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Abstract

This paper proposes a dynamic theory of adjustment of labor force to a shock
that makes existing human capital stock obsolete. Workers will not invest in the new,
superior skills because their current value depends on the existing complementary stock
of human capital, and the obsolete specialized skills are largely incompatible with the
new specialized skills. Labor market imperfections make the current skills distribution
an important factor in the decision to invest in new skills. This creates room for
generalists, workers with an intermediate set of skills who are able to work with both
old and new types. Along the equilibrium path the economy accumulates a buffer stock
of generalists that eventually makes it profitable to invest in superior specialization.
The paper proposes new methods of studying the dynamics of adjustment in search
models with forward-looking investment. It characterizes the dynamics of transition
and analyzes how equilibrium paths differ across countries with diverse labor market
and educational institutions. The efficiency analysis allows drawing policy implications.
FEconometric evidence on labor markets in transition economies is shown to be broadly
consistent with predictions of the model. East Germany presents a stark example of
rapid transition which is difficult to explain by traditional theories but is consistent
with the predictions of my model.

1 Introduction

Recently, a number of papers contributed to the analysis of equilibria in a general class of
search models with heterogeneous workers, see for example Shimer and Smith [2000], Burdett
and Coles [1997], and Lu and McAfee [1996]. However, there is a certain caveat in that
literature, regarding the out-of-steady-state adjustment dynamics. At the same time there
are real-life contexts, in which what happens during this adjustment is extremely important.
This paper proposes a dynamic theory of adjustment of labor force to a shock that makes
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existing human capital stock obsolete, and relates this theory to the recent developments in
formerly-planned economies.

At the end of the eighties, a number of Central and Eastern European countries embarked
on transition from plan to market. The liberalization shock shook everything: contractual
arrangements available to firms, the structure of relative prices, and production technologies,
thereby dramatically affecting relative rewards to different sets of skills. Skills inherited from
the socialist era were not particularly attuned to the needs of market economy and so have
been rapidly devaluing. Another salient pattern of the stock of human capital was its ex-
cessive specialization compared to most Western economies. The World Bank Development
Report [1996] documents that education systems in planned economies have emphasized
awareness of facts, in contrast to the stress on the use of knowledge in unanticipated cir-
cumstances in market economies. For example, in Poland, secondary technical schools had
separate curricula for 300 different occupations, compared to 16 broad apprenticeship pro-
grams in West Germany. Furthermore, adult education and training in command economies
was neglected. Consequently, labor force was characterized by much narrower specialization,
as it conformed to demands of a largely static production structure.

Thus, workers were excessively specialized in wrong things. The expectation was that
over time the structure of human capital in CEE countries would gradually converge to
that in the West. The transition could only be gradual because skills are embodied in
human beings and cannot be instantly upgraded. The question that received relatively little
attention in the literature is how new skills interact with the old skills inherited from the
planned economy during the transition.

In the long run, all workers will specialize in the right things (efficient grade of human
capital). However, in labor markets characterized by costly mobility and search, new en-
trants into the labor force are ex ante uncertain about their future matches. They may not
benefit from investing in the set of new special skills, if these skills are incompatible with the
(obsolete and excessively specialized) skills of the majority of labor force. Individual-specific
uncertainty about the match creates a pecuniary externality that discourages efficient in-
vestment and makes room for general human capital. Workers who are flexible enough to be
both able to work with the obsolete specialists and to take advantage of the new productive
techniques, will do well in the short run; they will also do relatively well when the efficient
specialists eventually appear. Hence, general human capital may be more attractive at the
beginning of transition until at some point there are enough generalists to make specializa-
tion pay off. The moment when specialization takes off is central to the nature and speed
of adjustment. Its timing affects output growth, evolution of unemployment across groups,
and inequality.

This paper presents a model in which workers may choose among a few grades of human
capital that have differential productivities and are not all compatible with each other.
Given a frictional labor market, expected earnings depend on the future evolution of the
aggregate skills distribution. This makes human capital acquisition decisions interdependent
and characterized by inertia, as agents take into account current and expected labor market
conditions. Evolution of the skills distribution is in turn determined by those acquisition
decisions.

In this framework I analyze implications of an aggregate shock that enlarges the set of



possible human capital grades available to the economy. To deal with complex adjustment
dynamics somewhat neglected by existing research, I introduce new analytical methods. I
analyze explicitly the stochastic process underlying labor market transitions by studying its
generator matrix. This approach allows me to derive analytical results; relying solely on the
properties of that matrix I am able to characterize the relevant policy thresholds. I then
study how they depend on the parameters of the model, and how they affect trajectories of
unemployment, output per capita, and wage inequality. Application of a technique similar
to calculus of variations allows me to characterize socially efficient adjustment path and
compare it with the decentralized outcome.

It is hoped that methods developed in this paper may be found useful in subsequent
research on short run dynamics, not necessarily in area of transition.

My economic universe rests on two assumptions: imperfect labor markets, and trade-
off between special and general human capital due to differential complementarities across
skill types. The extent of specialization in planned economies of Central and Eastern Eu-
rope prior to transition, undeveloped labor market infrastructure, and the size of the shock
that transformed the structure of relative rewards, make those countries an ideal testing
ground for my theory of adjustment. Meta-evidence on wages and unemployment incidence
of workers with general and vocational secondary education appears to be consistent with
my model. East Germany makes for a polar case of a totally different evolution of wage
differences. I show how German unification of 1991 may have altered trade-offs faced by
workers compared to other CEE countries, and led to much higher transitory output decline
and larger unemployment (which are hard to account with existing theories of transition).

My model may also be helpful for understanding the role of flexibility and specialization
in generic changing environments, with lessons for growth and development economics.

Genealogically, my paper is related to three areas of research: equilibria in economies with
heterogeneous workers, complementarities across workers, and implications for sorting and
inequality [Shimer and Smith, 2000; Burdett and Coles, 1997; Lu and McAfee, 1996; Kremer
and Maskin, 1996; Kremer, 1993], research on differential productivities and endogenous job
creation in search framework [Acemoglu, 1996a; Saint-Paul, 1996], and analysis of realloca-
tion dynamics [Aghion and Blanchard, 1994; Caballero and Hammour, 1996; Castanheira and
Roland, 1997; Brixiova and Li, 1998]. Shimer and Smith [2000], Burdett and Coles [1997],
and Lu and McAfee [1996] exemplify a growing body of literature analyzing steady states
in a rich class of search models with heterogeneous agents, with implications for sorting.
Kremer [1993] and Kremer and Maskin [1996] address similar questions in static Walrasian
framework, where production technology is characterized by complementarities and differ-
ential sensitivities of output to workers with different productivities. Kremer and Maskin
[1996] make very strong assumptions on functional forms to obtain patterns of sorting by
skill and evolution of across-group inequality similar to those observed in industrial coun-
tries. My paper, in contrast, focuses on out-of-steady-state dynamics; it only uses a minimal
set of technological assumptions; most of the results are driven by the dynamic structure of
the model and the frictional nature of the labor market. Acemoglu [1996a] and Saint-Paul
[1996] analyze endogenous structure of jobs in search framework when labor force is het-
erogeneous. Their analysis is also confined to comparative statics of steady states. Aghion
and Blanchard [1994] and Caballero and Hammour [1996] analyze the reallocation process



in transition. They rely on either ad hoc assumptions or numerical analysis to characterize
dynamics of adjustment and efficiency of decentralized path. My approach is analytical, even
though I study a higher-dimensional labor market.

Formal analysis of this paper is motivated by factual evidence on skill obsolescence,
excessive specialization, and incompatibilities in transition economies [Boeri, Burda and
Kollo, 1998; Bordin, 1998; Cazes and Scarpetta, 1998; Flanagan, 1998; Rutkowski, 1996;
Rutkowski, 1998a; Rutkowski, 1998b; Orazem and Vodopivec, 1997; The World Bank De-
velopment Report, 1996]. Orazem and Vodopivec [1997], Flanagan [1998], and Rutkowski
[1998a], among others, find that returns to human capital rose rapidly in most countries of
the Central and Eastern Europe (CEE). At the same time experience profiles have flattened
significantly. Skill premia were not shared by all age groups. Boeri et al. [1998], Cazes and
Scarpetta [1998], Rutkowski [1998b], and Orazem and Vodopivec [1997] document that voca-
tional degrees are associated with higher unemployment incidence and longer unemployment
durations. Bordin [1998] provides anecdotal evidence on incompatibilities among workers
with different backgrounds, in particular, in foreign-managed firms.

However, none of the existing empirical studies explore systematically the differences
and changes in labor market prospects of workers with general and special skills. My model
provides a framework to analyze these questions in a structured way.

Aggregate evidence suggests that East Germany has a very different pattern of transition
than the other CEE countries. Higher transitory unemployment and larger output move-
ments in this country seem to be consistent with the predictions of my model. I estimate
returns to different types of schooling for young German workers and indeed find significant
growth in vocational premium over 1992-1997. The contrast between East Germany and
other countries with socialist legacy is indicative of the dynamic effects identified in this
model.

In what follows, I briefly explicate the distinction between special and general human
capital in section 2. Section 3 presents a very simple model that incorporates and highlights
some of the central features of my analysis. The fully fledged model and results are presented
in section 4. Section 5 discusses some facts about labor markets in transition economies which
seem to be consistent with my theory. In particular, East German experience appears to
be an example of swift transition driven by early specialization. Section 6 concludes by
discussing policy implications and avenues for future research. Appendices contain detailed
formulation of the analytical framework and proofs of the main results.

2 Specialists and generalists

Usually in economics, human capital is measured by a single real number designed to
grasp the expertise of a worker in some special skills. One can think of at least one more
dimension — flexibility of the human capital, or the broad ability of a worker or professional
to perform multiple different tasks, or work in a number of different organizational environ-
ments. There is a non-trivial trade-off faced by all those who retrain in the middle of their
career as well as by new entrants into the labor force between the degree of specialization and
its extent: narrow specialization substantially raises the marginal productivity of worker in a
specific task, while broad specialization raises marginal productivity in many different tasks,
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though not on a par with the expertise of a narrow specialist. In any single task dab hands
outperform Jacks of all trades, but in a frictional labor market Jacks have the advantage of
flexibility. The only model I am aware of that describes workers confronted with the choice
of general vs. specific training was presented in [Kim, 1989, but it limits discussion to a
static partial equilibrium context with no interaction of workers.

There are, in fact, two reasons why a specialization in a narrow task may be undesirable.
There may be perfect labor markets, but an aggregate uncertainty about which single spe-
cialization will be profitable in the future. Since investment in human capital is irreversible,
risk-averse agents making decisions before the resolution of uncertainty will prefer to invest
slightly in a number of skills, rather than one. Another reason why specialization may be
undesirable stresses the individual-specific uncertainty about a match under labor market
imperfections. This is the story I want to tell.

In the absence of aggregate uncertainty, the more perfect are the labor markets, the
smaller is the flexibility advantage. In frictionless markets workers match perfectly with
other workers and factors. It is in the imperfect market environments that dab hands have
disadvantages. Thus there are strong grounds to believe that in transition economies, where
limited labor mobility, high degree of segmentation, and undeveloped infrastructure are
central features, the specialization trade-off should assume primary importance.

3 A simple myopic model of human capital adjustment

Before presenting a full-fledged RE model, in order to build intuition and introduce the
relevant trade-off, I present an extremely simplistic myopic model of aggregate human capital
adjustment. Section 4 will soon correct for all deviations from rationality and realism this
section makes.

There are three potential types of workers, ¢ = 1,2, 3. Initially the entire population
consists of type 1 workers. Type 1 are workers highly skilled in obsolete technique!. Type 3
are those highly specialized in new technique. Type 2 are the Jacks of all trades. Workers
can only produce output in pairs. The output of a pairing of workers ¢ and j is given by y;;

I make the following assumptions about relative productivities of various matches:

monotonicity?: Y13 <y < Y12 < Y22 < Y23 < Y33,
and
increasing returns to specialization Y33 — Y3 > Yoz — Yoo

Workers are risk-neutral and infinitely-lived. Time is discrete. A proportion p of all
workers, drawn randomly and uniformly in each period, get a chance to retrain, i.e. change
their type arbitrarily. The proportions of types in labor force are denoted by p;.

