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     2 Open unemployment did exist in the Yugoslav labor-managed economy. As planning gradually gave way to
market forces, one could observe unemployment also in Hungary. 
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1.   Introduction

     A fundamental systemic feature of the Soviet-type economies was the nonexistence of open

unemployment.2 An equally distinguishing feature of the transition to a market economy has been the

emergence of double digit unemployment rates in all the rapidly transforming economies except for

the Czech Republic. In the Czech Republic, the unemployment rate remained at mere 3-4 percent

throughout the first half of the 1990s and only rose to 6-7 percent during the recession of 1998. The

gravity of the unemployment problem and the discrepancy between the unemployment experience of

the Czech Republic and the other Central and East European (CEE) economies, depicted in Figure

1, poses a fundamental academic as well as policy-related puzzle. Why has the Czech Republic been

exhibiting so much lower unemployment rate than its traditional counterpart republic, Slovakia, and

the other CEE economies? Until 1993, Slovakia and the Czech Republic have after all shared the

same currency, legal system and institutional framework. Moreover, except for unemployment,

aggregate economic indicators of the two countries were similar in the early 1990s (Dyba and

Svejnar, 1994, 1995, Ham et al., 1998). Why then have the Slovak labor market indicators been

similar to those of Bulgaria, Hungary, Poland, and other transition economies, rather than those of

the Czech Republic? What are the policy implications?

     An important part of the answer to the above questions is that from the time unemployment

started appearing in CEE in the early 1990s, the Czech Republic has had a dramatically higher

outflow rate of individuals from the unemployment state to employment than did the other CEE

economies (see e.g., Boeri, 1994, Boeri and Scarpetta, 1995 and Ham, Svejnar and Terrell (HST),



     
 3 In the first few years of the transition, as the unemployment rate rose from zero to double digits in most CEE
economies, the Czech Republic had a similar rate of inflow of the employed into unemployment as the other economies.
Burda (1994) for instance reports 1992 monthly inflow into unemployment rates to be .5 in the Czech Republic, .8
in the Slovak Republic, .5 in Hungary,  and .6 in Poland. Ham et al. (1998) use OECD data and report the 1992 inflow
rates to be 0.9 for the Czech Republic, Hungary and Poland, and 1.3 for Slovakia. (After the double digit
unemployment rates were established in all the CEEs except for the Czech Republic, the inflow rates started to be lower
in the Czech Republic than these other economies.)  Moreover, as Schaffer (1995) shows, budgetary subsidies to firms
were virtually eliminated in the Czech Republic as well as other CEE economies in the early 1990s, thus providing
similar pressure in all these economies to release excess labor. Finally, as Paukert (1995) demonstrates, labor force
participation declined in all the CEE economies and not just the Czech Republic.
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1999). Using OECD data, HST (1998), for instance report 1991 outflow rates to be 17.1 in the

Czech Republic but only 4.8 in Slovakia. Similarly, their data for 1992 indicate the outflow rate to

be 26.6 in the Czech Republic, 10.2 in Slovakia,  6.6 in Poland, and 4.3 in Hungary. Moreover, other

possible causes of the less rapid rise of unemployment in the Czech Republic in the early 1990s, such

as lower inflow rates into unemployment due to higher government subsidies to Czech firms or to

more marked declines in Czech labor force participation, are not borne out by the data.3 These basic

findings suggest that one needs a thorough understanding of the determinants of outflow from

unemployment and the matching of the unemployed and vacancies in the Czech Republic and the

other CEE countries. While HST (1998,1999) examine the outflow issue, in the present paper we

analyze the process of matching of the unemployed and vacancies.     

The literature on matching functions usually assumes that the outflow (number of individuals

flowing) from unemployment to employment O is a function of the number of unemployed U and the

number of posted vacancies V, O=f(U,V). Matching is seen as a search process, with both the

unemployed and employers with vacant positions striving to find the best match, given exogenous

factors such as skill and spatial mismatch, as well as availability of information. Some authors (e.g.,
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lnOi,t ' c % ßuln Ui,t&1 % ßvln Vi,t&1 (1)

Blanchard and Diamond, 1989, Pissarides, 1990, and Storer, 1994) expect the matching function f

to display constant returns to scale, while others have identified reasons, such as externalities in the

search process, heterogeneity in the unemployed and vacancies and lags between matching and hiring,

why increasing returns may prevail (e.g., Diamond, 1982, Coles and Smith, 1994, Profit, 1996, and

Mortensen 1997). Increasing returns are conceptually important because in many models they

constitute a necessary condition for multiple equilibria and provide a rationale for government

intervention. In this paper we show that increasing returns may have been an important phenomenon

in the Czech Republic as compared to Slovakia and by implication the other CEE economies.

     In specifying the matching process, the most frequently used functional form is Cobb-Douglas

where,  Ui,t-1,  and Vi,t-1 are the number of unemployed and vacancies in area i at the end of period t-1,

respectively, Oi,t denotes the outflow to jobs (the number of successful matches between the currently

unemployed and current vacancies) and constant c captures the efficiency of matching.

     In view of the serious unemployment problem in the transition economies, the literature on the

matching of unemployed and vacancies in these economies has grown rapidly. It has also produced

contradictory results, in part because the studies use different methodologies and data.

Methodologically, the studies differ especially with respect to the specification of the matching

function and treatment of returns to scale, the inclusion in equation (1) of other variables that might

affect outflows and the extent to which they use static or dynamic models. In terms of data, the

studies differ in whether they use annual, quarterly or monthly panels of district-level or more

aggregate (regional) data and whether they cover short or long time periods. None of the studies



4 The principal studies in this area are Burda (1993), who uses  monthly Czech and Slovak district-level data from 1990
to1992, Boeri (1994), who uses 1991-93 regional panel data for the Czech Republic, Hungary  Poland, and Slovakia,
Svejnar, Terrell and Münich (1994, 1995), who  use annual 1992 and 1993 data from the Czech and Slovak Republics,
Lubyova and van Ours (1994), who use 1990-93 monthly data for Slovakia and 1991-93 data for the Czech Republic,
Boeri and Scarpetta (1995), who use monthly data for districts/regions in Poland (1992-93), Hungary (1991-94), the
Czech Republic (1991-94), and Slovakia (1990-93), Burda and Lubyova (1995) who use monthly and quarterly Czech
and Slovak data from 1992 to 1994, Boeri and Burda (1995), who  use Czech district-level data over the period
1992-1994, Burda and Profit (1996), who use district and regional 1992-94 data from the Czech Republic, and Profit
(1996), who uses Czech district data during 1992-94. For a brief survey of the principal studies se Munich et al. (1997).

