtain a meaningful stopping criterion all equations described in stage 9

of the algorithm are solved after normalization. The first two equations and the last one are

RHS
LHS>

equilibrium. The government budget constraint is set such that the deficit divided by output

solved in the form of 0 = 1— thus the error is interpreted as percentage deviations from

is close enough to zero. The two equations concerning the median update to w1l and w2 are
solved as % = 0 where the value of w is the actual average wage in the economy.
The reason for this last normalization is that for some parameter values the solution will be

at wy; = 0, thus the normalization is only possible with respect to another value.

Optimal Policy Search. The calibrated model is used to perform a numerical search
for optimal policies using the sum of utilities as a welfare criterion. This optimization uses
the above solution technique and MATLAB’s particle swarm algorithm to maximize the
ratio of welfare divided by the baseline welfare in the economy (given existing policies and
parameter values) with 10~ as the stopping criterion. This optimization deviates from the
above solution technique only by choosing a different initial guess for the value functions of
the household. The initial guess that seems to perform best is guessing that the household
consumes all of its income at each period as if its income were ya + wy regardless of the
income state. The reason that this guess seems to perform better in practice is that most
of the time the average household is in state F2 so the value function at that state will
significantly affect all other value functions in the problem. The reason for deviating from

the algorithm of Achdou et al. (2017) is that when replacement rates are close to zero the
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initial guess is rather flat for the U1 and U2 states which leads to slower convergence of the

value function.

Appendix D.4 Calibrating the Model

Objective Function. I minimize the sum of squared relative errors of the resulting cal-
ibration from the targets using equal weights. Formally, each target, the unemployment
rate, the vacancy rate, the duration elasticity, and the five bins of the duration distribution,
is denoted by G; and the objective function is SSE(z) = 335, (%‘;52) — 1)2 where z;
denotes the model parameters.

Optimization Routine. I employ the Cross-Entropy Method (CEM) as developed in
de Boer et al. (2005). Specifically, I use the Beta as my class of parametric distributions as
is done in Mannor et al. (2003). The reason for choosing Beta distributions is that a bounded
support is useful in this type of exercise. It prevents the algorithm from choosing extreme
parameter values that will yield no solutions and thus will only result in costly evaluations

that will yield no information. The algorithm proceeds as follows:

1. Choose a number of evaluations N, a smoothing parameter 7, a size for the elite

sample Ngjte, a tolerance er, prior distributions, and bounds for each parameter.
2. Set the iteration counter z = 1

3. Draw Ny independent random draws from the prior for each parameter to form a

sample of Ng,, parametrizations.

4. Let 27 denote the j-th parametrization. For each j, evaluate SSE(27). If the evaluation
fails use SSE(z;) = 9999999.

5. Find the best Ngj. realisations and use them as the elite sample.

Nelite

6. Within the elite sample, for each parameter z;, compute its mean z = %ﬁzkt Pro-
ceed by computing the standard deviation of the mean-divided parameter st.dev(j:z)

for each parameter.

(a) If max st.dev(Z) < er stop the loop and choose the best draw as a solution.
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7. Else, for each parameter, use the elite sample to compute the method of moment
estimates of aeite and bejite, where these are the parameters of a new Beta distribution
Beta(aeite, belite). This distribution is the one that is most likely to generate the values

in the elite sample.

8. Set for each variable k the new distribution Beta®, | (a,(1 — rs) + rs@elite, bz (1 — 75) +

Tsbelite), and repeat from 3.

Specifics of the Main Parametrization. For the main parametrization, I implement
the above algorithm using the following bounds. I used the uniform distribution or Beta(1, 1)

as a prior and the supports:
LS = (5,0.0137,0.01,0.5,0.1),US = (35,0.0416, 2, 20, 2)

for , Ay, 1, 1o, and n correspondingly. Each CEM iteration samples Ny, = 10? calibrations,
of which Ngj. = 40 are chosen as the elite sample. The smoothing parameter is set to 0.7
and the stopping criterion is set to r;, = 0.01. The parametrization yields a minimum of
SSE = 0.7549. To improve speed the algorithm is implemented using a 10? point grid for
assets with ama = 1500 and a 10* point grid for wages. The parameter values, rounded up
to 4 digits are n = 0.7024 , ¢ = 0.2012, ¢y = 11.5601, Ay = 0.01374, k = 14.9757. Most of
these bounds come from trial and error, and the solution is situated well within them. The
exception to this is the value of Ay which is a very strong parameter and unlike the others,
it can be partially observed in reality. A, is the hazard of an idiosyncratic shock hitting the

employer-employee pair and causing termination notice to be delivered. Thus, the value of