Workers find a partner at the beginning of a period, produce output, and part at the
end, without taking each other’s email address. Therefore, they engage in search of a new

1T use the word “technique” instead of “technology” to stress that not only technological shock can make
skills obsolete. New forms of contracts becoming available or changes in relative prices of goods are other
examples of such a shock. The word “technique” in this context simply refers to the best available way to
produce value.

2The results still hold under weaker assumption y11 < %13 < Y12 .



partner each period. I assume that the search is infinitely efficient in the sense that everyone
gets a partner, whose identity, however, is randomly drawn from the pool of all workers. In
this sense, matching is random.

I denote by w;; the wage paid to 7 in a match (¢,7). In what follows I will assume for
simplicity that a pair of workers simply split their output evenly:

Wij = Wi = Yij/2-

To put the implications of the differential complementarity assumptions in stark light, I
choose the simplest way possible to describe the intertemporal decision-making. I assume
that workers make choices based entirely on contemporaneous costs and benefits.

In each period workers who get retraining opportunity, compare the expected wages they
would realize with each set of skills. Type 7 expects to earn the amount w; = 22:1 DjW;;.
It is obvious that no one would ever choose to obtain type 1 training, because it is strictly
dominated by upgrading to type 2:

3
ij (ng — wlj) > () because Wa,; > wlj‘v’j.
j=1

What about getting the new specialized skills (type 3)7 Initially, p; (0) = 1, ws|,_, =
w3 < Wy = Wal,_y. S0, the workers will not choose type 3. The proportions are changing
according to difference equations: p1 (t) = (1 —p)p1 (t — 1), p2 (¢) =p2 (t — 1) +pp1 (t — 1) .

What happens when type 2 workers populate the market, ps ~ 17 w3 = w3y > wgy = Ws.
So, when market gets dominated by generalists, type 3 becomes the type of choice. By
continuity, there exists time sy when it first becomes attractive to specialize:

w3 (s0) = p1 (S0) w31 + P2 (s0) wsz > p1(80) w21 + P2 (80) waz = Wa (s0),
Wy (80 — 1) < Wy (80 — 1) .
There are following lessons from the simple model:

1. Along the path to the long run steady state, the economy first accumulates and then
decumulates a buffer stock of workers with “bridging” human capital, which is com-
patible with both old and new specialized skills.

2. If the investment in general skills is impossible, the economy may never embark on
adjustment.

3. There is an inverse U-shaped path of income inequality in transition; inequality tem-
porarily rises both across and within groups.

4 A rational expectations model of human capital ad-
justment

4.1 Assumptions of the model

Here I add more realism to the simple model of the preceding section by allowing for
unemployment and job search, as well as endogenous matching decisions. It is a variation
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on the job-search models. The classic treatment of these models is contained in [Pissarides,
1990]. However, in order to make model tractable, I need the same major simplification as
in section 3: abandonment of the firms’ side altogether®. There will be neither firms, nor
vacancies in the model. The workers match among themselves directly.

There are two alternative interpretations of the model with small variations in the as-
sumptions. The main interpretation holds that workers are infinitely-lived. From time to
time, at rate p, they get a chance to update their skills. An alternative interpretation is that
workers retire at rate p, and are immediately replaced in the labor force by their offspring.
Which version is adopted makes no difference for formal results, however, the interpreta-
tion of results and their implications differ accordingly. I call the former the “infinite life”
interpretation, and the latter the “retirement interpretation”.

4.1.1 Payoffs

The model is in continuous time. The production side (outputs and wages in pairs
(1,7)) is the same as in section 3, but I now allow for a possibility of unemployment. Let z
denote the flow return to unemployed agents. At this point, I do not specify where it comes
from (utility of leisure, unemployment benefits, home production). This will become more
important when discussing efficiency issues. I assume that z is a constant.

The wage-setting is as in section 3:

Assumption 1.

Wij = Wj; = yij/zu (1)

This specification may look too rigid, but there may be many potential reasons why
wages are inflexible, for example, sociological reasons [Bewley, 1995; Bewley, 1998, or effi-
ciency wages considerations. I chose this assumption, rather than Nash bargaining solution,
often used in job search models, because it ensures that results are not driven by peculiarities
of the latter. I make remarks about implications of alternative wage setting specifications
later in the paper. In fact, any wage-setting procedure that does not completely insulate
some workers from the adversities of random pairing, would give rise to qualitatively similar
results. What is also important, assumption 1 makes wage vector constant, which consider-
ably simplifies the analysis.

Workers’ utility is linear in consumption.

4.1.2 Flows in and out of unemployment

At a moment in time, a worker ¢ can be working in a pair with type j, or be unemployed
and searching for a match. I denote the unemployment state (i,0), so there are now four
possible employment states (i,1), (i,2), (4,3), (¢,0) .

There are following flows between the employment states. When an agent is unemployed,
in every period a potential match with another unemployed worker arrives at rate* m. Equiv-

31 worked out description of model dynamics with firms in [Sarychev, 1999].

4Note that in our context m is a matching constant analogous to the matching function of job-vacancy
models. This happens because workers match among themselves; the proportion of pairs created is a general
function m (U) . Assuming that this relationship is homothetic of degree 1, we obtain m (U) = Um (1) = Um.
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alently, this means that waiting time before finding a match in the unemployment pool is
distributed exponentially with parameter m. The type of the match is also random with
probability of matching with type j equal to their proportion in the entire unemployment
pool:

Assumption 2. Matching in the labor market is completely random.

I make remarks about relaxation of this assumption in subsection 4.7.3. An additional
motivation for this assumption in the “retirement” interpretation is that there is imperfect
substitutability between young workers and old workers as in [Kremer and Thomson, 1998,
so agents cannot sort by age.

Denoting Uj (t) the number of unemployed type j workers at time ¢, we compute the
total unemployment as U (t) = Zj.:l U; (t) and define the proportions g¢; (t) = U;/U. In
what follows I will omit the time index for most time-varying variables when it is safe to do
so. Summarizing the discussion, the matching rates are therefore mq;, mqs, mgs. If no match
has arrived, worker remains in the unemployment pool.

Working relationships dissolve for exogenous reasons at a rate ¢, upon which workers find
themselves in the unemployment pool.

4.1.3 Choice variables

So far what happens is completely out of agents’ control. Let us now turn to training
and retirement. As mentioned earlier, there are two interpretations of the model. In the
“infinite life” interpretation, once in a while when unemployed, at rate p, worker gets an
opportunity to retrain, that is to change own type arbitrarily (or choose to remain the same
type). The model may be equivalently reformulated to have dynasties of agents. In this
“retirement” interpretation, type of agent is chosen once and for all at the beginning of
her/his career; p is the retirement rate. Upon retirement of an adult worker, offspring of the
retired person enters the labor market. To avoid excessive stress on re in retraining, I will
use the less specific term training below. Training is instantaneous and costless’; following
it, the worker transits to the respective unemployment pool.

In contrast to the model of section 3, where workers always had some match and future
was irrelevant for wage decisions, here those who for any reason break with their partner will
anticipate a positive waiting time until they find another match. In a market with frictions,
there is always a positive option value of preserving a match. Even though assumption
(1) makes compensation of all workers independent of their reservation utility, it is not in
violation of individual rationality constraints. The model allows for voluntary dissolution
of a match if one worker’s value of staying falls below her/his reservation utility (expected
utility when unemployed). Agents thus have an additional set of choice variables ¢,;. ¢;; is a
binary variable indicating a positive decision of type i to work with type j. If ¢,; = 1, worker
of type i agrees to stay in productive partnership with type j worker. If ¢;; = 0, we say
that type ¢ decides not to match with j (decreasing, obviously, one’s probability of finding a
match). I assume that when a type i worker changes one’s ¢,; while employed with type j,
she/he transits into the unemployment state instantly at will.

°T relax the assumption of free training in section 4.7.1.



4.1.4 Other notation and Bellman equations

The additional notation is as follows: Vj; (s) is the expected discounted utility of type 4
working with type j (or unemployed if j = 0) at time s.

In the search literature Bellman’s dynamic programming approach plays a prominent
role. While its usefulness is somewhat limited for my analysis, I formulate the Bellman asset
value equations to facilitate comparisons with that literature. I present these equations for
the “infinite life” interpretation:

’I“V;-' = wij+(5(‘/;0_‘/;j)+‘-/ijvv/ivj>0 (2)
™Vio = z+p (m’?X{VkO} - V;'O) + Zm(b’¢ij¢ji (Vij = Vio) + ViOvW (3)
J

The flow equations in general form are

. o} . -
U = §L¢ —mU; Z 4jbij05 — pPUs +1 (] = argmax {V’“O}) ZpUk (4)
j

k=1

. o
L; = _§Li +mU; Z 9599 (5)
j

In fact, the “retirement” interpretation is more expensive in terms of notation, because it
must keep track of four more state variables (number of all pairs (4, j) among the employed).
I do not write the Bellman equations for this interpretation here. Despite little variations in
assumptions, formal results hold under either interpretation of the model.

The construction of the model in terms of transition probabilities is developed in appendix

A.

4.2 Informal description of the adjustment path

Most contributions to search literature are limited to the analysis of steady states. In
contrast, my focus is on the adjustment dynamics. Characterizing the steady state in my
model is trivial. In the long run all the workers will be of type 3. The unemployment rate is
computed in a straightforward fashion from the condition on stability of flows into and from
the unemployment. It is how the economy gets to that steady state that interests me.

Before proceeding with formal analysis, I describe informally the equilibrium dynamics.
I am interested in a rational expectations path. That means that all agents correctly antic-
ipate the evolution of economy aggregates. In fact, while the individual transitions between
employment states are random, the aggregate dynamics are deterministic if all agents play
deterministic strategies. At the beginning of the time all agents are of type 1. Initially, there
is full employment %. There comes a sudden shock that makes available a new production
technique. For every agent faced with a decision to retrain there is no doubt that choosing

6This assumption is more in line with the transition story, where the full employment was politically
enforced. Letting the unemployment at time 0 to hover about some natural rate does not change the
qualitative predictions.
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type 2 is better than remaining type 1 (type 3 might be even more attractive for some pa-
rameter values, but I rule out this possibility until later). This is so because type 2 workers
are rewarded with wy; > wy; when matched with a type 1 worker, and with wes > wy with
a type 2 worker, while probabilities of finding either type of match are the same for type 1
and type 2 worker. Thus in the short run being type 2 worker is strictly superior (this will
only strengthen with time when the possibility of labor market isolation for type 1’s arises).
Therefore, everyone who gets a chance, transits through training into the unemployment pool
of type 2 workers. Why choosing type 3 might initially be a bad idea? Because (similarly to
the model in section 3) in pairs with obsolete specialists, the modern specialists (type 3) are
making only a meager ws; = 413/2 < y11/2 = wy;. Initially, the labor market is dominated
by the obsolete specialists, and therefore earning prospects of type 3’s are mediocre. They
will improve, however, as the presence of type 2 workers in the market is increasing. Suppose
an agent who goes through training at time s, decides to become type 3. At all later times,
by monotonicity, all agents in training must choose type 3 also, because if anything, the
labor market prospects for type 3 have improved compared to time sg. Thus there will be a
distinct threshold moment on the equilibrium path, at which the fortunes of type 2 and 3
workers flip. Only after that moment the transition truly gains momentum.

Things do not go smoothly on the road to prosperity. As their market presence grows,
generalists may find that working with type 1s is no longer preferable to being unemployed.
The opportunity cost of working in a pair with type 1 is the forgone prospect of making a
better match, the prospect that grows over time. At some point type 1 workers can only
match within their own constantly shrinking pool.