     5As we discuss presently, one of the goals of this study is to examine the effect of active labor market (training)
policies on matching. In this context it is important to note that the vacancy data do not include slots in these
active labor market policy programs.
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adjusts the data for the varying size of the unit of observation (district or region) which, as we show

presently, may generate biased estimates of the returns to scale in many studies.4

     The contradictory findings of the existing studies, as well as the Czech Republic's high outflow

from unemployment relative to Slovakia and the other CEE economies, have led us to carry out

comparative analysis of matching in the Czech and Slovak republics. As we mentioned earlier, our

focus on the Czech and Slovak Republics is motivated by the fact that they represent a unique

laboratory, in which we can hold constant many initial conditions. Comparing them is hence

methodologically preferable than comparing the Czech Republic to other CEE countries with differing

conditions. From the methodological standpoint, a particularly important advantage of using the

Czech and Slovak data is that all employers have been legally obliged to report all vacancies to the

government labor offices. This makes the measured vacancy variable in these two republics much

more accurate than the vacancy measures used in most other economies, East or West.5

Unlike other studies, we also use a more flexible and up-to-date empirical methodology and

superior data. In particular, unlike other studies we a) use a translog rather than the more restrictive

Cobb-Douglas specification of the matching function, b) test and carefully control for the endogeneity

of explanatory variables, c) account for the presence of a spurious scale effect introduced by the



     6 Few studies have accounted for one or at most two of these latter problems.

     7 There are of course exceptions. Pissarides (1990) for instance shows that in his theoretical model the Cobb-
Douglas function could represent a useful approximation. In the empirical work, Boeri (1994) estimates a Cobb-
Douglas matching function of unemployment and vacancies, with unemployment entering as a CES function of
short and long term unemployed. Warren (1996) also uses more complex specifications in the U.S. context.

     8 Ideally, one would also like to separate the newly posted vacancies from the existing ones. While our data on
vacancies are of better quality than those from most other countries, they do not allow us to identify the vintage of
vacancies.
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varying size of units of observation (districts), and d) use five (1991-96) years of comparable monthly

data from all districts in the Czech and Slovak Republics . Unlike most studies, we also separate the

effects of new and longer term unemployed, estimate the effects of several factors on outflow from

unemployment, employ a dynamic specification and estimate on contiguous panels to allow for

dynamic adjustment and regime changes during the period of economic transition, and control for the

heterogeneity of unemployed searchers.6 Like other studies, we do not address the issue of the

matching of vacancies with employed individuals.

     We start in Section 2 by presenting our estimating framework and explaining how it overcomes

some of the principal problems of the existing studies. In Section 3 we describe our data and the

implementation of our econometric model. In Section 4 we present basic statistics and our

econometric estimates. We conclude in Section 5.

2. The Estimating Framework

     Theories of search and matching generally do not imply a particular functional form of the

matching function and most studies use the  Cobb-Douglas form.7 We minimize the potential bias

stemming from this restrictive specification by using a translog form. We also include separately the

new (current period) entrants into unemployment and those already unemployed in order to allow for

the finding by Coles and Smith (1994) that new entrants interact with posted vacancies in a different

manner than those already unemployed.8 
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We start with the following dynamic specification

              (2)  
ln Oi,t = a0 + ?0 ln Oi,t-1 + 3       ßk ln ?  k,i,t + .5 3        3  ? kl ln ?  l,i,t ln ?  l,i,t + dN Wi + gi,t
                                                                k=u,s,v                                            k=u,s,v    k=u,s,v

      

where the second variable on the right hand side is the lagged value of the dependent variable (the

number of individuals flowing out from unemployment) and Xu,i,t/Ui,t, Xs,i,t/Si,t, Xv,i,t/Vi,t represent

those already unemployed, those flowing into unemployment in the current period and the number

of lagged vacancies, respectively. Wi is a K1×1 vector of time invariant, district-specific variables and

d is a K1×1 vector of associated parameters. The term gi,t represents the unexplained stochastic part

of the matching process. We start with a general specification of the error as gi,t / ? i+vi,t, where ? i

stands for matching efficiency that varies across districts but remains constant over time and vi,t is the

effect of unobservable factors that vary across districts and over time. In order to make the model

identifiable, we make the usual assumptions that E? i=Evi,t=0, E? ivit=0, E? iWi=0,  E? i? j=s ?
2 if i=j

and zero otherwise, and Evitvjs=s u
2 if i=j & t=s and zero otherwise. 

The term ?lnOt-1 with ?<1 allows for partial adjustment in the matching process which may

be brought about by the fact that (a) the acceptance of a job offer precedes the reported date of a

match (start of work), with no search taking place during the interim period, and (b) information

about new vacancies is not diffused instantly to all job searchers. Unlike other studies, we also analyze

the nature and magnitude of differences in matching efficiency across districts. We use the two-stage

Anderson-Hsiao Instrumental Variable (AHIV) procedure (Hsiao, 1986) to estimate the effects of

district-specific factors that may influence the efficiency of matching.

2.1  The Estimation Strategy

In the first stage of the AHIV procedure, we estimate ß's and ?'s of the matching function by

exploiting the monthly within-district variation in these time varying variables. We use these



     9As we mention below, we assume that Wi is uncorrelated with the instrumental variables used to predict the
other explanatory variables in equation (2). 
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Ui,t&1 / Ui,t&2 % Si,t&1 & Oi,t&1           

Vi,t&1 / Vi,t&2 % Zi,t&1 & Oi,t&1 (4)

consistent parameter estimates of the basic matching function (without variables Wi) and the mean

log values of the associated variables to calculate district-specific efficiency residuals that represent

the unexplained part of the basic matching process. In the second stage, we regress these efficiency

residuals on explanatory variables Wi that are time invariant or have annual frequency and we obtain

estimates of parameters d.9 While we are aware of the limitations of the two-stage procedure, we use

it because there is no straightforward single-stage method that deals adequately with the varying

frequency of observations, partial adjustment and endogeneity of regressors, as discussed below.

The First Stage Estimation

The dependent variable and the error term in equation (2) are likely to contain a district-

specific effect. The data transformations that are most widely used to remove this effect are mean

deviations and first differences. The mean deviation transformation is appropriate if the explanatory

variables are strongly exogenous with respect to their lagged values. However, variables Ot-1, Ut-1 and

Vt-1 are predetermined by the previous matching process and hence are not strictly exogenous. In

particular, the lagged outflow is predetermined by definition, while unemployment and vacancies are

partially predetermined by all preceding outflows. To see these links, note that the number of

unemployed and vacancies at time t-1 is given by identities



10  These identities assume that all matches are brought about by the reported unemployed and vacancies (there being
no out-of-register matching). Other forms of matching may create more complicated identities but will not eliminate
the problem of weak exogeneity.
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? Ui,t&1 ' Ui,t&1 & Ui,t&2 ' Si,t&1 & Oi,t&1 (5)

? Vi,t&1 ' Vi,t&1 & Vi,t&2 ' Zi,t&1 & Oi,t&1                                   

where Zi,t-1 stands for the net inflow of new vacancies. Since both Ui,t-1 and Vi,t-1 depend on Oi,t-1,

which in turn depends on  vi,t-1, Ui,t-1 and Vi,t-1 are only weakly exogenous.10 In this case, the mean

deviation transformation leads to biased parameter estimates because of the correlation of the

transformed values of weakly exogenous variables with the transformed error term gi,t (Appendix I).

