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ABSTRACT

We show that the business education/occupations have expanded and that the technical
education/occupations have contracted in the Czech Republic and Poland since 1990. We
interpret these changes as an adjustment necessary for their transition to a market econ-
omy. We do not find the same pattern in Hungary, which we attribute to its earlier timing
of transition. We construct an aggregate model in which labor reallocates in response to
changing demand structure. When calibrated to the Czech and Polish data, the model
generates a large movement of workers with technical education and experience into busi-
ness occupations in the early 1990s. The discounted sum of output loss due to the gap
between the demand structure and the composition of existing human capital amounts to
20 to 40 percent of 1990 GDP.
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1. Introduction

Human capital is not homogeneous: an engineer and an entrepreneur may have the
same level of human capital but not the same type. Suppose that in an economy there are
many workers with engineering skills but few with entrepreneurial skills, yet the economy
demands many entrepreneurs and few engineers. This situation roughly describes the
economies of the Czech Republic, Poland, and, to a lesser extent, Hungary in the early
1990’s. A key aspect of their transition toward a market economy has been the reorientation
of human capital from the technical to the business-serving types. In this paper, we assess
its quantitative significance.

Our strategy is to investigate the reallocation of labor along the educational and
occupational dimensions. Based on data analysis, we construct an aggregate model with
endogenous occupational mobility and quantify the welfare impact of the initial imbalance
and the subsequent adjustment in human capital. We emphasize that the changes in
human capital that we study are not about the level but the composition. In 1990, the
average number of schooling years was 10.1 in Czechoslovakia, 8.9 in Hungary, and 9.5 in
Poland. These numbers are comparable to those for the OECD countries, whose average
was 9.0 (Barro and Lee 1996). We also abstract from the changes in the composition of
human capital within an occupation or within a type of education: a business worker in the
new market economy may have different skills from his counterpart in the old command
economy although they share a common occupational code. This is a potentially significant
omission. Our only defense is that we chose to study a readily quantifiable aspect of the
changes in human capital, and that our results represent a low bound of their quantitative
significance.

In Section 2, we present the evidence for labor reallocation. In the Czech Republic and
Poland, there has been a major shift in education from the technical to the business fields
since 1990. Also, the business occupations have expanded while the technical occupations

have contracted. These changes were a sort of catching up with the other European



countries. We do not find the same pattern in Hungary, however, which may be due to the
fact that it began its transition to the market economy in the 1980s, earlier than the Czech
Republic and Poland. In Section 3, we model the labor reallocation as a response to the
changing demand structure. The reallocation has two parts: the exogenous increases in the
share of new workers with business education and the endogenous movement of workers
with technical education and experience to business occupations. We calibrate the model
based on Czech and Polish data, and measure the discounted sum of output loss due to
the imbalance in human capital. This amounts to 20 to 40 percent of the 1990 GDP.

Our paper can be viewed as a study of mismatch between the existing worker charac-
teristics and those that the market demands. A much-studied mismatch of this nature is
the excessive qualification of workers for available jobs, that is, overeducation (see Alba-
Ramirez 1993 for example). Another is the insufficient capacity of workers in adopting
new technology, that is, skill-biased technological change (see Acemoglu and Zilibotti 2001
among others). These issues are more about the level mismatch than about the compo-
sition mismatch, that we focus on. Our paper also relates to other studies of educational
changes and labor mobility in transition economies. Sarychev (1999) studies the changes
from specialized vocational training to general training during the early period of transition
in East Germany. Sorm and Terrell (2000) find a significant movement of labor into the
finance, trade, and tourism sectors and out of the agricultural and industrial sectors in the
Czech Republic. Similarly, Sabirianova (2002) finds the expansion of service and business
occupations in Russia. In comparison, our paper highlights the changes from technical
to business-related education/occupation. Also, we assess their quantitative significance

based on an aggregate model.



2. Data Analysis

In this section, we analyze educational and occupational data® for the Czech Republic,
Hungary, and Poland since the early 1990’s. The objective is to describe the reallocation
of labor from the technical to the business fields. Table 1 presents the distribution of new
graduates across fields.? We can see a large shift away from the technical field in all three
countries. In the Czech Republic and Poland, nearly all the shift was toward the business
field with only a slight increase in the share of the other fields. In Hungary, the shift
was all toward the other fields with no noticeable change in the business share. Figure
1 plots the ratio of the business share and the sum of business and technical shares (i.e.,
business share/[business share 4 technical share]), which illuminates the relative shift from
the technical to the business fields.

Table 2 presents the distribution of workers across occupations. In the Czech Republic
and Poland, over the whole period we can see a shift from technical to business occupations
with little change in the other occupations, much like the shift in education. However, the
pace of shift is uneven over the years, and even in the opposite direction in some years.
In Hungary, we do not see the shift from technical to business occupations. If anything,
the shift is from business to other occupations. Figure 2 plots the ratio of the business
share and the sum of business and technical shares, illustrating the relative shift from the
technical to the business occupations.