1
As

an employment spell which gives a lower-bound value for A\;. Using a GMM estimation of the

is the expected duration of a match. This duration is bounded above by the duration of

Israeli unemployment duration using a two-states model (employment and unemployment)
for the 25-54 age cohort? I determine that for the relevant years the separation hazard for an
unemployed person is 0.0137 and this is the reason for my choice of 0.0137 as the lower bound
value of \;. This lower bound figure means that a shock hits on average every 73 months.
The upper bound is placed at an expected duration of 24 months. The resulting value of A,
corresponds to shocks arriving on average after 72.8 months or that most realizations of the

idiosyncratic shock result in an unemployment spell.

2For a detailed description of this exercise, see Appendix E



Appendix E

GMM Estimation Using Israeli
Labour Market Data for the
Calibration in Chapter Three

Source data description. To estimate the job finding rate and separation rate in Israel
I utilise data on labour force size and unemployment by duration available for the years
1995-2019 for all persons aged 25 to 54.1 The choice of ages is done to be consistent with the
rest of the calibration in Section 3.3.2, which also leads me to focus solely on the years 2012
- 2019. The data consists of the total number of persons in the labour force and the number
of persons at each unemployment duration bin for each year. Bins are available for duration
groups with unemployment durations of less than one month, between one to three months,
more than three and less than six months, more than six months and less than a year, over

than a year of unemployment, and persons for whom duration data is unavailable.

Data transformation. [ first assume that duration data is missing at random and dis-
tribute the number of persons for whom duration is missing proportionally into the other
five bins. Following this, each bin is divided by the total size of the labour force such that
summing all the bins yields the unemployment rate for this year and the population size is

normalized to unity within each year.

!Data was retrieved from https://stats.oecd.org/
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Structural assumptions. [ assume the standard two-states representation of employment

E and unemployment U that features the following law of motion:

dU

5 =s(1-U)— fU, (E.0.1)

where ¥ = 1 — U and s and f denote the separation rate and the job-finding rate corre-

spondingly which are the objects of interest for this estimation. The system has a unique

S

steady-state which will be exploited for the estimation for which U = This means that,

s+f°
at the steady state of the system the flow from employment to unemployment and the flow
from employment to unemployment is fixed at z = S’f 7

The law of motion above means that job-finding occurs at a constant hazard of f. It
follows that the survival function in a state of unemployment is S(t) = e~/*. Thus, the total
number of persons unemployed with duration 7 is zS(7).

The normalized number of persons in each bin is given by:

b
u; = %/ e Ttdt (E.0.2)

where the i-th bin is the one which includes durations of anywhere from a to b months.

Moment Conditions and Estimation. For each unemployment duration bin I compute

its average size for the sample duration u, ;. The estimation is carried out by solving

mip 24: (1 - Zf))z (E.0.3)

=1

where 4; (s, f) is the value computed using the Equation (E.0.2) for a given pair s, f. I use
the identity as a weighting matrix as I will not conduct inferences on these estimates.

The procedure and especially the moment conditions described here owe much to the
insights in the work of Hobijn and Sahin (2009). Modifications arise from differences in
identifying assumptions and data availability. Namely, Hobijn and Sahin (2009) have data
on employment and unemployment by duration which allows for two separate estimations,
one for each hazard in an independent fashion, using a Gompertz hazard model. As such
their model includes an additional scale parameter in the survival function that, due to the
limited data availability, my set-up would not be able to identify. As in Hobijn and Sahin

(2009) I omit the bin which includes only persons unemployed for over a year as this is the
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one most susceptible to noise.