Type 3s may later become similarly reluctant themselves to match with type 2 workers.

Along the adjustment path, there is an abnormally high unemployment (see Figure 1),
due to the fact that some types do not match. By avoiding a subset of prospective coworkers,
those types increase their average waiting time.

Moreover, there is a rise in long-term unemployment, when obsolete specialists become
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Figure 2:

isolated (see Figure 2). Due to the very small effective pool of prospective partners, their
outflow rate to jobs is much lower than that of workers with more up-to-date skills. Long-
term unemployment goes down gradually as human capital is replaced .

In the rest of this section I will study the dynamics of adjustment to the long-run steady
state. To do that I analyze the optimal decision thresholds, or switching times.

4.3 Equilibrium thresholds

I analyze my model in terms of thresholds. In the adjustment context, I use the term
“threshold” to designate moments in time when agents change their binary strategies regard-
ing training and matching. Why are there thresholds? Because the relative attractiveness
of one choice over another is locally monotone in my model. If over a period of time [s, ]
workers have been (optimally) training as type 3, then from moment ¢ onwards all workers
must also choose type 3, since the skills distribution has further improved during that period.

The most important threshold is the moment when all agents in training start choosing
type 3: sg. I alternate between calling sy the specialization threshold and the moment of
specialization takeoftf.

Apart from the choice of type, there are also thresholds in the matching choice ¢;;.

Workers of type 2 will prefer to forego a match with type 1 if being unemployed and
searching gives them higher expected utility. s.s is the earliest time generalists decide
not to match with type 1 (I call this the obsolescence threshold), Seqops is the latest time
they avoid matches with type 1s. These thresholds may well be zero or 4+oco0. Notice that
Spegobs < +00 in general. It may happen that after a spell of discriminating against type
1, workers of type 2 decide to match with them again, if their own condition sufficiently
deteriorates.

Sseq 18 the earliest time type 3 workers decide not to match with type 2 (I call this the
segregation threshold).
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When workers of type 1 are avoided by type 2, I say that the former are isolated in the
labor market, because they are left to match only among themselves. When workers of type
3 pass type 2, I say that the former are segregated in the labor market.

In what follows I will assume that type 3’s never match with type 1’s, to sharpen the focus
on their incompatibilities, although working out the generalization with endogenous 4 is
straightforward”.One might also argue that potentially there are other separation thresholds.
Namely, type 2 worker may decide not to match with any type in order to hasten the arrival
of a training opportunity. I do not study these other thresholds for economy considerations,
as doing this using the methods developed here is straightforward.

4.3.1 Conditions on thresholds

Consider a decision of a worker who at time s just received a training opportunity. Upon
completing training, agent transits into unemployment pool of either type 2 or 3. The
relevant choice is between type 2 and type 3 unemployment states. To be at a specializa-
tion threshold, she or he must be indifferent between continuing her (his) career as either
type. The variables that summarize the expected discounted utility under all foreseeable
contingencies in the two states are V5y and V3. Consequently, at the threshold

Vao (So) = V3o (80) . (6)

I call the time path of (Voo — V3g) the relative attractiveness schedule.
Workers of type 2 will prefer to forego a match with type 1 if being unemployed and
searching gives them higher expected utility: Vo; < Vag. Thus, the moment s, satisfies

‘/21 (Sobs) - ‘/20 (Sobs) =0 (7)

Workers of type 2 may later revert to matching with type 1, and the moment they do
SO, Spegobs, satisfies the same condition (7). The difference between the two is in the way
(Va1 — V) crosses the zero line: from above or from below (see Fig. 3). In principle there
might be more than 2 obsolescence thresholds if the schedule (V2 — Vi) crosses zero more
than twice. I have no predictions about the exact number of thresholds. They all, however,
behave in the fashion, described by propositions of section 4.5.

, BV
Sobs / Iy

n A -
A

I Snegobs

Figure 3:

"Type 3s will never match with type 1s endogenously if 313 < 2z, and in fact, if y;3 is higher than 2z but
not by much.
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Figure 4: Multiple thresholds

Moment s, is when the new specialists (type 3) start avoiding matches with type 2. It
is given by the equation V3, = V5, or

‘/21 (Sseg) - ‘/20 (Sseg) =0 (8)

4.3.2 Relative timing of thresholds

While in all meaningful cases sge; > 5o, the model does not specify, whether sqs < so or
S0 < Seps- In fact, both situations can be potentially observed on an equilibrium path, but
I have nothing to say about the determinants of relative timing of thresholds. The results
below are unaffected by this ambiguity.

4.4 Uniqueness of equilibrium threshold

Before presenting my comparative dynamics findings, I state the result on the uniqueness
of the specialization threshold.

Proposition 1 FEquilibrium threshold sq is uniquely defined by condition (6).

Proof. Notice that equilibrium threshold is a fixed point of the individual best response
correspondence s (Sg) , where s is the individual threshold. A sufficient condition for equilib-
rium uniqueness is that for any ¢, t' > ¢, s (t') — s (t) < (t' —t) (see Fig. 4)

Consider the relative attractiveness of specialization at time ¢ if the individual threshold
is s and aggregate threshold is so: M (¢, s, s9) = Vao (¢, s, S0) — Vao (¢, s, So) - I will assume that
M is continuously differentiable for simplicity, although the result holds for non-differentiable

. . oM/ :
functions as well. Since s solves M (s, s,50) = 0, & = /9% T prove the uniqueness of

) dsg © OM/ds
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Figure 5: Change in individual threshold vs. change in aggregate threshold.

equilibrium, it suffices to show that
in M:

oM |oM

s 5. | - Consider small h > 0 and contrast changes
0 S

M (s,s0 —h) — M (s, so)
Vs.

M(8+h7 80) - M(SJSO)

I argue that M (s + h,so) — M (s,s0) > M (s,s0 —h) — M (s,s0). To see this, freeze ¢
(similarly to tying coordinate system to a moving object in high school physics), and consider
what happens when s increases by h, or so decreases by h (see Fig. 5). In the former case two
important dates shift to the left — the time when type 2s start pouring in, and the time when
type 3s appear. Both of these shifts increase the relative attractiveness of specialization
M. In contrast, in the latter case, only one of the two dates shifts, and the other stays.
Obviously, the effect on M is larger in the case when s increases by h.

Since the reasoning is valid for any ¢ and any h,

_6M_'8M

ds | Os

- oM
880 '

O

At the heart of the uniqueness result lies the greater sensitivity of relative value of special-
ization to variation in own threshold vs. variation in collective threshold. Suppose we have
multiple equilibrium trajectories, with thresholds sy and sj, i > s¢. Moving both thresholds
from sy to s, the increase in agent’s relative value of specialization due to postponing indi-
vidual threshold exceeds the decrease due to the postponement of the aggregate threshold.
Therefore 6 cannot hold at both dates sy and s.

This result on the uniqueness crucially relies on the assumption of costless training. When
it is relaxed, there are potentially multiple equilibria, in one of which there may not be a
specialization threshold at all. For details, see subsection 4.7.1.

4.5 Comparative dynamics

In this section I study the behavior of optimal thresholds when some of the parameters
vary. This is an exercise in comparative dynamics, because I consider different adjustment
paths. not steady states.
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Appendix A develops an analytical approach toward optimal thresholds. Explicit han-
dling of the Markov transition matrix and the associated generator matrix allows expressing
state-specific utilities Vj; (¢) in a non-recursive way. As a result, V;; can be differentiated to
yield predictions about comparative dynamics. Supermodularity theorem 1 ensures that the
results hold unconditionally in general equilibrium.

In the propositions below, the relevant experiment is to consider two almost identical
economies which differ in only one parameter of interest. The comparison then is between
two equilibrium paths. A convention: I say there is a negative effect on a threshold, if it
shifts to the left on the time axis, and vice versa for a positive effect. All proofs are relegated
to appendix.

Let us first juxtapose economies with different wage vectors.

Proposition 2 An increase in woyy leads to postponed specialization takeoff (higher so). Iso-
lation of type 1 workers occurs later along the path and lasts shorter (higher s, lower
Snegobs)- Although there is no direct effect of we1 on the segregation threshold, the general
equiltbrium effect is positive, too.

An increase in ws; leads to a shift of the relative attractiveness schedule (Vo9 — V)
upward, at any given ¢, reducing the incentive to specialize. On the other hand, a reduction
in wq; has an opposite effect, so the specialization takes off earlier. The intuition behind
the result is that with higher wy, type 2 workers earn more in expectation, whereas type 3
workers’ expected wage is unaffected.

Now consider the effects on the obsolescence thresholds. An increase in ws; shifts
the (Vo1 — Vo) schedule upward. The obsolescence threshold s,s shifts to the right, be-
cause (Va1 — Vi) is decreasing in its neighborhood; meanwhile ;4005 shifts to the left, as
(Va1 — Vo) is increasing at that point (see Fig. 6). Both shifts imply a shorter isolation
spell of type 1 workers.

The result is intuitively appealing: a lower wage in the match with obsolete workers
makes discrimination in matching pay off. An increase in wq; leads to a longer spell of type
1 and type 2 agents working together.

A real-world comparison corresponding to proposition 2 is between two economies, one of
which exhibits excessive specialization. An economy, whose stock of human capital is incom-
patible with market realities, has little to hold on to. It therefore adjusts more aggressively
than the economy in which generalists have some flexibility advantage. Obviously, this does
not mean that welfare is higher on the transition path for the more extinct economy. As
differentiation of the expression for welfare in appendix B would show, a decrease in wo
makes the society worse off.

Proposition 3 An increase in unemployment benefit z leads to earlier specialization, earlier
isolation of type 1, and earlier segregation of type 3 workers (So, Sobs, Sseg Il go down,).

This accords with intuition: higher benefits make job searchers more discriminating and
cushion the adverse effects of labor force composition on potential type 3 specialists. Thus,
unemployment benefits may serve as an instrument in affecting the speed of transition, not
only the welfare of the unemployed, even with fixed search intensities.
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Interpreting z as home production, this proposition implies that primitive economies
adjust faster to technological or organizational shocks than the economies with greater im-
portance of the formal sector. A comparison between growth rates in China and Central
Europe may be a case in point (but China also has a much larger ratio of y33/y1,the distance
to steady state).

Consider now how the threshold in (19) changes when parameters p, d, and m vary.

Proposition 4 An increase in training opportunity arrival rate (retirement rate) p has an
ambiguous effect on the specialization threshold. The incentive effect is positive, while the
speed effect is negative. Asymptotically, the negative speed effect dominates.

The total impact of a given change in p can be decomposed into incentive effect and
speed effect. The former is the effect of the change in the individual transition rates with
aggregate dynamics unchanged (higher p implies shorter expected life span, or in infinite life
interpretation, better odds of getting training while unemployed). The latter is the impact
of the altered evolution of the aggregates.

In the context of proposition 4, the incentive effect is positive. In the “infinite life”
interpretation, higher odds of getting a training opportunity in the future increase the option
value of conservative policy (choosing type 2 instead of type 3). Improved access to education
leads to slower adjustment! It is interesting to notice how the same effect, depending on the
interpretation of the model, may seem either entirely conventional or somewhat unexpected.
In the retirement “interpretation” of the model, higher retirement rate p implies a larger
effective discount rate. As a result, agents care less about distant future, choosing the
immediately rewarding type 2.

The speed effect is negative, because with higher rate of training (generational turnover
in the “retirement interpretation”), there will be more quality partners in the future, making
type 3 more attractive.

The total effect is likely to be negative if p is large enough already, discount rate r is high,
or matching rate m is high. Notice, also that higher p unambiguously speeds up the initial
accumulation of type 2s. As p grows asymptotically, training opportunity arrives instantly
and all workers have an incentive to invests in special skills at time 0. Thus, asymptotically,
speed effect dominates the incentive effect.