Table 3 presents occupational distribution in three other European countries, Austria,
Germany, and Spain, for comparison. Austria and Germany, two of the other Central
European countries, are a useful gauge for assessing the economic future of the Czech
Republic, Hungary, and Poland. Spain went through its own economic transition after

joining the EU in 1986, some twenty years ahead of the three countries of our inquiry,

1 See the Appendix for the sources and the processing of the data.

2 We cautiously present the 1999-2001 data for the Czech Republic. Note the large decline in the total
number of graduates for these years, which would be temporary. We should not infer a medium-term or
long-term trend from these transitory years.



and provides an additional point of comparison. The table shows no pattern of change
common to all three countries. In Austria, we can notice a shift from technical to business
occupations, as in the Czech Republic and Poland, but on a smaller scale. In Germany,
the shift is from technical to other occupations.® In Spain the main shift is from business
to other occupations. Figure 3 plots the ratio of the business share and the sum of business
and technical shares. Although the patterns of change are dissimilar among the countries,
the relative business share is uniformly higher than in the Czech Republic and Poland in
the early years of the period. Thus the shift from business to technical occupations in the
Czech Republic and Poland can be viewed as a sort of catching up with the other European
countries.

In summary, our analysis shows that in the Czech Republic and Poland, there was
a major reallocation of labor from technical to business education/occupation in the last
decade. This is not a general pattern in European countries. Notably, in the Czech Repub-
lic and Poland the business share of occupation was lower than in all the other countries
including Hungary, in the early 1990s. Based on this, we interpret Czech and Polish labor
reallocation as a natural aspect of transition toward a market economy. Hungary began
its market-based reform in the 1980s, earlier than the Czech Republic and Poland, which

probably explains its relatively high business share in the early 1990s.*

3 The German data cover the entire country. The former East German part alone may have exhibited
the same pattern of change as the Czech Republic and Poland.

4 Perhaps for this reason, Hungary received, as a share of GDP, much larger sums of foreign direct
investment in the early and the mid-1990s than the Czech Republic and Poland did. To the extent that
the foreign investment went to sectors that require few business skills, it would help explain why Hungary
took a path dissimilar to the Czech and Polish one. From the late 1990s, the Czech Republic and Poland
also received large foreign direct investments which may have influenced their pattern of labor mobility.
A more general point is that the long-run composition of human capital may be affected by the initial
condition for any country, a counter point to the convergence hypothesis hinted at above.



3. Quantitative Exercise

In this section, we conduct an exercise in order to quantitatively assess the significance
of the gap between the technically-oriented workforce and the business-oriented labor de-
mand during the transition paths of the Czech Republic and Poland,® as documented in
Section 2. The transition is modeled as follows. The economy is assumed to be on a
balanced growth path for ¢ < 0. There is an unexpected change in the demand structure
(i.e., the parameter of the business/technical occupation share in the production function)
starting at t = 1. Labor reallocates from the technical to the business occupation following
the change in demand structure. The reallocation has two parts. First, the share of new
workers with a business education increases exogenously over time. Second, some workers,
old and new, choose to work in the high-paying business occupation despite technical edu-
cation and experience. Based on the calibrated model, we quantify the labor reallocation

and the output loss due to the imbalance in human capital.

3.1 The Worker’s Decision Problem

A worker receives either a business or a technical education before beginning his work
life. Let the type of education be denoted by s = 1,2, where s = 1 means business
education and s = 2 means technical education. The type of education a worker receives is
exogenous: he takes it as given in his decision problem. A worker’s work life is 10 periods.
This implies that the length of a period is 4 years under the assumption that a worker’s
work life is 40 years.® Let the period of a worker’s work life be denoted by j = 1,2,...,10.
Let the occupations denoted by ¢ = 1,2, where + = 1 means business occupation and ¢ = 2

means technical occupation. In any period of his work life, a worker can work in either

5 That is, we conduct the exercise based on the Czech and Polish data. However, under the assumption
that the Hungarian transition of the 1980s was similar to that of the Czech Republic and Poland in the
1990s, the results may also be relevant to the earlier transition in Hungary.

6 Since workers can choose occupation in each period, the length of a period should be interpreted
as the time it takes on average for a worker to have a new opportunity to move between technical and
business occupations. The four-year length does not seem unreasonable.



occupation. Let a worker’s experience in an occupation, i.e., the number of periods he
spent in the occupation, be denoted by e =1,2,...,9.

The effective labor input of a worker depends on the education he has received, the
occupation in which he works, and his experience in that occupation. Let a(s,,e) denote
the effective labor input by a worker who has received type s education, works in occupation

1, and has spent e number of periods working in occupation i. We assume:

loga(s,i,e) = o1e — ogee? for s =i and
(1)
a(s,i,e) = Aa(s, s, e) for s # 1,
where 01,02 > 0 and 0 < A < 1. The first equation is Mincerian, as commonly used in the
labor literature. It captures the increasing and concave wage profile over experience. The

parameter A\ captures the effective labor input of a worker who works in an occupation for

which he is not educated. The wage of a worker is given by
wy(s,i,e) = w(i)a(s,i,e). (2)

where w, () is the wage rate for one unit of effective labor input in occupation .