Results. The estimates which minimize the moment conditions are monthly hazards of
f = 0.3083 and s = 0.0137. These imply a steady-state unemployment rate of 4.25%. To
illustrate the fit of these numbers to the long-term behaviour of the Israeli labour market, see
the figure at the end of this appendix. The upper panels of the figure present a replication
of the above estimation but for each year separately to give a range of values for s and f.
The lower panel plots the implied steady-state unemployment rate against the actual time

series. These results are used in the calibration in Section 3.3.2

Separation Rate Job-Finding Rate

L L L L | 0.15 L L L L |
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020

o1 Unemployment Rate

0.02 L L L L |
1995 2000 2005 2010 2015 2020

Note: The upper two panels plot the results from estimating s and f on an annual basis using the above
described procedure, with the long-term estimates in the dashed lines. The lower panel plots the actual
unemployment rate with the unemployment rate implied by the long-term estimation results of s and f in
the dashed line.
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Figure 1: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL Regimes - Labour Market Variables
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1). The IRF for strict EPL regime is presented in
blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full data
points represent horizons at which the point estimate for the IRF is statistically significantly
different than zero (p-value < 0.05). Shaded areas indicate that the difference in response
between the strict and lax groups is significantly different from zero (p-value < 0.05 in light-
blue shading and p-value < 0.1 in grey). Inference is based on Driscoll and Kraay (1998)
standard errors.
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Figure 2: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL Regimes - National Accounts
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1). The IRF for strict EPL regime is presented in
blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full data
points represent horizons at which the point estimate for the IRF is statistically significantly
different than zero (p-value < 0.05). Shaded areas indicate that the difference in response
between the strict and lax groups is significantly different from zero (p-value < 0.05 in light-
blue shading and p-value < 0.1 in grey). Inference is based on Driscoll and Kraay (1998)

standard errors.
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Figure 3: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL regimes - TFP, Hours Worked, and Utilization
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1). The IRF for strict EPL regime is presented in
blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full data
points represent horizons at which the point estimate for the IRF is statistically significantly
different than zero (p-value < 0.05). Shaded areas indicate that the difference in response
between the strict and lax groups is significantly different from zero (p-value < 0.05 in light-
blue shading and p-value < 0.1 in grey). Inference is based on Driscoll and Kraay (1998)
standard errors.
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Figure 4: Impulse Response to a One Standard Deviation Credit Supply Shock Under Dif-
ferent EPL Regimes - Separation Rate and Job-Finding Rate
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Notes: Impulse response functions for each rate estimated using the local projections without
state-dependence are in the first row. Impulse response functions for each rate estimated
using the state-dependent model described in Equation 1.1 are presented in the second. The
IRF for strict EPL regime is presented in blue, the IRF for the lax EPL regime in red and the
intermediate regime in black. Full data points represent horizons at which the point estimate
for the IRF is statistically significantly different than zero (p-value < 0.05). Shaded areas
indicate that the difference in response between the strict and lax groups is significantly
different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in grey). The
third row illustrates the implied rates obtained from the multiplying average level at each
policy group with the impulse response in that particular horizon. All inference is based on