Proposition 5 An increase in separation rate 6 leads to postponed specialization threshold:
So goes up.
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The incentive effect of a change in ¢ is zero: both types expect to stay unemployed
proportionately longer. The speed effect is positive. Due to the higher rate of match dis-
solution, there will be a relative increase in the proportions of type 1 and 2 workers on the
market because they account for a larger share of employment. This makes specialization
less attractive. Figures 7 and 8 depict trajectories of unemployment and output per capita
for high and low ¢ (dashed line corresponds to a higher separation rate).

Effect of separation rate on unemployment
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Figure 7:

Economies with exogenously higher turnover (lower tenures) will experience slower ad-
justments to shocks, with higher transitory unemployment, according to the model.

Proposition 6 The incentive effect of an increase in matching rate m is negative (sg goes
down). The speed effects is also negative if at least half of the unemployed population is of
type 1 at the specialization threshold.

An increase in m acts through expectation of shorter searching time in the future (in-
centive effect) and increased proportion of suitable partners (speed effect). The latter effect
follows because with higher m, unsuitable partners (type 1) match faster when they still
dominate the market, and their proportion in unemployment falls. Asymptotically, the in-
centive effect dominates: as the labor market becomes progressively more efficient, there is
less dynamic inertia associated with adjustment.

4.6 Efficiency

Let us now turn to the questions of constrained efficiency of the transition process.
Suppose there were a social planner who would be able to dictate agents what kind of training
to undertake, and oversee the separation decisions in individual workplace. Equivalently put,
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the social planner can choose the specialization threshold as well as other thresholds. The
solution to planner’s problem is a constrained Pareto optimum subject to labor market
frictions. The optimal command threshold is computed in appendix B under the utilitarian
welfare criterion.

Appendix B demonstrates that individual decisions to specialize create an externality on
training choices of other agents. The earlier a subset of agents decide to specialize, the more
attractive specialization choice becomes for everybody. Hence, in decentralized equilibrium,
specialization takes off too late due to the coordination failure among workers.

An additional source of inefficiency of decentralized equilibrium is misallocation of pro-
duction. Earlier specialization means there are more type 3 workers on the market which in
turn imply more matches of type (2,3) and fewer matches of type (1,2) and (2,2). Higher
output in pairs with modern specialists compensates for the output loss in obsolete and
semi-obsolete matches, so the society as a whole benefits. On the distribution side, however,
earlier specialization hurts workers with obsolete skills by prolonging their waiting time, and
benefits workers with general skills.

The inefficiency of the decentralized equilibrium path makes a case for government in-
tervention. Any policy that can speed up specialization will be locally beneficial. Section
4.5 seemingly has a few other, counterintuitive implications for welfare-enhancing policies. I
discuss them in the section 4.8.
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4.7 Extensions
4.7.1 Cost of education

Until now I assumed that training was costless for the agents. Relaxing this assumption
does not lead to significant revision of the results. If Cy and C5 denote the costs of training
as type 2 and 3 respectively, there may be now two specialization thresholds instead of one,
depending on what interpretation of training we assume. In the “infinite life” interpretation,
agents retrain from time to time. Someone who has already acquired type 2 does not have
to pay the training cost C5 again if she does not want to change her type, but agent of type
1 must pay this cost. Consequently, for agents of type 1 the specialization threshold will
assume the form

Vao (80) — Vao (80) — C2 + C3 = 0, (9)
while for type 2 agents it will be
‘/20 (80) — ‘/30 (80) + Cg =0. (10)

In the “retirement” interpretation of the model workers acquire their type only once, at
the beginning of their career. Hence, the threshold is unique and given by (9).

It is immediate that the propositions 2-6 are unchanged. An additional straightforward
result is

Proposition 7 An increase in C3, or conversely, decrease in Cy, pushes up all specialization

thresholds.

Proof. Differentiate (9) w.r.t. Cs : (Vgo V3o — Cy + C3) =1 > 0. Thus the relative
attractiveness schedule shifts up. Slmllarly for Cy. OJ

If specialization is costly relative to general training, it will be postponed. At the same
time unemployment will be lower on the adjustment path (due to matching effects).

An additional effect of introducing costly education into the base model is a potential for
multiple equilibria. Consider a situation when labor force consists of type 2 workers only.
In absence of costs of training, every agent undergoing training would choose to specialize
because the discounted utility of being type 3 and unemployed, Vig = Vau?" > Vi V9" is
the value this utility takes under the expectation that all workers will specialize. In contrast,
if no one specializes, utility in state (3,0) is V3o = Vi&¢¥ which is still higher than V}$* because
Wwsp > wWao. However, Vigw —Vjew < Vhwh Vh“’h due to complementarities (w33 > wss, ). Now
introduce the costs of tralmng in the amount Cs, V¥ — Viov < O3 < Vh“’h V}“qh There
will be an equilibrium adjustment path on which everyone decides to specialize instantly
(because Vyy®" — V9" > () and an adjustment path on which no agent ever specializes
(View —View < C3). A pessimistic society may then be stuck on a Pareto-inferior equilibrium
path if the training costs are sufficiently high.

This source of equilibria multiplicity is isomorphic to that identified in [Acemoglu, 1997].
In his model, Acemoglu shows how complementary investments of workers and firms may not
be undertaken due to self-fulfilling pessimism; moreover, he demonstrates that the possibility
of delay only exacerbates the multiplicity problem. Similarly to his results, my model can
also exhibit delayed specialization as an inferior equilibrium path. A policy to overcome this
coordination failure, e.g. a short-lived subsidy for training, will be beneficial.
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4.7.2 Other wage bargaining specifications

Instead of the equal split of the output each period, wage-setting behavior could be
modeled in a more complex way. While I do not endeavour this extension here explicitly,
I can still envision some of additional effects introduced. What many of the widely-used
bargaining solutions imply is that an increase in the reservation value (impasse point) of a
party leads to an increase in her/his share of the surplus. Without formalizing this, I study
what happens if the threat point of type 1 workers increases.

Proposition 8 If an increase in the threat point of type 1 leads to improvement in bar-
gaining position in a match with type 2 and reduction in wsy, this causes earlier entry of
type 3 specialists and earlier decision of type 2 agents not to match with type 1. Thus, an
improvement in the bargaining position of type 1 leads to an earlier specialization takeoff,
earlier isolation of type 1 workers, and their rising unemployment.

Proof. Apply Proposition 2.[]

Effect of subsidy on unemployment
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01 4-— R
0.05 — —
0

1 6 11 16 21 26 31 36 41 46 51 56 61 66

Figure 9:

Consider what happens when government subsidizes obsolete matches (1,1). This in-
creases wage wy; and strengthens bargaining position of type 1 workers in other matches.
Consequently, workers of type 2 receive lower remuneration in (1,2) matches, while type 3s
are unaffected. Hence, specialization becomes relatively more attractive.

Subsidization causes output per capita gains due to earlier specialization but higher
transitory unemployment (See Fig. 9). Section 4.8 further discusses the policy potential of
this paradoxical implication of subsidization.

4.7.3 Other matching specifications

The random matching assumption is clearly extreme. I can weaken it by allowing for
semi-directed search [Acemoglu, 1996b]. As long as there is a positive degree of randomness in
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the matching, there is a potential for aggregate pecuniary externality to overturn productive
efficiency of type 3s.

I could also get the same results under an alternative matching technology. Search is
completely directed (workers can form, say, 2 or 3 distinct markets), but the probability
of finding a match depends on the number of other workers searching in the same pool
(IRS matching technology). While this last assumption is usually overturned empirically
in developed country contexts, there is evidence that increasing returns play considerable
role in transition economies [Miinich, Svejnar and Terrell, 1998]. Tt could be that labor
market infrastructure grows locally with the market size (and markets in developed countries
represent steady states of this process). Under this alternative specification, the qualitative
results are unchanged.

4.8 Some policy implications

As implied by section 4.6, the best case for policy in my model is to try to remedy for
the root causes of coordination failure and subsidize specialization.

A policy that makes vocational education relatively cheaper is desirable (cf. Proposition
7 regarding a reduction in C3), as well as the investment in labor market infrastructure (cf.
Proposition 6 regarding changes in m).

A paradoxical implication of proposition 8 is that government sometimes can speed up
specialization, and therefore, growth, by subsidizing obsolete matches (1,1). According to
proposition 8, this increases wage demands of type 1 workers, pushing down wages of type
2 workers, and making specialization more attractive. One needs to be cautious, however,
because this effect is only valid for subsidies that are not large enough. For sufficiently high
wage wi1 neither type 2 nor type 3 training are optimal. Too high a subsidy precludes the
adjustment at all. In addition, the subsidy speeds up the isolation of the obsolete specialists,
which is undesirable on equity grounds.

Under the “infinite life” interpretation that focuses on mid-life transitions, model has
a somewhat unusual implication that better education facilities might under some circum-
stances slow down growth. This would happen if the incentive effect of the change in ed-
ucation rates dominates the speed effect. As opportunity costs of not retraining decrease,
individual workers become more conservative and postpone specialization. However, this
does not imply that governments should slash plans to build vocational schools. The effi-
ciency theorem is valid under constant p. No efficiency result is available for varying p.

5 Facts about labor markets in transition

5.1 Enrollments

It is difficult to provide direct empirical evidence on changes in the aggregate distribution
of skills, because the degree of specialization is unobservable or at least very roughly proxied
by the data from standard labor force surveys. Further, the somewhat vague distinction in
reality between the amount of human capital, and the degree of specialization compounds
the interpretation of the facts.
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The indicator that perhaps best gauges the special /general training is the ratio of en-
rollments in vocational and general secondary training, because both might reasonably be
described as providing the same amount of human capital. Boeri [1999] shows that after
reforms started, the composition of these enrollments has changed dramatically across CEE
countries (see Fig. 10). Enrollments were higher in general secondary schools and lower in
vocational schools in 1996 compared with 1989. These changes in enrollments were demand
driven, as evidenced by the figures on the supply of education. In 1994, vocational and
technical schools still accounted for 84% of secondary education in the Czech Republic, and
73% in Hungary, compared to 53% OECD average [Boeri et al., 1998].

The Over-Specialisation of the Workforce
Changes in Enroliment Rates, 1989-1996 a

Czech

m General secondary

m Vocational
Hu Education
Py,
R()n')ahiq
Sloy
VK Repubii
50 30 10 10 30 50 70 90

2 Enrolment as a percentage of the 15-18 population age group. Vocational
education includes here technical secondary and vocational secondary.

Figure 10: Source: [Boeri, 1999].
In addition to enrollment rates, there is limited evidence on retraining programs for the

unemployed. In Czech Republic, starting in 1992, general rather than specific training made
up the bulk of the courses organized by labor offices [Ham, Svejnar and Terrell, 1995].

22



5.2 Education and experience profiles in earnings

Rutkowski [1998a] documents a substantial increase in education premia across most
Central European countries. However, a crucial fact is that vocational education ceased to
have any effect on earnings [Flanagan, 1998; Rutkowski, 1998a]. In the table below, selected
estimates from the log-earnings regressions are presented for Poland, Czech Republic, and
Estonia. All of them document flattening of the experience profiles, as skills accumulated
under the old system are of little market value.

Experience profiles in log-earnings, selected regressors, CEE countries
1987 1988 1989 1992 1993 1994 1995

PoLAND

Exp 0.031 0.023  0.021

Exp? —0.056 —0.035 —0.03

Private exp 0.006 0.005

Private exp? —0.017 —0.039

CZECH REPUBLIC

Men

Years of schooling 0.04 0.053

Exp 0.046 0.032

Exp? —0.081 —0.066

Women

Years of schooling 0.057 0.067

Exp 0.031 0.016

Exp? —0.051 —0.025

EsToNIA

Secondary education 0.081 0.217  0.184 0.234 0.250
Exp 0.139  0.034  0.042 0.055 0.052
Exp? —0.027 —0.008 —-0.015 —0.02 —0.02

Source: [Rutkowski, 1996], [Vecernik, 1995], [Noorkoiv, Orazem, Puur and Vodopivec, 1998].