Let g.(s, 7) denote the date t occupation of a worker who has received type s education
and is in the jth period of his work life. The career path of a worker who has received
type s education and enters the work force in period ¢ is then {gi+;-1(s,7)};. Given
{gt+j—1(s,7)};, the worker’s experience path {e¢1;_1(s,j)}; is given by

j—1

et+j*1(37j) = Zn(gt+j*1(37j)vgt+k*1(sv k)) (3)
k=1

where 7 is an indicator function: 7(i,i") is equal to 1 if ¢ = ¢’, and equal to 0 otherwise.
A worker’s utility is the discounted linear sum of wages over his work life: the utility of a
worker who has received type s education and enters the work force in period t is

10
Z 5k71@t+k71(9t+k71(37 k))a(s, gi+k—1(5,k), etrr—1(s,k)) (4)
k=1



where the discount rate § < 1. A worker’s decision problem is to maximize his utility
by choosing his career path, taking as given his education type s and wage rates {w;(i)}.
The solution to this problem may not be unique: multiple career paths may maximize the
worker’s utility. Let Gi(s) denote the set of utility-maximizing career paths for a worker

entering the work force in period ¢ with education type s:
Gi(s) = {{gt+;(s,9)}; + {gt+;(s,7)}; maximizes the utility of the worker}. (5)

This completes the description of the worker’s decision problem.

3.2 The Labor Supply
We assume no population growth and normalize the number of workers who enter the
work force to be one. Thus at any date there are 10 people in the work force, each person
representing a different age group. Let my(s) denote the number of workers who begin
work life in period ¢ with education type s: m;(1) + m(2) = 1. Recall from the previous
subsection that multiple career paths may maximize the utility of the worker. Thus in
equilibrium workers of the same cohort with the same education may choose different
career paths. Let p:({g¢+;(s,7)};) denote the fraction of workers who choose the career
{ge+5(5.9)}5:
> ml{geri(s,)}) = 1. (6)

Gt(s)
Let nt(i) denote the number of workers in occupation i in period t. Given the wage
rates {w(i)}, the labor supply {n:(i)} is determined by the distribution of career paths

{1({g:(s,7)};)} that workers choose:

Z ST ST i gelsit — 7+ D) (gras(s,9)}5)ma(s). (1)

TtQSG(S



The workers working in an occupation in a period will differ in terms of their effective
labor input due to differences in their education and experience. Let 74(i) denote the total
effective labor input in occupation ¢ in period t:

S ST S gt Dl en(o 74 D)t (g (5, )} (5) ()

T=t—9 s G,(s)

where the experience e;(s,t — 7 + 1) is determined by (3) given the career path
{9-4;(s,7)};. Again, the labor supply {n.(i)} and the effective labor supply {7:(i)} may
not be unique since the utility-maximizing career path of workers of the same cohort and

with the same education may not be unique.

3.3 The Aggregate Economy

The aggregate economy is a standard neoclassical one except for the following two
features. First, labor input is differentiated by occupation. Second, we abstract from
capital accumulation and the firm’s profit-maximization problem. We simply assume that
there is an aggregate production function and that the wage rates are determined by the

marginal products of the labor inputs. The aggregate production function is

Yy = Ayl (1)%07,(2) 0] /3 (9)
for t <0,
Y, = Al (1) (2)' 2P (10)
for t > 1, and
o), (1)
Qoo — Ol

where 0 < ap, @ < 1 and 0 < p < 1.7 The parameter « captures the relative demand
for the two occupations before transition. The relative demand changes during transition:

a¢ increases in t. The parameter a captures the relative demand in the long run and

" The exponent 2/3 would be the labor income share in a Cobb-Douglas function with capital and
labor inputs, as commonly used in macro models.



the parameter p captures the speed of change in demand, a higher value meaning a faster
change. We set ag = mg(1) for all t < 0, and oo = Moo (1). This specification insures that
before transition the composition of new workers each period exactly met the old demand
structure, and will exactly meet the new demand structure in the long run. We assume
the sequence of productivity {A;} to have followed some constant annual growth path for
t < 0. This pre-transition growth rate of productivity is not essential for the exercise and
does not need to be specified. We assume the sequence of productivity to follow a new

constant annual growth path after the transition starts: for t > 1
At+1 - A%+’Y. (12)

The wage rates are given by w;(i) = 0Y;/0n:(i). The equilibrium of the economy is the
distribution of career paths {u({g:(s,7)};)}, the labor supply {n.(i)}, the effective labor
supply {7:(7)}, and the wage rates {w;(i)} such that the distribution of career paths is
derived from the workers’ utility maximization problem given the wage rates; the labor
supply and the effective labor supply are derived from the distribution of career paths; and

the wage rates are derived from the effective labor supply.

3.4 Calibration

For the exercise, we need to specify the discount rate 3, the productivity growth rate
v, the education premium parameter A\, the experience premium parameters o; and oo,
the educational distribution of new workers {m;(s)}, and the speed of demand change
p. We set § = .85. This implies a real annual interest rate of about 4% under constant
consumption over periods. We set v = .082, which implies an annual growth rate of about
2%. We set o1 to be in the range of .05 to .15, and o5 in the range of .0033 to .01. Recall
that the length of a period is four years. At an annual rate, these ranges are equivalent

to .012 to .036, and .0002 to .0006, respectively. The low end of the ranges corresponds



to the values for the transition economies in the early 1990’s; the high end corresponds to
the values for Western European countries.®