The first difference transformation is often viewed as being superior to mean deviations in

overcoming the problem of weak exogeneity and measurement errors. Although first differencing

does not fully eliminate the problem of endogeneity, it permits one to identify the parameters using

the AHIV or Generalized Method of Moments methods. In particular, transforming Ut-1 and Vt-1 into

first differences yields: 

Both first differences are still affected by Oi,t-1 and hence correlated with ?vi,t=vi,t-vi,t-1. However,

further lags of ?U and ?V are uncorrelated with vi,t-1 and therefore can be used as valid instruments

to identify parameters of interest. The issue is whether the instruments have adequate explanatory

power. Moreover, first differencing decreases significantly the variance of the explanatory variables

while doubling the variance of the error term and potential  measurement error. This in turn leads to

higher standard errors of estimated parameters. In view of these tradeoffs, we transform equation (2)

into deviations from forward means and compute instruments as deviations from backward means.

This transformation maintains a  relatively large variance in the variables as well as a small variance



     11 A detailed description of the transformation is provided in Appendix II. Note that relative to a first
difference specification, our form of mean deviations generates (i) a higher variance in variables (since the distance
of individual observations from the mean tends to be greater than the distance between two successive
observations) and (ii) a smaller variance of the error term (since the variance of the mean deviation error is
approximately equal to the variance of the original error term, while the variance of the difference in successive
error terms is twice the variance of the original error term).

     12 The instruments explain 20% to 75% of variation in explanatory variables. The lowest explanatory power of
instruments was for vacancies (20-30%), and the highest power was for outflows (60-70%).

     13 There are several possible measures of district size. We use the district labour force, but the results would not
be materially affected by using other measures.
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in the error term and it avoids the problem of weak exogeneity.11  In our empirical work we find that

the explanatory power of these instruments is adequate.12 

Adjusting for Varying Size of Districts

Since the literature on matching has not taken into account the variation in the size of the unit

of observation (in our case the district13) many of the existing studies may have generated biased

estimates. The reason for the bias, explained in detail in Appendix IV, relates to the fact that the size

of a district, measured for instance by its labor force Li, tends to be positively correlated with the

values of Oi, Ui, Si and Vi. In this situation, when district-level variables are not adjusted for the size

of the district labor force, the intercorrelations among Oi, Ui, Si and Vi tend to be biased upward on

account of the variation in the size of districts (see Appendix Table A2 for an illustration). The usual

Cobb-Douglas specification based on cross-section data then provides biased estimates of coefficients

unless there are constant returns to scale or the unadjusted Ui and Vi are uncorrelated with the labor

force Li. The direction of the bias of ßu (ßv) is negative if Ui (Vi) is positively correlated with Li and

matching displays increasing returns to scale. Either decreasing returns to scale or negative

correlation (but not both) in turn lead to a positive bias. Therefore, if the matching process does not

exhibit constant returns, the bias is likely to cause an incorrect acceptance of the constant returns

hypothesis. The bias, and therefore the likelihood of an incorrect acceptance of the constant returns



14 An interesting question for future research is whether the size of districts and regions, the usual units of observation
in the matching function studies, tends to be determined by an arbitrary administrative fiat or an endogenous
optimization process of population settlements, based on historical economic forces that are in principle similar to an
optimization process determining the size of firms.
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? lnOi,t ' [ßu & Li(?uu % ?us % ?uv)]? lnXu,i,t %
% [ßs & Li(?ss % ?us % ?sv)]? lnXs,i,t %
% [ßv & Li(?vv % ?uv % ?sv)]? lnXv,i,t %
% .5 j

k'u,s,v
j

l'u,s,v
? ?kl lnXk,i,t lnXl,i,t

(7)

hypothesis, is greater, the greater is the portion of the correlation of Ui and Vi with Li that is due to

differences in the size of the district labor force. As we show in Appendix IV, the bias is very similar

to that stemming from an omitted variable problem. In what follows we call this phenomenon the

spurious scale effect.14 

It can be shown that the spurious scale effect is avoided if one uses panel data and estimates

a Cobb-Douglas function by fixed effects. In this case, the fixed effects transformation removes the

spurious scale effects together with the district-specific time invariant effects. Unfortunately, the

spurious scale effect problem remains even under fixed effects if the real matching function is more

complex than Cobb-Douglas. As we show in Appendix IV, in the case of our translog specification

with three factors, the adjusted model should be estimated as

The estimated coefficients of direct effects ß's are hence identical with the coefficients of the

unadjusted model only if the sums of ? coefficients in the parentheses are equal to zero.  As we show

presently, this is

also related to the necessary but not sufficient conditions for constant returns.  In general, with bars

denoting means of variables, the formula for short-term elasticities computed at the means of



     15 Note that our discussion of the spurious scale effect identifies problems that arise under various returns to
scale but does not per se assume any particular returns to scale.
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M ln O
L

M ln
Xk
L

' ß̂k % j
l'u,s,v

?̂kl ln
Xl
L

' ß̂k % j
l'u,s,v

?̂kllnXl & lnL
l'

                              (8)

lnOi & ?̂o lnOi,&1 & j
k'u,s,v

ß̂k lnXk,i & .5 j
k'u,s,v

j
l'u,s,v

?̂kl lnXk ln

a0 % d)Wi % ? i

    (9)

explanatory variables is:

It is obvious that the last term on the right hand side disappears if the sums of ? are zero. In this case

expression (8) becomes identical to the formula for elasticities in the unadjusted model as presented

in Appendix III.15

The Second Stage Estimation

     In the second stage we estimate ds' which reflect the impact of district-specific variables Wi on the

efficiency of matching, given unemployment, inflow into unemployment and vacancies. Using the

consistent estimates from the first stage, we compute the (average annual) unexplained first stage residuals

and use them on the left hand side of the following annual cross section OLS regressions:

where the variables O and X are adjusted for district size.

Selecting the Functional Form

Since there are no strong a priori reasons to expect the matching function to have a given form,

we start with the translog function, which nests a number of simpler functional forms, including the Cobb-

Douglas. We allow the new entrants into unemployment to be a separate factor from those already



16 See Denny and Fuss (1977).
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lnO ' f[g (lnXu,lnXs), lnXv ] (10)

lnO ' f[g (lnXu,lnXs), lnXv ] (11)

unemployed and test the following four hypotheses about the appropriate form of the matching function

and the separability of the already unemployed and the new entrants:16   

1. Weak separability of Xu and Xs from Xv: This hypothesis presumes that the matching function has the

form

where g(Xu,Xs) is a translog combination of factors Xu and Xs and f is a translog function of input

aggregates. A test of this hypotheses represents testing whether ßu/ßs - ?uv/?sv  = 0.

2. Strong separability of Xu and Xs from Xv: This hypothesis presumes that the matching function has the

form

where g(Xu,Xs) is a translog combination of factors Xu and Xs and f is a Cobb-Douglas function of input

aggregates. A test of this hypothesis amounts to testing whether ?uv=?sv=0.

3. Cobb-Douglas  function: This hypothesis presumes that Cobb-Douglas appropriately represents the

matching process. A test of this hypothesis requires testing whether ?uu = ?ss = ?vv = ?us = ?uv = ?sv = 0.

4. Constant Returns to Scale: This hypothesis presumes that the matching process displays constant

returns to scale. A test of this hypothesis consists of testing the following four linear restrictions: 

?uu+ ?us + ?uv  = 0                                                                            (12)

?vv+ ?uv + ?sv = 0                       (13)

?ss + ?us + ?sv  =  0                      (14)

ßu +  ßs  +  ßv  = 1                       (15)



     17The Slovak data contain information on outflow to jobs intermediated by the district labor offices (see e.g.,
Burda and Lubyova, 1995). However, an examination of these data indicates that this outflow is relatively low
compared to the total expected outflow to jobs.