5.3 Unemployment proportions and incidence

Consistently with predictions of my model, Coricelli, Hegeemejer and Rybinski [1995] find
that the largest group in unemployment pool are workers with basic and secondary vocational
education. In the third quarter of 1992, for example, the former accounted for 38.2% and
21.8% of unemployment, respectively, while people with secondary general education only
for 7.4%. Coricelli et al. [1995] attribute this to shortcomings of Polish educational system,
in which vocational schools were closely tied with specific enterprises or branches.

Orazem and Vodopivec [1997] show that in Slovenia workers with vocational skills were
significantly more likely to be unemployed. Exit rates from unemployment also fell with age.
Their findings are summarized in the table below:
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Difference from the baseline probability of finding
a job if unemployed. Slovenia.

Experience Pre-transition Transition
Less than 3 years —-2.9 2.2
3-5 years baseline baseline
5-10 years 4.8 0.7
10-15 years 5.1 0.2
15-20 years 8.0 -0.3
More than 20 years 6.4 5.6

Source: [Orazem and Vodopivec, 1997].

Rutkowski [1998b] documents that narrow vocational skills increase the risk of joblessness
in Poland. Cazes and Scarpetta [1998] estimate hazard rates of exit to jobs among registered
unemployed in two regions (voivodships) of Poland, Warsaw and Ciechanov. In both single
and multiple destination partial hazards econometric models they find that general secondary
education has positive and significant effect on exit rates, while vocational training has either
insignificant or much lower effect:

Hazard rates of exit to job from unemployment

Warsaw Ciechanov
1990-1991 1991-1992 1990-1991 1991-1992
Secondary education —0.007 0.2813* 0.275 0.7141*
Vocational education 0.3255* 0.0806 0.521 0.0636
Multiple destination model
Secondary education 0.0678 0.8902* 1.1255*
Vocational education 0.2665 0.4377* 0.1074

Source: [Cazes and Scarpetta, 1998|. Asterisks denote statistically significant estimates.

Boeri et al. [1998] show that vocational school graduates in Hungary in 1994 fared worse
in terms of the probability of finding a job than students with an equivalent number of years
in general secondary schools:

Probability of leaving insured unemployment for a job.
Logit estimates for workers aged 22-26. April 1994, Hungary.

Odds ratio
Vocational secondary 1.3923
General secondary 1.7476

Source: [Boeri et al., 1998|.

Taken together, evidence is broadly consistent with the prediction of my theory that
investment in general human capital should be attractive in the beginning phase of transition.
I now discuss East German transition experience that contrasts with that in the rest of
Central and Eastern Europe.
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Figure 11: Source: [Blanchard, 1997]

5.4 Unemployment experience of East (Germany

There is more to transition than just the adjustment of the human capital stock. Disorga-
nization [Blanchard and Kremer, 1997] definitely explains a significant part of the U-shaped
output path. However, there are differences across transition economies that cannot be
readily explained in the disorganization framework. For instance, one would expect East
Germany to have fewer problems with enforcing contracts than its CEE neighbors, given
the powerful influence of the West German body of law, size of direct investment, and the
windfall gain in infrastructure capital. But East Germany has experienced the worst un-
employment (employment fell by 35%) among the Central and Eastern European countries,
and the sharpest output fall, as well as the sharpest recovery (see Fig. 11). Blanchard [1997]
suggests that union pressures on wages account for this phenomenon. However, Hunt [1999]
finds little support for this hypothesis, as wage growth appears to be similar at growing,
shrinking, and stable firms. Moreover, as I document below, wages continued to grow at
high rates for the rest of the 90s with no further increase in unemployment.

My model offers an alternative explanation for the size of East German employment fall.
The unification enlarged the effective labor market for East Germans. Since this new market
was dominated by specialists with modern skills, specialization became optimal at the very
beginning. As implied by the model, though, early specialization goes hand in hand with
high unemployment.

If this hypothesis is correct, then one would observe a U-shaped pattern in relative returns
to vocational vs. general education. I study this implication in the next section.
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5.5 Returns to vocational training in East (German territories af-
ter the unification

Krueger and Pischke [1995] summarize evidence on the earnings distributions in East
and West Germany before and immediately after transition. They show that experience
profiles in East Germany are very flat like in the rest of CEE. However, East Germany is the
only formerly planned economy, where returns to education have dropped in the aftermath
of transition. Krueger and Pischke also discuss evidence on job commuters, those East
Germans who found jobs in the western lands. The evidence shows that their monthly
wages are 83% higher than wages of the workers residing in the East, after controlling for
education, experience, and other labor market characteristics.

Hunt [1999] discusses the determinants of wage growth for East German workers. Using
median regressions, she finds positive effect on wage growth of secondary education and
negative effect of vocational training in 1990-1991. Her evidence for the subsequent (1991-
1996) wage growth, is inconclusive.

Determinants of wage growth in German territories, relative to basic apprenticeship
East, 1990-91 East, 1991-96 West, 1990-96

Coneral schoolin 0.113 0.024 20.003
eneral schooling (0.062) (0.021) (0.003)

. " -0.032 0.000 -0.003
Vocational training (0.014) (0.006) (0.002)

Source: [Hunt, 1999]. Standard error in parentheses.

Hunt’s [1999] estimates for the subsequent (1991-1996) wage growth, on balance, are
indeterminate. Coefficients on either types of schooling alternate between positive and neg-
ative across various specifications, and for the most part are insignificant. Hunt’s [1999]
estimation procedure lumps together old and young workers whose skills are presumably
very different. It also does not correct for potential correlation of individual fixed effects
with observable characteristics.

Accounting for these shortcomings, I present evidence below that the premium to voca-
tional training relative to general training has been positive and growing for young workers
since 1994, in contrast to what has happened in other CEE countries.

For estimation, I use data from the German Socio-Economic Panel. This longitudinal
household survey has been conducted in West Germany since 1984; the sample was extended
to include East German respondents in 1990. I estimate standard log-earnings regressions
for both East and West subsamples for years 1992-1997.

I focus only on respondents with secondary-level general and vocational training®. In
addition I restrict my sample to young workers born on or after 1967, to concentrate on
returns to relatively new vintages of human capital.

To remain in the sample, East German workers must work in the East (approximately
7% of young respondents residing in GDR in 1990 have moved or are commuting to the

8They might reasonably be described as having similar investment in human capital in terms of time.
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West), and similarly for West German workers. The definitions of the variables are collected
in Table 1 below.

Variable definitions

Variable Description

log W log gross earnings in the month before the interview
FEMALE female dummy

VocC dummy = 1 if respondent has vocational

secondary education;
= 0 if general secondary education
EXP experience
Ost year dummy = 1 if current year t = s, = 0 otherwise

Table 1

10.2% of the Eastern sample members and 15.8% of Western sample have vocational
training over the length of the panel. The specification to be estimated is

InW,;, = c+ ﬁOFEMALEi + B8, VOC; + BoEX Py + 4 (VOC'i * EXPZt) (11)
+ Z 0g0s + Z v, (VOC; x bg)

I estimate equation (11) by fixed effects regression. The results are presented in Table
2 below. Interaction terms of VOC dummy with year dummies are denoted by VOC9X.
These terms measure the premium to having vocational rather than general schooling in a
given year. The omitted category is secondary education; the omitted year is 1992.
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Log-earnings regression for East and West German lands

East West
T
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Fixed effects estimation with year dummies and a female dummy, base year is
1992; standard errors in parentheses; asterisks indicate coefficients significant
at 2% confidence level

Table 2

The results demonstrate that relative returns to vocational schooling have grown in the
East during years 1992-1997. Wald equality tests further confirm significance of this growth
across years. This trend cannot be attributed to the education-neutral time trend, or a trend
common to both Eastern and Western German territories. In fact, in the West, there is no
significant premium (positive or negative) associated with vocational training.

The returns to experience are positive for workers trained in general schools, and negative
for workers with vocational skills. This correlation is clearly driven by the negative effect of
vocational schooling acquired under the old system.

Taken together, the evidence on East Germany is broadly supportive of the pattern of
adjustment predicted by my theory. To make this statement stronger requires a more detailed
empirical study, which I do not endeavor here.
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6 Conclusion

The paper outlined a model of human capital adjustment characterized by inertia due to
search frictions. The model has important implications for the debate about education policy.
[Fan, Overland and Spagat, 1997] worry about the consequences of delayed restructuring for
intergenerational human capital transmission. They interpret recent Russian evidence as
suggesting that new labor force entrants are not as skilled as before. That leads them to
conclude that the quality of labor force is deteriorating and the resumption of growth is
seriously threatened. According to my model, this need not be the case. People investing
in human capital weigh advantages and drawbacks of narrow specialization and may decide
instead to acquire broad specialization. Not only it is optimal for them to do so, it also
benefits the society, because the faster the critical mass of Jacks of all trades is accumulated,
the faster the entrance of new dab hands will begin. It is therefore counterproductive to
support those fields of education that are under-represented since they are likely to increase
mismatch and delay the process of adjustment.

The paper further presented cross-coutry evidence on East Germany and other CEE
countries, that is indicative of the effects implied by the theory. East Germany can be
regarded as an outlier with the speediest adjustment but highest transitory unemployment;
this fact can be explained by my model.

At the same time the Czech Republic, sometimes cited among the most successful tran-
sition economies in terms of unemployment, may serve as an example of a country whose
growth is still held back by inertia. Boeri [1999] presents a theory of hysteresis that explains
the lowest unemployment rate among all CEE countries by lower unemployment benefits at
the start of transition. But Czech output also grew at a slower rate than the neighbors’. My
model can account for these discrepancies. If unemployment cushion is absent, transition of
the economy is delayed. Indeed, Miinich et al. [1998] suggest that delayed restructuring may
be responsible for lower unemployement in the Czech Republic.

None of the existing empirical studies explore systematically the differences and changes
in labor market prospects of workers with general and special skills. My model provides a
framework to analyze these questions in a structured way.

Lastly, predictions of the model may also be relevant in more general contexts, in any
country experiencing an adjustment of its labor force to a large technology, organization,
or demand shock. In the context of persistent TFP differentials across countries, some
explanations [Acemoglu and Zilibotti, 1998] have emphasized very dissimilar endowments
of skills across countries. My model can help explain why these distributions exhibit lack
of convergence. It can also account for the U-shaped Kuznets curve [Kuznets, 1955] both
across countries and over time.

A Analytical framework and proofs of propositions

Appendices contain the formal part of the analysis. Appendix A builds the stochastic
framework for the analysis of labor market transitions and proves propositions of section 4.5.
Appendix B analyzes efficiency of adjustment, focusing on the optimality of specialization
threshold. Appendix C contains proofs of auxiliary results.
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A.1 Transitions across the employment states, the generator ma-
trix, and the value function

There are a total of 12 possible Markov states in which an agent can dwell in any moment
of time: three possible own types times four possible employment states:

unemployed
1 — ——
Eypz 51 working in pair with type 1
type 3 working in pair with type 2
P working in pair with type 3

Deferring for a moment the possibility of changing own type, let us describe the transition
matrix for a worker of a given type (thus focussing on transitions between just 4 states).
The dynamic structure is a continuous-time Markov process. One may note that this is a
generalized Poisson process with time-varying parameters (because g; change over time). The
previous job history does not matter for the prospects of finding or maintaining a working
match, only the current state matters. We will index the state by (i,j), where ¢ = 1,23
and 7 = 0,1,2,3, with ¢ standing for own type, and j for employment state. For example
(2,0) denotes an unemployed worker of type 2.