We set the initial and the long-run business shares of education/occupation (i.e.,
mo(1) and meo(1) or, equivalently, ap and a) based on our data analysis in Section
2. We use the composition of workers with business or technical education/occupations,
and ignore the other workers. Figure 1 suggests mo(1) to be about .25 and m (1) to be
somewhere above .50 for both the Czech Republic and Poland. To better guess at moo (1),
we calculated the business share of education in the 1990s for Austria in the same way as
we did for the Czech Republic, Poland, and Hungary.® We found that the business share
was stable at about 57%. Therefore, one reasonable set of values for mg(1) and ms (1) are
.25 and .55, respectively. On the other hand, Figure 2 suggests quite different values. A
rough guess based on this figure would set mg(1) and mq(1) at .20 and .35 for the Czech
Republic, and at .30 and .45 for Poland. We conducted the exercise for all three sets of
values: (mg(1), ms(1)) equal to (.25,.55), (.20,.35), and (.30,.45).1° Given (mg(1), Mo (1)),
Figure 1 suggests a linear path of adjustment in educational composition for the first three
periods: m(1) = t(moeo(1) —mo(1))/3 for t = 1,2 and m(1) = meo(1) for ¢ > 3. The solid
line draws the adjustment path for the case of (mgo(1),mao(1)) = (.25,.55).

The parameters that remain to be chosen are A and p. These parameters are difficult
to relate to the data directly. Instead we chose the values of these two parameters so that

the endogenous variables under the chosen values match the data along some dimensions.

8 Bird et al. (1994), Krueger and Pischke (1995), and Chase(1998) document the low experience
premium in transition economies in the early 1990s. One caveat is that these studies report a pooled-
experience premium while the relevant premium for our exercise is an occupation-specific one. The former
is smaller than the latter since some workers switch occupation and lose (some) premium. If workers in
transition economies switched occupation more than workers in Western Europe in the early 1990s, this
would account for some of the observed premium differential between them.

9 See the Appendix for the details.

10 That we have rough and diverse ranges is not surprising. We have only limited data for the early
1990s and the long-run business share is difficult to predict. More basically, the way we classified the
education types and occupations is inevitably arbitrary. Trying diverse ranges is a sensible strategy given
this situation.
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Specifically, we chose to match the size of labor reallocation and the cross-occupational
wage differential at date two, which corresponds to year 1998. From Figure 2, assuming
the initial and the long-run business shares of (.20,.35) for the Czech Republic and (.30,.45)
for Poland, the size of labor reallocation during the first two periods is about 80% of the
total for the former and about 53% of the total for the latter. We chose the model to
replicate these percentages of reallocation. As for the wage differential, the Czech Labor
Force Survey does not contain information about wages. However, we were able to find
that information in the Microsensus conducted in 1992 and 1996. Conducting the same
data analysis as for the Labor Force Survey, we found that wages in business occupations
grew 4% more than the average and wages in technical occupations grew 9% less than
the average.'' The Polish Labor Force Survey contains wage information, but only from
1995. We found that during the 1995-1999 period, wages in business occupations grew 4%
more than the average and wages in technical occupations grew 7% less than the average.!?
Based on this information, for both countries we chose the model to generate a 25% wage
differential between the business and the technical occupations at date 2, starting from
zero differential at date 0.

The algorithm for finding the equilibrium under a given set of parameter values is
as follows. First, we set the labor supply for ¢ > 1 to be such that every worker works
in the occupation for which he is educated, i.e., workers with a business education work
in the business occupation and workers with a technical education work in the technical
occupation. Second, we calculate the wage rates for t > 1 under this labor supply. Third,

we solve the career-decision problems of individual workers under these wage rates and

1 For 1996, when the Microsensus and the Labor Force Survey data sets can be directly compared, the
business share of workers in the Microsensus is two or three percentages higher than in the Labor Force
Survey, while the technical share is almost the same. Our overall impression is that the two data sets are
comparable and the discrepancy reflects the small sample size for the Microsensus, which was about three
thousand for 1992 and about five thousand for 1996.

12 This pattern of wage-growth differential in both countries corroborates our modeling choice for labor
mobility: the change in demand structure creates the wage differential, which leads to supply response.
We chose not to present the wage data systematically due to their limited coverage.
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derive a new labor supply for ¢ > 1. Fourth, we update the original labor supply by a
small amount so that it is closer to the new labor supply. This marginal update rule
avoids the non-converging oscillation of labor supply as the update is repeated. Fifth, we
recalculate the wage rates for ¢ > 1 under this updated labor supply. Sixth, we repeat the
third, the fourth, and the fifth steps until the labor supply and the wage rates converge.
By construction, the limit of the convergence is the equilibrium.

We calculated equilibria using various values of A and p, and found the pattern that
for a higher \ or for a higher p, there is more labor reallocation. Intuitively, a higher A
(i.e., a lower occupation-specific experience premium) makes people more willing to move,
and a higher p (i.e., a higher speed of demand change) creates more of a wage premium
for the business occupation, attracting more movers. Thus each value of A\ is mapped
to a unique value of p so that a given size of reallocation is maintained. We also found
that as we increase A, at the same time decreasing p according to the mapping, the wage
differential decreases. In fact, we can deduce this pattern as a property of the model:
given the Cobb-Douglas production function, a lower p implies a lower business share of
aggregate wage bill, and under a fixed business share of occupations this leads to a lower
average wage of the business occupation relative to that of the technical occupation. Thus
there is a unique set of values of X\ and p that generate a given set of the reallocation size

and the wage differential at date 2.

