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Abstract

The economic consequences of large macroeconomic shocks need to be analyzed in the

context of imperfect labor markets: labor market frictions and specific human capital slow

down reallocations or make them costly. We build a two sector model of search frictions and

specific human capital in which young agents’ career is heavily determined by the type of

initial education, specific to a sector. We analyze the transition to a new steady-state when

one of the sector expands and the other declines. In the absence of mobility, it takes 50 years

for the economy to absorb the shock. An interesting case study is the European Community

enlargement, which led to modernization of many sectors in Eastern Countries as well as

a fast decline in the employment shares of agriculture or old industries. Using labor force

data from a large economy with rigid labor markets, Poland and a small open economy with

increased flexibility, Estonia, we attempt to measure the costs of the transition, in measuring

wage mobility and notably wage losses of displaced workers, as well as the determinants of

unemployment spells.

1 Introduction

Conventional trade theory assumes away any labor market imperfections and tends to focus on

infinitely mobile labor across different sectors of the economy. The predictions of trade theory

are clear-cut: the relatively rare factors loose from trade liberalization, while relatively abundant

factors win. Overall, there are aggregate gains. This conclusion is reached ignoring labor markets

imperfections. Indeed, labor markets are imperfect for two reasons. First, because of not-well

∗This work was started in July and August 2004, when Etienne Wasmer was a Research Visitor at the Eu-
ropean Central Bank. We acknolewdge expert research assistance from Alexandre Janiak. We also thank Tito
Boeri and Marek Gora for help with the Polish data, and Juan Dolado and Hartmut Lehmann for early feedback.
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designed institutions. Second, because of the existence of large amounts of specific human capital

investments or various search-informational frictions. In such a context, the consequences of large

macroeconomic shocks can be harmful, especially when populations are older, thus less mobile

across sectors or regions and endowed with more units of specific skills.

In this paper, we provide both an empirical and theoretical analysis accounting for the im-

perfections of labor markets and the lack of mobility of workers. We first build a conveniently

simple theoretical framework to precisely address the question of the reallocation of labor across

sectors following a relative demand shock. It is a two-sector model of search frictions and spe-

cific human capital in which young agents initially allocate themselves into vocational or general

education. The important assumption is that the type of schooling they enter in will determine

their future career, mostly specific to a given sector of activity. We then analyze the transition

to a new steady-state when one of the sector expands and the other declines. In the absence of

mobility, it takes a long time for the economy to absorb the shock: our model indicates that, even

though the initial large peak in unemployment is fairly rapidly absorbed–about 5 years–, the full

convergence to a steady-state with no mismatch between demand and supply of skills takes much

longer, about 50 years, i.e. the necessary time for older workers with inadequate skills to have

retired. Further, reallocation is associated with welfare losses of workers, either in terms of wage

losses within sectors–this is due to a more depressed sectorial labor market tightness–or due to

long spells of non-employment.

We then attempt to test the relevance and importance of labor frictions in looking at the

case of labor markets experiencing large shocks, leading to reallocation of workers across jobs and

industries. In search of such a case, one of the most relevant experiences is the ongoing process

of Enlargement of Europe to Eastern European countries. Indeed, other experiences such as trade

agreements (Nafta, various rounds of the WTO), have only progressively removed trade barriers

and have limitations in their scope, i.e. they affect only a subset of the sectors of production.

In contrast, the 2004 Enlargement implied, at the time it was officially agreed on in 1998, the

adhesion of several new countries with the complete removal of trade barriers, in a short time

horizon, covering all sectors of activity. On top of that, during this time interval and after the

Enlargement became effective, most Western European countries have kept strong barriers to

workers migration flows from the East. Thus, the impact of the Enlargement in these countries is

mostly a reallocation of labor within the New Members. In other words, while the Enlargement

cannot be considered as a truly natural experiment, in the sense that the big exogenous shock

occurred in 1989-1990 and the Enlargement is partly the consequence of that shock, it constitutes

a interesting period of analysis for the consequences of large reallocation shocks in labour markets

characterized by frictions. An important remark here is that we are not concerned by the transition
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to the market economy that occurred in Eastern countries in the very early 1990’s,1 where the

reallocation occurred from public owned firms to the private sector. Instead, we want to focus on

a period around the official announcement of the Enlargement, to capture the effect on individuals

of reallocation from a declining private sector to a modern private sector.2

Further, since we are interested in the role of labor market institutions, we want to contrast

two different economies. Our choice is then to use labor force data from two different Eastern

European economies (a large economy with rigid labor markets, Poland and a small open economy

with increased flexibility, Estonia). In 1998, the unemployment gap between the two economies

was very small (10.5% in Poland against 9.2% in Estonia). In 2002, the gap was by more than

10 percentage points against Poland (19.9% vs. 9.1%). In a first part, we will describe their

institutions and their macroeconomic context, and will then attempt, using various measures, to

illustrate the degree to which these labor markets can be slow to adjust to big reallocation shocks.

Notably, to measure the costs of the reallocations, we quantify wage mobility and notably wage

losses of displaced workers, and second analyze unemployment spells. Our analysis builds on a large

literature that characterizes the workers’ consequences of displacement3, and extends this literature

to consider the differences in these experiences depending on the adaptability and specificity of

individual skills. Our results indicate that age, tenure and above all, vocational initial education are

associated with higher wage losses and higher unemployment duration. Workers changing sector

have higher wage increase than other workers, but less so for workers with basic or secondary

vocational education.

The paper is organized as follows. In Section 2, we introduce the notations of a benchmark

model, a two-sector Mortensen-Pissarides economy with wage rigidity and endogenous job destruc-

tions. In Section 3, we solve for out-of-the-steady state equilibria and characterize the saddle-path

dynamics of its four predetermined variables and its four jump variables. We then investigate the

dynamics of sectorial unemployment after a reallocation shock, in using numerical resolution of

our system of ordinary non-linear differential equations. In Section 4, we describe the context in

Estonia and Poland. Section 5 describe the data and their construction for both economies and

investigates wage dynamics and unemployment spells of job movers and job stayers. Section 6 ex-

tend the model to both training policy and early-retirement policies, and consistently, extends the

empirical analysis to flows from activity to inactivity. Section 7 offers some concluding comments.

1This experience has already been extensively studied (see e.g. Blanchard 1997, Roland 2000, or on the labour
market, Boeri and Burda 1996)

2The idea of moving from the transition to European integration is more in the spirit of Burda and Hunt (2001).
3 See for instance Kuhn (2002) for a set of studies on the consequences of displacement for wages in different

countries.
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2 A benchmark model

2.1 Structure

Time is continuous. All agents are risk-neutral and discount future at rate r. Workers die with

a death rate δ and are replaced by new born workers. There are three sectors of production in

the economy, two intermediate sectors and a final good sector. The first intermediate sector is the

traditional sector (say, typically industry or agriculture), and it is denoted by subscripts o standing

for old. The second one is a modern sector (say, service or high-value added industry), denoted by

the subscript n standing for new. Each sector produces Yo and Yn respectively. The production

technology for the final good is Yt = (aoY ρ
o + anY

ρ
n )

1/ρ with ao + an = 1. This structure closely

corresponds to Acemoglu (2001). In each sector, production is sold on competitive markets, so

that, denoting by pk, k = o, n their price, we have

pk = akY
ρ−1
k Y 1−ρ

t for k = n, o, (1)

the conventional price index being

P = (aop
ρ/(ρ−1)
o + anp

ρ/(ρ−1)
n )(ρ−1)/ρ. (2)

Firms in the intermediate sectors require labor. We follow the “small firm” assumption in

Pissarides (2000): to produce, a firm only requires one worker. We detail the structure and en-

vironment of these firms later on. At this stage, an important assumption is that jobs in those

firms are destroyed at an endogenous Poisson rate sk(t) and that new firms, in the tradition of the

matching literature, post a vacancy and recruit randomly, according to another Poisson process

denote by qk(t). If we denote by ek the number of jobs in each intermediate sector, we have,

normalizing productivity to 1, that Yk = ek.

We denote by lk the labor force in each sector and uk = lk − ek the number of unemployed

workers. Match formation occurs through some perfectly segmented matching process: each un-

employed worker cannot apply to more than a job and is thus assigned to a sector. The per unit

of time number of matches Mk is given by

Mk = h(uk,Vk) for k = n, o,

where Vk is the number of vacancy posted. The function h is assumed to have aggregate constant

returns to scale and decreasing returns to scale in each argument. Further, partial derivatives

∂h/∂uk and ∂h/∂Vk tend to infinity in zero and zero in infinity. Denoting by θk = Vk/uk the
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sectorial tightness of the labor market, we have that

qk(θk) = h(uk,Vk)/Vk = qk(θk) for k = n, o,

φk(θk) = h(uk,Vk)/uk = θkqk(θk) for k = n, o,

where φk is the rate at which workers find a job and q0k < 0, φ0k > 0. Population of workers is

normalized to 1, with, per unit of time, δ new born and an equivalent mass exogenously leaving

the labor force.

2.2 Labor supply and sectorial allocation of workers

Labor supply depends on the allocation of skills. It has three margins: initial education, mobility

across sectors through re-training, and early retirement. We develop the core model with education

here, and leave training and early-retirement to the extension section in the end of the paper. To

simplify the theoretical analysis, we think of labor supply in each sector as being determined by

the type of initial education of individuals. It is important to note at this stage that, given their

nested structure, sectors could equivalently be reinterpreted as occupations. Workers’ imperfect

mobility across sectors would then be reinterpreted as imperfect mobility across occupations. We

assume that education is instantaneous and costless, and provides skills with certainty.

In the data described in subsequent Sections, we actually observe workers with several classes

of diplomas or education categories, ranging from illiterate, basic to post-secondary and tertiary

education, and with a mix of vocational and general skills. The key feature we will emphasize is

the difference between vocational and general education. To be consistent with these data, the

assumption made here is as follows: to work in the modern sector, general skills are required, that

are provided by general education. In order to work in the traditional sector, specific skills are

sufficient, and they are provided by (basic or secondary) vocational education.4

Consistently with the traditional view of specific and general skills, the portability of skills is

asymmetric: general skills can be used in the traditional sector (i.e., in managerial occupations for

instance) ; on the other hand, vocational secondary education cannot be used in the modern sector.

However, to simplify the derivation of Bellman equations, we assume and then verify ex-post that

workers with general skills do not apply to jobs in the traditional sectors.

Denote by ν(t) the share of a cohort of workers born at time t attending vocational education,

and thus by is a quantity ν and 1−ν: the share ν is controlled by a central authority (government)
fixing the allocation of schools. This quantity is pre-determined, i.e. at a given point in time, in

the cross-section, a cohort of workers of age a was trained in proportions ν(t−a) and 1−ν(t−a) for

4However, workers without secondary education are also observed in the traditional sectors. To be consistent with
the model, we would have to assume that they were trained by the firm at the entry into the job. Similarly, workers
with tertiary and post-secondary education are thought as workers with general skills from secondary education.
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each sector. Adjustments of the labor supply of workers through initial education thus only occurs at

the margin, with new born workers. In the long-run, it is endogenous: government adjust ν so that

it is determined according a free-entry of workers in each sector. The endogenous determination

of ν is described later on. We denote by ν∗ the equilibrium, long-run value of ν.

Figure 1 describes the individual trajectories of workers in the life-cycle. The Appendix reports

the stock-flows equations used subsequently in the study of the dynamics of transition. Workers’

utility in each state (employmentWk, and unemployment Uk, for k = n, o) is described by Bellman

equations reported in Appendix.

2.3 Firms in the intermediate good sector

2.3.1 Asset values

As already introduced above, firms in the intermediate good sector produce with only one worker.

Denoting by Vk the time-varying asset value of a job vacancy and by Jk the time-varying asset

value of a filled job, we have the following arbitrage equations for k = n, o:

rVk = −γk + qk(Jk − Vk) +
∂Vk
∂t
, (3)

stating that firms realize a capital gain Jk − Vk at the time of recruitment and take account of

their flow costs and the possible change in the value of vacancies in time.