Markov process is specified by its transition function P (s, (i,7),t, (i',")) . Since we have
a finite number of states, this is a matrix 4 x 4. To compute it, we first write down the
generator matrix® Gy; () , specifying transition rates between the states:

—m(q +q+q) mq mg mgs

0 -6 0 0
o 0 0 =0

We may simplify this by noting that ¢; + g2 + g3 = 1. G (t) varies over time because g¢; do.

In the generator matrix, arrival of a training opportunity is accounted for by a transition
rate p. Where does the transition occur is the decision variable of the agent, thus some
elements of G are the policy function. The general form of the matrix G is

G Gia Gis
G=| Ga Gxn Goy
Gs1 Gz Gisg

This partitioned form gives meaning to expression (12). The structure of matrix G is best

9The meaning of the subscript 4 will become clear shortly. This indicates that Gy; is a submatrix of a
larger matrix 12 x 12 describing transitions between all 12 states.
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illustrated by an example:

—(m+p) mqa mg mgs pA 0 0 0 p(1—=X) 0 0 O
0 -6 0 0 0 0 0 O 0 0 0O
0 0 -0 0 0 0 00 0 0 00
0 0 0 = 0 0 0 O 0 0 00
—(m+p) ma mg mgs p 000
0 1) = 0 0 0 00O
1) 0 = 0 0 00O
1) 0 0 -0 0 00O
—m mgi mgz Mmgs
0 -0 0 0
0 0 50 -5 0
0 0 0 -0
(13)

Matrices G91, Gs1, Gsg, although not restricted to zero in the model, will be so on
equilibrium path, because no worker will desire to downgrade one’s own type. All zero
elements except the top-left one in matrix (Go3 indicate that there are no potential transitions
between type 2 and type 3 other than through unemployment pools. pA and p (1 — A) in top
left elements of G2, G13 indicate that in state (1,0), when a training opportunity arrives,
worker randomizes between choosing type 2 and type 3 with probabilities A\, 1 — \. Again, G
in (13) is just a particular example of how this matrix may look, given agents’ choices. This
sample matrix also says there is no discrimination in matching decisions. Everyone matches
with either type as implied by non-zero transition rates into all states (i, j) .

The transition matrix is then given by

P(s,t):exp</:G(7')dT>.

If G did not vary, this would simplify to P (s,t) = e=*% where matrix exponential is
defined as converging series e4 = I + A + A; + ‘;‘—!3 +...

Let p (s) be a row vector giving the probability distribution over employment states at
time s. We start the process at time 0 from the state (1, 1) (all workers are of type 1 and there
is full employment). By Markov property, p (s) = ( 01 000O0O0OO0OO0ODO0OO0ODO )P(O,s).
We denote its elements by p(; ;) (s) which correspond to the probability of state (7,7) .

As implied by the form of the generator matrix, I will use the following convention
when referencing the elements of the derived transition matrix: P j)—(kn) (5,t) specifies the
element with row index (i — 1) * 3 + j and column index (k— 1) * 3 + n (probability of
transition from state (4, j) in period s to state (k,n) in period t).

Finally, I endow workers with an additional choice variable: ¢,;. If ¢,; = 1, worker of type
i agrees to stay in productive partnership with type j worker. If ¢,; = 0, we say that type
i decides not to match with j (decreasing, obviously, one’s probability of finding a match).
Obviously, what is important from the viewpoint of an agent, is not who decides to break
a match, oneself or the other party in the partnership. What matters is whether someone
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breaks the match at all. Hence it is the product ¢,;¢,; = ¥,; that is relevant, and the general
form of matrix Gjy; is

3
_ng’:ﬂ]ﬂ%’ mqy Mm@,y Mgz

G — 6y =0y 0 0
" 6ti 0 =014 0
6t;s 0 0 —61;5

We assume that when a type i worker sets one’s ¢;; = 0 while still employed with type j,
she/he transits into the unemployment state instantly at will.

For example a type 2 worker who avoids matches with type 1 worker and is at the same
time shunned by type 3 workers has

—mgy 0 mgy 0O

0 0 0 0

Gii = 5 0 =6 0
0O 0 0 0

It is now time to specify payoffs received by agents along their working history. I denote
by w;; the wage paid to i in a match (7, j). In what follows I will assume for simplicity that
a pair of workers simply split their output evenly:

Wij = Wi = Yij/2-

z denotes the flow return to unemployed agents. For uniformity I will sometimes use
alternative notation w;g = z. This allows to define the wage vector:

/
W:(wlo wip Wiz Wiz| Wy War Wy Waz| Wi Wi Wi Wss )

Concluding this section I write down the expression for the discounted expected utility
(value function) of an agent of type i working with type j (or unemployed if j = 0) at time
s, Vi; (s). Obviously, it is a function of the state (¢, j). The expected instantaneous utility at
moment ¢ given the initial conditions is given by >~ ) P (s, (2, 7) ,t, (k, n)) wkn. Integrating
this over time gives

Vij (s) = / h e (=) Z P (s,(i,7),t, (k,n)) wgydt. (14)

3 (k,n)

On some occasions in the paper I will also use notation V (t) for the value vector (of
dimension 12):

+oo
V(s) = / e U P (s, ) wdt.
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A.2 Optimal decision thresholds

The preceding section has specified that agents only have freedom in choosing their type
when a training opportunity arrives and in accepting or passing other types of agents when
matched together. Let us rewrite (14) in vector form:

+o0 t
Vii(s) = / ey {QXP (/ G (7) dT)] Wy dl (15)
S (k,n) s (k7n)

+o0 t
= / e "= d,;; exp (/ G (1) dT) wdt,

where d;; is a unit vector that has all zero coordinates except coordinate (i — 1) * 3 + j.
Clearly, the optimal decision of an individual in the model depends on the actions of the
other agents (reflected in the generator matrix GG); however, the individual should only be
concerned with the aggregates. First, the proportions of types in unemployment ¢, go, g3
depend on the past actions of the other agents. Second, 1;; depend on the others’ current
matching choice. For all agents of type 7, optimal choice ¢,; is the same and unique. Thus,
q1, g2, g3 and ¢;; are the aggregates that influence the utility of the agent.

A.3 Equilibrium thresholds

The stochastic process that governs transitions between Markov states for each agent is
generalized Poisson process with time-varying parameter. The agent has control over some
of the parameters of the transition matrix (for example, by deciding to avoid working with
workers of type 1, type 2 worker changes the flow rates into the state ”working with agent of
type 17). This control is essentially binary — at each point in time, if an opportunity arrives,
an agent is free to choose whether to take or not some action.

The most interesting threshold is the specialization threshold, Vo (s) = V3q(s). But
what are the policies (generator matrices) associated with these utilities? For this to be a
threshold, the generator matrix should in both cases prescribe that upon arrival of a training
opportunity, agent chooses type 3. Thus,

Gu G2 Gis
—m-—p mqy Mgz Mgs P
A A 0 0 0
A 0O —-Xx 0 0
G =1 0 A 0 0 -\ 0 |. (16)
—m(gz+g3) 0 mg mgs
A -2 0 0
A 0 —Xx 0
i A 0 0 =X

In the remainder of this section we will ignore the irrelevant blocks to the north and to the
west, and concentrate on the 8 x 8 south-eastern block of this matrix.
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Expressing Vo (s) and Vs (s) as in (15) and using matrix G (s) defined above we obtain

Vao () = Vio (5) < / ) (dy o — dy o) exp ( / G d7> wit. (17)

Hered270—d370:( 1 000 -1 00 O)
In equilibrium all agents’ thresholds coincide because they are symmetric, and in addition
g3 =0, ¢1 + g2 = 1 (by definition of the threshold). Thus

—-m—p mq mg 0 P
A -A 0 0 0
A 0 -2 0 0
A 0 0 =X 0
Gle) = —mgy 0 mg 0 1e)
A -A 0 0
A 0O =X 0
i A0 0 A
at equilibrium threshold. I will denote the solution to (17), (18) by sq:
+oo
/ €7T(t78) (dg,o — d370) P (80, t) wdt = 0. (19)
50

I study the following other thresholds: sqs = inf {¢| ¢o; (t) = 0} (the obsolescence thresh-
old), Spegobs = SUp {t] ¢y (t) = 0}, Sseg = Inf {t] P, (£) = 0} (the segregation threshold).

A.3.1 Obsolescence thresholds

Workers of type 2 will prefer to forego a match with type 1 if being unemployed and
searching gives them higher expected utility: V5; < Voq. Thus, the moment s, satisfies

—+co
/ e (dyy — dyg) P (s0,t) wdt = 0. (20)
Sobs

Workers of type 2 may later revert to matching with type 1, and the moment they do so,
Snegobs, satisfies the same condition (7).

A.3.2 Segregation threshold

Moment Sg.,4 is when the new specialists (type 3) start avoiding matches with type 2. It
is given by the equation V35 = V3, or

+oo
/ eir(tis) (d372 — dg,o) P (Sobsa t) Wdt = 0 (21)
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A.4 Comparative dynamics in detail

Propositions below are proved in the partial equilibrium setting, i.e. under the assump-
tion that other thresholds do not change. Theorem 1 then proves that the thresholds are
supermodular [Topkis, 1998]. Supermodularity ensures that signs of all partial equilibrium
effects are preserved in general equilibrium. Therefore, all propositions below hold uncondi-
tionally.

Proposition 2. A decrease in ws; leads to earlier specialization takeoff, earlier and
longer isolation of type 1 workers. Although there is no direct effect of way on the segregation
threshold, the general equilibrium effect is negative.

Proof. Differentiate (19) w.r.t. wo:

I e 0
/ e ") (dy — dsp) P (s0, 1) wdt = / e ") (dyo — ds) P (s0,1) wat

6’11]21 S0 0 8w21

—+co
B / e ") (Pooy21) — Psoy-@) di

0

+oo
= / G_T(t_S)P(Q,O)*)(Q,l) (80, t) dt > 0,
S0

since P 0)—(2,1) > 0, Pg0—(2,1) = 0'%. Therefore, an increase in wy; will lead to a shift in the
relative attractiveness schedule (Vo9 — V39) upward, at any given ¢o decreasing the incentive
to specialize. On the other hand, a reduction in wy; has an opposite effect, so specialization
takes off earlier.

Now consider the effects on the obsolescence thresholds. Differentiate (7) w.r.t. wo;:

0

8w21

—+oo
/ e—r(t—s) (d271 — d270) P (Sobs, t) Wdt

Sobs

Foo
= / e ") (Pagyo2,1) (Sobss t) — Pra0)s21) (Sobs, 1)) di
Sobs

By the general property of Markov chains with a stationary distribution, P 1)—@2,1) (1)
is decreasing in ¢ from 1, while Py 0)—(2,1) (-,) is increasing from 0, so the derivative is
positive.

There is no partial equilibrium effect on the segregation threshold s, as the derivative
of condition (21) w.r.t. wy; is zero.

O

Proposition 3. An increase in unemployment benefit z leads to earlier specialization,
earlier isolation of type 1, and earlier segregation of type 3 workers.