3.5 Results

Table 4 summarizes the results. Each row contains a set of parameter values and a
description of the model economy under those values. Our interest is the labor reallocation
from the technical to the business occupation, which is determined by demand and supply
factors in the labor market. The demand factors are the total change in demand, a — g,

and the speed of its change, p. These two factors work as substitutes for each other in
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determining the change in demand in the early periods. The supply factors are the educa-
tional premium, 1/), and the occupation-specific experienced premium, o; (and o2 which
is scaled accordingly). These two factors work as substitutes for each other in determining
the supply response, i.e., the movement of workers into the business occupation despite
technical education and experience, aside from the exogenous increase in the share of new
workers with a business education. For these workers, call them movers, the advantage of
high wages in the business occupation outweighs the disadvantages of improper education

3 The wage differential between the business and the technical

and lack of experience.’
occupations reflects the relative strengths of demand and supply factors.'*

The main difference between the Czech Republic and Poland is the observed speed
of labor reallocation (i.e., the date-two completion rates of 80% versus 53%). For the
Czech Republic we were barely able to simulate its high speed of reallocation, in some
cases reaching the corners in the demand-pull and the supply-push factors (e.g., p = 1,
A = 1). For Poland the speed is more moderate and so are the required demand and
supply factors. For both countries, there is a sizeable movement from the technical to
the business occupation, all concentrated in the first period or two. The share of movers

among all workers is on the order of 10 to 20 percent in the early periods. The business

occupation continues to expand as a larger share of new workers are educated in business

13 The movers are concentrated in young age groups. Younger workers have less experience, so their
loss of effective labor input from working in the business occupation is lower. Further, younger workers
have more remaining work life to accumulate experience in the business occupation. On the other hand,
since the wage premium of the business occupation is temporary, older workers can take advantage of
this premium by moving into the business occupation for a greater fraction of their remaining work life
than younger workers. Under the parameter values chosen for the exercise, the experience factor largely
outweighs the temporary-premium factor. This result is consistent with the empirical findings in Sorm
and Terrell (2000).

14 The movers enjoy the wage premium in business occupations, but their wage is still lower than that of
their fellow workers with business education and experience. Thus labor mobility lowers the average wage
rate in the business occupation (i.e., the total wage bill divided by the number of workers in the business
occupation), and the average wage differential between the business and the technical occupations is less

than the effective wage differential between the two occupations.
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than in the past. By the logic of the life cycle, it takes about one generation for the
economy to complete the labor reallocation and reach a balanced growth path.

We can quantify the welfare effect of the imbalance in human capital as follows. We
can calculate the aggregate output path given a set of model parameter values. Call this
the actual path. We can also calculate a hypothetical output path under the same values
except that at each date and for each age group, the business-technical composition of
workers’ education and experience is assumed to (magically) match the business-technical
composition of demand. By construction, the actual path lies below the hypothetical path
during the period of adjustment. We can calculate the discounted sum of output gap
between the actual and the hypothetical paths. For both countries, this sum is on the
order of 5 to 10 percent of date zero output, largely depending on the total size of demand
change. Since the length of a period is four years, this is equivalent to 20 to 40 percent of

the 1990 GDP.*5

4. Conclusion

In this paper, we studied the changing composition of human capital in the Czech
Republic, Hungary, and Poland since 1990. For the Czech Republic and Poland, we docu-
mented the reallocation of labor from technical to business education/occupations, starting
from a low business share in comparison to Western European countries. We interpret this
change as an adjustment necessary for their transition to a market economy. We did not
find the same pattern in Hungary, which seems to reflect that it started its transition in
the 1980s, earlier than the other two countries. We constructed a model where labor re-
allocates as a response to the changing demand structure. When calibrated for the Czech
Republic and Poland, the model generates a large movement of workers with technical

education and experience into business occupations in the early 1990s, and a more gradual

15 To put this range in perspective, consider that Lucas (1987) estimated the welfare effect of business
cycles in the US to be equivalent to perpetually losing about one half percent of consumption, which
translates to less than 15% of a single year’s GDP.
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inflow of new workers with a business education. The discounted sum of output loss due
to the imbalance in human capital amounts to 20 to 40 percent of the 1990 GDP.

We note some shortcomings of our exercise. First, by focusing on labor reallocation we
have abstracted from the compositional changes of human capital within an education type
or within an occupation. As mentioned, our exercise is about a readily quantifiable portion
of the changes, so it understates their quantitative significance. Second, we have little to say
about what determine the changes in the demand structure except for the notion of their
necessity in the transition to a market economy. One can conjecture that the technically
skewed stock of human capital may induce a degree of specialization in technically-oriented
production in the Czech Republic and Poland vis-a-vis European countries (see footnote
4). Third, we have not addressed the issues of optimal policy. We can only note the
dramatic changes in the educational system in all three countries, which indicates that

educational policy has been responsive to changes in the demand structure.
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Appendix