Following Pissarides (2000) and Mortensen and Pissarides (1994), we assume that firms enter

and exit freely at the vacancy posting stage: this implies that Vk(t) ≡ 0. If this equality was

not satisfied, there would be either unexploited profit opportunities (if Vk was strictly positive) or

expected losses from a vacancy (if Vk was strictly negative). The important implication is that

the supply of vacancies adjusts instantaneously, even along the transition paths after an aggregate

shock.

Firms having recruited a worker can start to produce. Their revenue is a function of the price

of the good pk, of the wage of their worker wk and of some operating costs denoted by Ω. All

three variables potentially depend on time t. Further, firms face idiosyncratic shocks affecting their

revenue function. We assume that these shocks affect the value of the operating cost and occur

with Poisson intensity λ. Initially, at the time of job creation, Ω is zero. Then, it takes a random

value at each shock, the new value being drawn from a distribution with density g and cumulated

density G, on a support (0,Ω+). When Ω grows too large, the job may be destroyed. Ω can

be thought as the grease or deadweight of a company.5 In addition, we assume that matches are

5We assume a shock on operating cost and not on productivity so as to avoid aggregate sectoral prices to be
affected by the idiosyncratic productivity of firms: in such a case, prices in each sector would depend on the cross-
section of alive firms and thus on the job destruction rule, in a complicated way. We can avoid this complication
with our alternative modelling assumption on operating costs.
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destroyed when workers leave (rate δ), and that there is a purely exogenous destruction component

denoted by sk, featuring any shock unrelated to operating costs Ω.

We have thus, setting Vk to zero, that

rJk(Ω, t) = pk − wk − Ω− λ

"Z Ω+
0

Max [Jk(Ω0, t), 0] dG(Ω0)− Jk(Ω, t)

#
(4)

−(δ + sk)Jk(Ω, t) +
∂Jk
∂t
.

This equation states that equity value of the firm is the flow profit, plus firm’s anticipation of

capital loss Vk−Jk(Ω0 = −Jk due to exogenous separation from its worker, and of a capital change
Jk(Ω

0, t)− Jk(Ω, t) when Ω changes. However, it retains the option of firing the worker if the new

value Ω0 is too large, hence the Max operator. It finally takes account of the non-stationarity of

their environment through the last partial derivative term. Differentiating the first equation with

respect to Ω, we obtain that (r + δ + λ+ sk)∂Jk(Ω, t)/∂Ω = −1 + ∂2Jk/∂t∂Ω. The value of a job

depends on its operating cost. We will restrict the solution for Jk to those in which the dependence

of Jk to Ω is time-invariant6, i.e.
∂2Jk
∂t∂Ω

= 0 (5)

and thus ∂Jk(Ω)/∂Ω = −1/(r+δ+λ+sk). This shows that the value of a job is decreasing with Ω

and thus that there is a reservation strategy for firms: when Ω goes above some value Rk (possibly

depending on time), the job is destroyed. One can thus rewrite the value of a job as

Jk(Ω, t) =
Rk(t)− Ω

r + λ+ δ + sk
. (6)

and the endogenous component of the destruction rate is σk(t) = λ[1 − G(Rk(t)]. The total job

destruction rate faced by firms is δ + sk + σk(t). When λ = 0, the job destruction rate is purely

exogenous. The outflow rate from employment into unemployment is simply sk(t) = sk + σk(t).

2.3.2 Equilibrium values for Rk(t) and θk(t)

The value of Rk(t) is such that Jk(Rk(t), t)) = 0: replacing into (A9), one finally obtains the job

destruction condition:

Rk(t) = pk(t)− wk +
λ
R Rk(t)
0

G(Ω0)dΩ0

r + λ+ δ + sk
+

∂Jk(Rk, t)

∂t
. (7)

That equation determines, for each level of prices, a positive relation between the level of prices

and the reservation operating cost, which happens to be independent of labor market tightness.

6As we shall show, these solutions exists. We have not explored the other solutions in which this dependence
varies with time.
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A straightforward differentiation of this equation shows that, at constant ∂Jk/∂t, the higher the

revenue of the firm pk−wk, the higher Rk, i.e. the operating cost it can cope with without closing

down. Note also that out of the steady-state, a positive change in the value of the job raises Rk:

this makes sense, as it means that when the value of a job for the firm appreciates, the firm is

more reluctant to close down at the margin.

Finally, the model is closed thanks to a job creation condition derived from (3) and (4):

γk
q(θk(t))

=Max [0, Jk(0, t)] =Max

·
0,

Rk(t)

r + λ+ δ + sk

¸
, (8)

The expected value of search cost γk/q(θk) has to equal the present-discounted value of profits to

the firm, taking into account the turnover rate of workers. The Max operator simply makes sure

that when profits from a new jobs go negative, firms stop creating new jobs and the vacancy rate is

equal to zero: this is not so much of a problem in steady-states, but along the dynamic paths, this

can occur. This equation delivers a positive relation between labor market tightness and Rk which

simply states that, the longer the expected duration of a job, the larger job creations. At a fix Rk,

this also delivers a positive link between θk and pk: the higher the demand for a sector, the higher

job creation, at a given Rk(t). Finally, when λ = 0, we obtain the exogenous job destruction case

with a simple job creation condition:

γk
q(θk(t))

=Max

·
0,
pk(t)− wk

r + δ + sk

¸
(9)

2.3.3 Wages

Economies have different degrees of wage inflexibility. We may think of Poland as an economy

with a relatively more rigidified wage structure, while Estonia may have more flexible wages, in

the sense that wages reflect more closely workers productivity. A general specification would be to

assume a static rule of wages, as

wk = w(1− β) + βpk

where β is the extent to which wages reflect the marginal product of workers. When β = 0, wages

are fixed, thus totally rigid. When β = 1, wage equal the marginal product. If the marginal product

changes in time, so does the wage. This is thus a case of a fairly flexible wage setting mechanism.

Note that w may have the interpretation of an outside option for workers, if it depended on market

conditions and notably market tightness. We however ignore this dependence here. Note also that

this wage structure implies that there are cases in which workers could save their job in accepting

a wage drop. We don’t allow for this option here, which implies that some job destruction become
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inefficient.7 We find our assumption of inefficient destructions more appealing along the process of

reallocation of employment across sectors due to structural changes, as clearly workers in declining

sectors are not ready to work at any wage: the simplest rationalization is that, in sectors covered by

minimum wages or collective wage setting, workers’ union may exert pressures to avoid downward

wage bidding.

3 Equilibrium and dynamics

3.1 Employment shifts

The experiment we will run is as follows: we start at time t0 from a long-run steady-state in

which unemployment is at some benchmark value, say 12%, and in which the demand for goods

is identical: ao = an = 1/2. All sectorial parameters are also assumed to be identical, notably

sectorial wages and job destruction rates. This implies that the endogenous supply of education is

identical across sectors, i.e. ν(t0) = 0.5: half of the new born workers go to vocational education,

the other half goes to general education.

We then let at time t+0 the demand for the goods of the new sector increase relative to the

demand for the old sector, featuring either an opening of the country to international trade, the

consequences of the Enlargement, or the adjustment of production to biased technical progress or

shifts in demand. As a benchmark, we assume that an/ao will raise from 1 to 16/9=1.78 (i.e. an

goes to 0.64 and ao to 0.36). As ao changes relative to an, the aggregate price index may change

as well. So we decide, in all experiments we do, to divide the price of each good by P defined in

equation (2), so as to avoid the distortions–the level of prices could indeed change marginally,

affecting the aggregate demand for jobs independently of the distributional effects we want to

underline. This means that the initial value of real prices pk/P in the symmetric steady-state is 1

in each sector.

3.2 Steady-states

In each steady-state, the following holds. First, all derivatives with respect to time are equal to

zero in stock-flows and in Appendix A, (A1), (A2), (A3), (A4) and (A5) ; the same is true in

Bellman equations (3) and those in Appendix A (A6), (A7), (A8), and (A9).

Labor market tightness θk is determined through equation (8). Once θk is known, we now the

rate of access to jobs φ(θk). The value of job destruction sk(t) = σk(t) + sk is a constant of time

7 Indeed, it is possible to show that there exists a wage, say ω strictly below wk, for which Jk(Ω, t, ω) remains
positive while at the same time, workers still prefer employment to unemployment, i.e. ω is greater than workers’
reservation wage (r + δ)Uk.
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and can be used to derive the steady-states stocks of labor force, employment and unemployment

per sector. These values are reported in Appendix.

In the initial steady-state 1, ν is at its initial value, say νo = 0.5 if the two sectors are perfectly

symmetrical. In this equilibrium, as we can see from the two equations (9), θk depends on the price

of good pk. Now, from the two equations (1), prices are linked to Yn and Yk. Those quantities

are themselves linked to θk by (A14) and (A15). Overall, we have here eight equations, and eight

unknowns (Rk, θk, pk and Yk).

In the final steady state, i.e. after a change in relative demand parameters ao and an, ν becomes

an endogenous variable. Let us denote by νf its steady-state value after the change. It is thus a

ninth unknown and we thus require an additional condition to solve for its value. A benevolent

government would chose νf so as to equalize the value of starting in each sector, i.e. in this case,

ν would be determined by the equality of the present discounted value of unemployment, i.e.

Uo = Un.

When T = P = 0, we obtain the following condition:

βpn + w(1− β)− b

r + δ + sn + φ(θn)
=

βpn + w(1− β)− b

r + δ + so + φ(θo)
.

Further, if β = 0 and sn = so, this equality takes a particularly simple form, as it implies the

equality in labor market tightness across sectors:

θn = θo.

3.3 Transition between steady-states

3.3.1 Differential equations

Investigating the transition dynamics, we need to first fix the speed of change of the supply of

education. Indeed, it is fairly common to observe lags in the policy response in ν because of inertia

and resistance to reforms. So, during the transition between the initial steady-state and the final

steady-state, ν(t) may not be at the right level. We arbitrarily fix a law of motion for the transition

of the variable ν which goes from its initial value to its final value as

ν(t) = ν0 + (νf − ν0)(1− e−αt),
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where α characterizes the speed of convergence8. The price of good k still depends on the quantities

produced through

pk(t) = akYk(t)
ρ−1Yt(t)1−ρ

The production of each sector is determined by the level of employment.

To obtain the dynamics of employment and unemployment, one could the equations in Appendix

A: (A1), (A2), (A3), (A4) and (A5) In fact, there is an additional complication due to the fact that

Rk may jump from time to time (in our case, only at the time of the shock on ak). A discontinuous

decrease in Rk leads to a mass of job destruction, by a quantity Σk = ek[G(R
+
k ) − G(R−k )] if

R+ < R− and 0 otherwise, where R+ and R− represent the value of Rk after and before the jump.

In fact, in flows equation, Σ has to be multiplied by a Dirac function9 (denoted by ∆(t0)) defined

at the time of the discontinuous decrease of Rk. In our case, posing Σn = 0, we have:

∂ek/∂t = φkuk − (δ + sk)ek − Σo∆(t0) for k = n, o, (10)

∂uo/∂t = δν + soeo − (δ + φo)uo +Σo∆(t0), (11)

∂un/∂t = δ(1− ν) + snen − (δ + φn)un. (12)

Overall, we have now nine variables depending on time: ek(t), uk(t), θk(t), pk(t) are four variables

for each sector, i.e. 8 and ν(t) is the 9th variable.

We need now to investigate the dynamics of θk(t) and Rk(t). During this transition, we assume,

as in Pissarides (2000), that the free-entry condition in each sector is always satisfied. Note that

during the transition, it might well be that prices in the old sector go down below the wage, so

that new firms would not make profits. In this case, tightness goes to zero (zero job creation) until

employment in the old sector sufficiently declines for prices to increase and return to a level above

wages. At this stage then, there will be a positive level of vacancies in both sectors.