Driscoll and Kraay standard errors.
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Figure 5: Robustness to Different Cut-off Values
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for EPL regimes.
The IRF for strict EPL regime is presented in blue, the IRF for the lax EPL regime in
red and the intermediate regime in black. Full data points represent horizons at which the
point estimate for the IRF is statistically significantly different than zero (p-value < 0.05).
Shaded areas indicate that the difference in response between the strict and lax groups is
significantly different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in
grey). Inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 6: Robustness - Continuous Interaction
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.2) with different cut-off values for EPL regimes.
The IRF for the strict EPL regime is presented in blue, and the intermediate regime in
black. Full data points in black represent horizons at which the point estimate for 3%,
is statistically significantly different than zero (p-value < 0.05).Full data points in blue
represent horizons at which the point estimate for 8" + gh .. is statistically significantly
different than zero (p-value < 0.05). Shaded areas indicate that the interaction term 3" in
the impulse response is different from zero (p-value < 0.05 in light-blue shading and p-value
< 0.1 in gray). Inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 7: Robustness to Different Lag Orders - Quarterly Variables
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different lag specification. The IRF
for strict EPL regime is presented in blue, the IRF for the lax EPL regime in red and the
intermediate regime in black. Full data points represent horizons at which the point estimate
for the IRF is statistically significantly different than zero (p-value < 0.05). Shaded areas
indicate that the difference in response between the strict and lax groups is significantly
different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in grey). Inference
is based on Driscoll and Kraay (1998) standard errors.
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Figure 8: Robustness to Different Lag Orders - Monthly Unemployment
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Notes: Impulse response functions for unemployment rates estimated using the state-
dependent model described in Equation (1.1) with different lag specifications. The IRF
for strict EPL regime is presented in blue, the IRF for the lax EPL regime in red and the
intermediate regime in black. Full data points represent horizons at which the point estimate
for the IRF is statistically significantly different than zero (p-value < 0.05). Shaded areas
indicate that the difference in response between the strict and lax groups is significantly dif-
ferent from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in grey). Inference

is based on Driscoll and Kraay (1998) standard errors.
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Figure 9: Robustness to Alternative Output Measure

Cutoff top/bottom 15%

% change

Quarters

Cutoff top/bottom 35%

% change

Quarters

% change

% change

Baseline

Quarters

Cutoff top/bottom 45%

Quarters

147

Lax

Strict
_—— Intermediate
. P-Value<5%
o P-Value>5%

P-Value(diff. lax - strict)<10%

P-Value(diff. lax - strict)<5%

Notes: Impulse response functions output per-capita estimated using the state-dependent
model described in Equation (1.1) while also considering different cut-off values for EPL
regimes. The IRF for strict EPL regime is presented in blue, the IRF for the lax EPL regime
in red and the intermediate regime in black. Full data points represent horizons at which the
point estimate for the IRF is statistically significantly different than zero (p-value < 0.05).
Shaded areas indicate that the difference in response between the strict and lax groups is
significantly different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in
grey). Inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 10: Robustness to Choice of Sample
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) for different sample choices. Abbreviations:
No U.S.: sample without the united states; No FC: sample without the 2008 financial crisis.
The IRF for strict EPL regime is presented in blue, the IRF for the lax EPL regime in
red and the intermediate regime in black. Full data points represent horizons at which the
point estimate for the IRF is statistically significantly different than zero (p-value < 0.05).
Shaded areas indicate that the difference in response between the strict and lax groups is
significantly different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in

grey). Inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 11: Other Institutional Factors - Protection of Temporary Employees
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for EPT regimes.
The IRF for strict EPT regime is presented in blue, the IRF for the lax EPT regime in
red and the intermediate regime in black. Full data points represent horizons at which the
point estimate for the IRF is statistically significantly different than zero (p-value < 0.05).
Shaded areas indicate that the difference in response between the strict and lax groups is
significantly different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in
grey). All inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 12: Other Institutional Factors - Protection from Collective Dismissals

Upper 15% vs. Lower 15%

% Change - Unemployment % Change - Unemployment % Change - Unemployment % Change - Unemployment

Upper 15% vs. Lower 15%

% Change - Output

Upper 15% vs. Lower 15%

% Change - TFP

% Change - Emp./Pop.

4 8 12 16 20
Quarters
Upper 25% vs. Lower 25%

% Change - Output

Quarters
Upper 25% vs. Lower 25%

% Change - TFP

% Change - Emp./Pop.

% Change - Emp./Pop.

Quarters
Upper 35% vs. Lower 35%

4 8 12 16 20
Quarters
Upper 45% vs. Lower 45%

% Change - Output

% Change - Output

Quarters
Upper 35% vs. Lower 35%

% Change - TFP

Years
Upper 35% vs. Lower 35%

Quarters
Upper 45% vs. Lower 45%

% Change - TFP

Years
Upper 45% vs. Lower 45%

% Change - Emp./Pop.