A. Construction of Table 1 and Figure 1 (and the Exercise for Austria)

To construct Table 1, we consulted the Statistical Yearbooks of the Czech Republic,
Hungary, and Poland. In the Yearbooks, new graduates are classified by the types of
school and by the fields within each type of school. The types of school can be broadly
reclassified into vocational school, grammar school, and university. We excluded new
graduates of grammar school, who mostly advance to the university, since our exercise is
about new entrants to the labor market. We pooled new graduates across school types and
fields into business fields, technical fields, and other fields. For calibration of the model,
we conducted the same exercise for Austria for years 1993 and 1998. We consulted the
Austrian Statistics on Universities in addition to the Austrian Statistical Yearbook for
these two years. The details of the pooling are as follows:

Czech Republic

Business fields in vocational schools: business and services. Business fields in universities:
economics and business. Technical fields in vocational schools: machine control and op-
eration + mechanical engineering and metallurgy + electrical engineering, transport and
communications + chemistry and food industry + construction + fashion and clothing +
textile and garment industry + wood processing and shoe industry. Technical fields in
universities: mining + metallurgy 4+ mechanical engineering + electrical engineering +
industrial chemistry + food + architecture 4+ construction + footwear industry + wood
and paper production + transport. Other fields in vocational schools: agriculture and
forestry + veterinary medicine 4+ arts and handicraft + librarians and journalists + arts
+ philosophy and theology + health services + physical training and sports 4+ public and
legal administration + environmental protection + pedagogy. Other fields in universities:
agriculture, forestry, and veterinary medicine + philosophy + politics + history + jour-
nalism + philology + psychology + sciences of arts + medicine and pharmacy + physical
training + law + physics and mathematics + geology + geography + chemistry + biology
+ ecology and environmental protection + pedagogy + teacher training.

Hungary

Business fields in vocational schools: economics 4+ commerce + trade + catering + miscella-

neous service industries. Business fields in universities: economics and business. Technical
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fields in vocational schools: mining + metallurgy + other iron and metal industry + en-
gineering + electrical engineering and energy industry + precision engineering + chemical
industry + paper industry + food processing industry + building material industry +
construction + transport, post, telecommunications + textile industry + leather, fur and
shoe industry + clothing industry + wood industry + printing industry. Technical fields
in universities: engineering. Other fields in vocational schools: plant cultivation + animal
husbandry + art + sanitary education + kindergarten teachers. Other fields in universi-
ties: agricultural 4 veterinary + liberal arts + fine arts + theology + medical science +
sanitary + physical education + law and state administration 4+ natural science + teacher
training (higher grade) + teacher training (higher grade) for disabled children + teacher
training (lower grade) + kindergarten teacher.

Poland

Business fields in vocational schools: commerce and business + services. Business fields
in universities: commercial and business administration + services. Technical fields in vo-
cational schools: trade, craft, and industrial programs + transport and communications.
Technical fields in universities: engineering + architecture and town planning + transport
and communications. Other fields in vocational schools: agriculture, forestry and fishery +
fine and applied arts + health-related auxiliaries 4 teacher training. Other fields in univer-
sities: agriculture, forestry and fishery + fine and applied arts + humanities + religion and
theology + social and behavioral science + home economics + mass communication and
documentation + medical science + law + natural science + mathematics and computer
science + education science and teacher training.

Austria

Business fields in vocational schools: commerce + office and administrative work + data
processing + hotel management, catering and tourism. Business fields in universities: so-
cial, economic, and business studies excluding sociology. Technical fields in vocational
schools: industry and trade + fashion and clothing. Technical fields in universities: tech-
nical sciences + metallurgy. Other fields in vocational schools: agriculture and forestry
+ animal nursing 4+ domestic science + social work + arts + craft + nursing + medical
service + teaching. Other fields in universities: agriculture + veterinary + social sciences
+ theology + arts + social work 4+ medicine + medical service + law + military + natural
sciences + teaching.
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B. Construction of Table 2, Figure 2, Table 3, and Figure 3

To construct Tables 2 and 3, we consulted the Labor Force Surveys of the respective
countries. For the Czech Republic, Hungary, and Poland, we obtained the data directly
from the respective national statistical offices. For Austria, Germany, and Spain, we
obtained the data from Furostat, the statistical office of the European Union. The Czech
Republic and Poland have conducted their Labor Force Surveys based on the ISCO-88
(International Standard Classification of Occupations) since 1993 and 1994, respectively.
Hungary has conducted the Labor Force Surveys based on its own classification system
titled HSCO-93 (Hungarian Standard Classification of Occupations) since 1993, but the
Statistical Office provides instruction on how to convert HSCO-93 to ISCO-88. We grouped
the two-digit ISCO-88 occupation codes into business occupations, technical occupations,
and other occupations. The tables present the results for the fourth quarter of each year
for the Czech Republic, Hungary, and Poland; the first quarter for Austria; and the second
quarter for Germany and Spain. The figures present the results for all quarters for which
we could obtain data. The details of the grouping of occupation codes are as follows:

Business Occupations: corporate managers (12) 4+ managers of small enterprises (13) +
office clerks (41) 4 customer service clerks (42) + models, salespersons, and demonstrators
(52). Technical Occupations: physical, mathematical and engineering science profession-
als (21) + physical and engineering science associate professionals (31) + extraction and
building trade workers (71) + metal, machinery, and related trade workers (72) + preci-
sion, handicraft, craft printing, and related trade workers (73) + other craft and related
trade workers (74) + stationary-plant and related operators (81) + machine operators and
assemblers (82) + drivers and mobile plant operators (83). Other Occupations: legislators,
senior officials, and managers (11) + life science and health professionals (22) + teaching
professionals (23) + other professionals (24) + life science and health associate profes-
sionals (32) + teaching associate professionals (33) + other associate professionals (34)
+ personal and protective services workers (51) + skilled agricultural and fishery workers
(61) + subsistence agricultural and fishery workers (62) + sales and service elementary
occupations (91) + agricultural, fishery and related laborers (92) + laborers in mining,
construction, manufacturing and transport (93).
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Table 1: Distribution of New Graduates across Fields

Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Czech Republic:
Business fields 35,514 34,572 37,091 37,063 37,016 37,228 50,831 60,228 60,932 65,109 50,712 39,547 48,981
(0.223) (0.221) (0.219) (0.221) (0.240) (0.258) (0.326) (0.360) (0.382) (0.381) (0.449) (0.423) (0.393)
Technical fields 95,306 93,952 101,438 98,765 85,261 74,560 71,656 73,933 66,600 73,929 31,840 33,631 45,538
(0.599) (0.601) (0.598) (0.589) (0.553) (0.517) (0.459) (0.441) (0.417) (0.433) (0.282) (0.359) (0.365)
Other fields 28,245 27,859 31,039 31,763 31,796 32,546 33,631 33,346 32,153 31,691 30,376 20,419 30,272
(0.178) (0.178) (0.183) (0.190) (0.206) (0.225) (0.215) (0.199) (0.201) (0.186) (0.269) (0.218) (0.243)
Hungary:
Business fields 27,011 28,884 30,260 31,864 31,321 30,687 33,606 33,681 36,796 33,576
(0.221) (0.226) (0.236) (0.227) (0.227) (0.225) (0.235) (0.233) (0.239) (0.210)
Technical fields 67,576 71,436 70,572 76,015 73,249 70,173 71,730 70,398 63,357 59,067
(0.552) (0.558) (0.549) (0.542) (0.532) (0.515) (0.502) (0.488) (0.412) (0.370)
Other fields 27,789 27,598 27,627 32,258 33,223 35,394 37,522 40,298 53,518 67,193
(0.227) (0.216) (0.215) (0.230) (0.241) (0.260) (0.263) (0.279) (0.348) (0.420)
Poland:
Business fields 86,613 86,884 89,427 96,875 97,104 98,947 117,228 155,630 180,166 204,795 233,469 261,104 215,504
(0.181) (0.177) (0.177) (0.187) (0.189) (0.204) (0.225) (0.277) (0.299) (0.324) (0.344) (0.361) (0.285)
Technical fields 289,203 296,288 307,383 291,451 287,027 263,519 276,991 269,833 276,230 274,646 275,105 274,266 250,856
(0.603) (0.605) (0.608) (0.561) (0.558) (0.544) (0.531) (0.481) (0.459) (0.434) (0.406) (0.379) (0.332)
Other fields 103,424 106,962 108,803 130,844 130,034 121,644 127,117 135,692 145,307 152,983 169,699 187,916 288,857
(0.216) (0.218) (0.215) (0.252) (0.253) (0.251) (0.244) (0.242) (0.241) (0.242) (0.250) (0.260) (0.382)

Note: See Appendix for sources.



Table 2: Distribution of Workers across Occupations

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Czech Republic:
Business occupations 839 931 967 998 999 983 922 926 948 982
(0.170) (0.189) (0.193) (0.200) (0.202) (0.203) (0.194) (0.195) (0.200) (0.204)
Technical occupations 2,164 2,155 2,092 2,084 2,038 2,005 1971 1,956 1,967 1,992
(0.439) (0.437) (0.419) (0.418) (0.412) (0.413) (0.414) (0.412) (0.413) (0.414)
Other occupations 1923 1,849 1939 1906 1904 1,862 1,870 1,867 1,846 1,844
(0.391) (0.374) (0.388) (0.382) (0.386) (0.384) (0.392) (0.393) (0.387) (0.382)
Hungary:
Business occupations 897 886 840 844 824 823 864 890 862
(0.239) (0.239) (0.230) (0.230) (0.224) (0.220) (0.226) (0.229) (0.225)
Technical occupations 1466 1,425 1,406 1,386 1,416 1,448 1,474 1,482 1,490
(0.390) (0.385) (0.384) (0.378) (0.386) (0.386) (0.386) (0.382) (0.389)
Other occupations 1,391 1,393 1,413 1440 1431 1475 1,484 1506 1,482
(0.371) (0.376) (0.386) (0.392) (0.390) (0.394) (0.388) (0.388) (0.387)
Poland:
Business occupations 2,732 2868 2974 3,147 3,188 3,001 3,028 2,910 2,803
(0.186) (0.195) (0.198) (0.206) (0.209) (0.207) (0.209) (0.208) (0.205)
Technical occupations 4,748 4,794 4,998 5120 5,154 4,751 4,611 4,334 4,088
(0.323) (0.326) (0.332) (0.336) (0.337) (0.328) (0.319) (0.310) (0.299)
Other occupations 7,213 7,068 7,066 6,978 6,935 6,737 6,831 6,726 6,765
(0.491) (0.479) (0.470) (0.458) (0.454) (0.465) (0.472) (0.481) (0.495)

Note: All numbers are in thousands. See Appendix for sources.