     18 Although the individuals flow into unemployment in the same calendar month, they enter on different days
within the month. This means that they face different probabilities of finding vacancies during the calendar month.
Assuming, that the inflow is approximately uniform over the month, we multiply the total monthly inflow by .5. 

     19Total outflows and outflows to jobs are positively correlated, with the latter representing about 75 percent of
the former in the Czech Republic.
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The first three hypotheses relate to the degree of substitutability among the three factors. The

fourth hypothesis addresses the returns to scale observed in the matching process.

3. The Data and Variable Definition 

In order to produce the best possible parameter estimates, we have assembled an extensive panel

of data on all 76 Czech and 38 Slovak districts. The data cover the period January 1991 - December 1996

and contain monthly observations for the following variables in the first stage of estimation: 

Oi,t = the number of individuals flowing from unemployment in district i at time t; In the Czech Republic

we have data on total outflow and outflow to jobs; In Slovakia we have total outflow only;17

Ui, t-1 = the number of unemployed in district i at time t-1;

Si,t = the normalized number of individuals flowing into unemployment in district i at t;18

Vi,t-1 = the number of vacancies in district i at time t-1;

Since a) outflow to jobs is a theoretically preferred variable to total outflows and b) only total

outflow is available for Slovakia, we carry out the estimation for the Czech Republic using both measures

and compare them to the Slovak findings based on total outflow. As we show below, the Czech estimates

based on total outflow and outflow to jobs are similar.19 As a result, the lack of data on outflow to jobs

in Slovakia does not appear to affect dramatically the validity of our Czech-Slovak comparison. 
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In the second stage of estimation, we use as regressors structural and policy variables that are time

invariant or are measured with annual frequency. While there are numerous conjectures and empirical

evidence about the effects on matching of variables such as unemployment duration, educational structure

of the unemployed and extent of government policies, no formal theory exists in this area. We have

therefore collected data on what we consider to be important district-level variables and carry out an

exploratory analysis based on these variables. The tentative nature of this set of variables provides another

reason for carrying out the estimation in two stages.  With t denoting annual frequency, the district-level

variables that we use in the second stage are:

 PUED2i,t = the proportion of unemployed with secondary education;

PUED3i,t = the proportion of unemployed with university education;

PLTUi,t = the proportion of unemployed with spells longer than nine months;

Qi,t = industrial output in million crowns per member of the district labor force,

Ei,t = the number of firms with fewer than 25 employees per member of the labor force;

IA90i = the ratio of the value of agricultural production to industrial production in 1990;

LDISi = the natural logarithm of the average distance (in kilometers) from the district capital to the

Austrian or West German border (Austrian border for Slovakia);

DENSi = the density of population in the district (individuals per km2);

ALMPi,t = the logarithm of expenditures on active labor market programs per member of the labor

force;

SUDi = a dummy variable coded 1 if the district falls into the Sudeten lands of the Czech Republic.

Education is included to test the hypothesis that more educated individuals are better able to find

jobs.  Demand for individuals with human capital is hypothesized to have increased during the transition



20 Like other governments in the region, the Czech and Slovak governments introduced active labour market programs
shortly after the Velvet Revolution. If these programs are successful in their objective of improving job matches and creating
jobs, they should increase outflows from unemployment. For a more detailed description of these programs, see e.g., Münich
and Terrell (1996) and Münich (1996).
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and they are also expected to be more adept at searching for jobs.  The share of unemployed with spells

longer than nine months is included because the long-term of unemployed may have different unobservable

characteristics than the short term unemployed.  They may suffer from discouragement, stigma, loss of

skills, and skill mismatch.

The ratio of industrial output to the labor force controls for the differences in the level of economic activity

in the various districts. It is expected to have a positive effect on matching unless vacancies fully capture

this effect in the first stage of estimation.  The number of small-scale entrepreneurs proxies for the

presence of an important source of dynamism and jobs in the transition economies. This variable is

expected to have a positive effect on matching.  The ratio of the value of agricultural to industrial

production in 1990 proxies for the sectoral diversity of districts at the start of the transition.  The distance

of the district capital from the West German or Austrian border allows us to check the widely held belief

that the low unemployment in the Czech Republic is brought about by the ease with which Czech workers

can participate in the German and Austrian labor markets. Population density of the district proxies for

the average geographic proximity of agents in the labor market.

Within the Czech Republic, we were able to include two additional variables: the amount of

government funds spent on active labor market policy programs (ALMPs) and whether the district belongs

to the Sudeten lands. ALMP spending ideally captures the policies of district labor offices that are aimed

at improving matching and hence reducing unemployment.20 The ALMP variable should have a positive



21 One cannot take the direct effect of ALMP on outflow to be the share of total outflow going into ALMP programs,
since there may be important substitution effects (regular employees being substituted by subsidized employees) and
displacement effects (job losses in other firms as a result of changes in product and other markets that are brought about
by the subsidized jobs). There is also a problem in that some outflow to short term public works is not consistently
reported as part of outflow and the better prospect of outflow due to retraining is difficult to identify directly.
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effect on job matching if higher expenditures yield more job matches and higher outflows.21 Indeed,

Svejnar, Terrell and Münich (1995a) find the effect to be positive in the Czech Republic but insignificant

in Slovakia, while Svejnar, Terrell and Münich (1995b) find the results to be sensitive to model

specification and Burda and Lubyova (1995) find the effect to be positive in both republics. The problem

is that ALMP spending may be influenced by unemployment and outflow, thus possibly causing spurious

correlation between ALMP spending and outflow. Boeri and Burda (1995) instrument ALMP, using as

instruments district-specific ALMP spending aggregated over the four quarters of the current year, the

other regressors in the matching function, and in Slovakia also an explicit allocation rule for ALMP. As

we have shown above, the unemployment and vacancy data are not strongly exogenous and the

contemporaneous aggregation of ALMP may hence not be a valid instrument. As a result, we instrument

current ALMP spending in a district by its lagged values and, we also test the sensitivity of estimates to

the choice of other instruments.

By distinguishing Czech districts that fall into the Sudeten lands from others, we control for the

different structure of this part of the Czech Republic. The Sudeten lands were depopulated after World

War II as the German population was moved to West Germany. Property rights were less clearly

established and more sluggish restitutions may have caused labor market adjustments in these regions to

differ from the rest of the country.

4. Basic Statistics and Econometric Estimates 

4.1 Basic Statistics
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As may be seen from Figure 2, between 1991 and 1994, the Czech and Slovak Republics

experienced a similar pattern of unemployment growth, but the rate of increase was much steeper in

Slovakia. Indeed, with the Slovak labor force being about one-half of the Czech labor force, one observes

the number of unemployed in Slovakia rising to about twice the absolute level observed in the Czech lands

(over 350,000 vs. less than 200,000). Moreover, while the total number of vacancies remained low

(8,000-13,000) in Slovakia, it gradually rose to about 100,000 in the Czech Republic. The average district-

level statistics, reported in Appendix Table A1, provide a similar picture of a high unemployment and low

vacancy economy in Slovakia versus a more balanced unemployment-vacancy situation in the Czech lands.