4 8 12 16 20
Quarters

Quarters

Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for EPC regimes.
The IRF for strict EPC regime is presented in blue, the IRF for the lax EPC regime in
red and the intermediate regime in black. Full data points represent horizons at which the
point estimate for the IRF is statistically significantly different than zero (p-value < 0.05).
Shaded areas indicate that the difference in response between the strict and lax groups is
significantly different from zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in
grey). All inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 13: Other Institutional Factors - Union Density
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for levels of union
density. The IRF for high union density is presented in blue, the IRF for the low union
density in red and the intermediate regime in black. Full data points represent horizons at
which the point estimate for the IRF is statistically significantly different than zero (p-value
< 0.05). Shaded areas indicate that the difference in response between the high and low
groups is significantly different from zero (p-value < 0.05 in light-blue shading and p-value
< 0.1 in grey). All inference is based on Driscoll and Kraay (1998) standard errors.
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Figure 14: Other Institutional Factors - Collective Bargaining Coverage
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for collective bar-
gaining coverage levels. The IRF for high collective bargaining coverage levels is presented
in blue, the IRF for the low collective bargaining coverage levels in red and the intermediate
regime in black. Full data points represent horizons at which the point estimate for the IRF
is statistically significantly different than zero (p-value < 0.05). Shaded areas indicate that
the difference in response between the high and low groups is significantly different from
zero (p-value < 0.05 in light-blue shading and p-value < 0.1 in grey). All inference is based
on Driscoll and Kraay (1998) standard errors.
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Figure 15: Other Institutional Factors - Net Replacement Rates
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (1.1) with different cut-off values for replacement

rates generosity levels.

The IRF for high replacement rate regime is presented in blue,

the IRF for the low replacement rate regime in red and the intermediate regime in black.
Full data points represent horizons at which the point estimate for the IRF is statistically
significantly different than zero (p-value < 0.05). Shaded areas indicate that the difference
in response between the high and low groups is significantly different from zero (p-value <
0.05 in light-blue shading and p-value < 0.1 in grey). All inference is based on Driscoll and
Kraay (1998) standard errors.
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Figure 16: Theoretical Impulse Responses For Baseline Calibration and Counter-Factual
Parametrizations.
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Notes: Theoretical impulse response functions for each variable to a realization of the high
risk premium state. Impulse responses for the baseline France calibration and the counter-
factual ones given in columns 1 through 4 of Table 3 are presented in black, blue, red,
and green correspondingly. Time horizon is in quarters and the vertical axis’ units are the
log-point changes from steady-state level of each variable in response to the shock.
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Figure 17: Theoretical Impulse Responses For Baseline Calibration and Counter-Factual

Parametrizations - HM-style Calibration.
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Notes: Theoretical impulse response functions for each variable to a realization of the high
risk premium state. Impulse responses for the baseline France calibration and the counter-
factual ones given in columns 1 through 4 of Table 4 are presented in black, blue, red,
and green correspondingly. Time horizon is in quarters and the vertical axis’ units are the
log-point changes from steady-state level of each variable in response to the shock.
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Figure 18: Sensitivity Analysis for the Value .
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Notes: Each panel gives the possible values of 1 given the the parameter values that corre-
spond to our baseline calibration in Table 3. Namely, a capital share of a = 0.33, ¢ = 0.75,
a termination rate of 7, = 0.0356, firing costs ratio to average quarterly production value of
[ =0.33 ,and z;, = 0.
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Figure 19: Comparative Statics - Termination Notice Length in Search Model
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Note: Equilibrium for the search model using calibration from Shimer (2005). Namely ¢ () = 1.3550%-72,
c=0.213,p=1, A\, = 0.1, 5 =0.72, and z = 0.4. Upward sloping lines are the wage curves, and downwards
sloping lines the job-creation curve. Blue lines denote the original model with ¢ — inf, red lines the model
with ¢ = 3 and black lines the model with ¢ = 1. The left panel shows the equilibrium for the case of e =0
and the right one for e = 1.
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Figure 20: Model Fit - Distribution of Unemployment Durations
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Note: This figure displays in yellow the distribution of unemployment duration for all persons aged 25 to
54. T report averages for each bin for the years 2012 - 2019. In purple, the figure displays the distribution of
unemployment durations as implied by the parametrization given in column (1) of Table 6.
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Figure 21: Comparative Statics - Termination Notice Length in GE Model
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Figure 22: Decomposing the Effect of Increasing the Length of Termination Notice on Ag-
gregate Welfare
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Note: Decomposing the effect of increasing the length of termination notice in Israel from the existing level
of one month ¢ = 1 to one quarter ¢ = % The effects are broken down in accord with the method described
in Section 3.4.2, and are given in the same order (left to right) as described in the main text. Welfare is