Proof. Differentiate (19) w.r.t. z:

—+o0

+00
g / e ") (da — d3g) P (0, t) wdt = / e ") (dyp — dgg) P (s0, ) int
-/ . 0z

+oo
- / e ") (Poo)-20 + Poo—60 — Peo—eo) dt <0

0

10Since probability of downgrading from type 3 to type 2 is zero.
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In order to see why the last inequality holds, notice that (P(g,o)ﬂ(zo) + P(270)H(370)) is
the probability that an unemployed worker of type 2 at time sy will remain unemployed
(of any type). These odds are lower than for type 3 unemployed worker, because the flow
rate to jobs is higher for type 2 as long as ¢ > 0. More formally, recall that the tran-
sition probabilities (P@’O)H(Q,O) + P(Q,O)*)(g,o)) and F30)—(3,0) are driven by the continuous
Markov process. In the generator matrix state (2,0) has higher absolute outflow rate from
unemployment m compared to m (g2 + ¢3) in state (3,0) (cf. matrix in (16)). Matrix P is

obtained as exp ( fst GdT) . By the monotonicity of the matrix exponential w.r.t. elements,

Poo—@0 + Poo-30 < PEo-—60)-
To determine the effect on the obsolescence thresholds, differentiate (7) w.r.t. z:

g [+
& / €_T(t_s) (d271 — d270) P (Sobs; t) wdt

obs
+oo
= / er(t=s) (P(Q,l)ﬂ(zo) — P20 + Po1—60 — P2o0-3 0)) dt <0
Sobs

Slmllarly to the argument above, P(271)_>(270) < P(270)_)(270), P(271)_>(370) < P(270)_>(370), and so
the effect is negative.
To determine the effect on the segregation threshold, differentiate (21) w.r.t. z:

0

—+oo
& / €_T(t_s) (d372 — d370) P (Sobs; t) wdt

—+co
= / e Tits) (P(s,g)e(s,o) - P(S,O)H(&O)) dt <0
Sseg

g

Proposition 4. An increase in training opportunity arrival rate p has an ambiguous
effect on threshold expressed in terms of qs. The incentive effect is positive, while the speed
effect is negative.

Proof. For a representative agent, differentiate the threshold condition (19) w.r.t p:

6 e —r(t—s) 6
8p (Vag — Vag) = / e (d2o —dsp) {—P (Soyt)} wdt (22)

dp
b - o))
:< )P(so,t)

-1 m%(g m%—q/f m%—qs 1
0..
oG (1) 0 0
op m%—‘ﬁ 0 %—q; m%—q;
0
0
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Premultiplying by (d2o — ds,) gives

0G (1)
dp
F v
A

(do,o —dsp)

Applying lemma 1,

+00 t +o0 t
82,0 (Voo — Vo) = / ei=s0) (/ FdT) P (s0,t) wdt +/ e r(t=s0) (/ AdT) P (so,t) wdt

+00 +oo
= / e TSIV () dt + / e TUTSIAV (1) dt

S0 S0

I distinguish between the incentive effect and the speed effect of a change in p. Term I"
comes from varying the individual decision of the agent whether to transit or not into state
(3,0) upon arrival of a training opportunity. I call this the incentive effect of a change in p.
Term A appears because the aggregate dynamics of the population depends on p. Intuitively,
more agents of type 1 become either type 2 before the threshold, or type 3 after the threshold.
As a result of higher p, transition speeds up. I call this the speed effect of a change in p.
Strictly speaking, both incentive and speed effects have to do with incentives of an agent to
specialize, but this distinction allows to decompose the total effect in an intuitive way.

Consider the incentive effect first: I' = (d3 o — d2p) . Using lemma 1,

+o0 too
/ eSOV (4 dt = / e (dg g — dy) V (t) di

0

+oo
- / e (Vo — Vi) dt > 0

50

The incentive effect is positive.
Consider now term A in (23). Lemma 5 shows that after the threshold a%t) > 0,

—8%1/5” <0, a%gt) < 0. By lemma 4, substituting p for z,

+oo
/ eTTU=RIAV (1) dt < 0

0

The speed effect on the threshold is negative. Notice that the speed effect in itself
can be decomposed into two components, effect of the past and of the future. Better future
prospects due to higher p imply lower threshold in terms of ¢,, while higher speed of transition
in the past implies that any fixed threshold will be achieved faster. Using lemma 2, and
differentiating (29) w.r.t. p gives

on|  2¢n (E—n)e¥—(n+¢) emq .
- - 14,

8_/) t<so 52 2€ (er2t — eMt)
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which is everywhere negative. This is very intuitive, since higher outflow into type 2 reduces
the proportion of type 1 in unemployment, ¢;, at all times.

We have seen that the incentive and speed effects of higher p are of opposite signs. It is
impossible to tell a priori which of the effects will dominate. One may still speculate that
when the returns to specialization are very high, (yss — 2y23 + y22) > 0, the speed effect is
likely to dominate, and the total effect of a change in p on (19) is negative, implying lower
specialization threshold in terms of ¢s. [

Proposition 5. An increase in job destruction rate 6 leads to postponed specialization
takeoff: sq increases.

Proof. An increase in 6 acts through expectation of longer unemployment spells in the
future and slower transition. Similarly to the preceding proof, differentiate the integrand of
(19) w.r.t 6 and premultiply by (dso — dsp)

0G (1)
dog—d — 24
(d2o —dsp) 9 (24)
O O O O O O
= m(0 G G G G0 -5 —5)

Here, the incentive effect is zero. Now by lemma 5, aqgé(t) <0, aqgé(t) > 0, aqgét) > 0 after the

threshold. Therefore, by lemma 4, substituting 6 for x, the speed effect is positive

+oo
/ €_T(t_s) (d270 — d370) aGa(gT)V (t) dt >0

An increase in ¢ shifts the relative attractiveness schedule (Voo — V39) upward, at any
given q; decreasing the incentive to specialize. Separating the effect of the past is again
straightforward: using lemma 2, and differentiating (29) w.r.t. 6 gives

o (2<m+p>2+6<m—p> . (£+¢)e“+(£—¢)emt>’

50

o1
06

¢ 1€ (1 — o)

where ¢ = 2m 4+ 6 — 2p, € > ¢. A generous sufficient condition for this derivative to be
positive is m > p. Thus the effect of higher ¢ is always positive.

Proposition 6. An increase in matching rate m has a negative incentive effect on
the specialization threshold to bet on type 3; a sufficient condition for the speed effect to be
negative 1s that half of the unemployed population remains of type 1 at the threshold.

Proof. Similarly to the preceding proof, differentiate (19) w.r.t m and invoke lemma 1:

0 S0 6m am
0G (t)
8—mv (t) = @1 Va1 + @2Vao + q3Vag — Vag + (g2 + q3) Vao — q2Va2 — q3Vas
0 0
o (G2 (Vi — Van) — (Vi — V)] - G2 (Vi — Van) — (Vi — Vi)

=T +A
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To show that the incentive effect, gauged by I', is positive, recall the Bellman asset value
equations for the unemployment states:

Voo = 2+ Z mq;e; (Vaj — Vag) + Voo, (25)

J

Vg = z+ Z mq;s; (Vaj — Vao) + Vo, (26)
J

Hence, r (‘/20 — ‘/30) — (VQO — V30> = Zj mqg; (’9/12]- (‘/2] — ‘/20) — 'I/JSJ- (VE),] — ‘/30)) . It follows
that

1 Vo1 + @2Vao + q3Vaz — Vag + (g2 + q3) Vao — q2Vs2 — q3Vas
r 1 : :

= — (Voo —V3) — — (Vzo - V30>
m m

The incentive effect is

+o0 oo
[ = L (i ) i ) Vi o)

m Js,

ro [t
- — / e T30 (Vg — Vigg) dt < 0
m 50

The last equality follows because Vo (s9) = V3o (s0) by the definition of the threshold sq. The
integral converges because V;; is bounded from above. Summarizing, the incentive effect of
a decrease in market frictions leads to earlier specialization.

Let us consider the speed effect. By lemma 5, B%Ln(f) > 0, 8%? < 0, B%Ln(f) < 0 after the
threshold. Therefore, by lemma 4, substituting m for x, the speed effect, A, is also negative.

Thus, both the speed and the incentive effects of an increase in m lead to earlier special-
ization decision. In terms of gs, the threshold decreases. However, it may take more time to
reach this threshold, because, by lemma 2

oq o¢
— =qQ— 2 t
o . Q1§2m + ( m + 6)

E+v) N+ (W= e

- >0
262 (1 _ 6—5(2m+6)t)

O

Theorem 1 Thresholds sg, Sops, Sseg are supermodular. A shift in either threshold leads to
shifts in other thresholds in the same direction. Therefore, the signs of partial and general
equilibrium effects on thresholds sy, Seps, Sseq, coincide.

I summarize the supermodularity of thresholds by means of table 3. Its elements contain
signs of the incentive/speed effects, respectively, of a change in the column threshold on the
row threshold.

39



Effect of:
| 50 Sobs  Sseg
so | * 0/+ +/+
Sobs O/+ X O/+
Sseg | 0/+ 0/0 *

Table 3

Effect on:

I will demonstrate the sign of the incentive effect of an increase in ss4 on sy. Similarly
to appendix B, I perturb the relative attractiveness schedule (Voo — Vi) by increasing sg.,
by small h, and take the limit of the variation:

(Vao — Vo) — (Vao — Vi)
lim
R10 h

+oo
/ e (0 0 0 mgg 0 0 0 0)Vat

50

—+oo
= m/ e_r(t_s)qg‘/%dt >0
S0

Intuitively, when type 3 workers defer segregation, it makes life of type 2 workers less haz-
ardous, hence specialization is postponed.

I prove formally the signs of the speed effects of a change in sy on Sy, and sq,. For
that I differentiate the threshold conditions w.r.t. sq. This affects the proportions g¢; in the
generator matrix:

9
880

+oo
= / eir(tis) (d372 - dg,o) m ( g—zz 0 0 —g—zi ) P (Sseg; t) wdt

+o0
[ - ) P syt

oo dqs (t
_ / e,r(t,s)mq?,_() (Vag — Vag) dt > 0,
Sseg 880

9g3(t)
as 050 S 0. For Sobs s

0

dso

+oo 8
— / e m(t=s) (d372—d370)ma—8( —(24a3) 0 g gz 0 0 0 0) P (Sops,t) Wt
s 0

obs

+o0
/ e—r(t—s) (d372 — d370) P (80b87 t) wdt

Sobs

_ / e=rt=m (2810 (v vy 220 (vl ar s 0
Sobs 880 680

analogously to the proof of lemma 5.
The intuition behind these results is that the later the specialization threshold, the lower
the proportion of type 3 workers in the unemployment will be. This makes segregation less
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desirable for type 3 workers, and reduces the opportunity costs for type 2s of matching with
type 1, postponing isolation of the latter.

The rest of the speed effects in the table 3 are proved in the same way.

Later isolation of type 1 workers decreases the proportion of type 2 workers in the un-
employment, which makes specialization less attractive.

Later self-segregation of type 3 workers reduces the flow of type 2 workers into retraining,

thereby reducing g3 along the path, and making specialization and isolation less attractive.
O

B Efficiency

B.0.1 Socially optimal threshold

Consider a social planner who would be able to dictate agents what kind of training to
undertake, and oversee the separation decisions in individual workplace. Then the controls
of the planner are the elements of the generator matrix that correspond to transitions from
one type to another and to matching choice. Equivalently put, the social planner can choose
the specialization threshold as well as other thresholds.

The objective function of the planner is the total welfare. Since in this model utility is
transferrable, it is particularly easy to formulate starting in period 0 when all agents are of
type 1 and there is full employment:

+oo
W (0) :/0 e "dy 1P (0,t) wdt

Suppose we found the socially optimal specialization threshold, s*. The welfare as computed
at that point in time is

+oo
W (s*) = / e "5 (s*) P (s*, 1) wdl,
where P (s*,t) = exp (fst* G (1) dT) , and G is as in (18).

Consider a variation in social planner’s policy at time s* that postpones the specialization
takeoff for a short period h. This variation is summarized by an alternative generator matrix

H, which prescribes that everyone who gets a training opportunity choose type 2 in the time
interval [s*, s* + h].