An analysis of the underlying district-level mismatch indicates that while in the Czech Republic one finds

a number of districts where the number of vacancies is similar or even exceeds the number of unemployed,

in most Slovak districts the number of unemployed greatly exceeds the number of vacancies (Münich,

Svejnar and Terrell, 1996).

In Figure 3 we plot the evolution of the overall relationship between the number of unemployed

and number of vacancies in the two republics (the values for Slovakia are scaled by the size of the labor

force so as to be comparable with those for the Czech Republic; the same scaling is also used for the

Slovak flows in Figures 4 and 5). The vertical parts of the Czech and Slovak data plotted in Figure 3 relate

to 1991 and depict the rapid rise of unemployment in the early phase of the transition. Since 1992, one

observes negative Beveridge-type relationships between unemployment and vacancies in both republics.

However, the Beveridge curve is steep in Slovakia, capturing the fact that vacancies varied little during

significant unemployment fluctuations, while in the Czech Republic it is flat, reflecting the fact that

vacancies increased dramatically over time, with relatively small variations in unemployment. From the

Slovak plot it also appears that the Beveridge curve has been shifting outward over time, consistent with



22The hysteresis hypothesis implies that a fall in demand is accompanied by structural changes that reduce the
effectiveness of matching. Examples of these structural changes are the loss of skills among the long-term unemployed
and the adjustment of firm’s production practices in periods of low product demand.
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the hypothesis of hysteresis22 and the fact that duration of unemployment has been rising in Slovakia after

the rapid  rise in the unemployment rate. Finally, as may be seen from Appendix Tables A2 and A3, the

negative correlation between adjusted district-level vacancies and unemployment is generally stronger in

the Czech Republic than in Slovakia, with the absolute size of the correlation coefficient growing over time

in Slovakia and displaying an inverted U shape pattern over time in the Czech Republic.

4.2 Econometric Estimates 

The First Stage 

Since the transition period has been characterized by a rapid and profound regime change, we have

collected monthly data in order to estimate the model separately for each year and test for changes in

parameter estimates over time. The earliest data are from 1991 and these are used as instruments for the

1992 regressions. The choice of calendar years as separate periods for estimation was guided by the fact

that the most fundamental policy measures (e.g., the 1991 price liberalization, the 1992 change in

unemployment compensation system, the 1993 value added tax, and the 1993 separation of the Czech and

Slovak Republics) were all introduced on January 1 of the given years.

The tests of the form of the matching function are summarized in Table 1. The tests are based on

outflow to jobs and total outflow in the Czech Republic, and on total outflow in Slovakia. As may be seen

from Table 1, the results are similar in the two countries in that only the hypothesis of weak separability

between U and S cannot be rejected in any year. Importantly, the usual Cobb-Douglas specification is also

rejected in both republics in all years, indicating that it is imperative to allow for a more flexible functional



23 The complete sets of estimated parameters for the general and weakly separable functional forms are reported for both
countries in Appendix Table A4. As we mention below, in order to test if the estimated parameters of the matching function
vary across the range of variable values, we have also re-estimated the matching function on Czech data using  a spline
function and found the results to be quite similar.

24 The corresponding estimates based on the unconstrained translog model are analogous and are reported in Appendix Table
A5.
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form than the usual Cobb-Douglas. We have also tested the validity of the  frequently invoked condition

of constant returns to scale. As may be seen from Table 1, like the Cobb-Douglas specification, this

condition is also rejected in both republics in all years. Finally, we have checked if the estimates of returns

to scale differ when one uses data that are adjusted for the size of the districts as opposed to those that

are unadjusted. We have found the two sets of estimates to differ somewhat, but not excessively. An

examination of the estimated ? coefficients indicates that their sum is often not significantly different from

zero, thus suggesting that this may be one of the reasons for the observed similarities of the two sets of

coefficients in the present study. 

On the basis of the tests reported in Table 1, we have used the translog form with weak separability

of U and S in further analysis.23  The estimates of matching function elasticities and returns to scale,

evaluated at the geometric means of variables, are reported in Table 2.24 The estimates are again based on

outflow to jobs and total outflow in the Czech Republic, and on total outflow in Slovakia. As may be seen

from Table 2, the Czech estimates based on outflow to jobs and total outflows are similar, with the former

showing somewhat higher point estimates of the returns to scale than the latter. The estimates are precisely

estimated and they fluctuate without a trend in the region of increasing returns, ranging from 2.9 to 3.5

for outflows to jobs and 2.2 to 2.8 for total outflows. Contrary to many earlier studies, our estimates hence

indicate that the matching process in the Czech Republic displays strongly increasing returns to scale. The

corresponding estimates of returns to scale in Slovakia are relatively low and they are imprecisely



25Many directors of the Slovak district labor offices were replaced concomitantly with changes in governments during
the early to mid 1990s.
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estimated. The point estimates are 0.2 in 1992, 0.1 in 1993, 1.4 in 1994 and 0.9 in 1995. The 1992 and

1993 estimates are not significantly different from zero, while for 1994 and 1995 one can barely reject this

hypothesis at conventional significance test levels. 

The increasing returns to scale observed in the Czech Republic may be brought about by a number

of factors. Our discussions with directors of the district labor offices in both republics suggest that the

Czech offices have been more efficient in assisting the unemployed to find jobs. From the very start of the

transition, the Czech offices were faster equipped with computers, experienced a lower turnover of key

personnel,25 and were not forced to handle as large a number of unemployed as their Slovak counterparts.

Another explanation of the Czech-Slovak differences in returns to scale has been advanced by Mortensen

(1997), who attributes the difference to "animal spirits", or differences in beliefs of economic decision-

makers in the two republics.  With the Czech and Slovak fundamentals being similar, Mortensen (1997)

derives a theoretical model in which one can attribute the higher returns to scale in the Czech Republic to

greater optimism of its economic agents. While it is difficult to provide direct evidence on differences in

animal spirits, we find Mortensen’s explanation plausible. As HST (1998) document, in the early 1990s

the Czech Republic registered a faster growth of small scale (private sector) firms than Slovakia, attracted

about five times as much foreign investment per capita, launched faster  privatization of state owned firms,

and was less hit by the decline in military production. In the early 1990s, the expectation that the Czech

economy would outperform the Slovak economy was so widespread that in 1992 it led to the election of

a strongly pro-reform government in the Czech Republic and a much more gradualist (socially-oriented)

government in Slovakia. The different orientation of the two governments contributed to the decision to
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split Czechoslovakia in 1993. Finally, as may be seen from Table 1, in both the Czech Republic and

Slovakia the chi-square test allows us to reject the hypothesis of equality of returns to scale in consecutive

years at conventional test levels.

A comparison of the individual elasticity estimates in Table 2 indicates that vacancies and the newly

unemployed play a much more important part in the Czech Republic than in Slovakia. The Czech estimates

based on outflow to jobs and total outflow are again similar and they yield vacancy elasticities that are all

significantly different from zero and range from 0.7 to 1.2. In contrast, the estimated vacancy elasticities

in Slovakia range from zero to 0.2 and only the 1993 estimate of 0.2 is significantly different from zero.