3.3.2 Linearization

We first consider t > t0 (so that Σo = 0) and interior solutions with positive tightness and discuss

later on the other solutions. In matching models, the dynamics is usually described by a saddle-

path, as the vacancy opening decision is forward looking and costless, so that V and thus θ can jump

instantaneously. In Pissarides (2000) for instance, this is shown by linearizing the dynamic system

in (u, θ) around the equilibrium steady-state and recovering a positive and a negative eigenvalue

of the corresponding matrix. We can proceed in a similar way here, with two differences: there are

two sectors, and in each sector, labor supply is not constant, so that the system is a eight-by-eight

8To see this, note that ∂ν(t)/∂t = α[νf − ν(t)].
9A Dirac is the equivalent of a mass point in time, i.e. it is a distribution defined by its integral over an interval:

the integral is equal to 1 if the interval of integration encompasses t0.
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one. However, given our assumptions, the system is bloc-diagonal and thus we can only focus on

a four-by-four subsystem for each sector.

First, using (8), we see that the cut-off cost Rk and labor market tightness move together

along the equilibrium path: this equation generates a positively sloped relation between the two

endogenous variables. This implies that the dynamic of θ and of R are exactly the same. We can

thus concentrate on the dynamics of θk. Indeed, using Lemmas 1-4 in Appendix, we show that the

dynamic of θ is governed by
∂θk(t)

∂t
= A [θk(t)− θ∗k] (13)

where A = (r + λ + δ + sk) > 0 which is a forward-looking equation: θk, like Rk, are unstable

variables. Lemma 5 in Appendix establishes that:

∂Rk(t)

∂t
= A[Rk(t)−R∗k]

where similarly, R∗k is the steady-state level of Rk(t). Note that if wages wk depended on θk, the

derivative of Rk with respect to time would also depend on θk. Finally log-linearizing the dynamic

equations for employment and unemployment10, we obtain:
∂ek/∂t

∂uk/∂t

∂θk/∂t

∂Rk/∂t

 =


−(δ + sk) φk(t) 0 0

sk −(δ + φk) 0 0

0 0 A 0

0 0 0 A




e(t)− e∗k
uk(t)− u∗k
θk(t)− θ∗k

Rk(t)−R∗k

 . (14)

From a eight-dimensional system, we are back to two four-dimensional sub-systems. The matrix

above has four eigenvalues denoted by λ1 to λ4 with λ3, λ4 > 0, λ1, λ2 < 0. To see the latter point,

the determinant of the upper-left 2x2 block in the matrix is λlλ2 = δ2 + δ(sk + φk) > 0 while

the trace is λ1 + λ2 is negative, indicating that both λ1 and λ2 are necessarily negative. Thus,

we have in each subsystem two variables exhibiting stable dynamics and two exhibiting explosive

dynamics. We show in Appendix that the dynamic evolution of the system around the steady-state

is thus described by a unique generalized saddle-point with four forward-looking variables, θk(t)

and Rk(t) and four state-dependent variables (employment and unemployment in each sector),

plus three variables implied by this dynamics (pk(t) and ν(t)). The dynamics of transition is thus

on a saddle-path, agents coordinating spontaneously so that forward-looking variables converge

immediately on this saddle-path to finally converge to the steady-state θk(t) = θ∗k and Rk(t) = R∗k.

All pre-determined variables are continuous when t > t0.

10As an intermediate step, one may notice that ∂lk(t)/∂t = δ(lk(t) − l∗k) and then introduce (uk(t) − u∗k) and
(ek(t)− e∗k) in the relevant differential equations and cancel out the constant terms.
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3.3.3 Final remarks on the dynamics

i) As discussed above, we have so far considered ”interior” solutions where tightness is always

strictly positive. There may be cases in which the declining sector is initially so unprofitable that

no firm creates any vacancy. Inspection of equation (8) shows that this may occur if Rk(t) is

negative. What happens however in this case is that all existing firms would disappear, as the

support of operating costs is positive. This means that, for a new firm, a vacancy, first would be

filled immediately, and second, would make infinite profits because po = aoY
ρ−1
o Y 1−ρ

t applied to

Yo = 0 is infinite. This implies that zero tightness is never an equilibrium along our transition

paths.

ii) There is another corner solution: it may be that Rn in the modern sector is temporarily at

the value of the upper bound of the support of Ω, in which case the rate of job destruction is its

exogenous component: sn(t) = sn. We encounter such cases in several cases presented below.

iii) Most of our analysis of the uniqueness of the transition path is carried out in a neighborhood

of the steady-state. As shown by Blanchard and Fisher (1985) for instance, some models with

saddle-path such as the Ramsey growth model may well converge to a corner solution with zero

capital stock, depending on initial conditions. Here, we have not explored formally the possibility

that, far away from the steady-state, the system converges to other ”corner” steady-state with

zero vacancy in one of the two sectors. We have however not encountered such a possibility in the

simulations presented next Section, and believe that the argument that a zero vacancy rate also

implies that all existing firms disappear is sufficient to rule out such a possibility.

iv) At time t0, the discrete jump in Ro implies that unemployment and employment in the

declining sector are not necessarily continuous in time. So, at the time of the shock, the level of

steady-state unemployment uo is augmented by Σo while the level of steady-state employment is

diminished by the same quantity. In the modern sector, if anything, Rn rises, meaning less job

destruction, so there is no discontinuity in en and un. Subsequently, all stocks ek and uk are

continuous, and thus can be considered as predetermined: the uniqueness result of the saddle-path

thus holds for t > to. A discussion of such discrete jumps in otherwise predetermined variables can

be found in Mortensen and Pissarides.

v) A final remark is that, as θ∗k depends on profits and thus on prices of the good in each

sector, θ∗k will vary, although slowly, in time, together with the price of each good. As usual, the

convergence of agents towards θ∗k is infinitely faster than the changes in θ∗k themselves.
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Table 1: Parameters choosen for the numerical resolution.

Parameters
Fix
Wages

Flexible
Wages

Firing
Costs

Identical parameters
Matching: scale parameter A 0.25
Matching: elasticity η 0.5
Production: complementarity parameter ρ -1
Production: share of good an 0.5
Exogenous comp. of job destructions sk 0.010
Upper support of idiosyncratic shocks Ω+ 0.8
Frequency of idiosyncratic shocks λ 0.045
Speed of convergence of education α 40
Unemployment benefits b 0
Variants
Recruitment costs γk 3.0 3.0 5.6
Bargained wages parameter β 0 0.5 0
Fix part in wages w 0.5 0 0.5

3.4 Numerical solutions

3.4.1 Parameters determination

We first consider an economy with an endogenous job destruction rate and fix wages as a bench-

mark. We then consider endogenous wages. We fix the parameters in the initial steady-state so

as to have a symmetric equilibrium across sectors. This means that the aggregation function of

intermediate goods into the final good has equal shares, namely an = ao = 1/2. The demographic

parameter δ is a crucial quantity for the speed of adjustment of the pool of skills. We set it to

δ = 0.005 per quarter so has to have an average working life of 200 quarters i.e. 50 years. The

discount rate is r = 1% per quarter. Initially, the education parameter ν, i.e. the share of workers

in vocational education, is at its equilibrium value νo = 0.5. Other parameters are set at values

insuring that the unemployment rate is around 9%, thus employment is each sector is 0.455, the

job destruction rate is 1.6% a quarter and tightness of the labor market is initially 0.68 in each

sector implying an average duration in unemployment of five quarters. Table 1 summarizes the

chosen values.

3.4.2 Steady-states

Let us first fix wages and affect the relative demand for good n by increasing an from 0.5 to 0.64,

and thus ao goes down to 0.36. The relative demand index an/ao takes values between 1 and 1.78.

We investigate the response of our economy in its steady-state under two alternative assumptions.

In the first one, ν adjusts continuously to its long-run equilibrium level so as to have θn = θo. In

this steady-state, the supply of skills is therefore optimal in the sense that the demand for labor is
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Table 2: Comparisons of steady-states.
Endogenous education ν∗

an/a0 1 1.2 1.4 1.6 1.78
un (%) 9.3 9.3 9.3 9.3 9.3
uo (%) 9.3 9.3 9.3 9.3 9.3
u (%) 9.3 9.3 9.3 9.3 9.3
en 0.45 0.47 0.49 0.51 0.52
eo 0.45 0.43 0.42 0.40 0.39
ν∗ 0.50 0.48 0.46 0.44 0.43
JDn (%) 1.6 1.6 1.6 1.6 1.6
JDo (%) 1.6 1.6 1.6 1.6 1.6

Exogenous education ν = 0.5
an/a0 1 1.2 1.4 1.6 1.78
un (%) 9.3 6.9 5.6 5.2 5.0
uo (%) 9.3 12.2 15.1 18.3 20.6
u (%) 9.3 9.5 10.4 11.7 12.8
en 0.45 0.47 0.47 0.47 0.48
eo 0.45 0.44 0.42 0.41 0.40
JDn (%) 1.6 1.2 1.0 1.0 1.0
JDo (%) 1.6 2.0 2.4 2.7 3.0

perfectly matched by labor supply in each sector.

As a result, for all values of an/ao, unemployment remains constant at u = 9.25 in Table 2 and

job destruction remains constant at σk = 0.016, with a reservation value Rk = 0.693. Employment

evolves symmetrically in each sector: employment in the booming sectors eventually reaches 0.52

while employment in the bad sector declines to 0.39. The optimal level of vocational education

declines to 0.43, meaning that 43% of the new born workers are allocated to vocational education

and 57% in general education. A graphical representation can be found in Appendix in Figure (6).

We then explore an alternative set of steady-states, in which education remains constant at νo =

0.5. Tightness in each sector will thus differ, which will be reflected in difference in unemployment

rates in each sector and as a consequence of this growing mismatch, a general rise in unemployment.

In this simulation, it appears that the old sector downsizes at the same pace as with endogenous

education, but the expansion of the new sector is slower and is actually limited, as it eventually

reaches 0.48 instead of 0.52. The reason for this is that labor supply in the new sector is limited

by the level of education of the workforce: tightness of the labor market rises up to a point where

it is no longer profitable for firms to post more vacancies. The evolution of unemployment is

spectacularly different from the top of the table: in the declining sector, it rises to 20.6 and in

aggregate, it reaches 12.8% of the labor force when the relative demand index reaches 1.78. A

graphical view (reported in Figure 7 in Appendix) indicates that the price of the modern good

and the aggregate price index now increase by 10% in the new sector as production is limited by
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a lack of skilled labor supply, raising the price index by 4%. Accordingly, profitability in the good

sector rises which shows up in a reduction in the rate of job destruction which finally reaches its

exogenous component sn = 0.01.

This sub-section devoted to steady-states is illustrative of the consequences of a skill mismatch

in an economy affected by an allocative shock (here a change in the demand for intermediate goods)

when education does not react fast enough. Optimal education should be set so as to have 57%

of workers in general education but failure of the education system to deliver the right amount of

skills generate a 3.5 percentage point increase in total unemployment with a very large increase in

unemployment in the old sector.

This picture is however deeply understating the magnitude of the mismatch problem: indeed,

even when education policy parameters ν are appropriately chosen by the government, the re-

placement of workers with old skills by workers with new skills is slow, as education policy only

affect the cohorts of new-born workers. However, as we will see, this immediate adjustment is

insufficient, because it concerns only the flows of new born workers. The stock of skilled workers

evolves very slowly, at the rate of demographic turnover δ. To investigate this point, we need to

study the dynamic response of our model economy to the demand shock.

3.4.3 Transitional dynamics with fixed wages

To compute the transition path, we have used a standard numerical tool discretizing time intervals

in order to approximate the solution of ordinary non-linear equations.11 In this sub-section, we

explore the dynamics of the economy in letting ν adjust rather fast (we set α = 40 meaning an

almost immediate jump in the supply of general education to the needed level vf computed from

the long-run final steady-state).