—(mg1 +mg2 +p) mq Mg
[ -6 0
6 0 -6
0 0 0

OO OO
O OO
OO OO
OO OO
OO OO

—m mqi mg2 mMmgs
_ 6 -6 0 0

H= O 6 0 -6 0

6 0 0 —6

[Nl foloioilo]
[Nl foloioilo]
(=Nl foloioio]
(=Nl foloioio]

—m (g2 + q3) mge  mg3
0
0

-6

)
)
cooo

|
SIS

41



Welfare under this alternative policy is given by

5 s*+h s*+h
Wi(s*) = / e " )p (%) exp (/ H (1) d7'> wdt

* *

+o0 . s*+h t
+/ e " p (5*) exp (/ H (7)dr +/ G (1) d7'> wdt.
s*+h s* s*+h

Compute the difference between W (s*) and W (s*) and divide by h:

W (s*) ; W (s") _ /:*h w [exp (/:MH(T) dT) — exp (/:MG (1) dT)] wdt

*

+/+:w {exp (/ s )d7-+/sj+hG(7-)d7-> — exp (/SEG(T)dTH walt

For h approachmg zero, f S G ( )dT = G (s*) h + o (h). Consider the first integral:

o*+h 6 —r(t—s* s*+h
S exp — exp / G (7)dr )| wdt

= ep ( O+ H s*)h+0 —I—-G(s")h+o(h)w
e"hp (s7) [H (s) = G (s )]W+0(h)

This magnitude is of the order o (1) . Consider now the second part of (W (s*)—W (s*)) /h:

+oo efr(tfs*)p (S*) s*+h t t
lim _ {exp (/ H(r)dr +/ G (1) d7'> — exp (/ G (1) d7’>‘| wdt
h10 s*+h h s* s*+h s*

— / joo e 0= (s*) [H (s*) — G (s") + p (t — ) Al exp ( / t G () dT) wa,

where
0 —q¢1 —q O 0 0 0 O 0 0 0 O
0 0 0 0 0 0 0 O 0 0 0 O
0 0 0 0 0 0 0 O 0 0 0 O
0 0 0 0 0 0 0 O 0 0 0 O
0 —¢1 —q2 q+aq 0 0 0 O
_ 0 0 0 0 0 0 0 O
A= 0 0 O 0 0 0 0 0 O
0 0 0 0 0 0 0 O
0 0 —¢ qg+ta
0 0 0 0 0 0
00 O 0
00 O 0
Summarizing,
. W(s*)—W(s*)
lim
Rl0 h

_ / " = (%) [H (5%) — G (5%) + p (¢ — ) A] exp ( / t G (r) d7> wdt  (27)

*

At the command optimum, a small deviation should neither increase nor decrease welfare,
so equating (27) to zero gives us the condition on the socially optimal specialization threshold.
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B.0.2 Comparison with the decentralized equilibrium

In order to say whether the decentralized equilibrium is efficient, I evaluate (27) at so.
Consider first the term p (so) [H (so) — G (so)] . It simplifies to

P (so) [H (s0) — G (s0)] = pp0)dao — p (p(l,o) +p(2,0)) ds .

Recalling that moment s is defined by Vs (s¢) = Vag (S0),
+00 t
/ e Tt=s0)p (s0) [H (s0) — G (sg)] exp (/ G (1) dT) wdt

= pq1Vao — p (1 + q2) Vag = —pgaViso < 0. (28)

Inequality (28) means that in decentralized equilibrium, specialization takes off too late
due to the coordination failure among workers.
The second term of (27) simplifies as

p / T sy (s0) (£ — 5) Aexp ( / t G (r) dT> wit

50

“+o0
= pU (s0) / e T (00—t —qugpbiy 0 0 —qugebis —@3 @ 0 0 0 0)V(t)dt

+oo
= pU (30)/ e ") (g (1 Vi1 + @2 Vi2) — @2 (@1 Var + qoVa) + qoVias) dt

50

This expression formalizes another source of inefficiency of decentralized equilibrium.
Earlier specialization means more type 3 workers on the market which in turn imply more
matches of type (2,3) and fewer matches of of type (1,1), (1,2), and (2,2). Since y1; <
Y12 < Yoo < 123, and using the expression for threshold, it follows that the second term is
positive.

C Technical lemmata

Lemma 1 For an arbitrary time-varying row vector y (t)
+oo t +oo
/ e ) {/ y (7) dt] P (s,t)wdt = / ey (1) V (1) dt

Proof. Define v (t) = f; y (7) dt. Then we can integrate by parts:

I = / +Ooe*’““*) { / ty(T)dT]P(s,t)wdt

_ (v 0 [erep s Wd7> °° -/ h ( / CeIp (s, 1) wdf) o (1)
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Notice that fst e "TIP (s, 1) wdr =V (5) — e "IV (1), dv (t) =y (t) dt. So,
+o0o

I = v()(V(s)— e TtV (t)) ‘:o - / [V (s) — e TtV ()] dv (t)

S

= V(s) /oo y (t) dt — /+00 y (t) [V (s) — e TV ()] dt

+oo
_ / =y (1) V (1) dt
0

Lemma 2 Suppose at time 0 unemployment is zero and all workers are of type 1. The
dynamics of type 1 unemployment share before the specialization takeoff is given by

(2m + 0) (eAQt — e)‘lt)
¢ (1 _ 67%(2m+6)t)

a1 (t) =

fort < sg and constant &, 1, A, As.

Proof. The dynamics of employment and unemployment of type 1 and type 2 workers
before the specialization takeoff (under assumption that type 2 workers do not avoid type 1
workers) is governed by the following four differential equations:

[_71 —p—m /2 0 0 U,
Ly | _ m  —=6/2 0 0 L
U, | P 0 —-m 6/2 U,
Solving this system explicitly under initial conditions
Uy (0)=0
Li(0)=1
Uy (0) =0
Ly (0)=0
gives
Ly (t) = _%na_fehi t %f;:_fe)‘ﬁé o
B i) = 2t t(ze T 2m+667§( o
(]1 (t) — 66 1 en2
Ly (t) = 2m+6 + 3 = Lerat %”T%e&t + 2nf+5e_§(2m+6)t
where

77—2,0+2m 0,

\/?7 + 86m,

26+n+€
4
Ag = 2t 3 >\
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This implies

U, (2m +6) (eht — e)‘lt)
U1 + UQ é- (1 _ e—%(Qm—&-zS)t) ’

Q1 (t) = (29)

g

Lemma 3 For all i and j > 0 the following holds at all times:

+oo t
‘/ij (8) = / |:/ U}Z'je_(T_S)rdT -+ %06_(t_S)T] dF (t) 3 (30)
where F (t) is the cdf of exponential distribution with parameter 0.

Proof. Worker of type ¢ while matched with type j receives flow benefit w;; until
their match dissolves, whereupon her/his discounted expected utility is given by Vjo. (30)
follows immediately from the fact that waiting time before match dissolution is distributed
exponentially with parameter 6. ]

; — o1 9g2 993 _ 9q _ 992 9g3 _
Lgmma 4 Consider row vector y =m ( 0 Z Z2 - 5= 0 5 o ) , for ar
bitrary parameter x. Then,

1198 < 0,92 <0, and Z8 > 0,

+oo
/ e "y (1) V(1) dt < 0.

S0

2. If 22 > 0,92 > 0, and %8 < 0,

) Oz

“+co
/ =y () V (£) dt > 0.

50

Proof. Consider the product

0 0 0 0 0 0
y)V(t) = m (8301 Va1 + an Voo + ang %Vs 6q2 Vg — %%3) (31)
0 0
= m ( 52 [(Vag = Vho) = (Vo — Vau)] = S [(Var = Vao) — (Vi - vm)])

The last equality was derived using the identity %(“ + %q; + 6(13 =0 (Since ¢1 +q2+¢q3 = 1).
Let us demonstrate that (31) is negative. By lemma 3,

Vas — Va2 — (Vas — Va2)

“+00
= / |:/ (w33 — W32 — W23 -+ w22) 6_(T_S)TdT + (‘/30 — ‘/20) e—(t—s)r:| dF (t) (32)
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At and after the specialization threshold Vsg (t) — Voo (t) > 0; wss — wsy — wag + wWeg =
(Y33 — 2Ya3 + Yo22) /2 > 0 by assumption (1). Thus, (32) is positive and
Vaz — Vg — (Va3 — Vaz) > 0
= (Vag — Vo) — (Vaz — Va1) > (Vag — Vo) — (Vo — Vi)
g3 0go

= Dz [(Vag — V) — (Vag — Var)] > “or [(Vag — Vo) — (Voo — Va1)]
0 0
< _a_q; [(Vas — Va0) — (Vas — Var)] — a;q; [(Vaz — Vao) — (Va2 — Va1)] <0
The third inequality was obtained by observing that % > —% > 0. Hence, for all ¢t > s

y () V() <0
+oo
- / )y (1) V (t)dt < 0.

. : 3 0
The proof of part 2) proceeds in the same way, observing that 22 < —Z2 < 0.[]

Lemma 5 Starting from the specialization threshold, fort > s,

Oqs (t) -0, Oq (1) <0, Oqs (1)
dp dp Jp
dgs (t) 9q: (t) 9gs (t)
1 Gaé(t) 886@) an 6(t)
. a3 41 2
ifar> 2" Om om om
Proof. After the threshold, the dynamics of the pools of employed and unemployed
workers of type 1, 2, 3 is governed by the following six equations:

U1 = —pUs —m (0252 ) Ur + L6

< 0

< 0,

> 0, > 0;

> 0, < 0, < 0.

U1 +Us+Us
r U1 +U:
Ly =m (P55 ) U) — L16/2
Uy = —pUp —m (LGfetbstn ) U, + L,6/2

U1 +Uz+Us
by = m (Lpetestionn) U, - 1,072
Us = pUs + pUs — m (57208 ) Uy + Ly /2

In the case when ¥, = ¥y3 = 1, we can rewrite this system in terms of proportions ¢, g2,
g3, noting that U = 1 — L; — Ly — L3 (constant population):

g1 = —pq + am (= + 6§ + Qg2 + 63 + a332) + 55 (1 — 1) Ln — 1Ly — q1 La)

L, = m(q% + q1CJ2) U — L15/2

G2 = —pga + @m (=14 ¢¢ + q1q2 + @2 + G5 + 43¢2) + 557 (1 — q2) Ly — g2 Ly — o L) (33)
LQ == quU - L26/2

G5 = p (@ + @) + asm (f + @12 + 65 + a3q2 — 43) + 57 (1 — g3) Ls — gLy — g3Lo)

Ly =m(g2q5 + 3) U — L36/2
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The initial conditions are ¢ (o), ¢2 (s0), g5(s0) = 0 and similarly for L; (sq). This
system of differential equations in non-linear and unsolvable in closed form. But we are only
interested in signs of the derivatives 6%”.

Consider a system of differential equations

x=1f(x,p), (34)

with initial conditions x (0) = x¢, where x is a vector of dimension n and p is a vector of
parameters.
If f (-) is differentiable, then derivatives of the solution x (t) to (34) w.r.t. parameter s,

exist and are continuous [Pontryagin, 1965]. Furthermore, these derivatives 88 (k =} are
themselves solutions to the differential equations
o _Zax izl,..,n (35)
j H

with the initial conditions ¢ (0) = 0 Vi. System (35) is called the associated differential
system in variations.
Let us set up the system in variations associated with (33) for parameter p:

b=, %, g

b= 0

hy = D aijj +q+q

Given the initial conditions v, (sg) = 0 , this implies %—q; =, <0, %—q; = 1, < 0,
=13 <0 fort > sq.

The proofs for the derivatives w.r.t. 6 and m are obtained analogously. The associated
systems in variations are given by

. 1
V1=>7% af -1, + 5
with respect to é: 2%}2 = Z]. g% VY, + 5
Yy = Z g—f;l/f] +3
Thus, 3% ® <0, 8<11(t) >0, aQQ() >0.
. 1
Yy = Zj %% +q1q3 (1 —2q1)
With respect to m: 2%}2 = Zj %%@Dj — 2419293,
Yy=2; g%j%’ + q3q1 (1 —2¢3)

For ¢ > 1, 280 ~ o 0ul) o 920 o

9q3
)

((1 - Q1) Ly —qiLsy — CI1L3)
((1 —q2) Lo — g2L1 — g2L3)
((1 - Q3) Ly —q3lq — Q3L2)

&l &~ &~
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