The relative part played in matching by the newly unemployed (the inflow) is analogous to that

played by vacancies. The estimated elasticities in the Czech Republic are all positive, significantly different

from zero and ranging from 0.4 to 0.9. In Slovakia, they are all close to and not significantly different from

zero. Hence,  the newly unemployed match with vacancies in the Czech Republic, but not in Slovakia.

Finally, the estimated elasticities of the existing unemployed are high and statistically significant

in the Czech Republic, ranging from 1.0 to 1.9. The Slovak estimates are statistically insignificant in 1992

and 1993, and rise to 1.3 in 1994 and 0.9 in 1995. The latter two estimates are significantly different from

zero and not significantly different from one another. The existing unemployed have thus in all years been

an important  determinant of outflow in the Czech Republic and since 1994 also in Slovakia.

As our results indicate, the labor demand side of the matching process, as proxied by vacancies,

has been much weaker in Slovakia than the Czech Republic during the transition. Indeed, while vacancies

have been an important component of the matching process in the Czech Republic, in Slovakia vacancies

appear to have been an insignificant factor. Moreover, while the Czech matching function was relatively

stable between 1992 and 1995, the Slovak one developed from having basically insignificant parameters



26In Slovakia, where the number of observation is much smaller, it was difficult to identify this model.
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in 1992 and 1993, to becoming more structured in 1994 and 1995. 

The different results for the Czech and Slovak republics raise the issue of whether the matching

technology is different in high and low unemployment districts. In particular, while the Czech observations

cover a wide variety of unemployment-vacancy combinations, the Slovak districts reflect primarily low

vacancy-high unemployment combinations. As a result, in order to assess whether high unemployment -

low vacancy  districts in the Czech Republic have similar matching technology as those in Slovakia, we

have re-estimated the matching function using only data from the half of the Czech districts with higher

unemployment-vacancy ratio. In the context of theories of multiple equilibria, this allows us to test the

hypothesis that increasing returns in matching do not result from a higher intensity of search, as suggested

by Mortensen (1997), but are brought about by a higher intensity of hiring when local unemployment is

low (i.e., when the opportunity cost to employers of not hiring is high). The estimates indicate that

increasing returns to scale are observed even in high unemployment-low vacancy districts of the Czech

Republic -- the estimated returns to scale (standard errors) are 3.06 (.358) for 1992, 3.74 (.423) for 1993,

3.14 (.463) for 1994 and 3.08 (.459) for 1995. The results hence suggest that the increasing returns are

more consistent with multiple equilibria theories based on concepts such as high intensity of search than

high intensity of hiring. 

We have also checked if our results are sensitive to imposing the same functional form in all ranges

of the data by estimating the Czech matching function using Suit et al.’s (1978) approach to the spline

function.26 The estimation, which constrains the coefficients to be the same throughout the 1992-95 period,



27Constraining the coefficients to be identical over time is consistent with Profit’s (1997) nonparametric study in
which he identifies bi-modality and persistence of two unemployment equilibria in the Czech data from 1991 and
1994.
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confirms our earlier results in that it yields similar overall values of parameters and returns to scale.27

The Second Stage 

The estimated effects on matching of the structural and policy variables that are time invariant or

measured only with annual frequency are reported in Table 3. We report estimates from four representative

specifications since some of the estimates are a bit sensitive to the inclusion of particular variables. Because

the number of estimates is large and the outflow to jobs and total outflow estimates for the Czech Republic

are again very similar, we report only the estimates for outflow to jobs.

As may be seen from Table 3, in the Czech Republic the proportion of university educated

individuals in the district unemployment pool increases the efficiency in matching in all years, while in

Slovakia the effect only becomes positive in 1994 and 1995, after being negative in 1992 and 1993. In

contrast, the proportion of unemployed with high school education is found to increase matching efficiency

in all the specifications in Slovakia in 1992, 1993 and 1995, as well as in about one-half of the

specifications in 1994, while it has an insignificant or negative effect in the Czech Republic. Hence, while

the two republics have a similar educational structure of the population, the matching process appears to

favor more the university educated in the Czech Republic and those with high school education in

Slovakia.

In both countries, the long-term (more than nine months) unemployed have a negative effect on

the efficiency of matching in almost all specifications and years. This effect has a much greater magnitude

in Slovakia, where the problem of long-term unemployment has been more acute.  Factors such as scarring

and loss of skills of the long-term unemployed are hence important in the matching process.



28 Since our inquiries with officials at the district labor offices indicated that ALMP funds were distributed with a
view toward the unemployment and vacancy situation in the individual districts, we wanted to ensure that our
instrument did not pick up the likely positive effect of local unemployment on the allocation of ALMP
expenditures.
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The prevalence of small enterprises has a positive effect on matching in Slovakia in 1992, but the

effect becomes insignificant in the later years. In the Czech Republic the coefficient is significant in the

more parsimonious specifications of 1993-95, yielding a positive effect in 1994 and 1995, but a negative

effect in 1993. Small enterprises are sometimes viewed as a source of extra job opportunities because they

engage in labor-intensive activities. Our results indicate that this effect, if present, does not manifest itself

systematically as an increase in the efficiency of matching of the unemployed and vacancies.

In the Czech Republic, where ALMP expenditure data are available, we have estimated the effect

of ALMPs on the efficiency of matching, using at first the previous year's value of ALMP expenditure as

an instrument. As can be seen from the table, the amount of ALMP spending is found to have had an

insignificant effect on the efficiency of matching in 1992, a positive effect in 1993 and negative effects in

1994 and 1995. These estimates suggest that the effect of government's ALMP expenditures was

insignificant in the early stages of the transition, became positive in 1993 and actually hindered the

matching process in the more mature transition phase of the mid 1990s. Since lagged ALMP might include

some spurious correlation, we have also estimated the effect of ALMPs using other instruments.28  First,

we used as instruments the share of votes obtained by the governing coalition of political parties (districts

voting in favor of the coalition might be expected to get more ALMP funds because the funds are allocated

by the central government), the share of unemployed who are within 0-3 months before the expiration of

their unemployment benefits (ALMP funds are often allocated preferentially to those who lose their

entitlement to unemployment benefits) and the share of high-school graduates in the total population of



29 The highest correlation coefficient, -.19, was that for the correlation of spending with the share of votes cast for
central government coalition.
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their age cohort (a significant portion of ALMP funds is in employment subsidies for school leavers). We

found the correlation of these three instruments with ALMP spending to be very low, however, and their

addition to the set of instruments had a negligible effect on the estimated coefficients.29  We next used as

an instrument the part of district-level ALMP expenditures that could not be explained by local

unemployment rate and vacancies. The unexplained residual  portion of ALMP expenditures may for

instance reflect the relationship (influence) that the director of the district labor office has with the central

ALMP budget office, and that is unrelated to the situation in the local labor market. In this specification,

we found the ALMP expenditure coefficient to be statistically insignificant. Finally, we have performed

the analysis using as instruments variables that capture the structure of district-level agencies (such as the

per capita number of primary schools, teachers and government agencies) that could be correlated with

the allocation of the budget among various expenditure categories, including ALMP, and are likely to be

independent of the local labor market conditions. These specifications generally also yielded insignificant

effects of ALMP. In view of the in-depth nature of our investigation, we conclude that the effect of ALMP

expenditures on matching efficiency has most likely been insignificant.