measured in consumption equivalent (w*) terms.
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Figure 23: Decomposing the Effect of Decreasing the Length of Termination Notice on
Aggregate Welfare
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Note: Decomposing the effect of decreasing the length of termination notice in Israel from the existing level
of one month ¢ = 1 to one week ¢ = % The effects are broken down in accord with the method described
in Section 3.4.2, and are given in the same order (left to right) as described in the main text. Welfare is

measured in consumption equivalent (w*) terms.
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Figure 24: Aggregate Welfare as a Function of Notice Duration - Varying Bargaining Power
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Note: This figure plots the aggregate welfare function (2 as a function of ¢, termination notice duration. The
x axis presents the length in weeks of termination notice. The black line represents the aggregate welfare
assuming the workers and firms have an equal bargaining power (parametrization from column (1) of Table
6), the blue line corresponds to the low bargaining power case (column (2) of Table 6), and the red line
to the high bargaining power case (column (3) of Table 6). The dashed line denotes the existing length
of notice in Israel (one month) as a reference point. The welfare at the current duration of termination
notice is normalized to 100 in all cases to allow for comparability. It is important to stress that this is not
a comparison of the welfare levels themselves. The high bargaining power case has higher aggregate welfare
than the equal case regardless of policies. The same holds for the comparison of the equal bargaining power
case to the low bargaining power case. Thus, this is not an attempt to compare welfare levels across different
parametrizations but rather to illustrate the different effect of a policy change in each scenario.
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Table 1: EPL Index - Components and Weights

ilig;( Weights OECD main series Weights OECD basic series
50.0% Notification procedures
Procedural . .
33.3% . : Delay involved before notice can
inconvenience 50.0%
start
14.3% Length of the notice period at 9
months tenure
14.3% Length of the notice period at 4
years tenure
Notice and 14.3% Length of the notice period at 20
severance pay 070 years tenure
EPR vl 33.3% fF)r 1r'10.-fau1t Severance pay at 9 months
- regular individual 19.0% tenure
contracts dismissal

19.0%  Severance pay at 4 years tenure
19.0% Severance pay at 20 years tenure

Definition of justified or unfair

25.0% o
dismissal
25.0% Length of trial period
Difficulty of 95.0% Compensatlgn followmg unfair
33.3% L dismissal
dismissal Possibilitv of reinstat ‘
95.0% ossibility of reinstatemen

following unfair dismissal

Notes: The weights and the basic series are those used by the OECD and retrieved from
http://www.oecd.org/els/emp/oecdindicatorsofemploymentprotection.htm.
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Table 2: Job Flows and EPL

Lax
Intermediate
Strict

Lax-Intermediate
Intermediate-Strict
Lax-Strict

Average flow hazards by policy regimes

Job finding rate Separation rate

(1) (2) (3) (4)
Coef. P-value Coef. P-value

0.2512  0.0000 0.0178 0.0000

0.1819  0.0000 0.0101 0.0000

0.0861  0.0000 0.0063 0.0000
Differences between groups

Coef. P-value Coef. P-value

0.0693  0.0000 0.0077 0.0000
0.0958  0.0000 0.0038 0.0004
0.1651  0.0000 0.0115 0.0000

164

Notes: The first three rows are obtained from simply regressing the job-finding rate and
separation rate data from Elsby et al. (2013) on the three policy dummies without a constant
term so as to obtain the group averages. The last three rows indicate the differences between
every pair of groups and their statistical significance. Inference is based on Driscoll and Kraay

(1998) standard errors.