Figure 2 and 3 illustrates. The x-axis on all figures is time elapsed since the initial jump of an

(resp. ao) from 0.5 to 0.64 (resp. to 0.36). At t = +∞, the system converges to the equilibrium

steady-state which corresponds exactly to the final point in Figures 6, i.e. for an/ao = 1.78. As

the first figure 2 shows, unemployment in the expanding sector declines, while it reaches very high

levels in the declining sector. Indeed, at the time of the shock, a mass 0.09 of workers is displaced

in the old sector which corresponds to a peak in the unemployment rate of more that 25%. This

raises total unemployment to 18% of the labor force. The convergence in the unemployment rate is

first rather fast, as total unemployment reaches 14% in less than 10 quarters. But the second phase

a convergence back to the 9.3% steady-state level is extremely slow: the time unit is a quarter,

meaning that 50 quarters (12.5 years) after the shock, the level of unemployment is 3 percentage

points above its long-run value. This is because unemployment in the bad sector is still about 6

11All simulations were made with ode23 or ode45 command in @Matlab, version 7.0.4, which computes the solution
to a system of non-linear differential equations. The use of alternative Matlab commands with different algorithms
did not make any difference in the dynamic paths.
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points above its long-run value in the first 40 years after the shock. The reason for this very slow

convergence is the fact that labor supply evolves extremely fast: even though the long-run level of

education ν is reached almost immediately, it only concerns the new entrants in the labor market,

leaving aside the stock of older workers. This results in a massive level of mismatch in the economy

which is a long-lasting one.

The rise in total unemployment can be explained by inspection of Figure 3. One observe that

the evolution of employment in the declining sector first declines drastically, as there are many

obsolete firms instantaneously destroyed. Then, given the excess supply of workers due to these

immediate layoffs, employment start to rise, and reaches it long run level fairly fast, at a much

lower level (0.4) than before the demand shock (0.45). The increase of employment in the good

sector is slower: this is due to both a lack of labor supply and of market frictions. The evolution

of job destruction rates by sector explain this dynamics fairly well: at the time of the shock, there

is a jump corresponding to the mass of 0.09 units of workers being displaced, and post-jump job

destruction rate in the declining sector rises and reaches a peak at 2.8% a quarter, much above

its long-run level (1.6%). At the same time, job destruction in the booming sector reaches its

floor value (sn=1%) and only gradually rise again. Job creations (featured by the value of labor

market tightness) are more symmetrical across sectors, but the initial rise in the booming sector

is insufficient to raise employment enough to avoid a general rise in unemployment: again, in the

absence of mobility, the response of the education system is not sufficient to generate the right

mix of skills in the labor force. This causes the price of the goods in the booming sector to rise

during a long time interval, given that the production can increase sufficiently, as revealed by the

south-western chart of Figure 3. Overall, convergence in this ’no mobility ’ economy with fix wages

and in the absence of firing costs is very slow.

3.4.4 Variant with employment protection

Let us now assume that termination of an employment relationship has some cost F to the firm.

This termination is seen as a pure tax to dismissal, and is not a transfer to the worker. See

Mortensen and Pissarides (1999) for a discussion of this modelling choice. Whatever the wage rule

(exogenous or wage as a share of the price of the intermediate good), the termination cost will

thus have no direct consequence on wage. It however affects the job termination decision as firms

will prefer to keep a temporarily unproductive relation in waiting for better times, as long as the

present discounted value of the job is above −F . The job destruction rule (7) thus becomes:

pk(t)− wk −Rk(t) +
λ

r + λ+ δ + sk

Z Rk(t)

0

G(Ω0)dΩ0 + (r + δ + λ+ sk)F = 0, (15)
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while the job creation rule still remains unchanged. In the calibration, as a higher F is now

associated with a higher Rk and thus overall higher employment, we need to raise recruitment

costs to start from the same initial starting point. So γk is raised to 5.58 when F = 1. See Figure

4. The initial steady-state level is the same: 9.25%. The initial maximum in unemployment is at

18%, one percentage point above the no-firing costs case. Since firing is costly, job destructions

are less important (about 2.3% at the peak in the declining sector, and always sn =1% in the

expanding sector). In spite of lower job destructions, the economy is actually very slow to converge,

this being due to job creation being slower in an economy with employment protection: this slows

down reallocations. After 25 years, the economy still faces a 14% unemployment rate instead of

10.5 in the absence of firing costs.

3.4.5 Variant with wage flexibility

So far we have assume that wages were set exogenously. Returning to the case F = 0 (no firing

costs), we now make the radically opposite assumption that wages are indexed on real prices and

adjust at any time. To present consistent estimates, we set the value of the fix part in wages

w such that the initial wage at time t = 0, wk(0) = βpk(0) + (1 − β)w is exactly equal to the

initial exogenous wage. This leaves one degree of freedom as β can also be set freely. We fix

β = η = 0.5 and this implies that w= 0. As represented in Figure 5, we can observe several

interesting differences with the rigid wage economy in the left panel of Figure 2: first, the peak in

unemployment in the declining sector is lower, as wages are partly reduced in this sector: this is in

part due to lower job destructions–initially, it peaks at 2.5 instead of 2.8%, as shown in the right

panel of Figure 5. Second, as wages increase in the expanding sector, the decline in unemployment

in that sector is less strong than with rigid wages. Overall, however, the rise in total unemployment

is less important–it never goes above 17%–and the decline and convergence to the long-run level

of 9.3% is faster.

3.5 Conclusion of the theory part

Several implications emerge from our theoretical analysis.

1. Most importantly, the labor force is extremely slow to adjust: the allocation of initial educa-

tion to individuals is by nature a very persistent one, which makes employment reallocation

difficult if initial choices do not fit the current state of labor demand.

2. Wage rigidity amplifies to some extent the speed of adjustments, but may slow down the

expansion of the modern sector, as wages may rise fast especially when the price of the

modern good is high.
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3. Employment protection prevents the convergence of the economy. It is efficient to reduce job

destruction, but reduces so much job creation that the consequences of a reallocative shock

are more important and much more persistent than in the absence of job protection.

4. At the individual level, workers changing sector should experience wage increases. On the

other hand, workers loosing a job should face wage losses if they remain in the same sector.

5. Workers with specific skills should experience stronger wage losses relative to workers with

general skills, when they moving from one job to another. They should benefit less from a

sectorial change, as they loose their specific skills, and should be longer to retrain and find

another job.

6. On a theoretical viewpoint, we have also shown that continuous-time dynamics of a 2-sector

matching model can be fairly easily characterized and simulated, and thus may deserve some

more attention in the literature given their tractability.

Implications 1 to 3 can be observed indirectly from aggregate data, while the set of implications

in 4 and 5 require the use of micro data.

4 Estonia and Poland

4.1 Context

Estonia and Poland joined the EU in March 2004 (together with eight other countries) after more

than a decade of deep reforms to change the institutions towards a market economy. The process

of EU Eastward enlargement had formally started in late March 1998 with 13 countries applying

to the EU.

4.1.1 Reforms

Estonia is a small country that gained independence from the Soviet Union in 1991. In 1992 Estonia

introduced its own currency, pegged to the German DM and launched a drastic economic reform.

Estonia’s transition to market economy has been one of the most rapid and successful transitions.

The reforms leading to market economy in Estonia started in 1991, even before independence.

We rapidly discuss labor market reforms in Estonia and evoke other reforms in Appendix. Wage

determination is flexible in that no effective trade union movement influences wages. Minimum

wages are currently around 40% of the average wages. There is no policy to prevent bankruptcy and

layoffs. The law of Employment Contract of 1992 intends explicitly to stimulate labor reallocation;

it requires only two months notification prior a layoff and severance payment are a maximum of 4

times their monthly salary. Unemployment benefits are 60% of the minimum wage, i.e. overall less

19



than 25% of the average wage ; the replacement ratio dropped from 32% in 1990 to 7% in 1998 ;

their duration is limited to 6 months, followed by limited social assistance. Active labor market

policies are mostly training programs. The Employment Action Plan (2002) has been implemented

to develop a life long-learning strategy based on a adult training and retraining system, and with

the intention to keep elderly people active. Active policies also focus on developing a vocational

education system adapted to the needs of employers. Currently Estonia is an extremely open

economy, with a reasonably sized public sector (most of the public companies were privatized

before 1993), flexible labor markets and high labor force mobility.

Poland is a large country having also started reforms early. However, Poland’s reform focused

first on eliminating hyperinflation, while important structural aspects, notably economic institu-

tions and privatization, were postponed. Poland still suffers from a relatively rigid labor market

characterized by high unemployment and poverty traps, associated with a benefits system and

regulatory distortions slowing down the process of employment creation. This environment also

favour low productive work, underground economy and flows to inactivity. In 2002, the govern-

ment passed a reform allowing to suspend some labor laws when firms experience financial distress.

Notably, in-company collective agreements can suspend, in full or in part, the application of in-

company labor law. New employment conditions can be negotiated within the firm, which can

less favorable that current individual employment contracts — for a period not exceeding 3 years

though. It also limits the financial obligation to pay severance payment, and develops temporary

work to replace employees on leave; it removes the obligation to consult with a trade union organi-

zation the intention to terminate employment contract. As far as passive labor market policies are

concerned, the ratio of covered over total unemployment declined from 1990 to 1998 from 79% to

23.6%, the ratio of benefits to average wage declined from 34% to 23.7% of the average wage (81%

to 60% of the minimum wage). In stock, there are more persons under early-retirement benefits

than in unemployment benefits. See chart 8 in Appendix. There are training programs for the

unemployed, intervention works, public works and loans to start business. However, the number

of persons referred to training courses was about 70 000, compared to a pool of more than three

millions unemployed persons.

4.1.2 Macroeconomic context

Following the 1992 reforms, Estonia experienced negative real GDP growth rates during 3 con-

secutive years, until 1995, when the economy started to recover. In 1999, one year after the

announcement that Estonia would join the union, the rate of GDP growth turned negative again,

recovering strongly in 2000 to reach an stable level of 6,5% growth since then. The unemployment

rate was 9.2% of the labor force in 1998. It further increased in 1999 and 2000 (11.3 and 12.5%

respectively) but subsequently declined to 11.8 and 9.1% in 2001 and 2002. Interestingly, there
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have been huge sectorial shifts in employment around 1998: the share of employees in agriculture

went from over 20% in 1990 to 8% in 2000. At the same time, there has been a remarkable increase

of the share in services from 43% in 1990 to about 60% in 2002. The share of employment in the

industry sector declined at first and increased thereafter. Figure 12 shows indeed that the peak in

job separation occurred in 1999, while the sum of hiring and separation was highest in 1998-1999

period.

In Poland, the sectorial reallocation rate was large in the early years of 1990, and declined

during the decade. See chart 9 in Appendix. In terms of flows, early retirement peaked in 1991

(700 000) and 1990 (160 000) compared to on average 40 000 for years 1993-1996. See chart 10

in Appendix. The best year for the Polish labor market was 1998. Interestingly, unemployment

which had declined from 14% in 1994 to 10.5% in 1998 started to rise very strongly afterwards to

reach 19.9% of the labor force in 2002, while GDP real growth was still around 4% a year.

Overall, these developments are, if not a formal test of prediction 1 to 3, very consistent with

them. We now attempt to provide more direct evidence of the prevalence of specific skills in these

economy.