The remaining variables produce insignificant or only occasionally significant coefficients. The

extent of agriculture in the district at the start of the transition process has no effect on matching in

Slovakia and, with the exception of 1993 when it is negative, the effect is also insignificant in the Czech

Republic. The level of industrial production, population density, distance to a western border, and the

location of a district in the Sudeten lands have no effect on the efficiency of matching. The observed

insignificance of these variables  suggests that the importance that has been attributed to them in popular
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policy discussions about the low unemployment in the Czech Republic is unfounded from the standpoint

of matching efficiency.

5. Concluding Observations

After being non-existent under communism, the unemployment rate in all Central and East

European countries except for the Czech Republic rose to double digit rates and was coupled with long

unemployment durations in the early and mid 1990s. The very low unemployment in the Czech Republic

was in large part brought about by a high outflow rate from unemployment. In our analysis, we have

compared the nature and determinants of Czech Republic's outflow from unemployment to that of its

traditional counterpart republic, Slovakia. This comparison brings us as close as possible to analyzing a

controlled experiment. Until 1993, the two republics shared the same currency, legal system and

institutional framework. Moreover, except for unemployment, their aggregate economic indicators were

similar. Yet, the Slovak labor market indicators  resembled those of Poland, Hungary and other CEE

economies rather than those of the Czech Republic. The Czech-Slovak comparison is hence useful per se

as well as for understanding the difference between the Czech experience and that of other economies in

the region. Our analysis points to the importance of the following factors. 

In the early 1990s, the Czech and Slovak republics experienced a similar pattern of unemployment

growth, but the rate of increase was much steeper in Slovakia than in the Czech lands. Moreover, while

the total number of vacancies remained at a low level in Slovakia, it gradually rose to a high level in the

Czech Republic. One hence observes a high unemployment-low vacancy economy in Slovakia versus a

more balanced unemployment-vacancy situation in the Czech lands. At the district-level one finds a number

of districts in the Czech Republic where the number of vacancies is similar or even exceeds the number

of unemployed, while in most Slovak districts the number of unemployed greatly exceeds the number of
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vacancies.

In the context of the literature on matching functions, we reject the usual Cobb-Douglas

specification and the hypothesis of constant returns to scale in favor of a translog matching function with

weak separability between the existing and newly unemployed. The Czech data generate strong increasing

returns to scale throughout the 1992-95 period, while the Slovak data point to low returns in 1992-93 and

somewhat higher returns in 1994-95. An important part of our explanation of the Czech-Slovak differences

hence lies in the much higher returns to scale in matching in the Czech Republic than in Slovakia, especially

in the crucial early period of the transition. In the context of the macroeconomic literature, this points to

the possible existence of multiple equilibria. In particular, Mortensen (1997) interprets our findings as

indicative of greater optimism and search intensity in the Czech Republic than in the Slovak Republic.

Our theoretical analysis suggests that by not adjusting data for the varying size of districts or

regions, previous studies may have generated estimates of the returns to scale of the matching function

that were biased toward unity. Our empirical estimates in turn indicate that vacancies and the newly

unemployed have played a much more important part in the matching process in the Czech Republic than

in Slovakia. The demand side of the matching process, as proxied by vacancies, has thus been much

weaker in Slovakia than the Czech Republic. In fact, while matching between the unemployed and

vacancies was important in the Czech Republic, in Slovakia vacancies appear to have been an insignificant

factor. 

Our estimates indicate that the process of outflow from unemployment in the Czech Republic was

relatively stable between 1992 and 1995, while in Slovakia the process developed from having virtually

insignificant parameters in 1992 and 1993 to being driven by the number of unemployed in 1994 and 1995.

Only few of the structural-policy variables generate systematic effects on matching. The long-term
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unemployed have a negative effect on the efficiency of matching, with the effect being much greater in

Slovakia, where the problem of long-term unemployment has been acute. Education of the unemployed

has a systematic effect but it varies across the republics. Finally, the effects of expenditures on active labor

market policies on the efficiency of matching is statistically insignificant in most specifications. Our

estimates hence question the findings of a positive effect of ALMP that were based on OLS estimates or

weakly exogenous instrumental variables and did not control for the functional form of the matching

function or size of districts.

Overall, our study suggests that the exceptionally low unemployment rate in the Czech Republic

as compared to Slovakia and the other CEE economies has been brought about principally by the following

phenomena in the Czech Republic:  (1) a rapid increase in vacancies along with unemployment, resulting

in a relatively balanced unemployment-vacancy situation at the aggregate as well as district level, (2) a

major part played by vacancies and the newly unemployed in the outflow from unemployment, (3) a

matching process with strongly increasing returns to scale throughout (rather than only in parts of) the

transition period, and (4) ability to keep the long term unemployed at relatively low levels. Since until 1996

the Czech economy registered overall economic growth that was similar to that of the neighboring high

unemployment economies (e.g., Hungary, Poland and Slovakia), the interesting question, to be addressed

in future research, is whether the Czech Republic’s favorable vacancy situation, coupled with its strong

matching process, was brought about by a relatively high level of initial economic activity (better initial

conditions) or a relatively delayed restructuring of firms. 
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Appendix I

Transforming equation (2) into mean deviations, we obtain the following form: 

and where the letters denote logs of variables and input factors X's are stacked in vector xi,t. Each district-
specific mean of outflow, ōi,t-1, incorporates all T-1 error terms gi,t that are specific to a given district i. The
necessary assumption of independence of the error and explanatory variables is therefore explicitly  violated
in partial adjustment models. Balestra and Nerlove (1967), Maddala (1971), Nickell (1981), and Arellano and
Bond (1991) provide detailed evidence on the size and sign of biases of both ?̂ and $ in experimental settings.
For ?>0, the bias in ?̂ is negative and decreases with T, it is not approaching zero as ?=0, and it is larger if
other right hand side variables are included. Moreover, the bias in  ß is positive if other right hand side
variables are positively related to lagged values oi,t-1. 

Appendix II

Equation (2) transformed into deviations from forward means has following form:

where
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The appropriate instruments are computed as deviations from backward means as

 

The transformed error term g*
i,t incorporates all terms gi,t, gi,t+1,...,gi,t+TF and the transformed right hand side

variables o*
i,t-1 and x*

i,t-1 incorporate terms gi,t,gi,t+1,...,gi,t+TF. Obviously COR(g*
i,t, o*

i,t-1)Ö0 and COR(g*
i,t, x*

i,t)Ö0.
Instruments oIV

i,t-1, oIV
i,t-2 and xIV

i,t-2 incorporate terms gi,t-1, gi,t-2,...,gi,t-TB. The instruments are not correlated with
forward errors gi,t, gi,t+1,...,gi,t+TF and therefore COR(g*

i,t, oIV
i,t-1)=0 and COR(g*

i,t, xIV
i,t)=0. Having T cross-

sections we could in principle increase the set of instruments with t (Holtz-Eakin 1988, Arrelano and Bond,
(1991). Since the explanatory power of instruments of farther lags is small, we limit the number of lags used
as instruments to three.