TABLES

Table 3: Model Calibration and Stochastic Steady-State Values

Baseline - No firing No notice No firing
France costs restrictions
(1) (2) (3) (4)
Parameter values
P 0.4500 0.4500 0.4500 0.4500
c 1.2953 1.2953 1.2953 1.2953
A 0.1756 0.1756 0.1756 0.1756
B 0.5000 0.5000 0.5000 0.5000
10) 0.7500 0.7500 62.7500 62.7500
F 0.6231 - 0.6231 -
z 0.8425 0.8425 0.8425 0.8425
r 0.0100 0.0100 0.0100 0.0100
) 0.0200 0.0200 0.0200 0.0200
! 0.3300 0.3300 0.3300 0.3300
G(x) G(z) =1—(H
q(0) 0.25090-9-5
Model stochastic steady state
u 0.1442 0.2865 0.3887 0.4324
n 0.0392 0.0613 0.0012 0.0012
e 0.8166 0.6523 0.6102 0.5664
T 1.9118 2.4327 2.8395 3.1014
TEFP 0.6718 0.7667 0.9011 0.9557
R 0.1397 0.3623 0.5307 0.6429
0 0.9982 1.1010 1.2088 1.2894
Finding rate 0.2032 0.1601 0.1390 0.1281
Separation rate 0.0343 0.0644 0.1188 0.1312
Output 2.3426 2.3812 2.5995 2.6363
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Notes: This table consists of the parameters and of the stochastic steady-state values used
for the baseline calibration of the model described in Section 2.2.3, and for the simulation

presented in Figure 16.
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Table 4: Model Calibration and Stochastic Steady-State Values - HM-Style Calibration

Baseline - No firing No notice No firing
France costs restrictions
(1) (2) (3) (4)
Parameter values
P 0.4500 0.4500 0.4500 0.4500
c 2.3350 2.3350 2.3350 2.3350
A 0.1814 0.1814 0.1814 0.1814
6] 0.0520 0.0520 0.0520 0.0520
10) 0.7500 0.7500 62.7500 62.7500
F 0.6185 - 0.6185 -
z 1.4269 1.4269 1.4269 1.4269
r 0.0100 0.0100 0.0100 0.0100
0 0.0200 0.0200 0.0200 0.0200
« 0.3300 0.3300 0.3300 0.3300
G(x) G(z) =1—(H
a(0) EvTyTr——
Model stochastic steady state
u 0.1477 0.1989 0.2466 0.2695
n 0.0401 0.0530 0.0010 0.0011
e 0.8122 0.7481 0.7524 0.7294
T 1.9190 2.1212 2.2986 2.4239
TFP 0.6729 0.7098 0.7830 0.8112
R 0.1338 0.2225 0.2951 0.3503
0 0.9946 1.2301 1.4665 1.6605
Finding rate 0.2030 0.1994 0.1971 0.1947
Separation rate 0.0353 0.0496 0.0867 0.0966
Output 2.3387 2.3813 2.5948 2.6532

Notes: This table consists of the parameters and of the stochastic steady-state values used
for the HM-style calibration of the model described in Section 2.2.3, and for the simulation
presented in Figure 17.



TABLES 167

Table 5: Termination Notice by Job Tenure - Legislated Periods

Job tenure
Country 6 months 2 years 5 years 10 years 20 years
Australia 0.3 0.5 1.0 1.0 1.0
Austria 1.5 2.0 3.0 3.0 4.0
Belgium 3.0 3.0 6.0 9.0 15.0
China 1.0 1.0 1.0 1.0 1.0
Denmark 3.0 3.0 4.0 6.0 6.0
Finland 0.5 1.0 2.0 4.0 6.0
France 1.0 2.0 2.0 2.0 2.0
Germany 1.0 1.0 2.0 4.0 7.0
Greece 1.0 2.0 3.0 6.0 16.0
Hungary 1.0 1.0 1.5 1.8 3.0
Italy 1.4 1.6 1.6 2.2 4.0
Israel 0.3 1.0 1.0 1.0 1.0
Japan 1.0 1.0 1.0 1.0 1.0
R. of Korea 1.0 1.0 1.0 1.0 1.0
New Zealand 0.5 0.5 0.5 0.5 0.5
Norway 1.0 1.0 2.0 3.0 3.0
Portugal 0.5 1.0 2.0 2.5 2.5
Russia 2.0 2.0 2.0 2.0 2.0
Spain 1.0 1.0 1.0 1.0 1.0
Sweden 1.0 2.0 3.0 6.0 6.0
Switzerland 1.0 2.0 2.0 3.0 3.0
Turkey 1.0 1.5 2.0 2.0 2.0
UAE 1.0 1.0 1.0 1.0 1.0
UK 0.3 0.5 1.3 2.5 3.0
US - - - - -
Mean 1.0 1.3 1.9 2.7 3.7