5 Data analysis

In this section, we aim at measuring the intensity of specificity of skills along various dimensions,

in order to quantify obstacles to labor reallocation. We will be using panel data from labor

force surveys in the two countries, Estonia and Poland. We shall proceed in two ways. We first

investigate the wage change for workers experiencing a mobility experience–either quit or layoff–,

as it has been done by many authors. Our originality here is to extend conventional specifications

to estimate, consistently with the model, the extent to which workers with different diplomas

experience different losses throughout the reallocation process, with, as a prior, that everything

else controlled for, more educated workers and workers with more general skills should be more

able to cope with labor market transitions from job to job. In a second step, we estimate various

unemployment duration models, where, similarly, we extend standard specification to capture the

impact of diplomas on the ability to access employment from unemployment. Let us start with a

description of the structure of the dataset used.

5.1 General description

Our analysis is restricted to the immediate period before the Enlargement (starting in 1997) up

to 2003, and our main sources of information are the labor force surveys (LFS). The Estonian

and Polish labor force surveys (ELFS and PLFS respectively) are relatively homogenous and very

similar to the LFS carried out in the other EU member states. Both surveys contain standard
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demographic and job characteristics, and their longitudinal nature allow to follow individuals for

a maximum of 2 years.

The ELFS was first conducted in 1995 and presents an annual frequency until 2000q1, when

the methodology is changed. From 2000q2 the data is collected quarterly and the panel follows a

2-2-2 rotation plan. This implies that every household is interviewed two quarters, non observed

for two quarters and interviewed again for two consecutive quarters. The source of information

for the 1997-1999 period are the 1998 and 1999 waves. These were collected during the second

quarter of the year, and each survey contained a retrospective part where individuals were asked

about all their relevant labor market spells in the preceding year. The survey contains information

about the year and month in which each individual starts or finishes a job, and individuals are

asked about their salary during the reference week and at three points in time during the previous

year. Thus, the 1998 survey provides information of individual wages in January 1997, October

1997, January 1998 and the reference week, that lies in the second quarter of 1998. Similarly, the

1999 survey contains wages for January 1998, October 1998, January 1999 and the second quarter

of 1999. This structure allows to construct a quarterly dataset with individual’s wage information

covering the period 1997-2003, where individuals are observed a maximum of 4 times.

The PLFS was first conducted in 1993 and presented a quarterly structure following a 2-2-

2 rotation plan from the start. There is an important methodological change in the sampling

structure in 1999q1, imposing a break in the series since the survey was not conducted in 1999q2

and 1999q3. This leads to an under-representation of 1999 in the final sample. The 1998 and 1999

ELFS sampled around 14.000 individuals, and 25 percent of the 1998 sample is retained in the

1999 survey. After 2000, 4000 individuals are interviewed on average per quarter. Sample sizes are

larger in the PLFS, which interviews around 50,000 working age individuals per quarter. We will

build 2 sub-samples for the respective analysis of wage mobility and unemployment spells. The

specificities of each sub-sample are described at the beginning of the related section.

One of the most important variables for our analysis is education. Hereafter, our strategy is

to control for the degree of specific skills with a dummy variable reflecting whether individuals’

highest degree is basic vocational or secondary vocational. Since the counterpart, basic general and

secondary general degrees, do not necessarily have the same exact number of years of education–

they may differ by one or two years in one direction or the other–, all our specifications (wages

or duration) will control for the number of years of education.

Table 3 shows some summary statistics of the two databases. Among the employed workers, the

dispersion of wages is higher in Estonia. In that country, 73% are have Estonian as a main language,

the remainder being mostly russian-speakers. Population is older in the Estonian database by three

years as compared to Poland, but tenure is on avereage three years lowe (6.9 vs. 9.9). The average

number of years of education is large, close or higher than many Western European countries. A
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Table 3: Summary Statistics
Variable Mean Std. Dev. Mean Std. Dev.

Poland Estonia
lwageifs 6.778 0.368 7.847 0.596
male 0.533 0.499 0.503 0.5
Estonian — — 0.729 0.444
age 38.619 10.02 41.36 11.908
teny 9.959 9.368 6.948 8.743
yedu 12.434 2.7 12.946 2.223
secvoc 0.282 0.45 0.191 0.393
basicvoc 0.362 0.481 0.165 0.371
bm 0.012 0.111 0.046 0.21
am 0.013 0.114 0.061 0.239
N. Observations 254,763 70,252
N. Individuals 92,712 21,621

large or very large share of workers have vocational type of education. Finally, the variables bm

and am reflect the number of observations in the sample of movers observed before move (bm)

and after move (am). It can be noticed that the fraction of such observations is between 3.5 and

5 times higher in Estonia, reflecting the higher flexibility of its labor market.

5.2 Wages, mobility and specific human capital

To detect skill losses during a job mobility experience, we start the analysis studying the dynamics

of wages during the period of Enlargement. Our interest lies in examining the experience of workers

with different skills before and after changing jobs. The interesting counter-factual exercise would

be to compare the wage experience of workers changing jobs with the wages of the same workers

had they not moved from a job to another one. Unfortunately, this is not possible, and one has

only, as a comparison group, those workers having been continuously employed (stayers).

One limitation in our data is that it does not allow to single out the reason of separation for

job to job movers: the information regarding the reason of the separation is only collected when

the individual is unemployed, and thus not available for job to job movers that do not suffer an

intermediate unemployment spell. Ideally, it would be best to distinguish between voluntary and

involuntary movers, since, because of a self-selection problem, the predictions of our model are

expected to be stronger among the workers that change jobs for involuntary reasons: individuals

with specific human capital are likely to suffer larger wage losses during their mobility experience

and/or spend longer unemployment spells.

Another selection issue concerns withdrawal from the labor force, as early-retirement data in

Poland, discussed above, might suggest: it might well be the case that sector-specific shocks price

out individuals with the less desirable unobservable characteristics. In this case, our analysis under-
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state the welfare losses associated with mobility, simply because those individuals still participating

in the labor market after the shock are those among the best of their group, while individuals with

lower productivity were excluded from the labor market. We will attempt to address this issue in

the extension Section. As a first pass here, our approach is to fully characterize the situation of

workers with specific human capital before and after mobility from one job to another.

We have imposed a number of sample inclusion criteria. The wage regressions focus on full-

time employees, thus excluding self-employed and part-timers. Table 3 in the Appendix presents

summary statistics of the main variables considered in the analysis. Our benchmark specification

follows Bender et al. (2002), pooling stayers and movers. The logic is as follows: we regress log

wages on a set individual characteristics (xi), time effects (ρt), and two dummy variables that

capture common effects for the group of movers before (bmit) and after (amit) separation.12 Thus,

the equation to be estimated is the following

lnwit = xitβ + ρt + bmit + amit + (bmi ∗ zit)φ1 + (ami ∗ zit)φ2 + uit (16)

The standard specification in Bender et al. does not allow for the interaction terms (i.e. φ1 and φ2

are equal to zero). Here precisely, the coefficients of interest are φ1 and φ2, which capture specific

trends before and after mobility for selected individual characteristics (zit). Variables included

in zit are a subset of xit capturing human capital characteristics. The predictions of the model

presented above suggest that workers with specific skills (some form of vocational education in our

empirical analysis) are likely to gain less (or loose more) from mobility than workers with general

skills. However, the general trends before and after separation might vary with years of education

irrespective of the nature of human capital. Thus, we interact our indicator variables of mobility

(bmit and amit) with the years of education and two dummy variables for the nature of skills

depending on the level: secondary vocational and basic vocational.

Before commenting on the main features of the data note that the residuals in equation (16)

are expected to be heteroskedastic given the clustering of observations at the individual level. This

might bias downwards the standard errors. We take into account this feature of the data in the

regressions presented below by allowing for individual clustering in the calculation of the robust

standard errors. Alternative specifications include a time invariant individual component γi in uit

as a random variable, and we estimate equation (16) following FGLS. We refer to this specification

as RE (random effects) in Table 4, which summarizes the results of wage dynamics in Poland and

Estonia. The focus here is on the difference φ2−φ1 for different skills, while full regression results

are presented in the Tables 10 and 11 in the Appendix. Our benchmark specification is in columns

12Anticipation of the separation in pre-separation wages might hide the actual effects of mobility on wages.
Our data allow us in some cases to distinguish wages year before separation and immediately before. We have
experimented with such wage profiles before and after separation and obtained similar results. Notably, in line with
Bender et al. (2002), we do not find a systematic pre-separation drop in wages.
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2 (random effect), while column 1 present the OLS regression. Columns 3 and 4 present additional

random effect models with sector changes and additional interactions between sector change and

educational variables.

Perhaps unexpectedly, the difference in the interaction terms (Yedu_am - Yedu_bm) is in-

significant in Estonia, and relatively small (0.2%) in Poland, for the specification of columns 1 to

3. All the burden of the transition, in terms of wage decline, seems to be paid by the categories

of workers for which the coefficients appear in bold (meaning significance according to the P-value

below). In Estonia, this is the case of workers with secondary vocational degrees, who specifically

loose between 4.6% and 7% in terms of wages along the job-to-job transition. In Poland, the loss

in wages is smaller for workers with secondary vocational education, but around 3% for those with

basic vocational education. Since education is lower in Poland than in Estonia, basic vocational

education in Poland might be more comparable with secondary vocational education in Estonia,

explaining the results of Table 4.

Other, unreported regressions, show that there are gender and age differences. We find notably

very strong wage losses for elder workers with specific skills. Tables 10 and 11 in Appendix also

show that sector change is associated with wage increases, but more limited for workers with

specific skills especially in the case of Poland. We have also tried alternative specifications where

education was captured by dummies such as basic, secondary general, secondary vocational and

tertiary, thus dropping the number of years of education. All these variables are interacted with bm

and am. We find similar results, although slightly less significant for Estonia. A last specification

attempted to control for unobserved heterogeneity by including as a control variable the initial

wage of individuals ln wi0. Given the short time span of our panel, this control explained about 80

percent of the variance of individual wages. Not surprisingly, the results are thus less significant for

all the remaining control variables. Even in this case differences in wages for workers with specific

skills are statistically significant and in the same direction as those presented in Table 4, although

the magnitude of the effects is somewhat reduced.

5.3 Unemployment duration and duration dependence

This section is a second attempt of assessing the costs of job separation under another perspective.

We investigate the determinants of the duration of unemployment spells after job separation. For

the analysis labor market flows, we make use the retrospective information of the surveys. This

allows us to construct a monthly data set with all relevant labor market spells for each individual

in the sample throughout the 1997-2003 period, for both ELFS and PLFS. As before, the panel is

unbalanced, containing a maximum of 2 years of information for each individual. We include all

workers experiencing at least one unemployment spell after job separation. The samples are right
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Table 4: Wages and mobility. Benchmark Specifications
(1) (2) (3) (4)

Specification OLS RE RE RE
Estonia
Yedu_am - Yedu_bm 0.006 0.000 0.000 0.002
Pvalue 0.456 0.929 0.956 0.613
Secvoc_am - Secvoc_bm -0.071 -0.048 -0.046 -0.042
Pvalue 0.092 0.007 0.011 0.086
Basicvoc_am - Basicvo_bm 0.025 0.012 0.012 0.019
Pvalue 0.497 0.423 0.424 0.380
Poland
Yedu_am - Yedu_bm 0.002 0.002 0.002 0.006
Pvalue 0.524 0.051 0.068 0.000
Secvoc_am - Secvoc_bm -0.016 -0.014 -0.014 0.000
Pvalue 0.395 0.025 0.023 0.993
Basicvoc_am - Basicvo_bm -0.030 -0.030 -0.030 -0.028
Pvalue 0.060 0.000 0.000 0.000

Note: Numbers in bold are statistically significant at the 5 percent level. P-values denote the probability
of accepting the null of equal coefficients. All regressions include a male dummy, Estonian origin (in
Estonia), years of education, secvoc, basicvoc, age, age*age/100, tenure, tenure*tenure/100, quarter and
county dummies. RE denotes a random effects specification. Column 3 additionally includes a change
sector dummy, and column 4 its interactions with yedu, secvoc and basicvoc. Full regression results
available in the Appendix

censored and this will be accounted for in the estimations. Note that the censoring point depends

on the wave of the survey.