Appendix III

Partial derivatives of equation (2) give us elasticities of matching with respect to the number of
unemployed, inflow into unemployment and vacancies. The elasticities are given as:
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?s ' ßs % ?ss lnXs % ?us lnXu % ?sv lnXv (27)

?v ' ßv % ?vv lnXv % ?uv lnXu % ?sv lnXs (28)

? ' ?u % ?s % ?v              (29)

? ' (ßu%ßs%ßv)% (?uu%?us%?uv) lnXu% (?ss%?us%?sv) lnXs% (?vv%?sv%?uv) lnXv                            (30)

ßu % ßs % ßv ' 1 (31)

?uu % ?us % ?uv ' 0 (32)

?ss % ?us % ?sv ' 0 (33)

?vv %?uv % ?sv ' 0 (34)

and they vary with explanatory variables rather than being constants as in the case of the Cobb-Douglas
specification. The elasticity of scale ? is given by:

Substituting the expressions for elasticities into the formula for returns to scale and rearranging yields

Since constant returns to scale must hold independently of the values of the explanatory variables, the
following linear parameter restrictions have to be satisfied:

Appendix IV

a) The Spurious Scale Effect

For the purposes of exposition, we present a simple case that demonstrates the impact of the spurious
scale effect on estimation. Assume that the country is a homogeneous territory divided administratively into
districts of different sizes with identical labor market conditions and characterized by a simple Cobb-Douglas
matching function with increasing returns to scale (ßu+ßv>1). As a result of homogeneity, the outflow, 



30 Note that for expositional purpose the variance in district level variables is brought about completely by the
administrative variation in district sizes rather than by economic factors. 
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unemployment and vacancies in each district, Oi Ui and Vi, are proportional to national aggregates O, U, and
V, 

   Oi = liO, Ui = liU, and Vi = liV,                                         (35)

where li is the share of district i in the national labor force, defined as Li /L.30 Not taking the district size
into account and estimating the matching function on unadjusted cross-sectional data amounts to
estimating the model

Substituting (34) into (35), we get 

which in turn yields 

It is obvious that the estimation of (38) is identical to estimating (36). However, (38) represents a
regression of li on itself plus a constant term. It will hence generate constant returns to scale (ß û+ ß v̂=1)
and a zero constant term (â=lnO-ß ûlnU-ß v̂lnV). The estimation  of model (36) therefore yields biased
estimates since we have postulated increasing returns to scale. 

A remedy for the problem is to adjust the variables by the district size in order to obtain the
following model: 

 which can be rearranged as

A comparison of the adjusted model (39) to the unadjusted model (35) indicates that they are equivalent if
and only if at least one of the two following conditions is satisfied: 

(i)  ßu+ßv-1=0 (the underlying matching displays constant returns to scale) 
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? lnOi,t & ? lnLi,t ' ßu? lnUi,t&1 % ßv? lnVi,t&1 % ( ßu % ßv )? lnLi,t&1 (41)

? lnOi,t ' ßu? lnUi,t&1 % ßv? lnVi,t&1             (42)

ln(
Oi
Li

) ' j
k'u,s,v

ßkln(
Xk,i
Li

) % .5 j
k'u,s,v

j
l'u,s,v

?kl ln(
Xk,i
Li

) ln(
Xl,i
Li

)         (43)

or 

(ii) Cor(lnLi,lnUi)=Cor(lnLi,lnVi)=0. 

In our example, neither condition is satisfied because (i) we are assuming increasing returns to scale
(ßu+ßv-1>0) and (ii) Ui=ULi/L and Vi=VLi/L, resulting in Cor(lnLi,lnUi)=Cor(lnLi,lnVi)=1. 

In general, one has no a priori information about the returns to scale since they represent a
statistic that is to be estimated from the data. The intercorrelations among the unadjusted variables can of
course be checked in advance. Judging from the Czech and Slovak data at our disposal, these
intercorrelations are positive and significant.

b) Data Transformations, Functional Form and the Spurious Scale Effect

When the district size does not change over time, a fixed effects transformation eliminates the
spurious scale effect in a Cobb-Douglas but not translog functional forms of the matching function.

A fixed effects (first difference) transformation of the adjusted equation (40) leads to

If the size variable Li is constant over time, (41) can be simplified to yield

Equation (42) is identical to a fixed effects transformation of the unadjusted model (36). There is hence no
need to adjust variables if Li is constant over time and a fixed effects transformation is used together with
a Cobb-Douglas specification of the matching function.

The mis-specification caused by the spurious scale effect remains even with fixed effects and
constant Li if the true form of the matching function is more general than Cobb-Douglas, as in our case of
a translog specification with three inputs. Such a model may be written in an adjusted form as
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lnOi & lnLi 'j
k'u,s,v

ßklnXk,i % .5 j
k'u,s,v

j
l'u,s,v

?kl lnXk,i lnXl,i %

lnLi j
k'u,s,v

ßk % lnLi j
k'u,s,v

lnXk,i j
l'u,s,v

?kl %

.5(lnLi)
2 j
k'u,s,v

j
l'u,s,v

?kl

(44)

? lnOi & ? lnLi'

j
k'u,s,v

ßk? lnXk,i % .5 j
k'u,s,v

j
l'u,s,v

?kl ? (lnXk,i lnXl,i )%

? lnLi j
k'u,s,v

ßk % lnLi j
k'u,s,v

? lnXk,i j
l'u,s,v

?kl %

.5? (lnLi)
2 j
k'u,s,v

j
l'u,s,v

?kl

        (45)

,v
ßk? lnXk,i % .5 j

k'u,s,v
j

l'u,s,v
?kl ? (lnXk,i lnXl,i )% lnLi j

k'u,s,v
? ln                                 (44)

? lnOi '

[ßu & Li(?uu % ?us % ?uv)] ? lnXu,i %
[ßs & Li(?ss % ?us % ?sv)] ? lnXs,i %
[ßv & Li(?vv % ?uv % ?vs)]? lnXv,i %

.5 j
k'u,s,v

j
l'u,s,v

?kl? lnXk,i lnXl,i

(45)

Decomposing the logarithms of adjusted variables and rearranging individual terms, one obtains

and applying the fixed effects transformation by first differencing yields

Since the district size is constant over time, first differencing cancels out several terms and (44) becomes

Expanding the sum operator and grouping the terms by input factors yields

Equation (46) resembles the unadjusted specification. The direct effect parameters enter as a sum of the
original coefficients ßs' minus the product of Li and the sum of cross-effect parameters ?s'. Moreover, the



31  Constraint (30) is not binding here, since it was removed by the fixed effects transformation as in the case of the simple
Cobb-Douglas specification.
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sum of the cross-effect parameters is identical with left hand side of constraints (31)-(33). It follows that
the spurious size effect disappears and the fixed effects transformation of the unadjusted specification is
identical with the adjusted one only when these constraints are satisfied.31 Since one knows nothing about
the fulfilment of these constraints in advance, any test of returns to scale based on coefficient estimates
from an unadjusted specification of the matching function is likely to yield biased estimates. 
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