Note: This table reports the duration of legislated termination notice expressed in months
as of 2010. When there is a differentiation under law between white and blue collar workers
or between small and large firms, I report the numbers relating to white collar workers and
large firms. Data on Israel comes from Israel’s ’Advanced notice for dismissal and
resignation act’ (2001, still in effect). Data on other countries is based on ILO’s EPLex
database https://eplex.ilo.org/.
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Table 6: Calibration Table - General Equilibrium Model

Households

p
Yo

(0

>\S
Matching

U
B8

Firms
«Q

S L

Policies
AE1

Aut
¢

Ry
Ry

Parameter

discount rate

disutility from search - scale
disutility from search - shape
separation hazard

matching function parameter
bargaining power parameter

capital share

productivity parameter
labour input during notice
flow cost of vacancy
depreciation rate of capital

hazard of finishing the trial pe-
riod

hazard of ending UI eligibility
hazard of exiting the notice pe-
riod

replacement rate on Ul
replacement rate on income se-
curity program

Baseline Low bar- High bar-
gaining gaining
power power

(1) (2) (3)
0.0036 0.0036 0.0036
11.5601 9.8909 12.9151
0.2012 0.1208 0.2468
0.0137 0.0141 0.1370
0.7024 0.7915 0.5387
0.5000 0.2500 0.7500
0.3300 0.3300 0.3300
1.0000 1.0000 1.0000
14.9757 36.9386 5.1599
0.0067 0.0200 0.0200
0.0833 0.0833 0.0833
0.2500 0.2500 0.2500
1.0000 1.0000 1.0000
0.6000 0.6000 0.6000
0.1475 0.1475 0.1475

Note: All hazard rates are in monthly terms.
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Table 7: Model Fit With Respect to Each Target
Baseline Low  bar- High bar-

Target Value gaining gaining
power power
1) (@) (3)

Unemp. Rate 4.60% 4.83% 4.79% 4.75%
Vacancy Rate 3.27% 3.31% 3.23% 3.26%
Duration Elasticity -0.5000  -0.5059 -0.6634 -0.4662
t <1month 27.31%  21.30% 21.49% 21.54%
Unemp. Duration (t) l<t<3 30.34%  30.57% 29.45% 30.83%
Distripb.ution by Bins 3<t<6 18.59%  25.79% 23.31% 25.92%
Y 6<t<l12 12.88% 18.19% 16.58% 18.09%
12<t 10.87% 4.14% 9.18% 3.62%
SSE 0.75476 0.32605 0.81466

Note: Column (1) - (3) of this table report the model’s fit for each parametrization given in
the corresponding column of Table 6. SSE for each column is computed as the sum of
relative deviations from the target on the same row, as explained in Appendix D.4.

Table 8: Optimal Policies

Policy variables determined by the planner Ay 10) Ry Ry w*

(1) Non - Existing policies 0.25 1 0.6 0.1475

(2) Only termination notice ¢ 0.25 100 0.6 0.1475 0.1455%
(3) Only replacement rates - Ry, and Ry 0.25 1 0.4508 0 0.1930%
(4) All the Ul system - Ry, Ry, and A\y;  0.6875 1 1 0 0.2891%
(5) All policy parameters 0.6711 100 1 0 0.4617%

Note: All hazard rates are in monthly terms.
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