Here, to be consistent with the analysis of wages, we do not explicitly distinguish between

quitters and dismissed workers, although this would in principle be possible. However, as often

argued in the literature, the quitters and the dismissed are self-reported, and thus subject to

systematic error, as respondent tend to be reluctant to declare they were dismissed. As a matter

of fact, the difference between the two sub-samples is significant but not as large as perhaps

anticipated: we found that in Estonia, quitters find a job faster that dismissed workers. After 0.5

years, 30 % of the quitters who experienced unemployment are still unemployed. In the case of the

dismissed, this number amounts to around 40%. This contrast with the findings for some European

countries (see for example the case of France or Germany as found in Bender et al. (2002) where

the survival (i.e. the probability of remaining unemployed) is larger for the quitters instead.

When comparing the Estonia and Poland, we find that unemployed find a job faster in Estonia

than in Poland, see graphs 13 and 16. For example, after two years still 20% of workers who

experienced and unemployment spell are still unemployed in Poland, while this number is only

10% in the case of Estonia.

To understand the determinants of these survival rates and implicit hazard rates, and notably to

understand the role of vocational education to re-entering employment, we develop a multivariate
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model with observable and unobservable heterogeneity. For instance, more flexible individuals may

have chosen general education and may thus be more able to find a new job when unemployed.

The hazard rate here is the probability of re-entering employment after separation, conditional

on having experienced an unemployment spell. Let the duration of the unemployment spell after

separation be described by the density and distribution functions: f(t) and F (t). Then, the sur-

vivor function is defined as: S(t) = 1− F (t), and the hazard function as h(t) = f(t)
S(t) . We estimate

a proportional hazard model, where h(t) = h0(t). exp(β
0x), where h0(t) is the parametrically speci-

fied baseline hazard, x is the vector of explanatory variables and β the vector of coefficients. We use

a Gomperzt-distributed baseline hazard fr Estonia and a Weibull distribution in the case of Poland,

and allow for unobservable heterogeneity by using a mixture distribution where heterogeneity is

represented by a gamma function.13

Our sample includes the time period, 1997Q1-2003Q4 and represents a total of 4578 unem-

ployment spells after job separation for Estonia and 23006 observations for Poland. The results

confirm the expectations from the theory part and the wage analysis part. The adverse effects

of vocational education are even stronger than for wages. All results are presented in Tables 5

and 6. We present the hazard ratio. Column 1 provides estimates for the basic specification,

where the covariates include measures of education, age, gender and language. Column 2 adds

regional dummies (a dummy for the capital in the case of Estonia). Specification of columns 3

and 4 add control for sectorial change and interaction between education and sector change: these

specifications include a indicator taking value 1 for those individuals that change sector between

two consecutive jobs. Specification 5 in table 6 adds a tenure variable, defined as tenure in years

in the last job held by the currently unemployed worker. Unfortunately, this variable that is not

available in the panel of unemployed workers in Estonia.

In Estonia, each year of education raise the probability of re-entering employment by 8 to 10%,

while basic vocational and secondary vocational reduce it by 13 to 15%. Sector change is associated

with an increase in the hazard rate (more than twofold). The interaction between vocational degree

and sector change is negative, although not significant.

For Poland, results are similar. Each year of education raise the hazard rate by 7 to 12%, a

larger range, that includes though the results of Estonia. Basic vocational degrees and secondary

vocational degrees also reduce significantly the hazard rate. Sector change is associated to a huge

increase in the probability of re-entering employment, workers that are able to change sector, i.e.

to adapt their skills to new changing market, are more likely to find a job. . The interaction

between vocational degree and sector change also is negative but insignificant. Finally, it happens

that tenure,controlling for age and education, has a strong negative effect on the hazard rate,

13Gomperzt and Weibull distributions are found to provide the best fit for Estonia and Poland respectively,
according to the Cox-Snell diagnostic plot.

27



suggesting that tenure is associated with specific skills that workers try to recycle in remaining

unemployed for a longer time.

Additional comments are in order. In both countries, the conditional probability of finding a

job decreases with age: young workers find a job faster. However, the negative effect is declining

with age, as the quadratic coefficient has the opposite sign; in the case of Estonia there is a turning

point at around 50 years.14

Overall, the duration analysis is consistent with the view that specific skills and vocational

education make re-employment probabilities lower Furthermore, dismissal raise the duration of

unemployment.

6 Extensions: training and inactivity

6.1 Theory

6.1.1 Training

The existence of skills specific to sectors or occupations has a direct implication: workers endowed

with such skills are a priori immobile across sectors, unless adequately retrained. What happens

for a worker when a job destruction shock strikes? An extreme assumption, the absence of mobility,

implies that this worker can only look for a job in the same sector. An alternative assumption is

that some workers do retrain. They can do so at some cost which we denote by C. To simplify,

we assume that retraining occurs only after job displacement, i.e. both new born workers with

vocational training and employees in the traditional sector do not retrain. Let T be the total

number of displaced workers in the old sector who re-train, with 0 ≤ T = τsoeo and τ ≤ 1 is thus
the fraction of displaced workers who re-train through active labor market policies.

We will assume that labor market policies are rationed, so that both T and τ are policy-

determined: this is consistent with the observation that most countries have developed re-training

programs targeted at the unemployed workers (long-term unemployed workers, younger workers,

unskilled workers, social programs for displaced workers in a specific sector or large firms).15

Trainees are thus randomly selected in the pool of displaced workers.

14A possible explanation is self-selection issues: older workers still in the market while they have the option of
pre-retiring may have positive unobservables leading them to faster re-employment (e.g. health, motivation).
15A highly interesting empirical and theoretical question would be to understand why re-training is not more

frequently the outcome of an individual decision. A combination of both credit constraints affecting displaced
workers (who cannot afford paying training costs C) and myopia of workers currently employed in declining sectors
can explain why governments typically take care of retraining.
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Table 5: Proportional Hazard Estimates of Unemployment Spells, Estonia 1997-2003.
Specification (1) (2) (3) (4)
years of educ. 1.117 1.104 1.090 1.093

(9.59)** (8.28)** (7.61)** (7.35)**
basic voc 0.853 0.888 0.835 0.829

(-2.91)** (-2.09)* (-3.34)** (-3.07)**
secondary voc 0.858 0.884 0.846 0.845

(-2.28)* (-1.77) (-2.52)* (-2.23)*
age 0.880 0.897 0.895 0.896

(-10.45)** (-8.55)** (-9.26)** (-9.25)**
age square 1.001 1.001 1.001 1.001

(8.39)** (6.47)** (7.13)** (7.13)**
Estonian 1.364 1.561 1.432 1.431

(6.68)** (8.62)** (7.53)** (7.52)**
male 1.036 1.040 1.051 1.049

(0.78) (0.86) (1.14) (1.10)
marital 0.952 0.946 0.946 0.945

(-1.95) (-2.18)* (-2.30)* (-2.33)*
capital 1.659 1.428 1.427

(7.93)** (6.13)** (6.11)**
change sector 5.590 7.307

(32.19)** (5.64)**
years educ* ch sec 0.978

(-0.77)
basic voc* ch sec 1.029

(0.23)
second. voc*ch sec 1.022

( 0.14)

constant 0.263 0.263 0.260 0.250
(-4.13)** (- 5.36)** (- 5.70)** (-5.72)**

time dummies yes yes yes yes
dur. dep -0.017 -0.016 -0.012 -0.012

(-8.38) (-7.69) (-9.17) (-9.16)
unobs. heterog 0.088 0.109 - -
(p-value) (0.079) (0.035) (1.00) (1.00)
Observations 4578 4578 4578 4578

Note: t-statistics in parenthesis
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Table 6: Proportional Hazard Estimates of Unemployment Spells, Poland 1997-2003.
model 1 2 3 4 5
years of educ 1.120 1.124 1.068 1.075 1.126

(11.34)** (11.65)** (7.73)** (6.49)** (11.74)**
basic voc 0.851 0.847 0.952 0.998 0.859

(-3.71)** (-3.82)** (-1.32) (-0.05) (-3.47)**
second. voc 0.880 0.876 0.961 0.999 0.889

(-2.26)* (-2.34)* (-0.84) (-0.01) (-2.09)*
pub. employ. 0.482 0.488 0.484 0.484 0.528

(-17.25)** (-17.02)** (-19.65)** (-19.64)** (-14.71)**
age 0.916 0.918 0.927 0.927 0.914

(-6.31)** (-6.16)** (-6.30)** (-6.31)** (-6.41)**
age2/100 1.007 1.006 1.006 1.006 1.008

(3.58)** (3.42)** (4.00)** (4.01)** (4.08)**
male 2.123 2.131 1.692 1.689 2.125

(18.43)** (18.58)** (15.11)** (15.04)** (18.49)**
marital 1.393 1.397 1.252 1.250 1.407

(7.61)** (7.71)** (6.08)** (6.04)** (7.84)**
change sector 6.732 8.898

(48.92)** (11.95)**
second. voc*ch sec 0.905

(-1.03)
basic voc* ch sec 0.882

(-1.67)
years educ* ch sec 0.983

(-1.07)
tenure 0.975

(-6.72)**
constant 0.019 0.018 0.013 0.011 0.018

(-14.37)** (-13.80)** (-17.36)** (-16.88)** (-13.76)**
time dummies yes yes yes yes yes
regional dummies no yes yes yes yes
dur. depd. 0.331 0.331 0.212 0.212 0.34

(16.31) (16.33) (14.65) (14.60) (16.53)
unobs. heterog. 1.205 1.171 1.237 1.236 1.39
(p-value) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 23006 23006 23006 23006 23006

Note: t-statistics in parenthesis

30



6.1.2 Flows out-of-the labor force

All workers (employed or unemployed) withdraw from the labor force at the exogenous demographic

rate δ. On top of that, workers may wish to endogenously retire if the value of being out-of-the

labor force is greater than the value of being in the labor market.

In labor markets with frictions, it is always the case that in equilibrium, workers with a job are

better-off than without a job, it thus follows that the crucial retirement decision margin concerns

displaced workers in the old sector. In reality, pensions system are typically non-linear and dis-

continuous: prior to legal age of retirement, workers are normally not eligible to pensions benefits.

This would suggests that early-retirement is not an endogenous option. When pre-retirement are

observed, they are actually driven by government’ decisions: the government contributes to social

security taxes for specific groups of the population which allows them to leave the labor force. We

thus naturally assume in the model that the total number of retrained workers is policy determined,

and exogenous to worker’s decisions. The components of early-retirement (level of benefits, total

number of allowances) is fixed such that workers who are offered early retirement will accept it. To

keep symmetrical notations, the flow number of pre-retirees is policy determined and is denoted

by P = π soeo with π ≤ 1 the fraction of pre-retirees.
If we denote byΠ the value of early-retirement under a government sponsored-retirement scheme

and by Π the value of early retirement when it is non government-sponsored. The participation

constraints in the pre-retirement program and in the retraining program imply that in equilibrium,

we must check ex-post that

Un − C ≥ Uo

Π ≥ U0 > Π

The very last inequality insures that no workers quit the labor force without being sponsored by

the government.

6.2 Dynamics with training and retirement policies

We now investigate the dynamic adjustment of our two-sector economy when training and pre-

retirement can transitory increase above zero.

∂ek/∂t = φkuk − (δ + sk)ek − Σo∆(t0) for k = n, o, (17)

∂uo/∂t = δν + soeo − T (t)− P (t)− (δ + φo)uo +Σo∆(t0), (18)

∂un/∂t = δ(1− ν) + T (t) + snen − (δ + φn)un. (19)
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We let P (t) and T (t) be step variables: they are equal to zero in steady-states, and a positive

constant during part of the transition: we chose to activate those variables between the fifth and

the 43rd quarters and and let 15% of the flow of displaced workers in the old sector to be retrained

sent to the pool of unemployed in the new sector (respectively sent to inactivity). In this exercise,

the upward adjustment of employment in the good sector is much faster, and accordingly, as

revealed by the left chart in Figure 15, the decline in unemployment is much faster: it takes only

a five years to half-converge and after 10 years, convergence is almost realized. The main reason

shows up in the left panel in Figure 15 where the evolution of labor supply is displayed: again, after

10 years of re-training, the sectorial allocation of labor supply reaches its long-run value. Price

convergence is thus much faster, as the reduction in total unemployment.