Table 3: Distribution of Workers across Occupations in Other European Countries

Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Austria:
Business occupations 985 1,014 1,008 1,015 1,056 1,067 1,086 1,079
(0.268) (0.280) (0.279) (0.280) (0.287) (0.290) (0.294) (0.289)
Technical occupations 1,243 1,133 1,120 1,134 1,148 1,145 1,134 1,138
(0.338) (0.313) (0.310) (0.313) (0.312) (0.311) (0.307) (0.305)
Other occupations 1,447 1,470 1,481 1477 1,474 1,472 1477 1,517
(0.394) (0.406) (0.410) (0.407) (0.401) (0.400) (0.399) (0.406)
Germany:
Business occupations 8,318 8424 8450 8,435 8,242 8205 8,139 8,320 8,354 8,436 8,356
(0.239) (0.241) (0.243) (0.242) (0.235) (0.236) (0.233) (0.234) (0.233) (0.234) (0.234)
Technical occupations 12,995 12,557 12,270 12,236 12,421 12,066 12,122 12,156 12,161 12,099 11,803
(0.373) (0.359) (0.353) (0.351) (0.353) (0.347) (0.346) (0.341) (0.339) (0.336) (0.330)
Other occupations 13,532 13,971 14,068 14,189 14,476 14,532 14,742 15,150 15,367 15,487 15,604
(0.388) (0.400) (0.404) (0.407) (0.412) (0.418) (0.421) (0.425) (0.428) (0.430) (0.436)
Spain:
Business occupations 3,198 3,016 2,968 2901 3,012 3,109 3,161 3,298 3,461 3,551 3,580
(0.248) (0.250) (0.244) (0.232) (0.236) (0.236) (0.230) (0.227) (0.226) (0.224) (0.220)
Technical occupations 4,293 3935 3,921 3,935 3939 4,075 4,276 4592 4847 5111 5,184
(0.333) (0.319) (0.322) (0.315) (0.309) (0.309) (0.312) (0.316) (0.317) (0.322) (0.319)
. 5402 5,312 5,297 5658 5810 6,00/ 6,282 6,619 6,998 7,215 7,477
Other occupations
(0.419) (0.431) (0.435) (0.453) (0.455) (0.455) (0.458) (0.456) (0.457) (0.454) (0.460)

Note: All numbers are in thousands. See Appendix for sources.



Table 4: Simulation Results

Total Speed of  Experience Education Date-Two Date-Two Maximum Maximum Output Loss
Demand Demand Premium Premium Business Wage Wage Movers
Change Change Occupation Differential Differential

Czech Republic | 0.20-0.35 1.00 0.15 0.00 0.29(61%) 1.31 1.47(date 1) 8%(date 4) 4%
1.00 0.10 0.00 0.31(72%) 1.21 1.27(date 1) 9%(date 1) 2%
1.00 0.05 0.05 0.32(80%) 1.14 1.17(date 1) 11%(date 1) 3%
0.25-0.55 1.00 0.15 0.00 0.49(80%) 1.27 1.35(date 1) 22%(date 1) 10%
0.88 0.10 0.03 0.49(80%) 1.26 1.26(date 2) 21%(date 1) 8%
1.00 0.05 0.24 0.49(80%) 1.25 1.26(date 1) 23%(date 1) 16%
Poland 0.30-0.45 0.71 0.15 0.06 0.38(53%) 1.26 1.26(date 2) 7%(date 2) 4%
0.71 0.10 0.07 0.38(53%) 1.25 1.25(date 2) 7%(date 1) 4%
0.67 0.05 0.11 0.38(53%) 1.25 1.25(date 2) 6%(date 1) 4%
0.25-0.55 0.48 0.15 0.09 0.41(53%) 1.26 1.30(date 3) 13%(date 2) 9%
0.48 0.10 0.09 0.41(53%) 1.25 1.30(date 3) 13%(date 2) 8%
0.47 0.05 0.20 0.41(53%) 1.25 1.29(date 3) 13%(date 2) 10%

Explanatory notes: Total demand change: the initial and the long-run business share, a, and a.

Speed of demand change: p

Experience premium: 6,

Education premium: occupation-specific premium, 1/A-1

Date-two business occupation: the share of business occupation, n,, and the reallocation as a percentage of total demand change, (n,-no)/(Q..-0)

Date-two wage differential: the ratio of average wage rates (i.e., the wage bill divided by the number of workers) in the business and the technical occupations

Maximum wage differential: the maximum and the date
Maximum movers: the maximum percentage of workers working in the business occupation with a technical education and the date
Output loss: The discounted sum of gaps between the actual output and the output under no mismatch problem, as a percentage of date 0 output



Figure 1: Business Education Share
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Figure 2: Business Occupation Share
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Figure 3: Business Occupation Share in Other European Countries

0.55 T T T T T T T
0.5 .
(@)
o o oo o
0 5 .0% o
o © o o ~0O
Austria
045 a
Spain ® ® ®®®
®
®
®®®®®@® @ ®
0.4F o ®© -
Germany &
035 I I I I I | I
1988 1990 1992 1994 1996 1998 2000 2002

2004