An alternative experiment, consistent with the Polish experience of massive early retirement,

is to impose that 15% of displaced workers leave the labor force (i.e. setting π = 0.15) while

no displaced workers is retrained (τ = 0). Such a policy produces more or less the same fast

convergence in unemployment of the declining sector (see the left panel of Figure 16, but at the

same time reduces the total labor supply, and does not increase faster the labor supply in the good

sector, so that, compared to the previous policy experiment, total employment remains significantly

lower as before the reallocative shock. Unreported simulations show that the rise in the price of

the modern good in this policy experiment is large, and larger than in the previous policy variant

with retraining.

We can thus conclude this theoretical extension by arguing that re-training policies may fas-

ten the adjustment, while early-retirement policies, if effective in terms of the decline in total

unemployment, do not contribute to increasing employment.

6.3 Empirical extensions: flows to inactivity

(...)

7 Conclusion

This paper is concerned with the effect of large allocative shocks on worker’s mobility, wages and

unemployment, when labour market are imperfect. We have first developed a theory of imperfect

labor markets facing sectorial shifts and shown the dynamics of adjustment. One aspect of the

value added of the paper is to show that the dynamics of continuous time search model can be

relatively easily resolved numerically. A key modelling feature is that workers’ careers are to a

large extent pre-determined by their initial education. It follows that the dynamics of adjustment

of labor markets is slow and of the speed of the inverse of the demographic turnover in the market.

To assess the reality of these obstacles to labor reallocation, we have used a relatively unique
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event: we focus on two countries having joined the European Union at the time of and after

the official announcement (in March 1998) of their accession to the EU six years later, Estonia

and Poland. The dynamics of labor markets is characterized by a rise in unemployment, and

reallocation of labor across activities and jobs. Poland has chosen early-retirement as a convenient

but costly labor market adjustment mechanism, while active labor market policies are remaining

very shy. Estonia has chosen to facilitate layoffs.

In the empirical section, we have investigated the extent to which specific skills (as opposed

to general skills) in the labor market represent an obstacle to reallocation of labor. We have

approximated specific skills by an imperfect proxy: whether individuals who have completed either

secondary or basic education, were in vocational or general schools. For both Estonia and Poland,

we find, after controlling for individual heterogeneity, that:

• workers having attended secondary vocational education (in both Poland and Estonia) or
basic vocational education (in Poland only) lost on average more in job to job transitions

than comparable workers having attended general education

• changing sector is associated with a positive wage increase during transition, but workers with
vocational education benefit less from this wage gains than workers with general education

• workers with any type of vocational education suffered longer unemployment spells after
separation than workers with general education
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Appendix

A Model

A.1 Stock-flows equations

We have the following law of motions for employment:

∂ek/∂t = φkuk − (δ + sk)ek for k = n, o, (A1)

while flows in and out unemployment are described by:

∂uo/∂t = δν + soeo − T − P − (δ + φo)uo, (A2)

∂un/∂t = δ(1− ν) + T + snen − (δ + φn)un, (A3)

where T and P are flows to training and early-retirement, defined in the Extension section. In the bench-

mark model, they are set to zero. However, to minimize the length of exposition, we will keep them here

so as to avoid to repeat the augmented equations later on. Flows in and out each skill level are governed

by

∂lo/∂t = δν − δlo − T − P , (A4)

∂ln/∂t = δ(1− ν)− δln + T , (A5)

where lk is the skill population (or labor force), with lk = ek + uk.

A.2 Bellman equations

We have for workers:

(r + δ)Uk = b+ φk(Wk − Uk) + ∂Uk/∂t, (A6)

(r + δ)Wo = wo + so [(1− τ − π)Uo + τ(Un − C)−Wo + πΠ] + ∂Wo/∂t, (A7)

(r + δ)Wk = wn + sn(Un −Wn) + ∂Wn/∂t, (A8)

where b is the flow utility from unemployment. As above, we already introduce notations Π, π and τ

defined in the Extension section, which are respectively utility derived from government-sponsored pre-

retirement, Poisson transition of being part of that scheme and Poisson transition rate to training scheme.

For the benchmark model, simply set π = τ = 0.

We can also rewrite the Bellman equation of firms (4) in using the value of a vacant position (6) in a

more condensed way in integrating by part as:

(r + δ + λ+ sk)Jk(Ω, t) = pk −wk −Ω+ λ
Rk(t)

0

G(Ω0)dΩ0

r + λ+ δ + sk
+ ∂Jk/∂t. (A9)

36



A.3 Steady-states

Using (A4) and (A5) we obtain

lo = ν − (T + P )/δ, (A10)

ln = 1− ν + T/δ, (A11)

and in a steady-state, lo+ ln = 1−P/δ. Using uk = lk− ek into (A1), we obtain the employment rate and

the unemployment rate:

ek/lk =
φ(θk)

δ + sk + φ(θk)
for k = n, o, (A12)

uk/lk =
δ + sk

δ + sk + φ(θk)
for k = n, o, (A13)

and finally using (A10), (A11) into (A12) and (A13), we obtain the level of employment and thus of

production of each good:

en = (1− ν + T/δ)
φ(θn)

δ + sn + φ(θn)
= Yn, (A14)

eo = (ν − (T + P )/δ)
φ(θo)

δ + so + φ(θo)
= Yo. (A15)

A.4 Dynamics: Lemmas

This appendix presents five Lemmas used in the derivation of the dynamics properties of the model.

Lemma 1
∂Jk(0, t)

∂t
=

∂θk/∂t

θk(t)
.η.γk/q(θk(t)).

This comes from a derivation with time of equation (8).

Lemma 2
∂Jk(0, t)

∂t
= (r + λ+ δ + sk)

γk
q(θk(t))

− γk
q(θ∗k(t))

where γk/q(θ
∗
k(t)) = pk(t)− wk + λ

Rk(t)

0
G(Ω0)dΩ0 /(r+λ+ δ+sk) and θ∗k(t) is the steady-state value

of labor-market tightness when price and the reservation values are precisely at pk(t) and Rk(t).

Lemma 3

Combining Lemmas 1 and 2, we obtain a dynamic equation for θk(t):

∂θk
∂t

=
r + λ+ δ + sk
η γk
θk(t)q(θk(t))

γk
q(θk(t))

− γk
q(θ∗k(t))

, (A16)

where we have used that η = −θkq0(θk)/q(θk). Note also that 0≤ η ≤ 1 and that η depends on θk except

when the matching function is Cobb-Douglas in which case q(.) is iso-elastic.

Lemma 4
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Log-linearizing (A16), we obtain the forward-looking dynamic equation governing the law of motion of

tightness:
∂θk(t)

∂t
= (r + λ+ δ + sk) [θk(t)− θ∗k] (A17)

Lemma 5

Log-linearizing (8) and using (A17), we obtain the forward-looking dynamic equation governing the

law of motion of Rk:
∂Rk(t)

∂t
= (r + λ+ δ + sk) [Rk(t)−R∗k]

A.5 Existence and uniqueness of a saddle-path.

Around the steady-state, we are in the linear situation analyzed in Blanchard and Kahn (1980) in the

case of linear difference equations, and generalized in Buiter (1984) to continuous time linear differential

equations: we have four predetermined variables, four ”jump” variables, three exogenous variables pk(t)

and ν(t). The information set is such that all agents form the right expectations and know the law of

motion of exogenous variables. The number of ”explosive solutions”, i.e. the number of eigenvalues with a

positive real part, is exactly equal to the number of ”jump variables”, while the number of eigenvalues with

negative real part is equal to the number of predetermined variables. There is thus, around the steady-state,

a unique convergence path to the steady-state. See notably Sargent and Wallace (1973) for a very early

analysis of the ”stability” of economic system with two eigenvalues of different sign and the interpretation

of the convergence to the unique saddle-path. This generalizes the analysis of time-continuous dynamics

of the one sector - exogenous labor supply matching by Pissarides (2000, chapters 1-2) to the case of a

two-sector matching economy with time-varying labor supply in each economy.

Proof : See Case 1, page 666-671 in Buiter (1984).

B Context

B.1 Estonia

Reforms in Estonia were quite comprehensive and could be grouped in 4 categories.

• Reforms conducive to price stability. Prices in Estonia were liberalized and public subsidies were
eliminated gradually. In 1992 Estonia introduced the kronn, and tighten fiscal policy.

• International trade. Estonia has no import tariffs. Export controls were eliminated in 1993, and in
January 1995, the Free Trade Agreement (signed without a transition period) between the EU and

Estonia became fully operational.

• Privatization. Immediately after independence, Estonia initiated enterprise and financial reforms.
Most of the privatization was done, via auctions, before 1993.

• labor market reform. The reform was very radical and liberal on this front. In many respects, the

Estonian labor market is considered one of the most flexible labor markets of the Enlarged Europe.
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B.1.1 Macroeconomic trends: 1992-2002

Table 7 summarizes Estonia’s main macroeconomic indicators. Following the 1992 reforms Estonia expe-

rienced negative real GDP growth rates during 3 consecutive years, until 1995, when the economy started

to recover. The negative impact of the Russian crisis in 1998 was not as strong as expected. Nonetheless,

the rate of GDP growth turned negative again in 1999, recovering strongly right after this year to reach

an stable level of 6,5% growth since then. 1998 was also the year when the Estonia’s Europe Agreement

came into force.

Price liberalization in 1991 took inflation to its highest point (1076%) in 1992 and then back to two

digits in 1993. Since then inflation has been continuously decreasing, reaching 3.6% in 2002.

Other economic indicators are quite sound in Estonia. One of the key pieces of the economic reforms

was aiming at a balanced budget, the largest deficit figure during the 90s was 4% in 1999, and currently

public accounts are in surplus. Estonia’s trade deficit is very high, over 10%, but it is mainly due to

imports of capital goods that potentially will contribute to the country’s productivity.

B.1.2 Labor market trends

The employment rate decreased reaching the lowest level after the crisis of Russia in 2000, 54.7% versus

the 70.7% in 1991.16 As shown in tables 9, this was coupled with higher unemployment. Unemployment

increased from 1% of active population in 1990 to 10% in 1995, although this raise in the unemployment rate

was smoothed by the sharp fall in labor force participation and low salaries. Some authors (e.g. Haltiwanger

et al 2002) argue that the unemployment rate dynamics was also favoured by low unemployment benefits.

Nevertheless, the current unemployment rate is over 10% for the total population and 20% for the

youngest labor market participants. The structural component of unemployment is very high, and it

basically reflects a mismatch between the vocational education system and the needs of the market. As

mentioned above, some policy measures have been introduced recently with the Employment Action Plan

that attempt to help workers to adjust qualifications to market demand.

The reallocation of employment across sectors is being also very important in moving towards a more

efficient labor market. Sectorial shifts in employment and changes in sectorial wages managed to reduce

considerably the share of employees in agriculture, from over 20% in 1990 to 8% in 2000. This has been

coupled with a remarkable increase of the share in services from 43% in 1990 to about 60% in 2002.

The share of employment in the industry sector declined at first and increased thereafter. In 2002 the

manufacturing employment share is at the level of 1990 (about 37%). Important shifts in sectorial wages

have accompanied this sectorial shifts in employment.

The drop in labor force participation is also associated with a demographic factor. Initially, the steepest

decline was associated with pre-retirement. The participation rate of the oldest group of active population

(50-74) dropped from 58.5% in 1991 to 42.6% in 1997 and started recovering then, now being over 48%.

Participation among young people has experienced a continuous decline, going from 48.8% in 1990 to 39.9%

in 2001, and 33.8 in 2002. The lowest participation rate is among young females, 33.5% in 2001 and 27.8%

16All the labour market statistic in this descriptive section refer to the population aged 15 to 74.
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Table 7: Main Economic indicators. Estonia
1998 1999 2000 2001 2002

Real GDP gr. rate percent 4.6 -0.6 7.3 6.5 6
Inflation rate
annual average percent 8.8 3.1 3.9 5.6 3.6
Dec.-on-Dec. percent 5.2 3.7 5 4.2 2.7
Unemployment rate
LFS definition percent 9.2 11.3 12.5 11.8 9.1
Budget Balance %GDP -0.4 -4 -0.4 0.2 1.3
Current account %GDP -9.1 -5.7 -5.8 -6 -12.3
Current account Mill. EU -429 -277 -326 -378 -847
Gross foreign debt
deb export ratio % G &S 39.6 32.9 33 33.1 .
debt export ratio Mill EU 1472 1238 1728 1854 .
Foreign direct inv.
balance of payments %GDP 10.9 5.8 7.6 9.6 4.4
balance of payments Mill. EU 513 284 425 603 307

Sources: Eurostat, national sources, OECD

in 2002. In spite of this fall, labor force participation in Estonia was in 2000 around or above the average

EU participation rate.

Data on vacancies would complete the picture of the labor market situation in Estonia, but this data

is quite misleading because firms in Estonia do not report vacancies; the reason being that unemployed

people do not seek for a job via labor force services. According to the labor Force Survey, less than a 50%

do so.

The transition in Estonia was accomplished by a large increase in worker flows. An excellent reference

on this issue is, Haltiwanger et al (2002) that analyses the period until 1995. They document that

separation rates increased rapidly at the beginning of the transition to over 25%, and started to decline

around 1995. Haltiwanger et al (2002) found evidence of unbalanced restructuring in the sense that the

hiring rate exceeded the separation rate suggesting some kind of sclerosis, i.e. some low productive business

survived longer than it would be expected in an efficient equilibrium. Some preliminary calculations with

our sample 1997-2002, suggest that the sclerosis is being mitigated and hiring and separation rates tend

to approach each other at levels around 13%. (see Figure 12).

C Tables and Figures
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Table 8: Unemployment Rates. Estonia.
1993 1994 1995 1996 1997

Males and females
15-24 11.2 11.7 14.4 16.1 14.5
25-49 6.5 7.6 9.7 9.6 10
50-69 4.2 5.1 6.9 7.3 6.1
50-74 4.2 5.1 6.9 7.3 5.9
Total 6.6 7.6 9.7 9.9 9.6
Males
15-24 9.8 11.5 13 15.7 16
25-49 6.4 7 10.9 10.2 9.6
50-69 4.6 5 7.7 8.4 7.8
50-74 4.6 5 7.7 8.4 7.6
Total 6.5 7.3 10.5 10.6 10.1
Females
15-24 13.1 11.9 16.3 16.6 12.4
25-49 6.5 8.2 8.5 9.1 10.4
50-69 3.8 5.1 6 6 4.2
50-74 3.8 5.1 6 6 4
Total 6.6 7.9 8.9 9.2 9.2

Unit: percentages. Annual averages LFS

Table 9: Unemployment Rates. Estonia. (Cont.)
1998 1999 2000 2001 2002 2003

Males and females
15-24 15.8 19.7 23.8 22.2 17.6 20.6
25-49 10 12.3 12.9 11.9 9.7 8.6
50-69 6.2 8.5 10.6 9.9 9.2 9.1
50-74 6.1 8.3 10.3 9.6 8.9 8.8
Total 9.8 12.2 13.6 12.6 10.3 10
Males
15-24 17 20.6 23.9 19.3 14.3 16.9
25-49 10.5 13.3 13.4 12.1 9.9 8.9
50-69 7.9 10.2 12.4 11.6 11.8 10.1
50-74 7.8 9.9 12.1 11.4 11.5 9.8
Total 10.8 13.4 14.5 12.9 10.8 10.2
Females
15-24 14.2 18.5 23.7 26.4 22.5 26
25-49 9.5 11.3 12.3 11.7 9.5 8.3
50-69 4.4 6.7 8.8 8.2 6.8 8.1
50-74 4.3 6.6 8.5 8 6.6 8
Total 8.8 10.9 12.6 12.2 9.7 9.9

Unit: percentages . Annual averages, LFS

41



Table 10: Wages and mobility. Poland
(1) (2) (3) (4)

Dep. var.: Log (hourly wage)
male 0.255 0.248 0.248 0.248

(119.32)** (120.42)** (120.41)** (120.41)**
age 0.019 0.022 0.022 0.022

(23.08)** (31.72)** (31.71)** (31.69)**
age2 -0.019 -0.022 -0.022 -0.022

(17.69)** (24.77)** (24.75)** (24.74)**
teny 0.013 0.010 0.010 0.010

(32.36)** (34.90)** (34.89)** (34.96)**
teny2 -0.022 -0.017 -0.017 -0.017

(17.05)** (18.05)** (18.05)** (18.10)**
yedu 0.051 0.048 0.048 0.048

(117.99)** (124.38)** (124.38)** (124.38)**
secvoc -0.016 -0.012 -0.012 -0.012

(5.96)** (5.12)** (5.11)** (5.12)**
basicvoc -0.072 -0.071 -0.071 -0.071

(27.57)** (28.72)** (28.72)** (28.72)**
bm -0.106 -0.061 -0.061 -0.066

(2.87)** (1.80) (1.82) (1.95)
am -0.031 0.014 0.006 -0.052

(0.80) (0.41) (0.17) (1.48)
bm*years edu 0.003 -0.002 -0.002 -0.002

(1.13) (0.87) (0.87) (0.73)
am*years edu 0.005 -0.000 -0.000 0.004

(1.70) (0.09) (0.14) (1.58)
bm*secondary voc 0.009 0.033 0.033 0.033

(0.46) (2.18)* (2.24)* (2.20)*
am*secondary voc -0.007 0.018 0.019 0.033

(0.35) (1.23) (1.28) (2.06)*
bm*basic voc 0.023 0.038 0.039 0.040

(1.49) (2.64)** (2.71)** (2.78)**
am*basic voc -0.007 0.008 0.009 0.013

(0.44) (0.59) (0.65) (0.83)
ch_sec 0.022 0.162

(4.59)** (6.00)**
ch_sec*edu -0.010

(5.29)**
ch_sec*secvoc -0.037

(2.91)**
ch_sec*basic voc -0.009

(0.73)
Constant 5.598 5.580 5.580 5.580

(341.04)** (389.32)** (389.34)** (389.37)**
County Dummies Yes Yes Yes Yes
Quarter Dummies Yes Yes Yes Yes
Observations 254755 254755 254755 254755
R-squared 0.32 0.32 0.32 0.32

Note: Absolut value of z-statistics in parenthesis.* and ** denote statistically significant at the 5 and 1
per cent level respectively. bm is a dummy variable taking value 1 for movers before mobility takes place.
am is a dummy variable taking value 1 for movers after the mobility episode
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Table 11: Wages and mobility. Estonia
(1) (2) (3) (4)

Dep. var.: Log (hourly wage)
male 0.317 0.307 0.307 0.307

(45.29)** (41.09)** (41.08)** (41.09)**
lang 0.215 0.198 0.198 0.198

(22.80)** (21.03)** (21.01)** (21.01)**
age 0.015 0.021 0.021 0.021

(8.03)** (10.75)** (10.74)** (10.74)**
age2/100 -0.024 -0.030 -0.030 -0.030

(10.80)** (13.23)** (13.22)** (13.22)**
tenure 0.014 0.011 0.011 0.011

(12.24)** (11.49)** (11.47)** (11.48)**
tenure2/100 -0.020 -0.016 -0.016 -0.016

(5.74)** (5.81)** (5.81)** (5.81)**
years edu 0.083 0.075 0.075 0.075

(43.96)** (43.67)** (43.66)** (43.67)**
secondary voc -0.184 -0.159 -0.159 -0.159

(19.08)** (17.94)** (17.94)** (17.94)**
basic voc -0.164 -0.132 -0.132 -0.132

(16.80)** (15.44)** (15.44)** (15.44)**
bm -0.024 0.154 0.152 0.153

(0.26) (2.10)* (2.08)* (2.09)*
am -0.007 0.242 0.220 0.192

(0.09) (3.39)** (3.07)** (2.37)*
bm*years edu 0.001 -0.018 -0.018 -0.018

(0.10) (3.04)** (3.03)** (3.03)**
am*years edu 0.007 -0.017 -0.017 -0.015

(0.94) (3.07)** (3.08)** (2.40)*
bm*secondary voc -0.006 0.083 0.085 0.085

(0.16) (2.88)** (2.95)** (2.94)**
am*secondary voc -0.077 0.035 0.039 0.043

(2.05)* (1.25) (1.39) (1.30)
bm*basic voc -0.023 0.000 -0.001 -0.001

(0.67) (0.00) (0.05) (0.05)
am*basic voc 0.002 0.012 0.011 0.018

(0.06) (0.51) (0.46) (0.62)
ch_sec 0.041 0.096

(3.52)** (1.28)
ch_sec*years edu -0.004

(0.67)
ch_sec*secondary voc -0.008

(0.23)
ch_sec*basic voc -0.012

(0.44)
Constant 6.219 6.202 6.202 6.203

(139.33)** (135.35)** (135.36)** (135.36)**
County Dummies Yes Yes Yes Yes
Quarter Dummies Yes Yes Yes Yes
Observations 70019 70019 70019 70019
R-squared 0.27 0.27 0.27 0.27

Note: Absolut value of z-statistics in parenthesis.* and ** denote statistically significant at the 5 and 1
per cent level respectively. bm is a dummy variable taking value 1 for movers before mobility takes place.
am is a dummy variable taking value 1 for movers after the mobility episode
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If no re-training
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Figure 1: Life-cycle of workers. δ =death rate. uk = unemployment in sector k. ek=employment
in sector k.
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Figure 2: Dynamic response to a reallocative shock in an economy with no labor mobility and rigid
wages.
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Figure 3: Dynamic response to a reallocative shock in an economy with no labor mobility and rigid
wages.

45



−50 0 50 100 150
0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28
Unemployment rates

Unemployment rate old sector
Unemployment rate new sector
Unemployment rate Total

−50 0 50 100 150
0

0.005

0.01

0.015

0.02

Job Destruction

Job Destruction old sector
Job Destruction new sector

Figure 4: Dynamic response to a reallocative shock in an economy with no labor mobility, rigid
wages and employment protection (F = 1).
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Figure 5: Dynamic response to a reallocative shock in an economy with no labor mobility and
flexible (bargained) wages.
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Figure 6: Steady-states with perfect adjustment of the education policy ν = ν∗ in response to a
demand shift an/ao.
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Figure 7: Steady-states with no adjustment of the education policy (ν = 0.5) in response to a
demand shift an/ao.

48



Figure 8: Source: Poland 2003. Report Labour Market, and Social Security, Warsaw

Figure 9:
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Figure 10: Early-retirement in Poland. Source: Kwiatkowski et al. (2001).
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Figure 11: Structure of the ELFS
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Figure 12: Hiring and separation rates. Estonia 1997-2002
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Figure 13: Survival rates (in unemployment), Estonia 1997-2003.
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Figure 14: Survival rates (in unemployment), Poland, 1997-2003.
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Figure 15: Dynamic response to a reallocative shock in an economy with some mobility (training
T is 15% of the flows of displaced workers) and rigid wages.
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Figure 16: Dynamic response to a reallocative shock in an economy with some mobility (ealry
retirement P is 15% of the flows of displaced workers) and rigid wages.
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